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Introduction

In tegration  of inform ation is one o f the key issues in  o rder to ensure the 
supply o f objective and  com prehensive inform ation on E u ro p e’s m arine 
and  coastal environm ent. W ork carried  o u t by N ational Centres, 
In ternational O rganisations, M arine Conventions and  the E uropean  
Environm ent Agency (EEA) should be coord inated  in o rder to avoid 
duplication. At the same time com parable m ethods and  inform ation are 
n eed ed  in o rd er to be able to assess the E uropean  state o f m arine and 
coastal environm ent in  a m ore com prehensive and  reliable way.

T he objectives o f this rep o rt are to identify the existing sources of 
inform ation  in the m arine and  coastal env ironm ent at E uropean  level, to 
analyse the cu rren t gaps betw een the requ ired  and  available inform ation 
and  to suggest the way forward in o rder to achieve in tegrated  inform ation 
th a t m eets the requirem ents o f EEA.
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1. Requirements from EU legislation and 
EEA Work Programme-identified 
environmental issues

1.1. Requirements from EU legislation and EEA Work Programme

W ater legislation from  the E uropean  Com m unity W ater Policy (EC 1996) 
imposes certain  requirem ents on EU countries to provide inform ation on 
state, pressures and  im pact on the m arine and  coastal environm ent.

The EEA W ork Program m e states clearly tha t there  is a need  for 
im provem ent o f inform ation  on coastal and  m arine water quality in 
Europe. O ne of the m andates is to facilitate the exchange o f inform ation 
in o rd er to im prove and  ensure cooperation  o f a E uropean  m onitoring  
network.

1.1.1. Monitoring requirements

W ater m anagem ent is n o t possible w ithout reliable data u p o n  which to 
base decisions. Most EC water legislation include obligations to m onito r 
the quality o f relevant waters a n d /o r  to m onito r activities tha t may affect 
said quality. M em ber States incorporate  such requirem ents in to  their 
national o r regional m onito ring  networks.

A prim ary req u irem en t o f policy fram ing and  com plem entation at 
E uropean  level is the n eed  for com parability o f data across Europe. EEA is 
established to work with the E uropean  Commission, M em ber States and 
others to develop ways in  which this can be im proved and  the Agency will 
work closely with the E uropean  Commission and  M em ber States w hen 
considering the m onito ring  im plications o f the W ater Policy Framework 
Directive.

1.1.2. The Dangerous Substances Directive (76/464/EEC)

Objective - to control the pollu tion  o f surface w ater with dangerous 
substances.

Key Features - The Directive applies to all surface waters and  requires 
M em ber States to control emissions o f dangerous substances, prim arily by 
m eans of perm its issued to industrial installations and  by im proved urban  
waste water treatm ent. T he conditions for perm its for the m ore dangerous 
substances are established at Com m unity level by a series o f "daughter 
Directives". The Directive contains two alternative m ethods for setting 
these conditions; M em ber States have the choice betw een applying 
emission "limit values" based upon  the best available techniques, or they 
can base their perm its on the limits requ ired  to m eet specified "quality 
objectives" in the receiving body of w ater including  the m arine waters. List
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II substances are dealt with by M em ber States which have to p roduce 
reduction  program m es.

1.1.3. The Urban Waste Water Treatment Directive (91/271/EEC)

Objective - to reduce the pollu tion of surface waters with nutrien ts 
(particularly n itrates and  phosphates) from  u rban  waste w ater which is one 
o f the m ajor sources o f n u trien t pollu tion and  hence, o f eu trophication . 
(The Directive also has the objective o f reducing  n itrate  concentrations in 
potab le w ater).

Key Features - The Directive establishes conditions for the collection, 
trea tm en t and  discharge o f u rban  waste w ater and  waste w ater from  certain 
industrial sectors. It establishes a tim etable for the provision o f waste water 
collecting systems and  trea tm en t plants as well as establishing the level of 
trea tm en t requ ired  o f the plants. T he tim etable and  requ irem ents vary 
d epend ing  on the size o f the agglom eration and  the sensitivity o f the 
receiving waters, including m arine waters, which m ust be established by 
m onitoring.

1.1.4. The Nitrates Directive (91/676/EEC)

Objective - to com plem ent the U rban Waste W ater T rea tm en t Directive by 
dealing with n itrate  pollu tion  from  agricultural sources; an o th er m ajor 
source of n itrate  pollution.

Key Features - The Directive requires M em ber States to p roduce  and 
p rom ote  Codes o f Good A gricultural Practice in o rder to reduce the level 
o f n itrate  loss to surface water (m arine waters included) and  groundw ater 
from  agriculture. It contains m onito ring  requirem ents and, in  areas 
identified  as being vulnerable to n itrate  pollution, it imposes Action 
Program m es with legally enforceable constraints on agricultural practices 
together with limits on  the spreading of organic m anure.

1.1.5. The Environmental Impact Assessment Directive (85/337/EEC)

Objective - to ensure tha t the im pact o f new developm ent projects on the 
env ironm ent is assessed before p lann ing  consent is given.

Key Features - The Directive requires projects considered likely to have a 
significant effect on the environm ent to be assessed for their im pact u p o n  a 
wide range of environm ental factors (including, in ter alia, hum an  beings, 
flora, fauna and  w ater). The relevant authorities m ust take all such 
inform ation, together with the views o f the public and  in terested  bodies, 
before g ranting  developm ent consent.

1.2. Recognised environmental issues

Europe's Environment - The Dobris Assessment and the Second Assessment
T he key environm ental issues and  problem s facing Europe's seas identified 
in T he Dobris Assessment rep o rt (Stanners & B ourdeau, 1995) are:
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• Coastal zone pollu tion
• E utrophication
• O verexploitation o f resources (biological and  physical)
• The long-term , b u t potentially very serious, effects o f clim ate change and 

sea-level rise.

Environm ental assessments and  status reports for the en tire  E uropean  area 
were updated  in 1998 for the Second Assessment R eport. The key 
environm ental issues are identified  for the whole area. B ut the m em ber 
nations will give priority to issues relevant and  im portan t for their regions. 
A ccording to the Dobris Assessment rep o rt the m ost im portan t pollutants 
in the coastal zone are synthetic organic com pounds, m icrobial organisms, 
oil, nu trien ts, litter and  generally to a lesser extent, heavy m etals and 
radionuclides.

The m ain conclusions o f “E u ro p e’s Environm ent: The Second Assessment” 
rep o rt o f were th a t synthetic organic com pounds and  heavy metals were 
still im portan t contam inants in the coastal zone; tha t there  is high 
pressure on the coasts; th a t n u trien t loads are still key issue in m ost 
E uropean  Seas and  tha t m ost R egional Seas are overfished (EEA, 1998).

Marine environmental monitoring issues

In the M editerranean  Action Plan (MAP) o f the U nited  Nations 
E nvironm ent Program m e (UNEP), and  the Jo in t Assessment and 
M onitoring Program m e (JAMP) o f the Oslo and  Paris Commissions, 
respectively, a num b er o f environm ental issues are identified. These can be 
listed u n d er 6 categories o f effects o f hum an  activities on  the m arine 
environm ent:

1. C ontam inants

2. N utrients and  eutroph ication

3. L itter

4. Fisheries

5. M ariculture

6. Habitats and  health  o f ecosystems.

These issues were identified  as being  im portan t in the assessm ent o f bo th  
the M editerranean  and  N orth  Seas (UNEP, 1996, NSTF 1993). T he m ost 
recen t environm ental assessment o f the Baltic Sea covers the period  1989- 
1993 (e.g. HELCOM, 1996). New environm ental assessments and  status 
reports will be p rep ared  for the whole OSPAR m aritim e area by the year 
2000. These assessments will be done for 5 areas (Arctic waters, N orth  Sea, 
The Celtic Seas, Bay o f Biscayne and  Iberian coast, and  the w ider Atlantic) 
and  for the whole region. For each region, the list o f issues included  in the 
JAMP has been  reviewed, and  priority is given to issues which are relevant 
and  im portan t for tha t region.

7



W ithin each m ain category o f issues, a num b er o f specific topics, questions 
o r hypotheses have been  identified. An overview o f the general issues and 
the specific questions or hypotheses is given in Table 1.

Table 1. An overview  of the general issues and the specific questions  
or hypothesis identified by the Joint A ssessm ent and 
M onitoring Program m e (JAMP) (OSPARCOM 1995)

Issues/Parameters Specific Q uestions/H ypothesis
1. CONTAMINANTS:
Cadmium, Mercury and Lead 1.1. Are a g re e d  m easu res  effective in reducing inputs?

1.2. W h a t  are  th e  concen tra tions  and  fluxes in sed im en ts  and 
biota?

Tributyltin (TBT) 1.3. To w hat ex te n t  d o  biological effects occur in th e  vicinity of 
major shipping routes,  offshore installations, marinas and 
shipyards?

Polychlorinated Biphenyls 
(PCBs)

1.4. W h a t  are th e  sources  and  input pa thw ays and  how large are 
th e  inputs?
1.5. Are a g re e d  m easu res  effective in reducing inputs?
1.6. Do high concen tra tions  in marine mam m als dis turb enzyme 
sys tem s?
1.7. Do high concen tra tions  p o se  a risk to  th e  marine ecosys tem ?
1.8. Do high concen tra tions  of n on-o r tho  and  m o no -o r th o  CBs in 
sea fo od  p o se  a risk to  hum an health?

Polycyclic Aromatic 
Hydrocarbons (PAHs)

1.9. W h a t  are th e  major sou rces  and  how large are  th e  inputs?

1.10. W ha t  are th e  concen tra tions  in th e  maritime area?
1.11. Do PAHs affect fish and  shellfish?

Other Synthetic Organic 
Compounds

1.12. How w id esp read  are  synthetic  o rgan ic  c o m p o u n d s  within th e  
maritime areas?

Offshore Chemicals 1.13. Which chemicals are  d isch a rged  and  in w hat guantities?
1.14. How and  to  w hat ex te n t  d o  th e  d ischarges  affect marine 
organisms?

Chlorinated Dioxins and 
Dibenzofurans

1.15. W h a t  concen tra tions  occur and  have th e  policy goals  (for th e  
re levant parts  o f  th e  maritime area) b e en  m et?

Environmental Transport and 
Fate o f Pollutants

1.16. W ha t  are th e  fluxes and  environmental pathways? W here  do  
pers is ten t pollutants en d  up? W h a t are  th e  Biological Effects of 
Pollutants?
1.17. W h ere  d o  pollutants cause  d e le te r ious  biological effects?

Oil 1.18. W ha t  are th e  inputs and  concen tra tions  in th e  maritime area  
and  w hat are th e  effects on ben th ic  com m unit ies  and  seab irds?  
Are a g re e d  m easu res  (for th e  shipping and  offshore industries) 
effective?
1.19. W h a t  are  t h e  effects of arom atics  d ischarged  with production  
w ater?

