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SUMVARY

Eut rophi cati on of sem -encl osed seas and harnful al gal bloons are
two phenomena wi th high public awareness on a world-wi de scal e.

_ ~Sem -enclosed seas are particularly prone to serious
eutrophi cation problems due to their often high coastal populations, their
function as catchment-basins and their reduced exchange of water with the open
sea. The Baltic, the Black Sea and the Adriatic Sea represent different stages
of eutrophication. The main concern for fisheries is that one of the first
consequences of eutrophication is a |l oss in suitable environmental conditions
for fish production and reproduction. The Baltic and the Black Sea thus
suffered severe depletions of comercially exploited fish stocks due to
eut rophi cati on.

~Harnful algal bloons on the other hand are increasing
requency, intensity and geographic spread on a global scale. In additio
he i nportance of poisoning of living resources on a regional scale, with
ncrease of exports of marine products, disastrous effects may be expected
enot e markets.
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The aimof the Wrkshop was to bring together scientists, coasta
managers as well as fishery experts and nmanagers from the fishing industry
from western, eastern and developing countries for establishing a
Nor t h- Sout h- East di al ogue of persons concerned, involved and responsible for
identification and discussion of the two phenonena in relation to coasta
living resources.

_ Twel ve key note | ectures were given by well known experts in the
fields of eutrophication, harnful algal bloons and 1nternational co-operation
and training.

_ ~The Wbrkshop then separated into two working groups to discuss
special training requirenents for nmonitoring the two phenonmena.

o The final sessions ended up with the recommendati on of specific
training courses on inproving nonitoring of eutrophication and training on
ecol ogy, taxonomy and toxicity testing of harnful algal bloons, respectively.

=

OPENI NG

The Vbrksh%g:mas sponsored and hosted by the State of Brenen and
sored by the 10C. It was organlzed by the 'Brenen Maritine Training
(BMIC) and conducted by POLARMAR GrbH, polar and marine consultants,
e co-sponsorship of the follow ng institutions:
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Al exander von Hunmbol dt - Stiftung, Bonn

Car| Duisberg Cesellschaft e.V., Berlin/Koln

Der Magi strat, Seestadt Bremnerhaven

Food and Agricul ture CrPanlzatlon_(FAg» )

(Medi terranean Action Plan Co-ordination Unit, Athens)
- Hydr o Bi os Apparat ebau GrbH, Ki el

- Worl d Environnent Center, New York

It was held at the Parkhotel, Brenerhaven, Germany, from 29
Septenber to 3 October 1992

_ Senator Une Beckneyer, the State Senator for Ports, Shippinﬂ and
Foreign Trade, gave the Opening Address. He stressed the fact that Bremerhaven
was a particularly appropriate place to hold the Wrkshop; not only is
Br emer haven the(Pr|nCJpaI fishing port in Europe, but it also suffers from
al gal bloons and nucilage, and bans on the marketing of nussels are not

unknown. On the other hand, one of the nobst vital needs I1s to ensure a supFIy
of unpolluted water. Access to such water is becom ng nore and nore difficult,
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everywhere. For many developing countries, maritime trade is vital to
progress, and the need for high-quality products is ever present. To ensure
these objectives, these countries need to devel o? rel evant expertise. The
State of Brenen is in a strong position to heIP devel op such expertise through
its leading marine research institutions, its long maritime experience and its

policy of overseas co-operation.

Senat or Beckneyer particularly thanked the co-sponsors of the
Wor kshop. He al so expressed his country's abhorrence of the atyPl cal pockets
of xenophobi a that have mani fested thensel ves recently; neverthel ess, Gernmany
has always played its full part in international co-operation and would
continue to do so.

M. G@unther Hilliges, Chairman of the Bremen Maritinme Training
Centre (BMIC) and Head of the Brenmen State Ofice for Devel opnent
Co-operation, then wel comed the participants on behalf of the State of Brenen
and of the BMIC in particular. He traced the state government's long-term
efforts in development co-operation, which are supporting the federal
government' s devel opnment co-operation policy by neans of its own tax rmne¥ and
programes related to its special fields of experience and interest. These
concentrate on contributions in the field of north-south devel opnent co-
operation - and since two years also in central and eastern Europe - in
particul ar by supporting  renewable energy progranmes, support  of
non- governnental organi zations, on the execution of wvarious training
programres, and on ocean environment protection.

M. HIlliges stressed that effective and conprehensive apPr oaches
to devel opnent nust include the building of awareness in the economcally nore
advanced societies for the necessity of equal sharing of our PI obal resources.
"Wthout the acceptance of the need for a just and sustai nabl e devel opnent in
the South, East and North the gl obal change towards such devel opnent will be
Wi t hout success”, said M. Hilliges.

_ He then described the BMIC, founded only two years ago by
comercial firms, scientific institutions and public authorities, as Brenen's
and Brenerhaven's answer to the grow ng requirenent for conprehensive training
in the fisheries, harbour managenent and ocean environnment fields. The
Wor kshop is understood as the starting point for future co-operation and
i npl ementation of carefully defined training needs. The sel ected subject of
the Workshop neets well the know edge and experience gathered in Brenerhaven
a?d IﬁrerTBe'\?T.CFol | owup training programmes will be one of the future activities
of the '

He final I\thhanked Ms. Wsula N x, the deputy rmanager and proj ect
manager of BMIC, . | fgang Wl sch of POLARMAR and Dr. ‘Jurgen Al heit of the
Baltic Sea Research Institute, Warneninde, for their dedication to the
preparati on of the Wrkshop.

Dr. Chidi 1Ibe, Head of the Marine Pollution Unit of the
I nt ergover nment al Cceanogr aphi ¢ Commi ssion (of UNESCO), al so gave a wel com ng
address. He recalled the | nmeeting on future trends in Tralning, Education
and Mutual Assistance in the Marine Sciences (TEMA) held in Brenerhaven in
1989. At that time he represented the devel Of)l ng countries; now he was
representing 10C itself. He had not only been able to view such matters from
the 1 CC side, but he was al so now expected to put sone of the recommendations
of the 10C neeting into action.

He conveyed to the Whrkshop the fraternal greetings of the
Secretary of the 10C, Dr. Gunnar Kullenberg. He believed that the present
Workshop was tinely since it addresses the persistent problens of training and
i npl ementation, but it also makes a start in giving practical neaning to the
intentions of the UN Conference on Environnent and Devel opnent, held recently
in Rio de Janeiro, and in particular to chapter 17, on Protection of the
Cceans, Al Kinds of Seas, including Enclosed and Seni-encl osed Seas, Coastal
Areas and the Protection, Rational Use and Devel opnent of Their Living
Resources, of "Agenda 21" adopted by the Conference.
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~ The solution to the probl ens posed is, he believed, internationa
co-operation between the devel oped countries, the devel%gln% countries and
i ndeed an increasi ng nunber of non-devel opi ng countri es. . I be thanked the
or%anlzers mhole-heartedlK for their effort in organizing the present Wrkshop
and expressed the 10C s keen anticipation of the Report thereof.

_ ~ To conplete the opening session, Dr. Jurgen Al heit presented an
introduction to the Wrkshop. He expressed his personal pleasure in seeing his
i dea (of the Wrkshop) becone realltg. He was particularly pleased to see the
P05|t|ve i nterest and support given by international organizations such as the
CC, UNEP and FAO.

_ Eutrophi cation is caused by increased input of nutrients from
terrestrial sources (e.g. agriculture), such as nitrogen and phosphorus, into
coastal areas. This can cause enhancenent of algal productivity and
accunul ation of algal bionmass, and m ght change the whol e ecosystem In recent
years, there appears to have been an increase of these effects in the coastal
areas of industrialized countries.

_ ~Sem -encl osed seas are particularly prone to serious
eut rophi cation problens due to their often high coastal populations, their
function as catchnent basins and their reduced exchange of water with the open
sea. The recognition that sem -encl osed seas constitute special environments
that are nmuch nore susceptible to the inpact of human activities than the open
oceans calls for co-operative action for sem -encl osed seas.

_ An illustrative exanple of the negative inmpact of human influences
is the Black Sea. There is gromnng scientific evidence that the Black Sea has
suffered catastrophic ecol ogi cal danage as a result of pollution, principally
from |and-based sources. This had resulted in eutrophication. As a
consequence, the riparian countries are loosing their wvaluable fishery
resources which have suffered an alnost total collapse. The profound
alteration of the marine ecosystemof the Black Sea, primarily as a result of
eut rophi cati on, has had an enornous inpact on the fisheries.

H gh-val ue speci es have di sappeared to be replaced by fish species
of much less value. O 26 species of comercial fish in the 1960s only 6
remain in significant exploitable quantities.

_ The Baltic Sea, the Black Sea and the Adriatic Sea represent
different stages of eutrophication, and a conparative approach to
consi deration of the eutrophication problens in these three | arge ecosystens
seens particularly appropriate. Consequently, experts fromthese three regions
brought together have to have a fruitful interaction

_ Harnful algal bloons can pose a threat to public health and
tourism can cause mass nortalities of shellfish and finfish and can result
in great economic hardship to coastal fishing conmmunities and aquacul ture
i ndustry. OQutbreaks of harnful algal bloons are increasing in frequency,
intensity and geographic extent on a gl obal scale. Wether or not the outbreak
of harnful algal bloons is caused by 1 ncreasing eutrophication is the subject
of an intense debate between scientists.

_ _ Harnful al gal bloons can cause, in particul ar, Paralytic Shel
Poi soning (PSP), Diarrhoetic Shellfish Poisoning (DSP), Neurotoxic Shel
Poi soning (NSP), and Ammesic Shellfish Poisoning (ASP). People ea
contam nated shellfish can becone seriously ill, and mght even die of
Thi s danger al so presents a great economic threat to the aquacul ture indust

fish
fish
ting
It.
ry.

_ ~Since nost countries lack the required expertise to cope with the
negative inpact of harnful algal bloons, a degree of formal internationa
co—ope{atlon in research and training is needed which does not exist at
present.

Towards this goal, 10C and FAO are devel oping an Internationa
Progranme on Harnful Al gal Bloons (HAB) which is a conponent of the | OC FAO
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Pro?ramre on Ccean Science in Relation to Living Resources (OSLR) and has the
following overall objective: "To foster the effective nmnanagenent of, and
scientifrc research on, Harnful Algal Blooms in order to understand their
causes, predict their occurrences, and mtigate their effects.”

2. OBJECTI VES OF THE WORKSHOP

Dr. Alheit recalled that the objective of the Wrkshop was to
bring together scientists, coastal managers as well as fishery experts and
managers from the fishing industry from western, eastern and devel oping
countries with the aimof establishing a hbrth;South—East_dlalogue of persons
concerned, involved and responsible for the identification and treatnment of
common probl ens of protection of coastal fish resources and aquaculture. The
enphasis of this Wrkshop was on technology transfer by training and on
assistance in the inplenentation of appropriate projects to recognize
envi ronmental hazards in time and, if possible, to prevent harnfu
consequences.

Dr. Alheit explained that, after discussion of the keynote
presentations (see section 3, below), the Wrkshop participants would be split
up into two rking Groups charged with dlscu53|ng and identifying training
requi rements and fornul ating appropriate recommendati ons on training needs,
to be submitted to potential funding agencies.

The programme of the Wrkshop is given in Annex | hereto. The Li st
of Participants Is given in Annex |1

3. KEYNOTE PRESENTATI ONS
_ Twel ve keynote speakers then addressed particul ar aspects of the
subj ects of the Wrkshop. Sonme were supported by other participants who
provi ded a consi derabl e amount of supplenentary information on the state of
the marine environnent in their respective regions.
The list of speakers and topics is as foll ows:
Order of Keynote Presentations:

3.1 TRAI NI NG OF SCI ENTI STS FROM DEVELOPI NG COUNTRI ES I N THE FI ELD OF
MARI NE POLLUTI ON

Dr. C. 1be, Intergovernnental Cceanographic Conm ssion, of UNESCO
Paris, France

3.2 COASTAL EUTROPHI CATI ON: CAUSES AND CONSEQUENCES
Dr. E. Nothig, Alfred Wegener Institute, Brenerhaven, Germany
3.3 EUTROPHI CATI ON OF THE BALTIC SEA - A COWON PROBLEM
Dr. S. Johansson, Swedi sh Environnmental Protection Agency, Sol na,
Sweden
3.4 EUTROPHI CATI ON PROBLEMS | N THE EASTERN MEDI TERRANEAN

Dr. N Friligos, National Centre for Marine Research, Athens,
Greece; Dr. Y. Halim University of Alexandria, ngpt; Dr. |I.
Marasovi c, Institute of Qceanography and Fisheries, Split, Croatia

3.5 EUTROPHI CATI ON PROBLEMS | N THE BLACK SEA
Dr. A Bologa and Dr. P.A M hnea, Rumanian Marine Research
Institute, nstanza, Rumania; Dr. C. Saydam Mddle East
Technical University, Erdemi-lc¢el, Turkey; Dr. S. Konoval ov,
bEstjtute for the Biology of the Southern Seas, Sevastopol,
raine
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3.6 THE MEDI TERRANEAN ACTION PLAN WTH SPECIAL REFERENCE TO
EUTROPHI CATI ON AND PLANKTON BLOOMS _ )
Dr. G Gabrielides, FAQ Co-ordinating Unit for the Mediterranean
Action Plan, Athens, G eece

3.7 HARMFUL ALGAL BLOOMS: A GENERAL OVERVI EW
Dr. M Elbréachter, Biologische Anstalt Hel goland, Sylt, Germany
3.8 PROBLEMS CAUSED BY HARMFUL ALGAL BLOOMS | N CHI NA
Dr. Yu-Zao , Institute of Hydrobiology, Guangzhou, People's
Republic of China (paper co-authored by Hon Ying, Q ang Honling
and Lu Shonhui)
3.9 HARMFUL ALGAL BLOOMS AND FI SHERI ES
Dr. K. Tangen, OCEANCR, Trondhei m Norway
3.10 ENVI RONMENTAL | SSUES RELATED TO AQUACULTURE DEVELOPMENT
Dr. H Rosenthal, Fisheries Biology Departnent, Kiel, Germany
3.11 MONI TORI NG THE HEALTH OF LARGE MARI NE ECOSYSTEMS )
Dr. K Sher man, Nat i onal Cceanographic and Atnobspheric
Adm ni stration (NOAA), Naragansett, RI, USA
3.12 GLOBAL CHANGE: PHYSI CAL AND Bl OLOG CAL ASPECTS
Dr. A Bakun, FAO, Rone, Italy
3.1 TRAI NI NG SCI ENTI STS FROM DEVELOPI NG COUNTRIES IN THE FIELD OF

MARI NE POLLUTI ON

Dr. Ibe (10C) nade this presentation. He first indicated that Dr.
Lawr ence Mee (| AEA, naco) had been unavoi dably prevented from art|C|Eat|ng
in the Workshop but had asked him Dr. Ibe, to incorporate in his talk some
of the principal points nade in the keynote talk that was to have been given
by Dr. Mee on Pollution as a Constraint in the Devel opnent of the rine
Environnment: Building a Capacity for Managenent.

) Pol luti on of the marine environment is an_increasin?ly worryin
probl emin devel oping countries. The main causes are: (i) human alteration o
the environnent - by such activities as mning, dredging, construction and
i nappropriate forms of |and use; ([I? i nadequate or I nproper nmanagenment of
human wastes - donestic, industrial and agricultural; (iii) accidental
spi |l ages of toxic chenicals and petrol eum

Regarding (i), about 60% of the human race live within 100 km of
the coast. The growth of the human popul ation is expected to exacerbate this
tendency to increase coastal population density; the urge to inprove life
styles, inplying greater energy use in industrialization to produce the
physi cal ornanments of such stylesS, and in mass transportation systens, often
In a context of badly nmanaged urbanization. These devel opnents pl ace great
strains on the environment of the coastal zone. The products of this
m smanagenent are often direct discharge of wastes into the sea, and the
%romnh of a substantial poverty fringe as ever-hasty urbanization proceeds.

he secondary consequences due to the increased marine pollution may be
dangerously lowered food quality which contributes to illness in the human
popul ati on and to econonic | osses.

The devel oped countries have acquired the neans to limt the worst
of such effects, but the devel oping countries do not have the resources or the
nmeans to prevent or nmitigate them Their capacity to deal with such probl ens
depends on the acquisition of a firm knowedge of the problens, of
approprlateIY trai ned nmanpower and programmes of action, and of the financial
and technical resources to sustain such action so that problenms do not recur
as soon as renedial action ceases. The fact that the ocean knows no politica
boundaries but is an excellent systemfor the transportation and distribution
of many pollutants suggests that it is very nmuch in the interest of devel oped
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countries to help developing countries to solve their marine pollution
probl ems on a |l ong-term basis.

_ The UN Conference on Environnment and Devel opment (UNCED) held
recently in Rio de Janeiro, had considered such problens. Its main conclusions
in respect of the oceans were: (|% the concerns expressed at the UN Conference
on the Human Environment (Stockholm 1972) nostly remain valid today;_(ll?
there is a need to adjust human actions better to the relevant internationa
conventions on the marine environnent; (iii) a nmuch greater effort should be
made to approach the solutions to the main problens of nmarine environnental
managenent through I ntegrated Coastal Zone Managenent (I CZM and the anal ysis
of Large Marine cosyst ens (LEMs) ; (1v) nmuch nore  aggressive
capacity-building; (v) nmuch nore international co-operation: through
i nternational organizations such as those of the UN system between Menber
States that are the donors of financial and technical assistance and those
that are in need of such assistance; and (vi) the incorporation of marine
envi ronnental studies into high-school curricula.

_ The definition of the problens requires nonitoring of the marine
environnment, not only initially, to specify the nature and extent of the
probl ens, but also later, to determine the effectiveness of neasures taken to
reduce or elimnate them Monitoring programes require, as a sound basis for
deci si on-making, to: (i) undertake relevant research; (ii1) devel op appropriate
nmet hodol ogy and anal ytical standard and reference nmaterials; and (11i) carry
out intercalibration exercises anongst |aboratories involved in specific
nmoni tori ng programes.

_ Besi des nonitoring, there nmust be a nuch greater harnonization of
econonmic and environment al ob+ect|ves, if sustainable socio-economnc
devel opnent is to be achieved. The strategies to be adopted are at three
| evel s, at each of which there can be a different thrust and where the UN
system can provi de specific help as foll ows:

*

+))))))))))P))))))PO))))))))))))))))))0)))?)))))%?))))?))),
* National Leve * Regi onal Leve * obal Leve
/))))))))))))))))))3))))))))))))))))))3)))))))))))))))??))l
* tions * nventi ons = Overa

peci fic action Co strategy *
* * and protocols * *
/))))))))))))))))))3))))))%3))))))))))3)))))))))5%))))))))1 .
* UN programes * gani zi ng * vel opi ng action *
* of co-operation =* conferences to * plans to Inplenent*
*= and techni cal = draw up * strategy *
* assi stance * conventions * *

-23331333133313331323333333331333333332333333333333)))))))-

Dr. Ibe briefly described a particularly relevant UN programe -
the G obal Investigation of Pollution in the Marine Environment (G PME). It
i s presentlggco-sponsored by 1 CC and UNEP t hrough a Joint Panel. It has three
Groups of perts on: the Effects of Pollutants (GEEP) co-sponsored al so by
UNEP and FAO, on Methods and Standards (GEMS) co-sponsored by UNEP and | MO
and on Standard and Reference Materials (CGESREM co-sponsored by UNEP and
| AEA. VWile helping the national institutions of Menber States to inprove
their technical capacities to deal with marine pollution problens, it seeks
al so, through such institutions, to increase public awareness of the main
types of marine pollution: pathogenic organisns, heavy netals, pesticides,
hydrocarbons, radionuclides, marine debris and beach litter, and nore
recently, harnful algal bloons. GPME, through its Marine Pollution Mnitoring
s%stenw_(NARPCLh()b, is a key contributor to the UNEP G obal Environment
( nltfrlng System (CEMS) and to the new I OC d obal Ccean Observing System

_ ‘The transfer of know edge and the provision of well directed and
sust aj ned flnanC|aI_suPport are the nmin nmeans of overcom ng the present
i mpedi ments to technical capacity-building which are | ow national inconme and
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soci o-econom ¢ under-devel opment (which, respectively, limt the neans
available and the political wll to deal wth environnental pollution

probl ens) .
Di scussi on
In the discussion of this paper several questions were raised.

(i) Dr. Watt asked how can we reduce or elinmnate the frequent
m smatch between the training of staff and the provision of the equi pment.

_ Dr. Ibe suggested that the solution is by sustaining financial and
technical support in the context of a long-term progranme of marine
environnental nonitoring and control at the national |evel

(ii) Dr. lddya Karunasagar asked what can be done to provide anal ytica
standard materials for marine al gal toxins.

This problem was discussed at the recent GESREM neeting in

Brussels; it was recognized that such standards are, at present, l|argely
unavail abl e outside the | aboratories that are devel oping them for their own
research use. Dr. Indrani Karunasagar asked the 10OC-UNEP G oup also to

consi der the establishment of a regional marine alga culture centre for the
I ndi an Ccean.

(iii) Dr. Bologa noted that the World Bank is pronoting a programe of
I ntegrated Coastal Zone Managenent and asked how such a progranmme could be
devel oped for the Bl ack Sea.

Dr. Ibe expl ained that UNEP has devel oped an Action Plan for the
Bl ack Sea which would contain an | CZM conponent. |1 CC woul d supﬁort_the Action
Plan and woul d attend the forthcom ng Wrld Bank neeting on the financing of
t he proposed | CZM progranmme and coul d stress the value of it in the Black Sea.

giv) _ M. Giffiths asked how could we hope to provide sustained
i nanci al and techni cal support when many donor countries were cutting back
on their foreign aid progranmes, not only because of the current|ly depressed
state of the world econony but also because donor countries |ncrea3|nPIy
pgrcelvgd a too weak relation between the funds provided and the results
obt ai ned.

