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I 

m -he chaiist? cf Yae 'Locel Cr;t.?lzizq Csmiittae $3,- the Workshc?:, 
1~:. T. OkEichi, callad tie Sessicc to crler I: G9.00 hou=s cn 16 Novenbez 
19E7. ae welcc,?ed tie pnubici?aIlt3 to Universi3 Cr' Kaqawa s.3 izvitod 
Ixf. T. Nemots, Chainan or' WZSTAC, a?d Er. 1. I,;oZnsen, IQC 
rspresentztive, to adt-ess t'le Wcrksnc?. 

lrofassor Nemoto -hasized tie econcmic and envizcnmentisl 
LForbance of red tidzs and ccean bloccs, and -&e tbelizess of holZing a 
workshc~ on ixsrxational co-cperation in tiis field. Se L!en rzcalled the 
Cns or' t'le Wcrkshc=, as sgecified Li tie hvitatlon lettor to <=e 

to previae tn cve-miow of ro-levat reseazch LY szlecteO r ~ i c c s ,  
pa----l.'j 03 L?e basis of presentzciccs and 6iscJssFcns &zing t3e 
Intorzational S-osiuzl preceeLis Lie Wcrkshop ; 

I ~y==iC$L?tS : 

(i) 

(ii) to fczzdato- research s+zazegles and. prqose metiodologies for a 
glcbal Sub-progr=me on Ocean 3loons and Xed Tides, =der L\e 
Cctan Science on Living Xesources (CS'L2) Propzmne; and 

(iii) to suggest mzjor reseazcb t3Sics within Lhe framework os' O S i  cr.d 
GLIE, e.9. on eutzopnication, chances in the ecosystea structzre 
and poplation Cis'crikmtiocs (natczal and m m a d e )  , associzzed 
chances ii recrsibmt and chemicd conditions (e.g. oxygen 
levels), add mass mortalities OF nlrine orTaniszls. 

T3e IOC reFresentative welccmed the partici?ants on behalf of ICC 
a& ccnveyed a zeeting for a successful Workshop from the Secro,tazy ICC to 
t'.e Sccal orcanltL15 &;nittee and the parzici~ants. TSe ICC rspzesentativt 
2~rther intzorhced ';ne bacicqround for the Worksno?, the scope of wnidi 
exFnplCies the i..creasLig need for inter&Lsciplin.?ry approaches to ocean 
science, inclc2ing physical and chemical oceaiioqrzp'$y as well at ecaloq?, 
snysioloqy k?d taxicdog. TSe aT?aza?tly raFid war.sicn or' Slocm 
phenomena L? a z d e r  cr' reqicns stresses the denard for inte-qationtl 20- 
cPeration a ~ d  for clcsa llziscc between the scienti5ic c c m m l t y  a d  Lie 
b:-,tzz.aticnd or?tr.ltazFons. He outlined tile possijle role or' ZOC in 
s~;porcing a rscicnal Lzdl=aentzt5cn of a Sci=-progr=m.e an C c e a  Bloms and 
4el Tides -,'-,-cuqn develcpbg stzndzzd inezkok, ?rov=dbq' eqlginent znd 
zo-farazce ~,z=eri.~s , cr~mizing t=L-!xq and L~tercdibr~tlons 211 

cad2 ?rwite a technical basis for die izitializazicn or' such a S e -  
grocrarme. 

='tcilita' L-.k i n exczaiqe 05 Sara, and he wr?ssed the hcge t a t  <?is Wcr:us,S1cp 
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TSe Chairrsln of *he Local Organizing Cormnittee, Prof. T. Okaichi, 
proysed Prof. T. Nemoto to chair tbe Wor.Lshop, and tie proposal was 
approved by the pax-ticipants. 

The Agenda given in Annex I was introduced Sy the Clabmzn. Wit3 
reference to the aims of the Workshop as listed above, t!e Claiman 
suggested L\at the research review aspect largely could be covered by the 
solicited written contributions and the presentations and discJssicns at the 
international Symposium preceeding the Worksho?, &hus allowing the Worksncp 
to dedicate the zvailzble time mainly to discussing needs and ,possibilities 
for fut;Lre inte,mational collaboration. 

5 e  C!!;r'znan proposed to arra.7.7ge p ~ r t  of the Session i3 <-.",-%e 
Subgroup 52aling with ecological, taxonomical and toxicolcgiczl aspects, 
respectively. He then invited Drs. T. Smavda, X.V. Ear.sen and D.M. Ar?dezson 
to &ai- the Sub-grsups, and Drs.. P.M. Eolliqan, :C. Stsi6hger znd I. 
Jerkinson to act as rspqorteurs for the sub-cjroq discussions. 

The Frcposed a-istrative arrangments were aTprcved -by t;,e 
participints. The division of the participants L~to %\e sub-qrourrs Is 
indicated ii Annex 111. 

- 

A number of brief reports on regional occiL'zences of phscplzr-kton 
blooms and red tides, solicited frcm the participants to the Wczkshc~, are 
given i? Annex 11. TogeLler with tbe inr'craation ?resented at ti,e 
International Symysium on Red Tides preceedinc *he 'n'orkshop, Lhese rewris 
clearly illustate that pnytcqlankton blooms and zed tides phencrnene s ~ e  
global in distribution and ap?ezr to be srrreading witiin a d  beneen ==ions 
a d  to be becoming increasingly frequent and extensive as well. Scne of =he 
more alz.zrmiiq reports can be s-ized as follcws: 

Red tiles of Gvrodiniun auroolun have cased mtsslve kills of 
f L m e d  and wild fish (and other marine animals) in notuwestern Suz-cPe since 
the mid 1960s. Remarkzbly, L'lis dinoflagellate is not recareed in the 
plarkton records for' the Northeast Atlantic ber'cr? this t b e .  Ncw 5 
aureolm is a cc%ticn- 'and often dominant ccqdneat of the' chso?lCL<idit 
corcoms?ity in L'lis re5ion. %e or5znism hts also cased m s s  noztalicies cl 
caqed flsh in Zapan (wnero- it is referred to as Cv;nr.ctini~~ nacaszklense). 

Red tiZes of C!attonella aticua have caused devastating kills c? 
caged fish (mostly yellowtail) in the Seto Inland Sea in Jaga.n on s a y  - 
occzsions since &cut 1970. 
fish farming in Japan often reaches billions or' yen. 

The annual dsmage from C. anticus red tides cn 

it is now well-doaented that ce,ltain dinoflacellates c2n czuse 
severe Gastrointestinal disturbance in humans, incl-ding acc;lte di2zrkoea. 
nausea, vomiting, and abdominal pain (DS?). Althougn no mortalities caused 
directly by 'toxicity from DS? have been rewrted, tie affliction is hicnly 
debilitating for 2-3 days. The responsible dinoflagellates can conc=mkrare 
shellfish even wnen cell concentrations in the water are very low. St&.",iqg 
as a virbally unknown phenomena 10 y e a s  a50, DS? is ncw considered to be 
the mos- Lriortant snellzish toxicity prcklem Lq m y  countries thhz=u~hout 
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t?zou~:7O;t ~:?e ~or-: and c5tsn necessitsta ejnensive mmirortng 22.5 
su-.Jeillznce grocrames. in ateition to the direct lcsses to es=&liskeci 
r'isheries, ',e presence of p1znkton-related skellfish tcxicity in a regic~ 
czn conszzain aqzaculrue develccment. This is oczzrin~, for exapia, in 
Tasmania, Australia, where recent cu-dreaks cf PS? have It2 locil 
authorities to recommend that shelk'ish fcmezs in one region eitler crow 
dlfferenc species or move their operations to a differen: region of tie 
ccu?+,,y. 

.- 

Mortalities of eulturtd fish,sucS as ticse that frequently occxz i-l 
%\e Inland Ssa of Jacan,or tke massive kills of wild fish in tis G ~ l i  of 
Msxico .have major economic costs, esthated to be $19,500,000 in Zapan in 
1983 alone. PluLLton Slooms c m  also clog fishe-men's nets or alter ,'ish 
behaviour-, bozh of whish can dramatically reduce catch sizes. Slocms c m  
even mac-, 'Lie tourist indutry in ce-nain rocions when dead fish wash up 
on shore, when surf activity croates tlick layers cf smeily foam on beaches 
or when local sea food is suspectod inedale. 

4. 

As a startpoint for the discussions, tle L k e e  subgroups .were 
charged wit.? the task of definhg plankton bloons in the contexz of tkis 
Worksho:,. T3e:definitions which came up reflected tie difr'erent approaches 
of the three sub-groups, as inacated in the following tkree chapters. 

It wzs generally agreed that phyto?lznkton blooms are discrete 
events i? space and time, constituted by elevated concentrations of 
unicelluiar pnytcglankton . orgt9isins. The czusative mechanisin of 
concentzation may Se either Bhysical or biological, as when '-;ne growth rats 
of pnytcplankton biomass exceeds tkie race oi losses due to sinking, lysis 
and grazing. Potentially a6verse effects of phytoplarjcton bloom cowrise 
eiscoloration and foam production, toxicity, changes in ecosystem struct'ae, 
diversity and cycling of matter, m d  increased sedimenration load on the 
benthic communities. 

From a toxicological point of view it is interesting to note that 
only a rather lifited cumSer of ph-ycplanktcn species seem to oroduce 
tcxins, L5ousn Lke list of potentially tcxic species is still being 
extended. Tkese sgecies azs nct pernw-ently KCX~C, rather the tcxicizy 
ap?eurs to Se . c ~ r s s s s l  under certain envirormental and physiologic: 
conditions , yet incoqletely understood. Alt?ou@~ toxicity is n o A ~ L l y  
conaecttd with mass occ-xzences (i.e. blooms) or' tie concerned species, sc30 
?h.yrc~lankzor, species ?rove tcxic even at low cell densitiss. AFUZ fxn 
<?e phytzplarixton, some heterotzognic plzrrktonic crsznisirs (e. 0. Ciqustara 
-3noflagella'les) display s b i l x  toxic effects and shoud tkerofore Se ! 
considered in &&&is context. 

TSe tzxoncmy sc5-gzoc~ reviewed B list of potentially bloom- 
r'orning phytoglankton species. The list is shown in A m e x  N. IC is 
remazkable that species of all the major phytcgenetic croups CP ml-=ne 
pnyto2iarkton =e kaown to fo-q bloorrs i-i perrs=jed ar.6 non-perrxbed 
coastal wacers as well es in tTe open ocezm. trcm .=n ecological poinr of 
vlaw tkis obsenaricn is L~c,zar,t, Secase it Lifts the foccs f r m  t.ie . 

autecoloqy of selectad sgecics to '-:?e lsvel cr' synecolcqv, s7ecificslly 
siz,i,?g a-, elaciSrin: the oi?vsic=!, - -  , ckemical ami bicloqical. fecrcrs 
ccntrollinq the oc-Are&, cli~zx and degraeazion of ?h;lt=~:larksr. blccns . 
In czaszal areas, pkytspiariksn 5locrr.s ==e cfzsn c=cnecz=2 zo e1tyis:td 
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concentrations of nutrients, particularly the combined inorganic forms of 

I regarded as an effect of eutrophication. The occurrence of phytoplankton 
bloom in the open ocean, however, suggest that other mechanisms might as 
well be operative in triggerirlg and maintaining phytoplankton blooms. I 5. ECOLOGICAL STDDIES 

' nitrogen and phosphorus, and phytoplankton blooms have therefore often been 

I 5.1 INTRODUCTION 

The Ecology Subgroup initiated its discussions by further 
elaborating the definition of plankton bloom as spatial and temporal 
discrete elevations of phytoplankton biomass relative to a baseline 
situation, as outlined in Fig.1, which illustrates the stages of a typical 
bloom event: the initiation and growth phase, the climax or maintenance 
phase and the decline or degradation phase. Being restricted phenomena in 
time and space, relative to a baseline which itself is fluctuating and 
rarely well established, blooms probably often escape observation. 
Furthermore, blooms defined as. elevated concentrations of phytoplankton can 
be natural phenomena, such as the spring blooms normally occurring in 
temperate coastal waters. 

3 

Fig. 1 The stages of a bloom: (i) initiation, (ii) exponential growth, 
(iii) maintenance, (iv) decline. The bloom is constituted by the elevation 
in biomass (illustrated by the hatched area) above the baseline (v). 



IOC Workshop Report No. 57 
Paae 6 

in order to c=ncez=-jally eistin-ish exteptioKal 
blooms fram natzrzl blocms, it is necessr? t3 include a quantita:ive aspecr 
in -he Slcsn defiziticn. Phyzoglanktoc bhcms car; be cozsidered excissive 
in te-ms of: 

(i) amplitude, i.e. the biomass reached 6uL7g the maiitenance 2hase; 

(ii) spatial extsnsion, i.e. tiie geosrapnicai area dfacted; 

(iii) duration of the maintenance phase; and 

(iv) frecpencp of successive blooms. 

Viewed on a global or regicnal scale, L\e monitoring of Olocn 
occzrrerxes is no-wly too scanty to facilitate an idectification of 
exceptional blooms on these qumtitative criteria, and the suj-croc::, 
therefore considered Lie acquisition of long-te-m routine data on 
ahytogluivton biomass to be a matter of inmediate conce-3. 

5.2 BLOOM DEVEEL0W-X 

3ven a detailed observational progrursne on’bloom occurrences will, 
however, not *rove Lie understanding of bloom development, unless i: 
includes Lie physical; chemical and‘ bioiogical factors +hat control bloom 
fo,mation. At present, Lye- general understanding of bloom dynmics is 
liited, and the s7&-5roc? considered Lie developmenz or‘ consisrent a d  
testhls hFotheses witFlin this field to be a prine researcn need. T5e S b -  
group discussed a number of physical, chemical and biolosical fac“,ors, tiat 
might be operative in controlling tie diffsrent stages of bloom fOrZiatiSn 
(“le 1). 

Table 1. 

3 locn ---------- Controlling factors---------- 
Szzaes Physical Chemic al Jiological - 
- -.litletion Vertical aLiing FLcess nutrients Seed population 

(Cpwelling) 

Species ca~ositior, 
Lack of ,redetion 
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A jloom xniqht be Lritlated by u1 Liiczesse in avzilzbility c' 
i-?crgar.ic nutrients , Frovide2 tie presancs of a sa9ficient seed ysularlon 
cr' potentiaily blocm Zo-dng phyzzpLziKton species ( cf. Armex I?). Nuzrisnt 
ezzicknenc c m  be czcsed by inTut from river ran off or LanS-based SoL-ces 
or Sy upwelling or' nu:riant-rich boztcm water. Altkou~h 'nueisnt er,-l&znent 
prsbably re?rssents Lie major causative factor initiatiiig blooms , ot'ler 
mchanisxus of gnysical, c5emical cr biological nature cculd also Se 
c3ezacive zs triqgering factcrs. i3 Lie 
cpen se2 may contrihte to eiucidate &be k p x t n c e  of such m e c h d m .  

