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REPORT OE.JHE_HQBKll!!L.GBJlue.JJN HARMfUL EEEE~E...f\LGAl.
~MS ON MARICULTURE AND MARINE fISH~

Nantes. France. 11 - 14 April 1989.

OPENING Of THE MEETING.

1.1 The meeting was opened at 10.00 hours on 11 April
1989 and was hosted by Pr. P. Lassus IFREMER France. Mr.
J.M. Pe Lamare. Pirector. welcomed participants. The
chairman of the Working Group. Pr. O. Lindahl thanked Mr.
J.M Pe Lamare and introduced new members of the Group.

1.2 The agenda was adopted and is attached at Annex I.

1.3 A list of participants is given in Annex 11.

1.4 Pr. R. Gowen was appointed as Rapporteur.

1.3 The Chairman advised the Working Group of Council
Resolution 2;39 which established the following terms of
reference:

a. to finalize draft chapters on siteselection. moni­
toring protocols. predictability, research priorities and
toxin.detection methodology for inclusion in a proposed
Co-operative Research Report on "Management of the Ef­
fects of Harmful Algal Blooms on Mariculture and Marine
Fisherles".

b. to complete areport on the "currently known causei
of and species !~volved in algal blooms with harmful ef­
fects on fisheries and mariculture" with a view tb pub­
li<:ation.

c:. to review the report of the Chrysochromulina
p61ylepis Workshop (C. Res. 1988/2;381, and

d. to report to the June 1989 meeting of the AtMP.

1.6 Th~ c~ji~man pointed out to the Worki~g G~oup thai
thereappeared.to be some confuiion regarding the terms
of reference,of thisWorking Group and.the Working Group
on phytoplankton Ecology. Coun<:!l resolution 2;37 estab-
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lished that the Working Group on phytoplankton Ecology
should review the report on posslble trends in the oc­
currence of algal and/or harmful events, under prepara­
tion by the Working Group on the Harmful Effects of Algal
Blooms on Mariculture and Marine Fisheries.

However, resolution 2:39 does not charge the Working
Group on Harmful Effects with the task of preparing a re­
port on possible trends in the occurrence of algal blooms
and/or harmful events. The Working Group considered the
ambiguity and decided that their main objective was in
accordance with resolution 2:39 and having in mind that
this was a final meeting, its priorities were to finalise
chapters for the proposed Co-operative Research Report
and to briefly consider prepared documents on posslble
trends (Annex 111).

e NATIONAL REPORTS.

National reports on the occurrence and effeets of harm­
ful algae from ICES member countries (Annex IV) were dis­
cussed. The following points arose from the diseusslon.

2.1 The geographieal distribution of harmfu) speeies and
toxie event••

In Portugal, PSP and DSP, and in the United States, PSP
oceurred further south than had previously been reported.
In Canada domoie acid was detected over a larger geo­
graphieal area compared to 1987. Furthermore, domoie acid
produced by blooms of the diatom Nitzschla pungens was
deteeted at background levels at most sampling stations
throughout the southern Gulf of St. Lawrence. Domoie acid
was also reeorded for the first time in the Bay of Fundy.
The potentlally serious side effeets of this new toxin
make these reports worrisome.

2.2 Timing of toxie events and blooms.
Several eountries reported earlier initiation of toxie

events and extended periods of toxicity. In the Canadlan
Gulf of St. Lawrenee, blooms of Alexandrium excavatum and
assoeiated PSP toxicity exhibited an atypleal bimodal
peak, in late spring and late summer. In Ireland, DSP
toxieity oceurred earlier and thus elosures of shellfish
areas were longer (23 weeks instead of a more typieal 16
weeks). The late oecurrenee (Oetober) of a bloom of
Heterosigma akashiwo and assoeiated mortalities of farmed
fish was reported from Scotland.

3
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Blooms of Gyrodinium aureolum prevailed longer in
Norway and Sweden eompared to blooms in previous years.
In Northern Spain Gymnodinlum eatenatum was observed in
August and eaused toxieity whieh is untypieal of its
seasonal oeeurrenee.

2.3 New oeeurrenees of harmful speeles .nd tOKle events.
In the Uni ted States, domoie acid was reeorded in mus­

sels from Malne and Gyrodinium aureolum eaused mortali­
ties of shellfish and invertebrates. In Franee, there was
a toxie red tide of Alexandrlum minutum whleh although
previously reeorded in Freneh waters, had not formed ex­
eeptlonal blooms. PSP was reeorded for the first time
along the Gulf of St. Lawrenee eoasts of New Brunswlek
and the west eoast of Prlnee Edward Island.

Phaeoeystls blooms were reported from Danish waters. It
was stated that such blooms are a relatively recent phe­
nomenon along this eoast and that these blooms, which
also oeeur In Ireland, eould have an adverse effect on
fisheries and tourism.

In Norway and Sweden a major bloom of Chrysoehromulina
polylepis eaused mortalities of eaged and wild fish, in­
vertebrates and maerophyte algae. Prior to the bloom this
speeies was not thought to be tOKie and has not pre­
viously been observed in blooms or harmful oeeurrenees.

In the Faeroe Islands mortalities of farmed fish were
assoeiated with a bloom of Serippslella troehoidea. How­
ever, at present Serippsiella has not been eomfirmed as
the speeies responsible for the mortalities.

2.4 Toxins In marine mammaI••
In the United States, two separate eases of mortalities

of marine mammals were reported. In the first ease saxi­
toxin (presumed to have originated from A. tamarenslsl in
the livers of maekerel caused mortalities of humpbaek
whales. In the seeond case brevetoxin (from Ptychodiseus
brevisl found in Spanish maekerel and menhaden was eon­
sidered to be the most llkely cause of mortalities of
dolphins.

These events are the first doeumented incidents of
dinotoxins being found in living commercially important
pelagic fish and eausing mortalitles of marine mammals.

..
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2.5 The 1988 national reparts.
The 1988 national reports are included as Annex IV.

a. DISCUSSION OF ~~~Yl1nA BLOOM.

A brief summary of the dynamics and effects of the
large and toxic bloom of Chrysochromulina which occurred
in Scandinavian waters in May 1988, was given by Dr.
Edler and Mr. Dahl. The request made by lCES according to
the terms of reference, ta review the report by the Work­
ing Group on Chrysochromulina (Bergen, Norway, 1989) was
not fulfilled since the report was not available.

4. PREPARATION OF CHAPTERS FOR INCLUSION IN A CO­
OPERATIVE RESEARCH REPORT.

The participants were divided into three subgroups for
finalizing the draft chapters :

4.1. ToxicaIagyand toxin analysis
Chairman: P. Krogh

4.2. Monitaring and predietability
Chairman: 5. Fraga

4.3. Site selectian end managements strategies
Chairman: K. Jones

4.4. Current1y knaHn taxie and harmful speeles and knoHn
eauses of harmful aceurrences.

A fourth subgroup was established with P. Lassus as
chairman ta update a list of currently knawn taxic and
harmful species together with knawn causes af harmful ac­
currences. The group decided to include the species list
and the knawn causes as two separate chapters in the Co­
operative Research Report.

4.5. Co-operative Research Report.
The proposed co-operative research report on

"Management of the effects of harmful algae on maricul­
ture and marine fisheries" will be finished during 1989.

5. RESEARCH PRIORITIES.

The Working Group identified the following areas of re­
search to be of major importance to understanding the

5
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probl~ms associat~d with harmful ~ff~cts of phytoplankton
on mariculture and fisheries.

5.1 Interdiseip1inary studies.
5.1.1 Int~ractions b~tw~~n biologieal. ch~mical and
physieal processes influencing bloom d~velopm~nt in off­
shore areas. particularly shelf sea fronts.

5.1.2 Physical proc~sses leading to the transport of
blooms between frontal areas and coastal mariculture
sites including the relationship between oceanic and
coastal phenom~na.

5.1.3 The effects of nutrient enrichment of coastal wa­
ters by fish farm wastes and anthropogenie inputs. In
particular. whether such inputs are likely to contribute
to the developm~nt on the growth of harmful species
and/or the regulation of toxieity.

5.2 Blology and eeophysiology o~ harm~ul phytoplankton
speeies.
5.2.1 Identification and culture of harmful phytoplank­
ton species.

5.2.2 Ecology of harmful phytoplankton which includ~s

studies in the open sea. in large enclos~d and controlled
~cosyst~ms and of laboratory based ecophysiological
growth e.periments.

0.2.3 The role of algal nutrition in the control of
toxin production in a number of harmful algal speeies.

5.2.4 Factors controlling the persistence of toxicity of
PSP and DSP when no toxie species are present.

5.2.5 The eff~cts of e.tra cellular substanc~s such as
ectocrine inhibitors on growth rates of competitor
species and species succession.

5.2.6 Distribution and ecophysiology of cysts.

5.2.7 Id~ntification of factors which determine minimum
cell numb~rs which induce to.icity.

5.2.8 The role of bacteria associated with phytoplankton
in the production of to.ins.

•
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5.2.9 Screening of phytoplankton species which co-occur
with Nltzchia sp in areas where domoie acid has been de­
tected.

~.2.10 Levels of toxin produced at different phases of
growth in natural blooms and In laboratory cultures.

~.3 Effects.
5.3.1 The effects (acute and chronicl of harmful phyto­
plankton (present in low concentrations and bloomsl on
marine organisms.

~.3.2 The mode of action of toxins •

~.3.3 Transfer of toxins through the food chain using
both uni 61gal cultures in laboratory experiments and
field studies involving exposure of fish and inverte­
brates to natural plankton assemblages.

~.3.4 The recovery and recolonisation of natural benthic
communities affected by harmful phytoplankton.

~.4 Management technlques.
5.4.1 Development of methods to provide an early warning
of the presence of harmful algae and/or toxic effects.

~.4.2 Methods for protecting shellfish and fin-fish from
harmful phytoplankton.

5.5 Predictabillty.
~.5.1 Analyses of harmful phytoplankton occurrences. me­
teorological and hydrographie data to determine whether
such occurrences are correlated with specific conditions
which could be used for long term prediction.

~.~.2 Development of models which provide an assessment
of the degree of toxicity in shellfish and the level of
mortality in finfish.

5.5.3 The manner in which environmental factors in­
fluence physiology and behaviour (and hence the responsel
of the target organism (cultured and harvestedl to the
effects of harmful algae •

5.5.4 Compilation and evaluation for predictive purposes
of case studies of occurrences of harmful phytoplankton
species and associated losses.

7
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~.~.~ Evaluation of the extinction dilution method for
enumeration of dormant cysts in marine sediments to cal­
culate the most probable number CMPNl and potential ger­
mination of toxic species.

5.~.6 Development and evaluation of remote sensing tech­
niques as tools for prediction.

5.6 Toxin analysis.
~.6.1 Provision of reference material for algal toxins.

~.6.2 Evaluation of immunological and cell culture met­
hods for toxin determination.

~.6.3 Intercalibration between biological assays and
chemical methods for toxin determination.

5.6.~ Mapping of toxin profiles of toxic species.

5.6.5 Evaluation of procedures for detoxification of
shellfish.

~.7 ToxicoloQY.
5.7.1 Evaluation of human health risk by exposure to al­
gal toxins.

6 DISCUSSION OF THE PRESENT SITUATION ON TOXIC/HARMFUL
EVENTS IN RELATION TO ICES WORKING GROUPS.

Several members of the Working Group expressed concern
regarding the apparent spread of harmful algae. the in­
creased persistence of toxic events. new species becoming
toxic. and the magnitude of farmed fish mortalities du­
ring the last few years. In addition the recent occur­
rence of extensive Phaeocystis blooms along the coasts of
Denmark and Ireland have led to fears regarding the im­
pact of such blooms on tourism. recreation and natural
fisheries.

Problems caused by algal blooms and toxicity events. in
particular the impact of harmful algae on mariculture,
have become serious in many ICES me mber states, and there
is an obvious need to develop strategies to manage these
events. The Working Group feIt strongly that there was a
need for a special ist group within leES to review and as­
sess algal blooms. toxicity events and the problems they
cause. The Working Group was convinced that such a spe­
cialist group should be separate from, but liase closely
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with the Working Group on Phytoplankton E~ology. Further­
more. su~h a spe~ialist group should be made up of ap­
plied e~ologists. ~hemists and other s~ientists who have
a dire~t involvement with mari~ulture and marine fishe­
ries.

7 RECOMMENDATIONS.

7.1 Publlcatlon o~ Co-operative Research Report.
That ICES publish the finalised ~hapters and a list of

currently known species and causes of harmful blooms as a
Co-operative Research Report.