Dr. Ibe felt that, to ensure a nuch better cost/benefit ratio, it
was necessary to devel op gl obal and regional strategies agreed by the donor
and recipient countries, In which the ocean would be the Integrating factor
since it cannot be dealt with successfully on a pieceneal basis. The adoption
of common obj ectives and procedures, and the use of independent organizations
(e.g., UN system technical or specialized agencies) to execute specific
projects should guarantee the necessary long-termsustainability of the inputs
and ensure a |l ow cost/benefit ratio in such assistance.

3.2 COASTAL EUTROPHI CATI ON:  CAUSES AND CONSEQUENCES
Dr. Eva-Marie Nothig (CGernmany) nmade this presentation

(i) Wer eas estuaries and many smaller, enclosed water bodies alon?
the coast of industrialized countries are severelxbeutrophlc, the degree o

eutrophication of |arger water bodies such as the rth Sea, for exanple, is
still under discussion. The nmain causes of eutrophication are highly devel oped
agriculture, developrment of river basins, inadvertent nitrogen fixation,
pol lution by toxins, tourism and marine aquaculture. The input of (total)
nitrogen to the sea is the nost inportant factor contributing to
eut rophi cati on. Sonme exanpl es show the increase of nutrient inputs to the sea

(i) Nitrogen fertilizer is estinmated to contribute to about 28% of the annua

nitrogen fixation by the entire biosphere. In the USA and western Europe,
fertilizer production increased threefold fromthe fifties to the seventi es.
Of these nitrogen fertilizers a small anpunt is |eached into rivers, al nost
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half of it is denitrified or volatilized as ammonia. 10-90% of the nitrogen

in animal wastes is discharged directly into rivers or applied to fields.

Nitrate input along the northeast Atlantic coast increased 32% during

1974-1981. N and P levels in the Kattegat increased by 2- and 1.2-fold

respectively between 1971 and 1982. N and P |n%uts fromrivers discharging

58%3 tqf fggfh Wadden Sea increased by 5- and 7-fold, respectively between
an .

ii) Mani pul ation of rivers in industrialized countries has resulted
in drai nage of wetland, thus increasing speed of river flow Deforestation has
i ncreased soil erosion and nore nutrients have therefore | eached into rivers.
Owing to the increased speed of river flow, nore nutrients now reach the
stuaries since there is not enough tinme for the phytopl ankton of the rivers
o use all these nutrients.

ii) Mol ecular nitrogen is fixed inadvertently in, for exanple,
ternal combustion engines and power plants. Reactive nitrogen exists with
e exhaust gases and is transported via the atnosphere until It is deposited
precipitation (contributes < 10 - > 50%in the vicinity of a river nouth).
)

'O(n/\
e -
o <

Heavy netal s, organic conpounds, such as PCBs or phenol etc., can
press growth of sonme or all species and can change the structure of
nktoni ¢ systens as well as that of whole marine ecosystens.

(v) Tourists tend to be |ocated al ong sandy beaches of oligotrophic
regions, or coral barrier reefs and islands. Ecosystens in oligotrophic waters
are much nore sensitive to input of nutrients or organic matter. Discharge of
untreated wastes can have a serious effect on the health of oligotrophic
coastal ecosystens.

(vi) It is not quite clear whether narine aquaculture is havin? a great
i npact on the coastal ecosystens. However, faeces and agglutinated food tend
to collect at the bottom and could i nduce anoxia when there is little water
exchange with the open sea. Ntrogen-rich fish food may contribute to
eut rophi cati on.

The consequences of higher nutrient inputs to coastal ecosystens
are: biomass increase; shifts 1n nutrient ratios; shifts in species
conposi tion; higher sedinentation rates; higher oxygen demand; nore anoxic
regl mes and changes in the whol e pel agi c and bent hic popul ati on structures.

_ The biomass increase causes higher rates of sedinentation of
organic matter to the benthos. The benthic organisns respond with a higher
met abol i sm thus using up nore oxygen. This can finally cause anoxia in the
sedi mrent and deeper water |ayers it the exchange w th oxygen-rich water is
mnimal. The changes in ionic ratios of essential nutrients can have a
significant effect on sPeC|es conposition in the pelagic systemand therefore
an inpact on the whole food web structure. H gher N and P inputs to the system
can cause a shift to smaller phytopl ankton organi sms. The latter are eaten by
Protozooplankton or small zoopl ankton rather than by | arge copepods. Thus, the

ood chain will become longer and less efficient for consumers at higher
trophic |evels

_ ~In many coastal ecosystens the NP and Si:P ratios have decreased
causi ng significant bl oons of non-S|I|con;reqU|r|n%Xorgan|snB and speci es have
emerged with increased frequency and persistence. Exanples are: (|? i ncreasi ng
Phaeocystis bloons in Dutch coastal waters; (||6_|ncrea5|ng fl agel [ ate bi omass
near Hel gol and; (iii) post—sprln% bl oons of ctyocha speculum (a new form
wi thout a skeleton, found in the Kiel Bight and adjacent waters); (ivV)
extensive sumer bloonms of the blue-green alga Nodul aria spumgena in the
Baltic; (v) nore red-tide bloonms in the Black Sea.

As in the case of all natural processes influenced in a chronic
manner by human input, eutrophication is first evident as a shift in the range
of variability inherent to the receiving ecosystem Situations judged as
extreme in the past tend to becone nore comon, eventually leading to a nore
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drastic or qualitative change in the structure and behavi our of the perturbed
system

Dependi ng on the proBerties, buffering capacitY, and resilience
of the system its response can be in the formof a gradual trend; however,
it can also react with seeningly unpredictable oscillations. The feed-back
| oops that can buffer or anplify the inpact of human activities are reflected
in the seasonal cycles, the basis of which is as follows. The increased
availability of nitrogen (as nitrate) and phosphorus (as phosphate) in the
spring as a result of turbulent mxing in shallow seas or upwelling is first
exploited mainly by diatonms. As the nitrogen is increasingly incorporated into
the biomass, as "new' production, there is a tendency to create a "Il oop"
whereby nitrogen (as amonia) is released into the sea and exploited, mainly
by flagellates; the latter undergo a shift in their species conposition as the
nitrogen is recycled in the "regenerated" production. By the autumm, however,
Ehe l'oss of nitrogen to the water pronpotes once nore a predom nance of
i at oms.

At present it is difficult to diagnose to which degree the changes
recorded in recent years in shelf systens are a result of excessive nutrient
i nput, changing climate cycles, or sinply an effect of inprovenment in
observational coverage. Eutrophication is a process that has to be jUdPed
relative to an earlier, PFIStIne state of the area investigated. If possible,
hi storical records should be | ooked up

Coastal ecosystems should first be characterized by determ ning
the seasonal cycle and species succession in the pelagic and benthic systens.
Life cycles of dom nant species (resting cells, triggering factors, food web
structure etc.) should be investigated. The individual Bhy3|caL and chem ca
constraints and the norphology of an estuary should be considered in the

studies. A holistic approac is necessary to understand the system
Large-volunE experinmental systenms (e.g., the MERL nesocosns% can be used to
study the effects of prolonged eutrophication. Mdels can be devel oped for

i ndi vidual estuaries to try to calculate the carrying capacity of the
ecosystem and to make rel evant forecasts.

Di scussi on

(i) Dr. Alheit stressed the fact that the species conposition changes
often observed wunder eutrophic conditions were not confined to the
phyt opl ankt on but nmay al so occur in the zoopl ankton and nekton; noreover, such
changes could occur for other reasons than eutrophication

Dr. Halimalso pointed out that the changes were often not so nuch
in the species conposition, qualitatively, but in the proportions of producer
and consuner species. He noted that jellyfish were a term nal dom nant species
commpn to several seas but not necessarily a result of eutrophication.
Physical factors Iimting water circul ation often encouraged eutrophication

Dr. Moncheva rem nded the Workshop that phytopl ankton succession
was a normal process and may depend on initial conditions. Bloons may also
depend on a particul ar succession

Dr. Mhnea noted that flagellates tend to follow diatons and
appeared when the silicon concentration declines; she thought it was dangerous
to treat flagellates as one nore or | ess honbgeneous group

Dr. Nothig agreed, pointing out that the first flagellates to
ol l ow diatons in a eutrophic succession were the |arger species which were
ater replaced by snaller ones. Also, the diatonms are not totally replaced by
he flagellates. It is just that diatons can use amonia nore rapidly than
i nofl agel | ates can.

f
I
t
d
(ii) _ Dr. lIgnatiades suggested that the "new' and the "regenerated"”
production cycles were less sinple than had been indicated. Ambient
tenperature, for exanple, plays an I nportant role.
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M. Giffiths also felt that the production cycles had been
oversinplified, since it was farejyj if ever, sinply a question of increased
ni trogen and phosphorus avail abi |2y: pollutants were often involved and
speci es conmposition changes induced by heavy fIShln%, for example, feed
downt hr ough the trophic web even if such changes in the phytoplankton al so
feed upwards through it.

Dr. Oenin believed that the role of the biotoxins in eutrophic
processes was not clear; he suggested that we are assessing themonly in terns
of their harnful ness to human beings, which may be a short-sighted approach

. Dr. hbthig aPreed, but stressed the greatly increased difficulty
of explaining the underlying processes if too many factors had to be taken
into account.

i) Dr. lddya Karunasagar asked whether frontal systens played an
rtant role in the occurrence of algal bloons. Dr. Nothig thought they did.

V) Dr. Aps felt it inportant to assess the carrying capacity of a
ven ecosystemin respect of nitrogen and phosphorus in particular, and to
tenmpt to control inputs accordingly.

Dr. Nothig said that this is a difficult task and would require
a mﬂcqﬂgreater know edge of the functioning of the system than is usually
avai | abl e.

3.3 EUTROPHI CATI ON OF THE BALTI C SEA - A COVMON PROBLEM
Dr. Sif Johansson (Sweden) made this presentation

The Baltic Sea is a sem -encl osed bracki sh sea of about 415 000
knf. In the nine Baltic coastal countries about 16 nillion people live on the
coast and about 80 mllion people live in the drainage basin. Present
estimates indicate a total supply to the Baltic Sea of about 980 000 tons
nitrogen and 50 000 tons phosphorus per year. These |evels represent increases
in nitrogen Loadin%]of about four times and in phosphorus | oading of about
ei ght times since the turn of the century.

In the open Baltic, significant increases in phosphorus and
nitrogen were observed until the |ate 1980s. At present, these |evels agpear
to have stabilized, with the exception of the Kattegat and the Gulf of |ﬂa
However, the concentrations of phosphorus and nitrogen are still so high that
the resulting eutrophication has caused further deterioration of oxygen
conditions in the Baltic Sea deep water. In the @ulf of Bothnia, phosphate
concentrations have remained at the same level since 1978, but nitrate
concentrati ons have increased in surface water and deep water. No indications
of eutrophication have been seen in the open waters of the Gulf of Bothnia.

In 1974, the convention on_ the Protection of the Marine
Environnent of the Baltic Sea Area (the Hel sinki Convention) was signed by the
coastal States of the Baltic Sea. The Convention covers the entire Baltic Sea
including the Kattegat, and its aimis to protect the Baltic Sea against
pol lution fromall possible sources. It was the first international agreenent
In the world covering all sources of pollution. At the Diplomatic Conference
in April 1992, the Hel sinki Conm ssion (HELCOM) adopted a revised convention
that al so covered the internal waters of the Contracting Parties, which today
are Denmark, Estonia, Finland, Germany, Lithuania, Poland, Russia and Sweden
and the observer State of Latvia.

~ Recently, the Helsinki Conm ssion presented the Baltic Sea joint

conmpr ehensive progranmme. It is an action plan to restore the Baltic Sea

envi ronment. About one hundred of the worst point-sources of pollution were

LdFPt|f|§8Uand the cost for correcting them was estimated to be about 15
illion S.
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Di scussi on
Ei?_ Dr. Piyakarnchana asked what was the limting nutrient in the
altic Sea. He al so asked whether eutrophication has affected the conposition

of the phytopl ankton

_ Dr. Johansson said that the inorganic N:P ratio in the Baltic Sea
is about 3 by weight; that is less than 7, hence nitrogen is the limting
nutrient in the open Baltic Sea; changes in the proportions of the species
rather than in the specific (taxonom c) conposition have occurred. She offered
to provide information on the long-term changes in the conmunity structure in
the Baltic (i.e., fromthe second HELCOM assessnent) .

(i) M. Giffiths asked how the residence tinme of the water varied
t hroughout the various parts and basins of the Baltic Sea.

_ Dr. Johansson said she did not have the conplete information; for
the Baltic Sea as a whole the residence tinme is estimated to be about 25
years; between the Gulf of Bothnia and the rest of the Baltic the exchange
takes only 5-7 years. Wth respect to eutrophication, however, water exchange
is considered to be less inportant than residence tines; the cycles are
estimted to take about 5 years for nitrogen and 13 years for phosphorus.
Recent nodel |ing could provide further answers; it coul'd noreover be applied
to the Black Sea, although there are considerable differences: the Baltic is
gubject tointermttent flushing during exceptional weather events; the Bl ack

ea is not.

(iiié _ Dr. | be asked whether the | arge areas of anoxic bottomwater in
the Baltic proper had natural rather than nman-nade causes.

Dr. Johansson, supported by O eg Savchuk, agreed that this is
partly so, but eutrophication has lead to increased sedinmentation of
oxygen-demandi ng matter, thus increasing oxygen consunption in bottom waters.
Therefore, the present, severe, situation has natural and man-mde causes.

3.4 EUTROPHI CATI ON PROBLEMS | N THE EASTERN MEDI TERRANEAN
Dr. Nicholas Friligos (G eece) gave this presentation

_ ~ After describing the general distribution of the main types of
i ndustry in the countries bordering the eastern Mediterranean, Dr. Friligos
stressed the fact that rivers are the main channels for the discharge of
nitrogen fromthe land into the sea, together with agricultural waste (excess
fertilizer) via direct run-off.

~ Qur notions of the circulation of the eastern Mediterranean have
evol ved since they were first conprehensively described by Nielsen in 1912,
regorted_by Laconbe in 1975 and given their nost up-to-date conformation by
Robi nson in 1992 as a result of the | OC UNESCO study of Physical Oceanography
in the Eastern Mediterranean (POCEM .

Inthis region, the Aegean Sea is the nost oligotrophic, followed
by the lonian Sea, in terns of nutrient (N P) and silicate (Si)
concentrations.

o _ Also in the eastern Mediterranean, three main layers of water are
di stingui shable on the basis of nutrient concentration criteria: 0-200m
200-500m and, bel ow 500m Sone enignas still remain as to the formation and
history of certain water nasses. e NSi:P ratios are higher than normal
Primary pnoductlon is likely to be phosphate-limted, unlike the world oceans
in general .

_ ~In the Aegean Sea, onlg Eletsis Bay (vicinity of Athens and
Piraeus) in the northern part of the Saroni kos Gulf, and Thessaloniki_Bar are
eut rophi ed. Secchi disc depth is at about 5m but deepens fairly quickly to
25m towards the southern part, whereas PQO,-P values range fromO0.5 to 0.1 pg
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at./dnf, inversely. It should be noted that there is an inportant sewage
outfall in the Saroni kos Gulf. Here too, the level of pollution is high, as
well as in Elefsis Bay.

_ Di ssol ved oxygen levels are very low (approaching O nml/dn?) in
Ebef5|s Bay between July and Septenber; anoxia is usual below a depth of about
m

_ Numer ous undesirabl e al gal bl oons have been observed since 1978
in the northern part of the Saronikos Gulf. In August 1978, a fish-killing
r ed- br own phgtoplankton bl oom that occurred in the Saroni kos Gulf was due to
Gymodi ni um breve. Ot her species that have caused red tides are: Scrippsiella
trpchoiFea, Pycam nomonas sp., a G catenatumlike species, and Noctiluca
scintillans.

_ In the Bay of lzmr (on the Turkish west coast) red tides
(particularly of Alexandrium m nutum becane comon after 1980.

Such events (also often due to A minutum in Al exandria Bay have
been observed since the 1960s. (See information provided by Dr. lim
her ebel ow) .

_ _Inthe Adriatic, specifically in Kastela Bay, red-tide bl oons due
mai nly to Lingul odi ni um pol yedra and Al exandri um tamarense, have been observed
since 1980. (See intervention by Dr. Ivona Marasovic, herebel ow).

_ Many of these events are described in the UNESCO Reports in Marine
Sci ence No. 49

Dr. Halim (Egypt) gave a short unschedul ed supporting talk on the
area of the Nile Delta.

~ Conparing the pre-Aswan Dam era ébefore 1965) and the post-Dam
era, he rem nded participants of how the Nile discharge had a major effect on
the coastal ecology in the vicinity of the delta and indeed on the
sout h-eastern Mediterranean in general. This inpact was habitually neasured
in ternms of sallnlt% and dissolved nutrients and silicates. Al gal bloons
occurred because of the |oading of the river water during its passage through
the Nile flood plain which fornms the core of Egyptian agriculture. However,
these bloons, which often extended far offshore and alongshore, were
consi dered as being favourable to regional narlne(F(oduct|V|ty, not ably as
reflected i n sardi ne abundance. Di atons predomi nated in such bloons. Besides
sardi nes, which sustained a major fishery for several nonths of the year
shrinp abundance was al so high

_ After the Aswan Dam cane into operation in 1965, the Nile
di scharge dropped fromabout 50 million nf to |ess than 10 nmillion n? per year
The amount of suspended particul ate matter di scharged into the Mediterranean
dropped to zero. The sardine fishery collapsed rapidly and only showed signs
of recovery around 1978; this recovery was due in part to a change in fishing
t echni ques. Shrinp abundance was both sl ower to decline and slower to recover.
The Dam put an end to natural "beneficial" eutrophication and induced the
spread of an oligotrophic reginme in the eastern Mediterranean Sea; |evels of
primary productivity were 40-50 %&Yrﬁ/year, al t hough val ues continued to
remai n” higher than 'this off the Nile Delta. The eutrophication here was
man- made, with inportant donmestic waste di scharges from Al exandria and Port
Said. Also, agricultural run-off is received by coastal |agoons. The N le
di scharge has continued at about 3 million n? through the Rosetta branch only,
while another 2 million n? is discharged via a large relief canal to the west
between the Nile and the sea.

_ Fi sh di seases have al so been observed to increase since the Dam
was built. However, this man-nmade eutrophication is still considered to be
nore beneficial than pristine oligotrophic conditions.

Dr. Marasovic (Croatia) provided sone additional information on
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Kastela Bay in the central eastern Adriatic.

Eut r ophi cati on has been observed for the last forty years;
however, between 1970 and 1980, no sunmer phytoplankton m ni mum has been
observed, and even maxi ma have sonetinmes been observed. Primary production was
around 150gC/ nf/year in 1970; it was at about 200 gC/ nf/year in 1980 and is now
about 250 gC/ nf/year. Chlorophyll a biomass has al so increased. Transparency
has decreased, surface dissolved-oxygen |evels have increased and bottom
| evel s have decreased. Diatons were dom nant HF to the 1970s, whereas
di nof | agel | at es becanme domi nant at the end of the 1970s; this is a good sign
of eutrophication. Red tides due to Lingulodinium (Gonyaul ax) pol yedra started
to recur in 1980, although they are often limted to a part of the Bay. Before
1980, cell_ counts of L. polyedra were about 5000/dn¥, and after, around 20
mllion/dn. Fish kills starfed to occur. Wth dissolved oxygen | evel s bel ow
0.5 ng/dn¥, biotoxins were not at first suspected.

_ _ Information on nutrient and chem cal discharges into Kastela Bay
is reliable.

It is now believed that water tenperature is the key trigger
mechani sm since bl oons never occur when T<20-C so, cell counts are cle IK
related with water tenperature and dissol ved oxygen, but less well so wt

N- NO, because nutrients are not limting factors in Kastela Bay. Sedinent
particle grain size (<60um) is good for the devel opnent of L. polyedra cysts.

_ The observed increase in primary production in the open Adriatic
is regarded as natural eutrophication. Here, the production and the catch of
pel agic fish increased together between 1980 and 1990.

Di scussi on

(i) _ M. Giffiths asked Dr. Friligos whether the strong and persi stent
NS winds in the Aegean played a role that would explain some of the
out standi ng eni gmas of the circul ation

Dr. Friligos thought this might be partially so but certainly
could not explain all.

(i) Dr. Savchuk asked Dr. Halimwhether the distribution of isopleths
commonly observed in the coastal waters off the Nile Delta is driven by sinple
dilution or by biological/chem cal processes.

Dr. Halimsaid both actions were at worKk.

(iil% Dr. denin asked Dr. Marasovic whether sonething had occurred in
the benthic fishes of the Adriatic simlar to what had happened to the pelagic
fish stocks.

Dr. Marasovic explained that there had been nan& observed changes
in the benthic community in the northern Adriatic; also, in Kastela Bay in the
past, green al gae had predom nated whereas, now, brown al gae predom nate.
Also, in the northern Adriatic, with the serious depletion of bottom di ssol ved
oxygen l|levels, two classes of hydroids had disappeared altogether, and in
Kastel a Bay some phytopl ankt on speci es had di sappeared |ocally.

(iv) Dr. Aps asked whether there was any clear relation specifically
bet ween eutrophi cation and fish production

_ Dr. Marasovic thought that eutrophic conditions are not suitable
to fish larvae

_ Dr. Andrushaitis asked whether the increase in the NNP ratio is
due to biological factors or to changes in human-waste di scharge.

