t -
ez

AP AR R W SRR AR WA W SR BRIy SO W MRRG ORe SN

St \»«3::‘-?:‘.”

S ?' COHGRESO ENTERNACK}NAL E
DE CORROQON MARINA E INCRUSTACIONES

- Tt INTERNAT&ONAL CONGRESS
: ,ON. MARINE CORROS&OH AND FOULING

™ CONGRES INTERNATIONAL
BE LA CORHQSION HAFHNE ET DES SAUSSURES

UNWE!SIDAD ?OLIYECMCA ‘ 0
Valmau n Novnemlm "88
SR 3 S ] A N A R

'SECCION 1l

.. - Biologia marina

~ Marine biology
Biologie morine -

The unpublished manuscripts have been reproduced as received from the

T’he Scientific Commit.tee takes not responsahility for any -~

error or umission

. Las ponencias Bo han side publicadas y estan repxoducidas tal ¥y como
se han recibido de sus. actotes. El Comité Cientifico no se rosponsa-

‘bil.iza de cualquier error u omisién.

MARTES 8 NOV!EMBRE TUESDAY 8th NOVEMBER, MARDI 8 NOVEMBRE
/\AMMMJ\MM



SESSION Il Marine biology
Tuesday 8th November

MUSSELS IN THE OFFSHORE FOULING OF ITALIAN SEAS
Giulio Belini and Nanuela Montanari

INTERACTIONS WITHIN FOULING BIOFILMS: STUDIES USING A MODEL SYSTEM
K E Cooksey and R E Murray

LAKE TIMSAH AS A BARRIER FOR THE SERPULOID (TUBE WORMS) MIGRATION ALONG THE SUEZ CANAL
A F A Ghobashy, | M Shalaby and S H Shalla

THE BIOFQULING 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
A A Karande

FOULING OF SEAWATER FILTRATION SYSTEMS OF OFFSHORE OlL 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




* 3B JBY

PRI AU ST CTRTE ST LR GG Gl T Rl

iy

. hututo dx mlvgu - l‘.ahucu'z di !uh.h miu e di Scologm A

HUSSELS IK m QTSW mt.xuc 0!' ITALIM ms
' Giuhn hlun -nd mn lbatmm

nimale. Uniunizl di coma - Iuln

” Coanglio M:ic\uh delle !iccrcht - Ilt;cu;o pcr 1a Corrouom Maxi

- 8 dlx Httllli - M" Igllln

Touliiig of soe offshere platforms situsted in the North Adriatic, Yo~

" hian and Forth. ‘l‘ynﬁuiu Seas vas imunntd om the basig of dirvect
) obumtim lnptin( and panels’ i.—tut for parieds #f 1 to 12 mouths.

Up_to 10'm depth, Wussels (Mytilue galloprovincialis Lam.) are the main

. £wlm¢ prganism se all” effshore #tructires axamined nd r.hcy reprasent

80 to 95% of the wat waight of u:d fwlxu.

In t.kc Adriatic Sea ‘Meesele after s yeut can reack & mu length of
€7 cm and & wat weight of 90 kg/w?; in the Ionisa Ses the values are
35@..&1‘“/-1 i- mr,n-sum cu‘.zum zck.l-z

' m iu:ruﬂ.uly ’nuhg nd for i-t«uti.u - tln tnun; of offsho

re umtmc in th I-liurrm Soa lod ws to pblhh a series of da
u ptlnrd tboet n- yuu aot. bct -uch are um ulmt to the pre
sant eninu-nul .itucm. ‘

- we' tocuud onr aunﬁu n Innl- ucnu thu smm- represant the
' ﬂincipd and. Mtﬂt mlt 'ichm the U,rlt tes nteu of depth of

the fouuug on the mim utne:uun cmiod

- This unr llu cuphtu & séries of pﬁli.u:ion c.nc-nua; s vast a~

res at télurci atrici azt vy the Istitut.o pcr It Comsim Marina dei
sod iz relatss to @ serias of ahcrucim of fouling

wade st cmul phttm pnduciu utuul w. ia. hct. .fcu- a first

) :r;eneul ltudy (hlhi al: al. 1976) & uriu of- fmn nc produced on
. the -ott x-poru-t dystcuuc ;reup- iu umaclu (lelmi & mtncar
i 1977), By‘roidk (l'altmri & &rr; 1977) Anphxpods and ?olychutcs

(Kelini et al. 1977) but vot lbuuscc. :

On the whole, the decalled lx:eraturc available on the fouling of oEf~
shore stmctures for the geas surrounding Italy is uther hnud and -
is uade up of uork: by Rehnx (1975 2916) bued on ku oburutwu
carried out at 200 m. dop:h in the Ligutm: Sn, that of Jmhz:om et
al. (1980) off the coast st Fiumicino (:hc 'ryrthenun sa). De ru-
(1963) (Souchcrn Sardmu) mua Venszia (Vouiec lagm. 1976, off

" the coast of Ancona 1981).

With regard to the gmral problems of the effects of (oulin; on aff~
shore structures, we make nfeuaco to De Palma (1967) and’ uyvun [13

&1.7(1987), Marine fouling of off.horc structurés (1981).

MATERIALS AND m:mons ,

The observations were ccrricd out ¢ on o!t:horc phcforn situsced in the
l&ort:h Mruuc Sea (kvum). the Touian Su (Crotonc) aad tbe nppcr
part of the Tyrrbcnxan Ses {the Ligurian Ses, at cha) by m o:

'u-plu 4nd survey photography.

The mirov-mnl cluncurl-tics and the cx;nn-enul eotditima are

, shown on Teble 1, while Table 2 -hov: thc uydrolopcll. pn-&tus. Awo

e coqlcte study was mads at uﬂm and Crotou ehcu ubntol conewt
panels (200:300::&-) were used and were i-arud for gudutd pario‘n
of time (1,3,6,9,12 pouths) in spacial structures pllcod at different

. depths. Each structure was fasteosd to a ballast cable which irimght to

gether seven panals’ pooitiomd radially vith the longest side in & vcr
txcal naxtim. ukmg a total of 120 pancls at u\nm nd w.: Cro~
toae. Fer furzlur tnformatios sbout ﬂu imzersion ttchnxqun aed thn
chanctorhtici ot fouling dt Ravenna and crotm lu Relint ct ql. '
(1976).

The Eauhn; and the mucls were quantified in tctn ot denai.ty values
(nusbers of mdwxdual:/dlz) and wet uxght The ﬁuiuls snre aho sub A

dxvxded xnto uu claans (mdel 1 cn) bucd on shcll iengcla


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

vPlatfom A@—A (‘!tblc 3

LA AR O B J 48 40 b 4L AL A% Ab A

)

)

)

)

)

)
",
)

)

)

|
b
)

)

b
)
)
’T‘/‘:

| RESULTS
" 1) The Mtilnc Ses
- 'ﬂ:e dats’ thxt is -vv.hble fer tiu Adriatic Sea uas cellccted off the

':"‘"‘cout at’ Ravenna on two yhttom candd Am—A md m—A.

l .':) The_sectlement ol lhuols

* The' dcsériptim sunli-d of ‘the «tclumt nl;te to pancls situated

“at 'nno\n Tevals of dcpth for porlods of om mth three mtha, six

mths .ad one yur.

Onc-mnth Emlz - m plmh that remained immersed for the month of
J\mc at thrcc dit‘feunt lmlt show the uxi-.- mﬂsct of nonthly pre~
um:u (522 Mivuual:/dnz). cotrnyoadin; to 972 of t.he mntmy set~

tlmnt uct:uiud dari.ag tiuu yut. The miu uttlmt of Muszels

(’3!) mv loutod at tha tirct level (mrflct tm) v!\ih the rmv

*"nxu; pcrcmu;c 'u rocatdod at tbc ucoud lonl (~%m). At the thxrd le

vel ('"20!) ouly s,oruic prasance was uotod. hgnrdiug the dincnuoun

- : ot thc indlviduls, it na -o:cd that thc lngth of the shell never .x

V cuded S -.

- ‘!h:ec—mntb mll - m toul u-tcr ot Niuuls settled on the three

. '-muth’ p.ﬁuh -n about & tizes higlnr than that found on the one-month

‘nu punll with the tu.ghlt nttlmnt were those immerged from

: s!‘ny o Julyx 1“9 hdividulsldaz at the first level and 2&6/&:2 at the
’ ucnd lml. 4 n‘.un tumber of individusls (39(&2) ves also sscer

.cained on & panel hharud nt :hc !iut level in the mnths from Noves
’)bar to‘muty - Ou ‘t.hQ minhg pnlc th nlut ware utrmly mode

rate and il particuler ‘the third level settlement ul nlmys very lov.-
The ulni bf t!u inﬂviduh faua ruclud mi—- lcngtha of 30 ms.

"!tmrthelou. :lu s rcyrueuunvc class vas the tirst 10 -n) vhich

nl nlso thc mly one prcunt at 29 ' d:pth.

- Si:-wm:h gmzh - m Eint-level pmcl vhich rmimd metsed frou

May to October showed & higher ser.tl.e-ent compared to the one which re’ .
mained xmersed from Octobet to Apnl (2&62 mdwulus!s/duz vs. 115) -
and contained ‘Mussels vhich resched the fourth’ ‘class. It is to be no-
ted that the total settlement on the two sixmonth panels is about six
times high«t for the first level than for the second level (2577 indi-
vidualifam? we; 430), - - s :

~ QOne—year panels - Among the panels th&(t remained ismersed for the em
tire snoual cycle, the one with the most settlement wvas that vhicﬁ vas
situated near the surface (‘fitlt level) vith 9724 indiviéui;};dnz. A
wong these were found individuals up to the sizth class, sven if $5%

of the “:op‘uhttion belonged to the ?ir‘t c!'n;. The muna iijn (70 mm)
was reached only at the second level (~9m) vhﬂ there wers ilso the
most individuals ot tb‘ sixth class.

Flatform !W«-A (‘l’zhla 4)

~ One-month panels - The «ttlmt of Musgels occured in two periods

during the year: from May to September with a pesk in Juna (375 indivi

duals/dm?), which corresponds to about 86% of the wonthly settlement a
scartsined during the yedr; znd from October to Jamuary with a setile-
ment dcnci:y which was mich lower. Also at this station the panels im-
mersad mear the surface (first level) ‘had the highest settlement (79.5%),
those situated st -h {second l‘c\‘ml) still ehowed a certain degrae of
settlement (202) u!nh those at ~ila (thir& level) were very thinly re
pulated.

- 'thtu—-mzctx phnilo - Klso st this placforn theVmeu ‘with the aoat

'uttlmnt were those h-rud in the porld frou May to July: (1500 ia

dmdu.u/&-l at the first umx. 763 st the secéud uvm. with regard
to the panels cxposesd from !lovadur to Jinuary, tlu,mﬂc_r of indivi~

"duals observed vas considerably higher compared to the AGO-A platfore:

747 1ndividu&1./dn2 at the firat level and zsuanl at the second level.

With rcgurd to the sizes of the iudxviduals, only on the pnneu iseer~

0
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sed from May to July were Tuesels found balonging to the thxr& and fou
reh elass of lemgeh. )

- Six-monek: !!“1.;.; In:contrast to the ’(ﬁ:fteum:q'hoted ‘fo,{' AGO~A, at
* this plitform the pamal immersad’in the setond pariod ef six wonths had

& higher populiticd (88 individunls/dwl) thew that ismersed in the

©Ufiret u-u‘i:or (2344 /402) . The same p!mnnm WaS seeR even moTe mar-—.

kedly en the siz-memth penels immersed at the second ‘level, These ob-
servations comfivm'the: exintence of two distinct poriodt of Mussels set
tlesent. It must be emphasifad, howéver, that the meximum sites are rea
chad only by those Nissels which settled on the panl imu-ud in the

" fivic nriod or ‘six wowths.

EL':Z’.L_&_'. < Firit of all, it is to be moted that the oumber of
individiils found on the paval which remsined immersed for one year at
the first level of BOW-A (4999 individuals/dn2) does not ‘correspond to

mlkity since a part of the orgenisms becsme detached from the panel du
‘ring the with-driual of the samples. Ou ' the pansl immarsed 4t the se-
" cond level (=5a), 3069 isdividuals/da? ware found, which was grester

than for the panal ismersed at the socond lével (~9m) of AGO~A. The in
dividuals veached 2 maximin sizé (seventh class) culy at the sscond le
vel, at iﬁich & higher nusber of individusls of the sixth class was al

" s observed.’

h) the tolc of n\auell in the dctcminguou of tln limn in rouhug

table 5, vhich reportes the et mighz in ulatmn to the antira surfa

«ce of the panel (12 dn2), shove that the values of the bmmu reflect

s incrmq la the acemlstion of fwliq; with :im In fact, tha hi-

.- ghest wigb:a (i.t. ahovo 10 kg) ware recordw ou panulc w-itioncd at
_tha first.level of the plattsm AGO-A and on tht ﬁut nnd uccnd le-

velz of the phtfun POW-A after 12 m:hu o£ erpoaure. ‘

- The dimnutxou of fouling with depth is connected to the fact that the

Missels cte prcunt at the first two levels and predominate especially

on thg multi-month panels, whei:e they form compact h&ers of cousider_a_
ble thickness, vhiie on the subs:ntum‘pllced neﬁr the sea ‘bor.to- the
majority of organisms found were: Barnacles, Serpulids l;'ld Hydroids.
These, however, because of their quantity and structure, had little
influence on vei;ht {Fig. 1). ‘
With the increase in the period of imeersion there was also n‘hern-
se in the accumulation of fouling and éhut of weight; this can be de~
wonstrated by comparing the values for the fouling weight ,utﬁﬁ on ’
thg panels immersed for a longer period with those found on panels i
mersed for only one month.

Taking as an exsmple the t!gu-onth panel immersed at the surfacs-of

AGO-A from May to July, we pote that it had a fouling weight equal to

795 g, vhile the corruyondi&; one-aoath panels inmersed in Moy, Jum
aod July respectively yielded a total weight of 315 g (5+170+140). As
cah be seen, this value is lowar by half than that provided by the cor’
vesponding three-sonth panel, even though the surface avsilable for
settlement was renswed three timas.
This obsexvation can be made sach time we compare the weight provided
by & six-month or one-year panal with that provided by the sum of sub—
strata that rewained in-erud ac the same period but for a shorter ti-
me. In conclusion, tlure doss pot seem to be a mbs:mthl dxtteuncc
betwesn the two platforms in the accusulation of twlinz on the panels
partially immersed at the first level, vhile at the other levals the
differences are considersbly more because the d-pzhs of the two plat~
forms are different in velation to the pccicioa of c!u sea botcos.
This is particularly evident for the one-year nnels tor wbxch. tran*
sposing the values of Table 5 (which are expna«d in grm per panel
= 12 du?) into kg/a2, the following values were obtained:’

AGO-A PCN-A PCW-A AGO-A UBON-A - AGO -A

surface surface -Sm  -9s  iniw -8R
99.3‘kglm2 90.9 kg/w2 88.3 kg/w? 49.5 kg/m?’ 20.2 kg/m? 5.3 kg/m?
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:‘Emiumg the mpovt:mce of Mussels m the formation of the bmmsc. it

can -be absewed tba: xt mc:eaus wu:h thc dnruwn nf the xmersmn,
and thu is espacmuy true for the nmla that :ennned ipmersed “du-
ring the summer. mnths. '

Table 6 shows (tor the mlt:-mu:b pamls only) both tbe tota! touli.ng
weight and the vu.ht of the Mussels found; iu this \uy it uas posnble
to calculete: the -hnu of the or;ouim in thc fomuou of the biomass

vhich. jn the cass of the 9 and 12 -oach psusls partially iunerud or

- placed-at the. htlmﬂi&n dapth, could ruach over %0X.

As al:udy npcttd for the wat weighe, tbt !txuel bimu was slmost

tqul on tbc plrtillly {mmarsed -ubstntu- or :he two' plutom. vhil:
e us ouh-emtiully different at the othar ddpthh .

!t " upr-u th ni.;ht of the Mussels in rslation to the annual pa-

nels i kg/et, v obtain. the following values: | ;
' Pou-A AGO-A

Ko POEA - POW-R  ACO-A
sitfsce - surface . ~ 5w -9m «llw * ~0mw
4.9 kg/a?

96.6 ul-z £5.6 kg/u? 84.2 kg/u? 40 kg/m? 11.6 xg/nd
The above values shov how tha weight ot the Mussels is n.m.l..r up to
-Sm \ihils i: is t«lucod cwofold timed at ~¥ u, eighttold times at ~11 =,

ti;htnutoid timas at =20 w.

21 m Icuhn Ses

The dau lvuilablc for the Ioniin Sea vas- collcc:«l off the coast at

Crotone o . pl&tfor.‘! naced "LUMA-A". Tha deurip:xons of the sattle~
,ment tetir to m-outh. thromth. uimch, uncdmth and one~

yur 7-“1- i-n'm ar ‘wirious’ dtpchs (Table 7).

u) m uttlmt.,,ot ﬁuuu

Plitfora LOMA B , ,
fhe pressnce of Molluscs was somewhat low, in

- one-oontb p:neh - 7
nd -second levels du

pnﬂ:icuur the Massels appeaved only &t the ﬂru ‘a

ring .the Spring monthe .

- = Three-month panels - Settlement was still scarce and oﬂly on the pa-—

nel immersed from Aérii to June were appreciable numbers of. Mussels
coi;nted at the firat level (37 individusls/dm2); at the second and third
level a lover nusber of Mussels was found acém’mie’d; by other mllus;:s.
- Six-wonth panels ~ Quly the piusil of the second iirionth period sho
ved a considerable amount of settiament. It wvas especially Mussels whi

ch eoriched the first level with 105 individusle/deZ. At the second le

- vel there were still some Mussels (61/dn?), vhile at the third level

the settlement of Molluscs and Mussels in particular vas ;a:iccably -0
fe‘ scarce.

- Mine-month panels - At the firse 1«:1 the settlement of Hussels com
prised 11 iadiviauu,'al At the second (-14 u) and third (20 w) Ile-
vels the prasence of Mussels could atill be noted even if in smaller &
mounts that at the first lavel (0 w). At the fourth level (~ 55 m) My~

- tilus wera abgent.

- Ons—yeaxr panels - An appreciable sattlemeat of !'b-nl;,ns recorded’
only at the first leval with 379 individusle/deZ, the length of vhose
valves resched 35 mm. At the second level the Mussels were 93/dm? and
at the leval three 25/dwl. At the fourth level the psnal was complete-

1y covered with Piomodonta in which the individuals reached a size of - '

up to 40 mm in dismeter. On the vhole, the largest development of Mol-
luscs n} found st the first level with seven species smounting c"oA-n
total of 596 individuals/dn2 of which about 90X were Mytilus gailopro—
vinctalis. At the second levcl'chit; wars nine spcie‘s of Molluscs,
vith mn-z of which 90 consisted of Mytilus and Sccionva in aqual
nu-beu. At the third level the number of !bllucl vas gtill fewer
(105 iudxviduls/dmz) and consisted of 55% of Saxicava end 263 of My-

" tilus. The fourth level showed the dominance of Pycmdo'tta, with no -
Hunels. ‘ '

b) The role of Mussels in the determination of the Biowass in 'Foulj.‘gg‘
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Table 8 veports the wet wexgh:l (iu grus) with refetence to the bio-
mass of. :he entite sm’fuce of the panel. The walues of the- wea.ghcs are
-uo rcported in the d.ugrm nlluntntin; the dominant: commc:ea on
thc mlti-onch nneh (n;. ). Thesa nno\v us to make an immediate

co-parhon hecuun the wrfseec of the pauel occupxcd by the toulin'

. and m wet ni,:h: of- the same.
- Th,e examination. of. tkt-_u’e’nthly weights demonstrates that the greatest
. -.i;‘m'. were Teached at the different ‘experimental depths in the months

ffro- !hrch ‘to; Scp:ubcr. even if the monthly settlément vas always very
:carec. Ia ﬂct. u!dia; together-all’ chc mtbly weights obtnm at Cro

.. tone at dif!cmt hpth: the total of 115 g is reached; this value vas
o lmnt thtn tht upornd i nly etie wonth at Ravenna (August, PCH-A,
: ﬁtu lmi - Joo ;Innel) 'Oa the three-month panals of the platform

at Crotm tln ui;ht values of the !culing reached & waximsm of 106 g
potr pml ubila at Navesha the maximas was- 2140 g/panel. Por the six-
mt‘_h»pmlg. it m'noud at the two intermsdiate levels the saximm

- accusulation vas teschad in the ‘first phr'{cd‘; while at the first level

the hi;but vughtc were in the ucou& puri.od. The values at the fourth
laval nt touling uigbt vare sisilar for both periods. The panels im~
nn'ud £ot ] mm o!wud th trutut nni.;hts at the two intermedia-

ta lmls, vbile :lu cua-*yur pmls shovnd quuy hi.h wight: at the
. !int thm lmll. . .
hgudia; tlu i-cmu ot :hc tnlin; ni;ht. tkerc was an’ increase in
':\night ey th. pot{.od -f l—gtuou concinued nt an levels. For exasple,
AR wa cm{i.r tiu pml: At the. !itat leyel immersed in June and which
V :minu! iot immtuly long pcriods of. thl tha !ouawin; wi:ht ia

crun vu ebum‘ (hg I): the pnmuch ’anot - 1 5 tiu thtcm:h

apnnel 6 t, the, u:-m:h panel = 18 ;. thie ume-mth panel = 166 &
- ,.the om-yut pacel = 816 g.

As. altudy reportsd For the plattom at itnvmu. .also at Crotoue the fou

’ling veight on a substratum immersed for a lomg period of tise vas ‘al‘* ‘

uays higher than thé sum of uexghts reached in the cotrespondmg sin-

‘gle mnthn or groups of mnchs. Bearing in mind the reduced tocal mm

ber of Mussels present at Crotone, the wet fouiins vuight wn hardly

- influenced by r.heu bivalves.

The influesce of the m-;ch on waight was only &t the first laval for
psnels ismersed for nine wouths or wore; in pa"&jﬁcuh:; “for the :;ne-
year panel out of 816 grams of fouling, 492 grams wers made up of Mus—
sels (60.27}. Calculstiog these vulues in ktluz t!u foumng results -
are obtaiced: 6.8 kg/u? {fouling) 4.1 kgl.z (ﬁuoull). ‘

3) ‘Ru Tyn‘hnnian Sea

Fouling was examined at the uuding plnttoru (oil piya touiul) !or m
per oiltankers situsted offshore at the port of ccncn-'ﬁnudo. After
obtaining appropriate photo;raphic docuunut.ion. unplu \nrc takes.

s”c:.{i.uny they wers gathersd from the ;iﬂ(crl on & mrﬁce of x40

cm at various depths, up to 34 m, & 1ml which, ucordiu; to.the di-
vers, vas the lovest liut for the prcuncc of Hnucli.

The fouling cmitxu at various levels ars ducribcd. while ill“ the.
data concerning the Mussels is collated in 'rabi.c 9. -

~ Level O w - Near the surfsce (that is the ares vbmh is pqrt.ly ;:uc
tsd by the time), the toohng was c}uracnri:ed by the do-iuncc of Mus
sels (1059 individuals) ot sizes between 11 nad 62 - in :hall leugrh

. and Balanuas pdrrfomm Other o:;nu.m vere rather scarce.

~ Level -5 w ~ Hussels still raprcuntcd the- bxuut fuction nth A3
in-smdma of sizes from 11 to 78 cm. Other d!mmt orz-nins also

sppeared; ia particuut, tbcy vere chclcs (L

. _qm:},. !zyozoan: (&shuopoﬂlla, c.ltcpomfm um), aydroxd- (s:m

Iamdat}. Scrpuhds (in paxncular Salmctm). A:cidinui (Stycta plwa
ta), red Algse (also encrusted), vanout becapodl Cmsncnns (Boml-
lana, Pilumws, Paehygrapm), Sponges and nxvalves (Anomm and Ostrea).

v
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- L el -11 m - 'r'he ‘lusuls were of I;r;er sizes (23-101 in leagth)

-»cven tbOugh in rcduced mmbers (36 mdxviduals) The eplbmﬂt . orga~
nim ver veu dtv&lcpt‘ md ware repnunud abovc all by the two
'.pecics of Bamcln. sone SQrpulidt (Scrpula) colonial Ascidisns (Bo

‘ mziaa md Df,damw'ac) Spon;u, sivalvu (o:ma) At this level Sea
-Anucme (A'Lptam cu:vm) began to appear vhose numbers increased
Av:.th depth ) o

-:chel -3& - - m cowmit:y vas -uch Tarer: 21 ﬁunels ware present
in iiztl tm 1? to 101 - In all probnbilicy they had aigu:nd dova
’aftcr !m?ing ue:l«l ut uppcr lcnl:. lamcln. actmms. Spoages,
Snrpul:.ds (Saimacm Sapula Puuwcma) and’ Eydroids ware still

uu-tepuun:u. livnlwn (Octm, Ama And Arca) and ses—urchins

23} mn nln u-yld.
mc unplcs nluu tm :bs putforn ahovad that tha nunch st ::de le
ul ia on\t year ruch“ a ul.w louch ‘of 62 mm even if 37, sz of the
populaeion btlongd to the th!rd class (from 20 to 30 - iu lengeth).
Tha Miseal uctlmt. -bieh tuchd 26 k;l-z at the surface, dimini-
‘shad’ uitﬁ dcptll. ‘!h ‘iscmty of lerge iaundunh balow 5 meters vas
connectcd to thc hct that thtc had bm 8o pcnod;cal cleaning opera
tioas of the pu:tan. ’
An oppor:uuity to ‘have accen to sdditional uta about fouling in the
tx:«uu su gumnd itulg with a meceo-ocesncgraphic buoy of the
'i'n:-i;s opas (&aiﬁo‘tﬁi&ic Bats ‘Acquisition Systew). This enabled us to

f're;iocar u i-mu tcct-uhtwu of !iuauls aven at a considersble dz.-

 bioy vas {mmersed by the Istituto per 1' Automazio-
ae Kan!.cfi ‘al m of ciuca' is s«n«-bcr 1980 and it rmum( in the Po
. mm 43°38'08" n:i:ud. N-08743%08™ lon;itude E st 104 kn from the

cout vhcre tbe 'uccr had a dqsth ot 500 m:etn until July 25, 1983.
On tha: due it vas transfetred to the po‘ition 43°51" 07" lttztudc N

and 09°06'06" ‘longitude E at 63 km from .the coast where the water had

a depth of 1000 meters. “The hull of the buoy was not ¢leaned in any way
ac this occasion. ‘

In October, 1986 the bucy was taken away for repairs, towed into the
Port of Genoa and put im dry-dock to be cleaned..We wmake reference he-
Te to a ;eries of observations reported in Crassis and Piattelli (1987).
When the buoy was put into dry-dock it was possible to observe the pre V
seace of Musaels weighing about 600 kgms. This represents & value lo-
wer than the real one because during the whole period that-the buoy:
was in position,some Mussels were cccasionally taken away from the sur
face. The l;usula were concentrated oo the two opposing faces of the
bull of the buoy in & more or lass umiform way and decreased with: depth
up to 40 meters.

Ou the stainless steel wooring cable which had dismeter of 15 mm the
Hussals had formed a eon{nct sleeve around the cable of more than 30 cm
in diamater. The meximue :iu ra;ud by the Mussels wvas 10 cm in yj]_-

ve laogth.

CONCLUSION ,

The data collected showed the uadi.pu‘:éd role of Mussels in the forma~
tiom ot fouling on the offshore structures examined iu the three Ita-
lian Suu, at least in the first 10 m of depth. lmtthehu, thc i-—
portance of Mussels assumed & different character in relation r;o ‘the L)
trophic stata of the waters. In fact, in the Ariatic Muksels form the
Largest biowass (ip to 96.6 kg/m?) and show & "iﬂfn'inp‘id‘ grovth (ses Ta
ble 10) since the waters of the widdle Adristic are wors similar to
those of the ports or the brackish.