7.2 Worklng Group on Harmful Phytcplankton and the
Management o~ Thelr E~fects.

That a Working Group called "Harmful phytoplankton and
the management of their effects" be established with the
follcwing terms of reference:

a. To ex~hange and analyse data derived from monitcring
programmes to identify possible trends in the oc~urrence

cf harmful algae. and to evaluate and improve monitoring
programmes.

b. To identify probable causes or me~hanisms responsible
for the o~currence cf harmful phytoplankton.

c. To assess and improve management te~hniques tc carry
stock through harmful events.

d. To evaluate current research on progress on harmful
phytoplankton in member countries.

e. To dis~uss and report cn the information collected by
members of the Working Group during harmful phytoplankton
events ea~h year.

~. To reveiw. evaluate and report on the toxi~ological

information available cn known and newly discovered algal
toxins. and the methods for the detection and quan­
tification.

g. The prcposed Working Group on Harmful Phytoplankton
and Their Effects should meet for three days 3 - b April
1990 in Oban. S~otland. under the ~hairmanship of Dr. Odd
Lindahl.

9



10

ANNEX 1

AGENDA

Tuesday, April 11, 1989, at 10.00 hours:

1. Opening of the meeting.

2. Adoption of the agenda.

3. Appointment of rapporteur.

4. Consideration of terms of referen~e for the meeting
and how future work ~on~erning harmful blooms is supposed
to be carried out within lCES.

5a. National reports on bloom events in 1988.
b. Recent changes in the national monitoring programmes.
c. Finalize draft chapters on site selection, monito­

ring, predictability, management strategies and toxin de­
tection methodology.
d. Complete the list of terms and definitions for the

Working Group's specialised area, for inclusion in the
Glossary of Aquaculture Terminology.
e. Prepare a list of currently known harmful spe~ies to­

gether with factors responsible for their oc~urren~e, in­
cluding the events whi~h occurred during 1988.

6. Adoption of the final version of Co-operative Re­
search Report "Management of Effects of Harmful Algal
Blooms on Mariculture and Marine Fisheries".

7. Adoption of the report, especially with regard to
ACMP (Advisory Committee on Marine Pollution).

B. Adoption of a Working Group report and draft chapters
of a Co-operative Research report and recommendations.

9. Any other matters.

10. Close of meeting.

•
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LIST OF PARTICIPANTS
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Dr. D. Anderson
Ms. C. Le Baut
Dr. A. Cembella
Ms. J. Doyle
Mr. E. Dahl
Dr. L. Edler
Dr. S. Fraga
Mr. E. Gaard
Dr. R. Gowen
Dr. M. Hageltorn
Mr. K. Vagn Hansen
Dr. K. Jones
Dr. P. Krogh
Dr. P. Lassus
Dr. O. Lindahl (Chairman)
Ms. M.A. Sampayo
Dr. S. Rao
Mr. S. Tilseth
Dr. J. Worms

United States
Franc:e
Canada
Irland
Norway
Sweden
Spain
Faeros
Uni ted Kingdom
Sweden
Denmark
United Kingdom
Denmark
Franc:e
Sweden
Portugal
Canada
Norway
Canada
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ANNEX 111

DOCUMENTS* CONSIDERED SV THE WDRKING GRDUP

Frag•• S.I Currently known causes and species
involved in algal blooms with harmful effeets on
fisheries and marieulture in Spain.

Gaard. E.I TOKie algal blooms on the Faeroe lslands. •
Belln. C•• Berthome. 3.P. and Las.us. P.I TOKie
dinoflagellates and diseolored water phenomena along the
French eoasts. - Evolution and trends between 1975 and
1988.

* Lodged with ICES Secretariat for eonsultation on
request.
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ANNEX IV

NATIONAL REPORTS

CANADA.

Cembella, A., Martin, 3. and Worms, 3 •• Report on toxie
phytoplankton blooms.

DENMARK.

Vagn Hansen, Kr •• Oeeurrenees of toxie, potential
plankton algae, plankton blooms inel. status for 1988 and
the DSP/PSP mussei survillianee observations 1988.

FRANCE.

Lassus, P. and Gentien, P •• Franee, national report on
1988 algal bloom studies.

GERMANY.

Lenz, 3 •• Report on the oeeurrenee of toxie algal blooms
in German waters 1988.

IRELAND.

Doyle, 3 •• National report Ireland 1988.

NORWAY.

Dahl, E•• Reports on blooms in Norway.

PORTUGAL.

5ampayo, M.A •• Red tides at eoastal waters 1988.

SPAIN.

Fraga, 5 •• Spain annual report for 1988.

SWEDEN •

Edler, L•• Swedish report on bloom events and shellfish
toxieity for 1988.

13
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UNITED KINGDOM.

Jones. K.I Algal blooms in Scottish coastal waters in
1988.

UNITED STATES.

Anderson. D•• Algal bloom reports - Uni ted States.

•
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PSP

Date: 1988

Country: Canada

Location: Southwest Bay of Fundy

Date of Occurrence: J~ne through September _ Highest shellfish toxicity
levels of 530 pg/l00 g. STX equiv. reached at Crow Harbour on July 25.

Effects:
Marine organisms (musseis. softshell clams. scallops) accumulating
PSP toxins.
No water discolouration observed.
~o human illnesses reported•

Management Decisions:

Harvesting of shellfish prohibited at toxin values greater than
80}Jg/l00 9 sn equiv.

Causative Species:

Gonyaulax excavata (= Protogonyaulax tamarensisl.
First occurrence May 27 with 160 cells/liter observed.
Maximum number of cells observed - 8.0 x 103 cells/L - July 12

Environment:
Salinity 31-32°/00

Temperature 10-12°C
Water col umn ... Mixed

Physical Location:

Advected populations from weil mixed offsh0re pop~lations of
Gonyaulax excavata.

•
Previous Occurrences:

Individual to Contact:

Annually

Jennifer Martin
Oepartm:nt of Fisheries and Oceans
Biological Station
St. Andrews. N.B•. EOG 2XO
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DONorc ACID

Year: 1988

C~untry: Canada

location: Southwest Bay of Fundy

Date of Occurrence: late August to early October

Effects: Softshell clams and blue musseIs accumulated domoie acid.
Highest levels observed were at the Bar Road in musseIs
harvested September 22 - 74 ug/gm.

Management Decisions: Harvesting of shellfish was prohibited at toxin
levels greater than 20 ug/gm.

Causative Species:

The organisms observed in highest concentrations was tU, ldL.' f)
Nitzschia delicatissima. 7 ' "" I "-1~

- 4. 0Maximum number of cells - September 23 - 6.0 x 10 cells/l.

Environment:
Salinity
Temperature
Water column

Physical location:

Possibly in situ groh~h - furt~~r research is required.

Previous Occurre~ces: Although ~~E2tissima has been observed for a
number of years. 1988 was the first year domoie acid levels were
measured in bivalves.

Individual to Contact:

Jennifer Martin
Depart~ent of Fisheries and Dceans
Biological Station
St. Andrews. N.B: EOG 2XO

•
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REPQRT ON TaXIC PHYTOPLANKTON BLOQMS

1988 Canada

Eastern eoast of Prinee Edward Island ineluding
- Murray River
- Brudenell River
- Montague River
- Cardigan River
- st Mary's Bay

Date of Qceurence : Started begining of November 1988

Toxifieation of cultured musseis by domoie acid at
levels varying between the action level of 20 ppm and
400 ppm.

Management Decisions : All affected areas elosed to harvesting of
shellfish,

Causative Species : Nitzschia pungens f. multiseries determined
by water pumped through 20 m Nytex and preserved in
lugol, Maximum density recorded was 1,200,000 eells/L.

Enyironment : temperature range over the bloom period was 8'C in
November 1988 to -1.3'C in January 1989.

Salinity • 28 %.
Water Column : mixed

Physical Location : bloom likely developed from a resident
population of Nitzschia although the possibility of
advection of eells from the outside of the bays has not
yet been eliminated.

Previous Occurences : First recorded as a genuine phycotoxin
problem in November 1987 in the same area, although
much more restricted in space.

Individual To Contact : Jean Worms, Department of Fisheries &
Oceans, Gulf Region, GFC. PO Box 5030, Moncton, N-B,
EIC 9B6, Canada
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Annual Phytoplankton Report to ICES Working Group "Harmful Effeets of
Algal Blooms on Marieulture and Marine Fisheries", Nantes, 1989

Canada, 1988 (Quebee Region)

Submitted by. Al1an CSmbella

Address Mauriee Lamontaqne Institute, Bio1ogieal Oeeanography Division,
Dept. of Fisheries and Oeeans, P.O. BOX 1000, 850 route de la Mer,
Hont-Joli, Quebee, Canada G5H 3z4

Loeation The lower St. Lawrence estuary and the Gaspe eoast borderinq the
northe~n Gulf of St. Lawrenee. More specifically, tOxie dinoflagellate
blooms were observed in nearshore transects of the Gaspe eurrent, from •°- 5 km offshore, and within the Baie de Gaspe and the Baie of
Chaleur.

Dates of Occurrence An early summer b100m dominated by eentrie diatoms was
followed by the appearence of low eoncentrations of toxie
Protogonyaulax tamarensis «lOO/litre) in June in the Baie of Gaspe.
From mid-Auqust to September 5, 1988, large flage1lates tended to
dominate in the phytoplankton community in the Gaspe region. This
latter b100m eontained higher concentrations (10,000 cells/litre) of ~.
tamarensis than that in early summer. Sinking cel1s of ~. tamarensis
were reeovered in bottom sediment traps throughout Oetober.

Effects

No visible water dlseoiorations ("red tide") were associated wlth the
occurrence of toxie speeies in thelower estuary and Gaspe coast. At
many stations,PSP levels ,in 1ate May began to exeeed 200 ug STXeq/lOO 9
in wild mussel populations, and toxieity e1imbed eonstant1y throughout
June to a maximum of 8,000,ug STXeq/l00 g.PSP toxin levels ,in
eu1tivated musse1s in,the Baie of Gaspe reaehed a maximum of 7,000 ug
STXeql 100 9 in late June, then fell to gradualiy to levels near1y
undetectible by,mouse bioassay during mid-summer. A seeondary peak of
up to 3,000 uq STXeq/l00 9 was observed in late August to ear1y
September. Mouse deaths assiqned to UY~ (unknown mussel faetor) were
also noted for somesamplesof eu1tivated mussals, the symptoms ware ~

atypieal of those of PSP intoxication. ~
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Management Decisions

Large sectione of the lower St. Lawrence eetuary and Gaepe coaet were
elosed to the eommereial and reereational harvest of shellfish, due to
levels of PSP whieh exceeded 80 ug STxeq/l00 q.

Caueative Orqanism

The souree of PSP in the region was definitively established as ~.

tamarensis. However, in August, particularly in the region of the Gaspe
whleh lneludes the Bale of Gaspe, multlepeelfie bloorns dominated by
dinophysoid speeies, ineluding Phalacroma sp., Dinophyeis ac~~inata and
~. norvegica, at eoneentratlons of several thoueand cells per Iltre
were also observed. The latter two speeies are poeslble eases of DSP,
although this has not yet been eonfimed for this region •

rnviro~~ent

Water eolumn was relatively unstratified in early surr.mer, strongly
subjeeted to storrn and wind action ln April and May. However,
stratlfleatlon developed in late s~~er wlthin the Baie of Gaspe, where
myticulture installations were plaeed in a area of water eolumn depth
<15 m. Surfaee salinity 24 - 30 p.p.t., eurfaee ta~perature roee from 8
C in early ~~y to 18 C by the end of August.

Advected populations vs in situ Growth

Toxle dlnoflagellate populations oeeurring in the Baie of Gaepe
appeared to be adveeted from outside the bay, as a reeult of ehoreward
eireulation withln the Gaspe eurrent. The evidenee is a followsl blooms
of Protoqonyaulax were flrst observed outside the bay and approaehed
from the northeast, in situ qrowth rates in the bay are not suffieient
to explain the rapid rise in eell numbers, and endemie eyet populations
are insuffieient to generate blooms of the magnitude obeerved.

Previous Occurrence

•
Detalled evidenee of bloom dynamice in the Gaepe reglon ie not
avaIlab1e from previoue yeare, but glven the hietorieal pattern of PSP
toxieity in the regIon it is elear that this is an annual event. h~at

ls perhaps unlque in 1988, is the blphaeie peak in she1lfleh toxleity,
and the fact that the toxie Protogonyaulax bloome appeared to oeeur
rather earlier than ls typlcally the eaee.