Radionuclides 1.20. W h a t  are  t h e  sources,  inputs and  te m p o ra l  trend s?
Accidents in th e Shipping and 
Offshore Industries

1.21. W h a t  is th e  risk of accidental losses of oil and  o th e r  chemicals 
t o  th e  maritime a rea?  W h a t  is th e  risk of the ir  t r an spo r t  to  coastal 
and  offshore ecosys tem s?

1. EUTROPHICATION:
Nutrients 2.1. Are a g re e d  m easu res  effective in reducing inputs?
Phytoplankton 2.2. W h ere  d o  e leva ted  nutr ient concen tra tions  o r  fluxes from 

a n th ro p o g e n ic  sources  cause  an increase in th e  f reg uen cy  an d /o r  
m agn i tud e  an d /o r  duration o f  phytop lankton  b loom s and  a ch ang e  
in spec ies  composit ion?
2.3. How and  to  w hat ex ten t  d o e s  increased  phytop lankton  
a b u n d a n c e  a n d /o r  c h a n g e d  phy top lankton  spec ies  com posit ion  
an d /o r  th e  p re sen ce  of toxic  phy top lankton  sp ec ies  result in 
ecological d is tu rbance?



Issues/Parameters Specific Q uestions/H ypothesis
3. LITTER
Sources and Occurrence 3.1. W ha t  are th e  sources,  com posit ion  and  occurrence  o f  litter at 

th e  sea  surface, on th e  s e a b e d  and  along shorelines?
3.2. Are a g re e d  m easu res  effective?

Effects on Birds and Marine 
Organisms

3.3. W h a t  are  th e  effects of ingesting small plastic particles on 
marine coastal birds and  o th e r  marine organisms?

4. FISHERIES
Impact of Fisheries on 
Ecosystem s

4.1. How and  to  w hat ex ten t  d o  fisheries (including industrial 
fisheries) affect s tocks of t a r g e t  and  n o n - ta rg e t  sp ec ies  and  benthic  
comm unities?

5. MARICULTURE
G enetic Disturbance 5.1. To w hat ex ten t  d o  cultured  fish and  shellfish stocks affect th e  

g en e t ic  com posit ion  o f  wild stocks?
Transfer o f D iseases and 
Parasites

5.2. W h a t  risk d o  cultured fish and  shellfish stocks p o se  to  wild 
stocks by possibly introducing d iseases?

Chemicals used 5.3. In which a reas  d o  pes t ic ides  and  antibiotics affect marine 
biota?

6. HABITATS & ECOSYSTEM 
HEALTH
Ecosystem Health 6.1. How can ecosys tem  health  b e  a ssessed  in o rd e r  to  d e te rm ine  

th e  ex te n t  of human impact?
Habitat Changes 6.2. W ha t  are  th e  ex ten ts  of th e  area, f requenc ies  and  inter­

relations b e tw ee n  th e  different ty p e s  o f  habita t within th e  coastal 
and  offshore environm ent?
6.3. W ha t  are th e  roles o f  different hab ita t  ty p es  in th e  ecological 
functioning and  th e  integrity of marine and  coastal ecosys tem s?
6.4. How and  to  w hat ex ten t  d o  d red g in g  and  sand  and  gravel 
extraction affect com m unit ies  (particularly ben th ic  communities), 
coastal hab ita ts  and  spaw ning  areas?
6.5. How and  t o  w h a t  ex te n t  d o  coastal p ro tec tion  s c h e m es  and 
land reclamation activities affect coastal habita ts ,  com m unit ies  and 
spec ies?
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2. Information needed in relation to the 
environmental issues

T he p resen t situation in Europe's seas show that some o f the water bodies 
have environm ental problem s associated with hum an  activities, and, for 
m any seas, the scale o f the problem s has n o t been  fully quantified  or 
understood . In o rder to im prove this situation, detailed  quality and  status 
assessment are requ ired . For some of the E uropean  seas, establishing a 
baseline o f quality in terms o f in p u t loads, contam ination  levels and  
biological status and  effects would be a useful starting p o in t o f 
im provem ent.

2.1. The interlinked nature of the environmental issues and 
expression of ecological quality

T he hum an  influence on the coastal and  m arine environm ent affects 
various processes and  com ponents o f the ecosystem. These com ponents are 
in terlinked  and  an effect on one co m ponen t can indirectly affect o ther 
parts o f the ecosystem th rough  trophodynam ic or o th e r couplings. 
D ifferent hum an  activities will therefore  often affect, directly or indirectly, 
the same com ponents o f an ecosystem. M ajor challenges in an 
environm ental assessment are to separate the influence due to hum an 
activities from  natural variability and  to establish links betw een observed 
effects and  causal agents.

T he identified  environm ental issues should n o t be viewed in isolation, bu t 
their com bined effects on m arine ecosystems needs to be taken into 
account. T here  are two sides to the issue o f com bined effects. O n one 
hand , there  is a com m onality o f inform ation  which is n eed ed  in o rd er to 
describe the ecosystem as a basis for assessing w hether a hum an  activity has 
a significant effect in relation  to the natural variability o f the system, for 
e.g., due to climatic variability. O n the o ther hand , the overall state o f the 
system needs to be characterised as a basis for assessing the com bined 
effects o f d ifferent hum an  activities. In this context, the concept o f 
Ecological Quality Objectives (EcoQOs) will prove invaluable. In o rd er to 
establish such objectives, it is first necessary to characterise the ecological 
quality to which the objectives are to be attached. T he proposed  E uropean  
Fram ework Directive dealing with the ecological quality o f water is a 
concrete  step in this direction.

Ecological Quality (EcoQ) has been  defined  as:

“Ecological quality o f surface w ater is an overall expression o f the 
structure and  function o f the aquatic systems, taking in to  account 
the biological com m unity and  natural physiographic, geographic 
and  climatic factors as well as physical and  chem ical conditions 
including those resulting from  hum an  activities.”
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EcoQ  can be expressed as a core set o f inform ation on the ecosystem 
including bo th  state and  flux variables. The inform ation  should reflect 
basic ecosystem properties on one h an d  and  hum an  influences on  the 
o ther. The core set o f inform ation  is re la ted  to the d ifferent environm ental 
issues as identified, e.g., in  JAMP (Figure 1). The inform ation includes 
variables describing physiographical, physical, chem ical and  biological 
features o f the environm ent. In addition it includes biological effects 
variables, which can provide inform ation  links betw een effects, for exam ple 
from  contam inants, and  variables describing hum an  influences o r use of 
the m arine environm ent.

Figure 1. Core information for expressing  EcoQ

Variables Issues
Physical Contaminants

Eutrophication
Chemical Litter
Biological ___ M icrobiologica l pollution

Fisheries
Biological effects M ariculture

H abitat changes
Human uses Disturbances

EcoQ  is expressed as a core o f inform ation (state and  flux variables) 
reflecting basic ecosystem properties and  hum an  influences. The core of 
inform ation is re la ted  to the d ifferent relevant issues for given ecosystems 
or regions.

A conceptual fram ework for the m ethodology of describing EcoQ  and 
providing linkages to the environm ental issues, for exam ple JAMP, is shown 
in Figure 2. The ecosystem is depicted  in a very simple representation . The 
physical p a rt includes am ong o ther factors ligh t which drives prim ary 
production , and  currents which transport and  disperse p lankton  and 
contam inants. N utrients are used to fuel the growth o f phytoplankton and 
are being regenera ted  in  the pelagic and  ben th ic  food webs.
P h y to p la n k to n  is g ra z e d  b y  Z o o p la n k to n  w h ic h  is g ra z e d  b y  fish  a n d  o th e r  
o rg a n is m s  in  th e  p e la g ic  f o o d  w e b . P h y to p la n k to n  a lso  fo rm s , d ire c t ly  o r  
in d ire c tly ,  a n  i m p o r t a n t  f o o d  s o u rc e  fo r  th e  b e n th ic  f o o d  w eb . 
D e c o m p o s it io n  o f  d e a d  o rg a n ic  m a te r ia l  ( d e tr i tu s )  a n d  r e s p i r a t io n  by  
b e n th ic  a n im a ls  a n d  Z o o p la n k to n  c o n s u m e  o x y g e n .

The d ifferent h um an  uses and  im pacts on the ecosystem n eed  to be 
quantified  in a m an n er which makes them  in tercom parable  with the 
properties o f the ecosystem. This can be exem plified for some selected 
issues. In the eu trophication  issue, an thropogenic  n u trien t in p u t to the 
m arine areas is quantitative inform ation  which can be com pared  and 
in terlinked  with inform ation on n u trien t pools, p lankton  production  and 
cycling o f nu trien ts in the environm ent. T he currents may distribute the 
nutrien ts, and  nu trien ts assimilated by p lankton  or as constituents o f dead 
organic m aterial from  one region to ano ther. Thus, quantitative
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inform ation on currents is requ ired  in o rd er to link inputs o f nutrien ts in 
one region with possible effects with a tim e delay in a d ifferent region.

A m ounts and  sources o f con tam inan t inputs from  m an's activities are 
quantitative inform ation  which can be linked with inform ation  on 
quantities, transport and  effects o f contam inants in the m arine 
environm ent. Many contam inants are lipophilic and  to a large degree 
associated with particles. T heir transport and  distribution are partly 
d ep en d en t on the currents b u t m odified by their interactions with 
chem ical and  biological processes. T ransport o f the contam inants in the 
food web depends on the bioaccum ulation properties o f the substances 
and  the num b er o f steps in the food chain. Many o f the persistent 
substances, such as PCBs, accum ulate in the food chain and  exert their 
biological effects at h igh  trophic levels w here they may, for exam ple reduce 
the rep roduction  o f certain  species. This may effect their population  
dynamics and  size.

T he issue o f contam inants is in terlinked  with o ther issues such as 
eu troph ication  and  fisheries. E u trophication  alters the m agnitude and 
pa tte rn  o f p roduction  and  p lank ton  biomass. This can in tu rn  alter the 
physical transport o f contam inants and  their transport and  effects in  the 
food web. Fishing activity can directly affect the population  dynamics of 
targeted and  non-targeted fish stocks, thereby m aking it difficult to 
separate effects o f contam inants from  effects o f fishing pressure. Fishing 
can also alter the trophic structure and  thereby affect the flow and  effects 
o f contam inants. Fishing activity can also d isturb the seabed and  cause 
resuspension o f sedim ents, thereby affecting their physical transport and  
availability for incorpora tion  in to  pelagic and  ben th ic  food webs.