At Raverna the Mussels show two periods of setelément over the period
of a year; the first and by 'tai the most .iuportnni' is in :he}pting—:‘mg

mer period, reaching a maximum in June and the second is in Autuen with

& peak in November-December. The Mussels prove to be dominant after thteel

~
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or four- months on- tbé panels: ismersed in May and after six m;xths onn the

'se :mrsed in Octoher. As the lmgth of time that the substratum is ex
' poud xncuuu,thcu is also, an mcreue ia the Accmlanon of fouling
and in plrcicuhr of the lluuuls and :hu of - tllc »n;ht. In general, o-
ne can say that the share of the might of :hc uuncls expressed as a
pcrcentage of tha total vnght of foulmg nl;tel directly to the im- :
nrnon tind aad iuuruly to the depth (the" nxi.-u- of nbout 1 meter).
103 is_u‘f'c ;o ‘say tht in qm ysar. the sccumlation of &unlt on a sin
glé p’lar;fo‘r- (‘Kiit‘“ to the calculation of 20 girders 'with & diameter
of % on and 10 utcu of dtpth ud aot coasideriag the besms) is of

sbout 50 toﬂl. :

timlly. Y uxin- uthnu fer All th utmnz‘u used for the extrac
tieca of utural pl off tbc coast at Ravensa (pmhbly about 360 gir-
ders \n.th an sverage diameter of 80 cm) leads ome to mppou that in o
ne year thcu is an u:mluin of about 900 tous (a figure which can
only be an’ -ppruximttou). At the time of owr resesrch, this enorwous
mass of lhuds uu ‘removed mly by dlnrn who ccrapcd the surfaces
and :hm threv the Hnsuls back iato the ses with serious environmental
conuquucu. my ars now colloccu sad put en to the mirket with con
siderable (aln -eou-xc) odvuugu.

At Crotou tbc pcriod of u:tlmz std of greatest ;rmh of Mussels
i: Spriu; caa do.inu« is reached after 6-8 momths, depending on the
; ‘-mnnt of immersion of the substrata. It u. however, limited zo the
first’ 0«10 -tcu of depth.
Both in :u xonu- $ea asd tht upper part of the ‘lyn'lu:nhn Sea (cult
of ccnon) h: h pssibh to rerch ni‘.-ilat lccmlutmus such as thase

fannd lt uwm Nc thc pcriod of cin ucuury is much 1on;¢r. '
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" Pig. 1 ~ THE SHARES OF THE VARIOUS TAXONOMIC GROUPS IN THE DEVELOPMENT OF. m COMMUNITY. -

Each circie refers to the settlement on the multi-month panels. The various sections indicate the por-

sTétis of the foullng settled on the pansl (12 da?) s reported.

:ftions of the surface ocquphd'byki‘tynu'u'nti’c group. Under aach circle the valua of the wet waight vin
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A-procedure is duc:ibed uhereby ‘mixed ulgul/

‘ baeterinl bioﬁuu can be constructed in the laboratory.
They are:used to show how cellicell interaction can be
measured in terms of in situ bacterial filx growth at the .
" expense 6f -&1gal photokynthesis. Artifacts are documented
arising as a result of bharvesting blofilms from surfaces
.before métabiolic measureieits are made. Suggestions how
:tmleddgln em bo ue& to onhanct hiotooling Tesearch are

#elui P

aibfilu au couoction of orgmisn and thefr '
p:oaucu at uqum--oua interfaces. It {s the formation
of’ this echomt (u: on thu surface of. un-udn cquipnnt
that heulds the: cquipnnt s whsequent decay in
pdtfotﬁhca. " Fhis un be attributed lu'quly to the fuct
that’ surface-umhtcd lﬂdivldul cells o not chnnge the
environicnt tt thn snr.‘.au vhcron chc pteseace of

colurent‘filn éa . 8ince there h . dittuaional 7
' "“Moﬂl- axid b-tmn the biotiln and
.uilicu. biotun u-e propittly temd '

-.hporunt ucet of. the utabouc operitioh of

_ mzcroenvxronments, and as auch their study presents us

with apeczfxc problems. . ‘

Biofilms are ubiquitous on vetted surtaces. and where
those surkaces are illuninated, phototroghs as ven as
hetetotrophs are found. In these circmunees, often the
major component of the bimac is diatm {1 2). Blonlu
appear to be pazticulatly successful in 1nhospitab1e, and
especially ougotrophic. eavironnents. It 1. probnbly ]
their apparent success in ‘such circmtancea. toqether
with the problem they cause, that hu lead to .
coaniderable mmbet of conparative studies couc!imhq the -
xelative -eubouc letiv:lt.ies of c«ll- on wrhcel M
similar populations in :ulpeuion (8).

) Nont of the auly studies und natural and
uncontrolled llxturel of organim (3,4). thet, when
ptobhu ‘were tealized wnc«rning inmprmtion of o
recults vit.h unreproducible population. m uixed tilu. i

researchers moved to the use of pnre cnltures. ln model

‘systems, there is no doubt that axenic cultures nm ’

extrmly useful but Nature rarely exhtt u a pﬁre

culture! Studiu vith such culturés siss an - & ‘teuly
tht bioﬁl-
{.e. the potential tor 1nternction Hetween' llke and unuke

organim. althonqh 1t is nll-—knm that phnkionic :
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cells !m tu:ftcu. houoqeni:ed the resultant suspension

“ana med this to perfor- replicated experinem:n {7.8).

P PTDDBITEOLETTTTETDIDTIEIIPIIIOL.

organisﬁs are capable of internction (S 6), little has
been published until recently on the potential for

orgunin-organiu 1nteractions v.lthin filn. This is

lazgely becmse ot the duﬂmj,ty in sampling such ﬂlu.

Not tb be dncouraged by this, several workers se:aped

imether the ruules contained artifacts when obtained in

these typeu ot expcrimtl could not be assessed.

' !o invntiqate the potential fot 1nt:anct:lon between
organiin on nn.rhcu. ve ‘have attached axenic .
het:emtrophic bactcrial and pbotoautotrophic diatom cells
to :urfncu upnntely lnd in known ratios and wmeagured
the abiuty of the baetozial cells to 1ncorpoutd’ 3g-
thynidiuo 1nto m as a measure of their gotenti.al for .
cell division. Allo. ‘compared here are. tbe in situ 38~
thyl.ldlnc incorporltion rates fot celll :ln ‘biofilms and in
suspennions of ccll: ndo directly from: thou films.

, : itom mra cotfuator-h ‘was grown at- 100»1 ‘
Rinsteins w2, 2 gec™l in AsP-2 ‘medium modified to contain

1

. 1nstead the filu were radioautogrlpheﬁ

0.25m4 Ca (9). 'I'he marine ‘bact;r'inmrw_i_o_' ,
gmtml‘ztic&us; (10) was gtoﬁn in the same ASP-2 medium
supplemented with 0.033% (w/v) yéast extract and 0.17%
(w/¥) peptone (11}, k ' ‘

Attachment of Cells to Substrata
ampho ra ‘were added to stetile polystyrene pett:l

dishes in a auapension,connining 1-2 x loi‘ceusy,. . The
calcium concentration of the medium was 'lncre\aaed to

2.5 mM (12) and the ceu'iv":ullbwe‘d to attach for 4h. ] ‘!he
diatom film vas rissed twice with 10 nl medium to remove
unattached cells. The Vibrio was washed by centrifugation
and resuspended in ASP-2 Bedium before being atta'éﬁed to

- petri dilﬁes in a similar manner to the diatoms. . The
‘procedure is summsisrized in Pig. 1.

Thymidine Incormntion ‘ i
The incorporation of 3B-thy-idine into bactethl mm-»

(13) vu used as an 1nd1c¢’cor of bacterlal g:ovth

mtaill ‘of the procedure tor attached cells have beeu

puhliahed {11). 1In some, casel, the, radtoactivity in

rattached algnl/bacterial -ixtures vu not"(:ountcd.

'~ procedure described by Brock and Brock (14’0 lftet
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' the:total immnt

] staining vit,h the:AD!:IL-ppccifzc stain Hoechst 33258 (j15)..
The stain hllowea} bacteris to be counted under
epiflqoreaeent illuninution and an assessment of the
degree to vhich suvc: grains in the rudiomtoqnphy

expetinents were: tuwiated with diatom nuclei

iofu.u were barvested by scraping the surface of '
» tho pettl dhhes qmtly with & sterile rubber poucenn.
m- aeucma ulh were. ﬂuk.n in ASP-2 Wedium conuining
0 258 Ca und tranoform to ‘glass vials where they were '
incubated :gx 30 mindtes with 3g-thymidine {final
couem;nt;gis ‘wes 20nK) as described previously (11).-

!’ignrc 2 shon thlt tM algae or hactoria clone took

up 11ttlo 3H-thyuiﬁim into the eold trichloracetic acid
insoluble fuction of the csll. This tnction is
conzidered to be: largely DMA (17). When an ‘attached

becterial-algal mixture was incubated with 3-thymidine,

conutderuhlo 1-:»111@' of the film took place, in- fav::t. ;

f "vu several told greltcr for the
' lixtute th&n !.'or t‘.hn Mm of tht ukeu up by the

films shoﬁed that the radioactivity has aiaociated only.

individual films, Radioautography of the radiolabelled -

with bacteria. WNo labelling of the diatom nuclei vas
seen. This observation was facilitated by he bright blue
fluorescence of the nuclei when viewed nictoicopiaii'y
with combined phase contrast and epiflnmlcent

111uminntion. uote that as the algal film prouteuted‘
(16 to 70 hoursl. there was an incressed rate of
incorporation of 3g-thymidine into the bacterial celil._
!able 1 further docuuentﬁ the dependence of bacterhl
thyuidine incorpoxation on the algal maboliu und
abundance. Where the films were incubated in thcr;dt.rk._ ;

‘the algae did not grow and neither did the bacteria (cf

lines 2 and 3, Table 1}. ,
Pigure 2 represents an experiment similar to that

présented in riguré 1. blﬂ:; here the incorporation: of 3!11-
thymidine by 'intﬁct and disrupted films was compared.

zxcept ih the caQe of the algae, cells from the disrupted
film 1ncorporated 4 to$ timet nore thyud.dine thln eello
in a film. When these flgures are. convertcd to potcntul
bacterial cell qrovth (‘l'able 2), uslnq
factors twored by ruhmn and Mu\ (13}&

he artituct

' caused by the- duruption of the biofnn is highlightad. ‘

In eich case, disruption of the t‘iln caused ‘an’ lncre.ne in
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: growth raul

. h&cterial dell

the prédi’c‘té'd ﬁctér‘tal‘ growth i:di:éi ' BY ﬁicrbscoﬁical

: eminati&h, dwxupted “Films contained a barely detectable
level of que& cells. S '

DISCDSBXOK

_ . Mofnns in natire. u'e vis!.bly pctchy when exmined |
licroacopiczally tnd are thus difficult to nnplc .in a
§ replicute umxer. ‘We have shown that: to remove a large
" area of nln ‘and use th:la as a lou:cc of expex:hental
‘uterial fcr replicato expcti-ents ‘causes cousidetable

artiinctt.‘ In our experi.-ents, suf.ficunt orgunic catbon

was releand :m b:ctcrnl or algnl collu whcn they were
' -cnped q-ntly fors a durface to aupport a five-fold

1nctone iu buctdzill grovth in tho absence of other ‘added
nutrient-. ’ m-. conelnaions are based on the nnding
that the 3n-thyum;me Tabéls only DA cignificlntly in
these bactarh (161" The uptake ot radioactivity by the
dhtm wn “nhm nbt to be auoeilted vith the nuclcn of

' tho celi m was ih fsct not statinically dlttcrent from

£0m11n-k11104 eontrol celln.; m 1nc:ene in. b;ctetial )

the mme of. :dded nutxient: but 1n the .
pumcn of diatoms was. oonsiderahh. ‘ aftcr 32 hont-. :

A te g?winq ls-fold tnter in the

presencé ot dhtduu thm 1n ‘their abuhce rhis y

emphhsiies the degree of interaction betﬁzeen'thé
heterotrophic bacterium and the autotrophid'diatom.‘ In
these films, the tatio of bacteria: - dhtonn was’ AO:I, so

the influence of diatons on the overall ergy budget of

the £film was considerable.» It appears therefore, that in
an illuminated and’ oli'ggtrophic situation, diatom
photosynthesis and aﬁbsequept ‘reie‘;‘sqt of»‘photbcy'ix_tihetie .
products to the é:tracellnlar space ﬁy be oﬁe o'“f‘thé noat
hpormt factors in the eeological m(:can of- l:he ‘film.
The t!m co-ponent biofilms we have delct:lbed can’ be
used as .-od_els for research in the area of ‘cell-cell -
interactions in fixed films. Produced as described here;
the biofilms represent a cellular monolayer; so that they

mimic only "young® biofilms i.e. films up to approximately

10 pm. 1In thicker films, where l_ight penetration is
reduced, diatoms in the upper layers: may provide the .'
electron donors for sulfate-reducing bacteria lower in the
film. | o o
ﬁxere appearl to bo no- obviout rentriction. ‘other

than phy.loloqical, on the type of organigms that can be -
ncco-odated into a film of thu .type. For. 1ustnnce. ve
see no. r.uon vhy a faeultathe for-unt:hxg orgmuun thould-

~ not be 1ncorpouted i.m:o a filn together #ith a sulfate-
- reducing bactetiu-. Buch a conlortiun céuld be used fot
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ntudies in uicrobiully—auhted eorxosion. Other
poasibiiities for ‘these films include biocide teatxng and

[

 their inclusion {n continuous flov reactors. '

Ve tlumk( the latioml ‘Science roundation and the U.S.

' Office of Waval hlurch tor their support of this work.
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TABLE 1 . Influence of Algal Abundance and Illumitation on

‘Growth Rate . of _Attached Bacteria in mzed (Algae
and Bacteria) liol’ilu Cununities

rime Elapsed  Incibation  Total Algal Moles of

Since Formation . Conditions - Cells/Dish Thymidine .
of aioﬁln (Su) o : . Incorporated/

B Bacterial

i cell .

16 1igst . 1.0 x 108 0.8 x 10721

' - light 2.4 x 106 4.2 x10720
o eark. 0.7 x 106 0.3.x 10721
0 gkt 7.4'x 108 17.0 x 10-21

. Light was 97 p. Biu-talns .,-2 sec-1 from eool white
tlnoretmt lups

e 8

TABLE 2 Bacter:.al erth irx Intact and Disrupted

. Biofilms -
Community 4 ‘ Growth
" {g. carbon n~1 x 10"3)
Intact: bacteria - 2.8 e 1.2
Intact: bacteria : 5.6 % .0.4
and diatoms .
Disrupted: bacteria 12.2 = 2.8
Disrupted: bacteria T 27.5 % 11.3
and diatoms : ,

1 Converted from 3H-thy-idine incorporation tntet
{Fuhrwman & Azam (13), J.H. Paul, pers comm.); n=g, &1

standard deviation. Films were incubated unde comtnnt o

illumination for 4Bh. before addition of 20nM Co
thymidine, All figures are corrected for the upt&ke ‘
measured in Formalin-killed controls. Incubations with
radiolabelled compound were terminated ‘by the addition of
a fiml concentxntion of 5% Formalin. -
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rigure 3. mcorponuen of 3x-thymidine by intact and
. . dumpt‘d alyal, bacterial and mixed algal and
bacterial films. ZXach petri dish contained
5.25 x:10¢ algal cells and/or 1.95 x 106
‘bacterial cells. -Bars represent & one - »
cu;tllri a.vuuoa (n-t). Other dkuill as in
Table 2 .
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Lcke Timssh «s ] urrter for ttc nmlefd (tubo worms}
migmma olng e Suez. Canal ;

| AFA Goateshy, LA Shajoby msg Shalta.. -
Zoology Dept Focultg of, Sctence, Suez Canol Universitg '

’ ‘BSTRAC!‘ :
id re.. ot Lake Timsah.. Their origln end waler quality
dlsmhuuon fn. the Leke, Mim wfmumond H alegans

k ”we ubumfnnt m me Lake but the Tatter as well as Spirobronchus letrecervs .

mdotmmtz ln me .olluted m Pmmralefos kroussii, {he Red Sea
form, Teils 1o, cross. the Lake. to the Rorth. - Pileciaria. (Simplicario,
Wflzim'a ond Sanue t?/eamtimim) pmmmvy.m on the other

hand, lo not. llve ot the Red Sea end thelr southern appearence ceased ot -
ske Timsoh. Preference. of the worms. to ceﬂalu o

~ hgdrog-epmc mggg n sististically discussed.

B mxooumnn
loke T imsuh oﬂhough comparatively smoll’ in suﬁoce areo (elmst 50
Km2), it contains different woter. .quatities, This would have an effect .on
the. migrutlon of orgenisms belween the {wo big sees (Mediterranean and
Red Sea) os_it lies neeriy st the middle of the Suez Cansl It Is

» cham:tertzed bgn morked saline stntlﬂcatlon (Por, 1976),ncelvtng solly
. houom ‘Water (rom the south (Bitter Lekes) ond diluted water from the .

.-Nile through Ismilia Cenal which supply the whole Suez Canel region by

drinking end - frrigation woters.. Ghobeshy, Shalsby end Shalle (1966)
observed thol -the. lake contains different water quolities end - the
- hydrog‘aphlc ﬂiscrepencm eppenr to be cmin' those. dmmm:es

RESULTS

‘ﬂlE l\‘lﬂlﬁﬁﬁ?ﬂ? OF THE lRKE

Soﬂntu, surzece tmmun, pti m other pammetem including .

v '(ngm 0 were mermimd durmg 1903-4984 Toble | gives the nmges of
salinity: mdof otber paremeters t- the five locoutms duﬂng the peﬂod of

" investigation. .
" Toble 1: mngamgreph on:m

tocation ¥ u T e
Rengesof - :
Solinity.  279-40.1 273-398 2885-410. 273-398 287-38.4

'Temperture 17.0-300 - 160-300 17.0-290 f?O 300 165-30.0 -

pH.- o 805-340 - 6.05-8.30 .8:10-8.30 - ‘8.10-8.30 810-845 .

. oftenturbid  turbld . . clear, clesr .
A nettiteat voith o ) o

4 Turbitﬁty S c!ear
T % This lpnation o

© Helegans

2
Serpuiolds of the loke -

The superfomily Serpuloides is represented in the Lake Timseh hy o
femilies Serpulidee.and Spirorbidse ond six species; Hyoroides oIirdmphio,”

H elegans, Spirobrenchus telreceros, Fomaltoleias kroussii, Pilealaria

‘ (.S‘mp/mmo)meadom)m’wmond Jm:/o M@ad&vimpidmwhmz@o?a )

Table } mustrotes the mstﬂbutwn of these serpuloids in‘the world es
vell as in Egyptian marine localities.

Species recorded World distribution  Egupian distribution "

AmnucPoctﬂc IndionMed.  Alx. SConal Red Sea =

Hydroides diremphe . .+ + . . e

. + . 4 R N 4. + * -
Spirobreanchus. telr. ¢ e + e - & N
Fomelolelps krou - % .. - - & PO
Jenve preyda. - +. + ‘e 4 e om
Frlealarie psevdy. + ¥ FI— Y -

+ presenl - not recorded

occurrence of tne wonm ln lhe luke and In other areas -

A~ Hydroides dirsmphe (Morch): Figure -2 shows -that this -species is R
abundent at the southern locations (1 and 11) and less common at the other -

locations. its highest record was found in-May 1984 at location 11 (1080
worms/2 liters of fouling). Its greatest setllement took place from Merch
10 June and the tube tength reached its maxlmum value (7-I0 cm) in the
same period.

B- Mydroides o!egm(Hoswell) s exclusivetg the most’ mm ube. -

worm in the lake (Ghobashy and El Komy, 1981a) as well as in other
EgypUian waters (Ghobashy, 1984). Figure 3 shows that its occinTence was
particuldrly greal st locetions 1, 11& 1il. About 10000 worms/2 liters of
fouling were coljected 8t the location 1l in April 1984.: Alttnuuh very

common in Medilerraneen, it has nol been recorded befom in the Red Sea.
Ghobashy and El Komy (I%l b) {ound the specles decrmlng southemlg

slong the Suez Canal. - .
C~ Spirotrenchus tetmwas(ﬁhmurda) Although prﬁsant ln all locnltons
bul the catch wos.always smali. Like H.elegms...

Flsheison, 1969, Hovea 1970 ond Mohomed;: L97!}«qnd; ol Suez:Gulf {Polls,

1928) , but apperently feited to- -invade. Medlerranean end.-only - six

it showed.a. mm'ked e
resistence 1o ofl pollution and its eppegreace -4 Tocatior: (1H) was . . . -
remorkable(Figure 4).. It ts comman in Red. Sea.(Pixel;: 1943; Fouvel, 1933;

specimens were found ot!ocheﬂ {o. ships ,coming frem the: lndapﬁcmc LY

through Suez Cens! (Zibrowius,.| 9?0)

D~ Fomomle;m . wssri(Boired) ; Rure 1n c!l lacations while B& woms {—
were found inlc.. anl, 33;8[16[:‘11’!15*!1‘? were collected from the glher . ..
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Teble 2 Dismbuuon of /f dm wllh mnct tt nﬂnﬂg nlue g

| 40-45 0.

33TTTTTFTETTLULLLT I LIPS I SISO 00w e -

perts of the lake dudng the mlc peﬁoé of the studg Not reconfed in-'
. Mediterranean. .

£ s (Neode) "safpl — (Bush) New: record in- the

Eggpum woters All the werms (30 smcimens) awemd among the foulmg‘

of location 1., Cleurtg not- yet eslablished in.the lake.
F~ Frlenlaria (Simplicoria) pseudomilitoris (Thmot-nuievreux)

14000 worms were. collecleq from ell locouons(F igure 5) ’mde spread tn'

the world.

Influence. oi’ hgﬂrogmghic walues on worms distribution
To compsre between the five locatians investigated in respect to the

“quantity of each species, considering he different hydrographic affinities

" of the loke; solinttg tempersture and pH, the statistic method adopted was -
the Lo way anaiysisof varience (ANOVA). The significant range value was .
obtained from the Dancans table according 1o the degree of freedom of the
.error and the: signiticant level taking in considerstion the humber of means:
including in the comparison of the renge test. The Dancens value was
compered vith absolute différence end if the difference was equal or -

hlgher then the value , the difference becomes significant.

The analysis-of the dats oblained for Lhe relstion belween velues ond A
dirampbe  counts. showed: thet there s e significent difference between

the-number of - lheworms m lhe locauons 1& 1, it& lll und ll & iv {Table

Numbero! thwmiathe hccuns o
Setintty. 10l Y 10;‘0!__ - Heen

25~ 600 020 - 320 28 000 2748 S496

30- 005 . 1480 272 120 BOO 2417 6954

35- 192222144 - 160: 812 - 618 5656 ':_1131.2'
0 0. .30 0 30 6

990 2248 11910 ’23022

Tetal - "3327~

© Hean 8317 a1s 5945 2717
The enalysts showed tiat th sttty nnge 35-20% is the most ravaum o
renge for the, setﬁemeni { ' B s

Considertrig the infiuence of température on the «stmmtm of thesome
. Species, similar stetistice mtgsis preved-that 25-30°C is'the ledding
renge for:‘this ‘worm to flerish Nevertheless, pH m no signmcanl_

mﬂueme on the: ufs‘tnbuuon of the worm in the-take.

. Regarding A e/eymswmch s thriving in the Take'and h nartlcularln o o
~ poltuted locetion - (1i1), lob!e 3 lhe mstﬁbuuon of this spacies With
'respect w sotinity : . o

a4

~ Table 3: Distribution of . 4 e/egenswith respect to salinity velues.

, Number of the worms in-the locations’
Selinity ! Wo oW W vV Totel ean -
renges I
25- 1240 2960 14080 160 6360 28800 5760
30- 12345 17740 19541 3360 80&0 61066 122132
35- 8340 25320 11760 11242 13495 .70!57» - 140314
40-45 0 o 0 i745 0 1745 349
Total 21925 50020 45381 © 16507 27935 161768 32353

~ HMeon - 5481.25 12505 1134525 412675 6983 40442

The enalysis showed - the stgnmccnt prererence of the oil polluted
location (111) and clearly the species preferved the salinity nmge 35-40 .
1t was slso found ‘thal the temperature range 25-30 C was significantly
favoured to the worms to flourish Hovrever, no inﬂuence for pH on the
mstnbution of the worm in the lake ws lndlcated A

Table 4 Dislribution of spimmmmm respec( {o sa!tm tg values.

Humber of the worms in the locations.

Salinity 1 i | M v ¥ Tolal «maﬁ
ronges . ' ' : '

25~ 0 5 75 6 .4 - 90 18
30- 13 10 . 24 4 -0 - 61 12.2
35- 6 6 40 44 25 131 262
“0-45 0 0 0 0 0 o o
Totsl 19 31 139 54 39 282 56.4 ‘

Heen 415 1715 3475 135 975 705

The data emphsized the preference of this form to sett}e st locetion (IH)
but no salinity range was significantly preferred. Similerly ‘neither: the -
temperature 1o pH has an ef fect on the dlstribution o! thc mcles !n Ltke ,

Timseh.. -
The same treatment wes nppued for mm;ms which num scortelg ;

_ but nearly solely in locetion (1) end no hydrographic: pmmtm showed;
-any influence on the distribution of the species in the leke, - ' a

The remening two species were either too scerce {.‘/mv}hr quite foirlg
distributed inthe whole teke. ‘ ‘

DISCUSSION -

Despite its smatl area Loke Timseh embraces d:fferent walter. bodies the

water ot the Sauth is more or less higher in selinily and lower in pH then -

of the North. Thic in effect bas controlled the distribulion of serputoid
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populations in Lhe lake. Two species; Muivides elagansond Spirptranchus

tetracerous proved Lo be indicetors for the ofl poliuted water. # diromphic
preferred locations i & 11 (ot the South) because of their higher salinil}g
over the others.Fomatolelos, the Red Ses form practieslly restricted ifs
setllement o the southern part of the leke. Generally speeking the
Mediterroneen ond Red Seo species. succeeﬂed to reach the leke but some
fatled to cross it to the opposite side of the canal. # e/egans the most
abundent fouling organisms in Egyptien Medilerrsnean harbours(Ghobashy,
1964) ond in Lake Timseh, is rore in the southern part of the Suez Conal
(Ghomshg ond £1 Komy, 1981). For unknown reasons, A diramphe did not .

appeer {n the Red Sea despite its success to reach the southern part of the

feke. Simﬂorly Spireltyanchusend: - Pomalaleios(ailed to be estnblished in
Hedtlmneen ond in the northern pert of the cenal.
These findings {llustrate that Loke Timseh works es @ barﬁer for

_migrotida the Serpuloids along the Suez Canal.

-Por (1978) claimed thet fouling orgenisms moved to the western seas

~Just on. ships. end did not consider them among the Lessepsian migrants.
- One com-ask, whet obout hese sen)uloids which cen notl cross the Leke

Timsth tn the: other side of the Suez Canal despile of tremenous number of
ships umng every doy atong the cenal and from one world hemisphere to
the other. It 1s' thus difficult to accept that fouling organisms migrate

_only in such e passive way, 1.9. on ships ond ignoring the role of their free

mo\rmg tervee for their disseminetion
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m BIOMI!LZIIG OOMIHB ON THE PIER ﬂLLIKG AT leﬂl, CHIMA

nuqz.o.-ul.x.cn

Third lnti‘tuto of Oossnography, SOA
P On Box 10, nm, CHIXA .