Individual to Contaet A11an Cembe1la, Biologleal Oeeanography Dlvelon,
Maurlee Lamontsgne Inetltute PHONEI 418-775-6613
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leES Working groun on the Harmful Effects of Algal blooms on
Mariculture and Marine Fisheries. Nantes. April 11-14th 1989.

pENMARK

Kr. vagn Hansen

Oeeurrences of toxie, potential toxie plankton algae, plankton
blooms inel. status for 1988 and the DSP/PSP musseI survillianee
observations 1988 .

This report summarizes the observations of oeeurrenees of toxie
and potential toxie plankton algae and plankton blooms since late
1970'ies. The final report will be publised in 1989 by:

J. Larsen and 0. Moestrup (Taxonomy), H. Munk (Eeology and
.blooms), P. Krogh (Toxieology), K. Olrik, L. Herborg,
T. Bjergskov and Kr. Vagn Hansen.

The monitoring plankton programme is for near eoastal waters, the
fjords incl. the Limfjord and fresh waters executed by the eoun~

ties' environmental laboratories. Supporting surveys in the open
waters by the Marine Pollution Laboratory (Ministry of Environ­
ment) and The Danish Institute for Fisheries and Marine Research
(Ministry of Fisheries).

The programme for monitoring toxieity (DSP and PSP) in musseIs is
exeeuted by The Fish Inspection Service, Ministry of Fisheries,
coneurrently are taken plankton sampIes •

Oceurrenees af.toxie. potential taxie and plankton blooms

Prorocentrum micans

The species oceurs in all Danish'waters from April through Novem­
ber, the highest cell nos. are found during August-September in
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eoastal waters: the Limfjord, the fjords in East Jylland and in
the Southern Kattegat.

The highest eell eoneentration reeorded was in 19B7 in the Flens­
borg Fjord (S29.000 eells/liter). In all other areas reeords vary
from 100 to 160.000 eells/liter. There are no observations on e­
eologieal effeets during "blooms" with redish/brownish diseolou­
ration (in the Lirnfjord).

Prorocentrum minimum (incl. P. mariae-lebouriae and

P. triangulatum)

P. minimum was reeorded in Skagerrak and N.Kattegat for the first
time in 19B1, it rapidly got distributed to all Danish waters
inel. the Western Baltic with bloom formations in the fjords
of East Jylland and in the Limfjord (redish-brownish diseoloura­
tion), eell eoneentrations 2-S3 mio. eells/liter in 1983, 1984,
1987 - during JUly-September. (Temp. 16-19·C).

There are no observations on direet harmful effeet in Danish wa­
ters.

In 1988 P. minimum was found only in low eoneentrations, max.
2.160 eells/liter.

Proroeentrum balticum

This species occurs in Danish waters during July-Deeember with

max. eoneentr~tions in August (10S.300 eells/liter, 1979). It has
never been observed forming b100ms in Danish waters. It has not
been reeorded in the 1988 programme.

pinophySis

The species listed below have been recorded in Danish waters
throughout the year sinee 1898 and almost always in low numbers.

•
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There is only one observation of discoloured water, caused by
D. acuminata. In the Limfjord in June 1982.

There are no observations from Danish waters on harrnful ecologi­
cal effects. With regard to accumulated DSP effects in mussels,

please refer to pp. 8-9.

Dinophysis acuminata

'With the exceptions of the discolouration observed in the Lim­

fjord mentioned above and the observation Iisted below this spe­
eies has been found in low cell concentrations 80-8.000 cells/li­
ter from March through December.

Locality

Wadden Sea
West Coast Jylland
Limfjord
Skagerrak
Kattegat N.

Dinophysis norvegica

Time

July-August
April-November

April-November
April-October
May-November

Max. cell nos.fliter

1.000

92.800

x
2.200

160

Throughout the year this species has been recorded in Danish wa­

ters and fjords, in the inner Danish waters southwards to the

0resund and Flensborg Fjord.

High cell concentrations have been recorded only from the Western

Limfjord (14.000 cells/liter in 1985 and 80.500 in 1987).
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Locality

Wadden Sea
North Sea Coast
Limfjord
Skagerrak

Kattegat N.

Dinophysis acuta

Time

June-July
May-september
April-October
April-September
April-September

Max. cell nos./liter

x

1. 700

500

180

580

•
This oceanic species is found in Danish waters from April through
December and always in very low concentrations, below 1000 cells/
liter.

Locality Time Max. cell nos./liter

Wadden Sea
North Sea Coast
Skagerrak

Kattegat N.

August
June
April,
August-September
January, May
August-November

20
x
200

840

Goniodoma ostenfeldii

This species have been recorded in Danish waters and fjords du­
ring March-November and always in low concentrations.

In 1988 it was recorded in the Limfjord, March-November, and in
the North Sea, April-August (max. cell nos./liter 7.600).
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Gonyaulax excavata

The species has been recorded in the Limfjord since 1983 and
off the West Coast of Jylland. Always in low numbers - max. 1.300
cell/liter. Period March-August.

Even at these low cell concentrations musseIs can accumulate PSP
toxin.

Spores of Gonyaulax have been recorded in the Limfjord and Katte­

gat, and were probably filtered by musseIs in a shallow bay in
the Limfjord (1987) as PSP was measured in musseIs 3 weeks after
the algae had disappered in the plankton.

In 1988 Gonyaulax excavata was found off the West Coast of Jyl­
land in March, April and August and in the Limfjord in June
(max. 200 cells/liter).

Gyrcdinium aureolum

During the past 10 years G, aureolum blooms have been observed in

1981, 1982, 1985 and 1988 in the North sea, Skagerrak, Kattegat
and the western part of the Limfjord to which it 1s transported
from the North Sea through the Thybor0n Channel. Salinities in
regions with blooms:
27-34 0/00, tempo 10-17·C. Period of blooms: August-October. The
species occurs generally from July to November.

Mortality effects on caged fishes have been recorded in the North
Sea (1985) an~ the Limfjord (1981, 1985, 1988). Dead bottom in­
vertebrates were recorded in 1985 and 1988 in the Limfjord. Caged

eels have found dead at cells concentrations of 600.000/liter.
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llM.
Max. cells Effects

Locality Time nos. /liter observed

North Sea Sept.-November 2.000.000 Nil
Skagerrak Aug.-October 2.384.000 Nil
W. Limfjord Aug.-Novernber 11.000.000 Dead caged

fishes and
bottom
invertebra-
ted •Kattegat Aug.-November 900.000 Nil

Noctiluca scintillans

The red blooms of Noctiluca is a well-known phenomenon along
the North Sea, Skagerrak, Kattegat and Limfjord coasts, esp. du­
ring July-August; records are available since 1900.

Recent observations indicate that blooms are becomrning more fre­
quent and covering larger areas in the North Sea, where Noctiluca
blooms follow Phaescystis blooms, and in the Limfjord where the
sequence is tintinnids-Noctiluca. Phaeocystis cells and tintin­
nids are observed in vacoules of Noctiluca.

The max. cell concentrations recorded during 1988 (200.000 cells/
liter) were at similar level as during recent years, when accumu­
lated masses of the flagellate on and off the beaches eause hy-
geinic and aestetic problems for the tourists industry, as is the ~

case for Phaeocystic. Fish rnortality was observed in the Limfjord ,.,
in October 1986, where Ammodytes were found dead in an area with
Noctiluca bloo~. Ihe oxygen cone. was normal, however the pR was
high 8,5, eaused by the high eone. of NH3/NH4, 100 mg/liter.
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Chrysochromulina polylepis

The bloom in May-June 1988, its origin, development, and effects
has been reported in extensive national reports, which have been
discussed and analysed by several international groups and at
meetings, the most recent the lCES Workshop held in Bergen, Nor­
way, Febr. 28 - March 2, 1989. Hence reference is here made to
national reports and to the forthcomming report from the lCES
Workshop •

• Phaeocystis pouchetii

This species occur in flagellate stage throughout the year in Da­
nish waters with salinities of 10 0/00 and above. Blooms are ob­
served in waters of salinities '29-34 0/00. The colony formation
and consequent blooms are observed during April-July and first
and foremost in the North Sea - a Jutland current effect.

The blooms form a relatively recent phenomenon. Enquiries among
fishermen a.o. along the West Coast of Jylland indicate that the
now well known discolouration and ill-smelling, slimy foam forma­
tions along and on the beaches started early in the 1980'ies and
are now here an annual phenomenon.

The blooms are of major concern to the tourist industry. 1988 the

Danish Tourist Organization reports that 43% of the tourists
complained on the aquatic environment. The number of tourists
from FRG had decreased by 25%.

Also the fishery is effected. Fish migrate from blooms areasi
gears and nets are covered by thick brown slime.

Locality

Wadden Sea
North Sea Coast

Period

May-June
April-June

Max. ceII nos./liter

1. 700 mio.
404 -

93 -
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Recent observations indicate that Noctiluca graze on smaller
Phaeocystis colonies and the Noctiluca blooms in several cases
seem triggered by (follows) Phaeosystis blooms.

Prymnesium parvum

The speCies occurs in the all Danish waters. Blooms are recorded
in April-June and only in local brackish waters.

'Since 1938 only a few cases of fish mortality have been observed.
None in 1988. e
The toxicity monitoring programme

In the Limfjord the standard progra~~e was operated from March
15th, 1988. At 6 stations, 1-5 mussel samples were analyzed
for toxins and concurrent plankton samples taken with net (to
certify presence or absence of Dinophysis) and in water samples,
and analyzed for Dinophysis spp. Gouyaulax excavata, Goniodoma
ostenfeldii. The standard plankton sampling was stopped on Novem­
ber 26th, 1988 (ref. however below). Frequency of sampling: mini­
mum once a week.

~ has been found in mussel samples on April 7th, 19th and on
Sept. 5th in resp. concentrations 15)tg, 30l'g and 13,3/,"g sa­
xitoxin 100 g musselrneat i.i. far below accepted (Danish) level
of 80~ g/100 g. These are the only records from Danish waters in
1988.

~ tests indicpted DSP in musseI sampIes during the first week 4It
of May (8,2J"'g ocadaic aci ':d) and during first week of August in
4 days in sequence. Further in June,week 23 and 24 J 2 cases were
observed in the Eastern Kattegat off Hov.

In August, the Fisheries Inspection was instructed by the Minist­
ry of Fisheries that every mussel catch landed by individual
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skipper be detained until receipt of a certificate issued by an

authorized laboratory stating no PSP in the mussels has been re­
ceived or that the receiving mussel processing compagny arrange
identical certificate be presented to the Fisheries Inspection
before release of the products. In conseguence hereof all catches
with DSP are destroyed/discharged.

All mussels products: live, frozen, canned or processed otherwi­
se, are hereby coupled with certificates.

Cost of toxicity tests is to be paid by the individual skipperj­
ccmpagny.

The alert system functioned well, per September 20th, 1988, 237
mussel samples had been analyzed for DSP and 116 for PSP (ref. a­
bove).

DSP had been found in week 32 (4 days in mussel catches), and in
week 34 (1 day) in the Limfjord, in week 33 and in 34 in a mussel
area off Eastern Jylland (3 days and 1 day catches resp.). The

catches were destroyedjdischarged.

On Sept. '20th, 1988 the Fisheries Inspection Service reported
that no DSP had been found in mussel samples since August 22nd.
In conseguence h~~eof the alert precautions were cancelled on

Sept. 29th, 1988 except for the areas: The western Limfjord and
the S.W. part of the Belt Sea (off S.E. Jylland), for which areas
the system has been maintained.

In conseguence of the experiences gathered the following legisla­
tion has been introduced by decree issued on December 22nd, 1988
by the Ministry of Fisheries: mussel fishery and landings are
probhibited:
For the Wadden S~a, May 1st - June 30th, and outside this period
on all Fridays and Saturdays.
For the L1mfjord in July. During the other months on sundays.

For each fishing boat fishing mussels a license must be issued
by the Ministry of Fisheries. Valid for one specific territory

and period per boat.
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Re: Report on the occurrence of toxic a1gal blooms in German waters 1988

Dear Dr. Dahl.

During the last year. the German coast areas of the North Sea and Baltic

Sea remained almost unaffected by toxic algal.blooms. The only event which

as a precautionary measure led to a temporary closing of the blue mussel

harvest. was the occurrence of Dinophysis acuminata in the West and East

Frisian Wadden Sea in summer and early autumn. This species was observed in

water samples ana1ysed by the . responsible governmental institutions

(Veterinärämter in Husum and Oldenburg).

Please. excuse the 10ng delay of this small report. Perhaps it will be

still possib1e to inc1ude it into your overview report.

Yours sicjerely.

P.5.: Unfortunate1y. 1 win" not be able to attend
the meeting in Nantes •.

