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Annex 1
Oxygen and chlorophyll-a concentrations as 
eutrophication indicators —  Feasibility study

Summary
Two indicators of eu troph ica tion  have been  
developed an d  assessed using data  from  the 
D anish national m onito ring  program m e.
T he first ind ica to r describes th e  frequency of 
hypoxic conditions, w hich is defined  as 
oxygen concen trations below 2 ml/1.
Hypoxic conditions have severe 
consequences for the  m arine ecosystem. T he

second ind ica to r describes the  m ean  
chlorophyll a concen tra tion  in  th e  sum m er 
period. H igh chlorophyll a concen trations 
may increase the  frequency of hypoxia. Both 
indicators have b een  tested  an d  found  
app rop ria te  as eu troph ica tion  indicators. We 
recom m end  th a t the  indicators be tested  on 
data from  o th e r m arine com m unity waters.

1. Introduction
E utroph ica tion  caused by excess load of 
an th ropogen ic  n itrogen  an d  phosphorus is a 
m ajor p rob lem  in  m any E uropean  coastal 
areas. Increased  n u trien t loads on  m arine 
com m unity  waters have had  repercussions on 
th e  ecological balance o f these systems 
(Æ rtebjerg e t al., 2001). T he m arine 
ecosystem  is com posed o f a com plex mosaic 
o f in terac ting  processes, w here changes in  
th e  n u trien t pressures will inevitably have 
consequences on  th e  function ing  o f the  
ecosystem. N u trien t concen trations are state 
indicators with the  closest link to  n u trien t 
pressures. Most m arine waters in  Europe 
have experienced  increasing n u trien t 
concen tra tions (Æ rtebjerg e t al., 2001). This

has subsequently led to  increased frequency 
and  m agnitude o f algae bloom s an d  
increased risk o f oxygen deficiency in  bo ttom  
waters.

T he objective of this study is to  evaluate the  
usefulness o f oxygen an d  chlorophyll a 
concen trations as indicators of the  state of 
eu troph ication . This feasibility study has 
been  carried  ou t using data from  the  D anish 
national m onito ring  program m e only, 
because the  calculations requ ired  access to 
raw data. A ggregated data  provided by ICES 
(Nygaard e t al., 2001) could  n o t support the  
ind ica to r com putations fo r oxygen, an d  only 
partially th e  com putations fo r chlorophyll a.
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2. Oxygen indicator
2.1. Introduction

E nhanced  prim ary p roduction  in  eu troph ic  
waters increases th e  sed im entation  rate of 
organic m aterial to  th e  bottom . T he 
subsequen t degradation  of organic m aterial 
in  th e  sedim ents consum es oxygen from  the  
overlaying waters. T he oxygen co n ten t in  
bo tto m  waters is de te rm in ed  by two 
processes:

• the  consum ption  of oxygen due  to 
degradation  of organic m aterials in  the  
bo ttom  w ater an d  sedim ents. The 
consum ption  rate depends o n  th e  am o u n t 
an d  quality o f organic m aterial 
sed im enting  to  th e  bo tto m  and  o n  the 
tem pera tu re;

• the  supply of oxygen from  vertical m ixing 
an d  horizontal tran sp o rt processes. T he 
supply rate depends on  the  hydrographical 
processes forced by wind, buoyancy and  
tides.

O xygen deficiency will occur if the  
consum ption  rate exceeds the  supply rate for 
a sufficiently long period  of tim e fo r the 
oxygen in  the  bo tto m  w ater to  be depleted. 
O xygen deficiency is only a p rob lem  in 
m arine waters with periodic o r pe rm an en t 
strong  stratification. M arine waters can  be 
classified in to  th ree  categories.

1. Areas w ithout oxygen deficiency. This is 
typically well m ixed o r weakly stratified 
waters, w here stratification is 
continuously b roken  down by tidal 
m ixing, wind m ixing, etc. o r in  stratified 
waters with a deep  bo tto m  layer regularly 
supplied  with oxygen rich  w ater by 
horizontal advection.

2. Areas with tem porary  oxygen deficiency. 
This is typically waters with strong 
stratification an d  low horizontal 
advection in  long periods — in  general, 
m ost o f the  sum m er an d  au tu m n  period. 
T he oxygen deficiency can be created  
locally o r  tran sp o rted  to  the  area  by 
d eep er layer advection processes.

3. Areas with p e rm an en t oxygen deficiency. 
This is typically waters with a pe rm an en t 
strong stratification an d  low horizontal 
advection, w hich applies to  m any of the 
deep  basins in  the  Baltic Sea and  
estuaries with a sill p reventing the 
exchange of bo tto m  water.

2.2. Indicator for oxygen deficiency

T he yearly m in im um  oxygen concen tra tion  
has becom e a de facto standard  for 
describing th e  state of oxygen deficiency 
(Rosenberg, 1990). Further, m in im um  
oxygen concen trations are  frequently  used in  
tre n d  analyses based on  the  assum ption of 
observations with equal distributions. It is 
recom m ended  n o t to  base an  evaluation of 
oxygen deficiency o n  m in im um  
concentrations, because th e  statistical 
properties of m in im um  values d ep en d  on  the 
n u m b er of observations over w hich the 
m in im um  value has b een  calculated. This is 
intuitively easy to  understand , because the 
m ore  observations we have from  a single year, 
th e  lower th e  expected  m in im um  value will 
be. Thus, it is u n fo rtu n a te  to  use the 
m in im um  oxygen co n cen tra tion  fo r state and  
tre n d  analyses.

In  the  in te rna tiona l literature , hypoxia is 
operationally  defined  as oxygen 
concen tra tions below 2 m l/1 (Diaz and  
Rosenberg, 1995). It has b een  show n tha t 
hypoxic conditions can have detrim en tal 
effects on  the  ben th ic  fauna (Diaz and  
R osenberg, 1995). A b e tte r alternative to  the  
m in im um  oxygen co n cen tra tion  is to  
consider th e  frequency of hypoxia. T he 
frequency o f hypoxia is defined  as the 
n u m b er of observations w ithin May to  
N ovem ber below 2 m l/1 divided by the  total 
n u m b er of observations. This period  could 
be dete rm in ed  o n  a regional scale w hen the  
perio d  of po ten tia l oxygen deficiency has a 
d ifferen t extent. T he frequency describes the  
probability of observing hypoxic conditions 
from  May to  November. This period  has been  
chosen  as the  season w here hypoxia norm ally 
prevails in  n o rth e rn  tem pera te  waters.

A statistical m ethod  fo r tre n d  analysis is to 
consider the  n u m b er of hypoxic observations 
each  year to  be b inom ial d istribu ted  with 
param eters n  an d  pp w here n  is the  total 
n u m b er o f observations fo r year i  an d  p¡ is the 
probability of observing hypoxic conditions 
in  year i. T he tre n d  analysis is conduc ted  by 
testing  if pj is a function  of year. This m ethod  
is know n as logistic regression (M cCullagh 
an d  N eider, 1989). A virtue of this m eth o d  is 
th a t it weights yearly frequency observations 
with the  n u m b er o f observations it has been  
based on. Thus, th e  frequency of hypoxia 
dete rm in ed  from  a year with many 
observations of oxygen concen trations has
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Frequency o f hypoxia (observations m arked by dots com pared to  the logistic regression line (solid line)
w ith  95 %  confidence lim its (dashed lines))
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m ore weight th an  th e  frequency o f hypoxia 
d e te rm ined  from  a year with few observations 
o f oxygen concentrations.