ABSTRACY

!ho quIhg M‘tiiu ot the tidal sone of eoncmte pilling

of picr a’t nmn werd ntwdhd. 120- -pwiu were found. The species
Anoreass. ﬁo- uppor z;w _sone to lmr tidal sone. 'nu &onmt

. ‘species 1u umr ttm sone is m! & withorsi and in siddle tid-
‘al sone 1- "Owtres whtnt.. There m various -pcptn 1n ‘.\owor tidn.l

sone. Th M‘hnt uur\l of wat mi;M is 10.3 tgfa . The wet - weight
~,1n.ddd1;_ tidal sone is the homnt and that in hmr tfdal =mone

“is the lightest, The \ihfauu'u communities on the piliing csn be
. gonerany divm«l inte’ fi'n veriical unna«to» lOIQI. The climax

n-muu on the yulhc is nlutinly ﬂubh, Wt cpociu Suoce~

» utoa. still exist dmu iutorytm aad inter asong. Suc)\
siens gt-ov wone tpmt rnn iplur tihl soRe to lour um son.

nnomm:

R 3 tnm:hiio. Thq iare ena eide of omhl ecoxoq -md,y (lorxm,
. 1983). Imd th\u fonuu sreanisms cn thc pier. pnling src om of

the parmisrt of eeunl cngimortn; doaign {'ns' *‘Burem of Ship

3
. . PO 25
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" g . . . .
. ox T » .

e O Eat o
. ¥
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Figure 1. ¥ap of Xissen harbor showing the &npnng site looations -
The influence of the Jinlong Rive, with fesh water run-off {white
arrows) and the cceanic water of full sslinity (blask m)

Sinos 1960, the authors m..,:m the stde .~qt.t1§ofm spm,
token a series ©of stydy on the cpooiis, q@titi“, Att“ﬁa‘ sea~
son and distribution of fouling organisss in Xiasen Harbor (2( 20
N, 318°4' B}, Cnina, and their relation to environment (!hm ct ‘als - '
1984) This paper fs the part of distributipn tepic, sbout tidal som
. ‘rhe part about -ublutorul sone will bo rowrdcd in othcr mor
It took five years (196071964) to finish the field hwutigtttu
tests. nd an in site chack was dono in 1964. mn- tiniahiu tho

uuhciu.

umtn m urmon . ¥ )
nu.n Harbor is & :m—-ut\n-iul hu'hor u cuhtt‘opi.al“nmf't-‘
ide of whioch is’ -m-dinml ti\h. Iu ponnlt hrgu R :

vided 1::'60 thru zones 1!\ Mne with tid:l leveln )
hvel belov 2 n), middla sone (2 0-5. -) “and uppcr xon’ ( -

ﬂ\)‘ . . B -
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» ‘l’ho conmte ,nu-c of &minm Her, nmn (mu in the

1.308) wab “taken as the. wain site of the fnvestigation and test. In
};'the fm uuoncupring, Mr, uutum -and \dntor. vortical din-
,jli:x‘imition, thidmon ud ever tron of the onm oomnity ‘on the

: ipining wers mm’u n the srnt ‘and sessonal mooession ot species

fwn ncorded. “fhen quauntin nuplu (30 [ 300-) wn lor:ped in
each ropret tﬂin l:ld‘ sonss 90 as to-do species idontiﬁcation
“and’ we nrimnt of huiﬂu and wot vnighta of all upeoie-.

. In order to find dut the vertical distributios’and suscession
xof oomuiu u ﬂic ihittd stage, during tho vbolo teet, s 10 om
: 8m lou China fir lath wes nrun.ll: fixed on the concrete

‘ ‘._pnuu lur!m. M m‘t tim sons te nilittord sone, It ias
f}rooovom and n)he‘d \g u new oue Mny or wenthly.

1. The GliNkx combanities ow- comcrete pier pilling
Species: 120 spesies are recerded totally. The distritnitions of
thewe apecies 1k sask tidal sess are spparwitly different. There
crc wsie ‘and mﬁ muiu frea mn ttul wone t8 lower tidal
Vm: 1-6 species die Porisid in wpper sene but as many as 22-
- 4‘5 e (04 i% Tover sens. The Kigheot receids of quantities of 30
pacies 12 33 quantitative u-,u- are shumdrated. Each tide
: ma. hu te ouw:«uu nmo-t.uv« moin. ‘Awong sessile or
-poeiu. gn Wineres i tho oxly repressntative
‘ und (oﬁmt cp«uu in uw‘r tidal sowa. Its largest density res-
 ches 23, 648 m./-z. The typiesl apecies of middle t1dal some is
Ostrea wuuﬁ. ﬂtn ars quite -g cmtu with hrgc quantity
- i mm:- tiaal Adcnc ﬁm. ’tn mmz«.-en of lpon‘il (mn-

N ‘on the mnu; u 10. ‘ke/ns Quntitiua difter greatly in aitte-
rent tidal zonea. The wet wight u hemriest 1n niddlc sam, Tenn -

3

TABLE 1. THE HIOHEST AMOUNT RECORDED GF COVMON FOULING

ORGANISH3 ON SHUIXIAN PIER PILLING

Amount Sampling]Sempling
Soience namen ind, /e &/w lavqla(.) months,
CHLOROFHY CEAR .
Ulva_ linzs 115 “ 1.5 ]
PORT FERA . :
Pachyohalins v;umnua 1038 0.5 rEF
Suberites carnosa 513 0.5 EB
Rhisaxinella graoilis 744 0.7 B
’ CORLXNTERATA =
Tubularia mesenbryanthemun 24 1.2 . DR¢
- Obelis spp. 24 0.7 Jut -
?ocm sp. Yo 0.5 . FEB.
- ¥elento ep. 2280 - Ye2 e
inthopleurs pasifies 85 | 124 L2 DEC
ECTOPROCTA . . :
Dakaria subovoidae 1743} 200 | oapr
Keotra devinenain 107 - 0.7 o DEe
Cabarea boryi A1 0.5 FEB
POLYCHAETA S - o
Salsacina dysteri .88 1.4 R
Serpuls vermicularis 247 T 14 oer -
. Pomatoleios kranssii 1250 © 38 1.6 CCAPR
Polydora eilista 2625 . 5%0 0.5 PEB .
STPUNGULA , o
Phaseolosons areuatus 450 13 2.3 R
MOLLOSCA ‘ o . ,
Ostrea sokinsta 2555 | 6107 4.3 oor -
Ostres oucullata - 13715 3441 © 1.4 L+ oy
Zenostrobua atrats 425 $8 ] A3 L ogr
Perna viridis 132 28 ) IS O S pac
Barbatia virescens 15 28 2.0 APR.
Peotarius granularis 96 2 68 . Kow
[ s 32 1 6.5 ¥ov
 CRUSTACEA e N
Barapkin withersi - 23648 1867 - 5.6 | {0} §
Belanus saphitrite eaphitrite | 9600 = . }1278 4.3 ‘DEC
Belanus reticulatus S 12 15 - 1.4 oo
Corophium ‘solierusiocus 33000 66 2.0 DEC
: llmonumn winutun . o800 1 23 2.8 APR
OPHIEROIDEL Co 1 : .
hisotis savignyl . 1800 123 < G - FEB -
% “ASCIPIACEA . A T
Mdelnn *p. ) 12%° 1 0.7 - pEC
. 4

o

-
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,u thrwsh to cublittonl sone, o ! .

L 4} Mu&a aubovotdca—ﬁpongia cmotito zone: ‘l'he zone trom

x o 2m %o le:is & mposite wene of Dakaria snbo\'oidea {Bryo—
R f‘zog), Spong!.a mt othcr species. The nnxul distrbution ranges

) ',of ux‘tm lpeoiu ‘are utforent and hsw murklblq sensonal var-
. ,ntion uxd mtul sugcession phenomens (Tavls 2). ’or example, Do~
Karia onbcvcidu \n ns te aoeur in ths second and last ten days of
A ‘omobex- -and. grovs flwﬂthingl: An February snd Rarch. It is of a

- ,blood rdd oolou-, dmt coapletely oovaring ths pilling surface

‘~"’jfm 2 Tto 1.08 tide level. It grows black snd dettaches success-
1"11 in tlu tooond tm hal of May and completely disappears in

Jumb md July. For’ unothor cmlo, S’on‘h sxist all the year

tmmd, ht Mioulu-ly nuﬁlhiagly 1 susmer and oan deve-
) mp to hi;hor um lwcl.

‘ 5) f«lnto—l’qom sopes Prom below 1.2 m, thare cocur various
- lpodu of Coelentersta (Telaito op., lieknno’lh guishanensis,
lathoplurs pacifics, Lytecarpus, mmrgln dinticha, -to.), Tot-
oprocts (Hellis oculats, Csbellestrate boryi, ste.), sedentary po-

o lyolum;u (Nmiu dqﬂn'i. Sedellsatrats sp., otc.} and Spongia.

: ﬂwl opneiu nun: Savune muu éistridetion and can bte djetri-

bated 15 the deepest 15'm bettom of Liamen Mirbour. It means that

) ionim ipecies in this sone are tlu shallow vater -pooiu of
uuuu’m im (un. 2 )

2 co—unittu in the suuu stage en the test nth

e five groups of verifeal luths placed in different seasons

] 1utod ror a mth and & mr. thires menths (nrreum&ng susmer,
mtm ml adator m;munx,) and mt 8 yesr respectivsly. The

TABLE 3. THE mommc AMOUNTS 0!7 F'IVE GROUP 'EI‘ST LA’I‘HS
IR BACH nm\L LEVELS AT SHUIXTAN me

102 levu(m] i i
Yonths{ Groups Pe_ri Amount o 0 1 2103 {45
) szp LNo: of specied 4 | 3 - A R
one | 1 /] [Cover (%) 94| %1 Y
15 0CT |yt wt., (g/n”) 804 | 308 | s05| 2
8 Jon 1 No. of species 4] 34 2y 2 1
1 / |Cover (%) 84| B4] 95| 62 | 15
4 SEP lyet wt. (g/a fi309 [1309 [3950] 220 | 30
12 Sgp | #o. of specied 3 1.1 21 2 1
hree | IXX { /| cover (%) 00| 98| 98 90 | 15
T DR [yet wt. (g/uc)3100 (1169 | 19101603 | 4
17 THoof specied 6| 6 | 3 1 3
w29 Cover (%) 100 | 13 80] 69 2
et wt. (g/w ) 279 | 152 | 1475] 194 8
14 Jan |Mo. of specied 10 1 s 11 2
six v / 1cover (%) wo| 62 s5] s
T I Tuet wt, (g/n°] 450 | 210 | 156] 183

O

esoh other. It is dssoribed oomoretely in the following (Table 3). .

Group I {1 Sep.—-15 Oct.)t 7 epeoies ars found and the highest

Jevel of distribtution is only 2.92 m. There is not bio-sttachwest -
at all in upper tidal sone. The major species in middle tidal mone -
ars B, uphitritl amphitrite and O. sohinata ul‘ in lmr tidal - -

sone are B. reﬁonlltw, Iu\n-mipofu tuberclate and l;toom pes.
‘Group IT {8 Jun.—4 Sep. )x Just during the thres sidswamer mo— .

nthl. 19 :pociu are found and thc bighest tide. lml of distrive-.
tion s 4.4 ", There 1n no b:lo—attm in upper tiul sone eft-
her. B anphitrite uvhitritc prd.outa-tu fa the. uppor hvclc o{

middle tidal zone sad the dgnsity of B, Ntiwhtu in the lower ";

tidal sone. Except B, rotieulatu- (5.0001nd./n2). Lytoum- »p. .
is of lo,rge qmtity md thero arc Halecordyll uul lryown tooe - -
mtteunt tidal sone nr,y in growing tmi as well a8 in gpdoin,

KRS

)
.
I
)
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l\n- omplc, tho dimtor at B, Mtuhtu m ui“h ttdal sone
is 12.5 wm, but reaches 15 0 mh oin lower tidal &one.

Group 11T {12 Sep.—1T Dec.): Just during the three autumn mon-
ths, the result is very wuch the same 88 the oomj.t: on summer .
lath. : : ,

- Group I¥ (17 Cot.—29 Ju.a.)s During three ‘months in autumn and
ninter. The upper 1limit of blo-dtstribution is 4.6 m. From below
this level to sublittoral some, it can be divided into three quite
olear htologim zones: 3.9-1.9 tide levsl is B, u-phitrit- anphi-
:trito sone (itl donsity is 19.8001»4./- and cover area is 75%),

1.9-1.2 m 18 0, mcullatg sone and 0.65 = below is Obelis sp. zone
(cover areax 854},

Oroup ¥. (14 Jan.—7 Jnn.)z This growp lutd for € monthe of
the first mz of the year, The oo-unity is mmntly different
fron thoss ot the cbovo group. Thers are many species in the oommus
nity ml the sonation s olearer. Prom top to bottom, the biologi-
osl sonas are B. a. smphitrite soms (3.6-2.5s), Ulva-Enteromorpha
sone (2.05—1 20: .), Dekarie subovoides sons (1. 95—0.15-) and Tubu-
laris sesembrysnthans sone (0.8e %o nblittornl sone ),

‘3. Comminity suocession ‘

The -wa: on inuhl stage and ollux biofcunu ocamuni ties
showst ‘!hn ouu.x oonmnity on umm is fn a rohttnly stable
state,’ Dnt m some change with time. Its fomtiou, devslopment
and noacuiou prooesdings are sholuhl: different in various

tidal sonn, An gonarll, undergoing the fonMu oourse.

' e l M-q ud-d.un

Chpar thore

nadiql ‘l" - ‘.,‘ . «‘ﬁ'“ ‘“;‘

i : N P issus s, sephitrite |- -
, s swteng. . - ) . Spengiay Teleatdey.
. ) onelts wp. ¢ | e I 4 Te diat. :lm .1
: . ﬁ& satiovlatur : ia subayeldae " JSicksaielis E:h‘muto
o -Pligter and € > 1 s“’“
o [DULATI S et ambryaat heies 3 p i AR dentacy polychasta
Pet) calatus - tres cuéullats
» —— und . . et umncim )

RIS atus

DIS(}USSIOK

The biofouling commnity on the pier pining An nmen Harbour

"ig a transitional oommunity between esturine and open sea: X{amen
Shuirian Pier is influsnoed Ly the open sea high-salinity water as.

well as by the dilution of Jiulong River. The lnlhuty ‘fluotuates |
greatly(3.4-317K)) The pilling biofonling conmunity -charaoterises

_between open sea community sad typiul mmu oot-unuy. For ex-

ample, Euraphia withersi shows a band-like distribution in upper

tidal zone &t piers of Xiamen. It ia also a dominant ‘species in

upper tidal sones southesst ooastal {nper bays and low-salinity
waters in China {e.g., Aotou Pler at Ds ¥a Buy, Zhanjisng. Pier,
Guangdorg, and Beihai Pier, Guangxi). This spsoies is rarely found
at offehore islands or open and high-salinity waters. For another
exzmple, Balanus uli&inom 4s a dominant species in lovur tidal

‘sones of sll cosstal esturial low-salinity waters of China. It

alsost completely covers the siddle and lower tidal sones of Hai-
cang Pier at Jiulong River Nouth, but is scarce at Shuizian Pier.
Bagula neritina, Styola. plicats and Hydroides ologuus sre w&dﬂ;

distributed in southeast coastal inner bay high-salinity mtor-

of Chinm, but almost doesa't ooour at Shuixian Pier.

Yertioal distribution lassues The verticsl uctnbution of org~
snisms in tidal sone is clossly related to tide level (nuuu
1980 Cat 1983, Hoderlie 19?6, Buang st al. 1960, 1980 and Norton
1983}, The wartioal distrtoutiau ranges of various sajor f«ling
organisme on Kiasen pier pilling .are greatly. uftomt (‘hblo 2).
They are not oonplotcly limited by u.ftoront sones or 1".1' of
nm SONe, - Thcnforo, e think that, in wolog!cail ctmun on
$4dal sone, especially on that of shore with swide tiul range,
quantitative sampling sites must «pona on Abs ﬁctrtbutlon rnns- )
of dominant apeoin and, on_the vor‘u.od M:trihﬂon og' ujox-
dominant cpeoiu, it's better to num m ﬂu npot.

Rsmmcss )

B Butida 0, R., 1980. lcologioal upreota of marino fonung at the
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 The "iﬁ‘adﬁt" "‘ip;r is aa ettewpt to give sn overall pictute of
the hiofouliug * growth in Indiaw tropical harbour and dlscusses the
nccnt lhld and hboutory tculto. as a Iirst c?ep' towards th;

stcdatﬂiutiou o! thi‘ marine u”un procedure.
o !t i oburvo& thit utul tecruituent of owe or more members
of asch ndentec enfuel un,‘o’ccn_u almest simultasecusly on the three
varying aml within' first 1% ‘ays : of expessre. o b‘iélogiull

mulm. s’t cvidcmd b the alisitaneswe recruitment of the

..oneu. ot uuum uunhyluus. bryozosns, cirripedes and

uciuua is moted. ‘ )
In the present ‘stwdy § different kinds of substrates were
woed as teci toupons and & differeat eriteris were edopted to qualify

[euliag uouth. 1f m weight of th biofouling gemntd on tlnu

Iurfceu 1- mtu-nd tbn utloc mm shov & leut uouuc of

bio[wnug. 'nn -cxuun ni.m u ;mutod on asbestos bat 1t 1- only

lo:d ou ;lcu or hkeliu. On taflon it is

-'mta-u -dluliou o! mama tm is
s b&umha.'

Zduriu. then tenon -ppun to be no  way

1! one touu“u tha area covered by the

oclter mrface:, parttcularly 11’ tM. fouung

"'mlup __u to u due tn cofc bo“uf onclu '! br”xu L ucldh. .

The uell eunrimﬂ uem arrle‘ out to nocertam the

‘ ei:tgnt- of variahi}!ty nf binfnullng in relarxm 1o c:upcn J,,ex and

sad the- dtspouitiou of tht tou comu. tt h wt '

"Mofounug results Etu my two u»

number., The ' study show ﬁhu aa-p).e; size of lz,codmpi each of 160

sq.cm, 1s adequate for the near shore waters of Bowbay.

Introduction
There {s . no unique solution to the pfoihu of marine )
blofouling. Measures adopted with sdvantage in one situstion or in one

biotic environment may not be eqislly effastive {n other . situations.

Use  of widely different materisls aud ééﬁug‘hnum. cimp"ied with.

di!foteucu in quality and qunti:y of the blo-ns ;oneutod on
immersed ntucture-, separats one ptobhl,fm t:lu_ other. tn tkis
context therefore, biclogical ;tﬁieu becoma’ the ‘wost cuuthl

comp t of ch affort.

In stodies on wonitoriug of uotouuag. 4t has bees now -

aeupted practice t:o lmru noa-toa:lc mpou fm n ommn raﬂ:

or o rack suspended tm Jatties or etber ‘water l’mt huunaum.
Several marine laborstorias mqed is thil task h"c developed uﬂﬂ
expoeurs proced suited to their uuvmml nqaimuu. " Despite -

of extensive vork reported: from Indis on Iaiotonltn;. m: aspect  of
the exposure t:udieu that has hitherto rmined saglected 1s the
ltcﬁ'diﬂ!hcﬂoﬁ of tﬁe u'a'xp’dicn 'prbco‘dﬁtc‘ti. » Unhn there is s

uni!on.ly a:ecpud utbod which ,-:inlatu tln mr. cln, “bncutc

V ud aven fn u tﬁiu‘.
(eoguphical' reglon.~ 'rhe pteuut p.pet 10w atulpt to ;1ve ‘an

oversll pleture of the biofouling gtovth in Indltn troplcnl wttet,

’ md df the recent Field ,1 heutl urthd out as a first ctep 'i

towatds the ucandenfiutlon of the expoute ptocedure.

. The hporunc: of :he aurfam gusiity. and’ dtnenstcms of the ’
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. cut emiponl i.t eﬁphnmi by untnl tcrtau anp‘ed in the" stddies

on blofouuug or thie lenhmat of co-u\lty nmcttau of sttached 7

npiknthic uriu orgui-u‘ . » Jcchon " has ebugwd that
envtronnenul ‘ot tegioml cmrueu of . r«uﬁ stwdies based upon
\utl fre- dlfl.rnt aiu uhtntc arc tubjccted to oerioul
. ai:in:crpuutiou". lu Idua :topfcul ntcrs wluu biofouling growth
R nl-olc - tnlvg mttly !hno-am ‘end where per uuit weight
’;mund du tc thu uuﬁlm is m to tu tm mote than in
. tnpunu vatcu"v u Jassessment of tu imrtm of both the
kpmcu of btolqtul nmuin aM :h lnllum of varying
subdtrate uu ts's nttmh muzu.
Matertal asa n-:ho« K A

'n- stdy waa carried out h the mt shore ‘waters liong tha

lodcy mic (ht. ll 55' o Lesg, 71 50’ t) fn a peri.ed of over
- one and hil! yuu m« i”HG. !ktn dtf!arut ouu of yeum
(polynthyl u:hutyuu) mc were. 1-::«‘ ‘for periods 15, 30 and

» utu‘ below chi hv tide lml. Hmum a0d sress of
coupm hu &S. 0 M 336 en .. Mty m i ﬁ’uut« wers

::tlu hghnh‘ ot tmy mth. ) To obtain’ the estimate ‘of

‘omtn ‘ nbudm ul lm ocupid u\ ueh nml tlu ;cu uthod .

o _-‘o?tci urlu ll‘utvi n& Jnhnn m ud. m nnu pubunwd )
e
v‘??“&" : the uu- ‘of the; -«Mo ndoptﬂ h!c« )
,"Obi'n'rntléii ‘ N

rounu Mmu

At this ltudn ;ttlon,., tulh\g lettlehent it wry unre all

i'thtough the. ‘yest. tnd on e occtuon 1: m len ttum 4 ln(ll'! lmth. '

: ,me munt ot delirh geseuced within one nnth .. petiod was fnr -ote

than Vh«’!‘ ir recotded fn coe yosr” B r-rg,,,x st mast of the placnn  in

r,c:a-position was almost the same,

_the world. At the end of 10 tol2 -onth! the saxinum: grwth butlt vas'

around 10 tg/H and aftec thu perlod zhe orgcnius either due tq

overcrowding or us s tnult of denth got dulodud. The coupo‘n-"

immersed for s petlod of about 20-2& months night ;cmuu as much ss.

16 nh! of fouling in & situstion 1ike cooling sedwster imlets of the

power stations:in ttopical weaters of India, The amount of debris that .

is likely to get dhlodged sud enter the flow of water cen ln placed

around 3 to 4. kg/M Ilouth. _
The thickness of the fouling growth formed as & result of

blological activity 1is of considerable futerdst to the saintessnce

engineers. A heavy accumulation as thick as 10 inched on stroctural -

elemeats of the offshors instellations has béen ssriier ) npétgd in

the north ses. Figure 1 {llustrates the posaible lacresse 1im - the’

blofouling g":mrth, at vsricus tise luctrilli. It is sstimated that at
wost of the sites aion( the Indisa co“ic.’ . !éulin; growth in about

two yesrs pericd will be arouad 4 ioches thick.
Examsration of the kcnit-ont

Table 1 nu-utius the dats enslysed for «eertahln( thn;
axtent of recrultmt cf each. ulul tm in thc dcnlopunt otk

blefounng community on diﬂcuut scututu duﬂu 15,5 aod- 60 “ycf :

znctu-dgg_ brzozoaus: The muitmt of. st: br”mn speciu was

mitoud durtag this 1uvuunuou. m untuu mbcto of. h‘yomn

colonies nppuriu( on small, ‘sediva ul hrp nhc' ntu mu u.uz;

17.4% aml u.zsz uspecunly dutiu th‘ ﬂu: l- uyc. Aﬁur tn

entended exposure ‘of 60 dayc. Mcr, the a&m of colonuc -

daveloped on the Lctgut lubatratu- was cigntﬂuntly 1uu :hau :l\at

on two othet tobttntes. Durin; t:hc ﬂut 13 days, uhen the -pncuc

no signifiant dlfferences in theA

&
A
H
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ry vpper (U),

L) port
at the field

station to study the chotce ‘of

organisme for thg settlement.

‘

arbitrs:

+

Blofouling growth. (weight and thickness)
on coupons exposed for .various durations.

teet codpons immersed

middle (M) and lower (

i b —

_Fig,1 - Mlustrates three

b

l"

P —

' Fig. 2
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t = 1.20

‘% e 0.78°
. C N%: i

estag o
pErF

Haan colones

13.281.24

test

b o= 0,46
ta?.fi‘l
tw 007’ ’

-
-

Hedn

7.621.77

10,61.17
tv - 0.35 :

.

:’t' . :

t 2 0u13
t e 0,14

37.2:2.78

36,181,47
%6.653.58

NS » Not significent
U = Upper portion :
L » Lowar portion
¥ = Middle portion

“Rey:

25,468,109

Showing -tgts,:,tigmy uc-rt;&n-d nifxat;_o,m' in cholee of positions mcmxponl vby_:m;q‘nd taxai §

i

Table 2 -

1ficance

level, L'X M.

Middle.
- Significance -

Lowes.
level, M XU

sign

.o
B
]

Surface Quality and Fouling Stcbiltty
A variety of waterials are being used as tAut coupons in. -
biofouling monitoring and assessment. K.eeping An view that the
organisas show varied relpouea'"tourd: these .ubu_rat.u. 8 dltfennt
waterials were used for preparing the test coupons and ,thu,e _were
immersed in sea water for perfods of 30 and 60 let under idenﬂccl
conditions in Bombay . harbour. The coupous were examined under
stereomicroscope and the counts of ba_louidcv and cﬁmtiu' bryozoan.
colonies were recorded. Two other observations mede were the percent
area of each of the test coupoas * coverad !ﬁl the ity {n;fghc of the

»

- blofouling after 60 days immersion. 5
‘Teble 3 summarises the tesults of th ceuu ndc on 8
different kinds of surfaces. Dolgopal thyn ld uruot ob«tud
thet “rusting of steel penels :qdmd the value and reliability of the
dsta® on biofouling he collected off the Crimean Cosst of Bleck Ses,
In the pmuut study also, the dlLl on uild steel coupons was mt
considered for the blogrowth comparison. .
Dry blofouling weight : Table 3 will reveal that 1f mers weight of the
biofouling generated on these coupou is consideced, then the teup‘; ‘
coupons choﬁ the least a-omlt;ovf. blofoulling. ﬁhile uxm weight s
generated on asbestos coupons, it 1is enly u‘t’gliu'll; motre’ than fh(t

noted on glase and bekelite. . . -~ - L ci.