Biological com ponents o f the ecosystem can be affected, directly or 
indirectly, by several hum an  influences. Benthic soft-bottom com m unities 
can be used as an exam ple to illustrate this. Benthic com m unities can 
change or fluctuate in  response to natural climatic variability or changes in 
biological conditions due to p redation  or com petition. B enthic 
com m unities can also change in response to several hum an  influences. 
E u trophication  can alter the am oun t and  quality o f food available for 
ben th ic  deposit or suspension feeders. C ontam inants may effect the 
physiology, rep roduction  and  population  dynamics o f ben th ic  species. 
Fishing activities can directly affect ben th ic  com m unities by killing 
individuals and  altering the substrate. Fishing can also indirectly affect the 
benthos th rough  alteration in the food web and  thereby the p redation  
pa tte rn  on benthos. Use of ben th ic  com m unities for m onito ring  purposes 
may therefore  need  supporting  inform ation in o rd er to in te rp re t observed 
changes and  establish links to causal agents. Such links are necessary if cost- 
efficient m easures are to be taken w here needed .
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Figure 2. Conceptual framework for the methodology of describing 
Ecological Quality (EcoQ) and setting Ecological Quality 
Objectives (EcoQOs)1.
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1 EcoQ is an integral expression o f the state o f an ecosystem, reflecting basic ecosystem 
properties and human use. The human use is linked to  the issues o f the Jo in t Assessment 
and M on itoring  Programme (JAMP), and provide a basis fo r se tting objectives related to  
m anagem ent actions.
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A summary o f param eters or variables n eed ed  to characterize a m arine 
ecosystem and  provide inform ation which may be n eed ed  for an 
environm ental assessment, is listed in Table 2. This table also indicates 
which inform ation  may be requ ired  in relation  to d ifferent environm ental 
issues. As is ap p aren t from  the table, there  is a b road  overlap in the 
inform ation requ ired . In any given instance, depend ing  on the specific 
m arine environm ent or ecosystem and  the specific issues o f concern  for the 
given area, the n eed ed  inform ation may be m ore lim ited than  the full list 
in Table 1. For a large m arine ecosystem like the N orth  Sea, on the o ther 
hand , all the inform ation  may be req u ired  if the aim is to provide a reliable 
assessm ent and  statem ent on the state o f the env ironm ent and  to provide 
advice on rem edial actions as p a rt o f im proved m anagem ent o f the living 
m arine resources and  the m arine environm ent.

In the following sections, the inform ation n eed  is considered in m ore 
detail for a selection o f issues, m ainly eu trophication , contam ination, 
fisheries, and  coastal habitats.

Table 2. Parameters or variables needed for an environmental assessment

C ontam i­
nation

E utrophication Fisheries Coastal
h ab ita ts

Topography b b b b
Bottom type E s s

Physical W ater transport s E b s
Hydrography E E s
Tides b b b b
Light climate b E s
M eteorology s E E s
Sedim ent characteristics E s s s

Chemical Ses ton E E s
Nutrients s E s
Oxygen, pH s E E
Organic substances s s
Metals E s s
Organic Pollutants E s E
Oil hydrocarbons E s
C ontam inant flux E s s

Biological Primary production s E s
Phytoplankton biomass s E s
Phytoplankton species com position s E
Zooplankton biomass E E
Zooplankton species com position s s s
Zooplankton transport s E
Microbial activity s s
Z oobenthos biomass s E E
Community structure E E E
Phytobenthos s E s s
Fish E s E
Sea birds E s E
Sea mammals E s s E
Fish diseases and parasites E s E

Biological
Effects

Enzyme m ethods E

Physiological m ethods E
Bioassays E

E = Essential, s = supplementary, b = background
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2.2. Physical and hydrological nature (physical features)

Several o f E u ro p e ’s seas have large m ultinational catchm ents, and  
contam inants from  these areas may originate thousands o f kilom eters from 
estuaries. Com parison of riverine inputs has failed since separate riverine 
data are n o t available for some regions. M ost o f the com parisons 
undertaken  is o f gross loads, as they do n o t take in to  account n o n ­
conservative estuarine processes which would rem ove a p ropo rtion  o f the 
riverine loads before reach ing  the m ain body o f the sea. In addition, the 
Dobris Assessment rep o rt indicates tha t in general no  a ttem pt has been  
m ade to separate the dissolved com ponen t from  the particulate com ponen t 
o f the load. (However, in  some countries this has been  done for several 
years). Thus, data on riverine input, effective catchm ent m anagem ent and 
pollu tion  control m easures requ ire  concerted  in ternationals efforts and 
cooperation.

In addition to pollu tion  data, m easurem ents o f freshw ater flow will be an 
im portan t param eter. R eduction in freshw ater flow generally m eans a 
reduced  sedim ent load which may enhance coastal erosion. The lack of 
effective coastal zone m anagem ent can lead to the loss o f im portan t 
com ponents o f the ecosystem.

The key req u irem en t for the collection of baseline data is the application 
o f appropria te  standard  m ethods and  quality control procedures. It is 
evident th a t such baseline data have n o t been  collected, or are n o t 
available, for m any o f the E uropean  seas, thus m aking quantitative 
com parisons of, for exam ple contam ination levels betw een seas, very 
difficult. To achieve quality im provem ents, there  is a clear need  for 
enhanced  in ternational collaboration and  agreem ent.

2.3. Eutrophication

E utrophication  is a term  from  lim nology tha t has been  adop ted  also for 
m arine waters, often w ithout clear defin ition  and  with d ifferent m eanings.

In the Council Directive o f 21 May 1991 concern ing  u rban  waste water 
treatm ent, eu trophication  is defined  in Art. 2 No. 11: "eutrophication" 
m eans the en richm en t o f water by nutrien ts, especially com pounds of 
n itrogen  a n d /o r  phosphorus causing an accelerated growth of algae and 
h igher forms o f p lan t life to p roduce  an undesirable d isturbance o f the 
balance o f organism s p resen t in  the w ater and  to the quality o f the water 
concerned . Figure 3 shows the sequence o f events and  biological effects of 
increasing n u trien t loads.

Eutrophication  in m arine waters leads e ither to increased concentrations 
o f nu trien ts in seawater a n d /o r  to increased assimilation of nu trien ts and 
increased production  and  biomass by p lankton  and  ben th ic  organisms. Due 
to the time response in the ecosystem, eu trophication  is a process that 
develops th rough  several stages as illustrated in Figure 3. In the initial 
en richm en t phase, increased in p u t o f nu trien ts leads to changes in the
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growth rate o f phytoplankton, phytobenthos, m icroorganism s and  animals 
th a t derive their food from  plants (herbivores). Changes in growth rates 
may lead to changes in  species com position as a prim ary effect. These 
changes and  increases in the overall biomass may lead to secondary effects 
such as shading and  shallowing o f the u p p er euphotic  zone and  the 
proliferation  o f harm ful algal blooms. If the in p u t o f nu trien ts is large, 
extrem e effects may be massive growth of some m acroalgae (e.g. "green 
tide"), toxic effects, a n d /o r  local extinction o f species. The ultim ate effect 
is anoxic conditions in  sedim ents and  bottom  water, leading to mass 
m ortality o f benthos.

In considering eutrophication , the spatial and  tem poral aspects o f the links 
betw een inputs and  effects are im portan t. The an thropogenic  in p u t of 
nu trien ts com e as a m ixture o f large p o in t sources such as rivers and  a 
m ultitude o f m any small and  diffuse sources. The freshw ater-borne 
nu trien ts are influenced  by m ixing and  dispersal in the coastal zone. This 
leads to dilu tion and  transport o f the nu trien ts by the m ain cu rren t 
systems. At the same tim e the n u trien t concentrations are m odified by 
biological uptake and  use by phytoplankton and  bacteria. Along a g radient 
from  the river m outh  th rough  the estuary and  dow nstream  along the coast, 
the riverine n u trien t in p u t is converted first in to  increased biomass of 
phytoplankton and  phytobenthos and  secondly in to  increased 
h e tero troph ic  p roduction  and  biomass o f Zooplankton and  zoobenthos. 
T he stim ulated p roduction  leads to an increased am oun t o f living and  dead 
organic m aterial which is transported  with the currents. This can lead to an 
increased utilization o f oxygen in areas "down-stream" o f the region w here 
the m ain in p u t o f nu trien ts takes place. U nder stratified hydrographic 
conditions this may cause oxygen depletion  and  m ortality o f benthos.

An exam ple o f eu troph ied  waters is the N orth  Sea w here there  is a clear 
pa tte rn  associated with large inputs o f nu trien ts to the coastal zone of the 
shallow sou thern  N orth  Sea (NSTF 1993). These inputs lead to enhanced  
production  and  export o f surplus nu trien ts (particularly in w inter and 
spring) and  plankton  and  seston by the Ju tlan d  C urren t along the Danish 
west coast in to  the stratified waters o f the Eastern Skagerrak and  Kattegat. 
H ere  the increased oxygen consum ption, due to the n u trien t and  organic 
enrichm ent, contributes along with local n u trien t inputs to oxygen 
dep letion  o f the lower w ater layer in the K attegat and  in basin fjords in the 
Norwegian Skagerrak coast (Aure e t al. 1996).

T he types o f inform ation n eed ed  to describe and  assess the eu troph ication  
status o f an area is briefly reviewed below with reference to Table 2.

16



Figure 3. Biological effects at increasing nutrient load. (After Gray 
1992).
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Bottom topography - Inform ation on  the bottom  topography is n eed ed  as a 
basic in p u t to 3-D m odelling of hydrodynamics, currents and 
phytoplankton growth.

Water transport - Estimates o f water transport are im portan t inform ation  for 
calculating n u trien t and  p roduction /b iom ass budgets and  for providing 
spatial links betw een inputs and  effects o f nutrien ts. Such estimates can be 
derived from  the use o f num erical water circulation m odels or ob tained  
from  m easurem ent program m es o f currents and  hydrography.

Hydrography - Inform ation about hydrography is requ ired  for th ree  m ain 
reasons. Firstly, the hydrographic processes and  structures are key 
elem ents for determ in ing  the conditions for growth o f phytoplankton and 
thereby consum ption and  cycling o f nu trien ts in coastal and  m arine waters. 
Secondly, hydrographic inform ation  is requ ired  in o rd er to calculate 
m ixing o f water masses and  n u trien t budgets for estuarine and  coastal 
waters. Thirdly, hydrographic inform ation is n eed ed  to initiate and 
validate results from  num erical sim ulation m odels o f hydrodynamics, 
nu trien ts and  p lankton  growth.

Tides - Inform ation abou t tides is requ ired  as background inform ation 
w hen assessing eutrophication . Tidal m ixing is an im portan t process 
governing oceanographic structures such as fronts betw een tidally m ixed
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and  stratified waters. Tides are also im portan t for littoral and  sublittoral 
ben th ic  com m unities which may be affected by eu trophication .

Light - L ight governs the growth of phytoplankton and  phytobenthos. 
Inform ation about ligh t conditions is requ ired  as a basis for calculating or 
m odelling prim ary production . Changes in the am oun t and  quality o f light 
may lead to changes in  phytoplankton species com position.