T he use of this ind ica to r will be exem plified 
with data  from  a D anish station  located  in  the  
so u th e rn  Belt Sea betw een G erm any and  
D enm ark. Figure A l.l  shows the  results of 
th e  analysis o n  this single station. T he 
increasing tre n d  in  frequency of hypoxia is 
significant at a 5 % significance level (P =
0.0183). This station was deliberately chosen 
because it showed an  increasing frequency of 
hypoxia.

2.3. State of oxygen deficiency

O xygen deficiency is a significant p rob lem  in 
m ajor parts o f D anish waters. In  th e  80s the 
Kattegat an d  the  Belt Sea were exposed to 
several events of hypoxic conditions 
(A ndersson an d  Rydberg, 1988) , w hich 
subsequently  led  to  political decisions on  
n u tr ien t reductions. O xygen deficiency has 
also b een  rep o rted  in  o th e r  m arine 
com m unity  waters (e.g. Johannessen  and  
Dahl, 1996).

T he frequency of hypoxia fo r th e  last ha lf of 
th e  1990s (1995 an d  onwards) an d  trends of 
this frequency (no  specific period) are shown 
in  Figure A 1.2. It is observed th a t many 
stations are  characterised  as stations w ithout 
oxygen deficiency problem s (frequency = 0). 
This applies especially to  all the  stations in  
th e  N orth  Sea an d  Skagerrak, w here tidal 
m ixing an d  cu rren ts induce a constan t

rep lacem ent of bo ttom  waters. In  Kattegat, 
the  Belt Sea an d  the  Baltic Sea m ost stations 
are exposed to  hypoxia, and  these m arine 
areas m ust be considered  sensitive to  oxygen 
deficiency. Some estuaries (typically estuaries 
with a sill) are exposed to  alm ost pe rm an en t 
hypoxic conditions. T he eastern  m ost station 
in  the  Baltic Sea is located  in  one o f the  deep  
Baltic Sea basins, w here alm ost p e rm an en t 
hypoxia is observed from  o f depths 60-70 m  
down to  th e  bo ttom  at 86 m. Almost 
pe rm an en t hypoxic basins are  characteristic 
for the  Baltic Sea (H elcom , 1996;
Kullenberg, 1981).

T he logistic regression analyses show tha t 
four ou t o f 153 stations have a significant 
tren d  in  th e  frequency of hypoxia (th ree 
stations show an  increase an d  one station  a 
decrease). H ence, th e re  is no  general tren d  
in  the  frequency of hypoxia. This is due  to  
two facts.

1. Most tim e series of oxygen concen tra tion  
start in  the  1970s o r  1980s while n u trien t 
loading had  already increased 
significantly in  th e  1950s an d  1960s. We 
can therefo re  no t evaluate th e  transition  
from  low pressures to  h igh  pressures.

2. Variations in  frequency of hypoxia 
caused by m eteorological fluctuations 
mask variations of lesser am plitude th a t 
accrue from  changes in  an th ropogen ic  
loading. Long tim e series are requ ired  to  
detect changes in  the  frequency of 
hypoxia.
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F ig u r e  A 1 .2 Frequency and tren d  o f hypoxia fo r stations in the Danish national m arine m onitoring program m e
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T he frequency of hypoxia can be used for 
classification of m arine com m unity waters 
in to  areas with an d  w ithout oxygen deficiency

problem s. In  waters susceptible to  oxygen 
deficiency, th e  frequency o f hypoxia is a good 
ind ica to r of the  state of eu troph ication .

3. Chlorophyll-a indicator
3.1. Introduction

Increases in  n u tr ien t load ing  have enh an ced  
prim ary p ro d u ctio n  in  m arine com m unity 
waters (R ichardson and  H eilm ann, 1995) ; 
this has th e  po ten tia l to  raise the  standing 
stock of phytoplankton  organism s. T he 
am o u n t of phytop lank ton  in  the  water 
co lum n is governed by:

• the  prim ary p ro duction  rate, which 
depends on  the  phytoplankton  biomass 
an d  is lim ited  by th e  availability of nu trien ts 
an d  light. T he phytoplankton  com m unity 
responds quickly to  changes in  the  lim iting 
factors (< 1 day). Prim ary p roduction  
consists o f new p ro duction  fuelled by 
ex ternal supply of nu trien ts  from  land, 
a tm osphere  o r  deep  w ater m ixing, and 
reg en era ted  prim ary p rodu ctio n  fuelled  by 
recycling of nu trien ts  from  the  loss 
processes',

• the  loss of phytoplankton  by pelagic and  
ben th ic  grazing, sedim entation , decay and  
advective tran sp o rt processes. Most of the  
nu trien ts  in  th e  loss o f phytoplankton  are 
recycled an d  used fo r reg en era ted  prim ary 
production .

T he response to  en h an ced  prim ary 
p ro duc tion  could  potentially be an  increase 
in  phy toplankton  biomass, if grazing on  the 
phytoplankton  com m unity is no t too  high.

C hlorophyll a is th e  g reen  p lan t p igm ent 
used fo r photosynthesis, which is p resen t in  
all au to troph ic  phytop lank ton  organisms. 
C hlorophyll a is an  ad o p ted  m easurem ent 
techn ique fo r m onito ring  the  am o u n t o f 
algae. T he co n ten t of chlorophyll a typically 
accounts for 1 /4 0  60 of th e  to tal carbon  
biom ass in  the  algae, bu t this ratio  varies 
considerably d ep en d in g  on  species 
com position  o f the  p lankton, an d  on  the  
physiological state o f the  algae.
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Illustration o f the seasonal variation in phytoplankton biomass and chlorophyll-a
(a d o p ted  from  Lalli and Parson, 19 93 )

Figure A 1 .3
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E uropean  com m unity waters stre tch  from  
Arctic waters in  th e  n o rth  over tem pera te  
waters to  subtropical waters in  the 
M ed iterranean  Sea an d  off the  Iberian  coast. 
T he seasonal variation in  phytoplankton  
biom ass depends on  the  clim atic conditions. 
This is illustrated  in  Figure A 1.3.

Arctic waters have a characteristic  un im odal 
seasonal variation with an  in tense sum m er 
b loom  w here light conditions are optim al. 
Tem perate waters have a characteristic 
bim odal seasonal variation with a short 
intensive spring  bloom , a sum m er period  
w here phytop lank ton  is mainly con tro lled  by 
n u tr ien t lim itation an d  grazers, an d  an  
au tu m n  b loom  w here wind m ixing events 
b ring  nu trien ts  to  the  surface waters. 
Subtropical waters have a weak seasonal 
variation, w here phytop lank ton  biom ass does 
n o t change m uch over th e  year.

