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“ Ô̂c e a n  science w ill have to becom e m o re  holistic, m ore  

in te rd isc ip lin a ry  an d  m ore in te rn a tio n a l. I f  w e are to 

ad eq u a te ly  address ocean issues a t th e  local, n a tio n a l, reg io n a l 

an d  g lobal levels, science canno t operate  in  iso lation  b u t w ill 

n eed  to  in teg ra te  m ore  fu lly  a response from  society a t large. 

T h e re  m u st also be changes in  th e  w ay  w e re g u la te  m arin e  

activ ities, in  our social goals an d  our a ttitu d es  to  ocean 

governance. I f  w e are  to m ak e  th e  r ig h t decisions, however, 

w e m u st u n d e rs ta n d  ho w  th in g s  ‘w ork ’ in  th e  oceans and  how  

th e y  in teract; an d  w e m u st recognise th e  ro le  of th e  oceans in  

our life-support system  an d  its value  for h u m an k in d . T h is 

w ill re q u ire  excellen t science, to g e th e r w ith  th e  techno logy  

for p u rsu in g  it, as w ell as th e  support of ind iv iduals  and  

governm ents. U ltim ate ly , it calls for a v ision of th e  p lan e t 

th a t  em braces land , sea, th e  a tm o sp h ere  and  h u m a n  societies 

in  all th e ir  in teractions.

The Ocean, Our Future
Report o f  the Independent W orld Commission o f  the Oceans

(1998)
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Background

To w hat ex ten t has  th e  E u ropean  scene 
in  m a rin e  science an d  technology  
changed  d u rin g  th e  last decade? In  
m a n y  aspects, qu ite  considerably.

R eg ard in g  th e  institutional context, 
th e  M A ST prog ram m e, in itia ted  in  
1989, h as  com e to  an  en d  afte r hav in g  
g rea tly  co n trib u ted  to  th e  creation  of a 
European com m unity of m arine scientists. 
P a r tly  re lay ing  M A ST u n d er th e  F ifth  
F ram ew ork  P ro g ram m e (FP5), th e  key 
action on S ustainab le M arine  
Ecosystem s is in  p rinc ip le  m ore  focused 
on p ro b lem -o rien ted  research. In  th e  
E SF  structure , th e  sh ift from  E M aP S  to 
a M arin e  B oard  w ith  u p d a ted  te rm s of 
reference is g iv ing m ore  v isib ility  to  
E u ropean  research  organisations. W e 
also no te  th e  consolidation of 
EU RO G O O S and, m ore recen tly  the 
launch of M EDGOOS. A E uropean  
F ederation  of M arin e  Societies (EFM S) 
was created  to  provide a forum  for 
associations an d  learn ed  societies.

F u rth e r  evolutions a re  u n d er way. 
P repara tions for a S ix th  F ram ew ork  
P ro g ram m e (FP6) h av e  started . FP6 
w ill be b u ilt around  th e  new ly  proposed 
concept o f a E u ropean  R esearch A rea 
(ERA) and, am ong  o th e r innovations, 
is expected  to  give g rea ter focus th a n  
past F Ps to  th e  support o f research  
in fra s tru c tu re . C u rren t discussions on 
the  creation of a new  cooperative structure 
for m a rin e  research  in  E urope, in itia lly  
proposed by P ortugal, w ill hopefu lly  
lead  to  im p o rta n t developm ents.

T h e  strategic issues of today  an d  of 
th e  com ing  decade are no longer qu ite 
those of th e  1980s an d  early  1990s. T h e  
quest for sustainab ility  — a sustainab le 
en v iro n m en t, th e  sustainab le

exp lo ita tion  of resources — has im posed 
itse lf  as one of th e  key  drivers of 
research . O f equal im portance is th e  
p rese n t call for in te rd isc ip lin a rity  Years 
ago physicists an d  biologists w ere u rged  
to  w ork together, b u t th e re  is now  a 
m uch  m ore com prehensive req u irem en t 
to  involve social scientists, econom ists 
and, generally  all stakeholders in  
p ro b lem -o rien ted  projects: th is  holds 
especially  tru e  for th e  coastal zone. Also 
new, or expressed in  new  term s, are 
p resen t preoccupations w ith  public  
aw areness an d  ethics. T h e  benefits, and  
indeed  th e  in ev itab ility  o f a reg ional 
approach in  m a rin e  research  are being  
em phasised  now adays, pa rticu la rly  in  
th e  contex t o f th e  em erg in g  ERA. A nd 
f in a lly  th e re  is a new  insistence on 
im prov ing  th e  v isib ility  of E urope in  
global an d  in te rn a tio n a l program m es.

W ith  reg a rd  to  scientific priorities, we 
also notice a n u m b e r of evolutions, 
som e of th e m  dram atic , o thers m ore 
subtle. M ost no tab le perhaps is th e  
reference to  th e  E a r th  System , in  w hich  
land, oceans an d  atm osphere are  in  
constan t in te raction . U n til a few  years 
ago, th e  p rio rity  was to  investiga te  each 
co m p artm en t of th e  system  separate ly  
Now th e  key w ord is in tegration  : we 
n eed  to  f in d  out how  th e  oceans, 
a tm osphere  an d  lan d  surface function  
to g e th e r  as a dynam ic system , an d  our 
aim  is to  u n d ers tan d  th e  causes and 
consequences o f in te ra c tin g  
e n v iro n m en ta l changes.

G iven th e  contex t o u tlin ed  above, i t  is 
bo th  tim e ly  and  essen tial to  elaborate 
strateg ies for E u ropean  m a rin e  research  
in  th e  n ex t five or te n  years. T h is 
strateg ic p lan  w ill be com plem en ted  by 
a de ta iled  science p lan  by  m id-2001.



Executive summary

P u b lic  aw areness of th e  oceans, of 
th e ir  im portance to  m an k in d , of th e  
com plex issues ra ised  by  th e ir  
exp lo ita tion  an d  pro tec tion  appears to  
be increasing  in  Europe.

A t th e  EurO C EA N  2000 C onference in  
H am burg , (29 A ugust-2 S eptem ber 
2000), tw o sessions o rganised  by th e  
E u ro p ean  Science F oundation  (ESF) 
M arin e  B oard  w ere ded ica ted  to  
d iscussing th e  strateg ic an d  scientific 
issues of a m a rin e  science p lan  for 
E urope. Its  concept an d  th e  key 
scientific challenges to  be addressed 
w ere fu lly  endorsed  by  th e  participan ts.

In  th is  context, th e  E SF  M arin e  B oard 
is develop ing  a vision of m a rin e  science 
for th e  n ex t decade, in te g ra tin g  all 
re lev an t d im ensions of th e  n a tu ra l and  
social sciences an d  th e  concerns of all 
en d  users of E u ropean  seas, an d  tak in g  
in to  account th a t  m a rin e  research  is a 
m ajo r com ponen t in  th e  u n d erstan d in g  
of th e  E a r th  System . A ccordingly  th e  
ESF M arin e  B oard has em b ark ed  on 
p rep a rin g  a m a rin e  science p lan  for 
E urope. T h e  m a in  objective of th is  
strateg ic p lan  is to  gu ide E u ropean  and  
n a tio n a l decision-m akers in  
fo rm u la tin g  th e ir  fu tu re  priorities, 
ta k in g  in to  account th e  recen tly  
proposed  E u ro p ean  C om m ission 
in itia tiv e  of a E u ropean  R esearch  Area. 
As a first step, th e  p resen t rep o rt 
ou tlines a new  strategic con tex t to  
p rio ritise  an d  coord inate fu tu re  
E u ropean  research  in to  th e  m a rin e  
en v iro n m en t an d  th e  m ost im p o rta n t 
R TD  issues of relevance to  Europe.
A full-scale M arin e  Science P lan  w ill 
th e n  be p roduced  as a resu lt o f a second 
stage of th e  work, afte r extensive 
consu lta tions of all in te rested  parties.