_ Dr. Marasovic thought the biological factors were the nore
i mportant.
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(vi) Dr. Houvenaghel inquired as to whether nacroal gal bl oons occurred.
Dr. Marasovic thought they did not.
3.5 EUTROPHI CATI ON PROBLEMS I N THE BLACK SEA

_ Dr. Bologa (Runmania) nade the first of four presentations on this
subject. He very much regretted that Dr. Zaitsev had been unable to cone to
t he Workshop owing to a last-minute difficulty in his travel plans.

I ncreasi ng eutrophication as well as other human activities have
consi derably changed the structure and functioning of the Black Sea
ecosystens, mainly irn its northwest corner, affecting both the qualitative and
the quantitative state of the benthic, phyto- and zoo-pl anktonic comunities.

Thi s chan?e can be attributed to the nore rapid accel eration of
change in the interrelationships between human influence and biota in this
nearly encl osed basin during the | ast three decades. The narked decline of the
ecol ogi cal health has induced marked changes, especially in the structure of
littoral ecosystens.

_ The nacr%fh t obent hos has shown a gradual, but continuous, decline
approxi matel y since 1945-1950 due to natural (e.g., occasional massive frosts)
and hurman factors (e.g., silting of the rocky bottom increased turbidity,
di m nution of |ight penetration).

The previously large belts of Cystoseira barbata, a perennia
brown alga, along the western coast have practically disappeared, as have
numer ous ot her associ ated and/ or epi phytic al gal and ani mal speci es.

The present algal flora, which displays a reduced species

diversity, is_ uniform Cenerally, it is domnated by Enteronorpha
intestinalis, E linza, Ceram um elegans and C. arborescens. These newy
dom nant species with short and nearly seasonal |ife cycles show consi derabl e

production but, nevertheless, they do not reach the |evels of Cystoseira that
occurred in previous decades.

Following the nore intense eutrophication, the biomss of the
ﬁhytoplankton surpassed that of the past. Some essential structural changes
ave %C%Frred and new quantitative and qualitative characteristics have been
recor ded.

The increase of the anplitude and frequency of algal bloons is a
significant ecol ogical consequence of the accunulation of nutrients in sea
water. Since 1970, bloonms have no |onger been exceptional phenonena. For
exanple, in the 1980s al one, 46 bl oons due to 15 al gal species were recorded
in the Rumanian littoral waters.

_ Besi des the species producing the bloons, other numerous mass
species are renarkabl¥ devel oped. During the 1980s, 79 species recorded
densities of nore than 100 000 cel | s/dn?, conpared to 57 species in the 1970s,
and only 38 species in the 1960s.

Numerical density of the main species increased fromthe |evels
of the 1960s, for 66% of the species in the 1970s, and 79% of the species in
the 1980s. Fromthe 1960s up to the 1980s, the proportion of non-di atons in
the nunerical density of the phytoplankton increased from bel ow 8% of the
total up to 62% with a correspondi ng decrease of the diatons. The changes of
the quantitati ve proportions of the main algal groups are due to the changes
in the nutritive basis. These changes include: (i) the decrease in the Si: N
and Si:P ratios (which is detrinental to diatons); and (ii) the increase of
organic matter (which favours the phytopl ankters bel onging to Di nofl agel | at a,
Eugl enophyta, and Chrysophyta wi th m xotrophic affinities.

The average bionmass of phytoplankton in the Rumanian littoral zone
bet ween 1983 and 1990 was nore than 8 tines higher than that assessed between
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1959 and 1963.

The evol ution of zoobenthos communities is nmarked by a qualitative
i mpoverishment, expressed by the reduction of species nunber by 50-60% at
present relative to the 1960 period, as well as by the nunerical reduction of
the nunerous species that fornerly were ommipresent in the comunities.

o _ The qualitative structure of the comunities was altered by the
di mnution of those species that were prevailing and characteristic formerly
(Spio filicornis, Corbula nediterranea, Syndesmia fragilis, Spirula
subtruncata, Mtilus galloprovincialis) and by the proliferation and
aut oacclimtion of some opportunistic species (Neanthes succinea, Polydora
limcola, Mellina palmata, Mya arenaria, Scapharca inaequivalvis).

Increases in the popul ation size of opportunistic species did not
conpensate for the reduction of general bionmass and density, ich are | ower
by 35-84%than those neasured 25 years ago. The zoobenthic communities becone
nore and nore honobgeneous as a result of mass proliferation of a few species.
Their community structure is unstable owing to the pernanent disturbance
generated by bloonms and rel ated benthic nmass nortalities.

_ o ~The evolution of the zooplankton conmmunities was nmarked by
sinplification of structure and dimnution of the species diversity,
esEeC|aIIy in the shore areas. Besides the total disappearance of sonme species
(three species of copepods belonging to the famly Pontellidae), the
popul ati ons of sone hol opl ankt oni ¢ speci es have di nm nished greatly, as, for
exanp}e, Centropages kroyeri, Penelia avirostris, Evadne tergestina and E.
spinifera.

The popul ati on of the meropl anktoni c conponent of the zoopl ankton
(the planktonic larval stages of benthic biota) has also dimnished as a
consequence of the nortalities produced in the benthic fauna.

_ In contrast, the _densit¥) of a small nunmber of opportunistic
species (e.g., Acartia clausi and Pleopis polyphenoides) increased, the
speci es becom ng dom nant in the communities.

Anot her characteristic feature is the explosive devel opment of
Noctiluca scintillans, especially during the sumer, follow ng a significant
al gal bloom (in the sunmers of 1986 and 1987, this species represented 91-99%
of the entire zoopl ankton bionmass). Massive accurmulation of the jellyfish
Aurelia aurita has al so been recorded.

Bet ween 1980 and 1987, the total =zooplankton increased in mean
val ues of density and biomass up to 10 tines the nean values in the decade
1960- 1970, because of |arge popul ati ons of Noctiluca in the sumer.

_ The zoopl ankton has experienced a substantial decline of the
popul ation (especially during 1990-1991) and a decrease of the catches of
| ankt on-feedi ng fish species concon1tantly with the appearance in the Bl ack
ea waters of the ctenophore Mieniopsis [eidyi éa bi g consunmer of plankton
and fish larvae). For the ecosystem conponents of the Black Sea as a whol e,
the inseparable relationship between the dynamics of the structure of
bi ocoenoses with space and time, as well as the variable character of dynamc
processes at comunity |evel, becane obvious during the last thirty years.

The nunber of bottom fish inhabiting the shall ow coastal waters
sharply declined because of hypoxia. Pelagic fish have al so undergone changes
in the last two to three decades. Changes in the Black Sea ecosystem were
reflected in the taxononic conposition of conmercial catches.

_ _ Three species of dol phins inhabit the Black Sea. At present al
riparian countries withhold fromfishing for these marine manmmal s. However,
in spite of this nmeasure, their standing stock continued to decline.

Dr. M hnea (Rumani a) provided additional information on the
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pl ankt on ecol ogy of the Bl ack Sea.

Ammoni a and urea | evel s have increased in the Black Sea. D ssol ved
organic matter (DOV) is also at a high |evel; these increases are acconpanied
by i ncreased bacterial activity. The phytopl anktoni c conmunity now has a high
bi omass. New species of Chrysophyta, Dinoflagellata and Cyanophyta have been
reported. In general, the proportion of haplophytic forns has increased with
i ncreasing BCD | evel s. Light penetration is now nuch reduced, even within the
first halt metre; hence the euphotic layer is also greatly reduced.

The phytopl ankton production is such that it cannot all be
consuned by the zoopl ankton. Excess dissolved and particul ate organic matter
is responsible for increased | evels of ammoni a and hydrogen sul phi de (anoxi a).
Al t hough the =zooplankton biomass has increased in response to the high
phyt oplankt on standi ng crop, there has been a dramatic reduction in the nunber
of zoopl ankton species. Sinilar changes have been observed in the benthic
fauna, whereas fish abundance has nore sinply decreased.

_ Dr. Mhnea believed that it would now be better to deal with such
eutrophi ¢ phenonmena through an energy/matter flux approach to ecosystem
anal ysis, for which increased regi onal "co-operation would be necessary.

_ Dr. Saydam gave some additional information on the Black Sea with
particul ar reference to the Sea of Marnara.

The Black Sea is an anoxic basin, in strong contrast to the
Levantine Basin in the Mediterranean. The Black Sea is an_ exporter of
| ow-salinity surface water, via the Sea of Marmara, but there is an inverse
conpensatory novement of nore saline water at depth fromthe Aegean Sea. About
12 000 years BP, the Black Sea was a freshwater | ake, becon1n% pro?re53|vely
brgcrlsh ever since. The present average salinity is 17-19x/1I03 Tt is also
tidel ess.

The nitrogen and oxygen maxima in the Bl ack Sea vary in depth but
are closely related to the density field. The nitrate nmaxi num “at 6-8ug/dms?,
is at about the 15.4 isopycnal level. The first phosphate maxi num al so starts
at this level, but its maxi numvalue occurs at the 16.2 isopycnal level. This
distribution is a very conservative feature, since graphs for 1987, 1988, 1990
and 1991 are very simlar to each other. Wat is nore, Russian data al so
agreed closely with the Turkish results. Anoxia is considered to be
established at the 16.2 |soezqnal | evel, and the beginning of the suboxic
| ayer is also at about the 15.4 isopycnal |evel. There are, however, seasona
variations in the oxic, suboxic and anoxic layers, but they maintain a
surprisingly constant relation to each other

The anoxic volune is about 95% of the total volume. It is
therefore possible to establish rather a precise relationship with the density
field: pycnocline (15.4) - nitrate maxi num (15.4) - nitrite maxi mum (15.8) -
anoxic " layer (16.2). Adequate precision requires high-quality CID

nmeasur enents, however.

_ The copepod density is just above the HS | ayer. However, silicate
is the phytopl ankton growth-limting nutrient in the Bl ack Sea.

Eut rophi cation has tended to nove the dissol ved-oxygen maxi num
nearer the surface and it has been discovered, by carefu acoustic
oceanogr aphi ¢ observations that anchovy distribution is closely related to the
oxygen | evel and the copepod distribution, within a range of about 4m the top
2m of this range ensures an oxygenated environnent; the bottom 2m a supply
of food. At any greater depth, suffocation by hydrogen sul phide wll occur.
It is a remarkabl e though not surprising adaptation to present conditions.

_ Dr. Konovalov gave a short talk on the conparison of
2;troph|cat|on in the Black, Baltic and Mediterranean Seas and the Sea of
ov.
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~ Dr. Konoval ov noted that international co-operation in the study
and conparison of |arge freshwater ecosystens was nmuch nore advanced than that
of marine ecosystens.

_ He then gave detail ed conparisons of these four seas in terns of
their general geography, bathynetry, hydrography, effects of _gromnng
popul ation pressure, particularly pollutant [oads (netals, organochlorines an
petrol eum, nutrients and community structure. He explained that the
predomi nant (i.e., very abundant) species indicating environmental stress in
the Black Sea had been obsessed to alternate on an approximtely decada
cycle, expressed as a sequence of Noctiluca scintillans, Aurelia aurita
(jellyfish) and Mieniopsis |eidyi (ctenophore).

Di scussi on
(i) Dr. Wasnmund asked Dr. M hnea about the role of bacteria

_ Dr. Mhnea said that nore work is certainly needed on this aspect,
especially on the bacterial role in eutrophication

$ii) Dr. O enin asked about the role of shellfish and other filter
eeders.

_ Dr. M hnea explained that the growh of certain groups had been
observed in the Bl ack Sea, but one by one their abundance has declined, to the
point even of formng faunal "deserts". There has, however, been sone
rep#ac%nent by some short-lived fish species, sone of which have been subj ect
to fishery.

Dr. Halimnoted that the anount of fresh water Ieaving t he Bl ack
Sea had fallen considerably in the last thirty years, allowi ng the hﬁdrogen
sul phide level to rise. He believed however that the freshwater export had now
becone stabili zed.

(iii) Dr. Savchuk asked what processes actually produce the nitrate
maxi mum so cl osely associated with the pycnocline in the Black Sea?

Dr. Saydam believed this phenonenon was the result of severa
factors operating in a now stabilized system

(iv) Dr. Johansson pointed out that copepods usually have a tendency
to make Iarge vertical mgrations and expressed some surprise at their
remar kabl e adapt ation

_ Dr. Saydam stressed the fact that the Black Sea ecosystem had
Progre55|vely changed froma grazing to a detrital feeding type, to which the
|l ora and fauna had to adapt.

(v) Dr. Moncheva asked Dr. Saydam why the phosphate |evels are so | ow,
and whet her they even reach the zero | evel

_ Dr. Saydam thought zero levels were possible; however, it is
unlikely that, with high nitrate levels due to the high content of DOM POM in
the upper water |ayer, zero |levels of phosphate woul d exist.

Dr. Shernman felt that the conparison of LMES, which he considered
nost useful, had been firmy supported by the success of Dr. Konovalov's
i nformati on on the Bl ack Sea.

3.6 THE MEDI TERRANEAN ACTION PLAN WTH SPECIAL REFERENCE TO
EUTROPHI CATI ON AND PLANKTON BLOOMVS

Dr. Gabriel Gabrielides (FAO nmade this presentation

_ The steadily growi ng pollution in the Mediterranean Sea has become
a consi derabl e cause of concern, and various activities have been initiated



| OC Wor kshop Report No. 94
page 18

to safeguard nmarine and human resources in the region. As early as 1969, FAO s
General Fisheries Council for the Mediterranean (GFCM established a Wrking
Party on Marine Pollution in Relation to the Protection of Living Resources
in the Mediterranean which, in co-operation with the International Conm ssion
for the Scientific Exploration of the Mediterranean Sea (I CSEM, produced the
first conprehensive review of the state of marine pollution in the
Mediterranean. As a followup, in 1974, FAO (GFCM organi zed two nmeetings on
the protection of living resources and fisheries from pollution in the
Medi terranean. In the sane year, an International Wrkshop on Marine Poll ution
in the Mediterranean was held in Mnaco. This Wrkshop, organized by I OC and
co-sponsored by FAO (GFCM, |CSEM and UNEP, revi ewed nmjor pollution problens
of the area and recomrended co-operative projects.

After its creation in 1972 to co-ordinate environnental activities

W

thin the UN system UNEP pronpted the establishment of regional seas
rogrames, starting with the diterranean. In late 1974 UNEP established a
"task force" of selected scientists, exeerts and government officials who
joined with representatives of FAQ WHO, | MCO (now | and 10C to draw up the
elements of an Action Plan for the region. This Action Plan, which was
approved in early 1974 by the Mediterranean Coastal States nmeeting in
Barcelona, was initially Tfunded by UNEP which is still acting as the
secretariat and adm nisters the Mediterranean Trust Fund.

At a second neeting in Barcelona early in 1976, the participating
States and the European Economic Cbnnunlag (EEC) adopted the Convention for
the Protection of the Mediterranean ea against Pollution (Barcelona
Convention) and two related protocols on: (i) the Prevention of Pollution of
the Mediterranean Sea by Dunping from Ships and Aircraft (Dunping Protocol);
(ii) on Co-operation in Conbatting Pollution of the Mediterranean Sea by Ql
and Ot her Harnful Substances in Cases of Emergency (Emergency Protocol).

The Barcel ona Convention and the two initial protocols, which have
now been ratified by 18 States and the EEC, entered into force in 1978.

Since then, the Mediterranean States have adopted, in 1980, the
Protocol for the Protection of the Mediterranean Sea agai nst Pollution from
Land- based Sources (LBS protocol), and in 1982, the Protocol on Specially
Protected Areas (SPA protocol). The former entered into force in 1983 and the
latter in 1986. It is expected that a new protocol wll be adopted soon
concerning the Protection of the Mediterranean Sea against Pollution Resultin
fronEF?PIop?tlon and Exploitation of the Continental Shelf and the Sea-bed an
its Sub-soil.

_ For the inplenentation of the Emergency Protocol, the UNEP-IMO
Regi onal Marine Pollution Energency Response Centre (REMPEC) was created in
Mal'ta, whereas for the_lnPIenentatlon of the SPA protocol, the Regiona
Activity Centre for Specially Protected Areas was created in Tunis.

_ The Mediterranean Action Plan has two basic conponents: The
soci o-econom ¢ conponent and the scientific/technical conmponent. The
soci 0- economi ¢ conponent was adopted in 1977 and is inplenented by two of the
regi onal centres. These are the Regi onal A@tjvitX Centres of the Blue Plan
i n Sophi a- Antipolis (France), and of the Priority Actions Progranme, in Split,
Croatia. The scientific and technical conponent is inplenmented through the
g?hordlnat|ng Unit for the Mediterranean Action Plan which is located in

t hens.

_ The MED POL programme has traditionally been interested in
studying the effects of pollutants on organi sns, conmmunities and ecosystens.
Phase I, which ended in 1981, consisted of baseline studies and pil ot
projects. FAO (GFCM was responsible for the technical co-ordination of four
of them nanely: (i) baseline studies and nonitoring of netals, particularly
mercury and cadmium in narine organisns; (ii) baseline studies and nonitoring
of DDT, PCBs and other chlorinated hydrocarbons in marine organismnms; (iii)
research on the effects of pollutants on marine organisnms and their
popul ations; and (iv) research on the effects of pollutants on marine
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comunities and ecosystens.

_ ~ MED PQL Phase Il is organized on a different basis from Phase |
and is divided into two main conponents: nmonitoring and research. The
moni toring conponent is designed to provide information on the anpunts and
tyPes_of pollutants reaching the narine environment, and on the state of
pol [ution of the coastal and of fshore waters. The research conponent initially
covered twel ve research and study areas, four of which were: (i) research on
the toxicity, persistence, bioaccunulation, carcinogenicity and nutagenicity
of pollutants; (||J research on eutrophication and conconmitant plankton
bl ooms; (iii) study of ecosystem nodifications in areas influenced by
pol lutants, and in areas where ecosystem nodifications are caused by coasta

or inland engineering; and (iv) effects of thermal discharges on marine and
coastal ecosystens.

More recently, the research conponent has been revised and
structured into just five research areas. This is partly a reflection of the
ct that, as the programe devel oped, many rel evant areas of study no | onger
fitted into the original topic areas and were found to require a nore
i nter-disciplinary approach. The present five areas of research are: (i)
Characterization and Measurement - the identification of chemical or
m crobi ol ogi cal hazards (characterization) and devel opnent and testing of
methods for specified contam nants %peasutenent); (ii) Transport and
Di spersion - the physical, chem cal and biol ogi cal nechanisns that transport
Botentyal pol lutants from their sources to their ultimte sinks, priority

eing given to the provision of quantitative information ultimately useful for

system nodel ling and regional assessments; (iii) Effects - of selected
contam nants on narine organisns, conmmunities and ecosystems or on human
popul ations, priority being given to the provision of information useful for
establishing environmental quality «criteria; (iv) Fates/Environnmenta
Transformation - of contaminants in the marine ‘environment including
persistence, bioaccunul ation, transformation or degradation, etc., but
excluding transport and dispersion (see (ii), above); (v2 Prevention and
Control - study of the factors determning the efficiency of waste treatnent
and disposal "nethods under specific local conditions, as well as the
devel opment of environmental quality criteria and conmon neasures for
pol | uti on abat enent.

re

fa

fi
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_ _ Regar ding financial assistance and training between 1982 and 1989,
150 institutions inplenented 361 research projects and shared a Mediterranean
Trust Fund contribution of US$ 2,151, 595.

In the framework of the nnnitoring conponent of MED POL a nunber
of fellowships and training grants are provided to Mediterranean scientists
participating in the programe, especially those from the |ess devel oped
countries.

_ The probl em of eutrophication and pl ankton bl oons, which has grown
worse in recent years in many areas of the Mediterranean region, has been the
subj ect of discussion at a nunmber of neetings organized in the framework of
t he Mediterranean Action Plan. A UNESCO- FAO- UNEP Wor kshop on Eutrophication
in the Mediterranean Sea: Receiving Capacity and Mnitoring of Long-term
Effects was held in Bologna in March 1987. Thi's scientific workshop agreed a
set of "G@uidelines for the Mnitoring, Assessment and Control of
Eut rophi cation in the Mediterranean Sea"” and nade certain recomendati ons with
the aim of providing guidance to the scientific conmunity and national
aut horities concer ned.

A UNEP- FAG- | OC-WHO neeting of experts on the Inplications and
Control of Undesirabl e Plankton Bl oonms was held in Athens in April 1989. The
meeting discussed the causes and effects of plankton bloons as well as
possi bl'e preventive and renedial action.

Fol | owi ng a reconmendati on of the |Inter-Agency Advisory Committee
for the MED PO, the Cbntractln%]Partles to the Barcelona Convention deci ded,
in Cctober 1991, that 50% of the MED PCOL research budget for 1992/93 shoul d
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be allocated for projects on eutrophication and plankton bl oons. To inpl enent
this decision, a consultation nmeeting was convened in Athens in March 1992 to
prepare a detailed workplan for a regional programme. The expert group
recormended, as the best approach, the organization of case studies in
sel ected Mediterranean areas where the probl ens of eutrophication are evident
and where scientific work had already been(PO|ng_on. he group recomended
areas representing |agoons, closed bays and straight coastlines. Two case
studies (Thernmai kos Bay and the Enmilia-Romagna coast) are now under
preparation and will be initiated soon

Di scussi on

(i) Dr. Alheit asked whether UNEP had identified training needs in the
Medi terranean region in the field of eutrophication and al gal blooms, and how
was co-operation with Black Sea research workers being pronoted.