3.2. Indicator for chlorophyll-a

In  Æ rtebjerg  e t al. (2001) th e  m edian  
sum m er chlorophyll a (0-10 m  in April to  
Septem ber) was used as an  ind ica to r an d  a 
weak positive correla tion  to  w inter n itra te  
co n cen tra tion  was found. In  tem pera te  
waters th e  period  A pril-S ep tem ber 
corresponds to  th e  stationary period  betw een 
the  spring an d  au tu m n  b loom  fo r m ost years. 
However, in  co lder regions of Europe, this 
period  will include a late spring b loom  o r the  
un im odal sum m er b loom  characteristic for 
Arctic waters. As a result, such an  ind icato r 
may potentially  yield h ig h er sum m er 
chlorophyll a values in  the  oligotrophic 
waters in  the  n o rth e rn  m ost parts o f Europe 
com pared  to  th e  eu tro p h ic  waters in  cen tral 
Europe.

A no ther issue is the  d ep th  defin ition  used  for 
chlorophyll a indicators. H itherto , the  
chlorophyll a ind ica to r has b een  calculated 
o n  averaged values from  0 to  10 m. This
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d ep th  defin ition  is suitable fo r the  N orth  Sea 
an d  th e  Baltic Sea, bu t in  the  M editerranean  
Sea the  productive photic zone stretches 
fu rth e r down in  the  w ater colum n. Thus, the 
m ed ian  sum m er chlorophyll a (0-10 m) from  
A pril to  Septem ber is an  inapprop ria te  
ind ica to r of eu tro p h ica tio n  w hen app lied  to 
all com m unity  m arine waters.

Phytoplankton  responds quickly to  changes 
in  the  lim iting factors, i.e. nu trien ts  an d  light. 
In  periods with n u trien t lim itation  an d  no 
ligh t lim itation  the  chlorophyll 
co n cen tra tion  is partly de te rm in ed  by the 
supply of nutrients', there fo re  the  
chlorophyll a co n cen tra tion  in  this period  
will provide a good ind ica to r for 
eu troph ication .

We propose to  use th e  average chlorophyll a 
co n cen tra tion  in  th e  period  with n u trien t 
lim itation and  no  light lim itation including 
observations a t dep ths above th e  pyknocline 
as a eu troph ica tion  indicator. This requires 
th e  d ep th  an d  the  tim e interval to  be defined  
on  a regional scale. T he d ep th  in teg ra tion  of 
chlorophyll a is chosen  accord ing  to  the  
typical stratification d ep th  o f the  region, 
w here 0-10 is considered  app rop ria te  fo r the  
N orth  Sea an d  Baltic Sea. In  the  
M ed iterranean  Sea a d ep th  in teg ra tion  of for 
exam ple 0-50 m  may be considered  
appropria te . T he tim e period  from  April to 
S eptem ber is an  app rop ria te  period  fo r the  
N orth  Sea an d  so u th ern  Baltic Sea, while this 
period  is sh o rte r in  th e  Arctic waters and  
lo n g er in  subtropical waters.

T he average chlorophyll a co n cen tra tion  is 
used  as an  ind ica to r instead o f th e  m edian, 
because chlorophyll a co n cen tra tion  in  the  
n u tr ien t lim ited period  often  has a skewed 
distribution. Calculating m edian  values of 
th e  chlorophyll a d istribu tion  will neglect the 
skewness, i.e. h igh chlorophyll a 
concen tra tions will no t affect the  m edian  of 
th e  d istribution . It is, however, im p o rtan t also 
to  include the  in fo rm ation  in  chlorophyll a 
m easurem ents of la rger m agnitude in  an  
eu tro p h ica tio n  ind ica to r unless the  
m easurem ents are  faulty. We suggest to  apply

K endall’s T to  th e  chlorophyll a ind ica to r for 
tren d  analysis.

3.3. State of chlorophyll-a

T he chlorophyll a levels in  1999 at stations in  
th e  national D anish m onito ring  program m e 
are  shown in  Figure A 1.4 with arrows 
ind icating  if a significant tre n d  was detected  
using K endall’s t (no  specific period  
specified ). It is observed th a t in  the  estuaries 
th e  n u trien t discharges from  land  give rise to 
h ig h er chlorophyll a concentrations. The

coastal stations have lower chlorophyll levels 
com pared  to  the  estuaries, b u t it is also 
observed th a t coastal stations in  the  N orth  
Sea have h ig h er values w hen approach ing  
th e  G erm an Bight.

T he tren d  analyses show th a t 14 ou t of 
141 stations have a significant tre n d  in  
sum m er chlorophyll a co n cen tra tion  
(10 stations show an  increase an d  4 stations 
show a decrease). H ence, th ere  is no  overall 
tre n d  in  the  chlorophyll a concen tra tion , bu t 
m any stations in  the  w estern Baltic Sea and  
Belt Sea have experienced  increasing 
sum m er chlorophyll concentrations. Many of 
these stations have tim e series going back to 
th e  m id 1970s. T he tim e series of sum m er 
chlorophyll a for a single station is shown in 
Figure A 1.5 revealing th a t m ost o f the  change 
in  chlorophyll a levels occurred  from  the 
1970s to  th e  last ha lf of th e  1980s.

Only a few o f th e  m onito ring  stations in  the 
estuaries have observations of chlorophyll a 
from  th e  1970s, an d  the  large change in 
n u tr ie n t loading occu rred  in  th e  1950s and  
1960s.

T he average chlorophyll a co n cen tra tion  in 
periods with n u tr ien t lim itation an d  no  light 
lim itation is a good  ind ica to r for 
eu troph ica tion , because the  am o u n t of 
p lank ton  is re la ted  to  the  supply of nu trien ts 
du ring  this period. T he chlorophyll ind ica to r 
also shows a consistent p a tte rn  with h igher 
concen tra tions close to  sources of land  based 
n u tr ien t inpu ts to  m arine com m unity waters.
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Sum m er chlorophyll-a concentrations fo r stations in the Danish national m arine m onitoring program m e
(arrows indicate significant trends analysed w ith  Kendall's t)

Figure A 1.4
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4. Conclusions and recommendations
T he m inim um  oxygen co n cen tra tion  in  the  
sum m er period  has b een  a widely applied  
ind ica to r fo r oxygen deficiency. This 
ind ica to r is inapp rop ria te , because it 
depends on  th e  sam pling frequency. Thus, 
an  ind ica to r fo r oxygen deficiency, w hich is 
n o t biased by the  sam pling frequency, is 
proposed. This ind ica to r is the  frequency of 
hypoxia, w hich is the  p ro p o rtio n  of bo ttom  
oxygen concen tra tions below 2 ml/1.
Hypoxic conditions have d etrim en ta l effects 
on  the  ben th ic  community. T he proposed  
ind ica to r separates m arine com m unity waters 
in to  th ree  categories: (1) areas w ithout 
oxygen deficiency problem s, (2) areas with 
tem porary  oxygen deficiency problem s, and  
(3) areas with p e rm an en t oxygen deficiency 
problem s. In  areas with tem porary  oxygen 
deficiency problem s, the  frequency of 
hypoxia provides a good  ind ica to r for the  
state of eu troph ica tion , an d  trends in  the  
frequency of hypoxia are  analysed using a 
logistic regression.

C hlorophyll a is a m easure of the  am o u n t of 
phytoplankton. In  sum m er periods, w here 
the  prim ary p rodu c tio n  is lim ited by 
nu trien ts  only, the  chlorophyll a 
concen tra tion  is re la ted  to  the  supply of 
nutrients. We propose an  eu troph ica tion  
ind ica to r calculated as the  average 
chlorophyll a co n cen tra tion  in  a well defined 
sum m er period , w hen prim ary p ro d u c tio n  is 
lim ited  by nu trien ts  only. T he chlorophyll a 
concen trations are  in teg ra ted  over depths 
above the  pyknocline. A ppropriate  intervals 
fo r the  sum m er period  an d  d ep th  in teg ration  
are  dete rm in ed  accord ing  to  th e  local 
conditions of th e  d ifferen t E u ropean  regions.