T h e  m a in  drivers for th e  elaboration  
an d  im p lem e n ta tio n  of m a rin e  
research  p rog ram m es today  are:

•  th e  p u rsu it o f sustainability  for th e  
en v iro n m en t an d  th e  exp lo ita tion  
of m a rin e  resources;

•  th e  d o m in an t ro le o f th e  w orld  
ocean in  th e  c lim ate  system : th e  
need  to  u n d ers tan d  c lim ate  changes 
an d  m in im ise  th e ir  im pacts;

•  th e  ocean as th e  u ltim a te  fron tie r 
for research  an d  th e  prospect of 
p ro m is in g  techno log ica l 
developm ents.

F ive m ajo r scientific challenges have 
been  id en tified  for p rio rity  actions:

1. Ocean c lim ate  coupling: processes, 
variab ility  an d  pred ic tab ility ; 
g reenhouse gases;

2. S ustainable exp lo ita tion  of liv ing  
an d  non -liv in g  resources;

3. H ea lth  of th e  coastal zone: 
m a n ag e m en t an d  p ro tec tion  of th e  
coastal zone; biodiversity;

4. N ew  fron tiers  in  m a rin e  life: 
b io technology  an d  new  ecosystems;

5. N ew  fron tiers in  ocean m arg in  
system s: seafloor studies.

In  considering  these  m a jo r scientific 
challenges, w e w ill tak e  in to  account 
several strateg ic issues:

•  T h e  in te rd isc ip lin a rity  of m a rin e  
science, associating n a tu ra l and  
socio-econom ic disciplines, as w ell 
as academ ia an d  industry.

•  T h e  E a r th  as a “system ” , in  w hich  
oceans, a tm osphere  an d  la n d  surface 
are in  constan t in teraction : th is  
im plies an in teg ra tio n  o f m a rin e



science in  th e  la rger contex t of 
global en v iro n m en t change and  
susta inab le  developm ent.

T h e  n eed  for “focused research areas” 
in  E uropean seas, tak ing  into account 
th e  d iversity  of situations — 
geographical, c lim atic  an d  econom ic 
— an d  th e  im plica tion  th a t  re lev an t 
d isciplines of th e  n a tu ra l an d  social 
sciences m u st be coord inated  to  find  
in te g ra te d  solutions.

T h e  reg iona l d im ension  of 
E u ro p ean  m a rin e  research  an d  its 
p o ten tia l for in teg ra tio n  in  global 
program m es: th is  offers th e  
possib ility  o f dea ling  w ith  a varie ty  
of case s tudy  areas an d  b rin g in g  
to g e th e r  d iffe ren t disciplines.

T h e  need  to  lin k  n a tio n a l and  
E u ro p ean  program m es: th is  should  
be considered in  th e  fram ew ork  of 
th e  EU R O C O R ES in itia tive  of th e  
ESF, th e  em erg ing  E uropean  
R esearch A rea an d  th e  fo rthcom ing  
E U  en largem en t.

T h e  p rim acy  of eth ics to  guide 
sustainab le exp lo ita tion  and  
ex p e rim en ta tio n  in  th e  ocean, and 
th e  im p o rtan ce  of deon to longy  in  
th e  professional p rac tice of either.

T h e  im portance to  have access to  
q u a n tita tiv e  ind icators, socio
econom ic d a ta  an d  syntheses 
req u ired  for m a rin e  science 
m an ag e m en t an d  policy 
dev e lo p m en t.

T h e  need  to  define  an d  im p lem en t a 
E u ropean  stra tegy  for th e  
id e n tif ica tio n  o f th e  req u irem en ts

an d  th e  m an ag e m en t o f m a rin e  
research  in frastruc tu res .

T h e  M em ber O rganisations of th e  ESF 
M arin e  B oard  are ded ica ted  to  foster 
th e  im p lem e n ta tio n  of th e  M arine  
Science P lan  p resen tly  u n d er 
developm en t b u t th is  also requ ires a 
special e ffo rt a t E u ropean  level in  th e  
sp irit o f th e  E u ropean  R esearch A rea 
for w hich  m a rin e  science p resen ts a 
fe rtile  oppo rtu n ity  as a te s t case. T h is 
also im plies th a t  m a rin e  research  
shou ld  be an  in te g ra l e lem en t in  th e  
S ixth  F ram ew ork  P rogram m e.



General recommendations

A European M arine research  p lan  m ust:

•  provide the scientific 
background for proper 
governance of European seas;

•  support research to underpin 
the sustainable developm ent 
of Europe's m arine resources 
and  protection of the m arine 
environment;

•  quantify the economic social 
and  environm ental benefits 
accruing from such research;

•  support interdisciplinary 
research a t the appropriate  
spatial and  tem poral scales;

•  recognise the equal 
im portance of both basic and 
applied research and  their 
contribution to economic and 
social developm ent;

•  facilitate commitments to 
long-term (decadal) ocean 
observation systems;

•  have a  clear regional 
dimension, recognising that 
som e issues a re  regional and 
m ust be addressed  a t  a 
regional level;

•  incorporate an  elem ent of 
public aw areness, creating a 
sense of w onder and 
excitement;

•  m ust address ethical issues 
w here they arise;

•  be based  on an  agreed  
program m e harnessing both 
EU and  M ember State Marine 
Research Program mes, 
expertise and  infrastructures;

•  prom ote the participation of 
industry, including the SME 
sector, in research projects;

•  support the European 
dimension of international 
program m es and  agreem ents;

•  use the unique opportunities 
offered by information 
technology for the 
developm ent of e-m arine 
science;

•  recom mend a  unified fram e 
for m arine research in the 
Sixth Fram ework 
Program m e, integrating the 
research needs of industry, 
fisheries, science and  their 
socio-economic components.



1. Introduction

O c e a n s  an d  seas rep resen t a m ajo r 
com ponen t o f th e  E a r th  System 1. T hey  
h o ld  th e  key  to  clim ate. T h ey  support a 
sign ifican t p ropo rtion  of th e  w orld ’s 
econom ic activ ities2 an d  a w ide range  
of services an d  social benefits. A nd 
desp ite m a jo r scientific advances in  
recen t years, th e y  still offer exciting  
perspectives for fro n tie r research  on 
such fundam en ta l issues as, for exam ple, 
th e  o rig in  an d  evolu tion  of life.

“More has been learned about  
the nature o f  the oceans in the 
p a s t  25 years  than during all  
preceding  history. D ram atic  
new insights about the sea f lo o r  
and life in the oceans...have 
cap tured  the im agination  o f  
both po licy-m akers  and the 
general public. However, w hat  
we know about the oceans is 
still out-weighed b y  w h a t we  
do not k n o w ”.

From: "The O cean, Our Future", Report 
of the Independent World Commission 
on the O ceans, 1 998.