Dr. Gabrielides explained that these needs remain to be defined,
whi ch was one reason why the UNEP MEDAP Co-ordinating Unit had co-sponsored
t he present workshop. e Black Sea, however, was not included in DAP. A
Bla?k %earfction Pl an has been devel oped and t he experience of MEDAP woul d be
applied there.

(i) Dr. Halimstressed the need for training in ecosystem nodelling,
and for a regional programme on eutrophication, of which intercalibration
woul d be a key component.

~ Dr. Saydam believed it was essential to pronote interchanges
bet ween scientists.

~ Dr. lgnatiades expressed concern that narinecfollution noni toring
had been di scontinued rather than continued and extende

_ Dr. Korichi conplained of the discontinuity in the technica
assi stance devel oped by UNEP

Dr. Gabrielides explained that UNEP can only do what the Menber
States parties to the Barcel ona Convention authorize it to do; noreover, it
has to work exclusively through National Contact Points, so cannot ensure w de
di stribution of UNEP information within each country.

(iii) Dr. Aps asked how can UNEP Regional Seas Action Plans be used to
hel p devel op activities in other regions not covered by UNEP.

Again Dr. Gabrielides stressed that, after initial funding of
MEDAP by UNEP, further devel opnent has been financed by the Mediterranean
Trust Fund set up by the Menber States, which also decide the budget. Now, the
Worl d Bank and the EEC are inportant sources of funding.

iv) . Dr. Ben Amour wanted to see co-operation between MEDAP and MEDRAP
Medi t erranean Regi onal Aquaculture Programme) to reduce eutrophication due
to aquacul ture

_ Dr. Gabrielides pointed out that, although MEDRAP had been
initiated by MEDAP it had | ater been financed independently by UNDP and was
no | onger an active progranme.

(v) _ Dr. Marasovic  asked  whet her UNEP had ever or gani zed
i ntercalibration of phytoplankton nmeasurenents.

Dr. Gabrielides said it is still not clear how this could be done.
He hoped that the present Wrkshop would make a reconmmendation on this
guestion. One problem is that part|C|pat|ng_|nst|tut|ons agree to study
selecte%lspe0|es but in fact study others, making intercalibration virtually
i npossi bl e.
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3.7 ALGAL BLOOMVE: A GENERAL OVERVI EW
Dr. Malte El brachter (CGernmany) nmade this presentation

_ _ ~Harnful algal bloonms are a world-wide phenonenon and are
increasing in frequency, extent and effect. They are harnful to Man because:
their toxins contam nate human food and may kill fish; they may also kill fish
by clogging their gills or by creating a very high oxygen demand to oxidize
dead a Pal cells, Teading to anoxic water; they may be present in aerosols
whi ch arfect human health adversely (e.g., Gymodinium breve in the Gulf of
Mexi co). Some al gae produce sea foam (e.g., Phaeocystis in the North Sea),
ETICh is adverse to tourism and sone are noreover harnful w thout producing
00ns.

Wil e sone bl oons give the sea a brownish, whitish or a greenish
colour, the best known are red and known as red tides. Normally, high cel
nunbers (at |east 10° per cubic decinetre) are necessary for the red tides to
be mani fested as such, and |ikew se for the consequent effects.

_ ~ Shellfish are comon integrators of algal toxins and nay cause
gU|te serious illness when ingested. The conmpn categories of toxins are:
aral ytic Shellfish Poisoning (PSP) the toxins of which are called saxitoxin,
gonyantoxin (and others); Neurotoxic Shellfish Poisoning (NSP) the main toxin
of which is brevitoxin; D(D arrhoetic)SP the toxins of which are ocadaic acid
and rel ated conpounds; A(Amesic)SP the toxin of which is donmpic acid. The
organi sms commonly associ ated wi th harnful ness are diatons and di nofl agel | ates
and, to a | esser extent, Prymesiophycae, sone Cyanophycae and sone liata.

_ A relativel common di sease, ciguatera, particularly in the
Cari bbean and the tropical Pacific, is due to ciguatoxin and rel ated conmpounds
which are accunulated by fish feeding on corals and algae on which the
epi phytic dinofl agell ate Ganbi erdi scus toxicus is grow ng.

_ Several Cyanobacteria genera (Aphani gonmenon, M crocystis,
Nodul aria and GOscillatoria, for exanple) groduce hepat ot oxi ns. Sever al
rymmesi um for exanple) produce

Prxnnesiophyta genera (Chrysocromnulina and F _ odl
i cht hyot oxi ns, as do the dinofl agel | ates Anphi di ni um carterae and Gymodi ni um
aur eot um

_ How they are toxic is less clear. The toxicity may arise from
endocytic bacteria in the algal cells, or fromcell plasmds. Also, the |eve
of toxicity is very variable in tinme in each species and depends aPPreC|any
on the ecological <conditions. Sone species (e.g., the dinoflagellate
Di nop2¥5|s) have a high toxin content per cell so that counts of |ess than 10°
per dm’ may be sufficient to intoxicate shellfish

The majority of the species reproduce by sinple binary division,
but the rate is very variable, depending mainly on anbient tenperature
nutrient availability and light, the division rate increasing with increasing
light and tenperature. Salinity also has an effect, and the cells can mgrate
(vertically mainly) to attain the optinum"optical" depth in the mddle of the
day. The vari ous possi bl e conbinations of environnmental and ecophysi ol ogi ca
factors, as wel as the instantaneous standing crop, may explain the
difficulty in determning the cause of algal bloom harnful or otherw se.

_ Under certain adverse conditions cysts may be fornmed and survive
in sea-bed sedinents for |ong periods, but they can reproduce (sexually or
ot herw se) when forced back into convenient conditions in the water colum.
Ni trogen-deficient waters often pronote cyst formation. Sone cyst toxins are
much nore powerful than those of free-living vegetative cells.

_ Sonme algae are distributed widely by ships (especially those
taki ng on or discharging sea water to maintain optimum vessel stability).

_ Regardi ng research and training, the need for these is often felt
with respect to: (i) selection of aquaculture sites; (ii) toxin analysis;
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(iii) taxonomy; (iv) nonitoring; (v) phytoplankton culture; (vi) culture
collection; (vii) ecophysiological studies; (viii) determining the links to
physi cal oceanography.

Di scussi on

(i) _ The question of the |link between eutrophication and al gal bl oons
was raised

o Dr. Elbrachter said that the link is not sinple and not yet
clarified, although both require a relatively high abundance of nutrients.
What actually triggers a bloomis not, however, known.

(i) The question of whether the toxicity of the endocytic bacteria is
hard to determ ne was al so raised

_ Dr. Elbréachter said yes, because the effects of the bacteria
toxins are very variable. However, in general, algae are nore, or even only,
toxi ¢ when they contain endocytic bacteria.

3.8 PROBLEMS CAUSED BY HARMFUL ALGAL BLOOMS | N CHI NA

Dr. Yuzao Q (China) nmmde the presentation; he rem nded the
Wor kshop that he was presenting this paper also on behalf of his co-authors
Hong Ying, Q an Honling and Lu Shonhui

The nunber, magnitude and econonic inmpact of harnful algal bloons
(comonly called "red tldes"% have increased dranatically i n Chinese coasta
waters in the [ast decade. These outbreaks have paralleled the expansion of
mariculture, coastal developnent and international maritime traffic,
suggesting that the red-tide problenms are being worsened by coasta
eutrophi cation, alteration of the hydrography and | and-use patterns of coastal
areas, and possibly the accidental introduction of harnful species. China now
experiences a broad range of harnful events in coastal waters due to the
noxi ous al gal bl oons.

_ Over 70 red-tide phytopl ankton species have been identified in
Chi nese coastal waters; of these, the harnful, toxic or potentially toxic
speci es  include: Al exandrium tamarense, A cat enel | a, modi ni um
nagasaki ense, G catenatum Cochl odi ni um catenatum Pyrodi ni um bahanense,
Noctiluca scintillans, Chattonella marina, Heterosigna akashiwo and N tzschia
pungens.

_ Noctiluca scintillans bl oons are now conmon al ong the entire coast
of China. Sonme argue that the magnitude of these spectacul ar outbreaks has
i ncreased consi derably, especially in eutrophic areas. In the estuary of the
Yangtze River, a systematic increase in the number of N scintillans bl oons
has been docunented; they covered sone 10 square kilonetres in 1982, but
i ncreased to over 6100 square kilonetres in 1988.

_ Al t hough Noctiluca bl oons are usually
Chi na have been so severe that they have resulted
nortalities.

harm ess, the outbreaks in
n massive fish and shrinp

_ Red-tides due to Heterosigna akashiwo first appeared in Dalian Ba
in the north of China in 1985, and bloons have recurred there in eac
succeeding year until 1987. A related species, Chattonella marina, which is
also inplicated in massive fish kills, was first identified in Dapeng Bay in
the South China Sea in 1991

For an algal bloomto begin, a seed popul ati on of the species nust
be present to act as an inoculum Several investigations have discovered
dormant cysts along the coast of China. Some of the vegetative cells arising
fromthese cysts were identified in Dapeng Bay, Daya Bay and Shenzhen Bay, in
the South China Sea. The initial vegetative cells naY excyst fromthe benthic
cysts. Wen the cells are introduced into a physically nore suitable area for
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growt h, the popul ati on undergoes a rapid expansion to forma bl oom

o Al t hough red-tide phenonena have been recorded in China since the
begi nning of the last century, it is only in the last two decades that they
have bﬁ$one a major problem that has justified a significant expansion in
research.

) In Daya Bay and Dapeng Bay, a Rhizosolenia alata f. gracillina
bloomin April 1983 resulted in the death of many fish, shrinp and shellfish
and devastation of 75 tons of fish catch and 1 ton of cage-cultivated fish.

o I n August 1987 a Noctiluca scintillans red tide occurred on the
Zhejiang coast; many scallops and abal one were killed, yet, in April 1989,
anot her Noctiluca red tide killed 11 000 tons of razor clam (valued at 30
mllion yuan) and one million yuans' worth of shrinp.

_ The nmost spectacular fatality and economi ¢ hardship caused by a
red tide occurred in Bo-hai Bay, in 1989, between August and Cctober; on the
basis of inconplete statistics, the economc |oss due to shrinmp and fish
nortality was 200 million yuan (ca. US$ 40 mllion).

Speci es that cause toxicity in human consuners of shellfish have
also begun to mmke their presence known. 1In 1978, toxic snails were
responsi bl e for numerous poisonings in Zhejiang where | evels as high as 37ug/g
were recorded. The causative organi smremains unknown. In Decenber 1986, 13
peopl e became sick and one died after eating the bivalve Ruditapes
philipinensis in X anmen, Fujian province. The causative species was
tentatively identified as Gymodi niumsp. The toxicity test revealed that ora
doses of 0.1-0.6 m of the clamliquid caused 100% lethality of the tested
mce within 8 hours. In 1991 there were 3 fatalities in the Dapeng Bay area
of the South China Sea after shellfish were consuned, presumably from PSP,
based on nouse-bi oassay results. Prelimnary exam nation of sedinments from
this area has reveal ed the presence of Al exandriumresting cysts.

~ This gromﬂn? problem affects the coastlines of all of China's
seas, but it is especially severe in enbaynents and areas where rivers enter
the sea. However, 1t is supposed that all coastal regions are potentially at
risk. There has al so been specul ation that the rapid expansion of nariculture
in China, specifically the alteration of coastal wetlands for shrinp and
fish-pond farmng, has increased the eutrophication problemand [ed to nore
red-tide events. This effect could relate to the replacenent of natura
wet | ands (which can cover and sequester nutrients) with nman-made grow out
ponds that are highly enriched with fertilizers and that serve as sources of
di ssolved and particulate nutrients. The release of soluble inorganic
nutrients fromintensive fish and shrinp farn1n? has the potential to cause
eutrophication of water bodies. Investigation of the fish-cage culture area
of Dapeng Bay in 1990 and 1991 showed that phosphate concentrations were up
to 78.4 pg/dn? and nitrate up to 27.5 ug/dn¥; these val ues are nuch higher than
t hose of non-fish-farmng regions.

~In parallel with the red-tide problem Chinese research enphasis
on red tides has also grown dramatica Iy in recent vyears. Nationally
co-ordinated projects were initiated in 1987 and in 1988 to investigate the
East and South China Seas. A significant devel opnent occurred in 1990 when red
tides were given the highest possible research ranking, which is accorded onl
to a few projects throughout all the scientific disciplines. The nationa
red-tide programme involves eight institutions and universities, and over 100
scientists. The institutions include: the Institute of FwdroblologK, Ji nan
Uni versity; the South China Sea and East China Sea Branches of the State
Oceani ¢ Adm nistration (SOA) of China; the Third Institute of Cceanography,
SOA; the Institute of Cceanology and the South China Sea Institute of
Oceanologg, both of the Academia Sinica; the Institute of Environnental
Sci ence, Zhongsan University; and the South China Sea Institute of Fisheries,
t he Chi nese Acadeny of Fisheries.

The four research priorities are: (i) biological basis of red
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ti des (taxonony, cultivation, life cycles, toxicology); (ii) experinmenta
ecol ogi cal studies (physiological requirenents, growh characteristics,
encl osed narine ecosystenwexperlnent%; (iri) nmonitoring (three-year nmonitorin
progranme at two sites in the South and East China Seas, plus major coasta

cruises); and (iv) mathematical nodelling.
Di scussi on

i) _ Drs. Corrales and Ordofiez asked whether China was culturing

rodi ni um bahanmense and was its occurrence |inmted to Dai peng Bay? They al so
wondered when it had first been observed, since there was a possibility that
the organism may have been carried by currents from the Philippines region
foll owing bl oons there.

Q said that P. bahanmense was provin% very difficult to
y

Dr .
culture. He did not exclude the possibility of transport currents fromthe
Phi |'i ppi nes.
(ii) Dr. Santhanam reported that Noctiluca scintillans bloons were
often observed in India but are often greenish owing to symbiotic (or
parasitic?) green algae in the cells.

o Dr. Q indicated that this was sonetines the case in China, but
it is not known where it cones from

(iii) Dr. Gonzal ez asked whether standards for toxicity levels in
shellfish had been established in China, and to what depth had toxins been
found in the sedi ments.

_ Dr. Q explained that standards are decided by the Nationa
Institute of Cceanography, and he did not know what these standards are.

(iv) Dr. Park asked whet her Heterosigna bl oons were causing fish kills
and what was the nechanism He also wshed to know which species of
Gymodi ni um had been inplicated in the illness caused in 1985-86

Dr. Q said he did not know the effects of specific Heterosigm
bhoonsf_and_ it was only recently that they had been able to attenpt an
identification.

&ﬁ) Dr. Park al so wished to know which species were being cultured in
Ina, and whether Chinese research had reveal ed specific successions of
red-tide organisnms; in particular, is there a relation to the tidal regi me?

Dr. Q saidit diﬁends on the region. Wrk so far has concentrated
on the South China Sea where diatomflagel |l ate-di at om sequences are observed.
Ig t he E?st China Sea, blue-green algae (Trichodesm un) bl oons are nore often
observed.

_ Dr. Park explained that two species of Gymmodi nium are commonly
ponsible for PSP, but in Korea only catenatum has been found to be
IC.

HARMFUL ALGAL BLOOMS AND FI SHERI ES
Dr. Karl Tangen (Norway) nmade this presentation

Finfish and other marine life are constantly exposed to pl anktonic
al gae that occur in the free water masses in varying concentrations. In their
food sources marine aninals are exposed to chem cal conpounds derived fromthe
al gae. Negative and sonetinmes dramatic effects are observed in cases when
t oxi n-produci ng al gae exceed critical concentrations. Al though the public and
scientific attention has been attracted mainly to toxic algal blooms
(red/green/brown tides) associated with nortality in fish farms or human
poi soni ng due to consunption of toxic bivalves, there are indications that the
negative effects on natural fish resources have been underesti nmated.



| OC Wor kshop Report No. 94
page 25

Primary negative effects on fisheries and comrercial fish stocks
include: (i) acute nortality of adult and |arval stages of finfish after
exposure to toxic algae or algal toxins dissolved in the seawater; (ii)
nortality due to poisoning fromalgal toxins that contam nate the food-source
of the fish; (|||? harvesting of natural stocks of bivalve nolluscs banned due
to accunul ated algal toxins; and (iv) accumulation of algal toxins in finfish
One or nore of these effects has been observed at irregular frequencies in
much of the world, as docunented abundantly during recent international
conferences on harnful al gae. Secondlﬁ, effects on the fisheries related to
negati ve responses from the markets have been reported during a number of
bl oons. Usual ly, the bl oons of, for exanple, the brown tide of the nlcroalﬂa
Aur eococcus anophagefferens on_ the northeast coast of USA, of the
di nof | agel | ate Gymmodi ni um breve in the Gulf of Mexico and of the flagellate
Chrysochromul i na pol yl epi s in Scandi navi an waters, have been associated with
a variet of 'noxious effects. Oher bloons, as of PSP-producing
di nof | agel | ates, may have a nore limted range of effect on marine organi sns,
but have serious inpacts on the harvest of natural stocks of bivalves which
may become toxic due to accunmul ation of PSP toxins or other toxins.

~In_a recent bloom in Norwegian waters (sunmer 1992) of the
PSP- pr oduci ng dlnoflaqellate Al exandrium excavatum nortality was observed in
natural herring and flatfish stocks as a result of PSP accunulation in their
natural food sources; i.e., zooplankton eaten by herring or sand-dwelling
bi val ves eaten by plaice. Another effect of planktonic algae on other marine
life, particularly on benthic animals, as denersal fish, is through ox% en
depl etion. Hypoxia and associated fish kills seemto be an increasing problem
wor| d-wi de, especially in nearshore eutrophicated waters. Attenpts to assess
the magni tude of econom c | osses after noxious algal bloons indicate that the
negati ve consequences to the fisheries may be very significant.

The historical devel opment of problens related to harnful al gae
in Norway may be representative for nost nations that have a growi ng activity
in their coastal zones, including the devel opnment of aquaculture and the
public use of coastal resources for recreation purposes.

| mportant events include:

1860 First human intoxication (DSP)

1901 First PSP epidemc (two deaths)

1966 First bloom (in Europe) of Gyrodinium aureol um

1976 Mortality in fish farnms due to Gyrodini um aureol um

1980 First docunented DSP epidenic _

1981 Massive wild fish nortality due to Gyrodini um aureol um

1986 Detecti on of new types of toxicity in nussels

1988 Massive nortality in fish farms and ecosystens due to
Chrysochronul i na pol yl epis )

1989 Prymesi um parvum causes fish kills ) )

1989 Skel et onema costatum associated with fish kills

1991 Phaeocystis pouchettii associated with fish kills

1991 Massive nortality in fish farns due to Chrysochromulina
| eadbeat eri )

1992 Al exandri um excavatum causes fish kills and human intoxication

This series of events clearly indicates that the frequency of
harnful blooms is increasing, involving an increasing nunber of al gal species
from several algal classes

In order to detect algal bloons as early as possible to reduce
econom c losses in fish farns and bival ve farns and for public health reasons,
a nonitoring and forecasting systemis run by OCEANCR on contract wi th, for
exanpl e, insurance conpanies and the state health authorities. The systemis
based on state-of-the-art technol ogy, including continuous transm ssion of
environnmental data from anchored buoys along the coast, conputerized
i nformation, and nunerical nodels for forecasting. The |owtech elenments in
the systeminclude daily data and weekly al gal sanples from | ocal observers
(fishfarmers) along the coast and traditional m croscopic exam nation and
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interpretation of al gae sanpl es.
Wth this system which has been operative since 1988, a |arge
nunber of harnful bl oons have been detect ed.

Di scussi on

(i) Dr. lgnatiades and Dr. Q both asked whether the Norwegian
researchers were successful in forecasting bl oons.

Dr. Tangen admtted that it had not been easy but, w
experience, their predictive capability had inproved and allowed themto p
up early signs of bloons. Oten, frontS were kept under observation. They a
conducted hindcasting and eval uate bl oons as they occur

(ii) Dr. Indrani Karunasagar asked about conbatting the problenf

_ Dr. Tangen expl ained that they try to prepare fish (in cages) to
deal with stress; sometinmes, cages are lowered into clearer water. In sonme
cases the fish farnmers are advised to start renmpving and processing the fish
before the bl oom reaches the fish farns.

(iii) ~ Dr. lddya Karunasagar asked which al gal species had been used in
tests on mce

_ Dr. Tangen admitted that they still had a long way to go to
determne which species were able to intoxicate, especially after the
detection of toxicity in mce that could not be related to any known group of
t oxi ns.

giv) Dr. Halim asked whether it was known what actually triggers a
oom

_ Dr. Tangen suggested that light and water stability may play as
big a role as nutrient concentration

3.10 ENVI RONMVENTAL | SSUES RELATED TO AQUACULTURE DEVELCOPMENT
Dr. Haral d Rosenthal (CGernmany) nmade this presentation

~ Wrld aquacul ture production has increased substantially in recent
years and in many regi ons aquacul ture has been identified as the only growth
sector within fisheries.

Aquacul ture - as an% other industry - has the potential to cause
environnmental problens: (ig those caused by aquaculture from [|and-based
andwat er - based systens; and (ii) those inposed on aquaculture by natura
events and other human activities (e.g., conpetitive use of commpn resources).

In water-based systens (e.g., cage culture) the nobst inportant
aspects to be considered relate to benthic enrichnent, inpact on water quality
and %rlnary production, and build-up of antibiotic resistance in sedinments and
bent hi ¢ organi sns.

_ Farm effluents from | and-based systens should be considered in
relation to total dry-weather flow of the recipient water and to appropriate
management schenes.