+ 

Studies of ghytqhnkton Sloorrs 

Z t e r  the izitirtion szage, In which tkhe phytoolanktar. a@t to 
Lie diznged envizormental ccn&tiocs, a build U? or' pn-cplarnkton bicmzss 
gill OC=L-, reachiag a rn+xizm,m biomzss dete-diied by tie availability or' tie 
zcsz lLzsis3 nutrient , i . e. the-- nutrient wit1 L'le lowest concecastion 
ccqc-ed to the ghytcplanllcn Oenand (c?. Liebig' s law of tie Winiyzmn) . Tke 
6L-atlon cr' -&is maintenance staqe is irZluenceC by Lie physical st2bility 
zr' tie water in~ss, the reqeneration of nutrient by heterotroFnic prccesses 
'ditkh the sueace layer  id tke zbility of *e phflopiapkters to =e- 
allocate iztracellulz nu*aiezr pools (lscry qtake). Finally, deqralation 
=f a bloom c m  be ac;lieved tkzou;n physical &ing a d  by increas3q lcss 
Z ~ Z P S  &e to sedb~entazion, Plsis aid graziig. 
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Pmnonium Iron trace eiemen: 
Mixing CTD Advection Irradiance 
spectral quality transmission 

U 
t 

Primary Production) (Grazing 
Bacteria ) Rate Measurement (Sinking 
Exycystment 1 (Encystment 

Fig. 2 Physical, chemical and biological parameters constituting an integrated 
monitoring of ocean blooms. 
core measurement, while additional parameters are listed outside the 
circle. 
monitored by satellite imagery. 

Parameters within the circle represent 

Sea surface temperature, chlorophyll and light can be 
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i .3 

acrcss tze watar-se2izent interface, tnd on Lye exckaqe of ?c-icslste L"rd 
Pissolvet orgu,ic material betwean cozstzl til oceznlc wzzszs. 

5.4 
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(c) Modelling. Cne, two and 'Lhee dhezsionzl' mcdels to s d l a t a  tie 
h s i c  physical and biological processes uderlying the fo-3aticn of - =;?ytcclankton blocms nust be <eveloped in parallsl to obse-naticnal 
grecrmes . TSese models, toget!!er with s-le heuristic8 models tn 
ixesrigate pzz-ticular processes, should have the a h  of preiicting - Phytoplankzon blocms. Computer-basecl infomarion systsxs would also be 
-sentla fcr diagncstic analysis, cocsultszion and cmnnication se-'vicss. 

i 

, 
I 

3.5 

(a) Data Acqisition. Season& m d  Icngez tern obserc-zticns =e 
aeaded to understad biccrn develowenr iind to enajle Lye dececzion of Liter- 
zznzal ckmges or' blocrn distiihtions. Stratqies for &servaticnal anti 
qerber.tal work shculd be desiqned for basic 0: ae-rancod level work so 
that the best use is made of Lke available ?ersonnel and tac:i?ologiczl 
==sources. Tke full ca-operation of zesezrch insrF*JtFcns, national 

cqmizations should be sought. 
=itbe agencies, rishernen e. co-operztives and qpregriacs c s m e r c i ~  

maintained. zppropriate extsrnal assistace 
skould be soucnt. ?-'.e raFid excharqe of information between ccuimries on 
tke Flannhg znd results cf saadies on phy=oolankton Dloarns will prcmote 
awareness of new prz3lms as tkey arise. 

When %his is not possiSl=, 

(c) Develc?menr. cf Predictive Eetlo6s. ?oz conce?tual and diacncstic 
models to have a real predictive value, atbey shocld be based as fs- as 
2cssijle on objecrive ecdogiczl principles E Y ~  be capzble ,hf accsxznodathg 
new inr'srzation on ?zrtic.1l2zr processes. 

6 .. 

m ->e a v e l e l e  c = x o n d c d  llters-,=t-e is sczzt=:e6 z-25 taes n=t 
coct~n a cohssive 7.1iie to plmkton Dlccm species t-5.z: inco,qcra=o new 
fLiZincs base6 on cmserv'aiive, eesily recoscized attd consistent chazacters. 
-1 many countries tiis m&as identificaticn of plankton Sloom species 
Lzossible &zing mcnitcrhg procrunmes cz specific Sloom events. 
az~tion, new azproackes need to be pursued at sgecialized reseazch 

Siocneruical st.Ldies. ~t olt' cur-znt level of' eqerrisa aid k?cwletqe, we 
mst.. by necessity, rely on ncqholosy cf s?ecies as st-JZie6 by 1lsh 
rizrcsco?y in order to have eifectlve i&n=ificaticn by scier.ziszs 
tec?nicims ~ L ~ h d l y  zzzined in ',ie I~anzi2ica:icn of ?1z+xg-c bhcx 
cr;zrisz.s. 

- 
T- -.. 

- .e acilities to systenaticslly chlracterize s2ecies t-23ugh generic 
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?riority 2. 

- Ultrapldczcn and ?icopl;*ton 

- Cxhlodinim 

- Ostraoosis / Coolia 
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Irecise ideztification of uicellclar 0- -=u*isu?s ' 
caushg 'zlocrs is 

3 pzereqaisits for ecological and tcxicalogical szcdies/meesur%ents, a=? 
t'or adequate wzrring and prsventive measuzes to irdnwte c.z'fec=s ca 

aquacdtxze , fisheries , and public healtk. T5e followhg steps =e considezed useful Lq this conz=)r. 

(3) 3asee upon existlsg Gentificaticn sheets &id mznuals ccwiled fzz 
use in moEi=or% ?rO5=-es (@.a.. JaDanIand taxonomic cnlrrse5 fa fnllnw-un nf 
SC3R WG 33 reccmendations) , thesa should Se revised for pcblicaticc a d  
q a n d e d  3p Wideliies on saxqlixg and c~ltx=i~q. Tkese publications csulc! 
be usee i3 tzaLig workshogs (3 weeks). ii regions zeqakhg b.s+=uction ace 
g ~ i J a c s ,  aid taught by icvited bstzJctors. 

(c) Cdtum banks of living mobilo cells and cysts should 5e 
established. for speck'ic outSreaks/ever.ts so tiat they will ser.e zs h-clliva 
Patorial fcr futms taxonomic stxZies. 
bdivizual laboratories or reqiond centzes. The estzbliskment cf m;oz 
rogional centres t\at have analytictl caFabilitiss would accelerate 
howledge on biology ancl to-xins. s ~ c k  as 
b-ecsive field microscopes foz less tha 800 U.S. dollt-s, is jcsr zs 
L.-apxzant to l o c d  lakratories tkat need eqizmenc for nonitorhg and 
2oc*entLig specific Sloom events. 

TSese banks cu1 be established 

Tke need for basic ec;sigment, -- 

(6) Estzblis,zlment or' an international . Plznkton 3lOOm info,-=latlcn 
Cantre to hanZle.dis2ijuticn of identification m u d s ,  colouz ?hotoGzp;?ic 
slides, pezxanenz mcux slass slides, prEsemed Pield saterial, lists 05 
==ferencas , directories cf q e r t s  ~ ? d  otier Lyfo-Tazionel aid eCucational 
sib. TSe network of nations'i q e r t s  could be use5 to sczeen sukLt=s5 
na:tzirl gric: ta availa5ditp for diszzfiution. 

? l m k o n  biocm species should Se szxEed fr~a a sysz~~r,,a=lc 
qproac:? conczxrar.t wi'A chzificaticn or ac-Tkologicd criterir , 
ncmenclacure and li5e cycles. This would ixvolve genetic analyses t3 
cfa'actarizs genczes, Lm~nological analyses for sgecies iclectificaciar, a d  
clfz ezentlation and biochenical azalyses to c5t-actezize ot\er mt-kers scch 
as toxi~s, giqents. Stercls, fatty acicis, etc. 

-. -- 
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Paralytic Shellfish Psiscnirq (?ST) ; 
Diarr'neic Shellfish Poisoning (DS?); 
Neurotoxic Shellfish Poisoning (NSI); 
VeneF:?in ShelEisi 2oisoning (VS?); 
Mor-allty or' fish and other marbe orqaniszls; 
3looms leading to decrease in fish catches 

(e.g. net cloFging b e  to Phseoc-rs'zis, or 
chanqas L' fisk behaviour) 

Licxia events ; 
CiTaa=ora ; 
Aezcsol kritation; 
Nuisaxe jlocns k d u l  t3 tie touzist hdxs--.zy. 

?S? .is caused by a vlriable (according to sgecies znd Lici&r.t) 
r s q e  or' =slated ne*zzotcxLm cf wnich the best s=.tCed is s d t c e 3 .  T h s e  
tsxi-ls aro cmconrrated by mrrine bivzlves whicl? remain unaffscted by ties. 

iImtn conswtion cr' the bivalves results in Lxsxication , with rss-,L-stsrl 
pzzalysls and death 3 tihe most sever5 cases. Abcut 11 speciss 2r=m L?!,ee 
genera (Can*m.llru, ?vzrodinim 2nd Gvmo2lsliuzz) are known to aro6uce ?Sa. 
?S? oroducing sgecies narudly endemic to some b r e a ~ ,  notkly tie 
?aciiic coasz of Alaska, Cazza8a m d  Lqe U.S.A. and stsic% con-cols are 
maixr'zed on bivzlve harveszhg . 

CS? is associated wiCl qecies fzam the tdo qenera 3ir.=~nvsis and 
ProrocentFa. '%is is a rscently descrijed' phencmenon recorded in Escpe, 
Scdii America and JaFan. Toxins are cancent-ated by marine kivzlves an5 
cause dizrkoea iii n m i s  cons-qg tien. %ere is, as yet, little 
kr'ormccion an Lie ecoloqy of the causative d2noflaGellates. 

A thorough rzview of tle effects on h m ?  healL.3 which can azise 
as a consequence of U e c t  or: indiroct contact with certain tkTes of 
gnytoplank'con blocrs is contained irr a 'tE0 EnvironmerAal EealLh C-itsria 
Dcczeat (%EO, 1985). 
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(i) where 31, CS? or NSP has occzrrred h tS2 past; or 

A= Llis t b e  tie Sub-grocr, did not recornend :?at cigarera 
incnit.srL15 pmq==m.es be investisatad because or' the dyx&c n a m e  of fish 
novement, dinoflagellate patchiness and hadeqzate asszy rnethoaolqies. The 
Sub-qr~ug, however, Zid roccumend egidesniological scrveps to document tLe 
magnitude and tkning.of ciwatera. As soon as E! agoraved assay me-LiodcloQ 
is availble, countrias wit5 ciwatera orcbl-zcs skould becjin ncnitorhs fish 
at Lie mzzket level. 

S b c e  L\ere has often been a correlation between reef dss~=xtion 
m d  ouA&re&s of cipatera, tie Sub-szutl? reccmended <?at l~-se-sc=L9 
ccnstxction cr &redsing activities ia a=zaczec! -- c3~7~ries be followed 
c2'Pe"7 --dd-y 1 * sy mocitsri~g locrl coral reefs far zoxix. 

7.3 

7.3.7 PSI 
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7.3.2 35? 

I In develo?ing coutries, the mocse bicassay is zec=menc5e2, =U= 
5.e S~5-cron3 rscoqxized aczic;ll=ies i-? iste-Trstation &Le to felse 
positive results. PIUS a few smples skould he sent to ar, est&lished 
l&oratxq ;'or confi-Tation using BPSC. Aivanced izboratorias may use F2SC 
cr enzyme Limunoassay when agPrcveC by ACAC, but at present only the nouse 
kioassay is officially sactioned. Details on the method nay be obtained 
frcm Dr. Yasumoto (Yasunoto et al 1980). 

I 
I 

-. e - .  

~ 

VS? 7.3.3 

Xccse bioassay. ?Se method may be obtaine8 5-c~ L\e ;acmess 
!?iaisc=y or' Seal53 and Welfre cz Dr. Yas-mota. 

7.3.4 Hass mcrtalities of fish uld oL?er crg;t?ims 

When mortalities of marine a n L z s  neve o c x r e 8 ,  _cort-morten 
tialyses snould be conducted on fr=sn specbens. Fish should also be frottr. 
hnodiately for s*';sequen': axalysis. Ictansive pimicon s q l b q  a d  coums 
should be mediately caz-ied out, along witi preservation of sarple 
cr3znisms by fz3ezing, and deterninations of oxygen concenr-arion =sing tie 
Viirkler me+,cd or a calibrated elec-,-ode. C u e  should Se taken to mice 
these meascreme3ts Li -&e lace _ci~l"c of the night. 

7.2.5. Cic~eters rcxicity 

Mcase bioassay, as recomendec? by WHO. Stzndzzd tcxins m y  be 
cbtained frcm Dr. Yasumoto. 
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TSe Sub-qroqp recomendec! t5at fact sheets on s m t c r s  and - tzestztent-of w i n e  ?nycat=xins be Trsprred and &Ls',-ihtod to p.5';~ hedt\ 
cZ2icials i=1 ccastd c-ecs. 

in conjunction wi'-,p1 traA&g L? u e  a d  Lite-srstation of bbe 
uuqcr 2ata, specialized eqdipent is necessary, and shcdd be sllzlied to 

evqo,rzt3rs, stznear6 l&ora<ory mice, ttc,i,?ictl Literztuze, etc. 
Lzborararies to eevelcghg count-ies . - =x;;.sles =e ?SLC eqQnens, 

intercalibration of assay metbdolocies shcdd be ccneuc=td a* 
m-or-L.zatsd perfa6ically. %is is a ve-7 kupoztmt aid secsssr,-~ 
qrscebe. 
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7.5.2. Co-ordinated rnoni toring 

1 Tbe clear- correlation between c3asritl Follution and red tile 
events and the cpT,arent increzse i? *he frequeccy and mwirxde of shelk-isk 
tcxicity episodes cn a global level, sugsests that nocitorhg cf re2 tides 
should 3e co-oziinated wiLh tie existing mcnitorbg of -Lie pclluticn. Cn 
a glcbal level, the Intematiccal Mussel Watch Progrzxme has been lzuched by 
IXE a d  IOC to assess Lhe levels of chlorhated hy&ocakon pesticides ii 
bivalves collected frcm coastd rnazine waters hround the world. Sivalves 

general ability to bioconcentrats pollutznts. An ex?ansion of &d.e existics 
Mussel Wat& Programne to Liclu2e phycotoxins, wnicS are bioccncentrated by 
bi-alves, c d d  reveal useful infomation, not only cn the glcbal 
&istz%ution cf tcxic ghflcolarkon bloats but, LimL7, the- rslationship 
t3 marke poilution. 