Meteorology - The m eteorological conditions constitute an im portan t 
e lem en t for physical and  biological ocean dynamics. M eteorological data 
are requ ired  in relation  to 3-D m odelling with episodic w eather events 
included. Such data are also requ ired  for analysis o f possible relationships 
betw een eu trophication  trends and  climatic changes.

Freshwater discharge - Inform ation on the am ounts, sources and  seasonal 
patterns o f freshwater discharges is n eed ed  for several purposes. It is 
requ ired  for physical and  coupled physical-chemical-biological models. It is 
also requ ired  for calculating budgets and  m ixing betw een d ifferent water 
masses as a basis for estim ating the dilu tion and  dispersion o f pollutants.

Nutrients - Data are requ ired  on n u trien t in p u t from  p o in t and  diffuse land 
sources as well as via the atm osphere. D ata are also requ ired  on n u trien t 
concentrations in riverine, estuarine, coastal and  m arine waters as a basis 
for calculation o f n u trien t and  e lem ent budgets and  for assessing spatial 
and  tem poral trends. Inform ation is requ ired  on bo th  inorganic and 
dissolved organic forms of N and  P. N u trien t data are n eeded  for 
initialization and  validation o f coupled  physical-chemical-biological m odels 
th a t can be used as a tool in eu troph ication  assessment work.

Sediment characteristics - Sedim ents may play an im portan t ro le for the 
n u trien t cycling in estuaries and  shallow coastal waters. Data on sedim ent 
characteristics may be n eeded  as supporting  inform ation w hen assessing 
eu trophic conditions.

Oxygen - Data on oxygen concentrations can provide useful supporting 
inform ation  on the balance betw een au to troph ic  and  he tero troph ic  
processes. Eutrophication  can lead to increased oxygen consum ption and 
oxygen depletion  in deeper water layers. Data on  oxygen are therefore 
essential inform ation with regard  to eu troph ication  effects.

Organic substances - Dissolved organic substances probably play im portan t 
roles in the chem istry and  biology in m arine waters. O rganic substrates may 
be im portan t growth factors for some species or groups o f phytoplankton. 
E u trophication  may lead to a ltered  am ounts and  com position o f such 
dissolved organic substances.

Metals and organic contaminants - These contam inants may have an effect on 
the growth, rep roduction  and  species com position o f p lanktonic and 
ben th ic  com m unities. Data on  con tam inan t levels in seawater, sedim ents
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and  biota may therefore be useful supplem entary inform ation when 
assessing eutrophication.

Contaminant flux - T he horizontal and  vertical fluxes o f p lankton  and  dead 
organic m atter are likely to be im portan t m echanism s for physical transport 
and  transport in the food web of contam inants. Increased flux o f organic 
m aterial from  the coastal zone to offshore deposition areas may be 
associated with an increased flux and  load o f contam inants. D ata on the 
con tam inan t flux may therefore  be requ ired  in o rder to address the issue 
o f in teraction  and  synergetic effects betw een eu troph ication  and  
contam inants.

Seston - The load o f organic and  inorganic suspended m aterial is im portan t 
in relation  to eu trophication . Seston influences light conditions and 
thereby the conditions for growth and  n u trien t assimilation by 
phytoplankton and  phytobenthos. Increased production  may lead to 
increased seston load, bo th  as living plankton  organism s and  dead  organic 
m aterial. This in tu rn  may affect the feeding conditions for benth ic  
com m unities and  the oxygen levels in sedim ents and  deeper w ater layers. 
Data on the co n ten t o f N, P and  C in seston are particularly requ ired  for 
calculation of n u trien t budgets.

Microbial activity - Bacteria and  o ther m icroorganism s play central roles for 
the cycling o f n u trien t elem ents in m arine systems. M icrobial processes 
such as nitrification or denitrification can be o f im portance for the N cycle 
in some areas. Viral influence on phytoplankton species dynamics may also 
play a role with regard  to harm ful algal blooms. Inform ation on m icrobial 
activities may be useful as supporting  inform ation in assessments of 
eu troph ication  and  n u trien t budgets.

Phytoplankton primary production - D ata on phytoplankton prim ary 
p roduction  are requ ired  in o rder to allow b udget calculations o f nutrien ts 
and  p roduction , including estimates o f new production  due to 
an thropogen ic  n u trien t in p u t to a coastal o r m arine area. Data on prim ary 
p roduction  may be obtained  th rough  m easurem ent program m es or 
estim ated from  data on phytoplankton biomass and  physical driving forces, 
or th rough  a com bination o f m easurem ents and  m odelling.

Phytoplankton biomass - Increased phytoplankton biomass can be a com m on 
feature o f eu trophication . Data on phytoplankton biomass are requ ired  to 
assess spatial and  tem poral trends and  as in p u t and  for validation of 
m odels. Data on phytoplankton biomass are also requ ired  as a basis for 
assessing trophic effects o f eu trophication . Phytoplankton biomass can be 
estim ated indirectly from  m easurem ents o f p lan t pigm ents, e.g. chlorophyll 
a, or th rough  m ore laborious procedures involving m icroscopic counts and 
size determ inations. Inform ation on  phytoplankton biomass can also be 
gained from  determ ination  o f the am oun t o f suspended particulate organic 
m aterial (e.g. POC, PON, POP) or from  autom ated  analysis o f num bers 
and  size o f particles.

19



Zooplankton biomass - Increased phytoplankton production  can result in 
increased biomass o f Zooplankton. T he abundance o f Zooplankton can on 
the o th er h an d  influence the am oun t o f phytoplankton th rough  grazing. 
D ata on Zooplankton biomass are therefore  im portan t for assessing 
eu troph ication  effects. Such data are also requ ired  as in p u t to m athem atic 
m odels to calculate grazing pressure and  m ortality o f phytoplankton.

Zooplankton production - New m ethods to determ ine Zooplankton 
production , such as determ ination  o f egg production , may provide useful 
inform ation re lated  to changes in population  dynamics and  species 
com position o f Zooplankton.

Zooplankton species composition - Increased p roduction  a n d /o r  biomass of 
phytoplankton due to eu troph ication  may lead to changes in species 
com position and  dom inance in coastal and  m arine waters. D ata on 
Zooplankton species com position may therefore  provide useful inform ation 
for assessment o f trends in relation  to eu trophication .

Zooplankton transport -  D u e  to  t h e i r  re la tiv e ly  lo n g  g e n e r a t io n  tim e s , 
Z o o p la n k to n  t r a n s p o r t  b y  c u r r e n ts  c a n  p la y  a n  im p o r t a n t  o r  d o m in a n t  ro le  
f o r  th e  Z o o p la n k to n  d y n a m ic s  in  a  g iv en  c o a s ta l o r  m a r in e  a re a .  
I n f o r m a t io n  o n  Z o o p la n k to n  t r a n s p o r t  c a n  th e r e f o r e  b e  i m p o r t a n t  
s u p p o r t in g  in f o r m a t io n  w h e n  a sse ss in g  e u t r o p h ic a t io n .  I n f o r m a t io n  o n  
Z o o p la n k to n  t r a n s p o r t  c a n  b e  d e r iv e d  f ro m  d a ta  o n  Z o o p la n k to n  
a b u n d a n c e  a n d  b io m a s s  c o m b in e d  w ith  d a ta  o n  c u r r e n ts  a n d  w a te r  
t r a n s p o r t .

Phytobenthos - E u trophication  can lead to changes in species com position 
and  dep th  distribution o f phytobenthos. Data on  phytobenthos can 
therefore  provide im portan t inform ation with regard  to eu trophication  
assessments.

Zoobenthos biomass - Eutrophication  may lead to increased am ounts of 
seston and  vertical flux o f organic m atter to deeper w ater layers and  
sedim ents. The zoobenthos biomass may increase in  response to the 
increased in p u t o f organic m aterial. If the increase is too large the resulting 
oxygen consum ption may lead to oxygen depletion and  mass m ortality of 
zoobenthos. Zoobenthos is stationary and  will therefore  reflect the local 
conditions.

Zoobenthos species composition - E utrophication  will generally lead to changes 
in the species com position of ben th ic  com m unities. Zoobenthos is 
therefore  com m only used for m onito ring  purposes. Data on zoobenthos 
species com position are requ ired  for assessing status and  spatial and 
tem poral trends in eu trophication  o f coastal and  m arine waters.

Fish - Changes in  prim ary production  can resu lt in changes in p roduction  
and  biomass at h igher trophic levels. Oxygen depletion  due to 
eu troph ication  can resu lt in m ortality or em igration o f fish from  affected 
areas. Data on abundance and  production  o f fish stocks may provide
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useful inform ation on the trophic structure o f m arine systems. Large 
natural variability and  large im pact by fisheries on fish stocks m ake it 
difficult, however, to distinguish effects due to eutrophication.

Sea mammals - Algal toxins may affect sea m am m als th rough  their diet. 
Inform ation on stocks and  m ortality o f sea m am m als may therefore  be of 
some relevance in relation  to assessments o f eu trophication .

2.4. Contaminants

Evaluation o f cause-effect relationships and  successful im plem entation  of 
m itigating m easures requ ire  precise knowledge of causes. Consequently, 
reliable inform ation abou t sources and  load is sine qua no n  in rational 
pollu tion  control. Likewise, with regard  to dam age at the population  and 
com m unity level, it is im p o rtan t to clarify the role o f physical factors, for 
exam ple hab ita t destruction and  fisheries activities (including killing of 
seabirds and  m am m als in fishing nets).

To the ex ten t th a t such inform ation is lacking or difficult to obtain, co­
operation  betw een in ternational environm ental p ro tec tion  agencies is 
n eed ed  in o rd er to achieve regular publishing o f u p da ted  state o f the art 
reports.

Metals

Metals are natu ral constituents o f the m arine environm ent. N atural 
background concentrations o f metals in water, sedim ents, and  biota vary 
from  area to area, depend ing  on  m ineralisation and  o th er local conditions. 
Inputs o f metals from  land  via rivers and  d irect run-off contain a natural 
com ponen t tha t depends on the geology of the catchm ent area, as well as 
an an thropogenic  com ponen t tha t arises from  industrial, u rban , and  o ther 
sources. A tm ospheric deposition is a fu rther source of certain  metals, 
particularly lead and  cadm ium .

In m ost coastal areas it is ap p aren t th a t inputs o f metals in to  m arine waters 
have decreased, b u t significant downward trends in concentrations in the 
env ironm ent have been  detected  in only a few cases (NSTF 1993) due to 
lack o f inform ation.

In m any cases it is difficult to draw firm conclusions because o f the 
influence o f changes in analytical m ethods, a general lack o f accuracy and 
precision associated with sampling, analytical, and  input-load estim ation 
m ethods, and  high  natural variability.