_ Envi ronment probl ems i nposed on aquaculture are largely rel ated
to red-tide phenonena.

o Techni ques presently available and/or wunder developnent to
mtigate negative environnmental inpacts caused by aquaculture include waste
renmoval, inproved feed technology, trends towards offshore culture and
i ntegrated seni-intensive farm ng Systens.
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Principles for developing a mnanagenent schenme include site
sel ection criteria, Iipensing practice, nonitoring issues, health control and
t he assessment of hol ding and carrying capacity of designated areas in coastal
wat ers. Fish-farm effluent standards have been proposed by EIFAC (European
I nl and Fi sheries AdVISOF% Commi ssion of FAO) and | CES (International Counci
for the Exploration of the Sea). A decision nodel should be devel oped, based
on the reconmmendati ons of the GESAMP Worki ng Group on Reduci ng Environmenta
| npacts of Coastal Aquacul ture

Di scussi on

(i) Dr. |be r%Ported a sharp drop in aquacultural production in Africa
and asked why this had occurred.

Dr. Rosent hal thought that the probl em had been that the approach
used had been from the European standpoint and had not taken |oca
soci 0- econom ¢ consi derations into account.

(ii) Dr. Choo believed that aquaculture was often conducted at the
expense of wild fish or shellfish resources. Valuable natural resources such
as mangrove swanps were often taken over for aquaculture thus conprom sing
those wild resources, often exploitable at |ower cost, that depended on the
mangrove ecosystem

Dr. Rosenthal felt that this was a good reason for conducting very
areful preparatory studies before initiating aquacul ture.

c
(iih? Dr. Houvenaghel asked whether fouling continued to be a serious
probl em

Dr. Rosenthal said it is; noreover, highly toxic tributyltinis
still being used to conmbat fouling. However, sonme new anti-fouling paints are
| ess toxic, and sone new types of netting and cl eaning techni ques are proving
hel pful. To deal with the problem sonme aquaculturists are often induced to
return to good husbandry.

(iv) Dr. Piyakarnchana asked whether the | evel of nethane production
by aquacul ture was known.

_ Dr. Rosenthal did not have specific data to hand but offered to
provi de references.

3.11 MONI TORI NG THE HEALTH OF LARGE MARI NE ECOSYSTEMS
Dr. Ken Sherman (USA) nmade this presentation

Human intervention and climate changes are sources_of increasin

variability in the natural productivity in the wor|ld oceans. The sources o
| arge-scale changes in the yields of living marine resource species and
pol l'ution problens at the continental nargins of marine ecosystens that inpact
on natural productivity cycles need to be addressed, including eutrophication
from high nitrogen and phosphate effluent from estuaries, the presence of
toxins in poorly treated waste-water discharge, and |oss of wetland nursery
areas to coastal devel opnent.

From the ecological perspective, the concept that critica
Brocesses controlling the structure and tfunction of biological communities can
est be addressed on a regional basis has been applied to ocean space in the
utilization of marine ecosystems as distinct units for nmarine research,
noni tori ng and managenent.

The concept of nonitoring and nmanagi ng environnmental quality and
renewabl e resources froma regional ecosystem perspective has been the topic
of a series of synposia and workshops initiated in 1984 and continuing till
now, wherein the geographic extent of each region is defined on the basis of
ecological criteria. As the regional units under consideration are large, the
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term "Large Marine Ecosystemt (LME) is used to characterize them Large marine
ecosystens are extensive areas of ‘ocean space of approximately 200 000 knt or
greater characterized by distinct bathynmetry, hy roPraphy, product|V|t¥ and
trophi cally dependent popul ations. By nonitoring selected conponents of the
ecosystens, the changing states of ecosystens can be detected, and the source
of the change, whether natural or due to human activities, identified;
war ni ngs of events w th possible economc repercussions can be issued, and
mtigation action directed to the sources of stress.

Al t hough nmarine ecosystem sanpling schenes and efforts vary anon
progranmes (depending on habitats, species present, and specific regiona
concerns), they generally involve systematic collection and anal yses of key
ecosystem conponents and sone | evel of regional-scale risk assesshent. Anmong
the paraneters indexed in nmonitoring LMeEs for variability in biomass are
productivity (especially primary), resrlience, stability, diversity and yield.
Avail abl e information on factors influencing the natural productivity and the
changing states and health of LMES is synthesized in an effort to identify
principal, secondary and, if considered inportant, tertiary driving forces
causi ng maj or changés in ecosystem states and bi omass yi el ds.

_ _Ecosystem "health” is a concept of wide interest for which a
single precise scientific definition is problematical. The termis used to
describe the followi ng indices of the ecosystemin relation to the changin
states and health of marine ecosystems: (i) diversity (the so-calle
bi ol ogi cal diversity, a nmeasure of the relative abundances of the biotic
conponents of the ecosystem these indices are not, at present, able to take
speci es substitution effectively into account); (il) stability (the tendency
to return to equilibriumfollowing a disturbance); (1ii) resilience (the rate
of return to equilibrium; (iv) productivity (the rate of creation of new
bi omass and its distribution through the ecosystem; (v) yield (the bionmass
thatl_can )be renoved from the system wi thout overcoming its inherent
resilience).

_ The data from which to derive these experinental indices are
obtained fromtime-series nonitoring of key ecosystem paraneters. A rototyEF
effort to validate the utility of the indices is under devel opment by the US
Nat i onal Cceanic and Atnospheric Adnministration (NOAA) and ‘the US
Envi ronnmental Protection Agency (EPA)

_ The ecosystem nonitoring strategy is focused on paraneters
relating to the resources at risk of overexploitation, on species protected
bK | egi slative authority (marine manmmals), and other key biological and
ﬁ ysi cal conmponents at the lower end of the food chain (plankton, nutrients,
ydr ogr aphy) .

Di scussi on

(i) Dr. Rabbani asked whether decision-makers alwags wait for an
estimte of a sustainable reduction in exploitation of an L

Dr. Sherman thought yes, but stressed that there is a need to cut
fort of exploitation” by 50% to reach a sustainable yield (of about one
lion tons) in the northwest Atlantic coast LME ~ this would inply
ni ficant socio-econom c displacenments in the coastal community (e.ag.
g out a proportion of the present fishing conmunity and converting the
rmen to other economic activities).

-0

D5

h
) Dr. CGabrielides noted that nmany of the points nade referred to
agi c organisnms but asked whether they applied equally well to benthic
ani sns.

_ _ Dr. Shernman said no: bottomfish catches are declining rather than
i ncreasi ng.

(iii) Dr. Johansson stressed the inportance of not ignoring the
m crobial |oop in the ecosystem this |oop nmay, however, be of varying
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i nportance from one system to another, but one cannot sinply evaluate
phyt opl ankt on, zoopl ankton, nekton etc. in a sem -independent way.

- Dr. Sherman agreed that this approach would be preferable though
nmore difficult to achieve

(iv) Dr. Piyakarnchana pointed out that the coastal zone is vul nerable
to eutrophication owing to |lack of sewage treatnent. Developln% countries
often do not have the neans to treat sewage, and certainly not at the tertiary
level (i.e., to renove sone nitrogen and phosphorus).

Dr. Sherman noted that tertiary treatment was even difficult for
many devel oped countries; sone recycling back to the land is a possible
solution in some circunstances

3.12 GLOBAL CHANGE: PHYSI CAL AND BI OLOd CAL ASPECTS
Dr. Andy Bakun (FAO nmade this presentation

~ Monitoring and data analysis may be of doubtful value w thout sone
under st andi ng of the nechani snms involved in the process or phenonenon being
noni tored. The classical scientific nmethod for gaining insight into nechanisns
is the experinental nethod, but it is very diffrcult to establish experinental
controls on the ocean-atnosphere system In fact, notion of the ocean nakes
it inpossible to maintain the integrity of the volune of water in which an
experinment is taking place without confining it in sonme way, thereby altering
t he basic processes thensel ves.

Sonet i mes, another classical nmethod of science, the conparative
met hod, may be used to substitute the naturally different conditions of
differing regional situations for controlled variation of experinenta
conditions in providing the nultiple views of a process required to draw
scientific inferences.

Many marine ecosystens of the world share one striking attribute
in their biological community structures. They typically contain a very |arge
number of species at the lower (e.g., planktonic) trophic |evels, and
subst antial nunber of species eﬁgz, predatory fishes, large coel enterates,
sea birds, marine manmal s, etc. ich, as adults at |east, feed at the apex
or near-apex |levels. However, in many of the nmarine ecosystens of the world,
there is often a crucial internediate trophic |evel, occupied by small
pl ankt on-feedi ng pel agic fishes, that is typically dom nated by only one, or
at nost several, species.

For exanple, the fish biomass of tenperate coastal upm@llin?
systens tends to be dom nated by one species of sardine and one species o

anchovy, and nost often only one of the two is dominant at any particul ar
time. Simlarly, tenperate ecosystens influenced by western ocean boundary
currents may be domi nated by a single sardine species (e.g., Sardinops sagax
in the Kuroshio region near Japan), an anchovy species (e.g., Engraulis
anchoita in the Falkland/ Mal vi nas rrent of eastern South Anerica), or a
menhaden sRecies (e.g., Brevortia tyranus in the Gulf Streamregion off the
eastern USA).

Tropi cal anal ogs of these tenperate ocean ecosKstens tend to be
dom nated by anal ogous tropical species: sardinellas, anchoviellas, thread
herrings, etc. OQher exanples are the herring or sand-eels of boreal shelf
ecosystens such as the North Sea, the Bering Sea, etc., and the capelin of the
subarctic Atlantic. The krill of the Southern Ocean mmy represent an
i nvertebrate anal og. The Gernman Bight is an inportant reproductive habitat for
North Sea sprat; the recent decline of the anchovy popul ation and massive
increase of a newy introduced Ctenophore species in the Black Sea may be
anot her exanple. Because of this typical conmunity configuration, featuring
many species at the bottom many at the top, but constricted to a very few
domi nant species at the mid-|level, these ecosystens have been referred to as
wasp-wai st ecosystens. Mbdelling studies have shown that variability in the
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trophic dynamics of these ecosystens tends to be largely domnated b
variations in these md-trophic |evel wasp-waist populations. These snal
pel agi ¢ planktivores tend to undergo radi cal popul ation variations, and these
vari ations may have major effects on the trophic |evels above, which depend
on the wasp-wai st populations as their major food source, and on the trophic
| evel s below, which are at tinmes heavily grazed by the variable but massive
wasp-wai st popul ati ons. The small clupeoid fishes that npst often constitute
the wasp-wai st popul ation have notable "weak links" in their life cycles
through which the variability in the physical ocean-atnosphere system is
potentially able to exert direct control on their popul ation dynam cs, and
thereby on 'the trophic dynamcs of entire ecosystens. (This is one reason the
Sar di ne- Anchovy Recruitnent Project, or "SARP', was made the initial focus of
the I OC- FAO Progranme of Ccean Science in Relation to Living Resources.)

A general pattern is emerging from current studies wherein
conbination of three general factors is associated wth favourabl
reproductive habitat for coastal pelagic fishes, These factors are: (i
enrichnment of the food web by physical processes (upwelling, mxing, etc.);
(ii) opportunity for a concentrated patch structure of food particles t
accunul ate (stability, lack of active turbulent mxing, and/or stron
convergence in frontal structures); (iii) availability of mechani sns pronotin
retention of larvae within (or transport of |arvae to) appropriate habitat.

a
e
)

Qo

These three factors are not generally nutually coTPatib[e. For
exanple, upwelling is a response to divergent horizontal flow Upwelling and
convergence therefore cannot directly coincide. Likew se, mxing muy lead to
enrichnment but destroy vital small-scale concentrated structure in food
particle distributions. Coast al upmelllnP, bei ng i nduced by offshore surface
transport, is directly linked to loss of [arvae fromthe coastal habitat. The
wind that drives the upwelling also nixes the upper ocean |ayer, destroying
its structural stability.

Thus, the three factors can conbine favourably only in specia
environnmental configurations. Each factor nust be present to a sufficient
degree, but not to so overwhelmng a degree as to preclude the others.
Al ternatively, the favourable configurations may involve tenporal and spati al
| ags that allow effects of opposing processes to be nmutually supportive.

Dr. Bakun presented exanples from the northeastern Pacific and
sout hwestern Atlantic to illustrate the inportance of w nd conditions_ and
freshwater inflow in the maintenance of favourable reproductive habitat
configurations. A key point is that the very restricted zones where nateri al

such "as pollutants, toxic blooms, etc., are concentrated by physica
rocesses, appear generally to be the very zones that biological adaptations
ave selected for the nost” vital life-cycle processes.

Runof f and wi nd appear to be subject to major alterations. In the
second half of the 20th Century, global water use has been rising by 4-8%
annually. It is continuing to grow in the developing world. And although it
is stabilizing in industrial countries, withdrawals are nearly equal to
| ocally generated runoff, and water quality has deteriorated markedly.

Hurman popul ation growt h, industrial devel opnent, deforestation,
etc., which directly alter the properties and processes of the marine
ecosystemare al so apparently acting to change the basic climtic context in
whi ch these processes and properties operate. The concentrati ons of carbon
di oxi de and ot her "greenhouse" gases in the earth's atnosphere have increased
significantly in recent decades, |leading to predictions of global climte
changes. Although there is presently sone controversy as to the precise nature
of the changes that nmay occur, the general scientific consensus is that
substantial climte changes are likely to occur and to do so over a relatively
short tinme (decades).

_ One "greenhouse effect" that seens rather certain to occur is an
increased contrast in tenperature between the |and masses and the oceans
during the warnmer seasons. Such an increase of heating during spring and
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summer intensifies the thermal | ow pressure cell over the coastal |and mass
which leads to an enhanced onshore-offshore pressure gradi ent between the

continental thermal "low' and the oceanic "high" offshore. The stronger
pressure gradient induces strengthened al ongshore geostrophic w nd, causing
enhanced of fshore Ekman transport and anpliftied coastal upwelling on either

side of a continent and in either the northern or the southern hem sphere. The
i ncreased upwel ling and mixing inplied by such a wind increase, by cooling the
coastal ocean surface layers and further accentuating the ocean-conti nent
tenperature contrast, mght constitute a positive feedback |oop leading to
further anplification of the effect.

However, examination of coastal wind tine-series in various
eastern ocean coastal boundary regions suggests a consistent increasing trend.
Li kewi se, continental |ows appear to have been intensifying over the past
several decades, and there are indications from sea-|evel nmeasurenents that
t he al ongshore sea-level slopes are also increasing in a manner suggesting
i ncreased equatorward wi nd stress al ong the coast.

_ Relatively little study has been nmade of the potential effects of
climate change on fresh-water runoff. It appears that many |and areas woul d
experience increases in precipitation while others nmay experience decreases.
Certainly, reductions Iin wnter snow storage due to increased w nter
tenperatures wil| have inportant effects on seasonal runoff patterns. Marine
ecosystens associ ated with nmountai nous drai nage basins where precipitation is
highly concentrated in the winter season, and are therefore dependent on snow
mel't for sumrer runoff, can be expected to be particularly affected.

An exanpl e of a possible scenario |inking global climte change
to harnful algal bloons is provided by the ocean adjacent to the west coast
of the Iberian Peninsula. It is a "classic" eastern ocean coastal upwelling
system The upwelling process is nost intense in spring and sumer but
declines in the fall (autum) and winter. Nutrient-rich upwelled waters |ead
to high rates of organic production, a rich trophic pyram d and inportant
local fisheries. Mariculture is a mpjor industry in the Rias Bajas, a series
of oceanic bays on the coast of Galicia, where intermttent enrichnent during
upwel I i ng events supports intensive raft culture of nussels.

In this area, the toxic dinoflﬁgellate Gymodi ni um cat enat um
(Gaham) was first observed in October 1976, coinciding with the first
recorded outbreak of paralytic shellfish poisoning (PSP% in Spain. Over the
past decade, PSP outbreaks have becone a serious threat to the [|oca
mariculture industry. G catenum bloons in the Galician R as have been

associated with the autumm rel axati on of the sunmer upwelling.

_ If climate change does lead to increased upwelling intensity, the
input of nutrients in the rias will increase, as will the primary production
during the wupwelling season (April-Septenber). This wll increase the
production of particulate organic matter, notably increased fecal matter from
Increasingly well nourished nussels, which will enter the transport-sinking-
deconposition-rem neralization "loop". Thus, a greater accunulation of
decaying organic nmatter on the bottom would result.  Subsequent
rem neralization would |ead to greater concentrations of nutrients in the
| ayer beneath the deep nutricline follow ng the upwelling season. Vertically
m grating chain-formng notile phytopl ankters such as G catenatum m ght have
the best access to this increased deep nutrient pool

In addition, with increased intensity of upwelling, the sea
surface s!oPe annP the coast of the Iberian Peninsula, as a reflexion of the
density field, would al so be expected to increase in an offshore sense. Thus,
the initial reflux of the offshore surface water toward the coast upon
cessation of the wind stress that produces the upwelling would tend to be
intensified. Again, if the vertical mgration capacities of forms such as G
catenatum provide themw th a special conpetitive advantage in this situation,
their bl oom frequency night increase.

The foll owi ng general conclusions may be drawn:
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(i) The hydrodynam cal advantages of increasing cell length may be an
i mportant factor in interpreting adaptive biol ogi cal behavi our (and species
successions, particularly of very small organi snms).

(ii) Analysis of the wuse of the nechanical energy of the
ocean- at nosphere systemto augnent trophlc_energ% bal ance appears to offer a
useful sinplified framework tor interpreting the effects of environnmental
variations and trends on biol ogi cal processes and popul ati on dynam cs.

(iii) Mari ne ecosystenms in many ways do not operate as relatively
honogeneous entities but are strongly patterned by physical nechanisns;
cal cul ati ons based on | arge-scale averages may turn out to be substantially
in error.

(iv) The conparative nethod is advocated as a neans of gaining insight
into effects of global trends on marine processes.

Di scussi on

(i) Dr. lIgnatiades asked whet her observati onal data were available to
support the proposed nodel for Gymmodi ni um dynami cs.

Dr. Bakun said that experimental studies were under way but the
results are not yet concl usive.

&ii) Dr. Watt noted that sone nechanisns were established in the
| el stocene where marine conditions were quite different, so has there been
time to evaluate the kinds of ecol ogi cal adaptations being proposed?

Dr. Bakun expl ai ned that pal aeo-ecol ogi cal studies have shown t hat
stronger upwelling occurred during periods of high solar activity; this
evi dence tends to corroborate the nbodel he had proposed.

_ Dr. Tangen poi nted out that many phytopl ankt on species do not take
up nutrients in the dark, whereas the proposed nodel suggested that such
upt ake was | i ght-independent.

(iii) Dr. Henpel thought that the "wasp-waist" nodel night not be the
sanme everywhere and hence not be useful for conparisons between simlar though
di stant ecosystens. The dominant species in one case may be, for exanple,
sardlne/anphov%, whi ch repl ace each other, and, in another case, herr|q§/1elly
fish (as in the German Bight). Also, upwelling is usually considered to be
good for fishing;, however, It could add nutrients to a coastal system subject
to upwelling and could therefore contribute to the devel opment of coasta
eutrophi cati on, which may be bad for fish stocks, hence fishing. Is this so?

_ ~ Dr. Bakun thought that such a contradiction was not an inprobable
prima facie conclusion, which may be right or not right, depending on |oca
ci rcunst ances.

Dr. Al hei t informed the Workshop that SARP (I OC-FAO
Sar di ne/ Anchovy Recruitnment Project) studies have shown that the biologica
observations conformwell to nodels suggested by Dr. Bakun and co-workers.

_ _Dr.  Twesukdi Piyakarnchana (Thailand) briefly described the
eut rophi cati on problenms of the Gulf of Thail and.

This is a shallow sem -enclosed part of the South China Sea
bordered by Thailand itself, Canbodia, Vietnamand Ml aysia. The maxi mum depth
of the @ulf is about 80 netres, and it can be divided geographically into an
Inner Gulf and an Quter Gulf. The Inner @ulf is primarily influenced by the
| arge output fromfive large rivers, while the Quter @ulf is influenced by the
intrusion of water fromthe South China Sea. There is shall ow upwelling al ong
Eﬂe nigﬂue part of the west coast and downwelling on the east coast of the

ter .
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Nat ural eutrophication is frequently found in the upwel ling areas.
The domi nant species here is a blue green aI?ae, Tri chodesmi um erythrium
These areas are also the breeding ground of a species of chubmackerel
Rastrelliger brachysona.

In the Inner part of the Gulf, especially the areas near the river
mout hs, frequent bloons of phytoplankton have béen observed since 1979;
alarmng increases in the extent of the bloons have also been noticed.
Nowadays, these bloons are adversely affecting the tourist and fishery
i ndustries. The dom nant species of these bloons are Trichodesm um erythrium
(1983? and Noctiluca scintillans. No bloons of certain toxic PSP
di nof [ agel | at es have been reported, however.

_ _ The eutrophicati on nechani sns, and especially the effect of the
river inputs to the Inner @ulf, were studied in 1988-1989. The results
i ndi cated that the concentrations of nitrogen and phosphorus in the wet season
(August) were higher than at the beginning of the dry season (Decenber
Ni t rogen: phosphorus ratios were generally below 16. Therefore, that the
estuari ne ecosystens were probably nitrogen-limted.

The marine plankton species considered to be dominant in these
eutrophi cati on studies was the diatom Chaetoceros Rgeudoeurlsetuny which is
al so requentky the dom nant species in red tides. ctiluca scintillans was
commonly found in the dry season at the high-water |evel of the Inner Gulf.

Dr. José Ordofiez (Philippines) presented an outline of th

e
structures set up or being set up in the Philippines to deal wth
eut rophi cation problems within the fishery sector programe.