1 I 
I 

I ax2 useful indicator orgznisms h e  to their worlciwide Cisbci3ution =,d 

a. E<C?-A.t?G OF IY?CX.XEION XTD' DA% 

Due to lack of t b e  this aGen6a itea wes only briefly c%sc~sse~. 
It was generdly agreed, however, thzt Lie global nature cf Lie rsd tide 
prcbl- and its apparently Licrezsag f zequency and Seographiczl sgroafiig, 
=!es iniomticn exchanqe a prise interest far inte-mationzl co-opezaticn 
ia tiis fieLC. Pour bitiatives whldi csulC a6vance this situation were 
i2entiZied: 

(II) 

a d;-ecto,q of institutions and individual w e r t s  engaqed Lq 
research and monitoring of p l m k o n  blooms. A fomat prc?osal 
fzcn ICZS was presented (shown in Annex V of &&is reyrc); 

a questionnai-e to t?e institzticns and eee-zts mentioned &ove cn 
ongoing research znd monitoring (e.g. number and locaticn of 
stations, sa@lhg frquency, measured gr--ae.rs=s); 

a newslstter r3~ortL:5 on outbrezks of zs6 tides and excsFcior,ai 
pnpoplankon blooms, *si= effects of fislie-y, rnaricltlt;Lls E P I ~  
ecosystm function and cn oncohg acrivlties, con=act goats fo= 

ft:"irer Lifor?naticn, etc. ; an2 

T3e IOC Workshor, on Inte-mational Co-or,eratlon in 'Le Study cr' 2e2 
Tides and Ocean alooxs was held at the University or' Kzsawa, Taktmatsu, 
Zaoan, on 16-17 Nove?rirser 1987, following an International Sciestiflc 
Syrposium of Bed Tides, 10-14 Noveier 1987. Out of the 240 scientists 
attznding the Symposium, 30 pzrticialnts formed a wi4e geccraghical 
reprasentaticn a d  a 

- - - - -  
ccvertge cf dk-ferent. as?ects cf the prcblm. 

t!!e Workshcy, was to: 

global oc=?x-zencos 05, and srzdlas cr', _ol&kL-L=n blccrrs; 
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WiLhin tke field of tzxcncxcy, Lle Wcrks5cg iSenti5ied slob& ne=& 

I !i) 

(iV ) 

a network or' t=xoncnical sFecialisrs CO assist 3 Qeciflc 
idenrification grcbleas; and 

barks of prese-wed reference s a l e s  m d  1lvLiq cLtc=es cf 3lom.- 
f o d q g  alcae. 
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A possible step to initiate implementation of the proposed 
sub-programme would be the review of the conclusion and recommendations 
cf the Workshop by the IOC/FAO Guiding Group of Experts on OSLR, with a 
view to : 

(i) advising on on-going regional activities and stimulating 
new ones; and 

(ii) advising the most appropriate arrangements to deal with 
the sub-programme, possibly through the establishment of 
a small specialised joint sub-group of experts, covering 
the needed disciplines, between the IOC/FAO GGE (OSLR) 
and GIPME through GEEP. 
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P.S.P. CONDITIONS IN INDONESIAN WATERS 

Ouraisvin Adnan 

Center for Oceanological Research and Development - LIP1 
Dj akarta, Indonesia 

Knowledge on red tides in Indonesia is still far from complete, 
and until now, no research programme on red tides has been carried out. 
There are, however, several reports of PSP in Indonesia, some of which are 
summarized below. 

In November 1983, PSP occurred in Flores strait, East: Indonesia 
waters. More than 200 persons got sick, and 4 persons died after having 
consumed clupeid fish. This was suspected to be caused by Pvrodinium 
bahamense var. compressa, which has occurred in South East Asian waters 
(Philippines, Brunei, Malaysia, Indonesia and Papua New Guinea). 

PSP has also occurred around Sulawesi Island, middle part of 
Indonesia. Fish die seasonally north of Sulawesi Island, and in August 1987 
four persons died after having consumed oysters from south of Sulawesi 
Island. 

In July 1986 PSP occurred and fish died in Jakarta Bay along the 
coast of North Jakarta, probably due to high concentrations of ammonia 
caused by eutrophication of that area, while Noctiluca was also blooming. 

Protogonyaulax - cohorticula which is known to be a red tide 
organism, was found in Aceh North Sumatera, West Indonesia, 1987, and 
identified by Dr. F. Fukuyo. In March, 1988 some shrimp cultures were 
damaged in this area. 

In January 1988 at Balansiku-Setabu-Bulungan, East Kalimantan, 
more than 60 persons got sick and 2 persons (a woman and a boy) died after 
having consumed oysters - hard clam (Meritrix meritrix). The test for trial 
was done by the staff of the local hospital as follows: an oyster was 
boiled, then given to a dog, which died after about 5 minutes. The 
occurrence of the bloom lasted several days. The possible causative 
organism was Pvrodinium bahamense var compressa. 

Red tides and PSP occurrences are still a problem in Indonesia. 
Delay in transportation from the site of incidence (often remote islands) to 
the laboratory is a problem which must be solved. This will give us better 
opportunity to identify most of the red tide occurrences. 



- I 

IOC Workshop Report No. 57 
Annex I1 - page 2 

RED TIDES AND TOXIC ALGAL BLOOMS IN THE SOUTH WESTERN ATLANTIC 

Jose Ignacio - Carreto 

Instituto Nacional de Investigacion y Desarrollo Pesquero 
Mar del Plata, Argentina 

Among the organisms responsible of discolorations in coastal and 
neritic waters of the South Western Atlantic, diatoms, dinoflagellates, 
Phaecocvstis, the cyanophycean Trichodesmium sp. and the ciliate Mesodinium 
rubrum have been reported (Fig. 1). 

It is interesting to point out that most of the mentioned blooms 
have been produced in frontal systems. Blooms of Alexandrium excavatum, 
Prorocentrum micans and Phaeocvstis have been observed in the frontal system 
of Peninsula Valdes. 
been reported in the Rio de la Plata frontal system. Mesodinium rubrum red 
tide has been related to the shelf break front generated by the turbulent 
flux of nutrient rich waters of the Malvinas current. 

Several discolorations and a toxicity outbreak have 

The occurrence of toxicity in shellfish in Uruguay was first noted 
in February 1980 when several people reported illness symptomatic of 
Paralytic Shellfish Poisoning (PSP). 

The first toxic outbreak of PSP was recorded in the Argentine Sea 
during spring of 1980. The toxic species was identified as Alexandrium 
excavatum. It is difficult to explain if this species has been recently 
introduced in the area. However, it seems clear that since the 1980’s 
bloom, the distribution of the species widely spread. Our data indicate 
that B. excavatum is at present a common, minor component of the spring 
bloom observed in most of the neritic Argentine ecosystem, associated to the 
subantarctic shelf waters. 

Unispecies blooms of this species have been observed only in 
frontal systems. However, this condition seems to be necessary but not 
sufficient. Although the determining factors of blooms are difficult to 
explain, their consequences cause serious problems in this region (Fig. 2). 
Besides the species above mentioned, Gvmnodinium catenatum, PSP producer, 
and DinoDhvsis fortii and DinoDhvsis acuminata, DSP producers, have also 
been found in the Argentine Sea. 

The problem of red tides and toxic algal blooms in Argentina and 
Uruguay are really serious and deserve to be studied in detail in an 
international f ramework programme of training, communication and 
collaborative research. 
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Fig. 1. - Red Tides and toxic algalblooms reported in the 
South Western Atlantic. 
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RED TIDE EXPERIENCES IN THE PHILIPPINES 

Rhodora A. Corrales 

Marine Science Institute, 
University of the Philippines, Diliman, Philippines 

Probably the earliest record of a "red tide" in the Philippines 
has been that of a reddish rusty discoloration and bioluminiscence in Manila 
Bay in 1908. Similar phenomena have been noted in the Tawi-tawi area in 
1976 and in Maribago, Cebu in 1983. Human fatalities, widespread report of 
PSP cases and a loss of about 10 M from a government-initiated mussel 
mariculture project from a bloom of Pyrodinium bahamense var comuressa in 
Maqueda Bay and adjacent waters in Samar in 1983 alarmed the government. A 
monitoring programme has been initiated, data from which have shown seasonal 
and spatial occurrence of the species in the area from 1983 to 1987. 
Another bloom of this organism occurred in June 1987, this time outside of 
Maqueda Bay and in Zambales area. From May 26 to August 7, 1987, there were 
211 reported PSP cases, of which 6 were fatal. Periodic blooms of the 
species have also been recorded in the Indo-Pacific region. Aside from 
routine monitoring of the physico-chemical parameters in the affected areas, 
most of the work so far made is mainly the identification and determination 
o f  the concentrations of the suspected and associated organisms. 
Toxicological work and testing of local antidotes have been done where 
verifications or further works are needed. There has been no attempt to 
undertake more in-depth study on the local representatives of P. bahamense 
var compressa. 

As in the case of other less developed countries, the following 
are the needs/problems to be addressed in order to improve the understanding 
of red tides and to act accordingly before, during and after red tides: 

1) lack of technical expertise and equipment; 

2) lack of reference materials for the identification and other 
studies on the causative organisms; 

3) lack of rapid warning system and public awareness campaign; 
and 

4) lack of multidisciplinary research approaches on the 
phenomenon. 

At regional and/or national levels, the following could be done: 

1) development/training of a pool of local expertise to 
undertake research and supervise/train local manpower 
(technical assistants, fishermen, etc.) who could be utilized 
for regular monitoring, surveillance and other related works; 
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2) implementation of long-term collaborative multidisciplinary 
research on the biology, economy and toxicity of the 
problematic species P. bahamense var compressa; 

3) development of manuals for identification and culturing of 
causative organisms; 

4) development of rapid warning systems as in the one found 
useful in the management of "Nori" culture in Japan, and 

5) public information campaign to minimize if not prevent 
negative impact on human lives during outbreaks of red tides. 
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OCCURRENCE OF RED TIDES IN THE SEAS AROUND INDIA 

V. P. Devassv 

National Institute of Oceanography, Dona Paula, Goa, India 

As regards the status of occurrence of red tides in the waters 
around India, Trichodesmium ervthraeum is the most important red tide 
forming organism. Practically every year massive red tides occur especially 
in the Arabian Sea during the premonsoon season (February - May). High 
concentrations of inorganic P04-P, NH4-N and N03-N have been observed 
associated with these red tides. Other phytoplankton organisms were 
abundant and some diatoms appeared in profusion in association with the red 
tides. Chlorophyll 2 and 14C uptake values were considerably high during 
the period. The ability of Trichodesmium to fix atmospheric nitrogen and 
subsequently to release inorganic nutrients during their decay enriches the 
environment and leads to proliferation and succession of other planktonic 
organisms. Future plans of work are: 

evaluation of N regimes which might initiate Trichodesmium 
red tides; 

nitrogen fixation rate by red tides and computation of the 
import of this N into the marine ecosystem; 

decay of Trichodesmium and the rate of release of different N 
compounds like DON, NH4, etc; 

utilization of the released N by other plankton and 
succession. 

Recently we have observed outbreaks of toxic red tides due to 
dinoflagellates causing PSP and DSP problems and human death. During 1984 a 
green tide caused by Pedinomonas noctilucae (Subr.) occurred in Sweeney 
harbouring. Noctiluca Scintillans was responsible for severe setback to 
fisheries on the west coast of India. 

Important steps envisaged for future studies are: 

1) regular monitoring of regions which are proned to red tide 
outbreaks ; 

2) more stress to studies of micronutrients and Vitamin B12; 

3) more concentration on cyst studies; 

4) application of remote sensing techniques for buoyant red tide 
forming organisms. 
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TOXIN ANALYSIS - TOXICITY IN DINOFLAGELLATES AND RESULTING BIVALVES TOXICITY 
S. Franca ! 

, 
Lab. Microbiologia Experimental 

Instituto Nacional Saude 
Lisboa, Portugal 

I 

The first report on toxicity in bivalves along the Portuguese 
coast related to a Gonyaulax tamarensis bloom was made by Silva (1962) whose 
contributions to the study of dinoflagellates led to a better knowledge on 
cultures and on characterization of several important details on life cycle, 
ecology, morphology, ultrastructure and association with endocellular 
bacteria and toxicity of Dinophvceae. 

The scientific understanding of the problem related to the 
dinoflagellates, namely their toxicity and resulting bivalves toxicity was 
the scientific basis for the management programme now established. 

Since April 1986, and in order to satisfy the impositions for 
commercial export, the work on toxin analysis in molluscs bivalves has been 
developed within a design leading to a surveillance on harvesting areas for 
PSP and DSP toxins. The prime objectives are related to public health and 
to coastal economy. Since the programme was initiated, toxicity has been 
found . 

The control of the sanitary conditions of the bivalves from the 
Portuguese coast in relation to dinoflagellate toxins has been accomplished 
and the close integration with researchers interested in the study of 
dinoflagellate toxicity led to the collecting of data and to a description 
of the relationship between toxicity and causative organisms. Also it has 
been possible to preserve both organisms (isolated from natural populations 
and maintained for cytological and toxicological studies) and the toxic 
shellfish extracts for further research studies. 

PSP and DSP toxins were monitored by mouse bioassays. Until now 
no attempts were made to purify the crude extracts. The extraction of PSP 
toxins was made according to the AOAC (Association of Official Analytical 
Chemists) method (1985). The toxin level is expressed in ug of saxitoxin 
equivalents by 100 g of shellfish meat. Table 1 summarizes our knowledge on 
the actual occurrence of PSP toxin along the Portuguese coast from April 
1986 to October 1987. 

The extraction of DSP toxins was made according to Yasumoto 
(1980). Table 2 briefly presents the preliminary results obtained in 
bivalves along the Portuguese coast from May 1987 to October 1987. I 
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Table 1 

Occurrence of PSP toxins in the bivalves of the Portuguese coast 

Results on PSP analysis and brief 
charact. of mouse bioassay 

No. X causative organism 

G. catenatum PSP present >80 ug - like STX stand sol. 64 8.1 
50 6.4 

PSP survivors, recovered from mild 86 11.0 
11 I1 11 11 PSP " <80 Ug - 11 

11 11 

STX sympt. 

PSP absent 49 6.2 

PSP ? death time <60 min., unlike STX 467 59.7 unknown * 
PSP ? 11 (60min--24h), 65 8.3 11 

Total - 781 shellfish-samples analyzed 
* - These results are commonly found in analysis of oysters. The 

causative organism was not identified. These toxic extracts need a detailed 
chemical study and a post-mortem examination of mice may be necessary. Mice 
undergo a hypoactive behaviour after the i.p. injection of 1 ml extract. 

Table 2 

Preliminary results on the occurrence of DSP in bivalves of Port. coast 

~~ ~~ ~ 

No. causative organism 

DSP present, death time <30 min, severe symptoms 23 D. saculus. D,acuta* 
11 n DSP l1 (30 min--2 hours) 12 

DSP absent, no death 24 hours 21 
11 11 

* - (pers. corn. M.A. Sampaio); 

It is obvious that there are important gaps in our knowledge. 
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Besides the need for maintaining our research programme in course on 
"Dinoflagellates Toxicity" and the "Study of the Relationships Between 
Dinoflagellate and Bacteria", we think that the findings in the surveillance 
programme suggest even more questions. 