Calcareous growth : The number of 'blim@l' ut'cl'e‘dﬁoi;';_cﬁéu ‘coupons

is several times less thig_ thet settled on isbe;;gu «6# kk’el';tef. It is
obietved"that on tefleon, it is not the recruitment of balanids that ’;.’,
affected but 1t is the lack of adequate adhesion that _4ialodges‘ the
youpg, grovink individuals. There is also a notable difference in the“

number of balanids sattling on parspex, glass and asbestos ecoupons. o
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s i
. N Ercrusting growth: Differences are generally not noted in the numbers
'l'able 3 - Itankin of som ied cound. Lo : . ‘ i o
& some °°“°ﬂ1¥ used coupor materials as . . of bryozoan colonies developing on various kinds of substrates..:

antl-.dhecion surfaces.
Ares covered: Becsuse of heavy settlement of'cncrustmg bryozcans in

- -

this environment and slso becsuse Gf thelr sbility to spresd in av,hee't‘ ’

‘Criteria- l‘or the T

Dry vt . Ates . lntnyuclegb . 3 Lo . ) : . ) -
kx,. ¢ :;““d o Ko/u® . ‘ . é:i:::::{-‘ . R 1ike colonial forms,sll surfaces including teflon get mdu)f coversd,
) o : . ‘ : From Table 3 {t is very clearly evident that the renking of

(60 dnya) (30 daye) (30 l;i.)_ © 7 430 days)
R . . the material as & good or a bad sntifouling surface will vary with the

Teflor  °  0.33 (CYLENEN T § @ ‘ 1607 ay 710‘63 i!) 4 criterion used in fouling assessment. For instance, 1f one considers . '

' gﬂ,?',r ' 1..;“_ '(i)\' o 15 ‘“») : : 646 (0) 00 (&) mere weight of the biomass generstad, Fhea ;tlloh emerges s» lf.he best
Pcrppﬁ* . '2.{‘3 ) ,'v” (” . 2“”:_ ) o 850 (c:) i fouling~fres surfsce, On the other head, 1if mk comide"rs F’he aref E
‘ ll‘ct,’,’_ . A !.21:"(5’)"’ 0 (,) ' ) ,;5'8'0" ié)x : i1 ¢n) ‘ covered by fouling, thea Fe!lon is not !g?md to be any better than the .
Bakelite l.ls(g) 65 (1) 14080 (). 120 (3 A rest of the surfaces. m- situation {n the pri "“ a.u,u however, is
Clasa ‘ 4,,;1 (r', ‘ "’:o;.;(:c’ C 6746 ) 1013 fD) ! due to chellostoues which .Ir'e l.ilht in weight but have good éapu:itf
A’Oﬁtﬂt‘ég . ‘,'1 t (c') 93 (F*), B 15'5“ A(‘c.-) . 115; (¢) i to spread. Asbestos cuttut. bhowsver, has been found to be ,h‘lghly
"u‘“'??‘;"lf - . e - 308 .(_) st {;) fouled, no matter which ctttcrlo« 1s used for the sssesament,

Table 4 gives forie (Ma™%) requived for dislodging s bivalve

. e edd e . k o from vttiouo surfaces, From these values reported
* Anti-adhesion r Mytilopeis sallei

Tache tamkiag A > B > C > D ete. 20 ‘ ;
s ‘ earlier 3 1t is evident that the forces required for the two polsr
surfsces, namely slate and glase are greater than that uqiiti‘ : torJ

teflon. | . .

* Teble 4 - Yorce (Ih"‘) required for dislodging K. uugi '
from various surfaces ) ’

Force required (lh t) tx _l_‘!‘l

Experiment State Glass Pgr”e?t T ‘:;"lfi{lan
. 1 C 0. 0.8 S 003 . . g0l
2 0.09 0.6 002 . 0.03
3 0.8 - 0,07 . 0.03 0.02
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were *u(‘ried dut’ in lonny hrbour. ‘l‘!ue covpons’ o,f three different

'dm_ggotom:;u varioq*n_-n.bprtun periidicelly exposed to analyse the

n:’htidac';vblgi the §iotbilh¢ assinblage. -In thh»ctndi persmeters.

ke j?a’t‘ivivlsﬂ;i'l‘;i‘rni‘iv‘o’héiu cownt, uu&uli;y, aé wall a» the size of

the coupons and the axpotire périeds ware exsuined fa 'y chellostcume
‘oﬁinted cnvito-eat. The . datas ware’ ‘c‘t‘uttctlullyv molyce&‘ und. ‘

Lt R
tt\-pet Jh‘rm ‘a8 auggested’ by lcliﬂ: and English  were drawm

. to deteruine tln uqld siie of the coupons.
hrubulty 1n lgnem euut i

' ugun 3 ul-tu(n twt dhgun ‘showlng the \!PPGt‘ aod
lont 951 euuf“nu liliti (uprcud as ptrunuu of chc mean)
plottd ngaiu: uqk tln (wnh: of cupou). m data rgpresent
wean ;u:—ber o! dg_spilo smkn gnfptul:, and is based on nthncc
obnerved tor 20 coms hl‘ uhaerged for 30 ud’ 90 days..

. troupets uh(ch Mtuu eu vldtlt ot the cenfuem intervsls around

the -enu as & pucmm uu. the mﬂ.«au uurult genevally span

ten: ,p,e!‘cqut- o --lthr .£4¢ ot tlltuu ‘n,d are !nrthe; - reduced by

tnctessing - the seaple sfge beyond 10.to 12 coupens. The benefit of

“ﬂu -ou than 12 cowpons will decrease vith the incredsed sample

ciu. s

?igurt ‘:M timt dhgr&s for the data collected duﬂu

mtoon per‘idu

‘ <nppenr¢ to bé ndequuu' - m uumuty, ~tbcu£o;e,-.dpec not. seen to..

v'lnfluence the ci-ﬂuiﬁy of btofcuung gteuth.

e Figure 5. ulwtuteo tru-nt dhgﬂus teprésenttng ‘mean uumbet‘

z

of ‘sessile’ species an two ~d1ﬁeren_t #lzes of the test cm‘upo(\s‘ (180 em

k ,' 'im:h ‘d vlev u utemu-. the coupon li:e. ‘fleld experiments -

ta thu cane alu, the luple tuo of 12 - coupons ‘
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and 90 cm ). It is observed that in respect. of lutger coupons, the

<t

conndence 1ntervals are genetally teduced to 10 petcent at the sewple

'stze of 12 coupous. “In teupect of tuller coupons. the ’conﬂdence

internu ot 10 percent il mached bcyand cuple slze of 17 coupom.
It 1: evideut. thqtcfom, tkat with the ‘dectessing size so incressing
nuaber qf test ooupons sre required for obtaining statistically wvalid
t«ultt. »
mcunlon

' The pr«ent ttndy ‘was carried out with a view to uce:taintni

the: ntanr, of Mh\tnty of substratum ares snd cny specific poruon

“of it mur« m the' dculopunt c! apibenthlc community, The

k {nfluence of urtm qultty oa’ ‘ioacc_ulatiou vas also studied.

It m obu“d :ﬁat, thc lsrul ueuitnnt al one or more

,mn of thc four satmal u:uf occutnd ahont -tultamouly on all

the three uhtutn withisa first 15 deys of oxponu. As s matter of
fut,‘ the speclu Mttlpn. (u‘)n‘t mkt._ barriag four erect
bryozoans Mc colonh! sscidisn, all threwgh €0 days immersion, on
all the t'hn'c‘k’ynubtut«, ‘ﬁmim geuerdlly the same.

2

‘the  coumen oumuu btynuu sppesred  wnintecruptedly

throaghout the naiy. Hewbers of cirrindu. Wydroide snd serpulids

Va”ured cogﬁhtly m -11 thc :htcc substretes l-netud. llo blologlcalV

umnion, as cvtducﬂ by th uiulunm ucruitmts of the

opeclel of 40 d1L _“‘;J 2 “muﬁt,! c!ttipedeo and

'ntheu,' m obntvd m ttn pmunt atndy, Aha-t -11 the apeclur

mtluueé to appeat on. the lcbttutea but aluutoly dtuppeared as &

umlt of chelluto.e cpecies tlut \nre douhuntiy present at. the

site. In this case btyozoans did emerge as a climax community bat it

did not devalop throurh 2 r e ol gorceesfen o e fera fart s,

situation 1ike this is typicsl of Indian waters. The emergence of. a

-¢limax ot rather dominant community. at“a given place-ls not through a

p:oceés of succession but is entirely de'pendant.'_.\vnpdn;t‘he ‘ptepond“enm':‘e .

of one or two apecles endemic to that water. Climax comaunities of.

balanids, mussels or cetpulld- are ;denttfled in the Indisn waters. It -

is ot the discrete selectfon of the rfav surfsce or. th@"ulectin

preference for the covered surfaca or the ﬁiologic‘d';ducceiaiog that

decides the emergence of climsx cosmunity. ¥t 48 s rich “larvel

d’emiiy. s superior spresding ability snd the overgrowth capacity that

decide the emergence of climax community in Indian tropical lyitert.

It wves observed that serpulid Hydroldés morvegfca shoved mo -

prefecence to any particular ares. Balanus smphitrite preferred a

larger dres to smaller ona and hydroids very conclusively prefecred

‘smeller ares to larger one.These ntfntim- in preferences,ss s matter -

of fect are sry for 1og mafntensnce of epibenthic diversity

patterns in the nature,
In the field exposure studies related to the = sssessment or

the forecasting of the blofouling growth, the tgit coupons of widely

varying sizes are beiog esployed, This hss created problems in

comparison on deta collected from different localities. It ix believed

that the differences cited {n fouling blomass smay mot be"antl.nly due

te the varistions ia larval deuleln or the inydroguphicsl conditiou
bul: may be becuule of the: alze of the coupodl.\!hno thia -ubt ln true.
the pnunt atudy has also bt‘ou;htout that.@he sizes of :tbe,.cpronnf

may aot be that important pqttt:gulcrlg_in an environment _such ".;_-_tﬁi‘s’l,j

where oﬁe saimal taxs, chgu'o-‘io!e for ‘ignat.‘qrnc_e., prevails dqp!.ulﬁfly. : .

The -dominant species irrespective of area, energea s a so*c nplpé

orcupfer, 1t in,. therefore, necessary that while _asttertg}niqg the

g
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- wrbouts,

e 'vu obutved tlm; . ury suu tcuule fotee iy

fl@iﬂémcaf »‘bf‘ ze Md !:be nmlbex of ‘ tel‘tﬂ coupous,  the

1chmurlst1ca of t&ef enﬂrmat hx reapect of tnﬁerrelations

i

3

.r‘toodo

Hhilgf', tqpotth on the dcuity of fwllng 1!1 utlavu wrld.'

1t h“ beea a prlcuu to -entlon the ni‘bt of the blmu

' ~“f‘mnul (titncultiu ta w-puiu; tb: dsts from ufternt lbcnntlu.'

The guunt 'otk ‘has ury ¢! ca:ly Btouglxt ut tlmt. tbe uture of the

{“htt!t\ll dou l.utluaeo the dnelomnt lnd the -utﬂuncc e! thc

: -!unn; ;mth‘ lnldon.‘ it 1s ‘sot ouly ﬂwuture of ‘the cubotnu
M alco ttu u-a of crlurto« .ne ehoou- to quuty Eouxln; that:

would m' rodam u:hum tot tuum. u 1s obu:ved thtt if one

t ; unuen th: niglu: u . cd:ulu. then tc!lo‘u mu‘u as s least

i fuled ourface. Ou the ochet h.tud, 1! one conaiht; the ntel covered

ly tht foullt( eolotleo as s ctlurioa. tlnn teuu tppeatt to be ao

or dtslodge balmtds ft« cetlou su:fnce Hun uy, n-o- al,ate or s B

xlass Bubnttau- 4.»‘: 1; observed‘tthat tetlon _13 no effecuve‘_‘

'n :he dou!,\untly pteoen;' .pechu md tke othern are ldequately‘

thc X nérs dd ou,,f he ; tcat eouwm. m test coupom uud by ‘these

~hom¢t. uy IOt be of.. thc same uze nnd utethl. Thla-'

tter. t\uu .occ ot the otbor subttut“. ?artlcahrly If dich a

:F to be -utly dve to btyuuns, then. ﬂeatifyln; tqﬂon‘

qt;:'i:'ed t‘of"imii; U

ks . [

antifoulant or repéliant but it cei:ainly»ia a very poor wﬁétr&ta fot',
the adbesion. ‘ ‘

The present study hae very clearly suggested that if ot the
recruitment of the larvae, the sustsined adhesion and growth of the
fouling organisms depend oa the natare of the substratum. This sipect

therefore, must be tiken into consideratfon i choosing the material

* for test ebopons; A uniform cholee of coupon materisl ss well - ae

unifors criteris of sssessmant will permit the co-pcd‘uouiéf " fouling”
deta genetrated even at distantly located geographical aites.

The fleld experiments were slso carried out in Boubay farbour
and the variability of fouling in relation to coupon afze and V fumber
wes examined. The siwilarity values calculated by _lrifcurth equation
for 15 coupons experiemced at this site revealed a closs similarity

bétmu the coupous, Sch ré& cre&”m experineated im tupeuée
waters have reported almilarity Wnt coupons aiuduﬁug between 5 to
10, In the present case the similarity noted has l;eeu due to the
domfnent presence of cheilostomes which by their sheer competitive
sbility sund ttproduetive capabilities constitute a major Wﬂt of
the blo-growth. Ia other tropical situations vhe;c 'hllnidc.' nussels
aﬁd others cospete tor waéa, the sinflirity amongst th toupons villy
be difficult to obtein. Noth Boyd — and suheu..‘a“}omh in their

atudies tln touun; cm-muty hiu extremsly utubu. 'th hpotuucy o

of the bxotic euv!ron-ent and particolarly of the dntlmt orgunisms
endenic to the environmeat cannot be theufore i;nered. . ‘

In the present gtudy use .of cru-pet dta;tm uu ude and a
species count was used as & parimeter for deciding the sasple size of.

the. coupons. It was obsel:ved that an advantage of sample size beyond

12 test covpons will decresse with _vth}s {nareasing nomher of covpons.An


http:c.""p""f'.An
http:totiper.te
http:certatnly.ia
http:frH.'teflon'.lirf.ee
http:t""fOllU~~l"l.ti
http:at~~'�'Ufic\liU.ala~rial.;thid.ta

- immérsion’ uf 1‘2 x:ou‘pb‘n't : ‘o‘och of 180 sq.em. h.fﬁiderﬁ a8 quite

sdequate, since urhbility 1a nneiu ‘cownts htma }ands is
acgugible. o ' ; :
Dutiq ‘this ctody it was also ftlt that tu amaldiumion:

of th; .coupons u A\cdﬁl;, w'ouu inflvence ‘the  sample size. ‘This

_turned ‘out to be trus, Yhereas for larger sres (180 sq.cm), the number
'ot aouipoag.:i_'cqui‘ted_gyﬁ 12, for a small ares (90 sq.cm), this number
' ct‘utoxiouﬂ 17 _coupons.
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FOULING DE' SEAWATER !‘IL'I'RATIC‘ SYSTEN or Gf!‘fﬂlﬂ? 0L PRODUCT ION
PLATFORMS

R.G.J.RDYVEAN AND J.L.LYWCH
SCHOOL OF MATERIALS, BIVISION OF METALS,

_ . UMIVERSITY OF SHEFFIELD.
MAPPIN ST. SHEFFIELD S1 3JD. UK.

: ABSTRACT

Large volu-ta ot seawater are flltered on offshore oll production
platforms -for use im reservolr pressure maintenance. The unique
characteristics of seawater, in terms of chemistry and biology,
csn  cause - severe .probless to the filtration systems and
associated pipswork. Fouling blockage is most severe during
planktonic blooms, while in the longer term, biological corrosion
of the system can be & considerable problem. Direct observations
of filtration systess are combimed with reports from the
i::.;;;ure to yrovido an overview of seawater filtration problems

shore,

-«

IRT MODUCT 10U

‘riltercd' iciv&tcr is weed extensively in waterflood operations
in the offshore oil production industry. Waterflooding pusps
seswater ‘latd oil bcaring strata in order to maintain pressure
and force oil to thd surface, 'utor lnjoctlon is now ﬁsed much
curliot in the oil winaing operstios te llintain a constant
pressure in:the reserveir, Systams are werking wp ‘%o 500,000
bérrels -}00;096~ ’3, of weter per day (uuing'sovn:al injection
_wells (Cubine and Namdolf, 1973) and nesrly all North Sea fields
are.bq& Qatéfiihjtcf;da_ '

Sinatct cﬁzried contaminants such as clafs, sand, bactetia and
plankton, which can cause blockage of the vell and resetvoir, and

increase the corzosian and fouling of well cazinas, ethar

. pipework and equipment. Filtration is used to rewove these

contaminants and it is the maintenance of the filters and

- associated system that can cause problems.

The typical specification for water quality ls removal of 98% of

all particles above 2um (Mitchell and Finch, 1981)}. This is

usually accomplished in two stages, coarse filtration to
B0-1%0um, and fine filtration to 2.10um. There are several types

of filters used offshore, the main ones being; downflow sand,

- dual or multi-medla, precoat, cc:tridge‘ (blékwanh&blé or

disposable) and tubular backwashing filters (Cubine and Randolf,
1973; Kaiser,1983) but the most important tncto:s'are efficiency,
ease of opetatiop, size and welght.

Considerable problems have been found with the filtration
process, especially during planktonic "blooa™ periods (Edyvean
and Pearson, 1982). A better understanding of the characteristics
of seawater and the waterflood systems in total would do much to
improve both the quality of the water and the efficiency of
filtration. PFactors wuch as corrosion, blockage, bacterial

growth, precipitation of both organics and scale and the effects

of hydrogen sulphide should be taken into account when designing

for filtration. These factors are discussed below using data from

several seawater filtration systems,

MATERIALS AND METHODS

Regular raw seawater particle count data was snalysed from two
oil production platforms in the North Sea; Beatrice, 15 miles

offshore in the Moray Firth in shallow vater, and Thistle, 100

miles offshore, northzeast of the Shetland Islands in deeé watet.

The effects of suspended solids on 200um. and S0um. wire weave

)

wash »nd polvpropylene cartridae backwashable coarse filters, and

il P
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2-5uw. pclypropylene ca:tridge flne filte:s renoved ftcm vazious

Hotth Sea sites, were studled u:lng light and electron microscopy '

gnd;thmgcal gnalyiiq.y

RESULTS AND DISCUSSION

SBAHATER CHARACTERISTI cs ' ‘

To considet ueawater as a 3 5% aolution of sodxum chloride is a
considerable OVQr:inplitication. Almost evexy knoan element can
be detected in seawatet and there are conside:able variationa in

pH, allnity. dilsolved oxyqen concentxation :nd solids 1oading

from site to site (Dextet and Culbetson, 1980). oPen seawater is

eonsldgteé,bvezy clean, contnlning 0 2 to 0.8 mg/l suspended
solids in the !idn:h Sea mucheu, 1973, c.xwexq, 1979} .
aouevar,» the pzelence ‘of organics. eithez as living organi sms

(eapecially plankton) or the éiasolved and particulate natetial

detived fron thﬁn. tasults in considerable filtration

dilticultieﬂ. The chiet plcnktonic organisms which affeét
tilttatlon gysteas in the Noxth Sea are copepods, dinoflagellates
and diatoms (Edyvean and Pearson, 1982} . These all have durable
exoskeletqns, conslderable amountl of exte:nal nucillage and
1nterna11y stozed lipids, They r-nqe in size from a few aicrons

to a faw nillluotr&s (devoan cnd Sneddon, 1985). The amount of

;o:ganic auterial in seawatct can change conuidetably and :apidly

during lealonal (:priug and autumn in tenpetate wateta) "blocms*
of plankton,< and it hat b&en repotted that more than %0% of

suspcnded aattnr in seauater can be o:qanic. (Hattheus et

lot anly ic thcte a genetal increale during these

pe:ioda but thazc can alco be latqe vezy localised difterancel
. A

(Edyveau and Sneddon, 1985).

Pazticle count data in raw seawater at two sitea in the North Sea

PAGE 3

are shown in afigu;e 1. 'There is considerable yq:iqtléh;:ﬁgﬁn'V
between sites and with season #t'eith;r sng. The soliéé llogd‘§; 
in seawater from Thistle, a cﬁnsldetable.diﬁtance bffiho;e;?is'
low during the winter, but shows peaks duzing spxing. summer and-
autumnr co:zespondxng to various plankton “blooma". The solids“
loading in séawatet from Beatrice, an inshore field, ‘ié‘
considerably higher, Treaching ‘14ﬁ32k106.; aéainst_é.lxlos. Eot
Thistle with peak loadings during the winﬁcﬁ. These winte: pe#ké,
due to land run off and storm ?ction’-tkrzing Qp shallow bégtcm
deposits, wmasks any peaks which could be: atiributaﬁlek to.
planktonic blooms. » “
EFFECTS OF Sﬁﬂhﬁk ON THE FILTRATION AND ASSOCIATED SYSTEM

A diagram of a typical system is given in !igure 2._ Seauater is
lifted from the desired depth by punps or gas lifts, chlorlnatedA
and may have scale 1nh1b1tors added., Coarse tiltration is
folioued‘ by deaeration, fine filtration and the additlon ét
biocides and corrosion inhibitors. Tﬁq injection punps may‘vbe
preceeded by guard or polishing tilteri.‘oﬁc important fact'tﬁaf
the figure does not emphasise is the considerable aaoﬁnt 61‘
pipework in the system which has to be kept free from cofi&iidq
and foullng. ' ‘ V
SEM’ATBR UP‘PM(E

The first pzoblen is in the, watet uptake pipework.‘ cionth of
larger fouling otganians, can zesttict or even plug uptakes nnd
will increase the solids loading of the watez. Chlorina lsf
usaally used to prevent this fouling and should be 1ntroduced at
effectlve levels of around 0. Swg/l as - M00n - as possible
(HcCune,1982; xitchell. 1978). Other antifouling measures 1n the
seawater intakes include blocidal paints and linings, and

copper/aluminiun biocide anode aystens (Anon,1978).

*
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"a.- ) H.l.tnuoa u utn' w—ed n ,um: cm w-eo: bloekinq the
‘ fnorvolt rock, tb nonm tlut arc hiuq avoided in the
: runvoiz are tiansferred to the filtérs.

’ ﬂu llfa span of !im (Su) dumablc cartrldgo ﬂltcn from one

mth Su plnuo:n is nhovn plottcd lquimt nuon in Figure 1.

.rhc -hozt m. tin, sbown by ttn 'ho:t unn and smaller
.im:orull bctvm 1ines is ovldmt in April and May and lute

Augut md Boptum, cox:tupondinq to lnctcues in plankton.

nlockaqu of both coarse and fine £ilters is due to the large
.ounu ‘ot lipid and uucilaqo p:odmd by plankktonic organisms
whlcb “cumts" inozganlc cnd organic particles onto the filter
(zdyvcm ’ 'ln‘q Bncadon, 1985). scnnninq elect:on nicroscopc

Acmimtim -shows tho pores of coarse tntcn to be initially

bri&qod by eopoyod -nd dmofhgtuato exoskeletons held in place

by thil mmt (l’iguxc 4). This thcn qathou other particulate

-aterlal and upida and the blockugc is co-pomded (devean and
roauon. 1”2}. Any -on-ent inhcrcnt in tb- ﬂltet will enhance
ontnp-cnt md ctuhing of phnkton, aud vuy‘ rigid (eg.
wcdgewin) !iltou, which do l.cut d—lgo to tﬁc planktcm, will

relesss tM least lipid -atothl into the oyttu (Edyvean and »

Pearson, 19!2). Blockage ct fine fnteu is by smaller particles,
aqain c-unm by 1lpld uatcrhl whic‘h has paned the coarse
tutcu.v’ ‘l‘yplcal o:qmi-u -nd aatc:hl uhich cause p:obluu in

tho flno fu.tou u¢ shovn in !iguxo 5.

'Inadequate bioclde ttut-ent ot ) ’ther Interl - \dll cause
' c«onsidezablc lupainlent of theiz tunctlon due to 1naltu g:ovt:h of
: v'bactexia, alg« or othet organiua oﬂ, or. wlthin, the filter \

-medi.a. L

PROBLEMS AFTER FILTRATION
CORROS 108 '

Corrosion, bacterial growth, and scale  ‘deposition will

reintroduce particulate loading which can be worse than the .

original seawater. The most frequent causes of corrosion failures
in water systems are due to Hydrogen sulphide (R2»8}-c axygeti and
bacteris (Case,1961), Oxygen is removed 'us‘inq gas xst‘tlpping or
vacuum deaeration and cheuicnl scavenqei:l to s level of 0;1lppm or
less. Prior to deoxygenation, corrosion resistant or nonmetallic

pipework is required. After deoxygenation, steci can b used with

care. However, deoxygenation of s system which is still rich in

organic material can provide ideal conditibm for anaerobic

bacteria (Carlberg, 1979). These bacteria p:oduce st and lxon
sulphides in the systaa and consideubly enhance corrosion.
Unless controlled, they can reéach the reservoir and turn sweet
produced water and oil sour on btnktbtonqh and it has been noted
thet  virtually all seawater floods mntmlly become sour
{Carlberg, 1%79}.

SYSTEM AND RESEVIOR PLUGGING

There are several mechanisms by which the injection well u.nd

surrounding reseivioz tock can become blockcd {Barkman  and

Davidson, 19?2). sea\catez sy't:gu are p:one to bloduqe by . the

formation of collotdal iron (trw watez or corrosiqn),ln the

presence of organics, and by the organlcs the-lelves, especiallir

waxes de:lved from coyepod: witchell and l'lnch. 1981).

Blocking of fillters by ozganic ua\:etial and partlculates trm'

seavater is almest inevltable. However, design and operatlonal -

factors can considerably lengthen their lifetime. -
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To achieve nnximn ot!iclcmcy tntra\:ion .ptma should be

deslqnad for k'& j pu:!:iculnz " site (C¢ppi “and  Blagden, '1‘9'81)’ .

: .Infomation of: the tm ahown 1n l‘lgu:u 1 3 3, together with

detailed malyun of the vuziatioh iu particuhte -nterial at’ a

I

>iven site can be ot considenble me in the design of an

efficient aystn. : -

. Hhatever the system, the first aim shouldmbc to take the water
from an area of least solids loading. There is considerable

advantage to be qained by lelectlng the depth from which the

water is tqken and by being avare of other optntlona {such as

the discharge of Qr‘i_'l.liuq wuds) on the platfor-. &ull, though

- often expensive, modifications of the seawater intake can result

in ten fold increases in filter working life {Anon, 1978). Water

from . about widway between the mi:fac‘o and seafloor is thought to

give the lowest solids lmdtng‘tc.uub.;q, 1_9‘719{ and 200 ft, below
sea level has hocc.c cgandazd in the Worth Sea (Mitchell, 1978).,

Mxtmatdd supl!.nq‘ and analysis bt seavater from. \‘ra:ious depths,

together with. smo knovledqe of the effects of -various plankton
and other pazticuutes on the lutet syster, could be used to
take ndvantaqo of diuxntl depth vnzlntlons in plankton 1oadlng.
However, no filter snt«m 1- likely to be sbleto cvpe with a
dense cloud ot plnnkton dtutinq past’ the water uptake and

netgency thutdown procedutu should be availablt.

'Contzol ot cozrosion and bacterhl activity aﬂ:er filtratian is

euentiul. n Ln - fuu knovlodge of any udded cheuicals {some

i nhibitors  will pzovido nnt:icnt- ‘for bgct,q:_lpl

tion of imoluhio coupdunds (scales) caﬁ : ‘also

be a p:obl.an whe:e & change in the cheuist:y of. the wate: dixe to,,

fd: -exauplgv,v, ch,eni_cal. addit:iom, or mixing w,i;th fo:&gt;on water,

causes an incompatibility (Case, 1960; Mitchell, 1978). M,S

PAGE .7

corrosion is very variable and not necessarily prppottibnal to o
measurable H,S concentrations: = It fias  been observed that
corrosion is usually mild in clean systems regsrdless of the
amount of st present while -in foulét_-l sygtemq. coig'osi‘on cah be
severe despite ver’y lltgle dét'ectlble H,s - ‘in t:hé watel;. ;
(Cage,1961). The gorzosion product iq ciean sysStems tends to be a
thin uniform and protective film, u!;ilo in a fouled sylten
bacterial activity produces deep pits  filled with sulphide
corgosion product (Case, 1961).‘Apu't from direct action, iron
sulph_i(le produced in these conditions forms a ga;yﬁnlc cell ;\d‘th
the steel and this 'accaleziates corrosion. Chioz'ine is atfecéifé .
in controlling sulphate reducing and other bacte:la providing m
growths are allowed to develop on surhces. Such "bioﬂlu ¢
imbedded in pzotéctive nucillage, are hlghly reciﬁ;mt to
biocides (up to 2000 ppm of chlorine if needed to be effective
(Besgems, 19%83)) and "alquing" with other biocides then becomes

is neceszary for thelir control (Mitchell, 1978; ‘Bessens, 1983} ..