T he diversity of m onito ring  data  on  oxygen 
and  chlorophyll a from  different m arine 
waters in  E urope shou ld  be tested  fo r general 
applicability as policy relevant indicators 
w ithin the  EEA core set of indicators.
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Annex 2
Soft-bottom benthic indicators

1. Introduction
Soft substrata are  the  m ost w idespread 
hab ita t am ong seabeds an d  su p p o rt h igh 
biodiversity an d  key ecosystem services. The 
characteristics of b en th ic  m acrofauna and  
th e  associated sedim entary  env ironm en t are 
o f key im portance  to  legislative, m anagem ent 
an d  conservation objectives.

B enthic com m unity  structure  has b een  said 
an d  proved to  be a reliable m easure of 
ecosystem  ‘h e a lth ’. Thus, m onito ring  of 
b en th ic  ecosystems, a lthough  it may be tim e 
consum ing, has often  b een  applied  in  
environm enta l im pact studies (fisheries, 
d o m estic /industria l effluent, dum ping  of 
solid waste, etc.).

Historically, know ledge of m arine ben th ic  
com m unity  structure  an d  function ing  has 
relied  u p o n  th e  m ost widely used ben th ic  
param eters, namely:

• n u m b er of species (S) ;
• abundance  (N) o r popu la tion  density 

expressed as n u m b er of individuals p e r m 2;
• com m unity diversity using the  S hannon  

W iener index  (S hannon  an d  Weaver, 1963) 
o r o th e r indices',

• the  ecological identity  of the  dom inan t 
species, the  so called ‘key species’;

• trends in  ben th ic  param eters.

A genera l evolutionary p a tte rn  of the 
m acroben th ic  biocoenosis o f th e  soft 
b o ttom ed  substrate u n d e r  the  in fluence o f a 
p e rtu rb a tio n  factor (of an th ropogen ic  
origin) has b een  described worldwide, based 
on  th e  works of Reish, 1959; Peres and  
Bellan, 1973; Pearson an d  Rosenberg, 1978; 
an d  Salen Picard, 1983.

T he changes th a t this com m unity u n d erg o  
u n d e r  the  in fluence o f the  d isturbance from  
an  initial state of h igh diversity an d  richness 
in  species and  individuals are as follows.

A. A regression of th e  species strictly linked 
to  the  original conditions o f the 
environm ent.

B. C ertain  to le ran t species considered  as 
po llu tion  indicators ten d  to  m onopolise

available space. A lim ited increase of 
diversity can be observed in  this state. 
T he biocoenosis structure  rem ains 
recognisable even if degraded  
(subnorm al zo n e ).

C. A destruction  of the  biocoenosis is 
recorded ; certa in  species exist and  
develop, apparen tly  independen tly  of 
each  other. Species diversity decreases 
an d  becom es m inim al (po llu ted  zo n e ).

D. T he m acrobenthos disappears (zone of 
m axim al p o llu tio n ).

These p h en o m en a  have b een  described to 
apply for th e  M ed iterranean  (Marseilles 
region, specifically th e  coasts o f th e  Italian 
peninsula: Trieste, th e  Bay of Elefsis, the  
u p p e r part of th e  Saronikos Gulf, G ulf of 
Izm ir). So a m ore descriptive zonation  
p a tte rn  has b een  derived from  th e  above 
genera l schem e, applying for the 
M editerranean . T h ree  concen tric  zones or 
areas can be dem onstra ted  based on  faunistic 
an d  geochem ical data (Bellan, 1985).

• Zone I (zone of m axim al p o llu tio n ). This 
zone is deprived of all anim al m acroscopic 
life and , at times, o f th e  m eiobenthos.

• Zone II (po llu ted  z o n e ). T he popu la tion  in  
this zone is characterised  by a very small 
n u m b er of polychaete species. The 
quantitative evolution of these species can 
be extrem ely rapid.

• Zone III (subnorm al zo n e ). T he subnorm al 
zone is characterised  by a no tab le  species 
en richm en t, bu t also conserves a clear 
dom inance of polychaetes: 70-80 % o f the 
individuals. T he species of the  p receding  
zone have practically disappeared. This 
zone can perhaps be divided in to  two 
subzones: an  ‘in te rn a l’ subzone 
correspond ing  perfectly to  the  criteria  
ind icated  an d  an  ‘ex te rn a l’ subzone o r the  
‘eco tone  zo n e ’ in tervening  before  the 
norm al zone w here the  action of pollu tion  
c an n o t be felt.

Based on  real values a n d /o r  ranges of values 
of the above param eters from  the  G reek seas, 
they are  tested  as possible indicators to  assess 
the  state o f the  ecosystem. Finally, using as a
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parad igm  a well stud ied  G reek area, a ‘describe’ efficiently th e  state of the  m arine
classification system is suggested w here ecosystem,
b en th ic  ‘ind ica to rs’ alone would be able to

2. Indicators tested and discussion
2.1. Indicator'N um ber of species'

T he n u m b er of species in  a ben th ic  
assem blage varies greatly with depth . T he 
best know n species n u m b er g rad ien t in  
ben thos has been: an  increase of species 
diversity from  h igh to  low latitudes in  
co n tinen ta l shelf regions an d  in  th e  open  
sea, a regu lar change from  coast to  abyssal 
plain, an d  an  increase of species from  
inshore  habitats to  the  o p en  sea. A significant 
decrease in  species n u m b er with d ep th  has 
b een  observed in  G reek waters (see 
Figure A2.1).

Grassle an d  M aciolec (1992) argued  tha t 
coastal diversity is low com pared  with deep  
sea an d  offshore habitats. In  a review work 
Gray et al. (1997) have shown th a t species 
richness p e r u n it area  is as high, if no t higher, 
in  shallow sedim entary  habitats as was 
rep o rted  for th e  deep  sea data  by Grassle and  
M aciolec. Indeed , one  of th e  cen tra l patterns 
in  biodiversity, n o ted  universally, is th a t the 
n u m b er of species increases with the  area 
sam pled. Data from  the  N orth  A egean Sea 
clearly show this increase with increasing 
sam pling effort. A cum ulative increase of 
species n u m b er with sam pling effort is also 
exh ib ited  in  o th e r  areas. Figure A2.2, based 
on  aggregated data collected from  nine 
stations over th ree  years in  the  Geras Gulf, 
shows such a trend .

A nother factor in fluencing  directly the 
n u m b er of species is the  sed im ent type. Two 
exam ples, w here d ifferen t sed im ent types 
hold  a d ifferen t species num ber, are 
p resen ted  in  Figure A2.3. T he data are from  
two very well stud ied  areas of the  A egean Sea 
which, being  away from  any land  based 
po llu tion  sources and  thus unaffected  by 
an th ropogen ic  activities, serve as reference 
sites. In  the  graph , it is clear th a t species 
n u m b er p e r sam pling u n it is no t d ep en d en t 
on  season. T he larger th e  sam pling area, the  
h ig h er the  increase. Thus, from  an  average of
72.5 species /0 .1  m 2, it increases to  189 
sp ec ies /m 2 an d  to  350 sp e c ie s /7 m 2 in the 
silty sand site, an d  from  23 species/0 .1  m 2 to 
78.4 sp ec ies /m 2, reach ing  128 spec ies/7  m 2 
in  the  silty site respectively.