The most important research topics in this area are: 

i) culturing, which is essential to the development of studies 
leading to the detailed characterization of organisms and for 
production of toxins; 

ii) characterization of structure, ecology, nutrition, and growth 
rates under experimental conditions, periodical events of life- 
cycle, biosynthesis of toxin production, relationship between 
dinoflagellates and endocellular bacteria; 

iii) production of cell extracts and shellfish extracts; 

iv) purification and chemical and biological characterization of 
toxins; and 

v) comparative studies on toxins obtained from different origins: 
shellfish, dinoflagellates (field collection and/or culture 
collection), bacteria (isolated from dinoflagellate cells). 
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TAXONOMY OF RED TIDE PHYTOPLANKTON 

Tasuwo Fukuvo 1 

More than 100 species belonging to eight taxonomical classes can 
be listed as red tide causing and/or toxic organisms. Among them 29 species 
of DinoDhvceae, 5 of RaDhidoDhvceae and 2 of HaDtoDhvceae listed below are 
known to be hazardous. 

I I 
DinoDhvceae : Prorocentrum lima, P. c o n c a m ,  P. mexicanum, DinoDhvsis 

acuminata, D. acuta, D. fortii, D. mitra, D. norveeica, 
D .  tripos, Amphidinium carterae, A. klebsii, 
Cochlodinium Dolvkrikoides, Gvmnodinium breve, G. 
catenatum, G. nagasakiense, G. veneficum, Gyrodinium 
aureolum, Gonyaulax polvedra, Pyrodinium bahamense f. 
compressum, Alexandrium monilatum, Protogonvaulax 
acatenella, P. catenella, P. cohorticula, P. fratercula, 
P. tamarensis, OstreoDsis ovata, 0. siamensis, Coolia 
monotis, Gambierdiscus toxicus, Peridinium Dolonicum. 

RaDhidoDhvceae: Chattonella antigua, C. marina, C. subsalsa, 
Fibrocapsa iaDonica, Heterosiema akashiwo. 

HaDtoDhvceae : Phaeocvstis Douchetii, Prvmnesium Darvum 

As taxonomical criteria of some genera and species vary among 
taxonomists, alternative species names are proposed and recognized as 
synonyms. For example, Dr. Balech uses genus name Alexandrium instead of 
Protoeonvaulax. Consequently A. acatenellum is used as a senior synonym of 
Protoeonvaulax acatenella, although their diagnoses vary from each other 
because of difference of species criteria. Gvmnodinium breve is another 
example. Dr. Steidinger uses Ptvchodiscus brevis, because she found that 
the morphological characteristics of the species were enough for separation 
of the species from the genus Gvmnodinium. 

The case of Gvmnodinium naeasakiensc - and Gvrodinium aureolum is a 
little more complicated. The latter species appearing in European waters 
has different characteristics from the original description of specimens 
from Woods Hole, Atlantic coast of North America, but the same ones as the 
former species occurring in Japanese coastal waters. At the same time Dr. 
Tangen considers the former is conspecific with Gmnodinium mikimotoi. 
Therefore, if we follow his opinion, European G. aureolum and Japanese G. 
nagasakiense are both junior synonym of Gym. mikimotoi, and we must use Gvm. 
mikimotoi. 

Same species names have been adopted to different but very similar 
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morphotypes. DinoDhvsis acuminata in European waters is probably a mixture 
of D. acuminata and D. sacculus. Dr. Steidinger reported two Japanese 
Gvmnodinium breve clones differing from each other, and moreover differing 
from Ptvchodiscus brevis. It means that there is no Florida type G. breve 
in Japan. In RaDhidoDhvceae Olisthodiscus luteus is often used instead of 
Heterosima akashiwo. 

These taxonomical disagreements impede a smooth and proper 
development of biological, ecological and toxicological studies of red tide 
and/or toxic species. However, it is very difficult to get complete 
agreement of position and criteria (definition) of all species among all 
taxonomists within a few years. 

Therefore, any practical standard authorized among taxonomists for 
identification is very important. For practical use guide books introducing 
techniques for plankton collection and observation and taxonomical system is 
helpful. A guide book containing description of species, i.e. morphology, 
life history, distribution, synonyms, must be prepared. For supplemental 
use a model showing a profile of species and photo-slides are useful, 

Regular training workshops to create experts in identification and 
collections of plankton cultures and reference publications should also be 
considered. 
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TOXIC DINOFLAGELLATE BLOOMS IN AUSTRALIAN WATERS 

Gustaff M. Hallegraeff 

CSIRO Marine Laboratories 
Hobart, Australia 

On glob 
blooms seem to be 

1 scale, both the number and intensity of Ixic plankton 
on the rise and their geographic extent seems to be 

spreading. Toxic dinoflagellates that can cause paralytic shellfish 
poisoning (PSP) in humans are well-known from temperate waters of Europe, 
North America and Japan, but until recently no PSP problems were known from 
Australian waters. 

The toxic dinoflagellate Gvmnodinium catenatum was first 
identified from Southern Tasmanian waters in April 1985. Its production of 
paralytic shellfish toxins was confirmed by performing mouse bioassys on 
natural plankton samples, and appropriate government officials were then 
notified of potential public health risks. A subsequent screening of 
historic plankton samples indicated that this dinoflagellate had been 
present in Tasmanian waters at least since 1980, and a screening of local 
hospital records revealed that 2 unambiguous human PSP poisonings had 
occurred previously in this region in 1980. Until then only a very limited 
number of PSP tests on commercial shellfish had been carried out and these 
had all proved negative. In February 1986, 2 further human poisonings were 
reported from Southern Tasmania from an area not previously included in the 
monitoring programme. Unacceptably high toxin concentrations (up to 8000 mg 
/lo0 g shellfish meat) were detected in commercial mussels, oysters and 
scallops from the area. In March, 1986, up to 15 shellfish farms thus had 
to be closed for periods of up to 6 months. Renewed shellfish farms 
closures (only 5 farms affected) had to be imposed in March 1987. By then, 
a smooth running monitoring programme was in operation to test for 
dinoflagellates in net samples and, whenever these are present, to test for 
toxins in shellfish (both mouse bioassay and HPLC assay). This monitoring 
programme has met the approval of the United States Food and Drug 
Administration and a Memorandum of Understanding has been signed which 
allows Tasmania to export its shellfish products to the American market. 
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SAMPLING METHOD FOR NAKED FLAGELLATE 
RED TIDE STUDIES 

Shoi i Iizuka 

Faculty of Fisheries, Nagasaki University 
Nagasaki, Japan 

In situ sampling for studies of naked-flagellate red tides involve 
several problems. 

i) The naked flagellates have feeble cell membranes, making fixation 
impossible. Therefore, laboratory work must be done shortly after 
sampling. 

ii) Cell division often takes place during night time, thus cell 
counting must be completed on the sampling day by early night- 
time. 

iii) Diurnal vertical migration can concentrate the population at the 
surface at mid-daytime. In order to accurately measure population 
density, it is necessary that an integrated water sampling method 
is used no matter when and where sampling may be done. 

iv) Uneven horizontal distribution (patchiness) requires several 
samples to be taken. 

Accordingly, it is desirable to carry out integrated water- 
samplings at as many points as possible in the field and to pool the samples 
for laboratory work. 

We employed a "boring" method to actually carry out red tide 
sampling in the field and to study the growth process of the surface 
population (0-5 m) of Gvmnodinium naEasakiense in Omura Bay. In order to 
estimate correctly the variable cell densities in terms of time and space, 
we collected integrated water samples at as many points as possible with a 
silicon hose, which is 15 m long and 18 mm and 25 mm in inner and outer 
diameters, with two simple devices for separating a 15 m water column into 
three layers: 0-5 m, 5-10 m and 10-15 m. A total of 36 integrated samples 
were collected at 12 points distributed in a studied area of 6 square miles. 
All water samples were gathered in three large vessels by layer. Then, a 
part of the vessel water was brought back to the laboratory in only three 
sample bottles and the remaining water of the vessel was allocated to in 
situ enclosure experiments for determining the daily growth rate of each 
layer population. 
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NUMERICAL EXPERIMENTS ON OUTBREAKS OF RED TIDES 

Saburo Ikeda 

University of Tsukuba 
Japan 

A research programme on "Integrated Models of Red Tide 
Phytoplankton Blooms in Eutrophicated Coastal Waters" is being carried out 
with T. Okaichi as principal investigator. The components of the research 
programme are summarized below. The basic processes involved in the 
modelling of red tides are shown in Fig. 1. Different steps towards the 
development of an integrated simulation model of red tide outbreakes are 
listed below. 

Meteorological 
Conditions 

Oceanographic Structure 
(currents, front, mixing, 
temperature layers, etc.) 

High Growth &lomeration Dissipation 

Cysts - Nutrients physical factors - physical 
Format ion (metals, (wind, upwelling (?> 

condition mat er ial s (vertical migration (?I 

of chemicals) (thermocline) 
optimum - de-inhibitory biological factors - biological 

- predation competition, etc) 

i Human Activities 

I 

- nutrients loading (urban runoff, etc) 
- fishery & culture - marine development (traffic, reclamation) 

Fin. 1 
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(i) One dimensional models of basic processes (vertical profile). 

- A germination model of cysts. 

- A growth model of phytoplankton with prey-predator and 
competition relationship. (Michaellis-Menten, cell quota, 
nutrient ratio (N/P), light inhibition, grazing ratio and 
size effects, etc.) 

- A growth model with vertical migration of "red tide" 
plankton. 

- A decay (dissipation) model. 

(ii) Two dimensional models of basic processes (horizontal profile) 

- A growth model under upwelling or supply of nutrients from 
bottom water. 

- A growth model of the multi-layer temperature zone 
(thermocline). 

- A growth model of wind-driven currents. 

(iii) Three dimensional models of integrated hydraulic and biological 
processes. 

- A model of two layer current field. 

- A model of three layer current field. 

- Spatial dimension (mesh size, boundary conditions, etc.). 

- Time dimension (days, weeks, months, etc.). 

- Data on nutrient loading 

- Stability of numerical computation scheme. 

- Introduction of spatial temperature profile and other 
physical oceanographical elements. 

(iv) Policy-oriented models of "forecasting" or "controlling" outbreaks 
of red-tides. 

- A real-time forecasting model of red tides (peak time, 
scale and location of plankton patch). spatial distribution: 

- A combination of numerical simulation models with statistical 
forecasting or other heuristic methods. 

- An integration into coastal resource management models such 
as fishery, farming, and recreational use (monitoring, 
detection, prevention activities). 
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IMPORTANCE OF BACTERIA IN RED TIDES 

Yuzaburo Ishida 

Laboratory of Microbiology 
Department of Fisheries 
Faculty of Agriculture 
Kyoto University, Japan 

In natural environments there are various kinds of biological 
processes involved in intimate association and transfer of substances 
between algae and bacteria. Bacteria often affect the growth and phototaxis 
of red tide algae. I have taken up the typical cases in which the bacterial 
cells of bacterial metabolites are essentially utilized by red tide algae. 

Freshwater Chrysophyceae Uroglena american, which usually forms a 
freshwater red tide in lake Biwa, is unable to grow in the absence 
of bacteria, and able to grow by engulfing common bacterial cells 
in the presence of light (photophagotrophy). "The bacterial 
factor" is phospholipids such as phosphatidyl-ethanolamine which 
is the normal component of bacterial cell membrane (B. Kimura 6 Y. 
Ishida, 1985). 

Asterionella elacialis, a red tide algae in Maizuru Bay, is unable 
to grow in axenic culture, but can be grown satisfactorily when 
some particular bacteria such as Pseudomonas sp.022 are present. 
Some Vibrio are not effective. The amino acids fraction in the 
culture filtrate of Pseudomonas sp.022 seems to be essential for 
the growth of A. glacialis (C. Requelme & Y. Ishida, in 
preparation). 

In the case of Skeletonema costatum, a red tide algae in Dokai 
Bay, the axenic culture loses the ability to grow after 
transferring 10-30 times in PES medium, though the unaxenic 
culture constantly grows. The cause is not yet apparent. (M. 
Yamada, personal communication). 

In Chattonella antiaua cultivated in ASP7 medium, the accompanying 
bacteria strongly stimulated algal growth and phototaxis (Yoshida 
& Kawaguchi, 1983). 
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A NEW APPROACH TO THE IDENTIFICATION OF GENUS 
CHATTONELLA - METHODOLOGY FOR TAXONOMY 

Yuzaburo Ishida 

Kyoto University, Japan 

Chattonella antiaua and C. marina are the major organisms causing 
red tides in the coastal Sea of Japan. As the identification of these 
species based on morphological characteristics has been ambiguous, some 
exact criteria for their identification have been desired, which would avoid 
the necessity of relying solely on their sizes and shapes for 
identification. A more reliable criterion such as monoclonal antibody is 
necessary to identify them in routine works. 

We propose a new criterion for the identification of the 
interspecies and intra-species of genus Chattonella by using monoclonal 
antibodies. Four kinds of monoclonal antibodies were prepared from 2 
strains of C. marina and of C. antiaua at each. Reactivities of those 
monoclonal antibodies to 15 strains of genus Chatonella isolated at 
different dates and from different areas were examined by indirect 
fluorescence assay. 

The results indicate that two of the prepared antibodies (AT-86 
and MR-18) distinguish between G. antiaua and G. marina, respectively. The 
third antibody (MR-21) was reactive with all strains of C. marina, and a 
part of C. antiaua, and the forth antibody (AT-83) was reactive with all 
strains of G. antiqua and a part of C. marina. 

By the reactivities of these four monoclonal antibodies it became 
possible to classify the strains of each species into two respective groups. 
In the near future we will confirm these results by the isozyme method. 
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RED TIDES IN THE MEDITERRANEAN AND BLACK SEA 

Jenkinson 

University of Nice, France 

After a brief and incomplete review of the literature, five 
geographical areas have been identified in which mortalities of wild fish 
have occurred. In other areas, extensive bloom-associated mortalities of 
invertebrates also occur. Twenty-two species of phytoplankton have been 
recorded as dominant or subdominant in blooms, not counting bacteria or 
unidentified organisms. 

Most blooms fall into two categories: firstly, phytoplankton 
blooms near the mouths of rivers, frequently associated with hydrographic 
fronts; and secondly, blooms in lagoons or harbours, which start by being 
dominated by phytoplankton, but in some cases progress to the elimination of 
all life except for sulphur bacteria. 

In many areas, both off river mouths and in lagoons, blooms have 
been reported to increase in frequency, intensity and duration in relation 
to increased nutrient input. Off the Nile delta, however, decreased 
nutrient input since 1960 due to the construction of the Aswan Dam which has 
led to the disappearance of blooms and to a decline in fisheries. 