CONC!.USiONS
Seawater filtration should not be conlidered in isolation frcn
the rest of the waterflood system. As nuch 1n£omation as.
possible should be gathefed hboat the seawater chatactetlptlct at
the. site p:iol" to a filtration operation and systems should be
designed to enable water to be t.’akenk from varylng depths when '
required. Filters can: be designed to do 'hfﬁlnai dha‘ée -tb
planktonic organhus thus reducing the "euent" :cleased into the
system. Adequate blocide, corzo-ion amd ocale 1nhibit1tm abould
be cat:ied out. and recorded Ef!icient uonitoring, desiqned lnto

the’ system at an ea:ly ctage and constantly used vill help to

maintain the system in optimum conditibn.

»
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FICURE 1. Particulate material >Zum in tav aewater ttm (A) the
Thistle field. (100km. offshore), and (B} the Beatrice (15km
offshore) North Sea fields. (shaded areas teptesent partigles >
Sum) .

PIGURE 2. Schematic of a typlerl Sesvater Filtration and
waterflood system.

r:cunz 3. Fine filter life (S\m disposable cntttldge). in terms
of throughput against season, From a Northern North ‘Sea location.

. Scanning electron nicrogruphs of coarse filter blockage
!('ét)wu:ss ‘fibre fglteta). A = Low magnification shownrin!g'l
dinoflagallates. copepods and other blockage material. B -.1 Hkgd
power magnification showing part of & copepod, interlocke
dinoflagellates, diatoms: and other: blockinq material.

- blockage
FIGURE 5. Scanning electron wicrographs of fine filter - b
material (removed from the filters). A = general low power vif\h
B and C = Foraminiferans, D = a coccosphere, E.= a distom , F.= a
small dinoflagellate and assoclated mucilage.
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ECOLOGY OF FOULING COMAUNITIES AND THEIR INPACT % MARINE
: WOOD BORING ORGANISMS IN PORTONONO
COASTAL AREA-SOUTH EAST COAST OF INDIA
R. RADHAKRTSHNAK. AND R. NATARAJAN

Sri.s. Ramsamy Nafdu Memorial College, Sattur 626 203
S Temdl Nadu, Ind1a.

ABSTRACT
.Studies on the sbundance of fouling communities indicate that the

intensive settiement occurred during summer and premonsoon perdods. The
intensity of -the attack of the marine wood borers are relatively higher in

110,000 Sq.Kms. of which about 4,000 Sq.Kms. Me tn xndu"{a

various mangroves such as Rhizro%gora mucronata, Rhizophora apetala, Avice-
nnia marina and Avicennia cinalls where the rate of fouling s more.
Tn Contrast in Exoecaria agallocha, the wood boring activity 1s less where
the fouling raté 1s more,

A o INTRODUCT ION
The damages caused by fouling and wood boring organisms to underwater
timber —cmstrﬁction in marine enviromment s well known and is of grest
economic ’slgn1f1cmce to all maritime countries having an expanding shiping
a’n’d‘ﬁ‘sMng‘v industry. It has also been reported that these comunities
are capsble of extending their destructive activity tb Tiving mangrove
- vegetation as well (Bownann, 1917; Stvickis, 1928; Rehm and Hum, 1973;
Estevez and Siwon, 1975 and Day, 1975).

Bangrove scosystems are also the shelter house§ of many endangered
specles and also the varied faunatic and floretic features are suftable
to act gs reserves for rare species (for eg. Crocodﬂes; Whitaker and ‘
Whitaker, 1979 and Rollet, 1981). This significant ecosystem is the only
fmmediate available substrata for foulers and marine wood borers. "Studfes
on these drba'h‘k‘s'u‘sk are fewer and different. Most are references to their
presence in larger faunas (Van Keme, 1920; Tabb and Manning, 1961 and
Courtney, ’1975).‘m‘d1‘s‘tr‘1‘butional records (Ganapati and Lakshmana lﬁae;-

 drea ﬁas se'lected for this study.

1959; George, 1963. Nair and Dhamaraj. 1980 and Santhakmaran, 1983)

In India mangroves cover about’ T 000 Sq Kms Sixty percent of the ¥

area Hes in Bengal and 17 percent 1n Andamn-ﬂ‘lcobar 151ands. The wor]d'
1argest mangrove, the Sundarbans in the' Gangetic Brahmabutra delta covers

V':the rest ‘in

Bangaladesh. In Tamﬂ Nadu. {South Ind1a) Ve11ar~€o1eroon estuarine cmp'lex

? (Pitchavaram) 15 the higgest one uMch covers 2,640 hectares. Previcusly

only preliminary surveys have beer("mde‘ {Nalr a’nd Dha'mraj'i '1980; 'Meher-

Homji, 1985) on the geographical-geomorphoiogical set up of the area.
The present Study was kafried out for one annual cyc'1é to determine the
nature of the fouling orgaMsms assochted w!th uood borers and certain
aspects on the intensity of uood borers 1n various vegetations of nangrove
swamps, In addition the se\ect1v1ty of the species of vegetatim by

different borers, were also extensively studied.k
STUDY m ~

The Portonovo 1s located on the coromandai cmst. ‘250 Kkm. south of

'Kadras. The mangrove of Pitchavaram (at 11°25'N; 7 9'47'E) is well preserved

at the northern extrem‘lty of the Cauvery délta’ 4n South Arcot District
(F1g 1) There are numerous channels in the mangrove aned with the sea

on one hand and the rivers coleroon. vellar. and Uppanar on. the other.

This area offers. great potent1a11t1es for mricultute and extEns vev Hshing

1s carried out main\y by ‘lnd1genous crafts ‘er catamrans and waoden

canoes. cOnsideHng the wide use. of th‘ls estuaHne com]ex o

. jncreasing the er1y hood ‘of activity of borers tM -APor'tonov ?,coastal
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s Settlement of fouters and ond borers was determﬁned by usmg wooden
blocks of ngifer 1nd1ca (mango) {15 X 10 X 10 Cm 1n size) These blocks
were cond1t1oned for 3 peﬂod of fifteen days by soaking in filtered estua—
r1ne water (Ka1r. 1962) Subsequenﬂy tvo series of exper1ments uere
| conducted. In_one series, one. string with 2 blocks of H 1nd’lca was tled
.vertical‘ly to a rectanguhr frame and anchored w‘lth ¥ stone at the bottom
of the uatcr. In another series three strings each with two numbers of
“blocks uere tmnersed at the sane tiae and each string was taken one by
one at an 1ntervo] cf one. mth during the post monsoon perwd (January-
‘March) In the sluﬂar uay. hs my as 9 str1ngs were énployed during
>sunmer (Aprﬂ-June). pre monsoon (.My-Septenber) and monsoon (October-
Deceﬂber) TMs would give an 1desn of the settlement for the respective
peﬂod of 1mrsim from one month to three months during each season.
The use of tMs system of b\ocks furnished a fairly accurate record of
the settlement af these organisns mnth by month ané also during the diffe-

rent seasons of the year {xair. 1965)

The coﬂected wooden blocks were 1medhte1y sprnyed with 5 percent
fcmﬁne to co‘llect foulers and uood boring crustaceans. The remining
Organisns were 1solated by scrapping and cutting wooden blocks ‘into smaller

pieces.j The weight of the foang nterials were asscessed with the aid
'of Y seﬁsitin ba ance to study the occurrence of. wood boring sphaemws

An rela 1oa { k.ng mterials. Salhﬂty was detemined twice per week

TN

: by Strickhnd t

farson (1968) llethod Tewperature was recorded twice
‘per week sdth the aid of a precalibrated therﬂmeter si:rfatée water samp}gs

were collected by 4 clean plastic buckets and were immediately filtered
by using Whatman No. 42 f1lter paper and a vacuum pump" The fﬂtéred water
samples were deep frozen (in high density polythene bottles) in the labora-
tory for further anal ysis, Inorganic pho&phate-phosphorous and total
nitrite-nitrogen were estimated following the standard methods prescribed.

in APHA (1975).

The activity of the wood borers 1n various mangrove vegetations were
studied by tagging method. Fifty numbers of. living prop ~roots in each
type of vegetation on which attick ‘of borers was not observed prev~16us 1y
were selected and tagged at the beqinning of the severe attack season
(Summer - see results) and uere cut at the end of that‘season. The savmes
were wrapped with moist éotton and brought to the laboratory. and animls )
survived even for 48 hours n the same burrow (Pillad, 1961; John, 1968;
Estévez. 1978} . ‘ .

RESULTS AND DISCUSSION

The present study 1nd1c§tes that forty Six species of fouling orgén- .
fsms (Table 1) and six specles of molluscan wood borers belonging to the
family Teredinidae, one species of Pholadidae and 4 species of Sphaeromidae
are causing much damage to t‘hé timber structures in different seasons’

(Table 2).

it s interesting to note that the 1nc1dence and 1ntens’fty of diffe-

rent fouling and wood boring organisms show variations and f 1uctuat10ns

in different seasons and also 1n various mngmve vegetations Amng

foulers. Rh1zosolen1a sp. and BﬁddulEMa sp. Tare abundantly seen during
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the mth of Aprﬂ. ’ Amng nacroa,lgae, Chaetomrphg gleromrpha and

; ladoghora were seen abundanﬂy during Aune. to August. 1"Barnacles were
i the dm‘lnant fouIers in an seasons . Whipods, 1sopods. tana1ds and crabs

were abundantly seen in mangrove vegetat 1on and assoc 1ated w1th other wood
borers. Cros;o_strea sp. nso seen throughout the season. The above obser-

vatim fevéﬂed that the Pitchavaram mangrove is an annual fouling area

‘tmlike in- sub-oczunic islands of Andmns (Karande, )978) During the
» 'mnths of Deceuber through February the abundance of uood borers are compa-

ratfve!y 1ess. This my be due to the paucﬁty of the planktonic diet.
The hydrographic re]ationship (Table 3} reven‘led that the increased  tempe-
rature 1n conjunctim with the incressed saHn‘lty enhances the secondary

product!vity of zoop?anktons (Edmson. 7). Corresponmng]y inorganic

’ phosphate content vﬂues ﬂso increase upto 0.5 : 0. 06 pg at/1 (Tabie 3.

Total' nitrate-nitrogen contents increased during the months of November
thmugh Aprﬂ. which effects an increase in the faunal praduction. This

faunal incresse 1s a prime factor for the intensive attack of the wood

bore"rs‘. More over different wood borers depend upon these microfoulers

) as tbeir prey.

Thef 3-mnth1.y cwnglative attack of cvobd borers ‘-(Tab’tev 2) reveals
that the 1ntens‘lty of attack increases during summer and pre monsoon seasons.

TMs may be due to the accumylation of microfoulers 1ike marine fungi and

: bacteria uMch facﬂitates 1ntens1ve attack by sphaemids by the conversion
: of vood tenu%ose Into celhbiose since the digestive enzymes of sphaeromids

have no effect on ceﬂulose of wuod as reported by George (1953} Three

) ;pgcies of sghaeramiés -erg found to occur abundgnﬂy during i;he summer

season when the fouling rate was high (Fig.2). During.the monscon seasoﬁ,
the fall in fouling rate which resdlts in a scarcity of food for wood
borers (Estevez, 1978) may be one of the factors responsible for the low '

sett lement of sphaerom‘ids.

The Intensity of attack of wood borers varies in different type of
mangrove veget3t1ons. §ghaer $p. bore into the 11v1ng prop roots from
the outside, producing 2 m1t1wde of minute ho1es uMch give the stem
a lace 1ike appearance. The rasults of the present study revealed that
S. terebrans attacks intensively on R. mucronata, where as S. anandalet
on A. marina and E. agallocha. » » |

Observations on the pattern of vertical distribution in the roots
of ‘Tive mangrove trees show that the wood boring sphaeromids always at;ack
fntensively in the fintertidal zone and consequently the burrows encoun-.
tered in the intertidal area of prop roots have been wore in numbers.
The ability of the sphaeromids to tolefate the prolonged exposure to air
{John, 1968}, their wide salinity tolerance {Cheriyan and Cheriyan, 1968},
compet ition for space with the molluscan wood borers which are véry active
in deeper levels (Nair, 1966), might be sume of the factors which increase
their intensity in the 1ntert1da1 zone, '

During the present investigation, ‘dtffere'nt vegetations uere subjected
to fouling diatoms, mtroalgge, anneiids, oysters.smdio]qsy and barnacles.
This. showed a decrease 1ntensity of foang on the sélecied vegetétions

in the order of R. mcronata. Ao marina, A. off1c1naHs, E agallocha,

5. apetala and §. mar‘ltima The ship uorms exhﬁbit Mgh attcck in

R twcronata, R. apetala, A. mar‘lna and A. ochinsHs (Tatﬂe ¢) where




biochemical tbxico'iggy.

oy

the rate of fou'Hng 15 more Na‘ir (1962} ﬂso reported in, Uestern Norway

that the stations which registered heavy fouling showed ser ious ship worm

1nfestation. In contrast in the case of E. a ganocha. the sh1p worm attack
15 less even though the fou‘Hng rate is couparaﬂve]y h1gher. This may
be due to the chenﬂcal mture of tbe Tatex present in 1t as observed by

‘Tumer (19316) 1n Da 1bx rg‘l From the above observations;" 1t can be conc Tu-

ded that the mc‘ldence and intensity of the uood barers and the other asso-

. ciated fou1ers vary according to the nature of the timbers or vegetaﬂons.

A proper understmd‘lng of these organisms and the different aspects of

_blology 1s basic formilate measures for the conservation of mangrove forests

and other water front tisber structures against their attack. The action
and growth of these pests could be controlled oniy by a unified efforts
of specfalists belonging to flelds such as ecology, biology, taxonomy and

The authors are thankful‘ to the Department of Science and Technology

of India for the Hndnth assistance. Thanks are due to T.R. Dinakaran,

P.C. Rimsamy, ¥. Ramasamy and R. Sibbaraj for their help.
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No: : Spec1es . Jan Feb ‘Mar Apl. May Jun Jul. Aug -Sep Oct- Nov. Dec
. 20. Lepas anat!fera var indica - T o o S

: dnandalet L veo A& AT C ¢ R R R R
21. Lepas anserifera Linnaeus ¢ c c YO Ve - A ¢ R ‘R R oo
22. Cirolana fluviatilis Stebbing = C A A . C ¥ A - C c -C C [ {5
23. Tanals philetaerus Stebbing R C A A ¥ € C ¥ € R R R

S 24, Parorchestia morini : : ‘ . _ ’ ' .

Peethambaram - A A A ¥C ¢ R R - - LU
5. Ptychognathus 2 1trimanus - A A A ¥ C - = .7 e C XN
- 26. Melita zeylanica Stebbing - o A A A ¥ c R R R R, C. V¢
21.. Maera othonides Walker.' ¢ A A A Ve ¢ ¢ R R RTCovC
28. Parhyate hawalensis (Dana) C A A A ¥ ¢ _C R R R C C
2. Grand1d1ere11& megnae Chﬂton cC A A [ vC C R c. . C: R t - C
130, Corophium triaenonyx Stebbing € A A ¢ yC A ¢ A R c ¢ ¢
31. Thalamfta crenata C ¥ v V¢ Vv A € "C ¥ R C ¢
32. Sesarma quadrata .t € ¥ - ¥ v A C 'C C R R R
33. Sesarma minuta ‘ € € VvV A A -C C ¢ R R R R
/34, Sylla serrata C C ¥ A A A € € C R "R R
35.  Portunus pelagicus C ¢ V¥ A ¥ ¢ € R R R R R
3. . Musculus cumingtanus (Dunker) . € ¢ [ c R R ., - - - -
37. Myttlus viridus Linne c C Ve A t C C C R R R R
38. Crossostreamadrasensis Preston C € vV A c- v ¢ ¢ ¢ c ¢ i
39. ° Cerithides fluviatilis (Potiez : -
and Michand) ¢ c vC© A ¢ ¢ R R - -

| 40, Cerithidium rubra Brugufere. R C C C VO A C R R R -R R

Contd....
Table 1. i
. Seasonal abundance of fou'l‘lng organisms in portonova coastal ares during
January 1980 = December 1s80 ‘
No.. . Species © Jan. Feb. Hkr Apl  May Jun Jul- Aug ‘Sep- .Oct: ‘Nov - Dec
1.7 Coscinodiscus ecentricus. R e T
o :  Ehrenberg - ¥C . A A vo . ¢ Ve c R R. R R
2. -Coscinodiscus gigas Enrgnberg . A R~ C R R V. R R -CR. R A
3. Rhizosolenia alata Bright well R- .R° .C.. R . C. - t v A R R
- 4.. Rh‘izaéo‘ledh robusta Norman ) c - A R ~¥C. R - c .. )IC:'; AL AT L
P Rh1zosc:1en1a ‘setigera , ‘ L . Y .
- _Bright well” - - R t A A LIS R R
'.6_';-;,8‘1441;,_1_;:1!11: sinensis Gray - - C ¥ A ¥ R - - STTTT
7. :Biddulphia mobidiencis Gray” -~ - C A ¥C V¢ R - = = . - a
o aﬁf"f"mtzschh ‘closterfum . ~ . v L
: _{Ehrenberg) .- e - - A R Ve ¥ R - -
g, _Oscﬂlatorh princeps Drouet - - R C c - ‘- T - - -
- 710. Lyngbya’ sp. - C ¢ co-c v v . e -
1% Trichodesmium thiebautid Gomnt - R € R R - . - - . -
.. Entermrpm intestinalis ‘ o g S :
. “{Linnaeus) - = 0 ¥ & A ¥ VC c co- -
nChaetomorpm Tnum (M42%er) R R € R _VC A A A ¥C R R -
‘Chdophora expansa var S ; o T c
. glomerata ’ T« ROTOR A [ A A A ¥ R . -
15, . Sea anemones - R* R € .¥ A ¢ - = . - S
16, Nereds sp. o . € .t € ¥ ¥ A R ‘R R "R ‘R "R
.. ‘Hydroides norvegica Gunneres R .C € v A A ‘A A A ¥C - -
18. Balanus amphitrite cmh%trite B ' o .
. Darwin ¢ .c. c Ve - Ve A c [ c . C [ c
¢ ¢ ¢ ¢ ¢ ¢

: 19.,,<Ba1anus varfegatus Darwin C - C ¥ A A A

R EE P " S P R S N s 1 R R R T T T T T T Y YT
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 TABLE - ¢ The 3-rrjont.h1y cumulative abundance (number of specimens) of marine wood borers
in long term wooden blocks in Pitchavaram mangrove srea during 1980,

Season Series Perdod 5t  Sa- Sat Sw Ms  Tf Lp Big 'B.car - Nh. Bt

Post Monsaon B ’;}a_n o 2 o e a0 2L
' S B2 Jan-Feb 27 .. .. .. W 4 W R W
e . 83 Jan-Mar o 38 .. .. 6 87 04 B W B K
Summer B4 gerfh. . 2 .32 29 "2 61 10 @ 2
' ‘ S BS. Agr-May. 42 3000 33 .37 Am %67 m W
: B6 Apr-Jume B4 16 44 4B 272 401 E7
Presonsoon . - 87 aly - W W 2 1 .1 1 2
- ST BB aly-Aig 29 17 8 .. 27 12 &
B0 July~Sep 41 68 17 .. 34 64 88 e
B0 October . 8 1 .. ... 5 2 1 .4 1.8
811 Oet -Mov W .. .. Lo .. W27 3 )9 2
B2 Oct -Dec 21 .. .. . .. 2 32 67 S)1. % W@

'St - 5. terebrams - . Sa - S. anandatel -  Sat - sr sadajei
Sw'- S, walkery Ms = M. striate . R traveﬂorens.%s
: o : o 2 B 1.,funcif¢na' L
. LP - L. @weﬂa«m A ‘ . B.c- B. companellata - , B.cor~-B, garinata. . :
" Nh - N écﬂez S : ‘Bt - B. thoracites - - . = Absent”

No. - Specles ~Jen Feb Mar _Ap)._ May Jun Jul Aug Sep Oct  Nov. Dec

41, Te'lescsap:!um ta‘hescop‘lum (Linnaeus)f.» NC - ¥C
.47, Ner{ta plicata Linne T T
43. Littorina Scabrs Linne Ve A
44, Littorina undulata: Bray C Ve
45, Perna wiridis : [ [

A ~46 Modiolus Hodixﬂu‘s) str1atu1us ‘
¢ Henley . R [ A vC C C C

» P00 O
GBS o0 >

o O

s N2 s 0
~=n:u;on'>l“_
m ™ wm o
Sw oW oo
R - By )

«©
=
-
x,
o

. A = PAbundent (75 - 90?’»)‘

- ¥C = Very common (50 - 75%) .
* Common (25 - 50%)
Rare (Less than 25%)
“Absent,

oo
" ow

*
L]
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Tab!e 3 Mean hydrograpMc nutrient ftctors of Pitchwanm mmgroon
' aurmg Jnmry 1980 - Decesber’ 1980.

‘ ‘ F_ACTORS K S
o g . ' N “Tnorganic .
Month - | Temperature Salinity N0, .  Phosphate
U T e T (g 8e/1) 7 (ug et/1)

 Jemisry | 26.5+1.2 14.7:36 1.7:04 0.507¢ 0.06
. February | 26.5¢1.2 18.1:2.6 0.73+0.26 0.39 ¢ 0.01

. March' 8.2+ 4.6 215226 052027 0.6+ 0.03
“apr1l | 33.4:0.8 23.6:5.6 - 1.0£0.01 0.18310.12
May 33.240.9 27847 0.143:0.08 0,271 0.08
June’ | 31.0:+2.6 28.1:45 0.44: 0.26 0.107 £ 0.08 |
July © |730.041.6 146:27 0.73:07 0.3:0.047
August | 29.9 ¢ 1.9 14.6£3.3 0.32:0.15 0.15:0.03 -
Septemper | 30.3 ¢ 1.7 135 4.3 0.41£0.11 0.34 s 0.05
October | 30:2 £ 1.0 . § £0.73 - 0.5420.16 0.34 2 0.05

~ Hovember 287+ 1.3 37121 1.9 ¢ 0.6 0.48 £ 0.11
December 1 24.8 £ 0.9 5§ ¢ 1.3 0.59 ¢ 0.11 0.22 + 0.03

‘rab!g 8. Intensity of Wood borers 1n varlous mangrove vegetations
5 - , VEGETATION :
i51 - - Hood" . . Rhizophora Rhiznphon B Av1cqqn1a Avicennia - . ‘Suiedal  Suseds ExOéCltil
; No. odborers _mucronata ap&tua o martna officinalis  apetals  maritime - agalleche
i 1. Sphaeroms terebrans . . A A s A oo ¢ o
, - 2. gphaeromp anandales . - R R A R ¢ S S
[ 3. Sehaeroms anandalei S '
Lo var tnwnccrensis ‘ r R. . . ¢ ¢ .
14 mertesta striata , A CA R .o . R .
i 8. Teredo furctfera A A R . .. ‘e .
. . Ly'rodus micenaﬂas . R R A A .. . .
b Nwﬂtau‘h,cd{leyj N r r . . .
LS Bankia campsnellata . - ' A R . D e
9. Bankts cordiats © A R A ¢ e e e
410, ‘Bagtronophorus, - ‘ o R B, ‘ "
' thoracttes‘ A A B C . L o
A -  Aondant asesos) o c . ca'mbn%(zs -501%)
NG Very c::mn (sa - 758y . ";r{ - “Rare  (Less. than 251)
‘ ‘ ) Absent

R i s ANMEAS  SEEAR e - PP N BB R A

B e rant Ny
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. lllichondrin \buni_oa !tllaa 13 a co-aopolit.a -ponce spocieo
occurting 15"¢baattl hlbitatl with very. vaticd conditions of

TS TETTFEE TR YW W e e OO0 e PPN

Conttibutioa pnrtsinia' Y Ooctlon !t, htorogj,;nﬂ Jetology .of

f;ti}-i Hicro-organisns cunnot -ettlo tuccqnufully on . tue uurfaca
’ o: tho sponqe Hhxicﬂondria pcnicea »

Authorl' lirgit laltrath aad chlar lorthel ) }
' Dopt. ‘Marine !otany, Institut fﬁr Neorcskunde Kiel.
Dﬁlternbrookor Weg 20,
2300 Kiel 1, TRG

Abctruct

thq '-poncc ﬂhlicbcndrit panicoa Pnllas utuclly h-rbour: a lutqe

v;fiety of " intauna and 1atlora organiauc 1n 1ts titl“‘.

'o-p-cially in ite: ‘water conductinq channels. A number of - organ-
dens attoapt to tottlc on the lurtuco of this -ponco as well, but'

are prbvgnt.d from. .uccooding. as . the upoagc regularly pcoln off
its outer tinnut 1-y¢r, thus kcnpinc its surface clean. The micro
tculinq co-nuaitr tound on the sponge pccll conp:ilcs faunal,
tlcrul -nd -1crob1u1 tlonontt and shows a clear ‘seasonal
vcri:tion. Aaonq the tauanl elaments are notilc and sessile

vciiitf‘l. nnnhtodoo und copepod larvae. - The: phyttl compound is

eoa-titutod by pennate and centric diatoms of both plunktonic and
benthic oricin, but inclndos tiuc ££1ancntouu clqao as wcll. 34
-hcddinq 1t- surfaco ti-:ua. the .pongc prcvonts thc ti:u, long
tern olta'lilhicnt ot these 6rqnnilln and cnbsequcnt settling . of
larvnc of ‘other ! :tliil. atcrcbontho:, thua 1nhibit1nc further

toﬁlinc procon: ",

1£qht. currentt'und pfrticla 1sad. u°tahly. -4t torma oxtensive

 -popu1;tionsA in waters with high smounts of -Qspendcd particles

_ like the North Sea and the Baltic Sea.  Furthermore, Nalichomdria

panicea has an thonoi#eAﬁtsociithd fauna whersver it océuré‘
(Anger 1972, poncéra 1983, Coltello and Hyerc 1987. Frith 1977,
Peattie and Hoare 1981), which is ‘partly 1nqu111nistic like the.

hydrozoan Dipurena spongicola {Anger. 1972} ot  the - nematode. .
Leptosomatua  bacillatum * (Bongers 1983}, . partlr motile epitauna1
1ike Cbprella Iinaaris (Peattie cnd ﬂaaro 1!!1) )

In viea .of these ulnitold plant and lﬁiﬁll alioeiitibnn4 it is

notguorehy that: the surface of Nalichondria psnicea 'is hatdly
ever fouled by other organisms. . This is tvon'-orc‘-utprilinq, as
the species has only weak antinicrobinl activity, and does . not
produce biolctive auhstuncoc inhibiting qrowth of lzqal ‘propag-
ation stages or preventing settlement and dovnlop-ont'ot larvae.
of fouling organisms (Thompson et al. . 1985). . The production -.of

mucus ,preventing settlement of toiling orqanicnb oh the surface
of other sponge species, does not tnkt place - -ithor CThanpaon et

al. 1985, own observations).