E urope is th e  co n tin en t w ith  th e  
h ig h e s t coast/su rface  ratio , an d  about 
20%  of E uropeans live along  th e  coast. 
M oreover, at least 40%  of th e  EU  
te rr ito ry  is underw ater. E uropean  seas — 
B arents an d  Baltic, N orth  an d  Irish , th e  
E astern  A tlan tic  n o rth  of th e  Canaries, 
M e d ite rran ean  — encom pass a large 
ran g e  of settings, from  th e  coastal zone 
th ro u g h  th e  she lf and  shelf-edge in to  
th e  deep ocean. T h e  sustainable 
d ev e lopm en t o f m a rin e  resources, 
liv ing  an d  non- living, p resen t in  th is  
vast area, th e  pro tec tion  of th e  m a rin e  
e n v iro n m en t an d  th e  provision of 
m arine-based  services are critica l to

econom ic p rosperity  an d  to  th e  quality  
o f life of E u ropean  citizens. Indeed, as 
a resu lt o f expected  popu la tion  grow th  
over th e  com ing  decades, especially  in  
coastal areas3, th e  econom ic im portance 
of E u ropean  seas is likely  to  increase.

In  th is  context, society — notably  in  
E u rope — has to  accept th e  no tion  th a t  
th e  ocean plays a m ajo r ro le  in  c lim ate 
contro l an d  is vu lnerab le  to  h u m a n  
pressure4. W ater quality and life in  coastal 
an d  she lf areas are strong ly  im pacted  
by activities on land. P o licy-m akers and  
in fo rm ed  citizens have  by now  lea rn t 
th a t  liv ing  resources, a t th e  p resen t ra te  
o f exploita tion , are fin ite . A no ther 
point worth stressing is the  multiplication 
o f conflicts am ong  com peting  uses 
(fisheries, hyd rocarbon  explo ita tion , 
transport, leisure etc.), and the  detrim ental 
consequences of poor coo rd ina tion  at 
th e  national, European and  in ternational 
level in  th e  quest for solutions.

D ecision-m akers need  advice from  
scientists. A ded ica ted  research  effo rt is 
req u ired  to  u n d ers tan d  th e  n a tu ra l and 
an th ropogen ic  processes at w ork in  th e  
m arin e  environm ent, and  th e ir  socio
econom ic im pacts. E urope has a rich  and 
diverse m arin e  research in frastructure 
and  a long, d istinguished and 
com petitive research trad ition  in  th e  
w orld  ocean. By its very  nature , m arine  
science dem ands a m ultid isc ip linary  
approach encouraging  in te rna tiona l 
cooperation and  equ ipm ent sharing. T h e  
In te rn a tio n a l Year of th e  Ocean, 1998, 
w as a m ilestone. As w e m ove in to  th e  
new  m illen n iu m  and  th e  e ra  of th e  
E u ropean  R esearch A rea (ERA), m a rin e  
science stands ou t as one of th e  
dom ains w here  w e can tru ly  develop a 
E uropean research ethos and partne rsh ip .

1 Half of the 

photosynthesis on 
Earth is ca rr ied  out by 
phy toplankton in the 
s e a .

- In the C 7  countries, 
marine resources a n d  
services cont ribute  on 
a v e r a g e  5%  of C N R

1 In 1 9 9 5 ,  C om m is
sion Communication  
CO M(9.5) .j  1 1 

reported  that 4 7  % of 
the EU popu la tion 
res ided  permanently  
within .jijJ '.m of the 
coasta l  zo n e .

4 Uncontrolled 
d i s ch a rg es  of 
hy d ro carb on s  am ount 
to 2  million tonnes  per  
y e a r  in the o c e a n s ,  of 
which 6 0 0  0 0 0  
tonnes  g o  into the 
M ed i te r ranea n ,  this is 
the eguivalen t of o n e  
Erika d isas te r per  

week. ( í e  M o n d e ,  14 
M ovem ber  2 0 0 0 )



2. Drivers

T he m a in  drivers o f research  on m a rin e  
science an d  techno logy  in  th e  cu rren t 
era  are th e  en v iro n m en ta l an d  socio
econom ic concerns re la ted  to  sustainable 
developm ent an d  th e  n eed  to  m in im ise  
th e  im pact o f global c lim ate  change. A 
gu id ing  p rincip le  o f action in  these  
fields is th a t  governance and  pred ic tion  
are keystones to  en h an cin g  econom ic 
p rosperity  an d  quality  o f life.
A dditional im pe tus is p rov ided  by 
em erg in g  technologies (for exam ple  
nanotechnology) an d  by  th e  b e tte r  
app lica tion  of ex is tin g  technologies 
(IT, acoustics, b io technology  etc )  to  
th e  sustainab le use of m a rin e  resources 
an d  th e  exploration  of new  frontiers.

T hese drivers are now  em bedded  in  a 
n u m b e r of E u ro p ean  an d  in te rn a tio n a l 
conventions an d  ag reem ents to  w hich  
th e  E U  an d  its m e m b er states are bound  
(A ppendix  C).

2.1 Sustainable developm ent 
and  the p recautionary  
principle
Concerns about sustainable 
d evelopm ent an d  its various 
com ponen ts — en v iro n m en ta l, 
econom ic an d  societal — have em erged  
at th e  fo refron t d u rin g  th e  last tw en ty  
years. As sta ted  in  th e  B ru n d tlan d  
rep o rt o f 1987, “en v iro n m en t and  
developm ent are no t separate  
challenges; th e y  are inexorab ly  linked. 
D eve lopm en t canno t subsist upon  a 
d e te rio ra tin g  e n v iro n m en ta l resource 
base; th e  en v iro n m en t canno t be 
p ro tec ted  w hen  grow th  leaves ou t of 
account th e  costs of e n v iro n m en ta l 
destruction . T hese p roblem s canno t be 
tre a te d  separate ly  by frag m en ted  
in stitu tio n s an d  po lic ies . . . ” T h is  focus

on in teg ra tio n  is cen tra l to  th e  concept 
of sustainable developm ent an d  has to  
be ta k en  on board  in  m a rin e  research.

Also of im portance is th e  fact th a t 
u n ce rta in ty  is an in trin sic  p a r t of 
m a rin e  research , all th e  m ore  so because 
th e  processes stud ied  opera te  an d  evolve 
on long  tim e-scales: u n ce rta in ty  is th u s  
th e  basis for th e  so-called 
“p recau tio n ary  p rin c ip le”, or b e tte r  
perhaps: “p recau tio n ary  approach” , in  
th e  m an ag e m en t o f th e  m a rin e  
e n v iro n m e n t.

“Uncertainty does not 
necessarily mean low  quality  
in scientific information in 
po l ic y  contexts .. .H igh quality  
does not require the 
elimination o f  uncertainty, 
but rather its effective 
m a n a g e m e n t”.

From: Funtowicz S.O. and Ravetz 
J . R., Uncertainty and quality in science 
policy, Kluwer Academic.Press, 1990.

P ast approaches to  th e  econom ics of 
th e  m a rin e  w orld  (Table 1) w ere based 
on th e  notion, now  abandoned, th a t 
resources from  oceans an d  seas are 
in fin ite . T h e  value of th e  oceans an d  of 
th e  ecological services th e y  provide was 
consisten tly  u n d e restim a ted , an d  
consequently  th e re  w as a fa ilu re  to  tak e  
in to  account th e  n o tio n  of 
sustainability. E u ropean  seas a re  no 
exception, an d  th e  cha llenge of th e ir  
sustainab le m an ag e m en t has  s till to  be 
m et.
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Table 1

•  80%  of all international trade  is 
carried  by sea .

•  By the y ea r 2 0 2 0 , 75%  of the 
w orld 's population will live within 
6 0  km of sea  coasts and  estuaries.