In the Mediterranean/Black Sea region the number of bordering 
countries, twenty-one, and the number of languages, at least twelve, used in 
the literature on phytoplankton blooms, hamper this field of research. Yet 
aquaculture, at present embryonic or still inexistant in many countries, is 
now being energetically promoted by national, regional and international 
bodies. For rational planning, red tides and the threat they pose to 
Mediterranean and Black Sea aquaculture must be understood. A comprehensive 
review of lagoonal, coastal and offshore red tides in this region, published 
in open literature and updated every ten years or so, is much needed. 
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RED TIDES AND TOXIC PHYTOPLANKTON ON THE NORTH 
AND WEST COASTS OF FRANCE 

I. R. Jenkinson 

University of Nice, France 

At least twenty-seven species of phytoplankton have been recorded 
as dominant or codominant in red tides around the north and west coasts of 
France. Areas most affected include: certain estuaries; semi-enclosed 
lagoonal areas; port areas; and fronts between water masses over the 
continental shelf. In the latter situation only red tides of Noctiluca 
scintillans, Gvrodinium c.f. aureolum and more rarely Emiliana huxlevi are 
encountered. Apart from exceptions given below, most of the blooms are 
without apparent ill effect, and most of the bloom-dominating species are 
not known to be toxic. 

In a single red tide, in June 1979, in the port of Le Havre, a 
known producer of Paralytic Shellfish Poison (PSP), Protogonvaulax catenella 
was recorded as co-dominant, but apart from this incident, no PSP producing 
species has been recorded in high number. No human PSP intoxication has 
been reported from these coasts either, but since the finding of Diarrheic 
Shellfish Poisoning (DSP) on the Dutch coast, a surveillance network for 
both PSP and DSP has been in operation since 1981. 

In August 1982 at Antifer (about 20 km north of Le Havre on the 
English Channel coast), the entire stock of fish in a fishfarm died after 
the occurrence of a red tide reported to be dominated by Exuviaella 2. and 
an unidentified dinoflagellate. The Association of Official Analytical 
Chemists' (AOAC) test, carried out on muscle tissue of sublethally affected 
fish, proved positive for PSP. 

As well as routine monitoring for DSP in molluscs using the 
suckling mouse test, coastal waters are monitored for the presence of DSP- 
producing species such as DinoDhvsis. Concentrations of DinoDhvsis SDD. in 
excess of 100,00O/litre sometimes occur , and occasional closure of certain 
mollusc fisheries has been necessary when permitted levels of DSP toxin were 
exceeded. 

This report has been summarized principally from information very 
kindly supplied by Dr. P. Lassus. 
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PHYTOPLANKTON BLOOMS AND RED TIDES 
IN THE FAR EAST COASTAL WATERS OF THE USSR 

G.V. Konovalova 

Kamchatka Department of the Pacific Institute of Geography, 
Academy of Sciences of the USSR, 

Vladivostok, USSR 

Outbursts of phytoplankton growth attaining the strength of 
"blooms" and red tides have been repeatedly observed in the coastal waters 
of the far-eastern seas and adjacent water areas. Long-term year-round 
observations of phytoplankton in bays and inlets in the north-western part 
of the Sea of Japan were started in 1969, (refs. 2, 3, 4, 6, 9) and short- 
term surveys have been conducted in the coastal waters of the Bering and 
Okhotsk Seas and along the Pacific coast of Kamchatka (ref. 5). 

Based on long- and short-term studies of phytoplankton in the far- 
eastern seas and adjacent waters of the Pacific Ocean, two types of water 
blooms have been established: regular seasonal outbursts of phytoplankton 
which repeat annually with different intensities, and occasional "red 
tides". 

Winter diatom blooms have occurred under ice cover at subzero 
temperatures of water in the north-western part of the Sea of Japan. An 
algal bloom occurred yearly, for one month between December and February, in 
highly productive inlets of Peter the Great Bay, in its freezing part, at 
water temperatures of -0.2 to -1.9OC and illumination of 2 klx, under a 30 
to 60 cm-thick ice cover. 

Biomass of microphytic algae was in the range of 10 to 20 g m-3. 
An intensive growth of diatoms was associated with strong convective mixing 
of the water column supplying nutrients from bottom layers. The winter 
bloom can be explained not only by high concentrations of nutrients (ref. 9) 
but also by a low requirement of illumination by the diatom species and 
their tolerance to subzero temperatures. The boreoarctic diatom 
Thalassiosira nordenskioeldii, accounting sometimes for as much as 40 to 80 
per cent of phytoplankton biomass, and Chaetoceros debilis and ch. 
pseudocrinitus should be noted among the dominant species of the bloom. B. 
nordenskioeldii, the species highly adapted to low temperature and 
illumination, has no real competitor under the ice cover. Therefore, the 
species can proliferate in the nutrient-rich coastal waters in winter and 
early spring. In addition, reduced rate of decomposition and depressed 
grazing by consumers at low temperatures contribute to accumulation of 
phytoplankton biomass. 

An autumn bloom in eutrophic bays of the western part of the Sea 
of Japan, with microalgal biomass (8 to 19 gm-3) at the winter bloom level, 
occurs between mid-September and mid-November. The bloom is favoured by 
strong autumn winds, and is fed by an upward flow of nutrients and bacterial 



IOC Workshop Report No. 57 
Annex I1 - page 21 

mineralization of summer detritus. These autumn and winter-spring blooms 
result from massive growth of the diatoms Sceletonema costatum, Eucampia 
zoodiacus, Ch. comDressus, etc. 

A summer bloom lasting about a month between June and August is 
observed when the water column is stable and organic matter decomposition 
and nutrient regeneration are active at high water temperatures. The bloom 
occurs at coastal upwellings generated by offshore winds and is supported by 
increased allochtonous nutrient influx in the season of summer rains. 
Numerous flagellated algae predominate. The densest populations are 
produced by the smaller dinoflagellates Katodinium rotundatum, Prorocentrum 
triestinum, P. micans and others, by the cryptomonad genus Plagioselmis and 
the euglenoid Eutreptia lanowii. In summer, as well as in autumn, the 
obligatory eutrophic species S. costatum and the boreotropical Ch. affinis 
predominate among the diatoms. 

Since the early 1980s, red tides associated with dinoflagellates 
Noctiluca miliaris, Alexandrium (-Protovonvaulax) tamarensis etc. and the 
infusorium Mesodinium rubrum blooms have become more frequent. During 1980- 
1987, more than ten cases of red tides of different intensities were 
recorded in the areas of the study, three of them were toxic and resulted in 
infection of molluscs and in mortality of birds. In April-May 1980 and 
1982, strong red tides produced by N. miliaris were observed in inlets of 
Peter the Great Bay, population density reaching 0.5-0.7 x lo6 cells per 
litre. Along with nutrient abundance and high rates of reproduction in the 
absence of grazing, the factor of primary importance was a delay in 
transportation of the population from inshore shallows into open waters of 
the bay because of weakening of offshore winds and a change in their parts 
(ref. 7). 

Five cases of "red blooms" associated with the infusorium M. 
rubrum have been recorded since 1983. Two blooms occurred in hypereutrophic 
Avachinskaya Guba Inlet (Kamchatka Peninsular) in September-October 1983 at 
water temperature of 9-ll°C and salinity of 2.7% in the surface layer (ref. 
5) and in the late November-early December 1984 at water temperature about 
zero. The second bloom was short-termed and less strong (0.2-0.3 x lo6 
cells/l) as compared with the first one (2 x lo6 cells/l); it was obviously 
due to decreased reproduction rate at low water temperature. A weaker red 
tide associated with M. rubrum was first observed in the Sea of Japan 
(Vostok Bay) in August 1985 at water temperature of 21-22OC. It occurred 
after significant desalination of the surface sea water in the zone of the 
greatest overland runoff and anthropogenic impact (Kononovalova, Selina, 
1986). Population density in the zone of the bloom was rather high, 1.8 x 
lo6 cells/l. Onshore south winds maintained stability of water column and 
contributed to the development of the bloom. Distinct "red blooms" caused 
by M. rubrum were repeatedly observed in August-September, at 8-12OC, in the 
highly productive Kraternaya Bay (Ushishir Island, the Kuriles) , 
eutrophicated through natural factors. None of these red tides caused any 
obvious unfavourable effects. 

In July-early August 1984 and 1987, however, brown colouring of 
the water was observed in Avachinskaya Guba Inlet (Kamchatka) at surface 
water layer temperature of 14-15OC and with increasing toxicity of mussels. 
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An analysis showed an abundance of dinoflagellates of the genus Alexandrium 
(-Protogonyaulax), "tamarensis" group, A. tamarensis and A. acatenella with 
population density up to 0.6-0.7 x lo6 cells/l In July-August 1984, the 
dominant species was S. costatum (8 to 16 x 106 cells/l) , proliferation of 
which stimulates growth of most flagellates associated with red tides (ref. 
8). This bloom was followed in November-December by a red tide caused by M. 
rubrum A brown-red water bloom was also observed in July 1986 near the 
north-eastern coast of Kamchatka (the Bering Sea), at water temperature of 
12-14OC; it caused mortality of marine animals. Here also, water sampling 
showed high abundance (up to 1-2 x lo6 cells/l) of A. tamarensis and A. 
exavata and extremely poor composition of microplankton. 

Considering the blooms described above, both seasonal and cyclic 
in character, and "occasional" strongly pronounced blooms of the red tide 
type, one can easily note that all of them occurred in eutrophic waters rich 
in biogenic elements. Nobody doubts today that the frequency and advance of 
blooms are directly related to an anthropogenic impact on neretic zones of 
the sea. It is established that optimal development of a species requires a 
specific complex or a combination of both biological and physical 
environmental factors, and the complex seems to develop more readily in 
nutrient-rich waters. 

The author thanks Dr. A.V. Zhirmunsky, the Director of the 
Institute of Marine Biology for his initiative and inspiration in these 
investigations. 
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t 
PHYTOPLANKTON BLOOMS IN KENYA 

Peter B.O. Ochumba 

Kenya Mar. Fish. Res. Inst. 
Kisuma, Kenya 

Our concern in Kenya today is the persistence of anoxia and 
cyanobacterial blooms in Lake Victoria since December 1983. These 
occurrences have now turned into an annual event with losses estimated at 
over 10,000 tons per year. While the Kenya coast experiences the effects of 
monsoonal phenomena, no substantial red tide events have been observed. The 
only reported fish kill along our coast was in 1965 and the annual anoxia in 
scattered areas seem to be related to the Monsoon. 

As phytoplankton blooms are often predictable features of the 
aquatic habitats, we hope that this workshop will come up with a set of 
hydrobiological changes that lead to red tides and such related toxicity 
that can easily be sued by managers worldwide to recognize bloom conditions. 
Recognition of one or more of the acceptable criteria in this meeting could 
be sued to qualify or identify bloom conditions in specific regional aquatic 
habitats where red tide technology is not readily available. 

Further, upon examining combinations of environmental conditions 
most likely to enhance bloom formations in both fresh water and marine 
environments, a set of commonalities exist. We hope that from the meeting, 
a combination of technical and managerial expertise will be used in an 
interdisciplinary fashion to resolve phytoplankton bloom-related problems to 
benefit all water resource users. 
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RED TIDE PROBLEMS FOR AQUACULTURE IN JAPAN 

T. Okaichi 

Faculty of Agriculture 
Kagawa University 
Kita-gun, Japan 

I 

In Japan, aquaculture of oysters and "nori"' (sea laver) has taken 
place since before 1940 and culturing of fish and shrimp was developed after 
1960. 

The total production from aquaculture in 1983 was 1,153 x lo3 
tons, corresponding to 9.6% of the total fish catch of 11,967 x lo3 tons. 
The main cultured fishes are ellowtail and red sea bream, and the 
production in 1983 was 156 x 10' tons and 25 x lo3, respectively. The 
aquaculture production of yellowtail was as much as 4 times that of the 
natuial fishery, and the aquaculture production of red sea bream was 1.8 
times. Kuruma shrimp culture produced 1,950 tons in 1983. Shellfish 
culture (oysters and scallops) is also a big industry, together with nori 
culture. Besides aquaculture controlled by human management, the release of 
larvae of marine or anisms is promoted by the assistance of the Government. 

released. 
In 1984, 1,776 x 10 f scallop larvae and 293 x lo6 Kuruma shrimp larvae were 

In relation to the development of aquaculture, red tide problems 
became unavoidable after 1970. In 1972, 14 x lo6 yellowtail were killed by 
red tides of Chattonella antiaua in the eastern part of the Set0 Inland Sea 
from the middle of July to August. PSP and DSP also became a serious 
problem for scallop and oyster culture, mainly in the northern area of Japan 
from 1975. The establishment of red tide counter measures was requested and 
a study group was organized in 1976. 

Mass mortalities of yellowtail due to Chattonella SSD occurred in 
1970, 1972, 1977, 1978, 1979 and 1983 in the Set0 Inland Sea. Gvmnodinium 
naeasakiense also killed fish in 1984 and 1985 (Fig. 1). Minimum lethal 
cell densities of Chattonella antiaua to yellowtail was estimated at 110 
cells/ml at 29OC. These cell densities are lower than that in a visible 
brown patch which occurs at about 1,000 cells/ml. 

The shellfish monitoring and investigation systems of red tides in 
the Set0 Inland Sea are now actively working as shown in Figs. 2 and 3. The 
systems are being conducted in five different regions around Japan. About 
150 scientists, plus 200 administrative staff, are engaged at present. 
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Fig. 1. - Red Tides occurred in Set0 Inland Sea. 
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RED TIDES IN KOREAN WATERS: 
OCCURRENCE AND COUNTERMEASURES 

Joo Suck Park 

National Fisheries Research and Development Agency 
Pusan, Rep. of Korea 

In order to predict mechanisms of red tide occurrence and to 
reduce their damage to marine living resources, comprehensive red tide 
research and monitoring have been intensively carried out monthly at about 
100 stations in shellfish growing areas and around coastal industrial sites, 
especially Jinhae Bay and its vicinity, since 1972, by the National 
Fisheries Research and Development Agency (NFRDA). During the monitoring 
period, plankton samples for red tide organisms are taken and environmental 
parameters data such as nutrient salts, dissolved oxygen, chemical oxygen 
demand, suspended solids, transparency, pH, water temperature and salinity 
are collected from the key stations mentioned above. 

Geographical occurrences of Korean red tides were mostly 
restricted to Jinhae Bay and its vicinity, south coast, until the 1970s. 
Since 1980, the red tides have extended to other regions such as Ulsan Bay, 
Inchon Bay, Gamak Bay, Kwangyang Bay, Jinju Bay, etc. where eutrophication 
has been heavily developed. In 1981, unprecedented huge red tides by 
monospecific type Gvmnodinium nagasakiense occurred in and around Jinhae Bay 
from July to September and caused mass mortalities of cultured shellfish 
such as oyster, mussel and arkshell worth approximately US$ 2,500,000 and 
other local fishery resources. However, red tide phenomena in and around 
Masan Bay including Haengam Bay, representing the largest red tide, show 
long, persistent red tides every year, from April to October, with 
concentrations over lo4 cells/ml, due to the increasing eutrophication 
derived from the human induced loading of organic pollutants. 