Adresse
Institut für Meereskunde
en der Unlversltilt Klei
gQ~~b~?~k:r Weg 20

Telefon
lZ" Vermittlung
(0491) 6971

Telex
0292619
Umk d

TeleQ,amm
Meere$k\lncl. KI"
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RE". ICES WORltING CROUP ON EXCEPTIONAL ALCAL BLOOMS

NAHTES, mANCE, 11-14 APRIL 1989

mANCE, NATIONAL REPORT ON 1988 ALGAL BLOOM STUDIES

P. LASSOS end P. GENTIEN

1·) TOXle OR RED TIDE P'ORMING DINOFLACELLATES

1,1. Dinophysis (IFREMER, Nantes) .

From the 1987 first attempts to simulate Dinophysis growth, it rapidly
appeared a lack of biological datas. Thus, in 1988, a special attention was
payed to vertical migration patterns and to winter crop.

Vertical migration occurs, even in poorly stratified ereas (Antifer,
Normandy coast) with max, rscendant and descendant migration rates of
respectivelr 0.7 and 1,11 m.h - • Winter crop is very low (less than
5 cells.l - ) in embayments as well as in offshore ereas of Southern Brittany
coast. No special winter stage (cyst or dormant-cell) was observed. Further
attempts to simulate Dinophysis growth rates in Summer were made in 1988, from
datas recorded in Vilaine bay or in Antifer oil tankers port. A box model gave
the best results, but if the role of waters stability index is corroborated,
neither biological (encystment, grazing and migration processes) nor physical
(advection, stratification) parameters can completely explain the Summer sharp
rises in cells densities. Thus, hypothesis of micronutrients as growth
promoters is strengthened by the results of June prospection cruise on Atlantic
coast (water samples for Dinophysis counts were taken at 6 different depths and
at 56 stations), but only for embayments and estueries,

A monthly monitoring of DSP toxins in 3 shellfish production ereas of
Channel and Atlantic coasts showed no interference between toxicity and mussels
physiological stages.

HPLC analyzes of okadalc acid in Antifer phytoplankton extracts
revealed significative amounts (4.8 ~g.) of O.A. for 500 000 cells of ~

D. acuminata. Aa a last point, decontamination experiences wlth DSP ~

contaminated mussels from several locations presumably indicated a quick loss
of toxicity for initial toxic levels of 1 M.U!g. hepatopancreas or more, and no
clear loss of toxicity in 12 days for 0.5 M.U.!g hp. or less (2 to 3 ~g O.A.l.
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1.3. Alexandrium minutuD (results of Concarneau IFREMER Laboratory and
Paris LCHA *)

An Alexandrium minutum red tide (2.3 10 6 cell.l -1 ) was observed in
late august 1988 in a french Northern Brittany fjord (Aber Wrach). MusseIs,
oysters and clams were contaminated by PSP toxins as demonstrated by AOAC mouse
assays and HPLC analyzes of shellfishes during decontamination period. Highest
oberved toxic levels for musseIs and oysters were respectively 405 ~g/IOO g end
255 ~g/lOO g meat. GTX 2 and GTX 3 were dominant gonyautoxins in both
shellfishes while GTX 8 and 8f'. were only detected in musseis. Toxic
contribution of GTX 3 1s 1mportant ow1ng to 1ts letal property. During
decontamination per10d, GTX:'l amounts decreased rapidly and GTX 2 s 1 0 w 1 y •
This last toxin 1s supposed to hinder detoxication of shellfishes.

1.4. Phaeocyst1a pouchetii (Roseoff ,'Marine Biological Station - Caen,
University - IFREMER Laboratory of Boulogne) ~

A field survey of Phaeocystis blooms is performed by several french
Lab. in the frame of a EEC international research project. French eastern and
western coasts of the english Channel are prospected for common hydrological
parameters related to Phaeocystis occurrences. From 10 years datas recorded in
the vicinity of Gravelines site (nuclear power plant plume) a model was
tentatively drawn. Roseoff site, despite relevant hydrological features (a
relative increase in nitrogen outputs) was never concerned by Phaeocystis
blooms and is thus considered as a reference site. Taxonomical studies are
carried out on several strains of Phaeocystis cultivated in Caen University,
and these cultures are also used for exhaustive physiological end cytological
studies.

* LCHA Laboratoire Central d'Hygiene Alimentaire.
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1.2. Gyrodinium aureolum (IFREMER, Brest Roseoff, Marine Bio1ogiea1
Station)

Unlike to years 1983, 1985 and 1987, G. aureolum never reaehed
densities exceedi~g 500 000 cells.l -1 sinee max. observed value in 1988 was
ISO 000 eells.l - in Brest bay. Nevertheless, shellfish reeruitment in this
area was as low as during the years where Gyrodinium summer densities were
high. This observation needs further work in order to invalidate the presumed
inhibitory effect of Gyrodinium blooms on seallops post larval growth.
Horizontal extension of Gyrodinlum during summer 1988 was restrieted to western
Brittany.

An experimental work aiming to demonstrate a toxie or inhibitory
effect of G. aureolum mass eultures on fecten maximus post larvae was ran out
in 1988. Unfortunately the eultivated ~train showed a loss of toxicity when
eompared to 1967 first experimental results. On the other hand, inhibition of
diatoms growth by G. aureolum eetoerin substanees was eorroborated by reeent
studies despite, here too, an observed loss of inhibitory effect when eompared
to 1967 resu1ts and 1986 results from the field. No re1ationships between both
type of toxie effeeta has been as demonstrated until now.

At last, NO 3 uptake of G. aureolum expressed as Ks showed that this
dinoflagellate is unable to satisfaelorly use low N eoneentrations. Thus,
nutrient assimilation eapabi1ities eannot by themselves explain the observed
dominanee of this algae during red tide period.

Two red-tide forming naked dinof1agellates, Gymnodinium nagasakiense
(Japanese clone) and Gyrodlnium cf. aureolum (french clone), were eompared with
regard to their external morphology, ehromosome number and DNA content. If
these two speeies are morphologieally indistingulshable, in contrast, when
observing the shape and position of the nueleus, and the DNA content, it
appears that G. aureolum end G. nagasaklense differs end that the strain of G.
aureolum, here studied, differs !rom the original deseription of this speeieS7
Nevertheless, G. aureolum and G. nagasakiense can be considered as the same
speeies if ordinary taxonomieal parameters ere used.

Cytotoxieity tests realised on G. nagasakiense proved this speeies to
be slighty toxie, as previously observed with G. aureolum.
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(Av", nnot Ut·lon Ri\"f'rR) 10 S: 29 ""

02.06 'JUrb : 3 ~W-------- -------------
Vp lo 800 in Belon river T: 15.S·C

S: 30 ..
1\trb: 4,5 ~"IU

Ind""f "'l)' 02.00 ninol>lt.'~i~ lVICC'Ulus 1Jp to 1 300 T: 17·C

'0 S : 29 ~

JO.OO 'I\"b : 25 t-w

...·1 ,.lv<"r 02.0fi IJinort/t.'~,is 1:ltC"C'ullis Up to 3 900 T: lS·C
'0 S : 32,4 ""

16.00 Turb: 2,1 N'lU

l'toll<" hell' 02.00 DJfKllnrs;s ll(lC'C'ulus l'P to 500
'10111111'" 10

07.07

II In i flf' 1\:,). 02.00 Up to 20 400 T: 17·C
{Il,,"';! rt"':un} 10 CC'nprally 2 000 to 3 000 S : 16 ..

07.07 'JUrb : 28 mu-._----......_......... ninnl'b,',i$ AltC'C1l1us ---------------- ----------
ur..1 2R.ni 10 l'p 10 7 800 T: 19.6·C

II.O~ S : 28,1 ..
'JUrb : 8.7 r-.'1U

','rlh o( 02.01". /)i Ttnl t/I,~"$ i s~~.!'rltC'Culus Up to 11 400 T: 16"C
\ i Inlttf" I"l)' ,.. genernlly 2 000 10 3 000 S : 20 ..

07.0; 'JUrb : 31 ~"IV eSo"'llh nf 2i.Oä T: 16.4-C
\ihillf' ,\,...,. to Up to 13 300 S: 28.4 ""

ni.ni llinol'b.'"s,is BaCC"tdus gC'nC'rally 2 000 to 3 000 Turb: 3,5 t-w
uooJ ---------------------

22,11; 10 11.08 T: 18.2
S 32 ""
'J\Irb: 1.9 t-'1U

\.".. 10 .. ' li.fMi 1o %2.01 ";'Ic'lt/I,U~;S ~ulus

n"'H i ... I,u"U

""'""l.ir" n.O, 10 Ni.OS Nnof"l,l-S/!t.!UIC·C'u}u..-r TOO <0 2 200 T .. li.9-C
tI,MII,J/II...",J} S: 33,9"

1\lrb : 2 A7ti
CO : 101.5 X



lCES Working Group on Harmful Effects of Algal Blooms on
Mariculture and Marine Fisheries - National Report

Ireland 1988

1) Locations: Southwest coast of Ireland - Roaringwater Bay,
Dunmanus Bay, Bantry Bay, Kenmare Bay and
Dingle Bay (Ventry)

2) Dates 6 June 1988 - 8 November 1988

3) Effects - DSP in mussels on suspended rope culture at
all depths

- Maximum toxicity Rat bioassay (+++) Mouse
bioassay (+++)

- Okadaic acid (max 201 ug/100g total mussel
meat) in all sampl~s tested

- DTX1 (max 25ug/100g total mussel meat) in
four of the samples detected by
M. Hageltorn, Sweden using HPLC

- No human illness due to early detection

4) Management decisions:

Areas closed for harvest of bivalves until two successive weeks
clear of toxin.
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Roaring W. Bay
Bantry Bay

- Glengarrif
- Bantry W.I.
- Castletown-

bere
Kenmare Bay

- Ardgroom Hb
- Kilmakillogue
- Sneem

Dingle Bay
- Ventry

Periods of Toxicity

27.06.88 - 29.08.88

7.06.88 - 29.08.88
7.06.88 - 15.08.88
7.06.88 - 05.09.88

13.06.88 - 29.08.88
13.06.88 - 12.09.88

4.07.88 - 5.09.88

8.08.88 - 24.10.88

Maximum toxicity

++

+++
+++
+++

+
+++

++

+++

5) Causative species

Dinophysis acuminata max 1500 cells/litre and
D.acuta max 240 cells/litre. Cell counts generally
less than 500 cells/litre. Very few recorded after
end of August. Other spp present P.micans, Ceratium
fusus and Gonyaulax triacantha
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6) Environment

- Onset of toxicity about six weeks earlier than in previous
years. Weather in preceding weeks exceptionally sunny and
warm. Heavy rainfall week ending June 4th
- Temperature 12.5 C (June)
- No other physical measurements taken
- No evident changes in water coloration

7) Physical loeation Mussel longlines in sheltered bays

8) Previous oecurrenees 1984 and 1987 August - November

9) Comments: Early onset and protracted closures caused
trade disruption. Fortunately most areas
cleared before significant losses of stock.
Distribution and toxin levels very similar
to 1987 event.

Other bloom events

Phaeocystis pouehetti

Loeation

1) Widespread bloom occurred on south coast from Ardmore Bay
to the west and Tramore Bay to east side of Waterford eoast.
(see attached map).

2) Dates 15-19 June 1988

3) Effects Nuisance smells and fouling of beaches. Some
reports of skin irritation in swimmers and fishermen.

4) Management decision - None required except reassuranee to
Public Health and Local Authorities.

5) Causative species: Phaeoeystis pouehetti

6) Environment Open sea/coast. Two weeks of calm sunny
weather preceded by heavy rains. No other data available.

7) Previous oecurrences Irish Sea 1931, Waterford region 1981
and 1982, East coast 1984.

Gonyaulax sp.

1) Location Cork Harbour, South coast

2) Date 10 - 17 August 1988

3) Effeets - Patchy distribution of red water
- No human health problems reported
- PSP negative for oysters and mussels

4) Management decision: None required

•



5) Causative species: Gonyaulax spinifera maximum 1.14 X 10
cells/li tre

6) Environment: No data available

7) Previous occurrences: June 1984 and 1985 June/July 1987

8) Comments

As with previous occurrences this species bloomed briefly and
in very localised areas of the Harbour possibly concentrated in
shallow bays by tide and wind.
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\

Individuals to contact: J. Doyle/P. McDaid,
Fisheries Research Centre,
Abbotstown, Castleknock,
Dublin 15
Ireland

Tel No: 210111 Telex: 31236 FRC EI
Fax: 205078



40 'SPECIES ASSOCIATED WITH ALGAL BLOOMS.