This study describes the seasonal variastion in the erqnniaus
trying to settle on X. pasnicea and thc slouqhing,o££~o£ iurtgcc
tissue as the prime strategy of the sponge to prevent permanent
detrimental surface fouling. Y '

Methods - . - S . 1
Between August 1987 end Jcnuary 1988, apecimens of Halichondria
panices were collected from vuxious,utctions_in.xial Biqh;»rbr

either diving or dredging. Clean ptnctt of about 1-2 cm? volume’

with at least one osculua l.rc cut’ ott and tied to & glass slide
following the method by Barthal and Thesde. (1906). The slides
were 1n-orted into small racks and kept in & 90 dms aquerium . &t
T/°C 13-1%° ‘and 8010’ 15-10. The xunuiuq sea water  was. togthy
treed of large particles by nearis of a sand- filtor, but containod

. small plankteni snd also detritu-. ‘part ‘of .whi¢h sedimented within
the agun:iu-., The lpongos -ere fed. tvicc o week. with a few drops

bf'fbiquizgll. & tulpcnsion of finely vowderod dxy algae (Dohse

vhqﬁtfﬁstik Bonn) distributed in the aquarium.

»
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Whemever tiasue slewshing o#qh;r.d,: the  tissoe 'tiakﬁi were
‘carefully -collected : frem the squarium.azd inspected for. the

gdhozinq‘oroaatihi#a&

Results. . : i . s .
The  sponges .in the runninq tqq-wutor cquarium attached to the

glac. slidec ‘wWithin a few days attcr preparltion and -tarted to .

gro'. Within two  weeks the first tissue’ slouqhinq took ‘place.
The turtaco tissuo chanqod its colour from yellow to brown and
started to lopatato from the hodr at the rim of the olculuﬂ. In
the: cours. of 7. days, .this ptococo extended over the whole
sponge’ -urtaco, the ahnddcd tissue tailinq ott in larqo fragile

' tlnknt«~'> . ; . .
dicréescopie | 1n:p¢ction showed. the flakes to consist ot a _dense

layer ‘of sponge tissue and spicules together with fragments of
copepod enrtpae-i tna tntcnnac. dinton frustules. and sand grains.
The shed tissue was: 1nhnbit.d by & variety of motile and sessile
ntqcnisns' Bither 9annat¢ benthic: diatoss or:chain fragments of
pacnktonic centric diato-s were usually doninant (Fig. 1}, but
tilclpntouc.rtd ch grceq alqno,uorc,obacrvod as weall. The faunal

' community ' tonsisted of nematodes, motile and sessile ciliates

(Fig. 2 enda 3, turbellaria .and larvae of copepods and
polychastes. Very conspicuous were large, red or green Spiruline-
1ike bacterias which slowly moved through the tissue flakes.

The composition of the surface fouling édh-unitykclearly changed
with sesson (Table 1). - While some groups like nematodes, motile
ef1fates . and tho‘grtén'and red filamentous algae where present
during - the whole iivestigation time, other components, 1ike
lltval ltlyl: ot eoptpods and ‘polychaetes cccurred only at times,
tétloctiug .gai“
rtspcetivalr. ‘Thets wad no time during the -investigation, when

the ‘sponge gk--u-~v»ula be fraee of potentisl inhabitants.

ifﬁer”-iﬁ‘””fifaﬁ‘ﬁliiﬁe sloughing the process was repested in
experimental sponges regularly every three weeks for as.much as 7
tiﬂei»}nndf§t the experiment). anufing_this:pariod. _sponges were

~uuonauty ‘of these . species . or stages

’qrowinq. some resched about three times. their original. ‘sizév
within S months. In order ‘to ‘check wb&thnr - the sloughing would .

occur in detritus-free sea water, tour BHalichondris panicoa wcri
transferred after the first alouqhing to an aquariun filled uith
filtered sea Water. No further ﬁloughinq took place in these
specimens dur1nq 3 months. .

Discussion

In the presence of sedimenting material the sponge HNalichondria -

banicoa can clean its surface by sloughing .oft the outermost
layer of tissue, thus getting rid of adhering debris and
microorganisms. When no or little sedimentation takes place, the
sponge stops sloughing. .

This simple but effective strategy eountcracts the obotruction of
the ostis by sedimentation as well as by ovorgrovth by cpizq@c

organisms. As potential settlers are present during the whole

year, even in the winter months, this protective mechanism would
have to be functional even at times, when Halichondria panicea's

overall metabolism - is 1ldw. Metabolically, . this 4is. - rather:

costly, as especially small sponges may loose & considerable part
of their body substance, but the great advantaga. is that
sloughing 4s apparently optional and  only takes place when
necessery. 'Hott other adaptations in this direction are -drq
permanent, like tho.produetionxot‘.ntinicfobial and “bioactive.
substances found .to prevent fouling in some sponges (Tho-blop'

1985, Thompson et al. 1985, Walker-et al. 1985, Bakus et al.

1986). These mechanisms may, ' in the 1onq run, entail. as nueh or
mOoTe energy oxpcnditutc than tissue slouchinq. .

Even in the abnnncc of any other pronounced dot-nco noch-nian.
sloughing off affected tissus seems to function. -ut!icicntly -well
to enable Nalichondria panicca to survive aven in coastal .waters
with en extremely high particle load 1ike the Western Baltic Sea,

where it occurs in extensive populations with high biomasses. even

in  microhabitats ‘with low current velocities and . high
sedimentation rates (own observations). The capacity to . slough
off -tiqsueAQuickly enougﬁﬂto prevent being fouled is. apparengly

\
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‘11-£tod by law currcug v&;oiitio- ladvhigh t”
‘bactoricl intoction- 1: lizichcndrialpqniccc ob'orvtd by HRummel
et’ al.  (1888) unAor th .‘conaitioa-‘obvioucly could . not be

ktit.uq £1-k.g.,

W W W W W W W T W W W % % W e % % % W

b i

!ouqht off by the- spouqos° Th. combined effects of” inout!icient
vontilction and_entqblithncnt ot l bactorial popnlction in a time

luch ahortef ‘t' n that nec.llcry tor slouqhing wore lethal in
this caso.' Howcvcr, hactctiul in!octions of ipoagcn in the !1eld
sean to be quite rare (rcvicwcd by Lauckner 1980} which 1nd1c¢tes

that bacteria can only develop when the sponges sre weakened by

k unllvourablc phyoico-cho:ical conditions.

rhq process of tissue sloughing has been found in other o?q}ﬂi;nl
before: rilion-nyklcbﬁst and Norton (1981) observed ;iﬁidcrnic
-hcddinq in the btaﬂn seawesd Ascophyllums nadbcun and’ Schl (198?)
tound it to eccur in the didennid tunicate Polyayacrcton ltcazti.
In both cases -urtuc: clotninq seens to be th. main ottcet of the
hodding prococc. tn sponges, tissue uloughiaq has not been
observed in the tiold at all, but Connes (1967) obsorvnd .
similar process in the sponge Thethya lyacurium Lamarck. In the
leboratory, ' this sponge reacted with tissue sloughing when
nicroargnn#sls ltcridd to invade its surface.. The process
included mass formation of new spicules and was uiualiy
restricted to certais aress. After the loss of the ‘original
surface tissua. & layer of chiaster spicules lay bare and tbraod
-‘protnctivq layer. Such a change of surface structure could not
be observed ia N. panices, probably because this tp«cics 1ucka
special spicule layers below the surface that’ could ‘be axposed.

It may be that tiit«i llouﬁhing is widcupro-d among .pbﬁéin and
that we only lack the rocpocéivc observations dus to di!!iculci.c
with spoage cultivutien in the laboratory. The chanco- to ob.orvo
tissue sleunhiac in; tho field are alin. as it sesns to occur only

when tolillnt and u&cte—ergaallmu hocoln too distnthinc. and

curronts and - dotritu. faeders will v:ry quickly dcstroy the

. the
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Figure legends:

Figure 1: Halichondria panicea, tissue flake, September 1987. The
tissue flakes contain many Sbcjge spiculés and pennate benthic

diatoms até’ﬁréﬁedt in bigh numSers;fHagﬁifiggtiqh 288x

Figure 2 _Ha]j.chond:ia panicea, tissue flakes codtainihé motile
ciliates; Hovember 1987. Magnification €61x.

Fiqu:r'e };:ﬁq'}ic};ondrz;'a panicea, tissue flake inhabited by a
sessile ;::'il‘_ia'te: Iu'lurqe. Spirulina—-like bacterium is visible at
the lé{»: hand side of the photo. Magnification 461x. ‘
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| Abstréct

‘material whicl

SELECTIOR OF ANTI-
MECHANISM ‘

n'provent fﬁc attacﬁnonti ‘of sucb marine
animals ‘as bﬁrnacl-:, mussels and etc, we immersed various

'_kinds of,uon fcrraun.-atllc 1u sqa wator fox'l.c yoars and

In thit pnpox, 1ts anti-foullng
fdlsculscd by thoorotlcal apptoach.

1. Purposc of thin studr

Prtvention of various kindi 6f marine: conttxuction and heat -

cxchangcr expncod 10 sea water fton thc attlchncuts of ‘such

mariné aﬂi.all as barnacltc,nussal: and etc iz most signifi-
cant for ocean applicution. Accordingly, with the atm of se-
lecting tho -o-t sutitahlc -otal materials fot this’ purpose,
W ianerted varlout kinds of non tozrou'n -otal utto:ials in

sea water for 1ong tor- and’ -ado cloar tha atttchuent behav-~.

lour of various -arino lninnl; nn th&ap -axorials. In addi-
tion, we’ tried o clnrify the mechanism of prcvonting or
promoting such -atinq animals attachments.

decicater. Their dimention is 5-10mm X100mm x 3mm. these
metal specimens prepared in this way were set in the
exposure equipment with float and held steadily at the depth
of 1m from sea water level for i‘year and 10 months from

' February, 1984 to December, 1985.(Fig.1) The sea water

immersion test was carried out in the sea area with the

depth of 1im at the distance of 30m from the pier of Kimitsu
Work of Nippon Steel in Tokyo Bay. The sesa water showed the
lowest temperature of 9°C in winter season and the highest
temperature of 23°C in summer senson. The pn value of

Sea water was 8.2 and the amounts ofdissolved oxygen in sea
water was 6 ppm. The immersion period of these test specimens
in sea water was as long as 1.8 years includlng 4 seasons

and therefore, we could observe in detail the attachment
behaviour of various spcies of marine 1ife on these
specimens. After the finish of this exposure test, all
specimens were set off from the equipment and transfered ;
immediately into the poly-ethylene vessels which were filled
with 4% formaline. And fn our laboratry, we examined the
difference of the marine life attachments on sach metal
specimens by the detailed observatien of their surface.
{Photo.1) 1In addition, we tried to make clear the relation
between the surface layer substances of metal specimens and
marine 1life attachment. Por this purpose, we picked up 3 i
kinds of metal specimens, pure Cu, Cu-Ki-Mn and Cu-Ni-Mn-Fe
including 1% Fe which showed the great difference in marine
life attachments and -growth and rsmoved marine life as well
as possible in the wet state. And then we separated the
surface layers adherent to metal mechanically in the wet
state and they were dried at room temperature and their cry-
stal structures were analysed by X-ray diffraction -ethod. ;

. (Fig.2)

The amounts of boaring metal to pure Cu is shown iu Table.1
3. Results and Consideration .
Comparison of the marine life attachments

From Photo.1, Fon ferrous metals shown in Table.1 are classi-
fied as follous.

(1) Metal specimens whose surface was covered with numerous
marine animals such as barnacles and mussels : Cu-Ni alloy
bearing simultaneously Mn and Fe, Cu-Ni alloy bearing Ti, Cu-Ni
alloy bearing Al and Cu-Ni alloy bearing simultaneously Mn ~

¥
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{2) uetal specinens whose nurface uas covered with, tube
mns in addition ‘to ‘barsacles and nusaels.. Cu-m alloy
bearing simultaneously Mn and si

(3} Metal specmens whoso snrface was coverod with yery faw
barnacle and no nuuels, aetal spocmns l].nost free from
marine foulilng : Pure’ cu and Cu—lu—!'ln nlloy bearing

- appropriate amounts of Mn.

From Fig.2, the following results wers obtained.

The main components of sutfaco layor of Pu:ro Cu are Cu0,
Cw (Ol )iC1s ’

The wain Cmponents of aurfacc laycr of Cu-lu lnoy bearing

) appropriato amounts. of l-ln aro Cu0, Cu.(Oll);Cl, TMnO,,.

3Cuwﬁ)ncucl:
The main co-poncnt of surface layor of Cn-li alloy bearing
suultamoucly Mh andFe is Fel and tyny conponcnts are Fe,0,

A and l-ln,O. ‘The abive nntioned Cu conpouonds can not be

detected in this surface layver.

The obtained results roveal that for the purpoio of antk
fouling, the existence of Cw(OH),Cl is inevitable as shown
in the 1literature'’ and the co-existence of Cul which can
supply Cu'ion steadily bslow the Cu;(OH)sCl. -

In addition, their stabilized precipitation at the metal
surfice for long term might bs due to the existence of
appropriate amounts of YMnOs. This is in good agreement
with the- tuppoution of literatlure”,

From the experimental results?, semi-conductor theory" and
ligatid field theory™, I showed the anti-fouling _mechanism of
Cu-Ni-Hn metal alloy in Fig.3. From this Fig, 11: is suppos

‘ad that 4n this alloy, the control of the anountc of Mn is

liqnificant for anti-fouling effect. In fact, the $0%Cu-
38M3-7%Mn Has not effective and the %0%Cu-8%Ni-2%Mn was
cffcctin for this purposa. In addition, this anti-fouling
madel shiown. in Fig.3 suggests that in order to msintain this
cftoct tor, ohg tom, it is necessary to keep balance bstween
appropriati thickness of Cw0 including Ri* and appropriate
oxydation resction of Cu’ to Cu™. It is well knoun that

Cu* ion tendc to create complex compouns with ligand such

as Cl°, KO, OH, and therefore the formation of such
compounds as already mentioned can be easily explained

In addition, it is said that the f:lrat step of marine
fouling is the breeding of sulfate reducing bacteria in !f.he.

L
4

food chain in ocean environment. cOasideration from this

" view point is-as follows.

In order to guarantee the active breedlng anaerobic hacteria
sulfate reducing bacteria which is necessary for the first
step of attachments of organic ‘substance, it is’ 1mv1tab1¢
that SO, can approach to the substance surfats which they"
can breed. - But, the Cu* ion of S0%Cu~BSRA-2¥Mn eeems to
disturb such approach of SO~ . and even if SO 4~ approaches

. to the surface of this alloy, Cu* tends to croate CuB0SH,0Y

and therefore disturb the presence of SO.. In general, it

is said that this complex compound tend t& change to-
Cu*-Organic ligand in case stronger organic ligand approaches.
In any way, this characteristic of Cu™-~ligand complex
compound might be key' substance which cause such a

remarkable antifouling effect as above mentioned.

Cu-Ni alloy metal bearing as many as 1% Fe tends to promote
the reduction of S0, to. S~ and the creation of FeS" by
combination of dissolved: Fe™ ion and 8 and for this

reason, the surface of such Cu-Ei slloy may bs:.covered with
the above sulfides and therefore, the above mentioned Cu:
compounds whcih are disagreable for mussels could not. be
created. In this case, the presence of Cu' ion with extreme
high reduction force in the surface layer guarantees the
stability of Fe™ through the Oxydation-Reduction reaction

of Cu’ to Cu” and Fe" to Fe’. In addition, the ability

of oxydation reactiosn of Al, $i and. Ti is much highér than Cu
and therefore it is supposed that the surface of the Cu-alloy
including these elononts tends. to bo covered at- least partly
with those oxides and to docreaso or disturb tht for-atlon

of the effactive Cu-ligand couplex.

At the surface of Titanium metal specimens, many aaount: of
mussels tended to attach and grow exceedingly. thls aight

be due to: tho phenomens’ that ‘the digsolved or floating -orga-
nic substances, Detritus” in sea water tend to -attach and
accumulate in the Titanium Oxide layers adherent to:Titanium
metal, and therefore: -ushalls larvas tnnd to Attach to such
nutrient-rich, layers aud to. GTOW. : e
Compariton of corrosion rate of va:ious kindl o£~ uﬁalloys
For the purpose of applying this S0MCu-88%Ni-2%Mn alloy.to.
the marine structure aiming at anti-fouling, we have to
offer the information on its thickness which maintains the
anti-fouling éffect during the period of practical use.

L

-
2.
s
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- force. . From Photo.2, it is cloar that thlo alloy 1: oftoct-
dve for antifouliaq.z'

‘

'~Thtfofore; uo‘tfioovfo dctermine the corrosion rate of this

alloy. In order to avoid such mechanical damage as scratch
in natural sea: water, we immersed the polished and degreased
test samples in Table.l in artificial sea water for 1 Year,
by Using beaker .in laboratory. To avoid the accumulation
of dissolved Copper ion, the artificial. sea water was excha-
nged every 7 .days. After 1 year, we could remove surface
procxpitateo according to ISO/DIS 8407.3 standard. The

' surfnce of these test spacimeng were covered with very thin

Cu film after this experiment. The blank test value of the
,omqmi Cu-slloy metals showed that the weight loss is as
lou as. 0. 0001g which is negligible small.

The results obtainod in this way are shown in table.2., In
addition, we dotorulnod also the corrosion rate of these
ulloys 13 natuxal loa water during 1.8 years obtained in the
same way au above mentioned although mechanical scratching
damage . in s part of test specissns wered observed. The.

‘obtained resuits are shown i Table.2. From Table 2,1t was

found that the corrosion rate of 90%Cu-84Mi-2%Mn is 0.02 to
0.03 ma/ysar. Thersfore, wa can calculato the necesarry:

Vthickness from this data.

How, ve sot ‘the foll of thit QOQCu—etli-ZQHn with thickncs:

‘of .08 -a to the lub-nrgod pxpo of oil platform by lnlinating
'orqanlc uutorlalc at the turfacc of pips. This experiment for
,practical use: g chown 1n Photo. 2 uhich 4is aiming the. preven-

tion of larino~anxnals for the purpoco of docroaslng waving

‘4. Su-larr S ' : ‘
{1} The: unti*fouling sffect o! QOOCu-ctli ztnn which is

~“that of ‘putre Cu . . -

(2} It vas supposed that YHnO:: playo thc xolo of tho control
of . cu'tn Cu*‘ond keeping Cu* through its strony absoption
{3y antl-fouiiug offoct of Cu™ may be explained by the

oconohical than normal Cuptooichol alloy Was. si-ilar to

cuppo:tt!on ‘tha QCu”-liqand complex. co-pounds disturbing the

'approaeh df sorﬁold tho koy for tho first ctop of anti- 3
. fouling,< A“.“ . x B :

(1) J M. Krougiaa t.P Ijosoiing !tococdtng of tho 4th inter

Ly
wJ

(2)
3)

(4)

(5)
(6)

(1)

national’ CDngtess of Harine Corrosion and Fouling
P297/318 1976

Haruo SHIMADA : Chemical Industry 36(1985) ?53/64,
Haruo SHIMADA, Yoshiaki SAKAKIBARL Ko.426 of
Proceeding of annual meeting of Oceanagraphic -
Society of Japan in April, 1986.-

Takeo KAWAGUCHI : Chemistry of se-i conductor published
by MARUZEN JAPAN 1969

Leslie E.ORGEL : AN INTRODUCTZOI !O ?RAISITIOI-HBTAL
CHEMISTRY LIGAHD—FIELD THEORY published HSTHOUE! & CO.
LTD 1962 ;
THE JAPANESE SOCIETY OF SCIERTIC!IC FISRERIBS ¢ BCOLOGY
OF MARINE AND BACTERIA publlthod by Kouseisya-
Kouselkaku 1980

Tsutom HATTORY : I!TRODUCTIOH !0 ICOLOGY oF aacrznza
published by University of Tokyo
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" vable.1 Test tpcm-n mwmm nx'm -
:  and hot tolled 0. ek in @i&t&aﬂca. . o ' : -
Purs Cu R S ' . -
500 Cu- 8% Wi~ 2w ‘
308 Cu- 6% Mi- 3% Ma- IV Fe
908 Cu-7.50M1-0.5%n- 2% 81"
90% Cu- 5% Ni- 4% Ma- 1M Al
908 Cu- 5% Ni- 5% T L
90% Cu- 8% i~ 2% Al
%08 Cu- 3% Ni- 7% Ma
SOV Cu- 7% Ni- 2% Na- 3N W
- 908 Cu~ 5% Ni- 28 Ma- 3% ¥b , c . o :
R ) R v
i ‘px pared fér f.hls study is emtc*ﬁu puro Ti AU RTE ,/lnsnloted each othef

‘fabla.2 Corrosion rate of varlous Cu-alloys snd Pure Cu

Spacimens corrosion rate in corrosion rate in
artificial ses weoter|natural ses water
. — : (mm/year) {mm/year)
pure Cu 0.029 . o 0.036
20Cu-8Ni-28n - . | ©  0.019 0.034
90Cu-6Ri~-3I¥n- 1Pe | 0.009 0.007
20Cu-7.5Mi-0.540-281] - 0.035 0.020
90Cu-5Ni~ 4un-1A1 ' 0.004 0.019 !
20Cu-5N3-5T4 S 8,043 . 0,025
90Cu-BNL=2A1 “,’ U1 e.001 . 6.013
90CU-INi-TMan - 0 ' e.034 -] - 8,038
s0Cu-10M8 0.016 R
90Cu-1M1-2Mn-1Nb 8.026 T 0.028
9eCu-5l1~zun-3lb 0.026 ’ ©0.023.
L. ¢ S8
Corrosion rlt- was ealculatod from ths mlght lou of test

specimens -and tmu weciuc woight, for example’ the miqht
loss of pun Cu 1n artlncial sea water(2¢. m;a"lyoar)

i
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- Divcrtuy -nd Seuonluty of .
Hicrobhl _Aggregution-Adhesion Enhancing (AAE)
’ ‘ultng anro-olecules in COntaI Seavater

1‘.!. ?osteion -

: Dep:ttnn: of Marine Scienceo

llnlwuity of Puerto Rico
Kayme: Ci.pul -

j!uyam:, Mrto nco 00709

. l‘hrinc hbontortn
B Naguayes _Island
- La hrgmn, Pyerto fice 00667
‘Tel.: (30!) 899 256&

Running Bead: Surface Active ’mcﬁﬂlgﬂ, .fblyiuéitiriéc;

~

ABST&\G’I’

Harine nicto-algal and’ heterotrophic bachricl cells’ growm in’ laborltoty
culture produce a variety of wacromolecules that wediate, and at elevated

" concentration, enhsnce their aggregstion and sdhegion to .rtitlcial sutfaces.

Aggregation-adhesion enhancing (AAE) materials are smino-nitrogen containing
polysaccharide polysers.  AAE macromolecules frowm different microbial sources
show distinct specificities for cell surface receptors and artificial, metallic
surfaces. HMarine micro-algae and heterotrophic bacteria produce two major
categories of AAE mascromoleciles, q.lhc'ing‘uipm&by the presence of immunogenic
sites containing the simple sugar galactose. Concentrations of thede AAE
antigens varied seasonally in samples of smbient seswiter taken along the
southwest coast of Puerto Rico. This varisbility was related to seasonal
fluctuations in microbial biomsss, brought about by periods of increased
rainfall and nutrient {nput (runoff), snd coupled with toncressed production amd
release of microbial macromclecules in situ.

Marine micro-algal poly harides repr t a class or ‘group of surface

interactive, polymeric macromolecules. These substances, with their broad range

of potential imsunogenic and carbohydrate receptor sites, say provide -an
sppropriate framework for the design snd construction of surfsces with defined
intersctive properties. A wote precise understanding of these substances, and
the living and srtificial surfecés with which they intersct, will aid
development of needed biotechnologles to adequately modify and coritrol the
intensely competitive and rspid interactions in the marine envireament between
artificial surfaces, adsorbed aolnble otgmic eomtituents and colonizing
microbial cells. s
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materisl which o throvgh o Fliter of por th 0,435 wicron

ution'and ergenic collofdel’ utcrial. POM’
cmtint- of nrtieulctu, ‘coated with o:qmic Nbatmcu and ucro-otgmuu,
snd LOM is constituted by the organic, contents of métine magrorhiota (1), The
relative cmceatratim of  DOM, POM dud oM AW, the s are tognd 1n ytéporciom

-of 100 to lo to 2, reo”etiuly.

Muolnd otgmic qtt.r (m) u!sorbc onto. 'ltttculﬂze, ucro-biottc

md u'tﬂiaial ‘surfeces.in .the sea, Su!ficient con ntutim of DOM arte ‘found

in sirfsce witers to' produce a layer of nitrogon contnining ‘material. on all
available sarfaces (2). :Carbonste mimersis. in suspeus jon are coated by

_dissolved organic compocids (3). A wmessurable groportion of DOH found in
“sucrface waters is In the form of high -ohculn weight (W) subctancéo &),

" Concentrations of WM ‘comstituents:.vary in ssbient, Aesvster,’ nngtng from ug/ml
" in cosstsl areas to ug/l.in effshore waters €5) These materisls, tuquntly

'olyutic in mtun, conuhtu plyucchrﬂg a8 ven s paptide. couponents, 3

. ars aot uluy quentitated. by. conventiensl chemical nchniqul. Surt;ce active

W orgenic substances haww & wuich grestér teadency to .daptb and be held on,

) p.rticnhte ‘surfaces thes swall molecules (6). Pacrticles lunnded in scawater

sre seléctive vith respect to the ergssic -subst s they sdserb (7). There is
considerable avidence that W& components. found in swbieat seavater .dsorb to

. witfaces in the ses, forming sn ergamic film that aubsequeatly plays su’

:go:nat role in toulatiq microbial ndlnum to these "conditioned' surfaces
. Marine butpth ullnrc to ¢lul uliiu saod .uhu. chitin, nrticlee.
and crode ofil glohulu (9): - Temobilired watar in mmual £1lms Formed on
metallic surfaces exposed-te, flowing seauster sharply reduces their thermsl
Changes .in the theroal resistance wers cotrel.ted with incressed
thickmness -of -the: wit Mofn- on_these surfaces (10). The attacheent snd growth

- .of marine bacteria to uthuc e:pood to ambient, uuctu conuitute ..

necegsary preli.-{nury mlt 1n the subsequent colenixation ef theu wrfacu by
macro=hiota (11). Thum, sutface scsociated merine bacteris play an nmo:tmt

. role in the utthnut of "fouling mnim on. 'hip alls and. undervater’

structires {12). . 'Marine bactaria sttached on submerged. surfaces relesse
subistaitces: hpcrunt in the: eo.‘icj.«iu of surfaces for .abuquent atuch-ent
and growth of -other forme. : Both: living and- srtiﬂcul sutfaces di-phy [
considerable selectivity with respect to- ulouizh( bacteris (13). Attichnnt
and growth of celle.om m&m appestrs te oceur, in phuu. -nvolving an

" initiel, “reversible™ mnied-ch-icol conditioning process, followed by »

uhtinly *itreversibls” eall attackment phase (14). . Bacterisl attechment to =

both ‘aifmate s fvenimdte surfeces is wediited by psiymeric material exided on )
-the .otaide: aurfacu ‘of thaoe ecll: -amd similar macromolecules toxmd in U
- Wolution in Weswater.: A- £Alm of. tmg high wolecolar weight wbntmces, o
- dwbedded with' Iicrehu, forms .on surfaces. 1mu-ud o relarively short period:
svater (15).: m_(rwth of- atz-chel call wp«littonl h the timl " )

I Microbisl A(gnutiu-ﬂdhccion ulunceuent &ctivity

Surtlce 1nteucuona of: -a:me -icroorganim ud tbelr attachuu: te
detritnl particles and artificial surfaces in the marine envireament are.
mediated by ucro-oleculec found on_ these cell. surfsces (16). Ag;rentiu

enhancing ucromleculn released from microbisl cell surfaces are foumd in: cel,i, -

free samples of both cosstal and off shore sewuter (17). These multivslent.
wacromolecules are specific in their intersctions with various artificial and

 wmicrobisl cell surfacea. Figure 1 illustrates the conplexity of the processes

that may take place between srtificisl surfsces {lefc hand side of Figure 1}
Y“conditioned” by the sdsorption of surface ‘sctive macromolecular constitvents .
found in the soluble pool of high molecular weight {(HMW) materials in seavater
(center portion of the Figure), and the complex outer layers of the microblsl
eell surface {right hand side of Figure 1), Little is known of the equilibrive
between either of these interacting surfsces and the pool of Wl materisls that
mediate their attachment in the marine enviroment. The pracise changes in
configuration {and consequently surface specificity) that take place during the
adsorption of HHM, adhesion mediators to artificial artd/or living surfaces are
not clear. In the work reported here the system employed to detect these
macromolecules was based on the fact thst their interactions with test cell
surfaces promotes (enhances) cell sggregation and subsequently enlisnces or.
incresses the number of cells adhered to artificial eurfsces. This phencmenen
18 $1lutrated in Figure 2. The left hand side of the test surfsce shows a .
sugpenaion of partislly aggregatéd cells in equilibrium with those adhered to
the aurface at two loci. The right hand portion of Figure 1 shovs & suspension
in the presence of aggregatim-ndhesion enhancing (AAE) macrowoleculses,
prowoting the formstion of sggregates and larger clusters of cells. While the
number of surface loci at which cells are adhered temains the same, the actusl
nusber of cells remaining adhered to the test surface vhen it is removed from
the suspension on the right hand side of the Figure, 1s sxgntfiganr.ly gtecuz
than that found in the untrested suspension (left hand side of Figure 2). )
Eahancement of aggregstion lesds to enhanced adhesion. Mgregation takel place -
in minutes following the exposure of microbisl cells to these ncrmhcnleu.
and wmay be independently ed employing low sngle Light scattering
wenure.ento. vhereas enhsncement of their adhesion to glass takes three to five
hours (16). Inhibition of aggregation enhsncement with simple $ugaTs prevents
sdhesion enhancement (17). Agents that promcie sggregstion (sdrenalin), also’
enhance the adhesion of wicrobisl cells to glsss surfsces (18). AAE sabctaacel
recovered from .the culture media of marine micro~organiswes are acidic '
polyanions, containing carbohydrate and smino-nitrogen mojeties (19). Both
uicro~slgal sggregation, assessed by light scettering, and adhedon. ‘assessed by'_
counting the number of cells adhered to test surfaces, ife sensitive 1ndicatogt
of the presence of AAE macromolecules from divers sources, detecting, the
presence of these substances st concentrations. of te-togrm!nl (10 ;-!-1)

- TIX Inmmologlcul lsohtim of AAE )ucrouolecules.:

Macromolecular AAE nterials fouﬂd tn so}utloﬁ in a-bient sesvater, on
biofouled surfsces exposed to uanter md in the labotltoty culture medin- of
marine microorganisms are preaent st very lov concéntrations, Ium?logtcal
methods have grestly enhanced our: ‘ability to éetect and’ 1solate AAE  substances
from both seswater and microbial media (20) These techniquu aré summrized: in
Figures 3-and. &. Crude ucrmleculn conctituenu uatg mh’hlly holated b{ ;
dialysis and site exclusion. chroﬁntcgraghy. from cell (pattlcuhtc) free samp e';,
of microbisl wmedis; seavater and squeous extracts of Hetritsl matter adheted to.
biofouled metsllic surfaces in sabient coutal seswatet. AAE active components
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in these preparations were deleetively adsorbed on ‘h'ydtioxqupttl’u (4TP, Blokad)

and subsequently recovered (¥igure 3). Crude AAE polyenions from these
" individusl sources were each used to make antibodies in the toad (Bufo marinus)

and chicken. ‘Respective antibodien were-then lamobilzed:to solid supports .