Red tide monitoring activities such as frequent routine 
observations by research vessels and a remote sensing system would be 
desirable, however, it is essential to predict the outbreaks of red tides as 
early as possible, in order to reduce damage to fisheries. The counter- 
measures against fishery damage due to red tides could be as follows: 

(i) prevention of eutrophication by strengthening of regulatory 
measures such as specially strict effluent standards and 
improvement of sewage systems; 

(ii) control of mariculture facilities in appropriate scale; 

(iii) prediction of occurrence and expected duration of red tides and 
estimated effect to the biota owing to the tides; 
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refuge of culture cages and facilities which are quite simple to 
move like seed collector of oyster: movement, sinking and 
covering; 

elimination of red tide organisms: mechanical or chemical 
treatment; 

early collection of culture production; 

intensive monitoring system of red tides; 

investigation of growth promoting factors of the red tides 
organisms and their chemical/biological assay; 

taxonomy of toxic plankton including cysts involved in the red 
tides; 

toxicological study of red tide organisms and assay of PSP on 
shellfish; and 

international red tide newsletter issue 

Monitoring activities for red tides in Korea have now been 
in serious red tide areas, 5 times a month by research vessels of 

NFRDA and once a month by helicopter. During the period of June and 
September the monitoring has been strengthened by a network made up of 

fishery villages to make checks every three days (when heavy red tides 
occur, a check is made every day), take samples of tide organisms and 

cases of heavy red tides. 

, extension service workers of NFRDA who have been stationed at important 
I 
I analyse water quality. Aquaculturers have been co-operating with them in 

I 
I An information exchange system for red tide prediction is 

extremely important and should be urgently promoted. A report system for 
new information concerning red tide outbreaks, such as sea conditions and 
culture organisms from culture people and members of fisheries cooperative 
unions, would be more accurately and quickly required for comprehensive 
analysis with field survey data, because the prediction programme must 
mainly be attributed to the kind of system mentioned above. 

I 

NFRDA usually provide necessary data for prediction and issue the 
prediction of a red tide outbreak to fishermen by means of radio, TV, 
newspaper and leaflet and also, directly, by extension service workers. Its 
contents include main causative organism concentrations, size, expected 
duration and occurrence of harmful species of the red tide and estimated 
effect to the biota due to the tide and necessary measures to be taken for 
counterplan. 
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Concentration to recognize the formation of red tide as the 
standard for prediction being practiced, has been mainly based on the cell 
numbers/ml through the experiences, for example, attentiveness: Over 1,000 
cells/ml in case of Gvmnodinium naeasakiense red tide and over 10,000 
cells/ml in case of Skeletonema costatum and Heterosiema akashiwo, in this 
case fishery damages might be expected to develop; warning: Over 5,000 
cells/ml in case of Gvmnodinium naeasakiense red tide, in this case fishery 
damages followed. 
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RED TIDE PROBLEMS AT THE PORTUGUESE COAST 

Maria A. de M. Samvavo 

Inst. Nac. Inv. Pescas 
Lisboa, Portugal 

Red tides along the Portuguese coast have been reported since 
1949, but basic studies on this kind of phenomenon only started in 1955 when 
it was possible to relate bivalves toxicity with dinoflagellate blooms at 
Obidos Lagoon. These toxic blooms caused not only health problems but also 
economic trouble to Obidos region as the lagoon was closed to mollusc 
fisheries for 28 years. 

Offshore events are occurring with increasing frequency in 
restricted areas which we can designate as prone regions. These regions are 
bays or embayments close to the most industrialized parts of the country 
(Oporto and Lisbon) or to touristic resorts like Algarve and Nazare where in 
summer the population can more than double. 

Since 1986 the occurrence has been due to the physical 
transportation of the species to our coast after a major red tide event at 
Galicia, NW Spanish coast. The problem in 1987 made it possible for the 
first time to confirm the presence of DSP in bivalves from Obidos Lagoon, 
Figueira da Foz, (Mondego estuary), Aveiro (Aveiro Ria) and Espinho 
(offshore) due to the presence of the genus Dinouhvsis, mainly D. sacculus. 

This finding was made through a routine monitoring programme 
carried out at all the coastal zones where mollusc bivalves are of economic 
importance. In conjunction with this monitoring programme, a toxin 
detection programme is carried out by the National Health Institute. These 
programmes include qualitative and quantitative analyses of phytoplankton, 
isolation of potential toxic species to cultivate and study, observation of 
chemico-physical parameters of the water column, and harvesting of different 
bivalve species in order to detect toxins (PSP, DSP) and heavy metals (Hg, 
Cd) . 

The aim of these programmes is to maintain sanitary control of 
bivalves to protect human health and the economy of the fisheries, as well 
as to reach international requirements for exportation. 
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PHYTOPLANKTON BLOOMS: THE PROBLEM 
OF THEIR OCCURRENCE AND REGULATION 

Theodore J. Smavda 

Graduate School of Oceanography 
University of Rhode Island 

Kingston, U.S.A. 

Phytoplankton blooms are natural phenomena in the sea, exhibiting 
well-known seasonal and regional patterns in occurrence. Blooms represent 
pronounced variations in abundance which, in turn, reflect cyclical and 
spatial differences and variations in regulatory environmental-growth 
factors such as light, nutrients and temperature. These recruitment growth- 
factors are poised against loss-factors, such as grazing, advection and 
sinking. Thus, phytoplankton bloom events represent the changing balance 
between factors regulating population recruitment and loss. The 
quantification of these processes represents a classical problem within 
biological oceanography. The general factors influencing the inception and 
termination of blooms in the sea have been identified, but our knowledge of 
the specific causes of total community blooms or of individual species is 
seriously limited. 

This ignorance is exacerbated by the global epidemic of nuisance 
phytoplankton blooms, now spreading into all biogeographical regions and 
occurring with increased frequency. Species often either insignificant or 
previously not found in the local phytoplankton community suddenly are 
triggered into explosive growth, dominate the community for a variable 
period of time, then decrease to insignificance. These anomalous blooms may 
recur periodically in unpredictable fashion. Some of these rogue blooms are 
nuisance blooms: paralytic shellfish poisoning may result, posing public 
health problems; some blooms are ichthyotoxic; other blooms cause ecosystem 
dysfunction due to anoxia. In all instances, economic losses to fishermen 
can occur. This combination of ecological disruption and economic suffering 
accompanying such blooms and their global spreading and increased frequency 
set them apart from normal bloom events in the sea. 

The underlying factors regulating normal bloom events probably do 
not differ from those regulating anomalous and nuisance algal blooms, even 
though the underlying factors remain enigmatic. However, the global 
spreading and increased frequency of nuisance blooms suggest that 
significant environmental changes are occurring globally triggering blooms 
of selected species. Some of these blooms are aperiodic; others occur more 
frequently. Some bloom-species are ordinarily relatively unimportant; 
others more important. It is irrelevant whether the underlying 
environmental changes, or triggering events, represent subtle changes in 
water-quality of larger-scale modifications. The more relevant, and major 
question is whether the required environmental modifications needed to 
trigger such blooms represent natural variability or anthropogenic 



IOC Workshop Report No. 57 
Annex I1 - page 31 

modification. There is limited inferential evidence that both types of 
environmental change are occurring. Studies are needed to establish the 
contribution of natural and anthropogenically induced variability as 
potential causative factors of the spreading, increasingly more frequent 
anomalous bloom events. This requires investigations on a global scale, 
both in pristene and anthropogenically modified waters and in different 
thermal regions. 

Specific aspects needing quantification, include: Is the bloom 
outbreak a response to changes in macro-nutrients? in micronutrients? 
changes in grazing pressure? 

A similar set of questions with regard to the termination of 
blooms require resolution. Given the complexity of the bloom process, 
simultaneous observations and field experimentation on a global basis are 
required, since the prominence of the various regulatory factor-combinations 
is expected to vary regionally. This would allow a regionally derived 
synthesis of cause and effect relationships leading ultimately to clearer 
elucidation of bloom regulatory processes. 

It seems reasonable to expect that those factors regulating the 
spatial distribution, occurrence and abundance of a bloom-species will also 
influence its temporal variations within a given region. Thus, a regional 
approach seems the best operational investigative procedure to quantify and 
understand normal and unusual bloom processes. This synergistic, multiple 
approach will also help to resolve a fundamental problem with biological 
oceanography: how are phytoplankton blooms in the sea regulated? Such 
blooms are an important source of carbon-energy required to maintain marine 
ecosystems. However, with increasing frequency, an energy-overload 
accompanies such blooms leading to ecosystem disruption, and even 
dysfunction. 
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PROPOSED NATIONAL TOXIC DINOFLAGELLATE 

K. Steidinaer, G. Vareo, C. Tomas, 

RESEARCH CENTER IN FLORIDA 

D. Baden, and S. Varao 

Florida Dept. of National Resources 
Florida, U.S.A. 

I The purpose of the proposed center is to promote and accelerate 
research on toxic dinoflagellates by providing profiled culture material and 
a focus for multidisciplinary interaction of international and national 
scientists at the university, government, and private laboratory level. 
This can be accomplished via on-site facilities for visiting scientists, 
post doctoral, Ph.D. students, and others, as well as off-site. The center 
will also offer courses on dinoflagellate biology (including culture and 
taxonomy) and toxicology for international participants. 

I 
The center will include the following components: 

Research: Systematics and Evolution, Physiology, Ecology and 

Facility: Laboratories, Cultures, Standards. 
Education: Visiting Scientists and Student Programmes, Courses. 
Administrative: Management and Advisory. 

Toxicology. 

Administratively, the Center would be unique. There are 
essentially five co-principal investigators, four are research and one is 
administrative. The PIS represent the Florida Institute of Oceanography of 
the State University System, the Department of Marine Resources under the 
Governor and Cabinet, the University of South Florida, and the University of 
Miami - a private university. There would be an international advisory 
board for research that would serve on an rational basis. Currently, there 
are 40 scientists from the U.S.A., Great Britain, Canada, Spain, France, 
Germany, Norway, Japan, Italy, Australia, India, Philippines, Guatemala, 
Puerto Rico, and other geographic areas that have expressed verbal or 
written interest in collaboration. 

If funded, the Center would be supported by NSF for only four 
years and then the funding would terminate. The State of Florida, the 
Department of Natural Resources and the State University System, have agreed 
to put the Center as a top priority, and 1) support a request to the 
Florida legislature for a DNR/USF/FIO building complex to be constructed by 
1992; 2) renovate existing facilities to accommodate the Center until new 
buildings are complete; and 3) pick up positions and facility costs at the 
end of the grant. 

1 

Facility accommodations will be unique also because of local 
expertise and already available equipment, including those at a branch of 
the USF Medical School at All Childrens Hospital in St. Petersburg. 
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Research opportunities are provided in four fields for 
collaborators. 

Svstematics and Evolution: Includes profiled clones from different 
geographic areas characterized by light and electron microscopy of motile 
and cyst stages, pigment composition and mtDNA analysis and life cycles and 
reproductive behaviour. 

Phvs ioloav : Includes nutrient requirements and growth responses under 
different variables with different strains, and photosynthetic 
characteristics and photoadaptation under different variables and different 
strains. 

Ecoloav: Includes vertical migration behaviour under different variables 
with different strains, allelopathy and competitive strategies under 
different variables with different strains, and this section is also 
responsible for maintaining cultures and checking for polyploidy and is the 
living culture repository. 

Toxicology: - Includes profiled toxins (IR, UV, NMR, HPLC, and potency assay) 
available as research tools from different geographic clones, and toxin 
multiplicity and toxin synthesis under different variables with different 
strains, including plasmid research as an infective entity below the 
bacterial level. 

Florida is a unique area to do field research because it has 
Ptvchodiscus brevis, Gonyaulax monilata, Gambierdiscus toxicus, Prorocentrum 
lima, p. concavum, E. mexicanurn, E. emarginatum, Coolia monotis and 
OstreoDsis spp. Florida crosses 6' of latitude and has a wide range of 
habitats inshore and on a broad continental shelf influenced by frontal 
systems and upwelling. Florida also has the only living coral reef tract in 
the continental United States. 
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PHYTOPLANKTON BLOOMS IN THE WESTPAC REGION: PROBLEMS TO BE 
CONSIDERED AND EXPERTISE TO BE SHARED 

SuraDhol Sudara 

Chulalongkorn University, Thailand 

Phytoplankton blooms in the countries of the WESTPAC region are 
now becoming more and more important not only because non-toxic seasonal 
blooms are going on but inasmuch because cases of fish-kills, PSP and DSP 
have been recorded in areas which never experienced such phenomena in the 
past. Hence, it is now the time to pay more attention to the blooms in 
order to prevent harmful impact on consumers and also to reduce economic 
losses. 

Within the region, because of the long concern in red tide 
problems and high dependence on marine products for consumption, Japan has 
taken a leading role in terms of progress in scientific studies of the 
blooms and the toxification. Japan has also developed a very good co- 
operative system in monitoring. 

Along the east coast of the USSR, seasonal red tides resulting 
from eutrophication have also been reported. Korea has also experienced a 
wide range of red tides. The blooms from more than 25 species of organisms 
have been recorded from both toxic and non-toxic species and have in some 
cases resulted in heavy economic loss. Thus, Korea is now developing a 
monitoring system. It is also to be noted that the blooms have changed 
from diatoms into dinoflagellates and seem to be with heavier 
concentrations, to cover wider areas and to last longer. 

China and Hong Kong also have recorded red tides, some of which 
created fish kill. The blooms were shown to be somewhat related to 
increased nutrient loads which might be a result of population expansion. 
Taiwan reported to encounter the first toxic bloom due to conjunction to the 
culture purple clam. 

The Philippines, which was known to have PSP cases recently which 
caused hardship to the villagers when banning of shellfish collection was 
enforced, is now conducting more research on the problems. East Malaysia 
and Brunei reported to have had PSP cases within the past few years. 
Thailand once reported to have a PSP case, but still cannot identify the 
causative species to that incident. Even though blooms of non-toxic species 
still occur, Thailand has not yet found any other new PSP case. More 
detailed studies are now going on. Indonesia reported red tides of both 
toxic and non-toxic blooms earlier but so far no monitoring system has been 
developed and more detailed studies are still going on. 

i 
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Cases of toxic blooms in the Pacific Islands, for example, Fiji, 
Palau, Guam, Papua New Guinea, Solomon Islands, etc. have been recorded. 
Detailed studies in these areas are still very scattered. Concerning New 
Zealand and Australia particularly, the recent works in Tasmania have shown 
records of toxic blooms as well. 

Focusing on the WESTPAC region, some countries such as Japan and 
Australia, have more expertise engaged in the study of red tide problems, 
while other countries are still short of adequate knowledge and studies. It 
is vital to establish international collaboration among developed and 
developing countries. The international agencies, such as the IOC should 
play a very important role in getting the knowledge and expertise from 
developed countries to be shared by developing countries. This can be done 
through a series of workshops, training programmes, or even funding graduate 
studies for personnel from developing countries. International meetings and 
symposia on red tides can also provoke more interest in the study of this 
problem in developing countries. Providing adequate literature and 
equipment for developing countries to work on this problem is also a great 
help. 