IN IRISH COASTAL WATERS 1976 - 1988

Dinophysis spp.

Phaeocystis/Nitzschia'

~ Gyrodinium aureolum

o Flagellate 'x'

Pror"ocentrum .-
minimum •

G,onyaulax spp.
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ICES WG. Nante. 11·14 Aprll 1989

Report on B100ms In Norway

Chrysochromulina polylepis

1. Loeation: Along the eoast from the Swedish border to Haugesund at the
west coast. and In the open Skagerrak.

2. Dates: From the begtnntng of May to the beglnning of June 1988.

3. Effeets: Severe mortalities among eneaged fish. even wild fish and
Invertebrates ltving along the eoast In the upper 10-15 m were k1l1ed.
Also some seaweeds. ma1nly red algae were damaged durtng the bloom.
Toxins were aeeumulated In musseIs and harvesttng \vas banned.

4. Management: To\\ing of about 120 fish, farms from the west eoast
skenyguard Into the large fiords to save the fish from exposure of algal
v.rater.

5. Causative organismn: Chrysochromulina polylepis

6. Environment: The bloom oceurred In the surfaee of strongly stratified
waters of relatively high temperature and low sal1nlty durtng aperIod with
brlght and calm weather. The coneentrations of nutrlents were nonnal
(relatively low), however. atomJe N:P was high. from about 20 to more
than hundred.

7. Advected population or In sltu growth: Probablya comblnation. m~y
In sltu growth In the eastern part of Skagerrak and more an adveeted
population on the west coast of Norway.

8. Previous oeeurrenees: Yes. but In low coneentrations only.

9. Additional comments: The bloom caused mueh and unexpeeted damage
to martne life and publte attention. Many reports on the bloom are aIready
avallable or under preparatlon.

10. Individual to contaet: E. DahI, Flode\igen Dlologieal Station. N-4817
His. phone 041 10580.

Gyrodinium aureolum

I. Loeation: The Norwegian coast from th e Swedish border to the
Trendelag area at the north-west eoast.

2. Dates: The m1ddle of August to the end of Oetober 1989.

3. Effeets: Patehes of brownlsh water were reeorded all along the coast
and some eneaged fish exposed to sueh patches were killed.

4. Management: At a few sltes cages were towed a short dlstanee out of
the most dense patches of brown water.
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5. Causatlve specles: Maln1y Gyrodlnium aureolum, but Ceratium ji..Irca
also caused brownish patches along the coast. the latter without severe
mortaliUes.

6. Environment: The dense concentraUons were mainly restrlcted to the.
upper 2-3 m. The distrlbuUon was very patchy. accumulaUon of cells In
bays due to wind driven surface currents. The preclpltaUon along the
coast was above the normal before and dunng the bloom.

7. Advected populaUon or In situ growth: The most dense surface
popualUons were due to on slte concentratlon of cells by phySlcal and
mJgration mechanisms. Compared to previous occurrences of thls alga
along the Norweglan coast the bloom In 1988 was probably due to growth
along the coast rather than advection of off-shore populaUons.

8. Pre\1ous occurrences: Mass occurrences of G. aureolum have previously ..
been recorded along the Norweglan coast In 1966. 1976. 1981, 1982 and •
1985. The bloom In 1988 propagated further north along the west coast
than before.

9. Additional comments: -

10. Individual to contact: E. DahI. F!0devigen Blologlcal Station. N-4817
His. phone 041 10580.



PORTUGAL

RED TIDES AT COASTAL WATERS ~988

with.ut herzlU1 erre.ta)

a) Ria F........ lAg... (ruira) - IlaMlh 10

b) Eri.elra - J ... 22

.) Inner braIloh ar 6bldas Legooll (Barr..a) _ JUDe 25 - ;'0

d) sä. Jlartl.ah. d. P.rte Ba,. - Aui;ult ;, - 10

;,. Erre.ta. Oxyge. d.ri~la.a,. .bl.rTad at 1.~era1 1.ea11tie. ia the 0.1'1,. ••ra1ng.
Fi.h kill. • .OIE

4. Kaaagemellt dool.la•••

6. C.ulatl~e .peaiel'
6

a) ra~ira. G1a.odl.lum r.llaaeus 10 .e11~1
. 6

E"t:lea1dae 6.8,. 10 oenal1
(.-ter .&m?1. a1•• rieh iIl Kola.ira ~),

b) Eriao1ra.~rhh_ri.. 1.4" aO .en~l 6
Othor ..unli CIl1i:r.'ii"1r.2" 10 oon,l1 ....n rlagenat.. 2.9 .. 10 '/1

e) Barr..a. Prara.utrum aillllllUlll -.x.3.7lC 107 ,on~l •• the 27.
othor .,_tu lIttlo outrh abte,.. 3.3 "10 /1 ....n t1agonatu
7.3 "10 /1.

d) s. ICartbh. Ba,.. Hatoradg_ üuhi.. ~. 9.1" 106 .on~l eil the 9.
Othor .._ta. Stal.hllo:-, o..titwa 2.10 '/1 ._n tlog.natu 3.1,,106 •
Dlllarlag.Uatu 0.2" 10 O.

6. EJlYir......t.

a)r.mp. IB.4.C ••a1. 1~•• .-tor di•••laratl••• gr.ell1.h-br.WI1.

b)T.mp. 15ec:r-~. l.a1. 35~~~. :dlao.1aratl••• milkT brawailh-gre.a

.)Tamp.16_1eeC ••a1. 22-25%. di.oa1.ratla•• braWD1.h-gr.o.

d)Ta.p. 16-1eeC. ...1.;'4-35.5%_ .dil••l.rltl.n. tab••e br...

7. Phy.l••1 1.Gltt.R.

a) Prahabl,. !!. dtu r;rawth .. _n .. b) aI1d .)

d)Prab&bl,. ad~••ted rra••rrah.ra aI1d •••o••trated li••lda tho Ba,.
....alat.d with .... .!!.~ grawth.
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8. Pre.ieus ecourrenoes I

a) la tho samo ro~i.n 1986 and 1967 Jat did•• La~••• ,0Toral timos in
tho last dooado.

b) Fir.t rep.rt r.r .n .pon c••stal ••no J froquont in rish p.ad••

• ) Froquont at 6bid•• La~••• lUId Albute1r. La,....

d) C....h Ba,. 1962 JAlbute1ra La~... 1987 J_rhulture pud. at Ri.
F.rm••• La~•• (Al~rT' ••••t) 1987.

9. Additi ...l ••mmo.t. ,

d) Retor••i~ aka.hi.. has bel. a.s.oi.ted with ri.h kill. in other e
.0_trI.s. I. ~rtu~uo so .aly 1m tho ..doultur. poad. at
Al,.."O 1967 then _ rtal1ty .this ..y bo attdbuted to
tho ••ari_.t or the aniAah 1m tho p.nd••

10. ladiTidual to Clntaotl

.. A. de X. S&lIp.yo
IJIIP
Ai. Bradl1a 1400 Lhb.a PORTUGAL
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PORTUGAL

BLOOK AFFECTllIG FlSIl AlID SRELLFlSIl 1988

(llutaUU... )

- 6bld.. 1&r;... Xaroh 20 te J.prll 6

~. Etteot•• fho tloh •••••d .tr••••d ~ aTold.d th. 41.colour.d yator at blr;lan1ar;.
tar,.••0rtaUtles in thh aad .hdlthh 11l the nbuquellt 4ar"

4. KLaa,.e.e.t. Ie.o

S. Caltsathe .pul... Prpm.dua~ 11&%. 7 .. 107 e.U';l e. the ~OJ

eth.r ..lDIh. SkolahnelU .astatus 4xI0
7
/1 Jud 2 ><10'uU';1 et ether UtUe

41ate•• aad small ?lar;ellate••

6. ElITlro:lllMDtr..Te.Pt 12 - 16.SRC J.d. 14.5 - 19%. "lratar 4h.elauntiall br...nhh.

Dredr;lar; er e1laallel te the .ea to opell the Lar;ull 1Ihioh ya. el..ed
batwe.B 1~ ..d 16 et lfareh.

7. Phrdeal 1e.dian • ~~ r;rawth.

8. PreTlou. e.currenae.. 1972 65140. LeE••1l

1987 li.leie tl.h p.nd. at AT. 11'. Lar;O.Il.

9• .lddlU.na1 .0_OBtu lfertaUU.. use.bteei with PH;edUlS .!!JE. blu",. at
P.rtur;u••e .ea.ta1 t.De. er. ~rl relil:.öd with 1.11D1tle.
10_1' tha.:Il ~O\C••

10. I.ilT14ua1 te .eDta.t.

.. A. d. Il. s...pa,e
UlP
AT. Bra.Ub 1400 Li.bea PORTUGAL



46

Ie ether physiea1 parameters taken

Water calauratian - Ba rrident change

7. Physica1 lacatian .In situ axcystment ~st be the mest impertaDt faeter at me.t
ueitr."ns.

8. PreTleus accurrencss • 1986 .1987 •

9. Cemmenta • Siai1ar aituatlen ta 1987 JheweTer the prablsz is sxpaadiD« dewn Seuth.
PSP texlns were far the firat time detected eutlide Setubal.rexia leTel.
lewer.

10 lJIdiTidual ta eanuet.

- Carmen Li.. UId M. A.. ds K. Sampaya
DTIP AT. BradUa 1400 Lisbea PORTUGAL

- SUZ&JIA Fruea
IISA 1699 Lisbea Cadex PORTUGAL •
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PSP 1988 (PORTUGAL)

1••nd 2. t ..atien .nd dat.s er eccurr.nc••1

.) orr E.pinhe .ud nerth.rn o.a.t 24 A~. - 3 I ••• (aax.127~)

b) A••ir. Let••n &Dd ••••t fl Aut. - 15 I... (a&%.159 U& .J.~.2)

a) X.Gdet. E.tuary sud o.ast 1 Au~. -13 D.o. (aax.173 U&.Ost'3.~.013)

d) &id•• Leteon 5 A~ - 24 Ost. (aax. 66 uV1oor;)

.) S. KartiBha Bay AU&. a.. - Oet 27 (11&%. 4OU&!100r;)

t) Ort Setuba1 A~. 3 - Ost. 24 (aax. sOu&lloor;)

3. Erfect~1 All bl.a1.e m.llu.c. arfect.d { ..%.173 U&!loor;)
Je human 1110ess rep.rted.

4. Kanate~nt declslen.1 Ba.er.ting er .he11fl.h banned .nen texln 1e.e1 upp.r
than 80 "yloot

•

S. Caue. th• •p.chu Cy1medlolull cate... tWII

a) First .0curr.nC. F.b.171100 0.1~1 ,texln d.teoti.nln.ne
Maz. 16000 0.lLt1 .n Oot.20 .b.iog the d.ll1l1llDt·.y.cl•• In the
.ampl. tellewed by Dinephy.i. acuto (11 500 0.11~1)
Oth.r ••unt. mestly In r~e S~OOO 0.11~1

b) Flr.t "carT~ao. F.b. 221 450 oe11./1 ,texI. d.teotlenl nene
R.tu1ar1y In th. phytep1aAktea b.twe.n Ju1.20 end BeY. 15.
IBz. 12 000 oe11./1 en Oot.18. d.ll1l1llDt .pecle. D. acute
(24 000 eol1l/1). - -­
Oth.r ..""t. me.tl,. In the rant;. 500 - 7000 0.lla/1

a) Flr.t eCcurrenca JUD.141 500 ce11a/1 -texia 1.T.1 50.4U&!100r;
1a Sor.bicul.riaJi."'" .
Kax. 13 00ö 0.11 .n Aut.9 b.iog th. dell1nant .peci••
tallewed by D. soute (6 500 eell~l).

Other ..UJIta-lla'itIY1a the range 500 - 3000 oel1a/1

d)Flrst eocurrence Jul.271 500 a.11a/l ,taxin det.cti••1 ne.e.
Retularl,. 1n th. ~hyteplankt.nuati1 e.t.3.
Maz. 2 000 oell./l en Aug.2 .d.minant .pecie. Skeletenell8 ce.t.tum
(4 a106 oells/i).
Other c.""ts In the rante 200 - 1000 oel1./1 ant11 Oot.12.

e) Fir.t .ccurrenc. Aut.41 100 oe11a/l,tezln det.ctienl nen.
Kax.25OO oe11s/1 plus 1500 oyst./l .n Oot.18 (scanty ~ple).
Other oeants I retular1y In the phyt.plankten during A~u.t

in the range 100 - 2000 ceU./l .Ia september 14 (1500·••Ua/1)
Atter,anl,. th. sbeYe maxl.um.

t) First eccurrence Karoh 131 200 ce11a/l ,1exln det.otien n.n••
Maz. 2000 oella/1 .n Jul. 21 ,dell1naat .peci•• Che.teceres ~.
slwa,.s .peradie end In th. range 300 - 500 oel11;1 antI1
16 leY.