•  The world fish catch am ounts to 
ab o u t 20%  of total human 
consum ption of anim al protein.

•  In 19 9 5  offshore production of oil 
an d  g a s  accounted  for 26%  of the 
w orld 's total.

•  C oastal m arine environments and  
w etlands m ay provide a s  much as 
43%  of the estim ated value of the 
w orld 's ecosystem  services, and  yet, 
over 50%  of such a re a s  have 
a lread y  undergone severe 
environm ental deg rada tion .

Sources: Report of the Independent World
Commission on the Oceans, 1998; GOOS
Prospectus 19 98

For Europe, despite gaps in  available 
statistics, one can es tim ate  th a t  rou g h ly  
3-5%  of in p u t to  th e  G N P of th e  
E u ropean  U n ion  is genera ted  d irectly  
by m arine-based  industries an d  services. 
T h e  value added  by  these  activities is of 
th e  o rder of 110-190 b illion  E u ro /  
annum . E u ro p ean  citizens. E uropean  
m a ritim e  reg ions account for over 40%  
of th e  E U  GNP.

O f th e  E U  ex te rn a l trad e  90%  is 
conducted  th ro u g h  shipping; m ore  
th a n  300 000 persons are em ployed  in  
th e  m a ritim e  an d  riv er tran sp o rt chain  
in  Europe. D ep en d in g  on th e  areal 
defin ition  of th e  “coastal zone”, 20- 
50%  of E u ro p e’s popu la tion  live in  th e  
coastal zone an d  depend  on it for th e ir

liv ing  an d  th e ir  q uality  o f life. T h e  
increasing  flux  of tou rists  con tribu tes 
to  th e  an th ropogen ic  pressure on th e  
coast: in  th e  m id-1990s th e  
M e d ite rran ean  coastline received 
an n u a lly  about 75 m illion  in te rn a tio n a l 
an d  60 m illio n  dom estic tourists. 
F isheries, sea fa rm in g  an d  associated 
processing industries em ploy  m ore 
th a n  600 000 people an d  generate  a 
tu rn o v e r o f 12 b illion  Euros.

F lalf o f E u ro p e’s needs in  gas an d  oil 
are  m e t by  th e  exp lo ita tion  of 
hydrocarbon  resources in  th e  N orth  
Sea, w hich  requ ires m ore  th a n  200 000 
h ig h ly  sk illed  jobs. A n n u al in v estm en t 
in  th e  area  varies betw een  15 an d  20 
b illion  E uros an d  as a consequence of 
th e  rap id  developm en t of deep sea 
h yd rocarbon  exp lo ita tion  and  
extraction , these  en terp rises are 
expo rting  th e ir  know -how  to new  and 
ex trem ely  com petitive m ark e ts  in  Asia 
an d  th e  South A tlantic.

2.2 The ocean in the Earth 
System: its role in climate 
variability  an d  prediction
O ur p la n e t is a “system ” , in  w hich 
oceans, a tm osphere  an d  la n d  surface are 
in  constan t in teraction . As a resu lt, th e  
71 % of th e  p la n e t w hich  is covered by 
sea w ate r p lays a key  ro le in  shap ing  th e  
c lim ate  at a ll levels, from  global to  
local. V ariations of th e  p a tte rn  of 
ocean curren ts, especially  in  th e  N orth  
A tlantic , w ill d ram atica lly  affect th e  
g lobal c lim ate  an d  even m ore so th a t  of 
E urope. T h e  M ed ite rranean , B lack Sea 
an d  B altic ecosystem s are strongly  
lin k ed  to  N orth  A tlan tic  clim ate, as 
w ell as to  S ahelian  ra in fall. C lim ate 
change (0.6° C average te m p era tu re
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increase since 1900) in  tu rn  affects th e  
m a rin e  en v iro n m en t in  several ways: 
increased  storm iness, sea level rise, 
resuspension  of co n tam in an ts  in  th e  
sea, decline or reg ional sh ifts in  
aquacu ltu re  an d  fisheries p roductiv ity  
etc. N ew  research  is g rea tly  s tim u la ted  
by th e  need  to  b e tte r u n d erstan d  th e  
ro le of th e  ocean in  c lim ate  change, 
an d  by  cu rren t prospects in  th e  
op era tio n a l fo recasting  o f c lim ate  
tren d s an d  of ocean param eters.

2.3 The ocean , a  new  
frontier for science and  
technology
In  th e  last decade, new  technology  has 
trem en d o u sly  ex tended  th e  scope of 
research  an d  is now  p u ttin g  scientists 
on th e  th resh o ld  of an  exciting  new  
era. E u ropean  seas have been  th e  locus 
of u n expected  discoveries: in tr ig u in g  
ecosystem s an d  life form s, th e rm a l 
vents an d  cold seeps, h u g e  
accum ulations o f m e th a n e  in  th e  form  
of gas hyd ra tes  etc. T h e  im plica tions of 
these  discoveries for our un d erstan d in g  
of ecosystem  fu n c tio n in g  an d  of th e  
global carbon cycle are still large ly  
unknow n. So is th e  applicability  of 
som e of these  discoveries to  h u m a n  
activities: i t  is assum ed, for exam ple, 
th a t  m icro-organism s of deep sea 
sed im ents w ill offer prospects for 
bio technology  an d  th a t  gas hyd rates 
m ay  becom e a p o te n tia l energy  source.

O ther subjects are also now  on th e  
agenda for fron tie r research . For 
exam ple: (1) th e  possible consequences 
of change in  th e  m a rin e  en v iro n m en t 
for h u m a n  activities an d  h ea lth , th e  
coastal sea being  a possible vector of 
diseases; (2) th e  ocean as th e  largest

gene pool for biodiversity; (3) th e  use 
of ex trem o p h ile  o rganism s in  m a rin e  
biotechnology; (4) stepp ing  up  th e  use 
of renew able energies; (5) m o n ito rin g  
E a r th  processes an d  hazards by  m eans 
of seafloor observatories; (6) ex tend ing  
to  2 500 m  and  beyond, access to  a new  
ran g e  of ta rge ts for hydrocarbons 
exp lo ra tion .



3. Key strategic issues

In fo rm u la tin g  a E u ropean  M arine  
Science P lan  adap ted  to  th e  con tex t of 
th e  com ing  decade, one has to  tak e  in to  
account a n u m b e r of strateg ic issues 
re la tin g  to  science policy, th e  E u ropean  
an d  in te rn a tio n a l scene, 
an d  socio-econom ics.

3.1 Evolving requirem ents in 
the im plem entation of 
m arine research

Interdisciplinarity

As m a rin e  science progresses, it 
becom es increasing ly  necessary th a t 
new  research  in itia tives be fo rm u la ted  
w ith  an in terd isc ip lina ry  fram ew ork. 
For exam ple , one can no  longer study 
th e  food cha in  w ith o u t u n d erstan d in g  
c ircu lation  an d  m ix in g  processes.
O cean forecasting, th e  dynam ics of 
eddies an d  gyres, h a lieu tic  m odels, are 
topics w hich  req u ire  a close in te rac tion  
w ith  hydrodynam ics an d  th e  physics of 
n o n -lin ear system s. F ig h tin g  th e  
consequences of a sh ip  w reck calls for 
con tribu tions from  experts in  
hydrodynam ics, chem istry , biology, 
sed im en to logy  an d  socio-econom ics, in  
a constan t d ia logue w ith  re lev an t 
au tho rities  an d  th e  public. S tra teg ies to  
p rev e n t accidents an d  risks m u st be 
developed th ro u g h  th e  jo in t efforts of 
m a rin e  scientists, specialists in  
in te rn a tio n a l m a ritim e  law  and  
rep resen ta tives from  th e  sh ipp ing  and  
o th e r  in d u stria l sectors.