~ The principal objective of this programme is Institutional
Strengthening. Its conponents are: (i) Resource and Ecol ogical Assessnent
REA); (ii) Coastal Resources Managenent (CRM; (iii) Red Tides (RT); and (iv)
quacul ture Site Assessnent (ASA)

The Action Plan has twelve priority areas (bays, gulfs, etc.)

| REA: (i) gbeaﬂog;aphy - physical, chenical, biological (plankton
ent hos) ;
(ii) Resource evaluation - pelagic fish, denersal fish, cora
reefs etc.
1 CRM The goal is to nove forwards community-based managenent:

i) Communi ty organi zation (e.g., co-operatives
i1) Devolution of the nmanagenent function from centra
governnment to | ocal governnent.

1l RT: Study of areas of potential occurrence of red tides
IV ASA: i) Assessnment of existing aquaculture sites;
i1) Assessnent of areas likely to be suitable for aquaculture
(e.g., for sea needs) as an alternative |ivelihood.

4. TRAI NI NG REQUI REMENTS

~ The Workshop decided to constitute two Sessional Wrking G oups
to deal with the two main aspects of its work: a Sessional Working ouE_on
Training Requirenents in the Field of Eutrophication; and an Sessional Working
Group on Training Requirenments in the Field of Algal Bloons.

These two Sessional Wrking Goups were asked to report back to
t he Wor kshop

4.1 TRAI NI NG REQUI REMENTS I N THE FI ELD OF EUTROPHI CATI ON

The Sessional Worki ng Group consi dered possible training needs in
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this field and made the foll owi ng proposals.
I nter-regi onal Workshops

. _ ~ A VWorkshop on Integrated Coastal Zone Management with Respect to
Eut rophi cation. This rkshop shoul d be designed for decision-nmakers, nanagers
and admnistrators, with the goal of increasing their awareness of the
environnmental consequences of uncontrolled econom c developnent and the
advant ages of integrated coastal-zone devel opnent.

Rational e: Many inportant decisions, with potentially considerable adverse
consequences, are often taken by high-level decision-nakers, resource nmanagers
and public admnistrators on the basis of inadequate 1nformation on, or
understanding of, the phenomena or processes principally determning the
paraneters of the systemthey are called upon to regul ate, manage, nonitor or
control. Wile socio-economic, political or other non-technical circunstances
may conpel such poorly based decisions to be made, it is often nore sinply a
guestion of their not haylnP been given the basic know edge required, or
havi ng been given a too highly technical explanation on which to base their
decisions. It is therefore useful to provide such high-level officials with
a basi c understandi ng of what is at stake.

~In the coastal zone, in the present context, this neans an
under standi ng of the nmain causes and effects of eutrophication, and of toxic
al gal bl oonms, which are often to be found as a result of uncontrolled
di scharges or unconsi dered and di sintegrated coastal -zone devel opnent .

1. _ A Workshop on the Evaluation of Relevant Existing Data on
Eut rophication. This Wrkshop should be designed for scientists and
technicians, increasing their capability to evaluate existing data with a view
to assessing not only the state of eutrophication of the marine environment
but al so to understandi ng the processes involved.

Rat i onal e: The detail ed study of coastal-zone eutrophication is costly and
there is, therefore, little roomfor error in the choice of areas, paraneters,
envi ronnental conponents and organisns to be studied preferentially. A
consi derabl e amount of data taken in past studies of the coastal zone, but
usually in a different context, is available and can be evaluated to revea

past variations and trends in certain paranmeters relevant to the study of
eutrophication and harnful al gal bloons. Such eval uati on nust be made in the
context of the objectives of further planned studies and, to this end,
scientists and technicians will benefit greatly fromsharing experience in the
eval uation and correct interpretation of existing data.

I11. A Wrkshop on the Effects of Eutrophication on Fish Resources.
This Wrkshop is intended for scientists involved in fishery work.

Rat i onal e: Besides training needs, there appears to be an inportant need to
summari ze the experience gained on the effects of eutrophication on fishery
resources. Various accounts of possible beneficial effects of mldly increased
nutrient input (on eastern Mediterranean pelagics, Dutch flatfish fisheries,
for exanple) are sonmetimes cited, but there are also cases of disastrous
di sl ocation and col | apse of such resources.

_ In the "real” world of polarized political activities, it is
important to provide a credible evaluation of the trade-offs and transitions
frompossible initial beneficial effects to serious, and perhaps irreversible,
resource and ecosystem danmage rel ated to increasing eutrophication
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I nter-regional Training Courses

I Moni toring of Eutrophication in Coastal Wters as a Tool of
Coast al - Zone Managenent .

This course should conprise: (a) the design of a conceptual nodel;
(b) data handllng and interpretation relevant to eutrophication; (c)
verification of nodels and sinulations.

Rati onal e:  The problem can be discussed in terns of regenerative capacity of
renewabl e resources. The equilibrium between input of nutrients and the
carrying capacity of the environment should be considered in the
i mpl ementation of an integrated system for the nanagement of nmarine and
coastal areas. Preserving the regenérative capacity of the environment means
certain demands on the biological, physical and chemcal state of the
envi ronment. The variabl es involved may be interpreted as "concentrations” of
environnmental |y active aﬁents at the places where organisms are to be found.
The dIir&it val ues sought for the ™concentrations®™ are the sustainable
st andar ds.

Apart from the growi ng concern about the present and expected
effects of eutrophication in coastal zones all over the world, there are al so
shortcomngs in our understanding of the mechanisnms involved. Such
shortcomings are quickly felt when the eutrophication problemis addressed:
from data acquisition to scientifically based decision-nmaking. There is
therefore an urgent need to provide those involved in coastal -zone studi es and
managenent with the basic know edge of eutrophication and to denonstrate how
as st%nlapproach and the use of a conceptual nopdel of eutrophication can be
applied to:

(i) The optim zation of existing nonitoring programes;

(ii) The design of new goal -oriented ones; handling and eval uati on of
hi storical and newly coll ected dat a;

(iii) Devel opnment and expl oi tation of sinulation nodels to study and to
forecast reactions of ecosystenms under different scenarios of
natural variation and human i npacts

(iv) El aboration of the information needed by decision-makers to help
themto arrive at cost-effective solutions.

The conceptual nodel of eutrophication should take into account:

(i) Bi ogeochemi cal cycles (including mass bal ances, neasurenent of
hydrocheni cal paraneters) within the marine ecosystens;

(ii) External driving forces (natural and nman-nmade);

(iii) Hydr odynani cs; and,

(iv) Expected effects of eutrophication on the nmarine environnent and

their soci o-econom ¢ consequences.

_ The devel opment and optim zation of nonitoring programes wl |
require not only a conceptual nodel, but also the prelimnary assessnment of
the current state of the marine environnment as well as the state of know edge
required for such optimzation; noreover, the elaboration of an observing
system will require an evaluation of existing facilities and available
resources, and the organi zation and exploitation of appropriate databases.

The interpretation and evaluation of the nmonitoring data wll

require:
(i) Statistical analysis to pick up trends in concentrations,
bi onmasses; _ ) ) ) ) o
(ii) The calculation and application of biological indices or
o i ndi cators; and, )
(iii) Mass bal ance eval uati ons.

Simul ation nodelling will require:

(i) Model devel opnent;
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ii) Calibration and verification of nodels;
iil) Devel opnent of scenari os;

iv) Conduct of sinulations; and

V) | mprovenent or adjustnent of nodels

Il Bi ol ogi cal Indices/Indicators, Using Statistical Ecology Mdels.

Rati onal e:  Eutrophi cation can be recogni zed by changes in species conposition
and abundance, changes in the trophic structure of a biocenose and by the
appearance (or di sappearance) of particul ar species.

_ To identify biological features of eutrophication, evaluate the
trophic status of a "water Dbody, the problem nmay be approached by the
determ nation of shifts in the follow ng paraneters: (a) species conposition
and occurrence of particular species (indicators); (b) indices related to
bi omass (primary production; assinilation ratio; chlorophyll content of the
wat er and organi sns; cell nunbers; diatom/flagellate ratio etc.); (c) indices
related to biodiversity (species doni nance, species diversity, evenness,
ri chness, redundancy, efc.

11 M cr obi ol ogi cal Processes Involved in Eutrophication

Rationale: In recent years, evidence has grown that the role of
m cr obi ol ogi cal processes is fundanental to many aspects of the problens posed
by eutrophication. The understanding of the microbiological processes is
essential to the search for the solution to such problens; also the nodelling
of the ecosystemis unsatisfactory unl ess these processes are adequately taken
into account. In nmany countries there is an urgent need for specialized
training for mcrobiologists to deal with the problens.

The training course should cover: (a) sanpling problenms; (D)
isolation of strains fromdifferent environnental conpartments; (c) the role
of mcro-organisns (e.g., bacteria, fungi) in the sul phur and nitrogen cycl es;
and (d) public health aspects.

IV Application of Renpte-sensing Techniques to the Monitoring of
Eut r ophi cati on

Rational e: The use of renote sensing techniques, especially fromsatellites
and with especial enphasis on colour sensors (e.g., the NASA Coastal Zone
Col our Scanner and the proposed NOAA sea-view ng, w de-field-of-view scanner),
is inportant to the assessnment of ecol ogi cal changes due to eutrophication In
an extensive coastal zone. These techniques provide a quasi-synoptic and
repetitive series of observations of key paraneters such ‘as pignent
fl uorescence spectra, sea-surface reflect|V|t¥ changes (as a result of changes
in organic content, for exanple), sea-surface tenperature changes (as an
i ndi cator of upwelling, convection and advection - i.e., coastal currents.

It is, however, necessarY to familiarize scientists with t
constraints on the use of such technol ogy (low signal strength, atnospher
interference with signal transm ssion, significance and choice of specif
spectral bands reflecting such processes as chl orophyl!| fluorescence, and t
need for relevant ground-truth data, at worst, and considerabl e understandi ng
of underlying ecological processes, at best), not only to inprove the
al gorithms used to process the satellite data, but also to optimze the
design, inplenmentation and efficiency of nonitoring systenms and nmnanagenent
progr amres.

D000
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The use of other fornms of renpte sensing based on non-satellite
systems such as fixed and drifting buoys, bottom pressure sensors,
sea-|level/tide gauges, etc. that transmt their data directly to receiving
centres may al so be envi saged.

4.2 TRAI NI NG REQUI REMENTS IN THE FI ELD OF ALGAL BLOOMS

This Sessional Wrking Goup was constituted to devel op proposals
to meet specific training needs in this particular field.

_ The Sessional Wrking Goup identified a range of topics in which
it felt training was required and assigned priorities to them Those that
energed as being of greatest inportance were:

Phyt opl ankt on taxonony;
| Toxins and toxicity; )
Il Dat a anal ysis and nodel | i ng;
\% Al gal culture techniques

\% Water quality control and harnful algal bloons in aquaculture
managenent .

The Sessional Working Group agreed that all the training courses
and/ or wor kshops proposed should be preceded by a "general nodule" of two
days, in which participants would be given a broad perspective of the harnfu
al gal bl oonms probl em

I Phyt opl ankt on Taxonony
The Sessional Wrking Goup believed that advanced trainin?

courses should be designed for participants having a basic know edge o
phyt opl ankt ol ogy. The contents of such courses should be:

i) Principles of the taxonony of planktonic al gae; )
i) Met hods of identification, particularly of the potentially harnfu
speci es; o
(iii) Training in identification of species in mxed sanples containing
_ di atons, dinofl agellates and flagellates; )
(iv) Training in the wuse of the specialized |literature and

conmput er- based i dentification tools.

_ The proposed courses should last two weeks and conprise about
fifteen participants.

_ _ The Sessional Working Group agreed that such courses were needed
i n: China; southeast Asia and the Pacific region; the Black and Mediterranean
Seas; the Baltic and North Seas; and the |Indian Ccean

_ o _ The Sessional Wrking Goup recognized the value of the taxonomc
identification conputer programe known as "Linnaeus Protist" devel oped at the
Institute of Marine Research in Bergen, Norway, w th UNESCO support.

The Sessional Working G oup reconmended the further devel opnent
of the system particularly with a view to preparing regional versions as a
hi gh priority, and urged ESCO to continue its support for the devel opnent
of the "Linnaeus Protist" software.

Il Toxi ns and Toxicity

_ The basic introductory course should cover toxins, their chenica
properties, toxicological properties, and conmon exanpl es thereof.

Besides this introduction to the topic, the Sessional Wrkin
G oup recommended that each trainee's know edge be uEdated according to eac
trainee's requirements. The identification of any |ack should be nmade through
a check list completed and returned by each candi date trai nee before starting
t he programre.
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o The general view was that the main need is for training in
toxicity testing for nonitoring purposes (as opposed to research), and that
the first essential of this training is to tackle sanpling and preparation of
potentially toxic materials.

The Sessional Working G oup agreed that training should cover the
use of mouse bioassay and of high-perfornmnance |iquid chromatography (HPLC?.
It noted, however, that there renain sone problens that are not always fu
appreciated in the a?pllcatlon of HPLC, which is nevertheless often considered
to be an ideal tool for analysing toxins. This technique is delicate and
sensitive. The cleaning up and éxtraction of the sanple is a basic step where
| osses of target compounds na¥ occur. The anal ysis, which requires precision
equi pnment (expensive and difficult to run by an untrained operator) is
difficult to performso as to ensure satlsfactorg recovery; the better the
recovery is, the better the overall accuracy of the procedure will be.

_ _ The application of this technique also requires standards for
cal i bration purposes. These standards are not yet w dely avail able and, in any
case, certified toxins are expensive.

On the chem cal side, besides the known target nolecules, others
may occur but not be detected. This is largely due to the changes occurrin
in‘toxin spectra in cells according to their devel opnental and physi ol ogi ca
st at es. reover, transformation of toxin npblecules within the digestive
system of nolluscs is not yet known but may l|lead to the production of
undet ect abl e conpounds.

Participants in these training courses need to have a good
know edge of chemi stry, organic chem stry and HPLC

o _ The Sessional Wrking Goup recommended that the training be
divided into three phases, 1 and 2 coverlnP different |evels of needs, and
o]

corresponding to different |evels of technology required:

(i) mai nly for routine nonitoring or surveys or for fast and "easy"
controls;

(ii) for high-tech laboratories in official agencies (veterinarian and

public health services), fishery institutes and universities.
A third phase is described bel ow
Preparatory Phase

- I dentification of known Potentia[ly harnful algae in the region and the
associ ated or potentially associated toxins;

- Checking trainees' |level of acquaintance with the problem the
prerequi sites and the nmethods (conpletion of a checklist).

Phase 1
- Theoretical introduction to toxins and toxicol ogies;

- Sampling methods for toxin neasurenents in plankton and in filter
feeders (nolluscs, fishes etc.);

- Bi oassay nethods, according to needs and availability at the tine of the
training, including the use of mce, rats or chicken

- | mmunol ogi cal met hods avail able at the time of the training:
ELI SA procedures (theory) and ELI SA kits for toxins;

- Practical work on bioassays inmunotechniques to be perfornmed on
contam nat ed sanpl es available or to be prepared during training;
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- Denonstration of the HPLC nethod on those sanpl es;

- Conparisons, correlation of results and concl usi ons.

- Fi nal recomendations to set up surveys and controls taking into account
the priorities (accuracy, speed, budget, nunber of analyses etc.)

Phase 2
- HPLC t heory: refresher course

- Choice of a HPLC and factors determning the choice of parts and
accessori es;

- Techni ques in sanple preparation and cl eani ng;

- Practical HPLC anal ysis;

- Cal i brations, standards etc.

Phase 3

Post-training intercalibration exercise in HPLC, ainmed at:

- Controlling the accuracy, the suitability or possible inprovenents of
t he existing HPLC i nfrastructure;

- Monitoring the skill of each teamin preparing sanples and in tuning up
t he procedure

The Sessional Working Goup also suggested that, owing to the fact

that the training is ained at inproving anal ytical capabilities, participants
in the training should only be people who are or will be directly involved in
toxi n surveys, nonitoring or research

_ Havi ng reconmmended t he fqregoingbelenents of a training course on
toxins and toxicity testing, the Sessional rking Goup reconmended that the
followi ng points be kept 1n nmnd

_ _ VWen setting up a training session, part of the introductory
i nformati on may be handed over to trainees before the session; this would save
tinme and all ow every participant to prepare hinself at his own speed according
to his previous experience in chemstry.

The nouse bi oassay nethod requires equally stringent protocols if
it is to be used efficiently, as conparisons between Spanish and Portuguese
| aboratories, for exanple, have shown. As in the case of HPLC, sanple
ﬁreparatlon_ls as inportant as the actual anaI%S|s. Al so, although the public

eal th applications of HPLC and bi oassay nethods are paranount, it is often
the research input that maintains a public-health analytical |aboratory up to
the very best standards.

A course in toxin analysis should be held in a fully operationa
| aboratory using these techniques, and not be held in the country requiring
training. The nunber of participants in such a course mght be 10-20 for a
peri od of three weeks.

_ ~ The Sessional Wrking Goup agreed that a training course of the
ki nd descri bed above is required by all regions represented at the VbrkshoE.
However, the Philippines and Taiwan would need training only in the HPLC
met hod, and a training course on seafood toxicity testing is required in the
Medi t erranean and Bl ack Seas since nost of the coastal countries there do not
have the necessary experti se.

_ In the Baltic Sea, for exanple, heavy bl oons of Cyanobacteria and
Di nofl agel | ata occur regularly. Toxic effects are sel dom noticed, however,
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per haps because no shellfish are cultured there. The question is: are these
al gae, which are known to be toxic in other regions, really not toxic in the
Baltic? Also, in recent years, fish and duck kills have been noticed in
coastal waters, which have been related to toxic blooms of Mcrocystis and
Prymmesium Allergic reactions in man (when swinming) may al so be related to
al gal toxins, but the precise nechani smrenmai ns unknown.

To answer these questions, a toxicity testing programe has to be
undertaken. Baltic marine biologists have no experience in this field and
training is required. Taxonom c training is al so necessary. G oups of especia
interest are: Cyanobacteria (filanmentous as well as coccal picoplanktonic
species), Flagellata (including cysts), and Hapt ophyceae.

11 Data Anal ysis and Mddel ling

The Sessional Working G oup believed that such courses should
cover conputer programmes and software, statistical teaching, the setting up
of data bases, and sone standardization of criteria (for assessing water
quality, for exanple). The training should also give attention to the problem
of ways by which the results of data analysis are translated into nanagenment
strategies, in addition to their role in advanci ng ecol ogi cal understandi ng.

Qut breaks of Pyrodiniumred tides are a conmon probl em anbng sone
I ndo- West Pacific countries such as Pal au, Papua New Gui nea, the Phili ppines,
Mal aysia, Brunei, in Latin Anerica (Guatenala, Venezuela) and in China. These
out br eaks have caused negative health inpacts and | arge econonmic | osses in the
sout heast Asian region. Many of these countries have established their own
nmoni toring systens tollow ng the recommendati ons nmade durlng_the | OC- supported
moréshop on Eiégggy, Epi dem ol ogy and Managenent of Pyrodinium bl oons, held
in Brunei in .

~ Large anounts of data have been gathered on the Physico—chenica
characteristics of the coastal regions before, during and atfter the bl oons,
as well as plankton distributions and shellfish toxicity patterns.

_ There i s now an urPent need to anal yse these data sets at national
and regional levels for nodelling that coul be used to devel op inproved
noni tori ng and managenent strategies.

Hence, the Sessional Wrking Goup proposed that regional training
courses on data analysis and nodelling, with particular rererence to the
managenent of Pyrodiniumred tides be held as soon as possible. It proposed
four such coursées, which are briefly described bel ow.

Scientists/fishery biologists and nanagers involved in nnnitoring
and in dealing with Pyrodinium problems should be invited to the propose
trai ni ng/ workshop. Data sets from each country should be nade avail able for
t he Erakping/morkshop. At least four participants fromeach country should be
i nvol ved.

The areas proposed to be covered are:

Chi na

Here there is an abundance of trained statisticians, but a need
to find ways of crossing disciplinary boundaries by involving physical and
chem cal oceanographers, neteorol ogists and biologists in interdisciplinary
efforts. Thus training in the philosophy of ecosystem nodelling would be ah
essential conponent of such a course.

Western Pacific o

~ This ﬁroposed Trai ning Course should use the data bases that
al ready exist on the toxic dinoflagellate Pyrodini um bahanense, from Ml aysi a,
I ndonesi a, Philippines and other concerned countries of the region. Such a
training course or workshop would constitute an excellent follow up to that
hel d in Brunei-Darussalemin 1989 on the basic ecol ogy of Pyrodinium



| OC Wor kshop Report No. 94
page 41

Eastern Mediterranean and Bl ack Sea o _ o

_ Here the need was identified for training in statistical nethods,
data interpretation, and ecological theory. Excellent data series exist in
Rumani a, Bul garia, Turkey, G eece and Croatia, and could provide the materials
for a course of this nature. The training needs identified by participants
fromthis region coincide with those di scussed by the I CES Sessional Working
Group on Harnful Algal Bloons (Vigo 1992), where it was concluded that the
processes controlling the population dynam cs of harnful bloons present
probl ems requiring urgent sol utions.

I ndi a, Bangl adesh, Paki stan _ ) o ) )

_ Al t hough there is considerabl e data-handling capability in this
reglon, there is a need for basic training on all aspects of data anal ysis and
nodel ling as applied to toxic al gal bloons, which are comon in the region's
coastal areas.

IV Al gal Cul ture Techni ques

o Several participants (from Rumania, Bulgaria, India, the
PhlllpP|nes_and Thai | and) expressed the need to learn culture techni ques for
mcroalgae in order to establish culture collections, to provide materials for
ecophyslologlcat studies and, in the case of toxic species, to provide
sufficCient quantities of toxins for identification and analysis, with the aim
of defining their specific toxicity.