6. EDTiream.at I Temp. 13 _ 180 C

Sol. 20 - 35.5 %.
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6) EuYirenmentl Temp. 16 _ 220 C

Sal. 26 _ 35.5 ~

pH1.8_8.2

Xe ether physical measurement. taken

lrater eeleuratien - lIe eTident chan!:e

PreTieus eocurrence. I 1981

Cemme.t. I Very patehy d1.tributien. rex1city 1n biT&lTe melluc. !:enerally
deteeted tn ....10. atter Dinephyd.~ aml/er E.. lacculu.
appear 1. the phytepl&llkten.

1) Physieal leoatien I biT&lTe melluso bed.

8)

9)

Tbe preblem at Pertu!:ueae eea.t 1. exp&lldill!: te Seuth.

10) lndiTidual te 08llteotl

- Carmen Li_ and 1l.A.. de 11. Sampaye
IBIP • AV. Brasilia 1400 L1sbea POITUGAL

- Suzana Franca
IISA. • 1699 Lisbea Codex PORTUGAL

(1) Ia Sorebioularia Plei a biTalTe menu.c !:rew1~ et riTer Prallte .Ilende,;e
E.tuary.there are pe. t1Te re.ult. rer DSP al....t all ereund the year. ~
tir.t pe.1tiTe re.ult rer 1988 1t wal en Apr11 20 Ith. harTestiD!: er thi.
apeoi•• trem the arae 1. banDed.
We eUllllt fiBd.:uy relat1en bebeen thla texioity and phyteplaalcteno
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DSP 19BB (PORTUGAL)

1. and 2. Lecatien and date er eccurrencea

a) ort Espillhe o.nd nerthern ceaat 10 .Tal. - lS l'ln.

b) Aveire Lageen and ceaat 13 Jul•• 6 Deo.

0) Yendege !ltuaJI~nd ceut 1 Aug•• 6 Deo.

d) 6bides Lageon 3 Aug.- 1 Xev.

e) S. lfartillhe Bay 2B Aug - 24 Oat.

r) orr Setuba1 6 Sept.- 18 Oat. - 27 Oot•.
3. Erreotsa All bivalve melluscs arreoted ,texin levsls end retentien time

depending en speoies.

loIo..ximum tedoity (Ileuse aesay. Yaswtete 1986) +++

Be humaa illaess reperted.

4. lIanagelllent dsohhnu RarveatiDg er shellthh banned

5. Causatlve speoies I

Dinep~sh acuta, First eoourrence .Tuly 6a3oo cells/1 ,
..". t. 2lJ1T4 000 oella/1

~. sacculus ,First aaul. ealy detecUen Sept.Sa 1000 cells/l

b) D. aouta IFirat deteotian .Tune 14a 100 cells/l ,
i"ax';'""'InOO oella/1 Sept. 27

D. acuta, First eccurrenoe .~.laa 500 sells/1
-- ....x. 4000 oells/1 Aug.2

e) ~. ~, First ecourrenoe Aug. Ba 25ii oella/l • Il&X.

r) ~. ~. First eocurrence June 28a 500 oelle/1 • aax.

D. s.eculus, First end enly dstectien Jul.21a 300 cella/l

Other eeunts mastly in range 100 • 2000 cells/l. Rel.tian bot.een
oel1 numbers end texioity depending en the denslty er the aan taxio
.oc.rpalBi~ speciea.

•
0)

d)

D. saoculus, First detectian April 28 .Secand detectisn .Tul.7 •
- Bsth 100 oelle/1

D. acuta, First deteotien July 13. 100cel1e/i
iöu:~. 9. 13 000 oelle/1

D. ssoou1us, First eccurrence Jul.26. 7Doo cells/1 • max.

r.xiclty deteatlen In blvalvc melluscs at least a r.rtD!kht arter
tirst accurrence er taxio speotea in the phytaplanktan er the arteoted
areas.
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PORTUGAL

LIST OF SPECIES WUH BARIlFUL EFFECT ( PSP • DSP • ICTYOrOXINS )

PSP, .lleu.!ldrium.ludtanio1llll (8% C.nyaulax ta_reuh)

6bid•• 1&t... 1958. 1959. 1962

llyDmediD1um 0&tell& tum

C•••ta1 .re•• W.rthera trem C'rTeeire C.pe 1986. 1987
• • • " • • plu. Setubal area 1988

DSP, Dinephysia ••eeulua

6blde. Lageen .AYeir. ta&.e. and ••••tal .rea. J.rthOrD tr.m AToir.
1987 .1988

SetUbal ...stal Z.De 1988

Di.ephyais~

Ke~e&. E.tuary and c.astal z.ne.all 5.rthern c...t 1987 .1~8
SetUbal c.astal z.no 1988.

Prereoentrum~ (ex !. balticUlll)

6bid.a tat"•• 1958 .1961 .1962

Ria F"rme.a ta&••• 1988

Iathy.taxi.., Prynod\llll.!l!.P.

6bid•• tale". 19:2 .1988

AY"ir. Lat••• (inside ti.b p.nds) 1987

,bphidiDi UIIl earteru

Sad. Eltuary (1nlldo tlab p.DÄI)1977
Rl. F.rm.sa tat".n (ln.lde ..r1ou1tur. p••d.)1987

Beter.li~ &kalhi.. (ex 01i.thedilcul luteu.)

Rla Ferme.a ta&een (1n.lde mar1eulture pend.) 1987

HOTE, I ...et 11.ti.& speoie. whioh yery dense bIeems haTe had an anexi0 effect
1.alde tlah penda.

•
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ICES Working Group on Harmful Effects of Algal Blooms on
~ariculture and ~arine Pisheries

Nantes. France, 11-14 April 1989

1. Locatlon
Rlä-d;-Ares y Betanzos (North of Galicia)

3. Effects
Nö-töi!c effects reported

4. ~~D~g~~~D!_Q~S!§!2D§
Warnlng

5. ~~~§~!!~~_§E~S!~§

Q!D2EnY§!§_~S~~!D~!~
~aximum concentration reported: 6,600 cells/liter

6. ~D~!r2D~~D!
Temperature: 15.5 °C

7. ~g~~S!~9_E2E~!!!!QD_Qr_!D_§!!~_gr2~!n
No data

B. Prevlous occurrences
cö~~ön-sp;c!;s------

10. Individual to contact
fti-J;sÖs-cÄ~pös------

Instituto Espanol de Oceanografla
Apdo. 130. 15080 La Coruna, Spaln .
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,. Locatlon
Gällclän rias. (NW oC Spain)

3. ECfects
PSP-tö;icity in shellfish

4. ~~~!g~~~~!_~~2!~!~~~
ShellCish quarantine for 3 to 8 weeks in different areas
according with the toxicity.

5. ~!~§~!!~~_~E~2!~§

QY~~~Q!~!~~_2!!~~!!~~
Maximum concentration reported: 36.'00 cells/liter

6. g~~!r~D~~~!
Temperature: 13.5 - 18.0.C

7. ~Q~~2!~Q_E~E~!~!!~D_~r_!~_~!!~_gr~~!b
Probably in si tu growth

8. Previous occurrences
"~ny-tlmä;-~ftär-thäCirst occurrence in 1976

9. Additional comments
Thls-;äs-not-thä-typical bloom of G. catenatum in mixed
surCace waters that usually blooms in-thä-iäll:---

10. Individual to contact
s~ntlägö-pr~gä-------

Instituto Espanol de Oceanografla
Apdo. 1552.36280 Vigo. Spain.

M2 Jesus Campos
Instituto Espafiol de Oceanografla
Apdo. 130. 15080 La Corufia. Spain.



1. Locatlon
Rl;-dä-Ares y Betanzos

2. Q~!~2_Qf_Q22~rr~~2~
August, 2

3. ~ff~2!~
No shellfish toxlclty was reported

4. ~~~~g~~~~!_Q~2!~!Q~~
Warnlng

•
5.

6.

~~~~~!!~~_§E~2!~~
Q!~QEbY2!2_~2~~!~~!!
Maximum concentratlon reported: 5,800 cells/liter

~~~!rQ~~~~!
Temperature: 17.8 - 18.8°C

•

7. ~~Y~2!~~_EQE~!!!!Qn_Qr_!n_~!!~_grQ~!b
No data

8. Prevlous occurrencescömmön-specles------

10. Individual to contact
M~-JesÖs-Cämpös------

Instituto Espafiol de OceanograCla
Apdo. 130, 15080 La Corufia, Spaln .
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1. Location
Riä-d;-Äres y Betanzos (North of Galicia)

2. Dates of occurrence
S;pt;~b;r~-5-------

3. Effects
Sllght-paralytic shellfish toxicity.

4. ~~D~g~~~D~_Q~~!~!2D~
Warning. No closures as toxin concentrations were below
quarantine levels

5. ~~~~~~!~~_§E~~!~~
Alexandrium lusitanicum
näxl~~~-cönc;nträtiön-reporte?:74,000 cells/liter •6. gD~!r2D~~D!
Temperature: 18.2 oe