However, w hen com paring  the  species 
n u m b er of a sam pling u n it with th a t of the  
average of e ith e r 10 sam ples (AVG S in  
figure) o r o f 70 sam ples (AVG/O.lm2 in  the 
legend  o f fig u re ), it appears th a t species 
n u m b er of a given u n it (sedim ent surface 
area) can be an  accurate m easure of the  state 
o f environm ent.

Based on  data collected over a variety of soft 
bo tto m  habitats in  G reek waters it appears 
th a t n u m b er o f species, in  u n d istu rbed  areas 
(reference sites), ranges betw een 22 and  165 
species p e r 0.1m 2, d ep en d in g  on  d ep th  and  
type of substratum .

Figure A2.1 Trend in species num ber w ith  depth  (coloured lines correspond to  th ree  d iffe ren t replicates)

Source: Keycop project, N Aegean transect
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Increase in num ber o f species w ith  sam pling e ffo rt Figure A 2.2

Source: B o g d a n o s  e t  al..
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Conclusively, th e  n u m b e r  of  sp e c ie s  (S) can b e  a 
reliable m easu re  of  env ironm enta l  s t ress  p rov ided  
th a t  It Is used  w hen  c om par ing  ben th ic  
communities:

a occurring within a well-defined sampling unit 
( s tandard  0.1 m2),from sa m p le s  co l lec ted  with 
th e  sa m e  g e a r  ( s tandard  g ra b  0.1 m2, m esh  sieve 
0.5 mm),

b at  th e  s a m e  d e p th  range  and  se d im e n t  type  
( ranges to  b e  def ined  p e r  sea), 

c th e  s p e c ie s  Identification is be ing  d o n e  a t  the  
s a m e  taxonom ic  level (four major g ro u p s  or all 
groups) .

Recommendation: S tandard  values (range of 
values) o f S fo r ‘n o rm a l’ com m unities should  
be developed for d ifferen t dep ths and  
sed im ent type to  be used as reference values 
in  m onito ring  studies. These values, however, 
can  be d ifferen t fo r d ifferen t seas an d

regions. Deviation from  such values will th en  
be indicative of th e  degree of env ironm ental 
stress.

2.2. Indicator 'Abundance (N)'

A bundance alone, even if expressed as the  
sam e unit, which usually is the  n u m b er of 
individuals p e r m 2, is no t inform ative en ough  
as a stable ind ica to r for the  state o f the 
ecosystem. T he reason is th a t it is too  variable 
to  show m eaningful changes. A decrease with 
d ep th  is a recognised tren d  worldwide. Data 
from  the  N orth  A egean Sea (Figure A2.4) 
dem onstra te  this trend . Besides d ep th  and  
sed im ent type, abundance  also depends on  
settlem ent an d  size o f individuals. O n  the 
o th e r h an d  abundance  is a p aram eter 
in d e p e n d e n t o f sam pling effort.
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Figure A2.4 Trend in abundance w ith  depth

Source: Keycop project, N Aegean transect
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Table A2.1 Key species, indicative o f the d eg ree  o f environm ental disturbance

1. Zone of maximal pollut ion Azoic

II. Highly po l lu ted  zone O p p o r tu n is t s :  C apitella capitata, M alacoceros fu lig inosus  
C orbula g ib b a

III. M od e ra te ly  po l lu ted  zone O ppor tun is ts :  C h a e to zo n e  sp , Polydora flava, 
S ch is to m erin g o s  rudolphii, Polydora an ten n a ta , Cirriformia 
ten tacu la ta

IV. Transitional zone Tole ran t  species:  Paralacydonia paradoxa , Protodorvillea  
ke fe rs te in i P rotodorvillea  ke ferste in i, Lum brineris latreilli, 
N e m a to n e re is  unicornis, Thyasira flexuosa

V. Normal zone Sensit ive sp e c ie s  e .g .  Syllis sp .

A bundance values in  G reek waters for 
‘n o rm al’ ecosystems can vary from:
217 ind iv iduals/m 2 (average fo r Kyklades 
plateau; Zenetos e t al., 1997) to  619 
in d iv idua ls/m 2 (average for Rodos area; 
Pancucci P apadopou lou  et al., 1999) and  
1 439 ind iv iduals/m 2 (average fo r Sporades 
m arine park; S im boura e t al., 1995). In  
d istu rbed  ecosystems, abundance  can  reach  
values as h igh  as 8 695 in d iv idua ls/m 2 
(Station E7, Ion ian  Sea; Zenetos e t al., 1997) 
o r  4 428 ind iv id u a ls /m 2 (TP11, T herm aikos 
Gulf; NCMR technical rep o rt). These 
extrem ely h igh values are characteristic of 
very d isturbed  ecosystems, from  e ith e r 
fisheries activities (the form er) o r  from  
dom estic and  industria l po llu tion  (the 
la tter). In  b o th  cases, a few opportun istic  
species dom inate  a t th e  expense of others.

Conclusively, th e  a b u n d a n c e  of  b en th ic  o rgan ism s 
In a given a rea  Is t o o  variable and  can n o t  b e  used  
as a reliable m eas u re  of  env ironm enta l  s tress.  On 
th e  o th e r  hand ,  t r e n d s  in a b u n d a n c e  of  'key 
spe c ies ' ,  if well de f ined ,  would  be  a g o o d  
indicator.

2.3. Indicator 'Key species'

Based on  a synthesis of reviews on  the  subject 
an d  o n  the  data p resen ted  here  as case 
studies (Dauvin, 1993; Pearson and 
Rosenberg, 1978; Bellan, 1985), Table A2.1 
shows the zones of po llu tion  with the 
respective key species.

2.4. Indicator 'Community diversity 
(H)'

T he n u m b er of species an d  th e ir  relative 
abundance  can be com bined  in to  an  index 
th a t shows a closer re la tion  to  o th e r 
properties of th e  com m unity and  
env ironm en t th an  would n u m b er of species 
alone. T he S h annon  W iener diversity index, 
developed from  the  in fo rm ation  theory, has 
b een  widely used an d  tested  in  various 
environm ents. A lthough it reflects changes in  
th e  dom inance pattern , it has been  argued  
th a t it is no  m ore sensitive th a n  th e  total 
abundance  an d  biom ass patterns in  detecting  
th e  effect o f po llu tion  an d  is m ore tim e 
consum ing. A decreasing tre n d  with d ep th
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Trend o f com m unity d iversity w ith  d ep th  Figure A 2.5

N. Aegean transect Source: Keycop project,
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Distribution o f com m unity d iversity (H) over 11 6  G reek sites (AVG: H /0 .1  m 2) Figure A2.6
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has b een  established (Figure A2.5) in  G reek 
seas w hereas increasing sam pling results in  
m ino r changes of the  com m unity diversity.