It is also to be noted that there are many collaborative 
programmes among various countries within the region, for example, the ASEAN 
Marine Science Programme, the ASEA-Australia Co-operative Programme on 
Living Resources, etc. Such programmes might provide a framework for 
international co-operation on red tides. 
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EXCEPTIONAL PLANKTON BLOOMS IN NORWAY AND ADJACENT WATERS 

- Karl Tangen 

Oceanographic Company of Norway, Trondheim, Norway 

A large number of exceptional plankton blooms in Scandinavian 
waters during the last 10 years have included dinoflagellates, diatoms, 
flagellates, ciliates and coccolithophorids. Monitoring programmes are now 
operative in Norway, Denmark and Sweden in order to give information to the 
shellfish and finfish farming industry. In Norway information on the marine 
environment, including plankton blooms, is transmitted to the fish farmers, 
funding and insurance institutions, and other users, by the information 
network MARINET which is owned and financed by the associations of fish 
farmers. It is believed that rapid information on harmful situations 
(forecasting) will reduce losses, e.g. due to noxious organisms. 

Regular monitoring in Norway is based on samples collected along 
tke coast by fish farmers and observers and by monthly cruises from Norway 
to Denmark. There is a testing programme aimed at shellfish toxins (PSP and 
DSP) using the mouse bioassays. The situation by November 1987 was as 
follows. 

- It is established that plankton blooms may occur in restricted, 
local areas due to pollution (e.g. the Oslo fjord). 

- Plankton blooms may originate outside Norway and be transported to 
the Norwegian coast by surface currents (e.g. large populations of 
Gvrodinium aureolum originating from the southern North Sea). 

- Algal toxins (PSP and DSP) have been detected in shellfish even 
when the populations of toxic plankton were small (DinoDhvsis spp. 
below 100 cells/l (DSP) , Alexandrium excavatum below 10000 
cells/l (PSP). 

- Blooms of Ceratium spp. are often accompanied by increased numbers 
of Dinophysis acuta and D. norveFica. 

- Dinoflagellate blooms (G. aureolum, Ceratium spp.) may be 
transported over long distances along the coast by the Norwegian 
coastal current. 

Prorocentrum minimum, which was reported from Norway for the first 
time in 1979, has shown a gradual spreading northwards to the 
Barents Sea and eastwards to the Baltic Sea. Several blooms have 
been reported in Norway, Sweden and Denmark after 1979. 
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- Gyrodinium aureolum is established and has formed massive blooms 
after it was first observed in the area in 1966. 

- Fish disease and mortality in fish farms is observed during blooms 
and occurrences of various algae (see summary in Table 1) , mainly 
dinoflagellates (Gvrodinium aureolum, Alexandrium excavatum 
(Faeroe Islands), Ceratium spp., and w k n i k o s  sp.), flagellates 
(cf. Heterosiema akashiwo in Iceland, DisteDhanus sDeculum in 
Denmark, EutreDticella Gvmnastica in Norway), and diatoms (mixed 
populations in the spring bloom). 

- Based on experimental work and field observations the critical 
concentrations of G. aureolum are indicated and used as a basis 
for warning/forecasting. 

- Remote sensing device (in vivo fluorescence) is tested on anchored 
buoys as part of a plan for automatic monitoring along the coasts 
(net ocean data, e.g. temperature, salinity, oxygen, chlorophyll, 
current speed). 

There are ongoing red tide research projects at the universities 
of Oslo, Trondheim and Bergen on general biology of bloom organisms and 
special biochemical aspects (Trondheim), with projects on algal toxins (DSP, 
PSP) at the Norwegian Veterinary College (Oslo) and at a research group in 
Trondheim (CHIRON, OCEANOR, SINTEF). Monitoring of blooms is operative at 
the south coast by the Fisheries Directorate through the biological station 
at Flodevigen and on the west and north coast by OCEANOR as a project for 
the fish farmers associations. In both projects fish farmers, marine 
biologists, district colleges and other institutions constitute the 
observation network. The results, when appropriate, are transmitted through 
the information network of MARINET. 
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TABLE 1 Summary of algae reported to have noxious effects on farmed fish 
in Norway, and observed symptoms on atlantic salmon 

GYRODINIUM AUREOLUM - dinoflagellate 
Low concentrations (less than 1 mill. cells/l) 

Moderate concentrations (1-10 mill/l) 
- reduced appetite 
- some damage in the gills 
- swimming near the surface 
Large concentrations, brown surface water (more than 10 mill/I) 
- no appetite 

- signs of oxygen deficiency 
- gill damage, swelling of primary lamellae, respiratory 

- reduced osmoregulation 

no effects observed 

abnormal, irregular swimming behaviour 

epithelium of secondary lamellae sloughing 

GYMNODIMIUM GALATHEANUM - dinoflagellate 
Effect on larger fish unknown, probably similar to G. aureolum, 
but larger concentrations necessary in order to harm fish 

ALEXANDRUIM EXCAVATUM - (Gonyaulax excavata) - dinoflagellate 
Large concentrations 
- no appetite 
- swimming near the surface, "apathetic" 
- gill damage, sloughing and necrosis 
- paralysis (?) 

COLACIUM sp. - green parasitic flagellate, primarily freshwater 
Attached to the skin of smolt during adaptation to saltwater - small colonies of cells cause point hemorrhages 
- colonies usually near fin bases 
- algae disappears when salinity is increased 

PHAEOCYSTIS POUCHETTII - gelatinous colonies of non-motile cells 
Undefined illness and mortality during blooms of this species 

CHAETOCEROS spp. - diatom colonies 
Large concentrations 
- bleeding in gills caused by cuts and wounds due to the silica 

- clogging of gills 
spines of the diatom cells 

ALL BLOOMS - diatoms, flagellates, mixed blooms 
Spring and summer-autumn blooms, discoloured water 
- reduced appetite 
- fish trying to escape 
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PHYTOPLANKTON BLOOMS AND RED TIDES: 
EFFECTS ON FISH RECRUITMENT 

Alan W. White 

Sea Grant Programme 
Woods Hole Oceanographic Institution 
Woods Hole, Massachusetts, U.S.A. 

It is an accepted tenet among fisheries scientists that events 
which occur during the oral life stages of fish are the major determinants 
of year-class strength. Only a minuscule percentage of newly hatched larvae 
reaches the juvenile stage as most larvae die from starvation or predation. 
The degree of success of recruitment of larval fish to the population of 
juveniles is dependent upon a number of factors. One of the major factors 
is how well the timing of spawning coincides with the annual blooms of 
phytoplankton and zooplankton, which of course provide food for the larvae. 
A well-documented example is the relationship between recruitment of 
Northern anchovy (En~raulis - Gymnodinium splendens) off the coast of 
California. 

, The association of exceptional phytoplankton blooms and red tides 
I with mass kills of adult fish, wild and cultured, in many areas of the world 

is well known. Kills result from oxygen depletion, ichthyotoxicity, or 
physiological or mechanical stress. Whether extensive kills of adult wild 
fish, such as those reported during Gvrodinium aureolum blooms in 
northwestern Europe and during Ptvchodiscus brevis blooms in the Gulf of 
Mexico, have significant impact on fisheries productivity in these areas is 
unknown. Given the tremendous fecundity of fish, long-lasting effects of 
toxic blooms and red tides on fish production may be rare. However, 
recurrent toxic blooms may perhaps influence stock sizes of fish stocks in 
certain areas. 

I 
I 
I I 

Regarding fish larvae, it is difficult to assess whether the 
overall net effect of exceptional algal blooms and red tides on recruitment 
(used in this sense to mean recruitment of larvae to the population of 
juveniles) is positive or negative. Blooms and red tides serve as pulses of 
carbon into marine systems. If the causative organism is not toxic or if 
the bloom does not result in anoxia, then the increased primary and 
secondary production translates into increased food for fish larvae, thus 
conceivably resulting in a positive effect on recruitment. If, on the other 
hand, the bloom is toxic or causes anoxia, then mass kills of larvae may 
occur, conceivable resulting in negative effects of recruitment. 

There is not enough field or laboratory information available to 

evidence on effects of toxic, red-tide organisms on fish larvae is limited. 
Results of one study, presented at the International Symposium on Red Tides, 
Tamatsu, 10-14 Nov. 1987, indicate that some larvae can be killed by eating 
the toxic dinoflagellate, Gonvaulax excavata or zooplankton which, in turn, 

I be able to estimate to what extent the above scenarios occur. Experimental 
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have eaten G. excavata. Further, calculations from the study suggest that 
in nature only a few G. excavata cells constitute a lethal meal for a first- 
feeding larva, and only a few dozen copepods constitute a lethal meal for 
older larvae. 

Since Gonyaulax excavata can kill larvae, it is reasonable to ask 
if the other red-tide algae that contain saxitoxin and related toxins (i.e., - G. catenella, Pvrodinium bahamense var. comuressa, and Gvmnodinium 
catenatum) can too. Investigations on the effects on fish larvae of these 
algae, as well as other fish-killing algae such as Gvrodiniwn aureolum, 
Chattonella antiaua, Heterosima akashiwo, Ptvchodiscus brevis, etc., should 
be conducted. 

Although the methodology presents a challenge, field studies of 
the behaviour and survival of fish larvae during toxic algal blooms and red 
tides should be included in the biological oceanographic examinations of 
these events. To my knowledge, no studies of this sort concerning fish 
larvae have been done. 
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MEDITERRANEAN RED TIDES 

T. Wvatt 

Instituto de Investigaciones Marinas 
Vigo, Spain 

Red tides in the Mediterranean are largely of the "trivial" kind, 
e.g. concentrations of phytoplankton and frequently Noctiluca along 
hydrographic fronts, and in bays and other sheltered areas. They are 
frequent in the Gulf of Valencia and between Barcelona and Lansa on the 
Spanish coast, and along the coast of Yugoslavia in situations like Kastela 
Bay, Pula Harbour, and the Gulf of Kotov. 

Bacterial red tides occur in landlocked lagoons on the French and 
Italian coasts. Species of Thiocapsa, Desulfobacter and Desulfovibrio are 
involved. 

Significant changes seem to have taken place in Greek waters in 
the last decade, where Ptychodiscus brevis has bloomed, and been associated 
with fish mortality. An event of this kind in 1978 was attributed to 
eutrophication. 

Blooms of Mesodinium and Gymnodinium are also known in Izmir Bay 
(Western Turkey) and may offer parallels to those recorded in the Rias Bajas 
of northwest Spain. 

SHORT BIBLIOGRAPHY: 

Spain 
Arte, Lopez, Inv. Pesq. =:699-708, (1971) 

France 
J. Sournia, Vie Milieu, 28-29 (2AB):175-187, (1978-9) 
Cammette, FEMS Microbiol. Ecol., 38: 113-124, (1986) 

Y u ~ o s  lavia 
Vukadin. Maroxovic, Acta Adriat., &:1-7, (1982) 
Maretic et al., Period. biol. 80 (Supp.l):153-159, (1978) 
Dutina, Vukanic, Stud. Mar., 13 14: 127-139, (1983) 

Greece 
Friligos, Satsmadjis, Vie Milieu, =:111-117, (1983) 

Turkey 
Koray, Ege Univ. Fac. Sci. J., B7:75-83 (1984) 



IOC Workshop Report No. 57 
Annex I1 - page 42 

EFFECTS OF FRONT FORMATION ON RED TIDE OCCURRENCE 

Tetsuo Yanaei - 

Department of Ocean Engineering, Ehime University 
Matsuyama, Japan 

It has been said that the red tide occurrence is related to the 
surface convergence such as siome, streaks and fronts because the plankton 
is passive to the water movement and lighter than the sea water. However, 
there has been some confusion on the definition or terminology of such 
surface convergence. 

Yanagi (1987) proposed a suitable classification of siome, streaks 
and fronts as shown in Fig. 1. The surface convergence has to last for more 
than one week to develop a plankton patch of a normal cell density of 10 
cells/ml into the cell density at red tide of 1000 cells/ml assuming a 
doubling time of one day. From this viewpoint, only the tidal front has a 
possibility to be directly related to red tide occurrence of large scale in 
coastal areas because the life time of streaks range from several hours to 
one day. The estuarine front and the thermal effluent front exist too near 
to the coast and the thermohaline front exists only in winter. The tidal 
front is generated in a transition zone between the water that is vertically 
mixed by tidal stirring and the stratified water caused by heating through 
the sea surface in summer. The location of a tidal front is controlled by 
the variations in tidal mixing caused by spatial changes in tidal current 
amplitude U and the depth H, that is, the critical parameter is log(H/U3). 

For example, the red tide of Noctiluca was found along the tidal 
front in Osaka Bay, Japan as shown in Fig. 2. 
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--Current with the rapid change of couUl geometry 
--L.ngmuir circularion 

tidal front 

-couul upwelling front 

-coastal boundary current front 

iubtropiul front 

doldrum frOrrt 

polar front 

Fig. 1. - Classification of siome, streaks and fronts. 
Siome: surface convergence larger than the diffusion. 
Streak: surface convergence within the same water mass. 
Front: surface convergence between two different water 

masses. 

I 
Fig. 2. - Distribution of log (H/U’) in Osaka Bay, Japan and the 

The location of red tide Noctiluca from LANDSAT 3 MSS 
location of tidal front from NOAA 9 i.r. image (left). 

image (right). 
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INSTRUMENTAL ANALYSES OF DINOFLAGELLATE TOXINS 

Takeshi Yasumoto 

Faculty of Agriculture, 
Tohoku University, Japan 

A highly sensitive and specific analytical method was developed 
for the determination of okadaic acid (OA) and dinophysistoxin-1 (DTXl), the 
main toxins responsible for diarrhetic shellfish poisoning. The toxins, 
which bear a carboxylic group, were esterified with 9-anthryldiazomethane 
and the resultant fluorescent derivatives were determined by high 
performance liquid chromatography (HPLC) after clean up on a disposable 
cartridge column (Sep-pak Silica, Waters). Satisfactory separation of the 
toxin derivatives was achieved on a reversed phase column (Develosil ODs) 
using acetonitril-methanol-water (8:l:l) as a moble phase. The excitation 
and emission wavelengths were set at 365 and 412 nm, respectively. The 
minimum detection level was about 1 pmol. The high sensitivity of the 
method enabled us not only to confirm the toxigenicity of DinoDhvsis spp. 
but also to determine the levels and profiles of the toxins with a small 
number of cells (100-1000) collected under a microscope. Thus the method 
provides an efficient means to test the toxicigenicity of species incapable 
of growing in laboratories. The method was also useful to distinguish 
different strains of Prorocentrum lima by toxin profiles. 

The fluorometric HPLC method for determination of paralytic 
shellfish toxins was also improved. The method is capable of analyzing 
toxin profiles with a few hundred cells of dinoflagellates and thus saves 
the time and labor needed to prepare cultures. Another advantage of the 
instrumental assay is the easiness with which it determines sulfamate 
toxins, which are difficult to analyze by mouse assays due to their 
instability and low potency. 
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AUTOMATED ANALYSIS OF PHYTOPLANKTON AND BLOOMS 

Clarice M. Yentsch I 

Bigelow Laboratory for Ocean Sciences 
Maine, U.S.A. 