_ Culturing algae is a highly specialized activity and different
speci es have different requirenents. It is also necessary to initiate cultures
from cysts since cysts can initiate bloonms. The conditions that lead to
germ nation (and encystment) are inportant conponents of bl oom dynani cs.

\% Water Quality Control and Harnful Algal Bloonms in Aquaculture
Managenent

_ The Sessional Working Goup recalled that test-kits for water
qual ity control are often used by aquaculturists, fish veterinarians and by
field stations of government and university |aboratories. These kits are cheap
and handy, but their reliability depends on a nunber of conditions. Mst users
are unaware of how sanpling and handling of the test-kit procedures influence
the results. Unfortunately, the manuals provided by conpanies producing
test-kits are often inconplete, not sufficiently detailed to allow proper
|ntFrpéetat|on of the inportance of interfering factors and sometines even
m sl eadi ng.

_ There is also a lack of awareness as to which test-kit is nost
suitable for which type of water. In past studies it has been shown that
results using the sanme test-kit on ostensibly simlar sanples nmay deviate by
200% and nore, dependi ng on how users enploy the procedure.

_ The Sessional Working Goup concluded that training is required
on sanpli ng, handllng_ﬁstorage) and processing of water sanples and on how to
use the commonly available water-quality test-kits in order to inprove the
qual ity of data derived fromtheir use. Trainees should include scientists,
fishery officers and fishernmen, and others who assist in basic data gathering.
The quality paraneters should include tenperature, salinity, Secchi disc
reading, ammonia and nitrate concentrations, pH-values, and others, as
appropri ate.

The five precedi ng sections summarize those training needs which
were clearly gercelved by the Sessional Wrking Goup to be of Inportance in
all regions. The Sessional Wrking Goup al so recognized that many countries
that were not represented at this neeting m ght have identified additiona
training requirenents had they been present.

_ The Sessional Working Goup also identified additional training
required.
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Moni tori ng

~ Three aspects were discussed, with particular reference to: (i)
water quality, specifically in relation to existing aquaculture facilities and
the rational siting of Tfuture installations; ngll phyt opl ankt on species
changes and the identification of potentially harntul speC|es;_(|||L toxicity
testing in order to provide warnings to public health authorities that farned
and wiId seaf oods may be unsafe for marketing and consunption.

_ The requirenments of (i) and (ii) overlap, as phytoplankton
sanpl i ng and neasurenent of environnental paraneters (S, T, O, nutrients) are
normal | y features of both procedures; (ii) and (iii) are also related, since
t he for$er provi des a useful guide to the frequency of toxicity monitoring
required.

The Sessional Working G oup identified several problens that need
to be solved before existing nonitoring programes can be inproved, or before
new ones can be inplenented. These are: (i) a lack of general strategic
principles for location of nonitoring stations, and sonetines a [|ack of
adequat e background hydrographi c information on which such principles need to
lean; (ii) insufficient diffusion of information on bioassay procedures,
hi gh-performance |iquid chromatography (HPLC), analgtlcal kits and other
anal ytical techniques, on their use and reliability in different environnents,
and on the protocols that allow them to be used effectively; (iii) lack of
regional ly up-to-date identification guides and other nedia (e.g., videos)
wnpm which to inprove the quality of taxonomic information generated by
nmoni t ori ng.

The Sessional Wrking Goup decided that, at this stage, it would
not recomrend a specific training course on nonitoring, since the subject
could be included in the two-day preparatory sessions ("general nodule")
recomrended hereabove for all workshops and training courses proposed herein.

Ri sk Assessment, Contingency Planning and Managenent of Harnful Al gal Bl oons

_ Early detection of harnful algal bloons is the basis of adequate
operations aimed at reducing econom c |osses in aquaculture and the risk of
human i ntoxication. Mnitoring networks and procedures should be integrated
into risk assessnment and contingency planning on national and local |evels.
A training course on this subject could help decision nakers (e.g.,
representatives of |ocal governnents and | egislators, aquaculture managers and
food quality controllers and scientists) in the devel opment and i npl ementati on
of nonitoring programres and contingency plans.

Management

Al gal bloons are a major constraint to the sustainabl e devel opnment
of coastal aquaculture in nmany parts of the world. There is a need to include
envi ronmental issues, such as the assessnent of risks of harnful algal bloons,
into the overall managenent scheme for aquacul ture devel opnment as part of
coastal zone management plans. In the past, licensing authorities and the
i ndustry have not considered algal bloons as an inmportant factor in defining
site selection criteria in many devel opi ng countri es.

There is therefore a training need at all levels on how existing
nanggenEnt schenmes (decision nodels) enployed el sewhere can be effectively
used.

Scientific Project and Communi cation Centre

_ ~_ The Sessional Wrking Goup supported the 10C s efforts to set u
a Scientific Project and Conmuni cation ntre to act as a depository o
information on 'such algae, for wuse by the international community,
particularly the marine scientific conponent thereof. The material, which
could be sought actively or received passively, could conprise reports,
theses, case studies, veterinary information, relevant governmental or
adm ni strative statutes or adninistrative decisions on shellfish marketing and



| OC Wor kshop Report No. 94
page 43

trade, for exanple. The Centre could also envisage the preparation of specific
(i.e., regional or technical) information syntheses. It could be eqU|Bped and
staffed to dispatch information to devel opi ng countries, on request, by mail
telefacsimle or electronic mail, as appropriate.

Manual s

_ There is a clear need for up-to-date manual s addressing regiona
t axonom c problenms, as well as manuals on methods. Dr. Henrik Enevol dsen of
the 10C inforned the Sessional Wirking Goup that | OC has decided to publish
a manual on methods used in harnful al ga research; he invited the participants
to give himtheir views on the contents of such a manual

The Sessional Working Goup received this news enthusiastically
and strongly supported the 10C initiatives.

Leafl ets

_ The Sessional Working (}puP felt that leaflets should be made
avai | abl e, together with other materials (Secchi discs, nets, mcroscopes,
etc.) suitable for the use of aquaculturists, to help themto becone aware of
potentially harnful devel opnents by routine nmonitoring of the quality of the
wat er surrounding their installations. The Sessional Wrking G oup recommended
that these leaflets contain illustrations of the species likely to cause
problems, and, if feasible, be nmmde available in local |anguages. It
recogni zed, however, that this was not an easy requirenment; there are five
maj or | anguages in the Philippines, and seven relevant ones in India. However,
the Sessional Working (}ou? sngested the predom nant use of illustrations
and/ or photographs in the leaflets with a mninmum of text. Leaflets should
also include a brief description of synptons of intoxication and of the main
ecol ogi cal mani festations of a bl oom

Vi deo-material s

The Sessional Working G oup agreed that educational videos would
be valuable for hel ping aquaculturists and others to becone aware of the
groblens created by harnful algal bloons. One produced by Professor F.J.R

aylor (University of British Colunbia, Canada) could provide a nodel for
other regions; it contains an introduction to the kinds of problens al gae can
cause, images of the species involved and of the different ways in which they
can be sanpl ed, an outline of m croscopic techniques, and a description of the
monitoring systemin British Colunbia, Canada.

I ncreasi ng public awareness

The magni tude of the effects due to harnful alga events are often
closely related to the level of know edge anpbng fishery and aquaculture
managers and the general public. A high level of information is crucial to
m ni mze or avoid negative economi c and health effects. Harnful alga events
often receive extensive press coverage which can over-enphasize the real
danger of a specific event. This can prolong the period during which the
econom ¢ inpact on fisheries and aquacul ture %reduced fish and fish-product
sal es) i s maintained.

~ To prevent the popul ar press frpn1exag?erating the dangers, it is
often sufficient for an authoritative mnisterial press release to be nade
avai |l able weekly to the nedia by representatives of various government
institutions responsible for the protection of public health and the
environment. This approach is used in Manila to reduce significantly the chaos
created by inaccurate nmedia reportlng; after the issuance of the first paid
uEdate, following a major event in 1988, no additional cases were reported.
The cost of such publication is, however, high.

The First Session of the | OCFAO ad hoc |ntergovernnmental Pane
on HAB endorsed a programme on Harnful Algal Bloons. This programe consists
of three main elenents: (i) Educational Elerments; (ii) Scientific Elements;
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and (iii) Operational Elenents

The Sessional Wrking Goup agreed that there is a basic need for
information for the generaITpubllc and that these needs should be identified
in the relevant regions. his should be carried on in co-operation wth
organi zations with expertise in basic education and public awareness. UNESCO
through its Education Sector, is an appropriate organization and the Sessional
Wirking Goup urged 10C to investigate the possibilities of such co-operation

5. CONCLUSI ONS

~ The Wor kshop considered carefully t he proposal s and
gecgnnendatlons of the two Sessional Wrking Goups and fully endorsed their
i ndi ngs.

It recognized the valuable contribution these findings would nmake
to the developnent of the specialized fields of study represented b
eutrophication in sem -enclosed seas and al gal bloons, especially harnfu
ones.

The Workshop hoped that its efforts to identify training
requi renents in these fields would add to, and not duplicate, any other
international efforts in this direction. It thus hoped that the &roposals
would, if inplenmented, contribute to increased understanding and greater
publi c awareness of the probl ens posed.

In particular, the Wrkshop expressed the hope that its outcone
woul d be beneficial to the I OC FAO Progranmme of Ccean Science in Relation to
Li ving Resources (OSLR), on the technical side, and to the I10OC Programe of
Trai ning, Education and Miutual Assistance in the Marine Sciences (TEMA), on
t he capaci ty-devel opnent si de.

The Workshop particularly appreciated the effort of the Governnent
of the State of Brenen, and of the Bremen Maritine Training Centre, in
providing the facilities and positive atnosphere for the discussions that had
taken place, and expressed the hope that the State of Brenmen would be able to
make a mmjor contribution to the inplenentation of the W rkshop's
recomrendati ons, in the context of its international devel opnment activities.

6. CLOSURE

As Chairman and as the original conceiver of the Wrkshop, Dr
Jurgen Alheit expressed his satisfaction with the way the Wrkshop ha
proceeded, in a friendly and constructive spirit, and with the r t
obt ai ned. The twel ve keynote speakers and six supporting speakers had pr
a considerable anpbunt of background information on which to base
concl usi ons and reconmendati ons enmanating fromthe Wrkshop

He felt that the key difficulties, which require the organization
and conduct of several workshops and trainigg courses on specific thenes, had
been fully identified by the two Sessi onal rking Groups - on Eutrophication
and on Algal Bloons - set up to address these two related but distinct
subjects, and, to the extent possible, priorities had been established,
al t hough these mght vary fromone region to another

He expressed his appreciation to the State of Brenmen, as the
sponsor and to the Bremen Maritime Training Centre and POLARMAR GrbH as the
organi zers of the Workshop, and to the co-sponsors for their kind support.

He particularly thanked the staff of BMIC and of POLARMAR for the
hard work theé had all put in to make the Wrkshop a success. Finally, he
t hanked Dr. ol f Schneider, of the Baltic Sea Research Institute, for
assi sting himas Co-Chairman, and the two Rapporteurs, Messrs. Giffiths and
Watt, for ensuring the proper preparation of the Report of the Wbrkshop which
woul d be sent to particlpants very soon
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_ On behal f of the State of Brenmen, Dr. Gunther Hilliges expressed
his thanks to all those who, in one capacity or another, had hel ped to nake
a success of the Wrkshop. He recalled that Ms. Brundtland, the Norwegi an
Prime Mnister and Chairman of the World Environnent Conm ssion, had once said
t hat know edge often exceeds the structures available to apply it. But both
are essential if sustainable developnent is to be achieved. The present
Wor kshop had been, he believed, a small but inmportant brick in the
construction of the sustainable devel opment edifice. This was due in no small
measure to Dr. Alheit's persistence in pursuing the support of the State
Governnment for this Workshop.

Finally he expressed the satisfaction of BMIC and the State
Governnent with the outcone of the Wrkshop, and thanked the co-sponsors and
POLARVAR for their considerable help. He was al so pleased with the help given
by the 10C and FAO and with the active participation of their representatives
in the Workshop.

Ms. Usula N x, on behalf of BMIC, and Dr. Wl fgang Wl sch, on
behal f of POLARMAR, thanked the participants for their enthusiastic
participation and their very useful recomrendations.

_ ~ Finall Dr. Pia-Elena Mhnea, of Rumania, _expressed the
satisfaction of all the invited participants for the very kind hospitalit
they had received fromthe host governnment institutions and staff, and wt
t he excellent chairmanship of Dr. Alheit and Dr. Schneider. She hoped to
receive the Report soon and the training and technical assistance that BMIC
m ght be able to pronote as a result of the recommendati ons of the Workshop.
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WORKSHOP PROGRAMVE

TUESDAY, 29 SEPTEMBER

09.
10.

10.

10.

10.

10.
11.

12.

14.

14.

15.

16.

16.

18.

00
00

10

20

30

45
15

45

00

45

30

00

45

30

Regi stration

Openi ng Addr ess ) o
Senat or Une Beckneyer (State Mnister) Senator for Ports, Shipping
and Foreign Trade

Vel cone Address ) )
M. G Hill i'\%_es, State Ofice for Developnment Cooperation,
Chai rman of BMIC

Wel cone Address ) o
Dr. C. Ibe, 10C Intergovernnental GOceanographic Conmm ssion of
UNESCO, Paris

I ntroduction to Wrkshop )
Dr. J. Alheit, Baltic Sea Research Institute, Warneniinde

Cof f ee Break

Training of Scientists from Devel oping Countries in the Field of

Marine Pol | ution i o

Dr. C. Ibe, 10C Intergovernnental Oceanographic Conmm ssion of
UNESCO, Pari s

Lunch Break

Eutrophi cation of the Baltic Sea - a Comon Problem

g. dS. Johansson, Swedi sh Environmental Protection Agency Sol na,
weden

Harnful Al gal Bloons: General Overview
Dr. M Elbrachter, Biologische Anstalt Hel gol and, Sylt

Cof f ee Break

Moni toring the Health of Large Marine Ecosystens )
Dr. K erman, NOAA National GOceanographic and Atnospheric
Admi ni stration, USA

Coast al Eutrophication: Causes and Consequences
. Nothig, Alfred Wegener Institute, Brenerhaven

Receﬁtion by the Lord Mayor of Brenerhaven, M. Karl WIIns,
Par khotel, Wntergarten

VEEDNESDAY, 30 SEPTEMBER

09.

09.

00

45

The Mediterranean Action Plan wth Special Reference to
Eut r ophi cati on and Pl ankton Bl oons
Dr. G Gabrielides, FAO-MAP, G eece

Probl ems Caused by Harnful Al gal Bloonms in China
Prof. Dr. Yu-Zao Q, Institute of Hydrobiology, Guangzhou,
Peopl e' s Republic of China
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10. 30 Cof f ee Break
11.00 Eut roph| cation Problens in Black Sea
Pr of . . Y. Zaitsev, Institute of Biology of Southern Seas,
Odessa, Ukra| ne
11. 45 Eutrophi cati on Problens in Eastern Mediterranean
Prof. Dr. N. Friligos, National Centre for Marine Research,
At hens, Greece
12. 30 Lunch Break
13.30 Harnful Al gal Bl oons and Fisheries
Dr. K. Tangen, OCEANCR, Trondhei m Norway
14. 00 Envi ronnmental |ssues Rel ated to Aquacul ture Devel oprent
Prof. Dr. H Rosenthal, Fisheries Biology Departnent, Kiel
14. 45 The gl obal Change: Physical and Bi ol ogi cal Aspects
Dr. A. Bakun, FAO, Rone
15. 30- 16. 00 Cof f ee Break
16. 00-18.00 Wbrking G oup Sessions on:
- "Eutrophication in Sem -enclosed Seas”
- "Harnful Al gal Bl oons”
THURSDAY, 1 OCTOBER AND FRI DAY, 2 OCTOBER
09.00-18.00 Working Group Sessions (continued)
10. 15-10. 45 Cof fee Break
12.00-13. 30 Lunch Break
15. 30- 16. 00 Cof f ee Break
THURSDAY, 1 OCTOBER
19. 30 Presentati on of the Linnaeus Software on ldentification of Algae
Dr. R Sluys, Expert-Center for Taxonomi c ldentification,
Amst erdam The Net herl ands
SATURDAY, 3 OCTOBER
09.00-12.00 Presentation and Di scussion of Results of W rking G oup Sessions
10. 15-10. 45 Cof fee Break
12.00-13. 30 Lunch Break
13. 30-15.00 _Discussion and Fornul ati on of Recommndatl ons with Respect to
Trai ni ng Requi renents and | nternational operation in the Fields
of "Eutrophication in Sem -enclosed Seas and "Harnful Al gal
Bl ooms™ in Relation to Coastal Living Resources
15.00-15. 30 Presentation and Di scussi on of W rkshop Report - Executive
Summary
16. 30 CI osure of Wor kshop

Hill |'\%_es St ate Ofice for Devel opnment Cooperation,
Chal rman of B

| OC Wor kshop Report No. 94
Annex | - page 3



ADDI TI ONAL PRESENTATI ONS ACCORDI NG TO THE DEMANDS OF THE PARTI Cl PANTS

Water Quality and Fish Behaviour in Hi ghly Intensive Tank Systens. Vi deo
Br esentation (approx. 20 min.).

rof. Dr. H Rosenthal, Fisheries Biology Departnent, Kiel

Consequences of Eutrophication on Aquaculture: a Case Study on Mass
Mortalities of Cultured Rainbow Trout in Kiel Fjord Video Presentation

E)?pprox. 15 min.)
. W Welsch, POLARVAR



| OC Wor kshop Report No. 94
Annex ||

ANNEX |1
LI ST OF PARTI Cl PANTS

AMOR Aneur Ben

Sud Aquaculture s.a.r.|.
Nouveau Port de Péche
3065 Sf ax

TUNI SI A

ANDRUSHAI TI S Andri s
Institute of Biol ogy
Lat vi an Acadeny of Science
3 Mera str.

229021 Sal aspils

LATVI A

APS Robert

Est oni an Fi sheri es Research
Institute

32, Lai Str.

EE0101 Tal i nn

ESTONI A

AZANZA- CORRALES Rhodor a
Marine Science Institute
Col | ege_of Science
Unlver5|té of the Phi |'i ppi nes
ox 1, Dill mann
Quezon City 1101
PHI LI PPl NES
Tel .: (63 2) 989676 to 79
Fax: 63 2) 9215967

BADRAN Moh' d | smai

Uni versity of Jordan
Marine Science Station
P. O. Box 1072

ERDAN

BELI N Cat heri ne
| FREMER / Centre de Nantes

Direction Envi r onnenment et
Aménagenent du Littora

Rue de |'lIle d' Yeu

B. P. 1049

44037 Nantes Cédex 01

FRANCE

BOLOGA Al exandru

Romani an Mari ne Research Institute
Bl vd. Mamai a 300

8700 Constanza 3

ROVANI A

CHOO Poh- Sze

Fi sheri es Research Institute
Department of Fisheries

M nistry of Agriculture
11700 Gel ugor

Penan

MALAYSI A

CHOU_Hong—NonE

Institute of Fisheries Science
Nati onal Tai wan Uni versity/ Tai pei
Tai wan 10764

REPUBLI C OF CHI NA

DALLI NGA

Uni versitat 4 denburg

Institut der Biologie und Chenm e und
der Meere

W 2900 O denburg

GERMANY

Tel .: (49 441) 7980

Fax : (49 441) 7983384
DO VAN KHUONG )
Resear ch Institute of Mari ne
Pr oduct s

Department of Al gae Research
170 Le-Lai-Str.

Hai phong

VI ETNAM

DRUNKA Cunti s

Latvian Environmenta
Commi tt ee

25 Peldu Str.

226282 Riga

LATVI A

EKAU \W\ér ner

Zentrum fUr Mari ne Tropenétkol ogi e
Uni versitat Brenen

Uni versitatsall ee GM/ 1

W 2800 Brenen 33

GERMVANY

ENEVOLDSEN Henr i k

| nt er gover nient al Qceanogr aphi c
Commi ssion (1 OC) UNESCO

7, place de Fontenoy

Prot ecti on

Egl%%EParls
Tel .: (33 1) 45684016
Fax: 33 1) 40569316
G ERMANN G

Al fred- Wegener -1l nstitut
Am Al ten Hafen 26
W 2850 Brener haven
GERMANY
Tel .: (49 (471) 49430
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GONZALES Cielito L. )
Bureau of Fisheries and Aquatic
Resour ces )

Department of Agriculture

860 Quezon Ave. )

Quezon City, Metro Manila 3008

PHI LI PPI NES

GOBEL Jeannette

Landesant fir Wasserhaushalt
und Kusten Schl eswi g- Hol stein
Saar br ickenstr. 38

W 2300 Kiel 1

GERVANY
Tel .: (49 431; 676097
Fax : (49 431) 61955
HALIM Y.

Facul ty of Science
DeﬁartnEnt of Cceanography
Mohar rem Be¥

Al exandria 21511

EGYPT

HARBRECHT Jens- Pet er

Ber uf s- Bi | dungs-1Institut (BBI)
Dol vesstr. 8

Postfach 110226

W 2800 Brenmen 11

GERMANY
Tel .: 49 421) 499870
Fax : 49 421) 498055
HEPPNER

Hansest adt Brem sches Ant
Ant fir Gewasserschutz
BussestralRe 27
W 2850 Brener haven
GERMANY

Tel .: (49) (471) 94740

HESSE K. -J. )
For schungs- Technol ogi e- Zent r um
st kist e

Haf ent 6r n

W 2242 Bisum

GERMANY
Tel .: (49 4834) 604203
Fax : (49 4834) 604299

HOUVENAGHEL G. T.