C om m unity diversity in  G reek waters has 
b een  calculated to  range betw een 1.12 and  
6.81, if calculated on  poo led  data. However, if 
calculated  on  a standard  sam pling un it 
(0. lm 2) th e  m axim al value is 5.76 b its /u n it. 
Figure A2.6 shows th e  d istribu tion  of H in  
116 sites all over G reece. Certainly 
com m unity diversity is low ered by severe 
po llu tion  stress com pared  with con tro l areas 
o r years. Values lower th an  1.50 bits p e r un it 
have b een  calculated at th e  badly po llu ted  
areas of the  Saronikos G ulf (zone I) , betw een
1.5 and  3 for highly po llu ted  areas of 
T herm aikos an d  Saronikos (zone II) , 3-4 for 
m oderately po llu ted  (zone III) areas, 4-4.6 
for transitional zones (zone IV) an d  over
4.6 for norm al zones. T he m axim um  values 
of H coincide with th e  pristine areas of 
Sporades m arine park, Kyklades plateau, 
Rhodes Island, Ion ian  Sea an d  Petalioi G ulf 
Aegean: 6.81 bits p e r unit.

W hen evaluating H, one should  take in to  
accoun t separately its two com ponen ts 
to g e th e r with the  faunistic data, in  o rd e r to 
detect ex trem e abundance  o f opportun ists

indicating  disturbance. T here  are som e cases 
w here th e  diversity is significantly high, even 
h igher th a n  norm al, w hereas the  com m unity 
is d isturbed. T he eco tone  p o in t is a 
transitional zone betw een two successional 
stages after which th e  com m unity  re tu rns to 
norm al. T he com m unity at the  eco tone  po in t 
consists o f species from  b o th  ad jacent 
environm ents (enriched  an d  less e n r ic h e d ) . 
After the  eco tone  p o in t th e  com m unity often 
reaches a m axim um  in  the  n u m b er of 
species, probably caused by the  presence of 
sensitive species recolonising com m unity and  
to le ran t species, while abundance  declines to 
a steady state level usually found  in  norm al 
com m unities. T hus diversity may becom e 
h ig h er th an  th a t o f the  norm al com m unities 
(Pearson and  R osenberg, 1978; Bellan,
1985). An exam ple is the  com m unity at 
Psittalia Station S7 (Saronikos Gulf) w here 
diversity an d  species n u m b er are high

Conclusively, In G reek  w a te rs  b a s e d  on the  
com m unity  diversity Index alone,  five classes of 
com m unity  health  can b e  arbitrarily divided.

Class I: H < 1.5: azoic to  very  highly pollu ted
Class II: 1.5 < H < 3: highly pollu ted
Class III: 3 < H < 4: m o d era te ly  polluted
Class IV: 4 < H < 4.6: for transi tional zo n es  (zone IV)
Class V: H > 4.6: normal
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Figure A 2.7 Seasonal and inter-annual changes o f d iversity (H), abundance (N /m 2) and species (S) 
at d iffe ren t locations (S 2-S 16) in Saronikos Gulf

Source: 1974 d a ta  in 
Zarkanellas and 
B o gda nos ,  1977; 1985 
d a ta  in Friligos and 
Z en e to s ,  1 9 8 5 ;Z e n e to s  
and  B o gda nos ,  1987; 
1986 d a ta  in Z e n e to s  e t  
al., 1990; 1 9 8 9 -9 0  d a ta  in 
S im boura  e t  al.,1995; 
1999 d a ta  from ETC/ 
Water-NCMR.
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en o u g h  to  classify the a rea  to  transitional 
zone 4. However the  presence of heavy 
pollu tion  indicators like Capitella capitata and  
Malacoceros fuliginosus reaching  very high 
densities classifies the  area  to  zone 2, and  
probably creates a d e te rio ra tion  of the  
env ironm ent causing a regression in  the 
com m unities structure.

2.5. Trends in benthic community 
parameters

Figure A2.7 gives exam ples showing seasonal 
an d  in te r  ann u a l changes of the  param eters

discussed above in  the  Saronikos Gulf. It is 
clear th a t Station S2, w hich becam e azoic in  
the  1985 period, has b een  recolonised  as 
ind icated  by the  1999 results. A serious 
im provem ent is also evident at Station S7, 
close to  the  sewage outfall, a fter the  recen t 
establishm ent of a trea tm en t plan. O n  the 
o th e r h an d  d e te rio ra tion  of the  ecosystem is 
seen at Stations SI 1 an d  S16 situated  at an  
increasing distance from  the  sewage outfall.

3. Case study: Classification of Saronikos Gulf
(Gulf of Athens) based on benthic community data

If  one wants to  apply th e  above schem e to a 
given area, certa in  m odifications m ust be 
m ade.

T he b en th ic  com m unities of the  Saronikos 
Gulf, receiving th e  dom estic an d  industrial 
e ffluent of A thens, have b een  stud ied  since 
1975. Based on  data  collected betw een 1974 
an d  1999, th o u g h  sparse in  tim e, all of the 
above zones can be recognised at least over 
time.

I. Zone o f  maximal pollution. Stations SI, S2 
an d  S3 have b een  found  azoic during  som e 
sam pling periods in  the  past. Station SI was 
defaunated  d u ring  S ep tem ber 1985 
sam pling, Station S2 du ring  S eptem ber 1985 
an d  D ecem ber 1985, an d  Station S3 of 
K eratsini Bay was azoic in  July an d  Septem ber 
1985.

II. Highly polluted zone. Stations SI, S2, S3, 
S7 of the  in n e r Saronikos G ulf an d  of Elefsis 
Bay can be classified in  this zone. This 
classification is based on  th e  com bined  
crite ria  of the  level o f th e  com m unities’ 
ecological indices an d  the  key species. 
Specifically these stations are  characterised  
by: very low average diversity (1.5 < H < 3.89) 
an d  average evenness (0.55 < J < 0.86) 
reflecting e ith e r very low species richness
(5 species/O .lm 2, only at Station S2) o r very 
h igh  to tal densities (2 220 in d /m 2 at Station 
S7 an d  2 070 in d /m 2 at Station SI) w hich 
indicate the  presence of few heavy po llu tion  
ind icators (Capitella capitata (S7, S2), 
Malacoceros fuliginosus (S3) , Corbula gibba 
(S2)) th a t reach  very h igh  densities.

III. Moderately polluted zone. Stations S8 
an d  S26 can be classified in  this zone which is 
characterised  by the  following trends: still low 
diversity bu t h ig h er th an  previous zone 
(2.66 < H < 4.30), h ig h er evenness (0.72 < J <
0.80) , h ig h er species n u m b er (13 < S < 41), 
m ore m odera te  densities bu t still h igh (600 < 
N /m 2 < 1 520) , ind icating  h igh  densities of 
few instability indicators like Chaetozone sp. 
(315 in d /m 2 in  S26 and  215 in d /m 2 in S8).