In terd isc ip lin a ry  research  can best be 
o rganised  around  “ fo cu sed  r e s e a rc h  
a r e a s ” ( “ch a n tie rs”), w here  all re lev an t 
disciplines of th e  n a tu ra l an d  social 
sciences m u s t be m ade  to  converge 
tow ards an  in te g ra te d  approach for

solving problem s. T h e  question  to  be 
addressed can be an en v iro n m en ta l 
prob lem , for exam ple, an oil spill, a 
toxic algal bloom , th e  risk  o f a hazard  
on th e  sea floor, or a scientific issue at a 
p a rticu la r geographic location  (straigh t, 
canyon, sh e lf  break). As for th e  spatia l 
scale, th e re  is no  a p rio ri defin ition : a 
“focused research  a re a” can be an  ocean 
basin, an area  of th e  co n tin en ta l shelf, 
an  es tu a iy  or any  stretch  of coastal 
zone. Nevertheless, the  scientific questions 
to  be addressed an d  th e ir  geographical 
d im ension  are in te rdependen t.

By focusing in te rd isc ip lin a rity  in  th is  
way, th e  M arin e  Science P lan  is 
consisten t w ith  th e  no tion  of large 
ta rg e ted  projects con tained  in  th e  ERA 
proposal, keep ing  in  m in d  th a t  th e  
co n ten t an d  im p lem e n ta tio n  o f such 
la rge  projects m u st be allow ed to  adapt 
over tim e.

Process versus problem -oriented 
research

T h e  cu rren t econom ic an d  politica l 
c lim ate  favours applied  (or prob lem - 
o rien ted ) research  over basic (or 
curiosity-driven) research. Yet it is from  
basic research th a t th e  really fundam ental 
discoveries are m ade an d  innovative 
technologies em erge. C on trary  to  w h a t 
is h ap p en in g  in  E urope, th e  fu n d in g  of 
basic research  in  th e  USA is on th e  rise. 
T h e  S ixth  F ram ew ork  P ro g ram m e of 
th e  E U  shou ld  strike an appropriate  
balance betw een  bo th  approaches.

The im portance of long-term 
commitments

In  recen t years, m a rin e  research  has 
m oved  aw ay from  th e  trad itio n a l 
exped itionary  m ode. O n subjects such
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as c lim ate-re levan t research, ocean 
ecology, en v iro n m en ta l im pacts, and  
for all purposes of opera tional 
forecasting, d a ta  h av e  to  be collected 
system atically  over long  periods, of 
tenyears or m ore. In  o rder to  cope w ith  
th is  increasing ly  im p o rta n t tre n d  of 
science, adequate  co m m itm en ts  from  
policy m akers an d  financ ing  au tho rities 
are req u ired  (A ppendix  2: C u rren t level 
o f support for m a rin e  science and  
technology). F ailu re  so fai' to  develop 
appropria te  fu n d in g  m echan ism s for 
observation  system s an d  com pu ting  
pow er needed  to  forecast trends, is 
reg a rd ed  by m a n y  as a m ajo r draw back. 
C oord ina tion  an d  lo n g -te rm  
com m itm en ts  m u st be addressed by  a 
E u ropean  m a rin e  science policy and  
w ill have  to  be developed betw een  
m in is tries  an d  agencies w ith  
responsib ilities for m a rin e  affairs.

3.2 Geopolitical dim ensions 

Regional dimension
T h e  seas a round  E urope d isplay  g reat 
contrasts in  th e ir  geographical setting , 
th e ir  degree of exposure to  h u m a n  
activities, an d  th e ir  ro le  in  th e  
fun ctio n in g  of th e  m a rin e  system . T h e  
B altic an d  Black seas, th e  
M e d ite rran ean  sea — view ed both  
globally  an d  in  som e of its e lem en ts 
like th e  A driatic — are alm ost enclosed. 
By contrast, th e  A tlan tic  coast o f 
E urope faces th e  open ocean an d  th e  
N orth  Sea is in  a in te rm ed ia te  position. 
A E uropean  m a rin e  science p lan  m u st 
tak e  these  reg iona l d ifferences in to  
account. T h e  im p lem e n ta tio n  of global 
p rog ram m es — in  w hich  m a n y  
E uropean  scientists p a rtic ip a te  — relies 
on th e  in te g ra te d  study  of reg ional

causes an d  effects. Conversely, global 
forecasts m u st be dow nscaled for 
reg iona l applications.

T h e  ex isting  netw ork  of E u ropean  
m a rin e  b iological sta tions is an e lem en t 
o f rég ionalisa tion . T hese  sta tions are 
o ften  vu lnerab le  to  underfund ing . T h e  
M arin e  Science P lan  w ill provide 
incen tives for th e m  to  netw ork  th e ir  
ac tiv ities.

In sisting  on a reg ional d im ension  of 
m a rin e  research  is in  line  w ith  th e  ERA  
concept. I t  does no t con trad ict th e  
no tion  of a E u ro p ean  scientific 
com m u n ity  because th e re  are  b road 
com m on issues across E u ropean  seas 
w hich  call for in tercom parisons (for 
exam ple: po llu tion  an d  h u m a n  pressure 
in  th e  B altic an d  th e  A driatic). 
F u rth e rm o re , th e  in te g ra tio n  of 
reg ional studies in to  w orld  p rogram m es 
can p lay  a decisive ro le  in  em phasising  a 
E u ro p ean  identity .

Participation in international 
program m es

T h e  EU, th ro u g h  its m a rin e  science 
in stitu tio n s an d  in frastructu res, has  a 
m ajo r con tribu tion  to  m ake  to  
in te rn a tio n a l program m es, for exam ple: 
W orld C lim ate R esearch  P rog ram m e 
(W C R P), In te rn a tio n a l G eosphere- 
B iosphere P ro g ram m e (IG B P), Ocean 
D rillin g  P ro g ram  (O D P) an d  its 
con tinuation  afte r 2003 as th e  
In teg ra ted  O cean D rillin g  P rog ram m e 
(IO D P). In  fact, th is  con tribu tion  is 
very  substan tia l b u t often  lack ing  
E uropean  concertation: th e  n eed  for a 
h ig h e r  E uropean  pro file  is clear. T h e  
strateg ic objectives of a M arin e  Science 
P lan  m u st address th is  p rob lem  by:
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•  m a x im is in g  co m p lem en ta ritie s  of 
n a tio n a l program m es;

•  enab ling  E uropean  m a rin e  scientists 
to  in te rac t and  share  experience 
w ith  colleagues in  o th e r parts  of th e  
w orld;

•  p u ttin g  th e  science an d  technology  
capabilities o f E urope at th e  
in te rn a tio n a l c o m m u n ity ’s disposal 
( in c lu d in g  develop ing  countries);

•  d e fin ing  a coheren t policy w ith  
regal'd  to  th e  use of la rge E u ropean  
in fra s tru c tu re s ;

•  m a in ta in in g  appropria te  links w ith  
ex isting  E uropean  an d  in te rn a tio n a l 
bodies such as ICES (the  
In te rn a tio n a l C ouncil for th e  
E xp lo ration  of th e  Seas), IOC (the  
In te rg o v e rn m e n ta l O ceanographic 
C om m ission of UNESCO ), an d  th e  
secre ta ria ts  o f various conven tions 
on th e  p ro tec tion  of th e  m a rin e  
e n v iro n m e n t.