7. ~~Y~~!~~_E9E~!~~!9D_9r_!D_~!~~_gr9~~b
No data

8. Pr~Y!9~~_9~~~rr~D~~2
1984

10. Individual to contact
ni-J;;Q;-cimpö;------
Instituto Espafiol de Oceanografla
Apdo. 130, 15080 La eorufia, Spain.



55

~~~§~!!~~_§E~S!~§
Q!D9E~~§!§_~S~!~
Maximum concentration reported: 7,440 cells/liter

1. Locatlon
Rläs-ääjas

Mi! Jesüs Cämpos
Instituto Espanol de Oceanografla
Apdo. 130, 15080 La Corufia, Spain .

10. Individual to contact
säntiägö-F~ä&ä-------

Instituto Espanol de Oceanografla
Apdo. 1552, 36280 Vigo, Spain.

3. gg~S!§

No effects reported.

2. Q~!~§_9f_9SS~~~~DS~
November

5.

7. Sg~~S!~9_E9E~!e!!9D_9~_!D_§!!~_g~9~!b
60th mechanisms

4. ~~D~g~~~D!_Q~S!§!9D§
At this time, most of the cUlturing areas were closed Cor
harvestlng due to PSP.

6. gD~!~9D~~D!
Temperature: 15 -16 oe

•

•
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1 •

2.

3.

4.

5.

6.

Location
Rläs-ääjas (West of Galicla)

Dates of occurrence
Növember-----------

Effects
PSP-töxicity in shellfish

~ene~~~~nl_~~s!~!2~~
Stop harvestin~ in areas of more than 80 um/l00g meat

~e~~el!Y!_§e!s!~~
gY~n2~!n!~~_Sel~Del~~
Maximum concentration reported: 21,200 cells/liter (Vlgo)

gDy!r2n~!nl
Temperature: 15 - 16°C •

7. ~~Y~gl!~_eQe~!el!QD_Qr_!n_~!1~_~r2~lb
Both mechanisms.

8. Previous occurrences
Slnce-1976~-Läst-biöomtwo months before.

9. Additional comments
Thä-typlcäi-biööm-condltions of thls species.

10. Individual to contact
Säntlägö-prägä-------
Instltuto Espafiol de Oceanografla
Apdo. 1552, 36280 VIgo, Spaln.

M§ JesCs Cämpos
Instltuto Espanol de Oceanografla
Apdo. 130, 15080 La Coruna, Spain.
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CHRYSOCHROMULINA BLOOM ALONG THE SWEDISH WEST COAST

SWEDEN 1988

•

•

LOCATION

DATES

EFFECTS

MANAGEMENT DECISION

CAUSATIVE SPECIES

ENVIRONMENT

PREVIOUS OCCURRENCES

ADDITIONAL COMMENTS

INDIVIDUAL TO CONTACT

The Kattegat. the Skagerrak. the Oresund

May to mid June

Severe damage to marine Iile, Ineluding fish, mollusea.
maero algae and probably zooplankton

Transportation of fish cages into fjords. or river mouths in
order to reaeh low saline wafer. where the causative
organism obviously did not have a toxie effeet. Considerable
moniloring in order to know the distribution of the
organism.

Chrysochromulina polylepis (maximum records of c. 80
million celisIL Common concentration c. 10 million
celisIL)

Present in salinities 01 8-30 0/00 and temperalures of e.
10-15°C.

Probably normal component 01 the flora. but not reported as
a bloom forming speeies.

This bloom also affeeted Norweglan and Danish walers.

Odd Lindahl. Rutger Rosenberg and Anna Bisther,
Kristineberg Marine Biologieal Station $-450 34
Fiskebäekskll. Sweden. lei. 46-523·22087, fax.
46-523-22871.Bo Sundslröm and Lars Edler. Depl. of
Marine Ecology, Univ. of Lund. Box 124 $-221 00 Lund.
Sweden. teI46-46-108366,108371, fax.
46-46-146030.
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RED TIDE ON THE SWEDISH WEST COAST

SWEDEN 1988

LOCATION

DATES

EFFECTS

. MANAGEMENT DECISION

CAUSATIVE SPECIES

ENVIRONMENT

PREVIOUS OCCURRENCES

ADDITIONAL COMMENTS

INDIVIDUAL TO CONTACT

Göteborg and Tjörn area

Seplember-October

Fish kills. Caged rainbow traut and eel affecled

Gyrodinium ~ureolum ( C. 10 million cellslL)

Frequent blooms during the 80-jes.

Odd Lindahl. Kristineberg Marine Biological Station
5-45034 Fiskebackskn, Sweden. tel. 45-523-22087,
fax. 46-523-22871.

•



RED TIDE ON THE SWEDISH WEST COAST

SWEDEN 1988
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•

•

lOCATION

DATES

EFFECTS

MANAGEMENT DECISION

CAUSATIVE SPECIES

ENVIRONMENT

PREVIOUS OCCURRENCES

ADDITIONAL COMMENTS

INDIVIDUAL TO CONTACT

GulJmar Fjord

20-30 August

no effecls

.
Gyrodinium aureolum (3 million celJslL)
Ceratium furca (1 million cellslL)

Frequent blooms during the 80-ies

Odd Llndahl, Kristineberg Marine Biological Station
5-45034 Fiskebllckskil, Sweden. tel. 46-523-22087.
fax. 46-523-22871 •
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SWEDEN 1988

LOCATION

DATES

EFFECTS

MANAGEMENT DECISION

CAUSATIVE SPECIES

ENVIRONMENT

PREVIOUS OCCURRENCES

ADDITIONAL COMMENTS

INDIVIDUAL TO CONTACT

RED TIDE IN THE ÖRESUND

Barsebäck-Landskrona

24 August

Not reported

Prorocentrum minimum (up to 16 million cells/Ll

Blooms nearly every year since 1981

Lars Edler, Dept. 01 Marine Ecology, Univ. 01 Lund. Box
124, S-221 00 Lund, Sweden. tel. 46-46·108366, fax.
46·46·146030.

•
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CYANOBACTERIA BLOOM IN ÖRESUND

SWEDEN 1988

•

•

LOCATION

DATES

EFFECTS

MANAGEMENT DECISION

CAUSATIVE SPECIES

ENVIRONMENT

PREVIOUS OCCURRENCES

ADDITIONAL COMMENTS

INDIVIDUAL TO CONTACT

Barsebaek-Landskrona

10-15 August

Not reported

Aphanizomenon Ilos-aquae, Nodularia spumigena,
Mieroeystis reinboldii

Salinity - 10 0/00

Blooms eertain years 01 Aphanizomenon nos-aquae.
Nodularia spumigena, depending on the outflow Irom the
Baltie Sea. Blooms 01 Mieroeystis reinboldii less common
previously.

Lars Edler, Dept. 01 Marine Ecology, Univ. of Lund. Box
124. S-221 00 Lund, Sweden.tel. 46-46-108366, fax.
46-46-146030•
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CYANOBACTERIA BLOOM IN THE BALTIC SEA

SWEDEN 1988

LOCATION

DATES

EFFECTS

MANAGEMENT DECISION

CAUSATIVE SPECIES

ENVIRONMENT

PREVIOUS OCCURRENCES

ADDITiONAL COMMENTS

INDIVIDUAL TO CONTACT

Trelleborg

First days of September

Nolreported

Nodularia spumigena

Blooms nearly every summer.

Bo Sundslröm. Depl. of Marine Ecology. Univ. of Lund. Box
124,5-22100 Lund. Sweden.lel. 46-46-108371, fax.
46-46-146030.

•

oe
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CVANOBACTERIA BlOOM IN THE BAlTIC SEA

SWEDEN 1988

•

•

LOCATION

DATES

EFFECTS

MANAGEMENT DECISION

CAUSATIVE SPECIES

ENVIRONMENT

PREVIOUS OCCURRENCES

ADDITIONAL COMMENTS

INDIVIDUAL TO CONTACT

Ahus

First days 01 September

Not reported

Microcystis reinboldii

Blooms nearly every summer.

In low salinity surface water from river discharge

Bo Sundslröm, Depl. 01 Marine Ecology, Univ. 01 Lund, Box
124, S-221 00 Lund, Sweden. tel. 46·46·108371, lax.
46-46-146030•
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MESODINIUM RUBRUM BLOOM ON THE SWEDISH WEST COAST

SWEDEN 1988

LOCATION

DATES

EFFECTS

MANAGEMENT DECISION

CAUSATIVE SPECIES

ENVIRONMENT

PREVIOUS OCCURRENCES

ADDITIONAL COMMENTS

INDIVIDUAL TO CONTACT

Laholm Bay

30 Augusl

Mesodinium rubrum (maximum records 01 c. 150 000
cellslL)

Reported Irom lhe area, bul not as bloom lorming.

Lars Edler, Dept. 01 Marine Ecology, Univ. 01 Lund. Box 124
8-221 00 Lund. 8weden. tel 46-46- 108366. fax.
46-46·146030.

•



•

•

SWEDEN 1988

LOCATION

DATES

EHECTS

MANAGEMENT DECISION

CAUSATIVE SPECIES

. ENVIRONMENT

PREVIOUS OCCURRENCES

ADDITIONAL COHHENTS

INDIVIDUAL TO CONTACT

PSP IN BOHUSLÄN

l'rrö, erattö, KuletJord and Res!i

5. 6. $land 11 April: 40-80 llgll 00 g. After thai neo;ptlve
unh' 17 Maywhen mussels from Reso hoo more than 80 llg

Bertll Eyoldmn. KM-lab. S. Homng 12, S-451 81
lWlvalla leI. 46-522-96180

65
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SWEDEN 1988

DSP IN BOHUSlAN

LOCATION wild blu~ mtmels

DAUS

EFFECTS

MANAGEMENT DECISION

CAUSATIVE SPECIES

ENVIRONMENT

PREVIOUS OCCURRENCES

ADDITIONAL COMMENTS

INDIVIDUAL TO CONTACT

J5-20 Ü\:;lobel'

rlJarrh~.a. vOlllltmg. Totallyc. 30 persolls mLl~kopmg,

Malmll and lund

Authortl fes thrrotened the pubIlc to be prosecuted If mlßSels
were harvestoo and sold wlthout bemg testOO

Toxin ronc. 65-1 12 1111 Okooalc a:ld/lOO 9- Possibly ttol
unl:nown toxin. New analyse5 will be maOO on frozen musseIs

Matts Hageltorn,lnst. or fcoJ lti9iene, Sverlges
LantbruksunJve.rsltet. $-750 07 Uppsala, $weden lei
~6-J8-17JOOO.

•
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Algal Blooms in Scottish Coastal Waters in 1988

e·

Month

May

July

Oetober

Species

Flagellate X
(Heterosigna akashiwo)

Claetoceros eibenii/atlanticus.
danicus

Flagellate X
(Heterosigna akashiwo)

Cell den~ity

6 -1
5.22 x 10 cells 1

6.84 x 106 cells 1-1

Effect

Mortalities
of farmed salmon

*Samples collected 24 hours after the peak of the bloom (assessed by intensity
of discolouration of the seal.
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1~88

ALGAL BLOOH REPORTS - UNITED STATES

2. Date of Occurrences: September 1988

1. Locations:

3. Effects:

Cobscook Bay and Eastport, Haine

TOMicity of Blue musseIs, Hytilus edulis
Domoic acid concentrations of 5 - 20 pp~.,

analyzed by HPLC. •
4. Hanagement Decision: Closure of area to the harvesting

of all shellfish.

S. Causative Species: presumably Nitzschia sp.

6. Environment:

7. Advected population or in situ growth: Probably in situ
growth, ~pecies known to occur in Haine coastal waters.

B. previous Occurrences:

9. Additional Comments:

10. Individual to Contact:

none known

.1ohn Hurst
Dept.' Harine Resourc9s
W. Boothbay Hbr., ME 0~575
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ALGAL BLOOH REPORTS - UNITED STATES

1. Locations: Maquoit Bay, Brunswick, Maine

2. Date of Occurrences: September 1988

• 3. Effects: Mortalities of marine invertebrates: shellfish
and marine worms.
Coloration of water brown

4. Management Decision: Closure of area to the harvesting
of all shellfish.

s. Causative Species: Gymnodinium naga~akiense (Gyrodinium
aureolum)

Concentrations: 1800000 cells/liter in sampie from 1 liter
original examined by epifluorescence by the Bigelow
Laboratories. Total cell counts for the sampie were not
unusually high for that time of year; unlikely to cause
anoxia.

6. Environment: Temperature: 14.0 - 14.5 C
Oxygen: 8 ppm
Salinity: 33 ppt

7. Advected.population or in situ growth:
population.

Probably advected

8. Previous Occurrences:

9. Additional Comments:

10. Individual to Contact:

none

John Hurst
Dept.·Marine Resources
W. Boothbay Hbr., ME 04538
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1988
ALGAL BLOOH REPORTS - UNITED STATES

1. Locations: Massachusetts, New Hampshire, Maine
In Massachusetts - North &South Shores

Southern extent - entrance to Cape Cod
Cane1, Nantucket Shoals

Iso1ated outbreaks in Eastham and Orleans
on Cape Cod

2. ~ of Occurrence: May 9 to end of Ju1y

3.
1) Closure of' Shellfish Beds - ~ arenaria, Mytilis edulis and

other species in Maine', N.H.· & Massachusetts.
2) Toxin detected in offshore musseis on Nantucket Shoals •
3) No known human or marine ~1 i1lnesses. •4. Management Decision: Shellfish bed c10sures in three states ()80~g

toxin/IOO grams she11fish)

5. Cauiatfve Species: Alexandrium fundysense

6. Environment: Temperature - 6-7"C at b100m initiation; 9-11·C 1 month
later in offshore bloom.

Salinity - 30-31 °/00
Stratification ~ yes, ce11 preferred a• • 24.5.
Sa1inity front 810ng coast.
Cel1.numbera ~ 1,000 -5,000 cells/liter
Nutrients - <lpg atom N/1iter NO, + NO.

7. Advected population or ~ situ growtb: Source - most iike1y Maine ­
cellswere advected alongshore. to. the South into Massachusetts waters, carried
by the predominately counterclockwise curtents in the Culf ofMaine duting .
Spring~, !n situgrowth may have occurted during transport. Isolated
outbreaks in Salt Ponds of Cape Cod were probably in situ growth;

8. Previous Occurrences: Annusl.eventin most yearsslnce Sept. 1972,
usus1ly in May/June, but mayaIso occur later in summer &ear1y autum.
Outbreaks in Maine·pfior t6 1972; No spring bloom in 1987 in Massachusetts.

9. Additib~ai Comments: ij ceit nurnbers ) 1,000 celisiiiter detected at
some offshore,areas in Cape Cod Ba1, just prior to managementdecision to
reopen some of the beds in Massachusetts. Maine beds remained closed through
Aug;/Sept;. .... • ' • . • • ... '
2) Monitoring re~ponsibiiity unclearfor offshore areas (Nantucket Shoais)