A lthough concentrations may be enhanced  u n d e r the influence o f local 
inputs, metals do n o t generally accum ulate over time in the w ater colum n, 
owing to their reactive na tu re  and  various removal processes. However, 
they can be accum ulated in m arine organisms, and  on particulate m atter, 
especially fine-grained m aterial, which ultim ately settles in sedim ent 
deposition areas. In coastal areas o f the Kattegat and  Skagerrak, m etal
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concentrations are up  to ten times h igher than  in open  Atlantic water, 
probably reflecting the freshwater discharge in those regions. In coastal 
areas o f the sou thern  N orth  Sea, h igher concentrations reflect the 
influence o f river inputs. Reliable inform ation on trends in concentrations 
o f dissolved metals is n o t available.

O ffshore regions were generally found  to be only slightly contam inated, 
with the exception o f areas tha t are known or p resum ed deposition areas.

C oncentrations o f cadm ium  and  copper in sedim ents from  the central 
D utch coastal waters decreased significantly betw een 1981 and  1991. 
Inform ation on trends in contam inants in sedim ents from  o th er areas is 
still inconsistent and  hence n o t yet available in a form  considered suitable 
for assessment.

Relative to their concentrations in sea water, metals bioaccum ulate in 
m arine organisms, such as fish and  shellfish, and  top predators, such as 
seabirds and  m arine m am m als. Only some of the data on  con tam inan t 
levels in b iota are suitable for accurate assessment o f trends, b u t the picture 
is generally encouraging: m ost o f the downward trends in m etal 
concentrations in b iota rep o rted  in the 1980s have con tinued  in to  1990s. 
However, in some areas, increased concentrations are reported , for 
exam ple, for m ercury and  lead in fish and  cadm ium  in mussels. C oncern 
has been  expressed abou t the potential effects o f h igh  concentrations o f 
lead, m ercury, and  cadm ium  in relation to top predators such as seals and  
certain  seabirds.

However, in some areas, the concentrations o f certain  metals in stocks of 
mussels th a t are n o t com m ercially exploited exceed health  standards.

Two m ajor points th a t rem ain  to be clarified:

• the biological significance o f m axim um  concentrations o f metals in bo th  
total and  fine fractions o f sedim ents; and

• the rate o f decrease in concentrations in areas affected by m etal 
contam ination  following decreases in inputs.

Polycyclic aromatic hydrocarbons

Sources o f polycyclic arom atic hydrocarbons (PAHs) include shipping, 
offshore oil and  gas operations, the bu rn in g  of fossil fuels in, e.g., energy 
p roduction , and  o th e r industrial activities. T he contribu tion  from  natural 
sources (e.g., forest fires and  volcanic activity) is unclear, owing to a lack of 
relevant data.

H igh concentrations o f PAHs in sedim ents have been  reco rded  in some 
estuaries surround ing  the N orth  Sea. T heir occurrence in the Norwegian 
T rench  indicates tha t long-range transport via the atm osphere as well as 
transport and  deposition of fine sedim entary m aterial bo th  play an 
im portan t ro le in determ in ing  the distribution of PAHs in sedim ents.
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An increased frequency o f fish liver tum ours, reduced  growth in mussels, 
and  induction  of certain  detoxification enzymes in flatfish liver have been  
a ttribu ted  to elevated levels o f PAHs in some N orth  Sea sedim ents (NSTF 
1993).

Persistent organic contaminants

A large num ber o f synthetic (m an-m ade) organic com pounds th a t are 
persistent in the m arine environm ent are m ainly in troduced  in to  the 
E uropean  Seas by atm ospheric deposition, riverine inputs, and  leakages 
from  waste sites along the coasts. It is n o t possible to quantify these inputs 
with accuracy, owing to a lack o f adequate data even for well-studied 
substances. Im proved inform ation is requ ired  on inputs o f these known 
substances and, for the synthetic organic chemicals tha t are difficult to 
characterize and  chemically identify in m arine samples, there  is a n eed  to 
evaluate the relative risk from  d ifferent groups o f these substances in terms 
o f toxicity, persistence, and  am ounts p roduced  and  potentially discharged 
in to  the sea. Many of the synthetic organic contam inants en tering  the 
N orth  Sea are degraded  very slowly (if at all) and  bioaccum ulate and 
biom agnify in m arine food chains. They occur in water, sedim ents, and 
biota, and  generally the h ighest concentrations are found  in m arine biota, 
associated with the lipids in their tissues. This has im plications for top 
p redators with large fat deposits, such as m arine mammals.

A lthough m ost o f the persisten t organic contam inants th a t have been  
identified, e.g., polychlorinated biphenyls (PCBs), hexachlorocyclohexane 
(H C H ), and  DDT, are w idespread, h igher concentrations are clearly 
identifiable in certain  areas close to the m ajor sources, and  in 
sedim entation areas. Inform ation on  trends is lim ited, b u t in severeal areas 
a decreasing tren d  of PCBs in certain  species has been  rep o rted  (NSTF 
1993).

H igh levels o f PCBs and o th er organic contam inants found  in sedim ents 
from  the Skagerrak and  K attegat reflect long-range transport and 
deposition o f PCBs from  the atm osphere, and  sedim entation and 
accum ulation o f particle-bound PCBs transported  by w ater currents from 
sources farther south in the N orth  Sea and  from  the Baltic Sea.

T here  is insufficient inform ation to assess biological effects o f m ost 
persistent organic contam inants. A lthough such substances are acutely 
toxic to m ost species at h igh  concentrations, it is difficult to obtain 
inform ation on effects due to low-level exposure to concentrations typically 
found  in the env ironm ent or due to b ioaccum ulation of the contam inants 
in the organism , which are considered to be the m ain risks in natu re .
T here  are also problem s o f identification and  quantification o f these 
substances in d ifferent environm ental com partm ents, and  little 
understand ing  o f poten tial synergistic effects from  com binations of 
substances.
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Some synthetic organics, including PCBs, have been  associated with 
reproductive failure and  suppression o f the im m une system in m arine 
m am m als. Laboratory experim ents have also shown th a t several 
organochlorines, in particular d ieldrin , DDTs, and  to a lesser ex ten t PCBs, 
in fish ovarian tissue reduce the hatching  success o f the eggs o f sensitive 
fish species. The high levels o f PCBs and  certain  o th e r organic 
contam inants in  biota continue to justify the a tten tion  focused on efforts to 
m inim ize inputs o f these substances to the m arine environm ent.

Because o f the w idespread use o f synthetic organic com pounds and  their 
h igh  potential for creating an environm ental risk, this is clearly a topic on 
which fu rth er inform ation is requ ired . However, only a relatively small 
num b er o f synthetic organic com pounds (out o f a potentially large 
num ber) have yet b een  identified  and  quantified  in the m arine 
environm ent. Many others probably exist and  may or may n o t cause 
effects. T here  is a n eed  to establish m ethods to trace sources o f these 
substances and  their effects in the environm ent. This will give a be tter 
p icture o f the total th rea t to the E uropean  Seas.

Tributyl tin

T he use o f tributyl tin (TBT) in anti-fouling paints for pleasure boats and 
com m ercial vessels has clearly led  to contam ination o f harbours, with 
associated effects on a num ber o f m arine organisms. Molluscs are affected 
a t very low concentrations o f TBT, and  a sensitive ind icator o f the toxicity 
o f TBT to m arine organism s is its effect on  the dogwhelk, a gastropod 
which manifests reproductive disturbances (imposex) at concentrations 
below those known to affect o th e r m arine organisms. Historical records 
show that dogwhelks have disappeared from  several areas over the past 
decade.

Surveys at locations close to harbours and  at open  coastal sites a round  the 
N orth  Sea have shown significant reproductive disturbance o f dogwhelks in 
m ost o f the areas studied. In m any areas the effects on these populations 
are likely to be catastrophic.

In some estuaries close to m arinas a m arked  decrease in TBT 
concentrations has been  observed, following a ban  on the use o t TBT-based 
paints on yachts less th a t 25 m, and  ecological recovery has been  observed. 
However, concentrations in some h arb o u r and  dock areas rem ain  high and 
variable.

General needs

In o rder to assess the degree o f pollu tion by chem ical substances 
knowledge on background concentrations o f natural com pounds is 
required .

D ue to agreem ent u n d e r several conventions, nam ely OSPARCOM and 
HELCOM, the achievem ent o f substantial emission reductions is now
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u n d e r way for m any substances. However it rem ains im portan t to develop 
policies to ensure tha t the reductions are at least m ain ta ined  during  the 
nex t decades.

Large quantities o f chemicals are used offshore by the oil industry and 
their discharge to the m arine environm ent continues with varying degrees 
o f control. A dditional m easures are u n d e r consideration within the Paris 
Commission to regulate and  reduce emissions o f chemicals from  offshore 
platform s.

Heavy metals - The existing reduction  goals o f 50% m ade from  OSPARCOM 
and  HELCOM  for inputs o f metals could be suggested for all E uropean  
regional Seas. T he high concentrations o f cadm ium  found  in liver tissue of 
fish from  the central N orth  Sea indicate th a t cadm ium  is a priority 
substance in this respect and  should be m ade subject to m ore stringent and 
specific reduction  goals for atm ospheric emissions.

In general, there  is a n eed  to pay m ore a tten tion  to reduction  m easures 
d irected  towards atm ospheric emissions o f heavy metals.

Organic contaminants. - For m any organic contam inants TBT and 
hexachlorocyclohexane (HCH) included, no  conclusions can be drawn as 
to w hether the existing goals and  m easures for the N orth  Sea and  the 
Baltic Sea (OSPARCOM and  HELCOM) are sufficient. Fu rther reductions 
in the use o f TBT, or even a ban  on its use, should have high priority in 
these organisations, especially in areas w here m easures to date have had  
little effect. The possible total ban on  the use o f TBT also implies the need  
to identify safe substitution products.

For o th e r organic substances (e.g., PCBs and  DDT) concentrations in the 
N orth  Sea and  the Baltic Sea indicate tha t there  are still problem s. It is 
im portan t tha t sources o f PCBs and  DDT be located in the different 
regional seas so tha t adequate strategies can be developed to p revent them  
from  en tering  the m arine environm ent.

T here  are also substances (e.g., PAHs) tha t have n o t yet been  identified  as 
priority substances w ithin the fram ework of the N orth  Sea Conferences, 
although they are found  in the N orth  Sea in  concentrations tha t may affect 
the health  o f the ecosystems (NSTF 1993). For these substances, reduction  
policies should be considered by the In ternational E uropean  and  national 
authorities. In o rd e r to reduce emissions o f PAHs, in ternational goals and 
m easures are requ ired , and  a tten tion  should be paid to emissions in water 
as well as in to  the air, for bo th  land-based and  sea-based sources.