EU enlargem ent

A m ajo r objective for th e  E U  is to  b rin g  
to g e th e r  th e  scien tific  co m m u n ities  of 
w estern  and  easte rn  E urope. T h e  
E u ro p ean  M arin e  Science P lan  w ill 
h e lp  E U  cand ida te  countries, especially 
those w ith  a m a rin e  coastline, to  assess 
th e ir  s treng th s an d  w eaknesses. I t  w ill 
create  oppo rtun ities to  in teg ra te  th e ir  
p rio rities an d  th e ir  scientists.

T h e  P lan  w ill also ex ten d  th e  scope for 
cooperation  to  o th e r E u ropean  and 
no n -E u ro p ean  coun tries bo rd erin g  th e  
M e d ite rran ean  basin, th e  Black Sea and 
th e  Baltic. In  these  seas, or a t least in  
th e ir  coastal w aters, th e  overrid ing  
issue is th a t  o f h u m a n  pressure, an d  th e  
cha llenge  of governance across 
n a tio n a l boundaries is especially  
pressing. Special a tten tio n  shou ld  be

pa id  to  developing  cooperation  w ith  th e  
R ussian  F edera tion  reg a rd in g  th e  
inv o lv em en t of th e ir  scientists in  E U  
projects an d  reciprocal access to 
research  facilities.

Co-operation w ith developing 
countries

Cooperation  in  m a rin e  science w ith  
developing  countries shou ld  be engaged  
th ro u g h  p a rtn e rsh ip  program m es.
T hese  m u st be re lev an t to  th e  
deve lopm en t of th e  host coun try  and  
s tren g th en  its capacity. Jo in t projects 
shou ld  include tra in in g  in  research  and  
resu lts can on ly  be o b ta in ed  th ro u g h  
lo n g -te rm  partn e rsh ip . T h e  tim e  is ripe  
for a com prehensive approach 
invo lv ing  th e  E u ro p ean  C om m ission, 
in d iv id u a l countries, th e  developing  
world, an d  th e  U N  organisations. 
B u ild ing  reg iona l cen tres o f excellence 
an d  estab lish ing  In te rn e t netw orks are 
im p o rta n t e lem en ts in  such an 
approach.

3.3  Socio-economic strategic 
issues

M aking academ ia and  industry 
w o rk  together

In  contrast to  th e  cu rren t b e lie f th a t  
in d u stry  has no in te rests  in  th e  m a rin e  
en v iro n m en t o th e r th a n  those re la ted  
to  th e  exp lo ita tion  of resources, th e  
M arin e  Science P lan  acknow ledges th a t 
in d u stry  is also a p o ten tia l actor in  
strateg ies to  m o n ito r an d  forecast th e  
m a rin e  env ironm en t. In  fact th e  no tion  
of sustainab le developm ent, w hich  
includes risk assessm ent, im plies a 
sh ared  responsib ility  o f all parties 
concerned  in  m arine-based  activities. 
T h e re  is a p rob lem  of lack of m u tu a l



Key strategic issues

aw areness betw een  academ ia and  
in d u stry  bo th  for th e  fo rm u la tio n  of 
research  needs an d  th e  tran sfe r of 
results. C ooperation  on projects of 
m u tu a l in terest, an d  w ith  clearly  
defined  te rm s — as is th e  case at p resen t 
in  an  F P5 “c lu ste r” on th e  E uropean  
co n tin en ta l m a rg in  — can be ex trem ely  
rew ard ing : th e  best expertise, th e  best 
technology, th e  m ost effective 
procedures of d a ta  collection, are m ade  
to  converge in  a very  cost-effective 
m anner. A reas for possible synergy 
inc lude offshore energ ies (renew able or 
non-renew able), biotechnology, new  
m ateria ls , sensors, rem o te-sensing  
products, services an d  products for 
m o n ito rin g  an d  forecasting, etc. 
Because SMEs, desp ite th e ir  dispersion, 
in fluence la rge  segm ents o f th e  m ark e t 
(fish ing, offshore, sh ipp ing), th e y  m u st 
be p a r t o f th e  d ia logue betw een  
in d u stry  an d  science an d  th e y  m u st be 
allow ed to  partic ipa te  in  jo in t research  
in itia tiv es .

Public aw aren ess  and  training

P ublic  aw areness an d  education  on  th e  
scientific challenges of th e  sea is of 
p a ra m o u n t im portance to  secure, a t all 
levels o f society, th e  acceptance of 
m an ag e m en t policies arising  from  
research  results. Ju d g in g  from  th e  
success o f aquaria  in  E u rope and  
elsew here th e  genera l public, especially  
th e  young, is on ly  too h ap p y  to  respond 
to  m essages about th e  w onders o f th e  
m a rin e  world. N ovel technologies — for 
exam ple  video cam eras coupled to  
In te rn e t — can b rin g  th e  pub lic  in to  
v irtu a lly  d irec t contact w ith  th e  life 
an d  events in  th e  sea. W hat is needed  
above all, however, is a fu n d am en ta l 
sh ift in  percep tion  of m a rin e  science

from  curiosity  about charism atic  
species to  u n d ers tan d in g  th e  challenges 
of ecosystem  m a n ag e m en t.

Ethics in m arine research
P ro m o tin g  an  e th ica l d im ension  in  
m arine  research is cen tral to  th e  concept 
o f h u m a n  stew ardsh ip  of n a tu re , 
su sta inab ility  an d  th e  p recau tionary  
princip le. I t  m ay  h e lp  to  resolve 
conflicting  op in ions about th e  
acceptability  of p a rticu la r  research  
in itiatives, for exam ple , those th a t 
m ig h t involve fu tu re  large-scale 
experim en ts in  th e  w ate r colum n, on 
th e  sea-floor an d  below  th e  sea floor; or 
those th a t  m ig h t seek to  in troduce 
controversial new  m ethods of exploitation 
(for exam ple in  aquaculture). T h e  e th ica l 
concerns in  b io technology  have 
considerably increased  in  th e  recen t 
years an d  th e  public  needs to  be 
convinced, th ro u g h  co m m u n ica tio n  
efforts, o f th e  clear benefits o f research  
in  th is  dom ain . E th ics in  m a rin e  
research  are a requ isite  for th e  
governance of th e  ocean an d  can go a 
long  w ay tow ards safeguard ing  public  
tru s t in  science and  in  scientists.

3.4  Information and  
indicators
E urope is p resen tly  w ith o u t re lev an t 
q u a n tita tiv e  ind icato rs, socio-econom ic 
d a ta  an d  syntheses req u ired  for policy 
developm en t and  m a rin e  science 
m a n ag e m en t such as:

•  ind icato rs o f s ta tus an d  evolu tion  
of m a rin e  science, funds and  
m anpow er devoted  to  m a rin e  
research  an d  technological 
developm ent; scien tific  pub lica tions
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an d  th e ir  im pact (citations); 
E u ro p ean  p a ten ts  by  m a rin e  science 
an d  techno logy  sectors;

•  in fo rm atio n  on th e  objectives, 
cu rren t sta tus an d  resu lts of various 
research  an d  technological 
deve lopm en t in itia tiv es  and  
program m es, bo th  at th e  n a tio n al 
an d  E uropean  level;

•  socio-econom ic ind icators describ ing 
s ta tus an d  evo lu tion  of sectoral 
o cean -re la ted  activities: econom ic 
added  value an d  em ploym en t 
gen e ra ted  by various b ranches of 
m a rin e  research  an d  technology;

•  biological, geological, chem ical and 
physical ind icators characterising  
th e  h e a lth  of coastal w aters, th e  
natu re  of pollutants and th e ir  relation 
to  h u m a n  activ ities an d  u rb an  
c o n c en tra tio n .