(atyl-ssine glans ‘besds and. "afffi-gels™] Wtokad). Figure 4. {1lustrates the .

maner in which .the tsmobilised ismuosbsorbants sre employed. to 1solate their
gorreppondigg'M&:mtig‘euaidireptlyf frok microbisl -medis, seswater samples and.
detritsl extracts. - Particle free (filtered) media ssmples. are exposed to an

" {mmobilized antibody: preparation for a. brief period, following which the

immuncabsorbants sre removed from the sample ‘and vashed in buffered artificial
medis. AAE antigena absorbed..to their specific fmmobilized antibodies sre
eluted by €xposiag the immunosbsorbants to simple sugsrs (galectose) and/or low
PR buffered medis (ph = 2.2). Eluted AAE antigens are purified by dislysis and
recovered by freese deying. These techniques resulted in o ‘significant ‘
purification of AAR sctivity. Antibodies were originally prepared to marine

algel carbohydrates four. decades Ago, snd since then have proven to be useful in

basic sod practicel studies (21).
- IV Specificity of AAE &cr@lequhs g
A Sugir Spectfieiry, - |
T AAE mtuem ':;coéétéé‘ftﬁtdﬁe‘fo cell free medis of ia‘bét-tory grosm
cultures of marine bscteria and micro-algal cells were found to be .

i-mlggl'gqlij ;nhﬂ'qt_;; however dgctinct 15 their iateractions with receptors
ou test micto-slgal (Chldrelia wulgsaris) cell surfaces {20). Table 1.

‘{llustrates the nature of this specificity and the distinction between the AAE

active products of Chlorella and two, bacterisl strains, ASS| and WAS/OTEC. AAE
sntigens recovered from-esch source were tested for their ‘aggregstion-sdheaion
enhancement sctivity on Chlorella cells at concentrations of 0.1 pg/ml. AAE
activities were determined {n the presence’ of selected stmple sugars (0.1 mg/ml)
in order to sssesa differences in nstuce of the sites on the Chlsrella cell
surface with which each antigen reacted, Simple sugers employed included
sdrbose (5), mannose (H), galactose (GA), glucosamine (GO), n-scetyl glucosaeine
{AGO) sod galactosamine (Cs0).  Table | summarizes which sugers inhibited the

' ME antigen activity recovered from each of the microbiel sources listed.

.s'orb'o-g inhibited the activity of the AAE sntigens recowered from Chlorells

- culture wedia, while the AAE sctivity of antigens recovered from the ASBI

bactérial strsfn wete {nhibifed by sorbose, galactose and glucossmine, and those
‘recoversd from NAS/OTEC bacterial cultures by mannose, glucossmine, n-scetyl

glocosauine and. yalctosamine. _ AAE activity of esch of ‘the ‘antigens vas

~ ‘inhibited by & different set of simple sugsrs, Indicating that these

‘mactomolecwlés interseted with different sites on the Chlorélls cell surface.
B Metdllic Surface: Spectficity.

. MR blofoullng polyweis Yecovered frow different artificial surfaces
have been showm to be immunoclogicslly distinct (20). Titsnium snd aluminum
surfeces ekposed to sablent sesvster rapidly acquire bacterial films snd
sicrobiel popufetions. "While cettain stralnsd of biofouling microbisl cells are
found on both,. esch type of surface is charsctérized by the presence of
specific bacterisl strains.  Thus, in the coastal waters of Puerto Rlco, &
Paeudomaas wp. was found on biofowled titsnium sirfaces and not on aluminum,
uhile Vibrio vulnificus was found en wlofouled aluminum and mot titaritum .

surfsces. . I-tmeabs'orbi,n_tg were iukeﬁ)tégl to solﬁbifli'z‘e@l_m macromolecules.

recovered from each of these metallic surfaces. The bacterial atréins uaique to.
each surface were grown in pure lsboratory culture snd their cell free media
exposed to the prepared titanium surfsce (Surface T) snd aluminum surfasce )
(Surface A) fmmunoabsorbants. Results of these anslyses are illustrated in ’
Figures 5 and 6. Figure 5 shows the snslyses of the macromclecular products of
the bacterisl strain found only on biofouled sliminum surfaces (Strsin A, V.
Sulnificus) and those of the strain found only on titsnium (Strein T,
Pseadomonas sp.) using the AAE ismunoabsorbants recoveryd from the titantum
surface. The wolecular sizes (given in kilcdsltons, 10” daltons) of the crude
uacromolecular products found in the cell free culture madis of both species
vwere determined using SD5 gel slectrophoresis, ss were the solecilsr sizes of
the antigens recovered from these mixtures by the Surface T Immuncabsorbants.
Thus, Surface T Immunoabsorbants recovered three (109, 90 and 40 kilodsitons)
of the four (106, 86, 59 and 36 kilodsltons) macromslecular components produced
by the bacterial strain not found on titsnium surfaces (left hand side of Figure
5). The recovered antigens did not show AAE activity. Surface T
Ismunoabsorbants sbsorbed only one (157 kilodsltons) of the three (36, 84 and -
169 kilodsltons) mscromolecular comp ts produced by the bacterisl strain .
found on biofouled titanium surfaces, and this antigen had AAE asctivicty (right
hand side of Figure 5). Figure & summarizes similar studies of the - ‘
macrowolecular prodicts of these two bscterial species, employing the.
immunosborbants made to AAE wmacromoleculea recovered from biofouled aluminuwm
surfaces (Surface A Imsunocsbsorbants). One AAE sctive antigen was recovered -
from the macromoleculdr products of the bacterisl strain found enly on aluminum
(Figure &, left hand side), wheteas the antigen recovered from the producte of
the strain not found on slwminum (Strsin T) wes insctive (Figure 6, xight hand
side). Artificial surface specificities of bacterial strains reside in part in -
the specificties of the micromolecules they preduce to mediste intcrlcgiono \dt’h

that psrticular surfece.

*

C. Hicrobial Source Specificiry. .

AAL sctive macromolecules sre found in wessursble quantity in .
particulate free (fitered) samples of seswatar taken in coastel snd offshore
waters of the Esstern Caribbean Ses. The concentration of dissolved orgsaic
macter (DOM) in seswater is grester then particulate organic matter (POM),
which in tropical environwents in genersl is greater in concentration than -
suspended living organic matter {LOM). The steady state balance of W?OH/LOH
in tropicsl seswster is spproximstely 100 to 10 to 2. Concentrations of -
dissolved high wolecular weight organic materials (HM/) in the coastal waters of
seuthwest Puerto Rico vary from 56 (fsll snd spring) to 7 (late winter and :
summer) mg/liter, with lover values in off shore eastern Caribbesn wsters.
Approximately 20X of W materials sre composed of AAE ucroqol_eculu (20).. .The -
presence of thia sctivity in both seswater sawples and laborstéry culture media
of heterotrophic marine bscteris snd micro~slgal cells: suggests that ME .
substances found in seawater are in part produced and relesced by marine
microbial cells in mitu. The role of sicrobisl cells in this process has
recently been di?;étly demonstrated (22). - Ismuncabsorbants made to AAE active
macronclecules recovered from coastsl seswater ssmples cel&etinly‘ab-o:b two. .
categories. of AAE antigens., Antigenic sites on & portion of these AAE sntigens
are cheracterized by the presence of specific carbohydrate (gslsctose) reaidues,

and hence may be eluted from their ismmobilized sntibody components by low .
concentrations (micro gw/ml) of this simple sugar (20). The fraction of AAE .
antigens remaining absorbed to their antihodies in the presence of galactose cen.
subsequently be eluted by low pH buffer (LPH antigens). e

cw
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m:robhl populictlou( “employed in labontory cultuu to produce ME
.ctiye antigens sre bacteris-of the kimgdow Mosers and ‘micro-sigme of the
kingcl- Protoctiata. (21), The -njot categories of antigena recoverdéd from these

. two semrces by 1-moaluotbant ‘made to AAE act{ve ucrooolecules found in

constal seswatér appédr to be’i-wnolo&lca’lty distinct. quuoabmrbmtq wade

o -uu:tt M! uctonoleculu were employed to snalyze macrowdleculea produced
by 1¢hntory cultures of bacteris n cupared to -1cm-plgnl sources. FEqually,

ncro.lmht constituents fownd in coastal seavater ssmplés taken in  areas

~ where microbial bionqu was domitiated by hatetottophic bacterial populations

wete ualyzgd and’ co-plted to similet conutituenta An sasiples taken in areas of

constamt , inteno cro-algal blooms (co«tal e-bamata of restricted vater

turnover). Resulti of these studies sre {1lustrated in Figure 6. A bulk of the
satigems recovered fron the products of bacteria in laboratory cultuce were

- sluted by ;ahcto-e. “A similar qmtitauve pattern was: seen in the antigens

recovered from Sesvater Sgmpie I1,"s sample taken in sn area where microbial
biomuss was dontnlted by hetetotroph!c bactetla populltiom. Vhlle a bulk of
the bacterial’ mtiscnl were eluted by ;alacton. AAE actlvlty was only found in
the antigeas eluted at low pH (left hand side of Figure 7). In contrast to
this, a bulk of the mtigem tecovered from' products of ulcro-algae growm in
laboratory. cﬁtuu. and those recovered from Seswster Ssaple II, taken in an.
aces. of interise nlcﬂulgsl ptoductivity. were eluted from the 1mnoabcorbmta
at low pi.  Asong the nicro-alznl satigens mly that fraction eluted by
galactose had AAE letivtty (right hand side, Figure 7). Thus, the Chlorells,
test cell surface dhun;uinhed between AAE antigens produced by heterotrophic
marine becteris snd those nlabouted by micro—slgal cells. AAE macromolecules

_ from becterial sources appear to be 1mnolo[1cally distinct from those produced

by -lcrc-llgae. :
Y AR Macromolecules: Diveraity, Production snd &nim.lity.

Table 2 summsrizes the divetnity in wolecular sive of AAE antigens
isolated fro- .sicrobisl sources grown in labautory culture, snd those
uctmleculu recovered from u-plen of ufb:lent seavater u-ples. The
distribution of molecular sizes. amony AAE’ antigens suggests that they, are
polymeric in nature, Qi:h a wonomeric unit of spproximately 30 kilodaltons. The
range of ooleculqr uei;hu recovered in the AAE antigens produced by bacteria
and microalgse grown in lubontoty culture were preseat in the crude, high
mlacuht weight (m) components recoveted fro- sesvater luple.. '

" The tveugc prodoction of ctm!e R nterial- by llbontoty grovn
cultures of msrine bacteris and. nlcro«-olgn, #ad the fractions of these.
naterials recoverad by. AAR, i—moab:otbantc are susmarized in Table 3, top two
rows, Production of crude MW materials, semessed after 24 to 48 hours of .
culture growth, unged From 160 .to: 740 fe-togrnulcell. ‘Active AAE antigens,
those eluted by low ph (LPR mr.igem) buffer in the case of bacteria; and
galactose (CAL sntigens) in the cese of the micro-slgae were from 3 to 4% of
theee crude products.. The- pmductioo of crude W saterials by bacterisl
populations adhered to dluim and. titmiau mafsceu exposed to ambient
seavater wvas :ppmxiﬁtcly 10x thit seen in bscteris and micro—slge grown in
suspension culture in the laboratory (Table 3, third row). The recovery of

- crude W compornents, and cotgeupmding AAR active satigens, frow patticulnte

free cosstal sesvater samples taken in areas vhere microbial biomass wae

" dominated by heterotrophic bscterial pspulstions (SW I), as compared to

-1cro—al¢al doninated sites (SW Il), are shown in rovs 5 and 6 of Table 3.

Between 3 and 5% of these crude um -nte:!als (.icto gnu/nl seawater u-ple) e
were recovered in active AAE sntigeri fractions. OFff shore seswster sanples in
the Caribbean contain lower concentrationa of crude HMW materials, due largely
to the relatively lower denatties. of productive -1croblal populationu found in
these waters (Table 3, bottom rou).

Seasonal changes in patticuluteu (detritus and microbiael celh),
macrowoleculsr and AAE antigen contents of coastal seawater in scuthweat Puerto -
Rico are illustrated in s generalized form in Figute 8. This pattern vas
charsctetrized by periods of energy input followed at some interval by cyclic
fluctuations in particulate microbial biomass, soluble high molecular weight
constituents and AAE antigena. Average concentrations of total antigens (those
eluted by galactose plus glycine) varied in cosstal seswster sswples from 15.1
(SUMMER 1) to 0,2 ug/ml (SUMMER II). Excluding SUMMER I velues, pesks in
antigen concentrarions were seen in the FALL snd SPRING with minima in WINTER
and SUMMER u, The fall season was the pericd with the greatest amount of total
rainfall and, consquent incr 8 anutrient input (“run. off") into comstal
waters. Thus, the fall was s season charscterized by elevated particulate
energy contents (PEC, ATP/ fﬂteubh particulates), incressed physiological .
activity and exudate production, resulting in relstively high concentratiens of
macrowolecules and antigens. The winter séagon was characterized by low PEC
levels and the highest sample particulste concentrstions mcasured during the
period in question (June 1983 through July 1983). Reduced levels of soluble
macromolecules and antigens during winter may be the result of the upteke of
these substances by micro-orgsnims and detrital particles. Similar to the
eventa of the fall and vinter, the second, major yearly rainfall in spring
resulted in elevated PEC levels, snd subsequent increased particulate.
populatione in summer II. This sequence of events was similer to that of the
fall. The Gore immediste response of particulate populations inm spring to
nutrient “"run of f" may be due to increased temperatures and light intensities
over that of the fall-winter period. .

Opticel snalyses indicated seasonal differences in the physical nature
of the recovered antigens. The specific refractive increments (SRI, change in
refractive index/mg test material) of santigens recovered from fall, spring and
winter-summer 11 periods were significantly different from one another (Figure
9)}.  Thus in sddition to seasonal fluctuations in the biophysical
characteristics of seavater samples, there were qualitative differences in
antigens recovered during different sessons iu coastal seswater.

© ¥1 Summary Comment.

Artificial sucrfaces introduced into thé sea create complex microcosms.
Marine micro-algal snd bacterisl surface interactious provide a useful model of
this complexity, and msy provide the means to control microbial surface
colonization. Microbial competition for surface spsce is expressed through the
surface active macromolecules they themselves produce. These multivalent
medistors regulate interections among living, microbial surfsce receptors, ag
well as with artificial, wan msde surfaces. Adsorption of specific
macromolecules determines the initial interactive natures of srtificial
surfacea, and ultimately the changes in specificities they will undergo in time.
Structural modification of these macromolecules and/or introduction of chemical
groups to alter either their initisl adserption or their specificities when
adsorbed, may be an efffective means to regulste surface intersctions. A
clesrer understanding of the molecular structure of micro-algzal,

»
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ugrgntm-ﬁhuim mh&ncint (Ml) pulyucehrtul, md deaign of the chenical
snd_immunelogical means to-midify thelir- specificity, ‘may vepresent s nev focus
sud productive wpprohch to thn tontrel. of unrf:cc lnturity in the urine
environmt. Lo . .

ligh .okcuhr ueight (Renet)- conltituenu of adbient sel\wter play m
fmportant role in.thesregulation -of miecrobtal surface’ infencclom. ‘Aggregation
and -adhesion snhancing subat 8 have been:récovered frew biofoiled surfaces
exposad te: smbient seswster. There sre sigoificant sessonsl’ differences in the
concentration and ‘in the sdtiedton enhnnciug ‘act 11ty -oF ‘the high'molecular
welight substences Tecovered from surfaces exposed to tunning coastal seswatér,
These macromoleculsa appear to be relatively stable in the warine en‘viroﬁ.ent

for they accumulata on biofouled surfaceés in the ses and in' nrine licrobul

culture media, and ave found in sawples of offshote surface watér, ss ell as -
the Subtropical Underwater in:the Caribbéan (depth 130-140 meters), which is ‘
coaprived of nteu thet floe into "the - Caribbun from areas n for away ss the
Snguw Su. . e

In tlw ocetﬁ. both living and drtificial surfaces are tite- of elevated
microbisl activity, - Macromolecular- adhesion enhancing wmaterisls and fractions
imsunologically 1solated from high sdlecular welght (R) ‘components of coutal
seawater promote microbial-dettrital portield clustering in these waters.
Hecromolecules that sedidte mirface recognition and specificity snong these
sggregates way play & furidawentsl role in thefr -dsorvuon onto artificial
surfices. Tropical Coastal waririe environwents ‘sre pntch vorkc of microbiasl

-clusters, embedded e wasctomolecular Eabric. The siature of these fabriecs

differ sessonally. The pvncine specificities of the mscromolecules that shaped
these surface micro~environments depended on both the nsture and quantity of
sicrobial producers and adsorhtive sirfaces with which they interacted,

-

Re ferences:

1. Lal, D. 1977. The ocesnic microcosm of particles. Sclence 198:997-

1009; (b) Riley, J. P. snd R. Chester. 1971, Introduction to. Marine
Che-tstry. Acadenic Press, New York. B '\

2. Suess, E. 1973, 1Interaction of orgimié compounds with calcium carbouate,
I1. Organo~csrbonate msgociation in present sediments, Geochim. Cosmochim. _
Acta 37:2435-2447.

3. Suess, E. 1970. Interaction of organic compounds with calcium carbonate.
III. Assoclation phenomena and geochemical implications., Ceochiw. Cosmochia.
Acta 34:157-168; (b) Chave, K. E. 1965. Csrbonstes: an sssocistion with
organic matter in surface seswater. Science 148:1723-1724; {¢) Chave, K. E.
and E, Suess. 1967. Suspended -lnetals in séavater. Trsna. N.Y. Acad.

Sci. Sec. II 29:991~1000. - .

4. Hoyt, J. U. 1970. High wolecular ‘weight slgal sugtences 1n the sea.
HMar. Biol. 7:93-99; (b) Sharp, J. H. 1973, Size clesses of orgmic
carbon in seavater. Limmol. Oceanogr. 18:441-447,

5. Riley, J. P. aad R. Chester. 1971. Introduction to Marine Chemistry.
Acadenic Press, New York; (b} Tosteson, T. R., D. K. Atwood and Robert $~C
Teail. 1976, Surface sctive, high molecular weight organics in the Caribbean
Sea. MHTS-IEEE Oceans 76 Synp., pp. 13C1-13C7; (¢} Jimenezr<Velez, B., T. R.
Tozsteson, B. R. Zaidi, D, K. Atwood and Robett $-C Teal., 1979. Adhesion
enhancing organics in the eastern Caribbean Sea. Proc. CICAR II Symp. (FAO),
pp. 163-374; (d) Maurer, L. €. 1971. The near-shore distribution and
ascromolecular contents of the dissolved organic matter of Texas estuarine
and Gulf of Mexico waters. Ph.D. Dissertation, University of Texas at Austin;
(e) Haurer, L. G. 1976. Organic polymers in seswater: changes with depth .
in the Gulf of Mexico. Deep-Sea Res. 23:1059-1064.

6. Tosteson, T. R., D, K. Atwood and Robert S~C Tsai. 1976. Curface active,
high molecular weight orgenics in the Caribbean Sea. MTS~IZEE Oceans 76 Symp.,
pp. 13CL-13C7; (b)  Jeffrey, L. M. 1968. Lipids on sarinevaters. Rep. Symp.
on Orgsnic Mstter in Natursl Haters, University of Alasks, College, Alssks; (c}
Duursma, E. K. 1965. The dissolved orgainc constituents of seswater. In: J.

P. Riley and G. Skirrow (eds.), Chemical Ocesnogrsphy, Vol, 1. Academic Press,

Kew York; (d) Carret, W. D. 1967. The organic chemical composition of the
ocean surface. Deep Sea Res. 14:221-227; (e} Herding Jr., Lavrence W. and John
H. Phillips. 1978, Polychlorinated biphenyln' transfer from microparticulates
to marine phytoplankton end the effects on photosynthesis. Sclience
202:1189-1131; (f) Means, J. C. and R. Wyjayaratie. 1982. Role of natural
colloids in the tremsport of hydrophobic pollutants. Science 215:968-970; (g)
Handa, M. 1967. Identification of carbohydrates in marine particulate matter
snd their vertical distribution. Res. Oceanogr. Jepan ¥ , Fo. 1; (h) -
McConnaughey, B. H.o 1974. The reducers: macine bacteriology. 1In :
Introduction to Marine Biology. c. v. ¥osby Co., Saint I.nui.. §

7. Suesa, E. 1970. Interaction of organic compounds with caléium c-rbmate.
III. Association phenowena and geocheaical 1-plicatim-. Geochim, Cossochim.
Acta 34:157~168.

8. Jimenez-Velez, B., T. %. Tosteson, B. R. Zaidi, b. K. Atwood and Robert S$~C


http:carbon.te
http:particul.te
http:carbohydr.te
http:phytoplankton�.nd
http:Acade.ic
http:Toste.on
http:earbon.te
http:a\irf'.ce

i

P S TP G PP O H FEFE BR BEW W vv TR0 e e W w -{ -

©os

Tuxi. 1979, Adhesion enhancisg srgsaics in- tive eastern Caribbesa Sea. Proc.
CICAR II Sywp. (FAQ), pp. 163-374; (b) Jimewer-Yelez, 8. 1980, Adhesion

»enhanciq high molecular weight co-paunds in the eastern Coribbese Ses. Ph.D.

muu. Department of Marine Sciences, University of Puerto Rico, Mayaguez)
luertv Rico; (c) Tosteson, T, K., B. R. Zafdf, R. Revuelts, S. H. Iman, R. W.
Axtmayer, D. Devore, D. L. Ballentime, D. S. Sasscer, T. 0. Morgan and C.
Rivers. 1982. OYEC biofouling, corresion, and materials study form a moored
platforw at Punta Tuna, Puerto Rico. I1. Microbiofouling. Oce. Sci. Engi.
7:21-73; (4)  Shimfzu, Y. and H. Kamiys. 1983. Biosctive marine blopolymera.
1;;- Paul J. Schewer (ed.), Marine Nateural Products, Chemical and Bilological
Perspectives (Vol. V). Acsdemic Press, New York; (e) Caron, D. A., Paul C.
Davia, laurence P. Madin and Joha McN. Sieburth, 1982, Heterotrophic bacteria

~and bacterivous protozos in ocesnic wscrosggregates. Science 218:795-797; (f£)

Iwam, Syed H., R. F. Bard, and T. R. Tosteson. 1984, Spectﬂcity of sarine
wicrobial interactions. Appl. Env. Microbiol. 48:833-839; (g)- Zaidi, 8. R., R.
F. Bard. T. R. Tosteson. 1984, Microbial specificity of metallic sucfaces
exposed to ambient seawater. Appl. Eav. Microblol, 48: 519«526.

9. Krise, A. E. 1963, Merine Hictobiolo;y. Oliver .nd !oyd Edinburgh; (b)
Mesdows, P. S. and J. G, Anderaon. 1968. chro-organisn attached to marine
esnd gralns. J, Mar. Biol. Ass. U.K. AB:161-175; (c) Jennssch, H. W, 1958,
Studies on planktonic bacteris by wms of direct wembrane filter wethod. J.

‘Cen. Microbiol. 18: 609-6203 (d) Floodgate, C. B. 1972, The mechanism of

bacterial sttachment to dctritm in matic yst¢-. Mem. 1at Ital. Idrobiol.
29 309-323.

lO'. Sssscer, Donald S., Thomas F!ot;m, 'mo-u R. Tosteson md Glenan K. .
Grannemsn. 1981, 1In situ biofouling of Ocesn Thermal Enérgy Conversion (OTEC)
evaporator tubes. J. Solar Ene. Engi. 103 121-125 Ab) Sasscer, D. S., T. O.
MHoxrgmm, C. Kivers, T, i N Tosteson, B. R. z.ux R. levueltn. $. K. Iman, D.
Pevore and D. L. Ballentime. 1981 OTEC Mo!ouling. corrosion, and materials
study from & woored platfors at Puata Tunma, Peerto Rico. 1. Pouling reafatance.
Oce. Sci, Engi. 6:499-532,

1k, Corpe, W. A. 1970, Attachwent of marine bacteria to solid surfaces. 1Ia:
R. 8. Honly (ed.), Adhesion in Biological Systems. Academic Press, MNew York;
(b) Corpe, W. A. 1370, ‘An acid polyssccharide produced by = primary film
forming marine bacterium. Dev. Ind, Microbiol. 11:402~412; (¢) _ 'Evaas, L. V.
and A. .B. Christie, 1969. St‘,uﬁes on the ship-fouling slgs Entéromorpha .
Ann. Bot. 34: 451-466; (4} l'lmteen, E. C. snd L, V.. Evans.. 1974, Studies on

the ship-fouling tlllu Enteromorphs . 1. Cytoche-iltry and cutotadioguphy of .

sdhesive ptoductiou. -Protoplasws 80:27-45- (e) Avnimelech; Y., B. W. Troeger
snd L. W. Reéd, | l982. Hutual ﬂocculatton of the algae and clay: evldence and
implications. Seience: 116:63'—65.