IV. Transitional zone (corresponds to 
subnorm al III of Bellan, 1985). T he diversity 
an d  evenness indices increase m ore while 
m ore sensitive species are  encoun tered . 
H igher diversity even close to  norm al bu t 
several instability indicators can be 
significantly ab u n d an t (Paralacydonia 
paradoxa, Lumbrineris latreilli, Nematonereis 
unicornis). Stations SI 1, S13, S16 of the  in n e r 
Saronikos can be classified in  this zone. 
Diversity ranges h ig h er th an  th e  previous 
zone (4.34 < H < 4.64), also evenness is fairly 
h igh to  very h igh (0.83 < J < 0.93), species 
richness reaches m axim al num bers S = 49 in  
Station S13. Only som e fairly h igh  densities 
(1 385 in d /m 2 in S13) indicate the  high 
densities o f som e instability indicators like 
Paralacydonia paradoxa (1 3 5 in d /m2 in S13) 
an d  Chaetozone sp. (190 in d /m 2 in  S13). A 
subdivision am ong these th ree  stations can 
be m ade assigning Station 13 to  the  in ternal 
subzone o f Bellan (1985) an d  Stations S l l  
an d  S16 to  th e  ex ternal subzone which is 
closer to  norm al. This subdivision is justified 
mainly by th e  m ore m odera te  presence of 
instability indicators (abundance  lower th an  
100 in d /m 2) , an d  the  subsequent h igher 
evenness an d  relative to tal density com pared  
to  S13.
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Figure A2.8 Pollution zones in Saronikos G ulf based on benthic com m unity studies

A th e n s

S? ( J
S26

S13 0

S aron ikos  Gulf
S16 Q

^  Maximal pol lu tion  9  Highly p o l lu ted  ( ^ )  M o d era t e ly  po l lu ted  ^  Transitional zo n eM.laxim.

4. Discussion
Table 2 presents som e exam ples o f th e  range 
o f the  S hannon  diversity index  in  various 
regions in  d isturbed  an d  und istu rbed  
ben th ic  com m unities in  the  w estern 
M ed iterranean  an d  the  A tlantic E uropean  
coasts. It gives th e  key species an d  the 
characterisation  o f the  respective po llu tion  
grad ien ts rep o rted  from  M editerranean , 
A tlantic an d  Pacific areas. Two m ain 
conclusions can be derived from  this table.

1. T he range o f the  S hannon  diversity index 
should  be used as a tool of pollu tion  
evaluation, taking in to  account n o t only 
the substrate an d  d ep th  o f th e  given area  
bu t also the  regional standards o f the  
case area. For exam ple, th e  diversity 
index  in  u n d istu rbed  areas o f a m ixed 
sed im ent in fralitto ral (22 m) com m unity 
in  the  w estern M ed iterranean  Ion ian  Sea 
reaches th e  m axim um  of 4.5 
approxim ately while an  analogous 
com m unity in  the  eastern  M editerranean

(Petalioi Gulf, A egean Sea, Greece) 
reaches the  m axim um  value of 6.11 units 
(S im boura e t al., 1998).

2. T he key species characterising  a
po llu tion  g rad ien t may be d ifferen t w hen 
d ifferent geographical areas are 
exam ined. It is ap p a ren t th a t the  
dissimilarity in  th e  key species identity  is 
m ore p ro n o u n ced  am ong  m ore distant 
areas, for exam ple am ong M editerranean  
o r E u ropean  Atlantic and  Pacific regions 
(Los Angeles, San Francisco). It is 
notew orthy th a t genetic  studies have 
proved th a t som e apparently  
cosm opolitan  key species such as Capitella 
capitata are  ra th e r  com plexes of sibling 
species with geographical d ifferentiation.

Conclusively, indicators  (diversity Index level and 
key species)  can be  used  as effective too ls  only 
w hen  a b a c k g ro u n d  d a ta  se t  is avai lable pertaining 
to  th e  specific ecosys tem .
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Exam ples o f the range o f the Shannon diversity index in various regions in d isturbed and undisturbed  
benthic com m unities in the w estern  M ed ite rran ean  and th e  European A tlantic  Ocean

Table A2.2

Region D epth
(m)

Substrate Ind icators/abundant species H Zone/com m unity

G olden  Horn 
Izmir (Unsal, 
1988)

2 -4 0 C apitella capitata  
M alacoceros fu lig inosus  
Polydora ciliata

0.11 -2 .0 2 Highly po l lu ted  (II)

La Coruna 
(L o p ez -Jam are t  
al., 1995)

16 Mud Thyasira flexuosa  
C h a e to zo n e  sp . 
Capitella capitata

1 .2 3 - 3 .7 6  
2 .75  m ean

Highly d r e d g e d ,  
hypoxic

La Coruna 
(L o p ez -Jam are t  
al., 1995)

9 W ell-orted  
fine sand

P aradoneis arm ata  
Tellina fabula  
Sp io  d eco ra tu s

2 . 7 0 - 4 .3 3  
3.42 m ean

Relatively clean

Ionian Sea (W. 
M edite rranean)  
(Alb e r t e II e t  al., 
1995)

3 0 -1 0 0  
1 0 0-200  
> 200

Soft b o t to m A m p h ip o d s , ech ino id  
Loimia m e d u d a ,  
S p io c h a e to p te ru s  costarum  
Sabe llid es octocirrata, 
S p io c h a e to p te ru s  costarum

4.5
3.6 
3.2

Undis tu rbed

Ionian Sea 
(Apulian coasts,  
Italy) (Bedulll et  
al., 1986)

63
18
49
22
22

Mud
Mud
M uddy  sand 
Sand
M uddy  sand

N e p h ty s  hystricis, S ternasp is  
scu ta ta
Corbulla g ib b a , N o to m a s tu s  
aberans, Tellina d istorta  
M odiolula  phaseo lina  
A p s e u d e s  latreilli, A m p h ip o d a , 
A p o n u p h is  b ilineata  
O w enia  fusiform is, Lum brineris  
latreilli, L.gracilis

3.9
3.8
4.2
4.4
4.5

Unstable,
transi tional

From  Peres and Bellan, 19 72

San Francisco 
Los A ngeles  
Marseilles 
Saltkal lefjord 
Finland

Capitella, N e a n th e s  succinea  
Capitella  capita ta  
Capitella  capita ta , Sco le lep is  
fuliginosa
Capitella  capita ta , Sco le lep is  
fuliginosa
N ereis, m a co m a , C h ironom idae

Marginal  or 
pollu ted

Los A nge les  
Marseil les 
San Francisco 
Finland

Cirriformia luxuriosa, Capitella  
N ereis caudata , Cirriformia 
ten tacu la ta ,
S ch is to m erin g o s  rudo lph ii 
S tre b lo sp io  b e n e d ic ti  
T ubifex , Mya

In
te

rm
ed

ia
te

 
zo

ne
 

of 
po

ll
ut

io
n

S em l-healthy  II

Los A nge les  
Marseil les 
San Francisco 
Finland 
Saltkal lefjord

Dorvillea articulata, C apitella  
p re se n t
Tharyx parvus, Cossura candida, 
P olychaetes
P o lych a e tes a n d  m olluscs with  
w id e  eco lo g ica l re q u irem en ts  
Mya arenaria, M acom a  
incospicua
C orophium , M esid o th ea  
A m phiura  filiformis, A . chiajei

Sem l-healthy  I 
'hea lthy -en r iched '  
subnorm al  zone

Saltkal lefjord 
Finland

M aldane filiform is a n d  M elesina  
ten u is  c o m m u n ity  
H arm othoe, Cardium

Healthy zone,  
ex ternal  zone
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Annex 3
Phytoplankton and phytotoxins indicators 

Indicator fact sheet

Figure A3.1 Changes in ASP, DSP and PSP in EU-15 from  1 9 8 9  to  19 98

Source: ICES-IOC 
HAEDAT (harmful a lgae  
e v en t  d a tab ase ) .