The Precautionary Principle is applicable to substances tha t are toxic and 
persistent and  detectable in the m arine environm ent.
T here  are a large num ber o f synthetic organic chemicals in cu rren t use 
tha t may, on  the basis o f com parative toxicity and  o ther studies, be toxic 
and  persistent if they are discharged in to  the m arine env ironm ent and  that 
may, thus, affect m arine life. Many o f these chemicals are difficult to
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characterise in m arine samples and  are com m only referred  to by chemists 
as "unknown" substances. T here  is a need  to evaluate the relative risk from 
d ifferent groups o f these substances in term s o f toxicity, persistence, and  
am ounts p roduced  and  potentially discharged in to  the sea.
A lthough there  is insufficient inform ation on the occurrence of high-risk 
substances in sea water, sedim ents, and  m arine biota their dam age to the 
m arine environm ent is evident.

Knowledge about which synthetic organic com pounds occur in the 
E uropean  Seas and  at w hat concentrations is scarce. T he effects o f PCBs on 
the susceptibility o f seals to infectious diseases and  on their reproductive 
capacity requ ire  atten tion . The effects o f co-toxicant (com bining organic 
substances and  metals) anti-fouling substances on ecosystems also need  
clarification. In general, inform ation is still n eeded  on the relationship 
betw een inputs o f organic contam inants and  the concentrations o f these 
contam inants observed in sedim ents and  biota, and  their effects on the 
latter.

T here  is a n eed  to develop adequate and  duly validated tools to assess 
progress in reaching  the defined  goals. These tools should m ake use of 
background levels and, w here this is n o t possible o f ecotoxicological 
inform ation. For specific coastal areas, estuaries, and  fjords, detailed 
assessments should be conducted. Consequently, while developing the 
assessm ent tools, the fact th a t these areas may have d ifferent background 
levels, or differences in vulnerability to specific substances, should be taken 
in to  account.

M onitoring to evaluate the effectiveness o f regulatory m easures should be 
carried  o u t as closely as possible to the sources o f inputs and  in 
sedim entation areas.

2.5. Fisheries

T here  has been  an increasing awareness in  recen t years o f the ecological 
effects o f fisheries on coastal and  m arine ecosystems (ICES 1995). The 
ecological effects o f fisheries can be broadly classified in to  d irect and 
ind irec t effects. D irect effects can again be separated in to  those affecting 
target and  non-target fish or o th e r species.

For com m ercial target fish species, fishing may cause a m ajor com ponen t 
o f the m ortality for the stocks. Fishing m ortality may therefore  play a large 
ro le for the stock structure and  dynamics. Overfishing is a com m on 
practice, for m any and  com plex reasons, tha t can lead to dep leted  stocks 
and  th rea ten  their recovery. Many fisheries are non-selective. Thus, 
m ortality due to fishing can play a large role in the population  dynamics 
and  status o f non-target species, including benth ic  organisms which are 
often also caught and  killed or dam aged by bottom  trawls.

Com m ercial fish species which form  the basis for large fisheries, are 
typically ecologically im portan t with regard  to structure and  energy flow in
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m arine ecosystems. The d irect effects on the targeted species by fisheries 
will therefore  also have ind irec t effects on o ther com ponents o f the 
ecosystem which are trophically linked to the target species. Small pelagic 
fish species may form  an im portan t com ponen t in the d ie t o f larger 
p redatory  fishes, seabirds and  sea mammals. Overfishing o f the small 
pelagic species may therefore  alter the feeding conditions o f these species 
at h igher trophic levels and  indirectly affect their populations. Overfishing 
o f larger p redatory  fish species such as cod may on the o ther h an d  reduce 
the p redation  m ortality on  smaller prey fish species and  indirectly cause an 
increase in their populations.

Offal and  discard o f catch at sea rep resen t an extra food supply for seabirds 
which feed at the sea surface. This practice has lead to a m arked  increase in 
m any seabird populations in the N orth  Sea. Such increase in seabird 
populations can in some respects be seen as positive effects o f fishing 
activities. At the same time, the resulting population  size may exceed the 
natural carrying capacity o f the m arine ecosystems, m aking them  
d ep en d en t on the extra food supplied by fisheries and  vulnerable to 
fam ine should their natu ral prey species decline for natural or 
an thropogenic  reasons.

Heavy bottom  trawling gears may have an ind irec t effect by altering the 
ben th ic  habitats. Habitats with restricted  areal ex ten t such as cold-water 
coral or polychaete reefs may be dam aged or destroyed, with possible 
effects on biodiversity associated with such habitat-form ing species.
Trawling may also affect the soft-bottom sedim ents and  reduce the hab ita t 
diversity associated with fine scale structures in  the substrate.

Lost fishing gear which continue to trap  fish or which may cause 
en tang lem en t o f seabirds or sea mammals, is a special problem  associated 
with fisheries. This is often considered as a p a rt o f the litter issue and  is n o t 
included  am ong the priority issues included in JAMP.

Assessment o f the d irect and  ind irec t effects o f fishing th rough  trophic 
interactions requires a tho rough  description and  understand ing  o f the 
m arine ecosystem. Data on  fish stocks used for stock assessment and  fishery 
m anagem ent are often sufficient to assess the d irect effect o f fishing 
th rough  fishing mortality. Inaccurate repo rting  o f catches and  discards 
affect the quality o f data and  constitute a m ajor problem  in bo th  fish stock 
and  environm ental assessments.

Fish stocks show large natural variability. R ecru itm ent is also highly 
variable, and  in m any cases re la ted  to variation in climatic forcing. At the 
same time, there  are trophodynam ic links am ong the fish stocks, and 
betw een fish stocks and  o th er parts o f the ecosystem. T he large stocks of 
plankton-feeding fish d ep en d  on the p roduction  and  transport o f 
p lankton.
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2.6. Disturbance of coastal habitats

T he N orth  Sea and  its coastal zones provide a rich  diversity o f habitats for 
biota. However, these habitats are affected by a variety o f hum an  activities, 
m any of which result in d isturbance or even p e rm an en t destruction of 
parts o f these habitats.
Changes in hab ita t size, resulting from  coastal p ro tection  works, land 
reclam ation activities, and  the construction o f harbours and  industrial and 
tourist facilities, have occurred  particularly a round  the M editerranean  Sea. 
These changes are perm anen t, and  have resulted  in the shrinking or 
disappearance o f some habitats, although in o th er cases new types o f 
m arine hab ita t have subsequently developed.
O ther changes in hab ita t conditions are very often a resu lt o f disturbance 
by hum an  activities and  mainly resu lt in tem porary effects. Such 
disturbances may resu lt from  the extraction o f bottom  m aterial, changes in 
w ater balance or currents, or the simple presence o f hum an  beings.

In offshore habitats, such changes may also be caused by, for exam ple, 
offshore m ining  and  fisheries activities.

General needs

Individual species requ ire  particular habitats. Specific habitats can be o f 
value because they rep resen t im portan t o r un ique ecosystems. A lthough 
the T h ird  In ternational C onference on the Protection o f the N orth  Sea has 
taken a first step towards pro tecting  species and  habitats, including calling 
a tten tion  to the need  to identify m arine sites o f national or in ternational 
im portance, im proving the quality o f the seas requires tha t m ore emphasis 
be given to species and  hab ita t pro tection  (NSTF 1993). As far as individual 
species are concerned , this is especially true for m arine mammals, seabirds 
and  coastal birds, and  benth ic  and  long-lived species.

Generally, coastal areas are habitats which have special ecological 
significance. Many o f these habitats are in terlinked  th rough  ecological 
relationships and  also play a role in the life cycle o f a num b er o f species.

T he pro tection  o f species and  habitats should n o t be based on  a num b er of 
separate m easures d irected  towards the p ro tection  o f certain  species on the 
one h an d  and  certain  habitats on the o ther. The pro tection  o f species and 
habitats needs an in tegrated  ecosystem approach, based on the conviction 
th a t an ecological netw ork should be p ro tec ted  and  restored  w here 
necessary.

It should also be realised tha t pollu tion  reduction  plays an im portan t role. 
In  this context, it is im portan t to no te  th a t concentrations o f hazardous 
substances are generally h igher in coastal areas com pared  with open  sea 
areas. In addition, m any of the species m en tioned  above are top predators 
and, therefore, at the end  of the bioaccum ulation process.
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In the fu rth er developm ent o f a strategy to p ro tec t species and  habitats, the 
following should be considered:

• Im plem entation, with h igh  priority, the provisions o f the D eclaration of 
the T hird  In ternational C onference on the Protection o f the N orth  Sea 
concern ing  the p ro tec tion  o f species and  habitats, i.e., the identification 
o f m arine sites (including coastal, estuarine, and  open sea areas) of 
national and  in ternational im portance;

• Identification o f an ecological netw ork o f habitats in the E uropean  Seas
• To use the elem ents (species and  habitats) o f this network, and  the 

identified  m arine sites o f national o r in ternational im portance, for the 
fu rth er elaboration o f ecological objectives;

• Im plem entation  o f the H abitat Directive
• D evelopm ent o f special p ro tection  regim es for these habitats (including 

coastal, estuarine, and  open  sea areas), including, in te r alia, m easures to 
reduce particular sea uses and  to establish w ater quality objectives;

• Establishm ent program m es for the pro tection  a n d /o r  recovery of 
selected species.

M arine biodiversity is a m atter o f growing concern  for the pro tection  of 
species and  habitats, b u t there  is a basic n eed  to define "biodiversity" in 
term s o f the m arine environm ent.

M onitoring habitats is necessary. T he m onito ring  program m e should be 
able to provide inform ation  th a t will be useful in guiding the restoration 
and  pro tection  o f E uropean  m arine resources by m ain tain ing  long-term  
continuity. N ot enough  is known abou t diet, food ecology, and  the 
com plex relationships betw een plankton, fish, birds, mammals, etc. and  the 
o ther com ponents o f the ecosystem.
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3. Comparison of information needed in 
relation to information available from 
the main regional conventions

An overview of the inform ation  available from  the in ternational 
conventions, organisations and  program m es is p resen ted  in Table 3. Table 
4 gives additional inform ation  on obligatory and  tentative determ inants 
m on ito red  by the m ain regional conventions. This inform ation  is briefly 
com m ented  upon  in the following, with em phasis on  com parison with the 
inform ation n eeded  for the purpose of carrying o u t environm ental 
assessments.

Bottom topography - Inform ation on bottom  topography is generally 
available as maps or in  digitized form  from  national institutions. D etailed 
m aps on the fine scale topography and  sedim entary conditions are 
available from  m arine geological surveys in some, b u t n o t all, E uropean  Sea 
areas.

Freshwater discharge - Inform ation on river flows and  freshwater discharge is 
rep o rted  to HELCOM, OSPARCOM, and nom inally to MAP. The 
inform ation  is provided along with inform ation on in p u t o f contam inants 
and  is generally available as m onthly  m ean values. M ore detailed 
inform ation  on river flows is generally available from  national hydrological 
institutions.