outside the jutisdiction of the state.

Dri DonaiJ M. Anderson
Woods Hoie Oceariographte Institution
Woods Hole, HA 02543
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AlGAl BlOOH REPORTS - UNITED STATES

pate of Occurrence:

•

1.

2.

3.

locations:

Effects:

Great South Bay, long Island, N.Y.
Peconic Bay System, long Island, N.Y.

Isolated blooms peaked in Mid-June, then dwindled
to undetected levels of causative sp. by end of
summer.

Growth suppression in Mercenaria mercenaria reported.

4.

5.

Management Decision:

Causative Species;

Suffolk County monitoring program carried out.

Aureococcus anophagefferens

Maximum cell number in Great South Bay <500,000 ml .,
Cell numbers in Peconic system ranged to 1000,000 ml .,

6. Environment: Salinity range 25-30 %0.
Temperature range 26-28° C.

7. Advected population or in situ growth: In situ

8. Previous Occurrences: Major blooms in 1985-1986 (initial blooms).

9. Additional Comments:

~ anophagefferens possibly was expatriate species. It is not a common
estuarine species. Since initial blooms it has bloomed in 1i1Y but in
diminishing amounts.

10. Individual to Contact:

Dr. Robert Nuzzi
Suffol k County
Dept. of Health Services
County Center
Riverhead, New York
(516) 548-3330

Dr. Elizabeth Cosper
Marine Sciences Research Center
SUNY, Stony Brook, New York
(516) 632-8745
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AlGAl BlOOH REPORTS - UNITED STATES

1. locations: W. Sayville, New York. Great So. Bay, long Island.

2. Date of Occurrence: 1988, May 26th until AU9ust 18th (approx.)

3. E(fects: growth suppression in ~ mercenaria; delay of spawning in
~ mercenaria until count/ml. decreased to much lower levels
«350,000 c/ml)

4. Management Decision: raw water upwelling systems moved to l.I. Sound
to avoid Aureococcus. "Wait it out."

S. Causative Species: Aureococcus anophagefferens

6. Environment: Estuarine, avg. depth -S ft.; numerous shoals; bottom
composition variable (sand, shell, stone, and mixtures
thereof).

7. Advected popul ation or in situ growth: Bloom occurred Baywide from Fire
Is1and In1et, East. At times, concentrated regions could be seen. lidal
movement (net) is East.

8. prevjous Occurrences: 1985, 1986

9. Additional Comments: 1985 & 1986 showed obvious spawning inhibition and
unusua11y abundant spawnlng when c/ml counts dropped down.

10. Individual tö Contact: Craig E. Strong
B1uepolnts Co., Inc.
At lanti c Avenue
W. Sayville. New York 11796



1. Locations:

ALGAL BLOOM RE PORTS - UNITED STATES

Reeves Bay, an arm of Flanders Bay
Long Island, New York.

2. Date of Occurrence: May, 1988

3. Effects: Paralytic shellfish toxin detected in mussels for toxin
mon Hori ng.
Levels relatively low.

4. Management Decision:

s. Causative Species: Protogonyaulax tamarensis identified in area.

6. Environment:

7. Advected population or in situ growth: Suspect In situ population.

8. Previous Occurrences: May 1986, 1987

9. Additional Comments:

10. Individual to Contact: Dr. Robert Nuzzi
Suffol k County Department of Hea lth Servi ces
County Center
Riyerhead, New York 11901
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ALGAL BLOOM REPORTS - UNITED STATES

1. Locations: Raritan Bay - Sandy Hook Bay, southern half.

2. Rates of Occurrence: May 24 - Aug. 2

3. Efrects; reddish-brown water
fauna ki11s June 22-28; Aug. 2, Sandy Hook Bay south shore.
The fauna kill in June inc1uded morta1ities of finfish.
especia1ly northern pipefish. scup, northern sea robin,
sma11mouth f1ounder, and summer f1ounder. Megainvertebrates
ki11ed inc1uded shore shrimp, sand shrimp, b1ue crab, and lady •
crab. The ear1y August kill also involved finfish and
shellfish, primari1ydemersa1 species (flounder, erabs, ete.).

4. Management Deeision: Inereased survei11enee.

5. Causative Soeeies:

Olisthodiseus~
Katodinium rotundatum
Eutreptia 1anowii

Proerocentrum~
.e... triestinum

6. Environment:

)
} dominant 5-25 x 103 cells mr1
}

~ sub dominant 1-5 x 103 ee1ls ml' l

Water turbid
Water eolumn mixed
Chlorophyll maximum: 278 ug 1'1
Chlorophyll throughout bloom ranged 20-278 ug 1.1
0.0. levels as low as 2.2 mg/1

7. Advected population or in situ growth: In 111Q population

8. Previous Occurrences: Chronie annual b1ooms.

9. Additional Comments: Ki11s attributed to localized hypoxia, contributed
by wind and tide.

10. Individual to Contact:
Paul 01 sen
New Jersey Oepartment of
Environmental Protection
(609) 633-7003

for information on fauna killed:
Stuart Wilk
U.S. Department of Commerce
NOAA, NMFS, NEFC. Sandy Hook laboratory
(201) 87.2-0200
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AlGAl BlOOM RE PORTS - UNITEO STATES

1. locations: Raritan Bay and entire coast of New Jersey,
from beach to a few miles off.

Brown flocculent material, or foam, on much of
New Jersey shore.•

2.

3.

4.

Date of Occurrence:

Management Decision:

May 24 - June 8, 1988

Increased surveillence.

5. Causative Species:

Ceratulina pe1agica, cell concentrations ranged 1-20 x 103 ce11s ml" but
usually ranged 1-10 x 103 cells m'"
Subdominant, Ske1etonema costatum, in some places, 1-10 x 103 ce1ls ml"
Sampling was surface from helicopter; counting by Sedgewick-Rafter strip.

6. Environment:

Chlorophyll ranged 3-10 ug 1"
Temperature range: inshore, surface 16.7 - 17.0; at 9 mi. from shore
16.6 - 17.0.
Sa1inity, not available.
Water co1umn stabllity: mixed to slightly stratified.
00 (at bot tom) <3.0 ppm at long Branch; 1-5 - 4.8 ppm at Seaside Helghts.

7. Advected population or in situ growth: In situ. B100m initiated in
Hudson:Raritan estuary.

8. Previous Occurrences: Nuisance.annua1 b100ms began in 1985.

9. Additional Comments: Nuisance conditions first noted in 1985 but had
been abundant prevlously.

10. Individual to Contact: Paul Olsen
New Jersey Oepartment of
Environmental Protection
(609) 633-7003
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ALGAL BLOOM RE PORTS - UNITED STATES

1. Loeations: Barnegat Bay, New Jersey.

2. Date of Occurrence: Mid July - late September

3. Effeets: Brownish water discoloration.
Large mats of dead eel grass on shores, eoincident with brown
water.

4. Management Deeision:

5. Causative Speeies:

Increased surveillance.

Nannoehloris atomus (presumptive identifieation)
dominant
Aureoeoeeus anophagefferens i 7.5%
Total pieoplankton 105 - 10' cells ml"
Chlorophyll North end 12 ug 1"
Chlorophyll South end 24 ug 1"

6. Environment: Temperature range:
Salinity range:
Water column mixed

22-27° C
20-27 ppt

7. Adveeted population or in situ growthj

In situ (1). ~ atomus present for at least 20 years
~ anophagefferens, unknown origin

8. Previous Oceurrenees: 1985, 1986, 1987 (brown water blooms)

9. Additional Comments: Presenee of Aureoeoceus anophagefferens eonfirmed
by D. An~erson, W.H.O.I.

10. Individual to Contact; Paul Olsen
New Jersey Department cf
Envrionmental Protection
(609) 633-7003
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ALGAI. !LOOM RHORTS - UNITED STATES

1. Location.: ~ulf Stream Sanpies 33' 53' :I, 76' 25 'll 17 August 1988

Nearshore 19 SepteMber 1988 in Onslo'~ Eay (beloH Cape Lookout, NC).

2. ~ of Occurrence: Gulf Strea~ 17 August 1983
Onshore 19 September 1989

3. Effect.: No direct effects on fishery because hishest cell counts
were 4,700 cell/l Ptychodiscus brevis, belOH the 5,000 ce lI/I
which necessitate closure of she11fish beds •. -

4.

5.

6.

Management Dedsion:

CSU8stive SP"e1u:

Enviro"-'l>l!ot:

llone necessary.

Ptychodiscus~

I!estern llall Gulf Strean
OnsloH Bay (continental shelf and nearshore)

7.

8.

9.

10.

idvected population !U: in .!tu sro"tb: Gulf Stream ,,'as probably acvectec'
po?ulation and the nearshore may have been in situ ~ro~th. There
was onshore ncvenent of Gulf Strea~ Hater on 12 SeFt. 1988

PrevioUl Occurrence.: First ever rec0rcec Ptvchodiscu'S brevis bloon
a10ng the North Carolina ccast ~as 1987-a~.

AdditionsI COlll'>ent.: This is not a bloom but does serve to confirm our
suspicions that the cells ,,'ere travelin. northHard in the GS.
Gulf Stream waters had not been on the continental shelf off Raleigh
or Onslo"1 Ba~s, llC since inid-July unti1 about 12 Se~t.

Individual !.Q Cootact:

Patricia A. Tester
National 'Iarine Fisheries Service, tlOA2\
Beaufort, llC 28516
USA
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ALGAL BLOOM REPORTS - UNITED STATES

I. Locatlons: Alaska PenInsula. 16 mlles ENE of Chlgnlk. Chlgnlk Bay 56·22'N.
158·00 ' N.

2. Date of Occurrence: June.15. 1988.

..

3. Effects: Paralytlc Shellflsh Polsonlng. Consumptlon of butter clam.
musseIs and cockels. Three people hospltallzed and transferred
from DIlll ngham to Provl dence Hosplta I InAnehorage. AK.
SampIes collected on 6/28/88 showed eockels - 367.2 1191100 9,
llttleneek clams 85.0 1191100 9 and musseIs 3265.9 IIgl100 g.
(Analyzed by Alaska Department of Envlronmental Conservatlon ~
Lab. In Palmer. Alaska). ~

4. Management Declslon: Affeeted area In a non eertlfled Cclasslfled) area.
Not an approved eommerelal shellflsh area.

5. Causatlve Specles: No specles Identlfleatlon was performed. Symptons.
sampIe results and dlagnoses all conslstent wlth PSP.

6. EnvIronment:

7. Advected populatIon or !n !!!Q growth:

8. Prevlous Occurrenees: General area Is affected per epldemlologleal
outbreaks In the past.

9. AddItional Comments:

10. Indlvldual!Q Contact:

(Phone)

MIchael J. Ostasz
c/o Alaska Dept. of Envlronmental Conservatlon
3601 ·C· Street - SuIte 1324
Anehorage. AK 99503
(907)-563-0318
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1. L9cat~ons~ Santa Monlca Bay. Santa Monica. CA.

3. Effects:. Water colauration brliliant orange mostlyon the
surface with an approxlmate de~th of 2mm.
No other data is available. No Health Depart
ment Report was issued.

s. CausatA.y~ SPecJes:. A ~pecie". of Nc·c.J:JJ!J.9..a
flagellate. Many species of
observed but not identified.
taken for ldentification and
mation was sought.

predominant dino­
diatoms also

Photomicrographs
no further confir

6. Envit:.on!!'~'1~..=- No data available

8. p.r.E!Yio.u_~ Q.9cu.Cr~!'.'2.~E July 8, 1987
A bloom of Prorocentrum micans in Santa Monica
Bay with co:occu;':;:'(ngsp';;C;"ies-of diatoms. No
other data available.

9. ~dqj~!Q~~t ~o~~ents: Most of the blooms 90 unreported

10. In~tyi~~~l ~~ ~D~act~ Dr. Maria R. Ross
Department of Biology
UCLA
405 Hilgard Avenue
Los Angeles, CA. 90024
(213) 206-3528
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~LG~~LOOM RE PORTS - UNIT~D STATES

1. Loeation~ Drakes Estero Area 17 and Drakes Bay, MarIn
County, Cdllfornla

2. Da t.~ of. Qgeur.I~[lee-" Deeember 20, 1988

..

3. Ef..1eets: Paralyt1c shellfish toxin in commerclal mussel bed~

Drakes Estero bay mussels 87 ug/100 9
Drakes Bay sentInel Sea mussels 290 ug/lOO 9
Mouse bloassay by the Department of State
Health LaboratorY"Berkeley. Ca.
No eolouratlon of the water observed

4. Managft~ß~t Deej2iop: Area elosed to eommerelal harvesting

5. C.<!\'~.Uy'e :>pe9_i§..~.:.. Most likely i".!:otog..Q.nyaulax '<.<!!eDel.1E no
No attempt made to identify positively and no:
other data available.

6. En~iC9Dm~~ No temperature. salinity, oxygen eoneentration
or water eo1umn stability measurement data
available.

7. Adveete9. pqpulatioD QL in situ growthL Host likely in situ
growth beeause there have been previous oecur­
renees. No other available data on the dino­
flagellate population.

8. Previous Oeeurrenees: 1980 • 1984. 1986

9. 'Addft:t?!,-a',r ~v'lIlInet:l:cs: Northern Ca1ifornia eoast is where most
':$',:! 't,:e shellfish aquaeulture industry and eom­
~~~~al shel1fIsh beds are loeated.

10. ,I~dt~!oual tö Cdntacti. Dr. Haria R. Ross
Department of Bi010gy
University of California
405 Hilgard Avenue
Los Angeles, CA. 90024
(213) 206-3528