Trends o f shellfish  p o iso n in g  in EU-15

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 
year

■  asp  H d s p  ■  p sp

N ote: For t r e n d s  in shellfish poisoning concen t ra t ion  e x p re sse d  as a sum of n u m b e r  of  even ts  of ASP, DSP or PSP 
In each  country  of EU-15, s e e  Table 1.

Indicator Policy issue DPSIR assessment

Phytop lank ton  and 
phytotoxins

Do w e  s e e  th e  a rea  w here  policies  are  useful to  
p ro te c t  hum an health?

State *  *

T h ro u g h  the  num erous phytoplankton  
species th a t exist all over the  world, several 
toxic o r  harm ful species have b een  recorded. 
A m ong toxic species, som e of th em  produce  
toxins directly toxic to  m arine fauna, and  
o th e r p roduce  toxins w hich accum ulate in  
shellfish, fish, etc. They may subsequently be 
transm itted  to  hum ans, an d  th ro u g h  
consum ption  o f con tam inated  seafood 
becom e a serious h ealth  th reat. T herefo re  
toxins are  searched  fo r in  shellfish with the  
aim  to p ro tec t consum ers.

Five h u m an  syndrom es are  presently 
recognised to  be caused by consum ption  of 
con tam inated  seafood:

• am nesic shellfish poisoning (ASP),
• ciguatera fish poisoning (CFP) ,
• d iarrhetic  shellfish poisoning  (DSP) ,
• neuro tox ic  shellfish poisoning (NSP) ,
• paralytic shellfish poisoning  (PSP).

T he 15 M em ber States of the  E uropean  
U nion  (EUT 5) are only co n cern ed  with 
th ree  o f them : ASP, DSP an d  PSP.

p  p Shellfish po isoning e v e n ts  show
fluctuation b e tw e e n  years  withou t genera l  
t rend  for EU-15.

Target: to  reduce the  risk of serious seafood 
poisoning, intensive m on ito ring  of the 
species com position  o f the  phytoplankton  is 
requ ired  in  the  harvesting areas in 
connec tion  with bioassays a n d /o r  chem ical 
analyses of the  seafood products.

Regulation texts: Council Directive 9 1 /4 9 2 / 
EEC o f 15 July 1991, m odified by Council 
Directive 9 7 /6 1 /E E C  of 20 O cto b er 1997, 
fixes the  health  conditions for the  
p roduction  an d  th e  placing on  the  m arket of 
live bivalve molluscs. T he m ain  phytotoxins 
observed in  EUT 5 are PSP toxins (m axim um  
level 80pg equivalent STX (') p e r 100 g of

(1) STX = Saxltoxln.
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N um ber o f events involving ASP, DSP, or PSP toxins in E U -15, by country, 1 9 8 9 -1 9 9 8  Table A3.1

Year A B D DK E EL F FIN I IRL L NL p S UK EU-15
ASP

EU-15
DSP

EU-15
PSP

1989 0 0 6 17 0 3 9 0 0 0 26 9

1990 1 0 6 14 0 1 10 1 2 0 25 10

1991 0 0 1 5 0 0 0 0 3 0 6 3

1992 0 0 2 9 0 0 0 1 4 1 10 5

1993 0 0 3 8 0 0 24 1 2 0 12 26

1994 1 1 4 2 1 2 29 0 6 0 16 30

1995 0 0 6 2 2 1 33 1 1 3 17 26

1996 0 1 3 0 2 0 21 0 10 3 17 16

1997 2 0 5 2 1 0 1 2 1 1 8 6

1998 1 12 3 2 0 16 1 16 8 32 11

flesh) , ASP toxins (m axim um  level 20|ig of 
dom oïc acid p e r g o f flesh) , DSP toxins (no 
positive reaction  fo r biological te s t) . 
Overviews o n  events of th e ir  presence 
(irrespective of th e  level o f toxicity) in  EU 15 
fo r 1989-98 are inc luded  in  the  ICES 
countries m aps (Maps 1 to  3).

Evaluation: Levels an d  trends (Figure A3.1) 
o f each  shellfish poisoning since 1989 to 
1998 fo r EU 15 show that:

• ASP is episodic with one peak over five 
events in  1998;

• PSP presents im portan t peaks from  1993 to  
1995, over 25 events, th e n  decreases. 
However the  beg inn ing  of a new increase 
appears in  1998;

• DSP was th e  m ost regularly observed with a 
n u m b er o f events always over five, with 
th ree  peaks equal o r  above 25 in  1989, 
1990, an d  1998.

T he results o f all toxic events observed are 
sum m ed u p  for EUT 5 since 1989 in  Table 
A3.1.

To conclude, shellfish poisoning in  all 
countries has increased since 1998, showing 
th e  im portance  of m ain tain ing  surveillance 
m easures, especially to  p ro tec t the  
consum ers of shellfish.

Meta data
Technical information
1. Data sources: ICES IOC harm ful algae 

event database (HAEDAT).
2. D escription of data: ASP, PSP, DSP 

O riginal nam e of th e  data  file (with 
links) : HAEDAT (http: / /  
io c .u n esco .o rg /h ab /d a ta3 3 .h tm ) 
O riginal m easurem ent units: occurrences 
of harm ful algae events (HAEs)
O riginal purpose: public health

3. G eographical coverage: ICES area.
4. Tem poral coverage: 1989-98.

5. M ethodology an d  frequency o f data 
collection: m onito ring  of phytoplankton  
an d  phytotoxins.

6. M ethodology o f data m anipulation: sum  
of num bers o f event fo r each  year.

Qualitative information
7. S trength  an d  weakness (at da ta  level) : 

available in fo rm ation  on  individual 
events varies greatly from  event to  event 
o r country  to  country  (disclaim er from
ICES).

8. Reliability, accuracy, robustness, 
uncertain ty  (at data level) : to  be filled in  
at assessment.
M onitoring intensity, n u m b er of 
m onito ring  stations, n u m b er of 
sam plings, stations, etc. also vary greatly 
an d  therefo re  th e re  is n o t a d irect 
proportionality  betw een reco rd ed  events 
and  actual occurrences of, for exam ple, 
toxicity in  a given region. Furtherm ore, 
areas with num erous recorded  
occurrences of HAEs, bu t with an  
efficient m onito ring  and  m anagem ent 
program m e, may p resen t a low risk of 
intoxications, w hereas rare HAEs in  
o th e r areas may cause severe problem s 
and  could  p resen t significant health  
risks. T herefo re, these m aps should  thus 
be in te rp re ted  with cau tion  regard ing  
risk of in tox ication  by seafood products 
from  th e  respective a re a s /re g io n s / 
countries. IO C and  ICES are  n o t liable 
for any possible misuse o f this 
inform ation.

9. F u rther work req u ired  (for data level and  
ind ica to r level): decadal data an d  maps, 
one year after.

References: HAEDAT (ICES IOC harm ful
algae event d a tabase).

Signs used for the assessment:
* * . * w * 9increase |||.r_  equal ^  ^ <
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Toxic serial cases fo r ASP, 1 9 9 0 -9 9



A nnex 3 89

Toxic serial cases fo r DSP, 1 9 9 0 -9 9
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Toxic serial cases fo r PSP, 1 9 9 0 -9 9