12. Kc&onn‘aﬁghey, By H. 1974, 'ﬂ\e reducers: marine bactericlogy. In @
latroduction to Marine Biology. C. Y. Mosby Co., Saint iouis.

13, Pearl, H. W. 1980. Attachient of micro~organisms to living snd detrital
sutfuces in freshuater systems. In: 6. Biton and K. C, Merahall (eds.),
Msotption of Microoiganisms to Turfeces. John Wiley & Sons, New York; (b)
taidi, B, R,, R. Revuelta, S, Iman, B. Devore, D. Ballantine and T. R. Tosteson.
1981, ‘The accumylation of high woleculsr weight microbial products on wettalic

‘surfaces exposed to smbient seavater. Proc. Oceans 81 Symp., 1EEE Pub. No.

BICHI685~7, 1:532-5365 (c) Dazze, F. 1970. Adsorption of microerganisms to

P e

soils and oedimnts. In: G. Bitton and K. C. Hauhall (edo.). Adaorption of
Microorganiams -to Sutfacu.f John Wiléy & Sons, New York; {d) Corpe, W. A., L. =
Mstsuuchi, T. R. Tosteson and R. Teai. 1978. Formation and propertleo of
primary fil\u on solid subatrata in the sea. Proc. 52nd Colloid. and Surface .
Science Symp., Amwerican Chemical Society. ' :
14. Floodgate, G. D, 1972. The mechanism of bacterial attachment to detritus
in aquatic system. Mem. lst Ital. Idrobiol. 29:309-323.

15. 2aidi, B. R., R. Revuelta, S. Iman, D. Devore, D. Ballantine and T. K.
Tosteson. 1981. The accumulation of high molecular wveight microbial products
on mettalic surfaces exposed to ambient seswster. Prog. Ocesns 81 Symp., 1EEE
Pub. No. BICHI6B5-7, 1:532-536; (b) Corpe, W. A. 1980. Hicrobial surface
components involved in adsorption of microorganisms onto surfaces. In: G.
Bitton and K. C. HMarshall (eds.), Adsorption of Microorganisas to Surfacews,
John Wiley & Sons, Co.

16. Tosteson, T.R. snd W,A. Corpe. 1976. Enhancement of sdhesion of watine
Chlorella vulgaris to glass surfaces. Can. J. Microbiol. 21: 1025-1031.

17. Syed #. Imawm, R.F. Bard -nd T.R. Tosteson, 1984. Specificity of marine
afcrobial surfsce intermctiona. Appl. Env. HMicrobiol.48:833-839; (b) B.R.
Zsidi, R.F, Bard and T.R. Tosteson. 1984, Microblial specificity of metallic
-urtace- exposed to ambient seawater.Appl. Bnv. Microbiol.hB:519-524..

18. Galarza, J.R., R. Reviielts, B.R. Zaidi, R,¥. Bard and T.R. Tosteson.l1981,
Pharmacological activity of high molecular weight wicro—algal exudates, p.
585~588. In: Proceedings Oceans Bl Symposium; YEEE Pub, No. BICHI685-7, wvol. 1,
IEEE Inc. New York. ' . :

19. Tosteson, T. R. and W, A, Corpe. 1975. Enhancesent of adhesion of the

marine Chlorells vulgaris to glssa. Canadisn J. MWicrobfol. 21:1025-1031; (b).
Zsidi, B. R. and T. R. Tosteson. 1972; (b) Tosteson, T. K., D. K. Atwood and
Robert $—C Tsai. 1976. Surfsce active, high molecular weight organics in the
Catibbean Sea. WIS-IEEE Oceans 76 Sywp., pp. 13Ci-~13C7; :

20. Toateson, T.R. 1985. The regulation and specificity of marine microbisl’
surface interactions, p. 77-114.n Rita R, Colwell, E.R. Pariser and Anthony Je
Singkey (eds.), Biotechnology of Marine Polmgchurideu. He-hphere Pubuchtn;
Corporation, New York. o
(b) Tosteson, T. K., R. Revuelta, B. R Zaidi and ,s. He lsan. 1985. The - -
isolation of high nolecuhr vetght, aggregat!on-—cdhe:ion enhancing- orgmico fron
coastal seavater end microbisl culture -edh by ismuncaffinity chtoufognphy. ;
J. Coll. Inter. Sci.. 10&'60-71' {e) Zlidi B. Rey RonFL Bard, T.. R. Tostesoss
1984, Hicrobial weciﬂc!ty of metallic surfaces npoted to ambient seavater.
Appl. Env. Microbiol., 48:519-524; (d) Imam, Syed H., R. F. Bard, and T. R.
Tosteson. 1984, Specificity of urine microbial intersctions. Appl. Env.
Microblol. 48:833-839. :

2l. Vreeland, V. 1985. Monoclonal antibodies to seaweed carbohydrates. In:

R. R. Colwell, E, R, Pariser -and A. J. Sinskey (eds.), Blotechnology of Marine
Polysaccharides, Hemisphere Publishing Corporation New York; {(b) Marchessault,
R. H. 1984. Carbohydrate polymers: nature's high-performance natetinla.
Cheatech (ISSN 0009-2703), ACS publication, l4:542-552.


http:Toste.on
http:Toate.on
http:Toste.on
http:Blrd'.nd
http:flocclllad.OI
http:Acade.ic
http:direet_er.ne
http:Ander.on

- kvuelta Rene, l”S. mrmlecqht ecology of a tropical sarine

emitou-ent correlated’ with uuunl fluctwationa in wicrcbisl biocwass and

enérgy content. Fh.D. m:i:, hpattaent of- ﬁarlue Scuncea. Unlversity of
Purto Ri:o. H-yquex. !'uerto Hco.

"23. Hnguu-, Lyon ‘end Kcrlene v. Schvart:. 1982, rive 1ngd oms ¢ An Illustrated
: Guide to the i_\zll of Life on h:th, 338 pp. W. H. Freeman and Company, New

York,

Figure 1:  Mecromolecular Adsorption snd. Surface Conditioning. Artiffcisl
surfsces with sdsorbed wacromolecules (left side of FPigure), soluble pool of
"conditioning™ substances in seswater (center “of Figure) and outer layer of
atcrobial surfsces (fight side of figire), connected by arrows indicsting the
unknown tquilibrh of macremolecwlar sdhesion medistors.. Changes in surfsce

sdsorbed , mmerowolectular c-nfuuutloa- uuec: alterutioﬂt in eonduioned"
surface !peeutcity.f- : ‘ ) ‘
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lcul surface .
Figure 2: Aggregation—Adhesion Enhancement Activity. An artif
exposed to microbisl ceéll suspensions in the sbsence (left side of Figure) and

- presence (rikht side of Figure} AAE macromolecules. HNusber of adhered cells

incressed in presence of AAE ucro.olecoles due to cell aggregation.

FIG. 2
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Figure 3- Production of AAE I—unoabcorbantc._ Iligh -oleeular veuht materials
were .recovered. from: cell-free sanples of seavater, marine microbial’ laboutoty
culture medis and soiubilized materials from biofouled sutfsces.: AAE - -l

- mécromolecyles 4¢olited from these preéparations by hydroxylepatite -

chtontognphy vere eaployed to make antibodies. -Specific antibodies, uolated

_ by reverse 1-unoa£ﬂn1ty chromatography, were immobilized on solid -icto-bead
supports for nu ss AAE immunosbsorbarnts. '

FIG. 3

‘antigens from sawmples of cell free microbisl laboratory cu

-antibodies by acidic buffér. (ph = 2. 2), were tested. for thair -aggr

AAE ANTIGEN ISOLATION . .

\Mhﬁh -::‘w . ’

un-'na-v.-

Aggregation Adhesion Assay

by Inunoafﬂni:y Chroutogr-phy.

d to recover their correupmding
Lture media @nd .

r -specific i-objuzed .
e;ation nndlc

Figure &:  Recovery of AAE Antigens
I-nobuind AAE {mmunoabsorbaunts were employe

seavater. Absorbed AAE antigens, eluted from. thei

adhesion enh_mqe-ent activities.

" FIG. 4
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. Figure 5! hcmry o! ‘l’itnin s':tfscc S'cciﬂc N Mticenc. Z—unosbtorblntl
‘wede to uwﬂﬁh sutface AAE sacrewolecwles, recovered AAE sntigens from

" 1dberstory culture medie’ of & bacterisl strsia found on Mo!eulec :umiu, but
mot d\minu- surfaces. . . . : ) )

. PIG. §

Surface Specific Bacterial AAE Antigens

Figure 6: llecovery of Aluminum Surface Snciﬁc Ml' Antucm. !—unoabaorbnnt!
wade to aluminum sutface AAE ncrmlecul« Tecovered AAE ant:lgtm from -

lsboratory culture wmedis of & bacterial ntuin found on biofoolcd pln-imu, W:
not titsnjum cutfacu.- o . . R

FIG. 6
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ﬂ;ute 7: ﬂicrobicl Source Spuitlcity of AAL Mntigens. Compsrison of the
relstive quantitiés and AAE sctivities of galectese (CAL) and low ph (LPH)
eluted antigens recovered from cell free bacterial and micro-algal laboratory

- grovth medis by fmmuncabsorbants msde to AAL mscromolecules recovered from

"AAE. 1 bsorbants recovered similar -
fictions frew bacterial laboratory culture
‘stess ‘dominated by bicterial biomsss. The

samplea of ambient vater. Oc
relative qmuiiu and "
wedia and uamtar

- talative qmtltiu of GAL and L ont:l‘tu. wnd AT sctivities, ucqvered from

micro-sigal culture medis smé sedvatir sawples takem in. sreas dowinated by
ticm-cl‘al bio.uc vere different from these found in the bacteriasl system.

FIG. 7

RELATIVE SCALE

Figure 8: Seasonsl Changes in Coaittl Sepavstet Particulstes, Macromolecules anc
AAE Antigens. Comparison of relative: quanciciu of particulate energy
(ATP/particle), concentrations of macromolecules, AAE antigena and particulates -
in seavater samples tsken along the aouthwest cosat of Puerto Rico during the
seasons of -the year. Arrows: 1nd1car,e peak rainhll pertodlg xdnrin; }‘A!.L (ﬁ2 en)
and SPRING (29, cu). .
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" Figure 9: :Qgécu‘i'c_{!lztpicuﬁ }nerﬁﬁ-dt of ﬂ!;)&n::ikﬁni.:, Comparison of the.

specific refractive increment (SAL) of sntigens recovered during the fall, ..

‘winter, wpring and susmer months (SUMMER II) of the year. SRE walues given with '

their atandard efrors.

FIC. 9

-presence of simple sugars; sorbose (5), wannome

AAE ANTIGEN. ACTIVITY -
SUGAR SPECIFICITY

ANTIGEN BOURCE o SUGARS,
S Mo, QA 00 AGD GO

Criorons wiparis 18641
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Table 1:. Sugar Specificity of AAE Antigen Activity. Inhibirfon of AAE - '
sctivity in srtigens derived from micro-algal gr;d bacerial sources 46 the "o
‘ (M), galactose (GA), glucosawi:
{G0), n—acetyl glucosamine (ACO) and galactosamine (Ca0).” o REENR

. TABLE /1
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nlonq pert nh 'tarboard sldo un aml stern at thm
dﬂ'fonnt Mhﬁ vtz. i 0.25 - 3.0 o ang 5.30 -, (Flg.
‘ t). TM fauum biomass was. nﬂ.utl‘ by tddm the
- -total u.t n-um .f th. nttunnt in the sampled ares
(hnu 19.6). Th' mln - oe eonmu owere sorted out
.. and Ldmﬂ'i-( uptc th. op.cln _level. Morpheastric

‘ m Mt- e Tre m (mtn-eu-in-l - apax and base,

l.tun—lutoul .pun am! bau hight and thickm- of the
-MH) fcr the e.lenl.ﬂm of the averasge thtekrms. The
mm.&lm ﬂ’ du’hmt size gum nu also

.

mb,:m.d to thn mla) lm: m. te (Kc. o

A\l

1,67) anﬂ thu data is hﬂu publ Snhed uuutcly. )

iFru tho atow mum- uv-uo' roughness

) ua- um An She eclecutun . of ‘frictisnal

: : num.k e

Fa

- frtetioul resistance, which - all _soving

?'

oluqcts‘ in mtnr heve_ te . w-rco‘bq has muoum by

th. tamnt ial., ﬁtm Avar  the ustted surface of the
lhip in thq d!r&et t‘on ef. the 'Vng'ttcn'-' ﬂcccwtnoly
frtctlcml mutm cm be. u!cnhtu try th.,lcruula

f .V(Vg fU A) X C ----—-f—«~ 1)

whare _f ln tho demlty of _swa mt.r,bu the ‘
specd of the -Mp, A is a .uum:xy mﬂm mttoa area
of the thiu and C th. ca.ffici.nt of frietion. Dotails
of calculation arm qlwn in the fonﬁulng sectien.
Results

The wiomass valuws at different areas are given
4w Table 1..- The 1{».-“ bicasss value <0.54 hg/a2) wam
recorded from the prepcll-r. Tha .dgn of tm bladen
weras sparsely foul.d while the tht IM eonh'.l portun
harbouréd moderate settlesent. The highest bisssss was
recorded from the bar keel taft) et 3a a-pn‘-“(n.#
qu.zi. It has baen “tlﬂt!ﬁ thlt thii mﬂl w!th an
apprexicate wotted .nc of 13530 .2 h.d ablut 16 tom af

fouling ilmss nﬂh an lvauqc of 312 Nglaz 'm- qmrll

trend of bissass increased towards the -m«n- -f cuoqm;
but fall as it appﬂacmd botto.. )
The sptc.au coaposutpn nw.l-d L She mlut-
douinance of falanus tintinabulas (94% by wet wt. of
total settlemant) éﬁro;.gmm; the hull. The aversge '.‘itcv
of the barnacles varied b.tmn 35 - #0 e
{rost re~carinal 'hu) and 2 - 35 om Mlgm. The
gonadial index study has shown that, }uue of n- f.m

had their ovcﬂn cnhnr in th. dcvclop!nq Qtaq« er th.

‘stage just before hatching. 1t :rmc-en that if tha

drydocking had been delayed by a few days thq effects

due to the fouling grewth could have been @ore sevare.
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te caleulnto th. wcerenical tapm:t of th!- on -htpptng

"'opcrathm. The fual cnn-uoption dlta tndicct-d an

tboiat Ca1d or f‘é‘c‘ii‘ Jun hf.rn 1935

'ﬂn owran ymar (IW !uy - 19&5 luy) tho ‘

: uvdrm tmnﬂu was’ ealcuutod as zn.m (‘!’abx. 2). Thu

"lppruxiutc quhﬂty of fuol camw b;y tiw ship durlnq

thie . p.rlod m werth nl»ue R- K -ullom, of. nhu:h the

b ohl\av’u:-d consueption dee ta fouunq uom nuuud to

“"num-. so the countries which m & u-»q.

ft'o.‘f; ‘o’oﬂl Mv- to ‘mpwnd & qnat anmount: of

W10 for his

Bt nctor,

’ mcrwd uurlm tm. ﬂ:udy. "rhank- are nuo dlﬁ. to

Vm-. n.u&cipu. mmxm us in the encuhﬁm af

frt:thful ,-nm and ‘wur eollmm for Nulr hﬂp

durlm the m!tmun -f .upln.

Luqm\di to ﬂgum
1o Mmcntatin diqru of supnn. ams

i 2. Sraﬁﬁ -heu M th! u!nthm an frtc&tml mlﬂume-

-»vnqhn-s tsoumt qund 1963’

3- mm . aatlyﬂn of ful ccmu-ptten nud ﬂn Mr

of dlyﬁ uplctd hy th- mul.

-

- Tavle 1. The dt:trimtlon of fouum biomans in dtffcqmnt areas

of the hull of ORV Saqar Kanya. (&xprcsneﬂ !nkq/nl?} wWal it

Dapth " SBtarbeard side : Pcrt sid-

Am) - Bow ‘Middle © Stern Bow  Middle = Starn

° 2.15  a.07 18.56 s.05 - 847 255
3 - 11.92 . 4.97 20. 19 10.08 6.61 19. 8%

5.6 . 7.44 s.91 - T — .29  12.29 SE—

Propeller @ 0.34; Rudder = 19.59; Bar keel (aftism 47.70

Table 2. The increass in fusl Gonsuaption with period (1984 May tc
e om se 19635 Kay) after the previous drydecking (1984 May).

Lrutse No. Pariocd, area & Nautical % incresse in
’ position: ailes/la.ton fusl consvaptien
s 73 May 1984 ¢t 19.18 17
PSRN N 1 July 19“ . N
" Central lﬁdinn Ocman
e pun A5 July 1984 to  19.86 i3
27 August 1964 - o
] Bay of Bangal
10 " 1 Septeaber 1984 to 19.80 - 2%
Ll - e . - 10 Octobar 1984 . .
Bay of Pengal
s - 27 Octeber 1984 to  17.94 Y
10 Daceabsr 1984 :
Cant ral Indian Ocean
12 21 deceaber 1988 to 19.26 o -
TN 3 Fcbrggry 1983
‘ 7 dl.Centinental Margin
' wt India o
L. JONENN . -8 February tses te 185,185 . a8
- 21 March 1988 S
o - -Arabian Sea . e
44 e 23 Warch 1985 to  15.92 M

29 April 1985
Indian Ocean

From Sosbay to Goa 22.5 : ] )

19 May 1983 to - C ’

21 May 1983, (Thw abovd cc!culnthmg n.r- ndc
unh ‘resgect to thix mdtng)



http:Utlr_p.ct
http:e.ft'.47.70
http:dU'f.,.nt

DUSMBES 5 it oottt s o
mt«ﬂ’o.-nun. BULSTW WO BMEPnyg  CPEGH .:4«Jn€tuc..vm..ﬁu
sy P UEAPUEARY M- CCIPLIFd '8°B°Y CCRCN MYeN

‘vE~-98
; L) n.‘.v
d g ‘puwlAsup ‘SSBIg  SINITIBUL IRARN (S
u...uu«..m Amo.t puw #M013ne] *Q°r *APn3g Adwuipdidspasjuy
UE  UEFITISTIERBPOTE BUTsT U] “8ISIp  Duyjeses jo
 Bwap OpweudpeapAy Uo SL1FJ [WIGOIDFW JO  SOMUBRTIUT BL

‘vB61 “481ARL MG PUP NIIW4B ‘L ‘c4sisw) g ‘°1°B ‘aee]

, W ‘OG0T 10 d ‘suey
¢ LNDTS08 amiseH  ‘Juewystiqeis3 .ho.u,ugvlh L UTEL Y]
AIFTRA TP UNTITIE  *DOOZOU (W) Jsoday - ~Bujrnoi yIym

MOYIDTLS UINS JO MOFIRIIPA Byl °ZE6T 3T S3jewyina]

*Z29-z19 8% .A-uu
. egmAg  *DO4d SO
"asul vuwN ‘CIIng wesdp wejpul d
hﬂblon up sesjuebic BHujscg puw Dulno Bwes  Uo

woyambByasiaus  Asejwicqe] puw Pratd 2961 W'Y ‘apuwsey

TUZ-EEZ 19T ‘riep Boug “10IFCJwH EI0uUS
Aanoes -ﬂ-ia.‘ﬂ MEN ® LD ES]Dwudeq  puR wnITTEng
WKYDYIRS sublw pes [Pluusand  S43 USEMISQ U] IIWIEJUTE

48 MOEFRDFIGSBAUT  TRIuew]sadx3  "9G6T °d  ‘jionwuiar

. : : aPH
0Z~S1 “dg "Pripen ‘opawg 13 ...uu‘n.e.:vw
STIOUNTIEdNT 8P truerny . sBurpesdnsg ‘1861 dag

SBOUBAA USD Nuw) BupMol (WUOIINUISIUT YIB. “ESE6T  “I1LX

148128 *dd “suey3y

‘agEmig e auGewMD T9ITWDeL ‘DuTEney . pur. ue}sesleg -

eujamy Mo ssaabuo) [VUOFIFULEUL PUZ Ul CEEas

FT Q@ PuW DFIOSWILON BYY U] HoEeBiavu SpEM)y -
WM tu‘lahu,ueoo "3 sw dyys uo Bupinos ML "P96T Y ‘93b1

: “z9-1v “da *H4oA mmy ‘1Qng
BouspoRIBIul ARTIRM Y C(°Pe)  BITWSOION "W “sdiye

28 uspsIndoad puw  asuwisissy  ‘SU6T Wy *88  ‘preAswy

. *§91~-L91 dg

wyegn  ‘PuRAiwN  ‘SESJg  SINRTIIML. TRARN C(°SPE)

’ oy paaw’ 13 a* “Apr Aawus [d1ompeu]
aeddyy  C3cH P’ morimen Catf  CApnas
ME®  UDTAWIOTIIRPOTY  BUTLWH 10 ¢ *Buy nojoadew

J0 BIIWIFE WY 4O MRTAINAO JBFg @ "¥BET "33 “SFIepwed

. POF-SHC “da "BaeRIg
‘aumyay  cBUFIRO0Y FUP  UCTROL40]  BUFSEH UO  wEaiBuo])

i 14

o

91

i

c@” .

-1 4

-

bt I

FPUGT IRULSIUL YA Ul CaSjemees  u) vuswaousyd  Bbwap.

Bugiomg e wepjisdoid 2w RI0sBIe  SIRJIRG ve6T  ‘Bury

L z' v.un,",bﬂ.u ;.a..—m‘%ﬂt 3y .sﬁ«‘ﬂ 3y -.I vmka,.,«usmu .vﬂn.

. *1EZ- 19T
“dg *wrSTN CPuRTAawi  ‘RSaag SINITIBUL [FARN  ("SPI)

S TMESLL Cgta pMe e [desD CUCF APR38R Adwuy[dfowpiesup .

UT LUOTIEIOFINISPOTA SUTIWN TUT  CHEFARS Y-

| 8UTIRe  Je  10i3ued  sey ABerswyowl  yesl  -erietg
WH Puv siaBpoy c@cg  ‘CTITAIRED  'rop o33 ‘amysty - opy

Ay °1og taang vanoquwy UIYIN] M mesiu

: BUTIPW BY3 Jo Lmasns Aivupwiiead ¢ "9pgl

L cagreg01 dg gy
.ainua..oqo.!u1)111..!3&.&.:.0.3.

"A'F  CAPRIB  ALBuTHTIRpIBIM] we  uaTImisimjspepers

SUTIPN MY . "OBST-OWET  awAuwy .
SUTIIN. MO UTEERL  Je - Ketasess g cvee

) . - ) e ....,uﬁ—wu, wﬂ‘n;olss&ﬂl, .,l,,!.lm:lﬁcly .
BUIVTs 40 auenTiuT 0961 'pusiiey B r bue T°0 ‘dara e

1Zy ‘ABegedy TERITTHTE W

. Y MOEINGESINTR B3, t',’w.vb‘& .u.e-a. puw

DFIIICABIBINL S8 SNSRI L *396T

L T SIZARIT de cuteen ‘PuRifiaey
SESLa SINITIUL TAEN -{SpS) Jaddil 37N pur moimed
. e *roApnse h.,..l:‘hau.isc»«knas uSIIvaRFiDIRpOLY |

SUISWY UL RBTDEI Bufuwero

" wdy NN JDPW BEIYR BOWSINE TEANL us dRetaRNyNq . :
- uied puw Busined wegs. TABEIRAG CF HIPUY o) tadlul e

B3N CSEUIIS TVIqeIIFw 83 anp

TISIE S4WW cdR3 cof cwpliegy ‘Avg wdwe) Uy Aysunewss
‘ Busine; w B3 IUMBIINIOND. U (STIBYS sIdRwawg)
| BINIONILE BuTPRE 48 BUTAGWGM 6 S338553 TLNGY SN ‘meagiry . -
L BT ‘tTady 'uepivispey (eesig puw
HOAL USTITA' SYY PUY BANIYIBUL (B85 DUP UOST By3 38
- SRIITBNOD-QNE USTRELLI0T BUTIIW Bl ‘sdIUS jo Busine, ,
PUT UOTSOLI0D BYL SYRT “PaSdEug ‘gch PuY . NI'@ ‘ynelung o

“IET-60 Ug N4BX men ‘DSBig Ipmepway (

‘BT cswmisis  (waibeisie uy MeFmeypy fug
. UOWWOD Bmes 20 PLidid UT UDISBPE puw

BUTIDEJW BU0800) Wwon 0 neTABa U ‘0261 ‘H ‘Seuive 2

) eIl CAaissanjan weavusey
"SISAYY O UG TeIPUL Je gEwod InBy cweg) Linyse Aawhz .
SU3 U Burinoserg mUTJeN e RRTDRIS ‘WG] "3°Y ‘g 3

o
Y sravudiwg eyy

L RSZI-EVEL 12 tremg -
. h BIWINTISS TPUST 3T
17 SUMOL0 IRIARIITE PANIRII LIGT TBN SEIAMATD W~

. *9eZiRLT

~ BupIne eyq

w-w.,w, fo,mtln,sw .cu o

PUS. uatyse] | o

.O‘h&'tg_: L. .
' bh.oﬂ .“Voﬁ.u-—,ﬁp 8 .

uey I amdeia L
W umey g

BRI MPLn

rgot ress

*poy Amjuey
“HOTINUANY
Juspay 3o

N




© . eraft. Tni - Gth thtirhd’flbml Congruss on Marine
Corrouon and !—‘ouum. Rthmzl /Bresce. Ppy. 355-368.

B

*Studin on® th. ngh and. tho brewding

"ot "Vc.rt'oiyn “dentnry arganises in the mdn- Harbour.
Proc'.'!nd. Acad.’ Scl., ’!Sl 1~ lA.

23, Truhur, M.G. and W.0. Characklis. 1982, Dynaeics of - ) : - i o L
© - o biofil pr&chs. 'J. MateF Pellut. Fod.,_.‘.ul 1288-1300. :

.24, Vua to On A.u. 1972 Qutudy ' 14 th- inpqrum of

T Ihlp 'y hu!l cem.ﬂtlan. fin appro-ch te improving the
‘wcgnomy  of Rhipping. Int Preceedings ef 3rd
International . Cangresn on Marine Corrosion and
Foullng. Nattoml Dureau sf Etandards, Baithersvurg,
ﬂdryllr\d u.s.a. Pp. 10-82. . K

. :s, uagh _A.B. xsas stwy of barnacles. m.n. thenis, Univ,

ﬂ. _ '"oqdl b lo Dcu-n.graphie Imt ftute, u.ﬂ.ﬂu.'. Marine
S Feuling and itn nmun. Publ. by United States
tuval lmtuuto. Mpnlu, Nd. 1932, pp. 21-34.

[J SAMPLING SPOTS

PO DO PP PP T ERPEHIIIVIRLEPVVU D UW W wWETwwwwr= - -



http:rnaUonalC.ng

aE-a B0 30 300 <) AP D A=) A FTA O T 9T 9 ¢




	3
	4