M an y  such ind icators an d  in fo rm ation  
m a y  exist on a n a tio n a l basis b u t less 
freq u en tly  a t E u ropean  level ( they  exist 
for exam ple  for fisheries an d  coastal 
env ironm en ts). S ynthesis an d  fu rth e r  
developm en t of indices w ould  n eed  to:

•  prov ide in fo rm atio n  rap id ly  so as to  
respond  to  crises in  E u ropean  seas 
(oil spills, algal bloom s, ou tbreaks of 
toxic algae, coastal po llu tion , etc.).

•  pub lish  an d  d issem inate reg u la r 
repo rts  on  th e  sta te  of E uropean  
seas and  m a rin e  activ ities based on 
these  indicators, in  re la tio n  to  th e  
E u ro p ean  E n v iro n m en t A gency and  
o th e r  re le v an t organisations.

T hese  objectives w ill con tribu te  to  th e  
es tab lishm en t o f a com prehensive 
database on ex isting  scientific, 
techn ica l, an d  socio-econom ic 
com petence re lev an t to  policy m ak in g  
an d  shou ld  be im p lem en ted  th ro u g h  
active an d  innovative  cooperation  w ith  
re le v an t E u ropean  an d  na tio n al 
organisations. T h e  in fo rm atio n  w ill be 
a t th e  disposal of pub lic  an d  p rivate  
users. I t  w ill also serve as a vehicle to 
increase pub lic  u n d ers ta n d in g  of 
m a rin e  issues an d  to  develop a com m on 
consciousness in  E u ro p e  concern ing  
th e  cha llenge of th e  seas an d  th e  
necessity  o f im p ro v in g  th e ir  
governance.

•  define  an d  analyse th e  policy value 
o f re le v an t q u an tita tiv e  indicators;

•  id en tify  ex isting  p rim a ry  science 
an d  techno logy  ind icators and  
socio-econom ic d a ta  on a sectoral 
an d  n a tio n a l basis;

•  analyse th e  va lid ity  an d  relevance of 
such ind icators an d  d a ta  for policy 
d eve lopm en t such as dem onstra tion  
o f susta inab le  developm en t options 
adap ted  to  regions;

•  m ak e  syntheses of ex isting  
ind icators w ith  a view  to developing  
E u ro p ean  indicators, in c lu d in g  
b en ch m ark in g  of ind icato rs and  
practice;
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5 E C O P b  w a s  jointly 
set up by  EoF a n d  DG 
XII (Research) of the 
Commission of

Eu no p e a  n C o  m m u n ¡ti e s . 
Its members  w e r e  
d e s ig n a te d  in their 
personal capac i t ie s .
Ref : The O c e a n  ariel 
the Poles, Granai 
C h a llen g es  for 
E uropean C oopera tio n , 
eel. C . H e m p e l ,  C us tav  
Fisher Verlag, 199.5.

6 During its lifetime 
ECOPc. a l so  initiated 
consultations on 
biodiversity, c o a s t a  
z o n e  m a n ag em e n t ,  
various a s p ec t s  of 

t e chno logy  (in 
part icular for d e e p  sea  
instrumentation), a n d  
spo n so red  the 
p repara tion  of a  
marine sc ience  plan for 
the Baltic, thus pav ing 
the w a y  for en ten ded  
co o p e ra t io n  with 
eastern  Europe.

s e e  O ur C h a n g in g  
Planet, the U .S. G lo b a  I 
C h a n g e  research  
program , h C T C  report, 
1999 .

T he concept o f challenges, as 
fo rm u la ted  in  th is  strateg ic  m a rin e  
science p lan , has a h is to ry  th a t  can be 
traced  back to  th e  early  1990s. In  
S ep tem ber 1994, afte r a series of 
m eetings an d  p rep a ra to ry  w orkshops, 
th e  E u ropean  C om m ittee on Ocean and  
P o lar Sciences (EC O PS)5 6 p resen ted  to  
E u ropean  policy-m akers an d  scientists 
four G ran d  C hallenges for fu tu re  lo n g 
te rm  cooperation in  E urope. T hese 
were: opera tional forecasting  of th e  
oceans an d  coastal seas; v ariab ility  of 
th e  deep sea floor; th e  A rctic ocean; and, 
in  th e  fie ld  of c lim ate  re la ted  research, 
th e  E u ropean  P ro g ram m e on lee 
C oring in  A ntarc tica  (EPICA).

T h e  G ran d  C hallenges w ere seen as 
rep resen tin g  som e of th e  strongest 
scientific p rio rities o f th e  tim e. Since 
th en , our percep tion  has changed  to  a 
ce rta in  ex ten t. W e have becom e aw are 
th a t  N atu re  tends to  respond  in  a n o n 
lin ear m a n n e r  to  g radua l and  
con tinuous e n v iro n m e n ta l change.
T h is  aw areness should  h e lp  us in  our 
a ttem p ts  to  p red ic t fu tu re  ecosystem  
behav iou r in  a chang ing  context.

N ew  focus on th e  E a r th  System  has 
been  h ig h lig h te d  in  th e  B ackground  
section of th is  report. O perational 
fo recasting  was, an d  s till is, a challenge, 
b u t m a tte rs  h av e  progressed to  th e  
p o in t w here  it is an  estab lished  strategy, 
no t on ly  an objective to  be lobbied  for 
an d  pursued. B enefits w ill be fe lt in  
m ost sectors of m a rin e  ac tiv ity  and  
services, pa rticu la rly  those re la tin g  to  
th e  sustainab le exp lo ita tion  of 
resources an d  to  coastal zone 
m an ag em en t. P o lar research  is m ore  
th a n  ever a priority, less for its m a rin e  
aspects alone th a n  as an

in te rd isc ip lina ry  effort to  address 
c lim ate  change.

A lthough  b iogeochem ical cycling  was 
already  very  m u ch  on th e  science 
agenda five or te n  years ago, th e  
urgency, com plexities an d  im plications 
of q u an tify in g  th e  p la n e t’s carbon 
budget had  not yet been fully  expressed7. 
C oncern w ith  greenhouse gases has 
increased, an d  w e need  m ore  th a n  ever 
to  clarify  our ideas on sources an d  sinks 
of carbon dioxide an d  o th e r gases.

In  th e  early  1990s, deep sea research  was 
advancing rapidly. Since th e n , it has 
p roduced  a new  stream  of exciting  
resu lts  on flu id  flow at th e  con tinen ta l 
m arg in , on th e  occurrence and  
significance of gas hydrates, carbonate 
m ounds an d  cold w ater reefs along th e  
E uropean  m arg in , an d  on th e  m ic ro 
organism s in  ocean floor sedim ents. I t 
is im p o rta n t to  stress h e re  th e  d riv ing  
ro le o f th e  hydrocarbon  in d u stry  in  its 
m arch  tow ards exp lo ita tion  at 
increasing  w ater depths.