Hydrography and water transport - Data on tem peratu re  and  salinity are 
rep o rted  to the conventions as supporting  inform ation to the chem ical 
m easurem ents o f contam inants. M ore extensive data on  hydrography are 
available in the ICES data base and  from  the W orld O ceanographic Data 
C enter (WDC). A dditional hydrographic data resides in national institutes 
and  data centers.

C urren t m easurem ents are mainly available at national institutes and  data 
centres. W ater transport and  residence times can be estim ated from 
hydrographic data or calculated using num erical models. Such m odels can 
be 3-D, and  rely on m eteorological driving forces to simulate the 
m agnitude and  variability o f currents u n d e r specific conditions. Tim e series 
and  climatological averages o f m odelled  currents and  water transport are 
available at national institutes for some sea areas. O ne o f the objectives o f 
COOS is to provide such data based on real-tim e data collection to be used 
for nowcasts and  forecasts.

Tides - Inform ation  on tides is generally available from  national institutions.

Light, climate and meteorology - T here  is a large am oun t o f m eteorological 
data available from  national and  in ternational m eteorological institutes 
and  organisations. This includes climatological data as well as updated
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inform ation from  networks o f m easurem ent sites and  m odelling activities. 
T here  is m uch less data on  underw ater light conditions.

Eutrophication - O verloading by nu trien ts from  agriculture, sewage and 
riverine discharges may cause eu troph ic  conditions in  the coastal water, 
fjords and  estuaries. Thus, it is im portan t to obtain good quality data and 
analyse for n u trien t com pounds.

Heavy metals - In the Jo in t Assessment and  M onitoring Program m e (JAMP) 
analyses o f the heavy metals cadm ium , m ercury and  lead are obligatory, 
while copper and  zinc are tentative. In addition, some species o f molluscs 
are used by HELCOM  as indicators o f toxicity for tributyl tin. 
M editerranean  Action Plan (MAP) data sets th rough  the MEDPOL 
Program m e have, for all the “h o t spots”, data for cadm ium  m ercury lead 
and  copper in m arine biota, m ainly molluscs and  fish.

Petroleum and polycyclic aromatic hydrocarbons - Petro leum  hydrocarbons are 
analysed from  fish, molluscs and  isopodes by JAMP. Polycyclic Arom atic 
H ydrocarbons (PAH) are n o t included  in the m onito ring  program m e of 
HELCOM.

Persistent organic components - Some of the m ost persistent organic 
contam inants, for e.g. polychlorinated biphenyls (PCBs), DDT, HCB and  
H CH  are analysed from  water, sedim ents and  biota u n d er HELCOM  (see 
Table 4). C hlordanes and  dieldrin  are sam pled tentatively, while the 
polychlorinated dibenzo-p-dioxins and  dibenzofurans will be m onito red  in 
the future. N on-ortho and  m ono-ortho PCBs and  T oxaphene are n o t 
included  in the m onito ring  program m e of HELCOM. PCBs in general 
were also been  m on ito red  in the M editerranean  Sea (UNEP/M AP).

Biological effects - For all the contam inants a question o f great in terest is the 
relation  betw een existing diffuse concentrations, individually and  together, 
and  possible effects.

The Biological Effects M onitoring could provide an early w arning system 
(bio-m arkers). The identification o f sources o f pollu tion  (e.g., non-po in t 
sources in agriculture) and  biological effects o f long-range pollutants is of 
priority at a E uropean  level and  all Regional Conventions strongly support 
the idea o f this k ind  o f m onito ring  which could provide eventually the 
establishm ent o f biochem ical stress indicators, and  their possible relation 
to population  dam age

Phytoplankton biomass - Phytoplankton biomass is often estim ated from 
m easurem ents o f the p igm ent chlorophyll a. Data on phytoplankton 
biomass as chlorophyll a are rep o rted  to HELCOM  and  OSPARCOM as 
p a rt o f the m onito ring  requ irem ents with regard  to eu trophication . Data 
on chlorophyll are also available from  research cruises and  fisheries 
resource investigations. Such data reside mainly in national laboratories.
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T he in ternational JGOFS program m e has developed a decentralised data 
base system for data exchange and  com m unication within the program m e. 
In addition, algorithm s for converting data from  rem ote  sensors on 
satellites to phytoplankton biomass have also been  developed in relation  to 
this program m e. A relative m easure o f chlorophyll a and  phytoplankton 
biomass is ob tained  by use o f in situ fluorom eters. These can be m oun ted  
on  vertically profiling sondes, buoys or ships to provide data on 
phytoplankton distribution with h igh spatial and  tem poral resolution. Such 
data mainly reside in national laboratories.

Phytoplankton primary production - M easurem ents o f phytoplankton prim ary 
production  are included  in the HELCOM BMP and  results are rep o rted  to 
HELCOM. For o ther sea areas, there  is a substantial body of data on 
prim ary production , mainly from  research cruises. These data reside m ainly 
in national laboratories. T here  have been  differences in m ethodology and 
in tercalibration  exercises in ICES have revealed large discrepancies in 
results. ICES has therefore  decided to exclude prim ary p roduction  data.

Phytoplankton species composition - Phytoplankton species com position is 
reco rded  in the HELCOM  BMP and  in several national m onitoring  
program m es aim ed a t detecting and  advising on the occurrence and  effects 
o f harm ful algae. T here  is also m uch inform ation on  phytoplankton species 
com position from  research activities by national laboratories.

Zooplankton biomass - Data on Zooplankton biomass are rep o rted  to 
HELCOM. Data on Zooplankton biomass is also collected in national 
m onito ring  program m es mainly aim ed at providing supporting 
inform ation to fisheries investigations. T here  are plans in ICES to assemble 
data on Zooplankton from  the national program m es and  assess them  for a 
larger p a rt o f the ICES area.

Zooplankton production - New and  ind irect m ethods for determ in ing  
Zooplankton production , e.g. the egg production  m ethod, shows prom ise 
in detecting changes in rates o f rep roduction  and  production  in future 
m onito ring  program m es. Such data are now collected w ithin research 
projects.

Zooplankton species composition - D ata on Zooplankton species com position 
are rep o rted  to the m ain regional conventions. Such data are also collected 
in national m onito ring  program m es and  research projects. The 
C ontinuous Plankton R ecorder (CPR) Survey of the Sir Alister Hardy 
Foundation  for O cean Science (SAHFOS) has been  carried o u t by ships of 
opportun ity  in the N orth  A tlantic for several decades. This has provided a 
long  time series o f inform ation which now proves its usefulness in 
hindcastanalyses o f changes in species com position and  dom inance in 
relation  to climatic fluctuations and  changes. T he CPR data are contained  
in a database a t SAHFOS and  are available for use by countries and 
institutions which support the survey.
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Zooplankton transport - Some inform ation is available from  recen t research 
activities w here a com bination o f m easurem ents and  m odelling have been  
used. M easurem ents relating  to Zooplankton transport have been  initiated 
u n d e r several national m onito ring  program s.

Fish - A bundance and  distribution o f fish stocks are extensively m onito red  
in national and  in ternationally  co-ordinated surveys and  are rep o rted  to 
ICES.

Table 3. Information collected by the Conventions and international 
organisations.

HELCOM MAP OSPARCOM AMAP ICES OTHER
Bottom topography GOOS
Sedim ent char X X X X X

Freshwater discharge ? X X X

Physical W ater transparency.
Hydrography X X X X X WOCE, 

JGOFS, WDC
Tides X GOOS
Light climate X

M eteorology X GOOS
Seston X X X JGOFS
Nutrients X X X X X JGOFS,

WOCE
Oxygen, pH X X X X

Chemical Organic substances X X

Metals X X X X X

Organic contam ination X X X X X

Petroleum  hydrocarbons X X X X X

C ontam inant flux
Primary Production X JGOFS
Phytoplankton Biomass X X X X JGOFS
Phytoplankton species 
com position

? X X JGOFS,
SAHFOS

Zooplankton biomass X JGOFS,
GLOBEC

Zooplankton prod. X JGOFS,
GLOBEC

Zooplankton species 
com position

X X GLOBEC,
SAHFOS

Zooplankton transport JGOFS
Biological Microbiological activity X X

Z oobenthos biomass X X

Z oobenthos species 
com position

X X X

Phytobenthos X

Fish X X

Seabirds X

Sea mammals X X

Fish diseases X X

Enzyme m ethods X

Biol.
e ffec ts

Physiological m ethods

Bioassays X
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N ational lab o ra to rie s  an d  in stitu tions co v e r all p a ra m e te rs  to  various d e g re e s .
AMAP: Arctic Monitoring and A ssessm ent Program m e
GLOBEC. Global O cean Ecosystems Dynamics
GOOS: Global Ocean Observing System
HELCOM: Baltic Marine Environment Protection Commission
ICES: International Council for the  Exploration o f the  Sea
JGOFS: Jo in t Global O ceans Flux Study
MAP: M editerranean Action Plan
OSPARCOM: Oslo and Paris Commissions
WOCE: World O ceans Circulation Experim ent
WDC: W orld Data Centre

Table 4. Information n eed ed . Information available from the  
Conventions.

C ategories Param eters HELCOM MAP OSPARCOM AMAP

W S B W S B W S B W S B
total P o 0

?
0 0 0 0 0 0

phosphate o 0
?

0 0 0 0

total N o 0
?

0 0 0 0 0

nitrate./am m onia o 0
?

0 0 0 0

Silicate 0 /
t

0 0 0 0

heavy m etals C d/H g/Pb t 0
?

t t 0
1

0
1

0 0 0 t 0 0

Cu/Zn t t? t t 0 0 0 t t t t
total .Sn/TBT t ? t t t 0 t 0 t t

Hydrochemistry Petroleum . HC t ? 0 0
PAH t t t t 0 t t t t

Chlorinated HC DDT/PCB t 0
?

0 0 0 0 0 t 0 t 0

HCB/HCH t 0
?

0 0 0 0 0 t t t t

dioxin PCDD/Fs n
?

n 0 0 0 t? t t? t

toxaphener PCCs n
?

n t t

biphenyl ethers t t
chlorinate
N aphthalene

t t

chlordanes/
dieldrines

t? t t t t 0 t? t t? t

phytoplankton primary
production

0 0

chl-a/piqm ents. t t 0
species
com position.

0 0

no/biom ass 0 0 0
Zooplankton species

com position.
t 0

transport t
ab u n d ./ 
biomass

t 0

m acrozoo benthos biomass 0 0
Biota species

com position.
0 0

soft bottom species
com position.

0 0

abundance
biomass

0 0

microorganisms to t  no./biom ass t 0 0 0 0
microb.activity t 0 0 0 0
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phytobenthos species
com position.

Biomass
comm on
function

fish fish diseases o
fishery activities o

sea mammals o
Biological
Effects

Enzyme m ethods t?
Physiological
m ethods
Bioassays t?