Uni versité Libre de Bruxelles

Lab. d' Ccéanographi e Biol ogi que et
d' Aquacul tures

Av. F.D. Roosevelt 50

B- 1050 Brussels

BELG U L (32) (2) 26502022
Fax : 2323 Ezg 26503595

| GNATI ADES Lydi a )
Institute of Biol ogy "Denokritos"
P. O Box 60228

Aghi a Par askevi

At hens 15310

GREECE

KARUNASAGAR | ndr ani

Col | ege_of Fisheries )

Uni versity of Agricultural Science
Nthalore-57500 , Karnat aka

| NDI'A

KARUNASAGAR | ddya

at present _ _
Theodor - Boveri-Institut fur

Bi owi ssenschaften (Biozentrum der
Uni versitat Wirzburg

Am Hubl and

wm%rgo Wir zbur g
Tel.: (91 931; 8884400
Fax : (91 931) 8884402

KONOVALOV St an

Bi ol ogy  of the Southern Seas
Institute (IBSS) )

Ukr ai ni an Acadeny of Sci ences

Nakhi nov prosp. 2

335000 Sevast opo

UKRAI NE

KORAY Tuf an )

Ege University Faculty of Science
gepartnan% E&dBlg!OPy

ection o r obi ol ogy

P.K. 24

35102 |l znir
TURKEY

KORI CHI Saskj a Humi da o
Laboratoire d' Etudes Maritines
Villa No. 4 Plage CQuest

Sidi FRLDJ No. 54

Ti paza

ALGERI A

LI EBEZEI T G

For schungszent rum Terranmar e
Schl eusenstralRe 14

W 2940 W hel nshaven

GERMANY

MARASOVI C | vona

Institute of Cbeano?raph and
Fi sheries, Department of Biol ogy

Mose Bijade 63
POBox 114
58000 Split
CROATI A
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MARSCHALL Pet er
Fa. Bayer AG

Post fach 2540

W 2212 Brunsbitte

GERMANY
Tel . : (49) 485%% 8101
Fax : 49 852) 813314
MEDUNA Ver oni ka
Uni versitat Brenen
AG Val | br acht
Wenerstr. 1
W 2800 Brenen 33
GERMANY
Tel .: 49 (421) 2181
Fax : 49 (421) 2184259
MEI NEKE

Transferstell e Meerestechni k
Uni versitat Brenen

Bi bl i ot hekstr.

W 2800 Brenen 33

GERMAN\T(el.: 49) (421) 2181
Fax §493 E421§ 2183116

M HNEA Pi a El ena

Romani an Mari ne Research Institute
Bl d. Mamai a 300

8700 Constanta

ROVANI A

MONCHEVA Snej ana
Bul gari an Acadeny of Science Varna
Instltute of COceanol ogy
P. O.Box 152
9000 Varna
BULGARI A

MOULI K T. K.
at present
Kl el stralRe 2
W 2800 Brenen

GERMANY
N. N.
Conmi ssi on of t he Eur opean
Conmuni ti es CEC
Rue de |la Loi 200
B- 1049 Brussels
BELA UM
Tel .: (32 2) 22351242
Fax : (32 2) 22363024
OLENI N Ser gej
Kl ai peda Uni versity
Centre of System Anal ysis
Ecol ogi cal part nent
Mari ne Research Laboratory
Tai kos 26

5802 Kl ai peda
LI THUANI A

ORDONEZ José A.

Department of Agriculture

Bureau of Fisheries and Aquatic
Resour ces

860 Quezon Ave.

Quezon CIIY

Metro Manila 3008

PHI LI PPI NES

PARK Joo Suck
Nat i onal Fi sheries
Research & Developnent Agency
Shlrang ri, 8 up, Yangsan gun
Eoungsan%gan}do 26

REPUBLI C KOREA

Pl YAKARNCHANA Twesukdi
The Institute of
Research

Chul al ongkorn Uni versity
Bangkok 10500

THAI LAND

PROBST Uwe
Senat or fr
St adt ent wi ckl ung

Envi ronnent a

Umnel t schut z und

Am Bal | 177
W 2800 Brenen 1
GERMANY

RABBANI Mohanmmad M

Nati onal Institute of Oceanography
37-K, Block 6

P.E.C.H.S.

Kar achi

PAKI STAN

ROLKE Manfred
Bundesanmt F. Seeschiffahart

und FNdFORbaﬁhle

Ber nhard t-str.
W 2000 Hanmburg 36
GERMANY
Tel .: (49 40) 31900
Fax : (49 40) 31905000
SCHAUMANN

Al fred- Wegener -1l nstitut
Am Al ten Hafen 26
W 2850 Brener haven

GERMANY
Tel .: (49 471) 48310
Fax : (49 471) 4831149
SANTHANAM R.

Fisheries College and Research
Institute

Tam | Nadu Veterinary & Ani mal

Sci ences University

Tuticorin 628008

I NDI A
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SAVCHUK d eg ) )

St at e Cceanographic Institute
St. Petersburg

23 line, 2 A

199026 St Petersburg

RUSSI A

SAYDAM Cenal )
Institute of Marine Sciences

M ddl e East Technical University
P. O. Box 28

33731 Erdenli-lce

TURKEY

SLUYS R

Expert - Center for
I dentification
Anst er dam
NETHERLANDS

SU Huei Meei

TungkanE_Nhrlne Laborat ory )

Tai wan Fisheries Research Institute
Tungkang, Pi ngt ung 92804

Tai wan R O.C

REPUBLI C OF CHI NA

VOLSKI S Ri chard )

| cht hyobank, MAB Working G oup
P. O.Box 855

232055 Vil nius

LI THUANI A

WANG
at present
Al fred- Wegener -1 nstitut
Am Al ten Hafen 26
W 2850 Brener haven
GERMANY
Tel .: (49) (471) 49430

WASMUND Nor ber t

Institut far Ostseeforschung
Seestrale 15

O 2530 War neminde

Taxonom ¢

RNl - (49) (381) 580
Fax §49§ E3813 58336

W CHMANN Wol f

Gr eenpeace Deutschl and e.v.
Vor set zen 53

W 2000 Hanmburg 11

RN e - (49) (40) 31186141
Fax §49§ E403 31186160

ZHU M ngyuan

First Institute of Cceanography
State Cceanic Adm nistration

3 Hongdaozhi road

Q ngdao 266003

PEOPLE' S REPUBLI C OF CHI NA

LECTURERS

BAKUN Andr ew

FAO

Viale delle Terne di Caracall a
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ANNEX 111

SUMVARY OF TRAI NI NG NEEDS | DENTI FI ED
BY | NDI VI DUAL PARTI Cl PANTS

ANDRUSHAI TI' S (Lat vi a)

1. thhodoIoPy for elaboration/devel opnent of nonitoring progranmre;
2. Data handling, treatnent, analyses;

3. Eut r ophi cati on nechani sns.

The principal comunities requiring the training are:

a sci ence organi zations responsi bl e for nonitoring;
b scientists; and ) o
C state officials nmaki ng managenent deci si ons.

Fi nancial support is needed to continue present observations in adjacent
marine areas, especially in terms of consunables: chemcals, filters, etc.

APS (Estoni a)

Estoni an needs in terns of equipnent and chemicals will be specified shortly.
2-5 hydrobi ol ogi sts should be trained to work on harnful algae.

BADRAN ( Jor dan)

The main community of the @ulf of Agaba, as well as of the Red Sea is the
coral reef. The flourishment of this conmunity depends to a |arge extent on
the nutrient levels in the water and the reélated phenonena. Therefore

regional nonitoring progranmes to evaluate baseline concentrations of
nutrients in the Red Sea are of a very significant inportance. To be able to
participate in such programes effectively, Jordan would need serious training
of personnel at the technical and scientific |evels.

BELI N (France)

The nonitoring of phytoplankton populations is performed along the whole
French coastline by | FREMER | aboratories, under national co-ordination. The
monitoring is conpletely financed by | FREMER

Needs of France are not funds but of exchange of experience wth other
countries, especially concerning taxonomc identification (intercalibration!),
sanpling methods, toxicity tests, time series, processing nethods.

The nonitoring systemin France (called "REPHY") is at the present tine in an
|nprOV|ng phase, to optinize the organlzatlon_(na be by reducing costs) and
to have better results. The main objectives in the short termare: to work
on a project of a new database, better adapted than the actual one, taklng
into account all parameters concerning nonitoring and including a G
(Geographical Information Systenm); to honogenize and sinplify species
identification in the different coastal |abs (this is under way, wth regular
trai ning of people concerned).

BEN AMOR ( Tuni si a)

W have in Tunisia a need for trainin? in the nonitoring of eutrophication and
harnful al gal bl oons and in nethods of anal ysis and detection of biotoxins in
sea water and bival ves.

A small project that we could carry out with external funding would require
equi pnent for a laboratory for biotoxin analysis.
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BOLOGA (Rumani a)

Coastal erosion (di mnishing biological sediment production, as a consequence
of mass shellfish nortalities, and di sappearance due to eutrophication).

Dat abases and G'S for environnental factors (including major pollutants).

Toxicity tests for mass al gal species responsible for produci ng massi ve and
frequent bl oons.

Acclimati on of seaweeds.

Eco- physi ol ogy of phytopl ankton. o ) )

Ecol ogi cal reconstruction (to increase natural biofilter capacity in shallow
wat er s) .

Aquacul ture (invertebrates, fish, crayfish).

Equi pment, conputer techniques, spare parts, literature.

CHOO ( Mal aysi a)

1. Trai ni ng needs pertaining to a conprehensive nnnitorin? programe whi ch
includes studies on the surface mxed layer, surface chlorophyll

concentrations, nutrients such as phosphates and nitrates, as well as

Plankton and bent hos conposition and identification

dentification of cysts of toxic dinoflagellates.

Prediction nodels for red tides. ) )

HPLC methods for toxin identification and the use of other sinple

identification Kits.. ] _ _

Training needs to inplement the red-tide watch progranme which is

currently being inplemented in Norway and Thail and.

CORRALES ( Phi l'i ppi nes)

Taxonony of dinoflagellates and di atons.
Cul ture and biol ogy of harnful algae.
Moni toring of HAB'S. )

Physi co-chemi cal factors affecting HAB' s.
Devel opnent of toxicity tests.

DO VAN KHUONG (Vi et nam

o hon

oW

To train scientists to neet the needs of studies on ecol ogy, taxonony and
genetics, and toxicology and toxin chenmistry of harnful algal blooms, so we
can carry out a small project: population dynam cs of harnful al gal bl oons and
met hods of preventing algal bloons in brackish water ponds.

It is necessary to obtain fund for these studies and to cooperate firmy with
ot her countries in the training and in the study of harnful algal bloons.

FRI LI GOS AND | GNATI ADES ( G eece)
Identification and quantification of toxins.
GONZALES ( Phi |'i ppi nes)

1 Eco- physi ol ogy of rodi ni um and ot her toxic phytopl ankters.
2. Taxonony of toxic phytopl ankton
3. Cul ture of phytopl ankton
. Model | i ng and prediction of bloons.
5 Management strategi es.
d

4

A project on the detoxification of contam nated shellfish is necessary to
mtigate the inpact of toxic red-tide organisnms on the livelihood of people
ependent on shellfish farmng and its trade.
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GOBEL ( Ger many)

Current information on al gal devel opnent, assessnment of the toxicity of algae
and the effects of algal bloons. Only possible with optiml species
identification (sonmetinmes new species are detected).

Tr ai ni ng needs:

1. t axonom ¢ wor kshop; )
2. current identification literature; )
3. current information on toxicity of species.

HALI M ( Egypt)

Eco- physi ol ogy of neso-al gae.
Toxicity tests.

HOUVENACHEL ( Bel gi um

Wth the hel of EC funding and with a colleague specialized in toxin
chem stry, J.C. Boekman, we inprove the HPLC nethods applied to the DSP and
PSP toxins. This requires algal culture to provide material and reference;
the culture includes a strain collection and a mass culture. Having toxic
cells at disposal as well as adequate analytical tools, we are presently
engaged in a nollusc toxification exercise.

A next step will include detoxification kinetics.

KARUNASAGAR, | NDRANI (| ndi a)

Tr ai ni ng needs:

1. Taxonony of phytopl ankton and cul ture specifically of dinoflagellates.

2. Chem cal anal ysis of marine toxins (esp. Brevetoxins and donoic acid).

3. Training in standardi zed nethod of water quality analysis and |evels of
nutrients.

Projects that BMIC coul d possibly support:

1. Assi st in continuation of nonitoring progranmes that have presently been
stalled for want of funds; ) )

2. Helﬁ in dissemnation of wvital information to fish farnmers and
technicians involved in field work (this is possible by use of aids |ike

vi deo, microscopes that have a video display: "Seeing is believing" and
t he above-mentioned nmethod would certainly help;

3. Provi de accessories for existing HPLC system m croscope, etc.
4, Eeve;opnent of test kids based on imunological reaction (field test
its).

KARUNASAGER, | DDYA (I ndi a)

Taxonony of bl oomform ng species.

Identification of cysts. o

Culturing algae for studies of toxicity.

Cheni cal characterization of toxins (HPLC). ) ) _
Devel opnent and use of newer test kits based on inmmunol ogi cal detection.
Training on water nonitoring for prediction of toxicity.

ouhwNE

Devel opi ng countri es need sone newsl etter that would conpile publications on
al gal bloons and toxicity at periodic intervals (6 nmonths or 1 year). This
woul d be inportant because it is difficult to obtain many journals that
publish articles on these areas.
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1. BMIC could help to organize a regional training course in the areas
mentioned earlier for the countries in the Indian OCcean region. My
university would be willing to host such a course and we have sone basic
facilities for toxicity testing and identification of algae. W need
to be strengthened to run the course.

2. BMIC could also help ny university to organize a training course for
fish farmers and fishermen on al gal bloons and recognition of early
war ni ng signs of bloons. Fishermen and fish farmers coul d be provi ded
m croscopes and identification sheets so that they could give a feedback
to scientists.

3. BMIC could help scientists from third world countries by providing
abstracts of papers in the field of algal bloons and toxicity.

KORAY ( Tur key)

Training on the ecol ogical nodelling of algal bloons.

Trai ni ng on nouse bi oassay and HPLC. )

Fi nanci al assistance for nonitoring studies. )

Fi nanci al assistance for an inmage-anal ysis system and renpte sensing data.

KORI CHI (Al geri a)

VW want to study the relation between our currents (hggrologx), the evol ution
of phytopl ankt on, zoopl ankton and the fish stocks. now have a probl em of
t he Izlal\_/all)ablllty of the fish (perhaps due to the displacenent of the
upwel |1 ng).

V@ want ?o devel op the marine aquaculture and to prevent eutrophication

So, we need equi pment and the transfer of technology to enable us to study
al gal toxicity.

MARASOVI C (Croati a)

We need training in toxicol ogy. In ny region there are many fish and
shel I fish farns and people need a certificate to export fish and shellfish.
We have to organize a |aboratory for testing toxicity (nouse bioassay or
testing with kits). At the same tine we want to investigate toxicity by HPLC
(scientific interest). Projects: Mechanisns of initiation and term nation
of red-tide bloomin Kaitela Bay (cysts, physical, chenical and biol ogica

condi tions).

M HNEA ( Romani a)

1. Phyt opl ankt oni ¢ speci es eco- physi ol ogy. )

1.1 Interrelation between bl oonm ng species and environnenta
particularities. _ _

1.2 Interrelation between bl oom ng species and consuners.

1.3 The fate of the |arge anmount of biomass produced by bl oom processes.
2

Taxonony of new species belonging to the Chrysophyta, Cryptophyta,
Di nophyta and bl ue-green Cyanobacteri a.

3. Toxi c species identification
Needs for
1. Trai ning and funding for devices, apparatus and reagents;

2. Training and funding to purchase identification tools.



| OC Wor kshop Report No. 94

Annex Il - page 5
MONCHEVA ( Bul gari a)
Tr ai ni ng needs:
1. Taxonony of Chrysophyta, Chlorophyta, cysts (including identification
reference book);
2. toxicity; ]
3. anal ysis and nodel ling (ecol ogy);

Project: Key factors responsible for harnful algal bloons along the Bulgarian
Bl ack Sea coast (abiotic and biotic).

OLENI N (Li t huani a)

Devel opnent of national nonitoring system

Devel opnent of coastal nanagenent plans. )
Training in taxonomy and ecol ogy of potentially toxic algal bloons.
Moni toring data statistical treatment and inpl enentation
Devel opnent of marine environnmental nonitoring system

ORDONEZ ( Phi | i ppi nes)

1. Training workshop on standardization of nethods for ~coasta
oceanogr aphi ¢ noni toring. o ) ) )
2. Training on nodelling and prediction of eutrophication. Fundi ng

assi stance needed in establishnent of culture facilities and short term
consul tancy services of an expert on red tide organi sns.

PARK ( Kor ea)

Trai ning needs are as follows:

Taxonony of toxiccflankton such as flagellates including cysts involved in
fish kills, PSP and DSP;

Cul ture; o ) )

Mechani sns of bl oons and nortalities of marine organisms; )

Toxi col ogi cal study of red-tide organi sns and assays of shellfish for PSP and
Ext ermi nati on of causative organi snms of red tide.

Prediction is inportant and techniques for reducing damage to cultured
organi sns shoul d be devel oped.

Pl YAKARNCHANA ( Thai | and)

| medi at e needs:

1. Taxonom ¢ identification of the red-tide species, with stress on toxic
di nofl agel | ates;

2. Systematic nonitoring nmethodol ogy devel opnent; )

3. Renot e- sensi ng techniques for studying eutrophication;

4, Purification of contani nated econom cally inportant species.

Fut ure needs:

1. Rol e of certain bacteria and other mcro-organisns; e.g., sul phobacteria
and flavobacteria in eutrophication; )

2. Model | i ng and predicting of eutrophication; )

3. Quantifying the spread of toxic phytopl ankters by shi ps.

If funding from outside were available | shoul d:

1. Strengthen the culture facilities in the phytopl ankton |aboratory at ny
uni versity;
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2. Moni tor certain toxic species of dinoflagellates in Thai waters.
Q (P.R China)

Tr ai ni ng needs

1. Taxonony of dinoflagellates; ) )

2. Monitoring techniques especially those for automatic recording of
paranmeters and bi onass estimation

3. Skill: manual and literature needed.

Projects with funding outside:

1. Y@ ?aYetdeveloped a joint-research project with Wods Hol e Cceanogr aphic
nstitution;
2. I am now trying to establish projects with the Crouch Foundation

(Engl and- Hong Kong) and hope to have nore with Finland, Cernany (because
ny research teamis a national team

Al so, | hope

1. To establish an exchange between Chinese and GCerman experts and
researchers to develop a training course on a research programe.
2. An international synposiumon red tides could be held in China; we wll

apply to 10C to support this synposium and hope Brenen-BMIC can be a co-
sponsor with us.

SANTHANAM ( | ndi a)

1. Taxonony and ecology of harnful algae in coastal ecosystenms and
aquacul ture systens of the east coast of India. ) ) )
2. | npacts of harnful algal bloons in water quality and fish yield in

natural and pond ecosystens of the east coast of India.
SAVCHUK (Russi a)

At the monment | cannot specify local training needs, but | can offer
assistance in training on subjects related to sinulation nodelling of
eutrophi cati on (biogeochem cal <cycles); starting from the fornulation of
nodel s and analysis of sinulations and ending in collaboration in the
el aborati on of nodels for specific areas (regions).

SAYDAM ( Tur key)

The worst affects of eutrophication and al gal bl oons have been observed in the
Bl ack Sea and the Aegean Sea, but whether or not they are harnful is not
known. Thus, any training on howto |dent|fy and detect harnful algal bloons
is of considerable inportance to us. | would therefore |like to suggest that
training is needed on the identification of toxic effects of al gal Dbl oons.

SU ( Tai wan)

W suggest the establishment of a collecting centre for toxic al gae, so that
peopl e could get live material or a video tape, to conpare the norphol ogy of
toxi c algae to assist identification

TANGEN ( Nor way)

1. On the national |evel (Norway): _ )
a) training in sanpling and processi ng of sanples (al gae, bivalves) for
noni t ori ng purposes; ) ) ) _
b) training in contingency planning and desktop exercises in contingency
operations (scenarios; simlar to oilspill desktop operation);
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2. Taxonony training (North Sea and the Baltic): ) ) o _
a) intercalibration of phytoplankton nethods (counting, identification).

WASMUND ( Ger many)
There is a need for training in:

Taxonom ¢ identification of harnful algal species (incl. cysts); determ nation
of whether a potentially toxic species is really toxic or not: sinple nethods
to be devel oped, perhaps to replace the nouse test (also for ethical reasons)
by a bioassay nethod, where the algae (to be tested) are sinply introduced
into a water containing the indicator organisns (e.g. Daphnia);

More sophi sticated nethods (e.g. HPLC) for identification of the single toxins
(perhaps also sonme other nethods are available: fluorescence staining,
i mrunol ogi cal procedures).

Moni toring shoul d be connected with ecol ogical research (incl. culture al gae)
to identify the conditions for the devel opment of toxic al gal bl oons.

ZHU (P. R China)

Taxo?ony: di nof | agel | at es and pi co- phyt opl ankt on; conpari son of the nmethod and
results.

Moni toring: conprehensive assessnent of water quality, sedinment quality,
comuni ty heal th. ) )

I nstrumentation: calibration.

Model | i ng: data processing. ) )

Toxi col ogy: chem cal anal¥5|s with HPLC (which we already have); bioassay.
Publ i c health: seafood safety nmonitoring. ) ) )

W can carry out the culturing of HAB species, toxic analysis with HPLC, and
nmonitoring in shrinp ponds (wth outside funding).

(end of docunent)