Vast improvements in optics, electronics, stain utilization, and 
and cells of a 

natural population by flow cytometers/cell sorters within minutes. 
Advancements impossible by other means of analysis include: quantification 
of multiple parameters, analysis on individual particle basis, analysis at 
rapid rates at thousands of particles per second, good sensitivity, 
statistical precision, cell sorting capability and extended data analysis. 

I immunofluorescence result in the ability to analyze particles 

Flow cytometers/cell sorters have provided biological and optical 
oceanographers with an opportunity for new flexibility and experimentation. 
This is characterized by rapid measurement of two to six parameters made 
simultaneously on large numbers of individual particles. Knowledge of 
variability can advance our information base. Information compression as 
well as information expansion relating size/light scatter and fluorescence 1 parameters are presented. 

In a static sea, one would expect that productivity would be 
steady-state and directly proportional to sunlight in the ocean surface 
layer. The dynamics of currents, tides and topographic mixing serve to 
inject nutrients and stir the plankton into variable light and nutrient 
environments. Thus the distribution of photosynthetic production, and its 
producers, varies by several orders of magnitude over the globe. One wants 
to know what kinds of particles these are. Scientists have subdivided these 
into several groups, with coccolithophores, dinoflagellates, blue-green 
algae (cyanobacteria), and diatoms being the most numerous. 

CoccolithoDhores: A satellite 500 miles above the ocean's surface 
senses phenomenal reflectance in each of its visible wavelength channels. 
Researchers in the lab study cultures to estimate the pattern of magnitude 
of nature's contribution to "acid rain," and geological information relating 

I to our changing climate and global ocean flux. 

I Dinoflagellates: A bioluminescent glow is emitted in the wake of 
a submarine "hiding" at the thermocline. Geologists core the ocean basin to 
examine for dinoflagellate resting cysts, in an effort to position oil 
exploration. Cycles of both the motile and resting stages of species 
sometimes bloom and cause toxic "red tides". 

Cvanobacteria: At sea, measurements on single cells indicate a 
marked pigment change both horizontally and vertically within the oceans' 
illuminated layer. In the laboratory, the pigments are extracted and used 
to tag antibody reagents of major utility in biomedical research. 
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Diatoms: Turbulent upwelling regions and other mixed waters are 
characterized by cold, nutrient-rich waters at the surface. Sea surface 
temperature data are now available to several fishing vessels and fishing 
ports in California and Rhode Island. 

Conclusion: Knowing "how many" of '*who" are "where", "when", in 
our oceans is important. Past methods involving preservation and/or 
extraction, manipulation, filtration, incubation are ridden with artifacts. 
Microscopic methods are slow and tedious. Present-day tools of discovery 
have far greater powers of resolution than those available to Darwin. Clear 
impressions of the variability in productivity are emerging by satellite 
imagery and received shipboard. Side-by-side, there are automated 
instruments to enumerate thousands of individual micron-sized particles in - situ per second. These are now the frontiers. 

What engineering feats permit novel in situ ventures with 
microscopic particles? The advent of flow cytometry and sorting. 
Explorations employing flow cytometry/sorting are currently on-going in 
several laboratories in many fields of research. There are at least 16 
instruments in North America, Japan, and Europe dedicated to aquatic 
research. 

Flow cytometry (FCM) is literally the measurement of cells in a 
flow system. Inert particles as well as cells can be easily measured. 
Single-celled organisms common in the oceans range in size from 4.0 um to 
greater than 100 um expressed as cell diameter. If expressed as cell 
volume, this is approximately 0.5 um3 to 500,000 um3/m! Metabolism is 
related to cellsize. By defining the limits of variability, we are able to 
make some generalizations with confidence, in fact, to compress information. 
By making observations of a population on a particle-by-particle basis, the 
variability within a population is easily assessed. In addition, another 
level of resolution may be obtained through the simultaneous measurement of 
two or more parameters for each particle. With flow measurements, 
statistically significant numbers of particles may be analyzed for a large 
range of particle concentrations in near real time. 

The more sophisticated instruments go beyond the mere multiple 
simultaneous parameters. Laminar flow aligns the sample stream containing 
the particles into an interrogation region which permits sensitive, precise 
quantification of fluorescence intensity, 90' light scatter (SSC) and 
forward angle light scatter (FALS). 

Although the purchase price of automated equipment is high, it is 
cost effective and permits rigorous sampling which can help to quantify 
bloom conditions in time and space. 
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SURVEILLANCE OF OCEAN BLOOMS 

Charles S. Yentsch 

Bigelow Laboratory for Ocean Sciences 
Maine, U.S.A. 

There exists a strong correlation between regions of high primary 
production and toxic outbreaks of algae. This leads one to believe that the 
appearance of these toxic blooms is a part and parcel of oceanographic 
processes which occur on a planetary scale. It is believed that most blooms 
result from enrichment and the answer for their genesis of blooms is 
physical/chemical interactions; physical forces resulting from tides, wind 
stress etc. are the prime candidates. Although one cannot dismiss the fact 
that blooms are the result of natural oceanographic phenomena, the question 
arises whether or not the increased frequency of blooms is due to long term 
climatological change and/or to the influence of human activities. It is 
recognized that the two are not unrelated. Given the inadequacy of 
shipboard observations the only reasonable approach is a commitment of long 
term surveillance by use of satellite imagery to establish the frequency of 
blooms in all oceans. It is suggested that the IOC could identify and 
commission regional satellite centers to search through their archives to; 
1) log blooms and the frequency of occurrence in specific locations, and 2) 
to assess regional and temporal ocean-climate interactions associated with 
these blooms. 

I 

I 1 
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POTENTIALLY BLOOH-FORMING PHYTOPIANKTON SPECIES 

Table 1. RED TIDE CAUSATIVE ORGANISMS 

Bacteria 
Pseudomonadomycetes 
Rhodobacteriales 

Chroma t ium 

Phytoplankton 
Cyanophyceae 

Chroococcales 
Microcystis 

Nostocales 
Trichodesmium, Oscillatoria, ADhanizomenon 
AnabaenoDsis , Anabina 

Cryp tophyceae 
Cryptomonadales 

Chroomonas 
Dinophyceae See Table 3 
Bacillariophyceae 

Centrales 
Cyclotella, Skeletonema, Thalassiosira, Coscinodiscus, 
Leptocylindrus, Rhizosolenia, EucamDia, Bacteriastrum, 
Chaetoceros 

Asterionella, Fragilaria, - Nitzschia 
Pennales 

Raphidophyceae See Table 2 
Haptophyceae (Prymnesiophyceae) 

Isochrysidales 
Emiliania, Pleurochrvsis 
Prymnesiales 

Chrvsochromulina, Prymnesium, Phaeocvstis 
Euglenophyceae 

Eut r ep ti a 1 e s 

Euglenales 

Prasinophyceae 

EutreDtia, EutreDtiella 

Euglena, -Trachelomonas 

Pyraminonadales 
Pvramimonas , 

Prasinocladales 
Tetraselmis 

Chlorophyceae 
Volvocales 

Dunaliella, OltmannsielloDsis, Chlamydomonas, 
Brachiomonas 

Protozoa 
Ciliophora 

Prostomatida 
Mesodinium (=Mvrionecta) 
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Table 2. RED TIDE CAUSATIVE RAPHIDOPHYCEAE 

Class Raphidophyceae 
Order Raphidomonadales 

Family Vacuolariaceae 
Fibrocawa i aponica 
Chattonella antiaua 
C. marina 
C. subs a1 s a 
Heteros isma akashiwo* 

* Often confused with Olisthodiscus luteus 
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Table 3. RED TIDE AND/OR TOXIC DINOFLAGELLATES 

Class Dinophyceae 
Order Prorocentrales 
Family Prorocentraceae 
Prorocentrum balticum 
-P - . concavum 
P. - P. dentatum - P. gracile 
*p. - 1 ima 
*E mexicanurn 
P. micans - P. minimum 
P. - P. triestinum 

Family Dinophysiaceae 

c omp r e s sum 

s i Em0 ide s 

Order Dinophysiales 

- 

*Dinophvsis acuminata 
*L acuta 

*D. fortii 
*L mitra 
*L norve a i c a 
*D. tripos 

Order Gymnodiniales 

- D. caudata 

Family Gymnodiniaceae 
*fmuhidinium carterae 

*A. klebsii 
A. conradi i 

Cochlodinium catenatum - C. helicoides 
*c. polvkrikoides 
Gvmnodinium albulum 
*g breve 
*G. cat enatum - G. lacus tre 
- G. mikimo t o i 
*G. naqasakiense - G. sanauineum - G. simplex 
*Gvrodinium aureolum 
- G. - G. fissum - G. f lavum - G. instriatum 

Family Lophodiniaceae 
Katodinium rrlaucum - 

Family Polykrikaceae 
Pheopolvkrikos hartmanii 

fa 1 c a tum 

Polvkrikos kofoidii - P. schwartzii 
Family Pronoctilucaceae 
Entomosima Deridinioides 
Oxvrrhis marina 

Order Noctilucales 
Family Noctilucaceae 
Noctiluca scintillans (=miliaris) 

Order Peridiniales 
Family Calciodinellidaceae 
Scrippsiella hexapraecingula 
S. crochoidea 

Family Ceratiaceae 
Ceratium furca 

- C. trichoceros 
Family Gonyaulaceae 
Alexandrium balechii 
A. minutum 
Gonvaulax polvedra 
- G. polvaramma - G. spinif era 
- G. triacantha 
- G. verior 
Protoceratium reticulatum 
*Protogonyaulax acatenella 
- P. af f inis 
*p. catenella 
*p. cohorticula 
P. per uv i ana 
*p. tamarensis 

- P. b. v. bahamense 

*Ostreovsis ovata 
*o& s iamens is 
*Coolia monotis 

- 

- C. fusus 

- 
Pvrodinium bahamense var. compressa 

Family Ostreopsidaceae 

Family Peridiniaceae 
Cachonina hallii 
Heterocapsa triauetra 
Peridinium bipes - P. cunninatonii - P. grerrarium 
*L hanrroe i - P. penardi i 
*L polonicum 
L auinauecorne 

Family Triadiniaceae 
Triadinium Dseudogoniau~ax 
*Gambierdiscus toxicus 
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37 Papers wbmiited 10 the IOC/Unesm 
Suppl Workshop on Regmnal Cwperation 

in Manm Science in the Central 
Indan Ocean and yacent 
Seas and Gulfs 
Colombo. 8-13 July 1985 

Fate and Fluxes of Oil Pollutants 
in the KuwM Adion Plan FWgmn 
M, Iraq. 8-12 January 1984 

ORSTOM Wwkshop on the Uses 
of SubmecslMss and Remotely Operated 
Vehicles in the South Paafic 
Suva, FYI, 24-29 september 1985 
IOC Wotkshop on W Technml 
Aspects of Tsunami Analyws. 
P ~ K l n a n d c o m m u ~ n s  
sdney,BC,Canada,29.31 July1985 

38 K3c/ROPMUUNEP SYnlpOStUm On 

39 CCOP (S0PAC)-IOC-IFREMER- 

40 

Publishing Body Language8 

Ioc, unesco 
PlacedeFontenoy 
75700 Paris, France 

English IOC, uwso3 
place de Fonlen0y 
75700 Park. France 
Ioc, unem 
Place de Fontenoy 
75700 Paris, France 

English 

spanish 

Enghsh 

English 
Spanish 

English 

English 

Enshsh 

Enghsh 

English 

English 

English 

English 

Enghsh 

roc, unesco 
Place de Fontenoy 
75700 Paris, France 

EngM 

IOC, unesco 
Place de Fonienoy 
75700 Paris, France 

Ioc. u r n  
Place de Fontenoy 
75700 Paris, France 

English 
French 
Spanish 

Ei@ish 

IOC, unem 
Place de Fontenoy 
75700 Paris. F r m  IOC, unesm 

Place de Fomenoy 
75700 Pans, France MC, unem 

Place de Fontenoy 
m00 Paris, France 
IOC, unesco 
Place de Fonienoy 
75700 Paris, France 

Ioc, unem 
Pk e  de Fontenoy 
75700 Paris, France 

EngllSh 

English 

English 

MC, unesm 
Place de Fontenoy 
75700 Paris, Francs Ioc. u m  

Place de Fontmy 
75700 Paris, France IOC, unem 

Place de Fontenoy 
75700 Paris, France 

MC, umsm 
Place de Fontenoy 
75700 Paris, France Ioc. u m  

Place de Fonienoy 
75700 Paris, France 

English 

IOC, u m  
Place de Fontm 
75700 Paris, France 
loc, u m  
Plece de Fontenoy 
75700 Pans, France 
Ioc. u m  
Place de Fontenoy 
75700 Paris, Francs 
IOC. unesa, 
Place de Fontenoy 
75700 Pais, France 

m. - 
Place de Fontenoy 
75700 Paris, France 

Engwl 

English IOC, unesa, 
Place de FM\tenoy 
75700 Paris, France 

m. u m  
Place de Fonienoy 
75700 Pa& Franc% 

English 

Ioc, umm 
PlacedeFontaMy 
75700 Paris, France 
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Suppl Aspecrs of Tsunami Analyses, 

132. Workshop on the Technical 

Predmsn and Communicawns 
S*P.9p3Is 
Sdney. B C , Canada, 29-31 Juiy 1985 

First Workshop of Patiupants in the Joint 
FAOIIOCIWHOIIAEAUNEP Prqecl 
on Monltonng of Pollution in the Marine 
Ermmnment of the West and Central African 
Regm (WACAF12) 
Daker. Senegal, 28 October - 1 November 1985 
on D m -  Hy&ocarbon in Seawater 
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42 IOCNNEP Intercalibfabon Workshop 

Benrmda, USA. 3-14 December 1984 
(in P-) 

43 IOC Workshop on the Res& of MEDALPEX 
and Fulwe Oceanographc Programmas 
in the WBStem Meddwanean 
V e m ,  Italy, 23.25 Wber 1985 

44 IOCJFAOWwWmponRemlhllant 
I t l T ~ ~ h ~  
Communkw 
Ciudad del Canen, Campeche. 
MexkYJ, 21-25 lqwd 1986 

44 IWFAO Workshop on R W M  
Sup@ in Tropical coastal Demersal 

Communlbes . SuLmnW P~pers 
Ciudad del Carmen, Campeche. 
Mem, 21-25 Apnl l9e6 

MC, u m  
Place de Fontenoy 
75700 Paris, France 

English 

IOC. umm 
Place de Fontenoy 
75700 Pans, France 

English 

IOC. unesm 
Place de Fontenoy 
75700 Paris, Franc% 

English 

Ioc, unesm 
PlacsdeFollImy 
75700 Paris, France 

Ioc. unesco 
Place de FMItenoy 
75700 Paris, France 

Ioc. unesa, 
Place de Fontmoy 
75700 Paris, France 

EngNsh 
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