W= w ater, S = sedim ent, B = b iota o=  obligatory, t  = tentative, n = investigations in the  future (new), 
1 Cd and Hg.
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4. Analysis of current gaps between 
required and available information

Conditions in the E uropean  Seas are characterised by a high degree of 
variability, bo th  geographically and  temporally. Tem poral variability on 
seasonal, annual, and  longer scales is m ainly caused by variations in surface 
h ea t exchange, w ind field, inflow o f A tlantic water, and  freshw ater input. 
Short-term  fluctuations are also very im portan t. This variability in physical 
conditions and  processes has a strong influence on chem ical and  biological 
conditions and  processes, and  creates a backdrop o f uncertain ty  to 
assessments o f the im pact o f an thropogen ic  influences on the natural 
conditions and  processes in the seas.

A nthropogenic influences on m arine ecosystems are listed in 6 categories 
in the OSPAR-JAMP (Table 1, Figure 2). For each o f these there  is a need  
to separate the effect o f an thropogen ic  im pact from  the natural variability. 
This is the first challenge. A second challenge is to separate the effect of 
one type of hum an  activity from  th a t o f o th e r hum an  influences. This is 
requ ired  to take the necessary and  correct rem edial actions to im prove a 
de terio ra ted  environm ental situation. A th ird  challenge is to have 
knowledge about the spatial and  tem poral aspects linking the hum an 
activities which release nu trien ts a n d /o r  contam inants with their resulting 
environm ental effects. Fishing activities could also be included in these 
activities th a t have an environm ental im pact.,

T here  is now substantial inform ation from  some o f E u ro p e’s seas. However, 
the seas are com plex systems, and  a com plete understand ing  o f the 
ecosystems will probably never be achieved. C ertain areas w here there  is an 
u rg en t n eed  to fill gaps in knowledge have been  identified.

Inform ation on currents and  w ater transport is o f central im portance for 
an environm ental assessment b u t such inform ation is generally n o t 
available from  the Conventions. It is possible to obtain  such inform ation 
from  cu rren t m easurem ent data or m odelling activities or from  a 
com bination o f data and  m odelling. The in ternational GOOS program m e 
and  EuroG OO S aim a t providing such inform ation based on updated  
oceanographic m easurem ents from  autom ated  buoys and  o ther 
m easurem ent platform s. Estimates o f w ater transport need  to be m ade 
available for use in environm ental assessments as a basis for calculating 
fluxes and  budgets o f contam inants and  plankton.

M uch o f the data on contam inants held  by the Conventions have been  
collected for the purposes o f revealing spatial and  tem poral trends. M uch 
o f the data are from  sedim ents or for selected species and  tissues o f biota. 
T he quality o f o lder data is often poor or questionable. Due to analytical 
difficulties a n d /o r  lack o f general QA procedures, some param eters are 
m easured  only on a voluntary and  n o t on a m andatory  basis. This

36



contributes to a lack in consistency and  regularity in m any existing data sets 
with regard  to spatial and  tem poral coverage.

C oncentrations o f contam inants are used to assess their spread, transport 
and  effects in the m arine environm ent. T here  is generally a great n eed  for 
m ore inform ation of con tam inan t levels in b iota for the purpose of 
assessing their biological and  ecological consequences. This requires a 
good background knowledge on the relations between contam inant 
loadings, body burdens and  biological effects. Such knowledge will form  an 
in tegrated  p a rt o f ecotoxicological assessment criteria. In this respect, it will 
be im portan t to increase our knowledge and  capabilities to assess the 
com bined effects o f several contam inants which are sim ultaneously p resen t 
in m arine organisms.

In addition to environm ental concentrations, there  is a n eed  for 
inform ation  on fluxes o f contam inants in the m arine environm ent. This is 
requ ired  to provide a be tte r description o f the spatial links betw een sources 
o f contam inants and  biological effects, to allow b udget calculations of 
contam inants, and  to assess the relation  betw een exposure and  uptake of 
contam inants. Estimates o f w ater transport will be a necessary basis for 
calculation of con tam inan t fluxes, particularly for w ater soluble 
contam inants. Many o f the contam inants are lipophilic and  are associated 
with living and  dead  particles. Inform ation on con tam inan t levels in 
suspended particulate m aterial can be used along with estimates o f water 
transport and  sedim ent resuspension to calculate fluxes. Data on 
con tam inan t concen tra tion  in suspended particulate m aterial and  
estimates o f con tam inan t fluxes are generally scarce or lacking.

In addition to physical transport there  is also a transport o f contam inants 
in the m arine food webs. C ontam inants adsorbed or associated with 
sedim ented or suspended particles can be incorpora ted  in sedim ent or 
suspension feeding Zooplankton or zoobenthos. Substances which 
bioaccum ulate can be concen tra ted  and  exert their strongest biological 
effects h igh  in the food web. M ore inform ation  on con tam inan t levels at 
d ifferen t trophic levels in the m arine food webs are requ ired  along with 
inform ation re la ted  to their possible biological effects. T here  is generally a 
lack o f data and  inform ation  on  biological effects param eters in the data 
held  by the Conventions. ICES recom m ends an in tegrated  chem ical and 
biological effects approach  to fu ture  m onito ring  and  a num ber o f 
biological effects techniques are p roposed  to be used for this purpose. 
A m ong these are d ifferent biochem ical b iom arker and  bioassay techniques. 
M ore work is still needed , however, to clarify and  verily their potential 
usefulness in m onitoring  program m es.

Benthic com m unities have been  com m only used in national and 
in ternational m onito ring  program m es to indicate effects o f eu trophication  
and  o ther hum an  activities. Benthic com m unities are residen t and  reveal 
the accum ulated im pact in  an area. A lthough, m ost o f work has used soft 
bottom  com m unities, h a rd  bottom  com m unities may also provide useful
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inform ation on long term  changes, and  should be m ore widely used in 
m onito ring  and  environm ental assessments.

D ata on phytoplankton prim ary p roduction  are relevant with regard  to the 
issue o f eu troph ication  as well as in  relation  to fisheries. A lo t o f data on 
prim ary p roduction  exists a t the national level b u t it is only HELCOM 
which has included  them  into  its m onito ring  program m e. Standardisation 
and  QA have proved difficult and  for this reason ICES has concluded tha t 
it is still p rem atu re  to include m easurem ents o f prim ary p roduction  in 
rou tine  m onito ring  program m es and  in data bases. T here  is therefore a 
n eed  for increased effort on QA work so as to include phytoplankton 
prim ary p roduction  in m onitoring  and  assessment program m es.

D ata on Zooplankton biomass are collected in various national m onitoring  
and  research program m es. Such data are useful for assessing the trophic 
status o f a m arine area with regard  to bo th  the issues o f eu trophication  and  
fisheries. T here  is a n eed  to com pile such inform ation and  to include 
Zooplankton biomass in fu ture in tegrated  m onitoring  program m es. 
Zooplankton transport with the ocean currents are an im portan t e lem ent 
with regard  to productivity and  potential for p roduction  o f fish and  o ther 
h igher trophic level organism s in an area. Zooplankton transport is being 
addressed in  several national and  in ternational research projects such as 
the EU/M AST-III OMEX project. It is possible to estim ate Zooplankton 
transport based on estim ates o f w ater transport and  data on Zooplankton 
concentra tion  and  vertical distribution.
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5. Proposal on ways to integrate 
information to meet the EEA 
requirements

Environm ental assessments o f the conditions o f the E uropean  Seas by the 
EEA can be based on e ither a regional or them atic approach, or a 
com bination o f both . A regional approach  has several advantages. It will 
correspond  m ore closely with the areas or subdivisions o f areas used by the 
regional Conventions and  will facilitate coordination  and  cooperation 
betw een them . It will also allow a m ore holistic appraisal o f the 
environm ental im pact by the d ifferen t hum an  influences in a region. 
Com parability in  m ethodology and  data com parability am ong the different 
regions also becom es less critical. It is therefore recom m ended  for m arine 
and  coastal assessments th a t EEA should follow an approach  with regional 
focus.

T here  is a large am oun t o f data available at national level. This inform ation 
should be used in addition to w hat is being rep o rted  to the Conventions 
and  o th e r in ternational organisations. Support from  EEA could greatly 
facilitate the use o f such additional national inform ation and  add  value to 
the existing repo rting  routes and  uses o f data. N ational focal points and 
national data centres should play central roles in coordinating  the use of 
additional national data for in teg ra ted  environm ental assessments by the 
EEA.

To facilitate the availability and  use o f additional national inform ation  in 
environm ental assessments, there  is a need  to streng then  quality control 
and  data banking. This could be done by establishing good links between 
the in ternational data banks and  national data centres and  assuring tha t 
data are available for the initial in tegrated  data assessm ent as a first step in 
the environm ental assessment process.

The m arine environm ent consists o f open  ecosystems with a high degree o f 
in ternal dynamics and  considerable exchange with ne ighbouring  systems. 
Efforts should therefore  be invested in providing inform ation on fluxes of 
water, contam inants and  biota. This can be done by a com bination of data 
collection and  m odelling th rough  p rom otion  o f GOOS rela ted  activities.

For the assessment o f the biological effects and  ecological consequences of 
contam inants there  is a n eed  to streng then  the am oun t o f available data on 
con tam inan t levels in b iota and  biological effects. This is an area w here the 
EEA could cooperate with the Conventions to prom ote  the requ ired  
research activities and  the subsequent im plem entation  o f a m ore fully 
in tegrated  chem ical and  biological effects approach  to m onitoring.

Following a step-by-step approach, the ETC/M CE could also develop a 
p rocedure  in o rd er to harm onise the data quality control used by the
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Conventions and  facilitate the data flow fro m /to  the Conventions and  
EEA. T he m ost appropria te  level o f aggregation o f data, depend ing  on the 
environm ental issues to be studied, could also be investigated by the 
ETC/M CE.

C ooperation o f the ETC/M CE with ICES (for OSPARCOM and  HELCOM) 
and  MAP could resu lt in testing procedures by com piling some databases 
contain ing  the requ ired  param eters with the appropria te  spatial and  time 
aggregation in specific issues. O ne of these issues could be for exam ple 
eu trophication .

T he same p rocedure  could be developed by the ETC/M CE in  cooperation 
with the M em ber States. First the appropria te  data flow should be 
investigated with the cooperation  o f the N ational Focal Points and  a 
selected num b er o f national organisations and  laboratories so tha t d irect 
links can be established betw een the ETC/M CE and  the national bodies. 
T he harm onisation  o f sea w ater quality could be investigated as well by the 
ETC/M CE. The fu rth er com pilation o f the above m en tioned  databases 
could then  be carried out. Specific issues could also be addressed.

This p rocedure  will allow both  ETC/M CE and  the national organisations 
to have access to databases contain ing  data at E uropean  level with a well 
define a quality control and  the m ost appropria te  level o f aggregation.
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