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O b je c tive s

• to  im prove and extend our understanding o f the in teraction between physical and 
ecolog ica l facto rs determ in ing the  in itia tion and fa te  o f harm ful a lgal b loom s;

• to  provide an expert system  and  a  know ledge base, pub lic ly accessib le  through 
internet, based upon existing and  new ly-acqu ired know ledge on  harm ful algal 
blooms.

R esu lts

Expert system  m odels have been developed and  tested  w ith  availab le  data  across Europe. 
The fo llow ing (potentia lly) harm ful algal species have been addressed:

• Nodularia  spum igena

• Phaeocystis g lobosa

• D inophysis acum inata  a n d  D . acuta

• A lexandrium  m inutum

• Karenia m ikim oto i

T he  expert system  m odels use sim ple  know ledge ru les to  quantify  cause-e ffect re la tions in 
the  chain o f processes invo lved in harm ful a lga l b loom  form ation and the ir effects. 
Uncerta in ties in  the  know ledge rules are included in  the  m odel predictions by using fuzzy 
logic.
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Exam ple o f a  m odel set-up: the m odel fo r Nodularia  spum igena
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The biom ass deve lopm ent and transport o f N odularia  spum igena  in  the  Baltic Sea and G ulf 
o f F inland could be sim u lated  accurate ly  (see Figure below). Surface tem perature , w ind 
speed and  phosphate concentra tion have been identified  as the  m ost critica l facto rs fo r 
b loom  deve lopm ent o f Nodularia  spum igena .
The tim ing o f harm ful a lga l events due to  D inophysis acum inata  and Karen ia  m ik im oto i a long 
the Irish south-west coas t could  be  predicted correctly  in  a lm ost a ll 10 years w here  da ta  w ere  
available. Only in  one  year it  w as (falsely) predicted tha t cond itions w ere  suitable, w hen  in 
fa c t there w as no  harm ful bloom.
For Phaeocystis g lobosa  in  Dutch and English coasta l w aters, the  s ta rt o f b loom s w as  
triggered by the  underw ater ligh t clim ate. The m axim um  bloom  intensity w as re lated to  fresh 
w a te r input. The occurrence o f foam  on beaches w as  related to  the  presence o f b loom s, the 
w ind  speed and w ind direction.
A lexandrium  m inutum  b loom s appeared re lated to  nu trien t rich  enclosed areas, such  as 
harbours in  coasta l w aters near Barcelona. There w as som e evidence o f strong w inds and 
heavy rainfall reducing the  probability o f harm ful events. U nfortunately there  w ere  only 
lim ited data availab le  fo r  m odel validation.

Potentia l exp lo ita tion  by end users

Harmful algal b loom s cause large econom ic losses eve ry  ye a r in  aquaculture th roughout 
Europe, due to shellfish tox ic ity  and m ass fish  m orta lity. Furtherm ore som e harm fu l a lgal 
b loom s lead to  closure o f beaches to  touris ts  and  have devastating e ffects on  aquatic  
ecosystem s. Prediction o f b loom s and insight in  the  im pact o f hum an activ ities on  the 
frequency and in tensity o f b loom s are needed to  support w ater m anagers dec id ing  on 
m ig itating measures.
W ith in  the  HABES pro ject the  know ledge availab le  on  the  m ain  harm ful a lgal spec ies in 
Europe is integrated and m ade more accessible to  coasta l m anagers and policy m akers. 
W ith  the know ledge base and expert system s pub lic ly  ava ilab le  through internet, th ey  can 
estim ate the  relative im portance o f d ifferent natura l and anthropogenic facto rs affecting 
harm ful algal b loom s. The p ro ject website: w w w .habes.ne t w ill be  m aintained a t leas t until 
2008 .

The know ledge ru les in  the  m odels and  inform ation from  lite ra ture  on  the  processes in  the  
m odels are docum ented in a  so-called 'know ledge base ’ pub lic ly  accessib le  through internet. 
The expert system  m odels tha t have  been deve loped fo r e ach  o f the se lected a lgal species 
have been m ade as m uch a s  possible generic. Th is m eans tha t the  processes in  the  m odels 
have been ana lysed in  d iffe ren t European areas and  the  con tro lling  processes are s im ila r fo r 
a ll European w aters included in  the  project. O n the  p ro ject website  m odel s im u la tions ca n  be 
perform ed online. Th is a llow s fo r sensitiv ity ana lyses, fo r  exam ple.
Furtherm ore the  process o f  m odel deve lopm ent resu lted  in  a  better ins igh t in  w hat 
knowledge and data  a re  required to  a llow  fo r  be tte r p redictability  o f harm ful a lgal b loom  
events. One o f the  conclus ions is that high frequency, long  term  m onitoring is required fo r 
reducing the uncerta inty about relations betw een anth ropogen ic fo rc ings and harm ful algal 
b loom  events.
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