E u ropean  scientists h av e  by now  
developed a clear vision o f w h a t should  
be a research  p lan  on m a rin e  
biodiversity. T h is has been  set ou t in  
tw o position  papers o f th e  E SF  M arin e  
Board; activ ity  in  th is  fie ld  is tak in g  
place u n d e r th e  u m b re lla  o f th e  M ARS 
netw ork. T h e  ocean is th e  largest gene 
pool for biodiversity. M odern  
developm ents in  m o lecu lar biology and  
genetics provide us w ith  th e  concepts 
to  explore th is  new  fro n tie r for possible 
applications in  b iom edicine, pharm acy, 
food p roduction  an d  en v iro n m en ta l 
rem ed ia tio n .
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B eing  h eav ily  im pacted  by h u m a n  
activities, th e  coastal zone poses a 
fo rm idab le  cha llenge for its sustainable 
m a n ag e m en t an d  pro tection . Som e 
progress has been  m ade  on th e  concept 
o f In te g ra te d  Coastal Zone 
M anagem en t, its requ irem en ts, th e  
techn ica l an d  sociological obstacles to 
be overcom e. On th e  dark  side however, 
po llu tion  of all sorts rem a in  a problem . 
N ew  th rea ts  to  h u m a n  h e a lth  and  
econom y m a y  occur pa rticu la rly  in  
coastal env ironm en ts  due to  th e  release 
of alien  species, v ira l in fections or th e  
sp read  of toxic algae. O ne of th e  m ajo r 
challenges lies in  th e  recogn ition  of th e  
causes of species changes an d  th e ir  
im p ac t on  ecosystem  functions.

G iven th e  pace of technological 
progress in  th e  past decade, m a n y  new  
in s tru m e n ts  are now available to  
investigate, survey an d  explo it th e  seas. 
T h e  m ain  advances have been in  robotics, 
m in ia tu risa tion  and  nanotechnology, 
inform ation technologies an d  d a ta  
transm ission. These recent developments, 
and others th a t w ill no doubt follow, are 
th e  key  to  our ab ility  to  m e e t th e  m a in  
cha llenges of th e  fu tu re .

T h e  ESF M arin e  B oard has now  
id en tified  five m ajo r th em atic  
challenges for fu tu re  research: 1) ocean 
c lim ate  coupling; 2) sustainable 
exp lo ita tion  of resources; 3) h e a lth  of 
th e  coastal zone; 4) new  fron tiers in  
m a rin e  life; 5) new  fron tiers in  ocean 
m a rg in  systems: seafloor studies. T h e  
m a in  objectives of research  u n d e r each 
cha llenge an d  its sub-challenges are 
lis ted  below. E xp lanations are p rovided 
in  A ppendix  A of th is  report.

Challenge 1: 
Ocean climate coupling

1.1 Processes, variability and  
predictability

•  understand processes 
governing ocean currents, 
air-sea exchange and  sea- 
air-ice interactions;

•  for short-term  w arning and  
forecasting: improve 
predictions of sea sta te  and  
currents, develop w eather 
service operations;

•  for seasonal to interannual 
forecasts: enhance global 
observing and  da ta  system s, 
develop modelling, assess 
climate variability on hum an 
activity;

•  for decadal to centennial 
forecasts: investigate forcing 
factors, paleoclimatology, 
modelling.

1.2 G reenhouse gases
•  reduce current uncertainties 

in ocean carbon fluxes 
within the global carbon 
budget;

•  investigate ocean to 
atm osphere fluxes of other 
greenhouse gases;

•  evaluate the feasibility, 
sustainability and  impacts of 
carbon sequestration options 
(deep disposal of C 02, 
surface fertilisation 
experiments).
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Challenge 2: 
Sustainable exploitation 
of resources

2.1 Living resources: fisheries 
and  aquaculture
•  for the operational 

monitoring and  forecasting of 
living resources: integrate 
biological and  environm ental 
dynamics on different time 
scales;

•  for the sustainability of 
resource m anagem ent : 
integrate relevant know ledge 
of ecosystem functioning and 
climate fluctuations;

•  develop the biological basis 
for aquaculture;

•  prevent, assess and  mitigate 
negative impacts of fisheries 
and  aquaculture on the 
environment.

2.2 Non-living resources: 
hydrocarbons, renew able 
energies and  minerals
•  investigate hydrodynam ics, 

sedim entation and  slope 
stability in a reas  open to 
hydrocarbon exploration;

•  assess the possible 
significance of gas hydrates 
as a  new  energy  source;

•  determ ine the behaviour, 
transport and
biodegradability of pollutants 
from oil and  related 
substances;

•  investigate the use of 
aggregates for coastal 
protection and  the 
environm ental consequences 
of extraction.

Challenge 3: 
Health of the coastal zone

3.1 M anagem ent and  
protection of the coastal zone
•  protect coastal m arine 

biodiversity and  ecosystems 
from d am age  caused by 
hum an activity;

•  prom ote w a te r quality in 
catchment and  coastal a reas ;

•  prevent the occurrence or 
mitigate adverse  effects of 
virus, bacteria and  toxic 
algae;

•  m eet public concerns over the 
discharge and  dispersion of 
w aste;

•  protect sensitive stretches of 
the coast line against erosion, 
excess sedim entation and 
extrem e events;

•  prom ote the preservation of a 
large p a rt of the European 
cultural heritage.

3.2 M arine biodiversity

•  undertake targeted 
inventories of biodiversity in 
European seas;

•  understand the functional 
role of biodiversity;
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•  predict the consequences of a 
potential loss of biodiversity 
resulting from environm ental 
changes.

Challenge 4: 
New frontiers in marine life

4.1 Biotechnology
•  bioprospect for novel 

compounds in selected 
organism s and  habitats;

•  establish new  fundam ental 
bioprocesses for 
bioproduction;

•  develop products and 
processes in m arine 
environm ental biotechnology;

•  utilise molecular approaches 
to assess biodiversity and  
exploit m arine genetic 
resources;

•  establish advanced cultivation 
m ethods for m arine 
organism s and  cell lines.

4.2  N ew  ecosystems
•  explore the limits of the sub

surface biosphere;

•  study unique habitats (cold 
seeps, gas hydrates, oil 
reservoirs, deep brines, mud 
volcanoes, carbonate 
mounds);

•  identify the dom inant 
organism s and  their biom ass, 
diversity and  ecophysiology;

•  study microbe interactions 
w ith m inerals and  other 
interfaces;

•  search for novel types of 
prokaryotes with unique 
properties.

Challenge 5: 
N ew  frontiers in ocean 
m argin system s: seafloor 
stud ies
•  reconstruct the geom etry and 

evolution of sedim ents on 
active and  passive m argins;

•  assess the role of canyons in 
focusing and  enhancing 
processes;

•  assess hazards associated 
with European m argins;

•  investigate the distribution, 
volume and  role of fluid 
vents and  seeps a t  m argins;

•  address detrim ental impacts 
of the hydrocarbon industry 
on the sea  floor;

•  monitor seismic activity a t 
active m argins.
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M a rin e  science an d  techno logy  are 
becom ing  increasing ly  in te rd ep en d en t. 
N ew  cu tting-edge know ledge is often  
d irec tly  re la ted  to  technological 
b reak th roughs. I t  m ay  be less obvious 
for th e  scientific co m m u n ity  th a t  
techno log ica l inn o v a tio n  is closely 
lin k ed  to  h ig h  level basic research.
U n til rec en tly  science was d riven  by 
th e  need  to  describe the past an d  to  
understand the present by g a th erin g  
iso lated  snapshots o f th e  oceans. Today 
th e  m a in  cha llenge faced by m a rin e  
science an d  techno logy  is to  predict 
the future for th e  purposes of 
sustainab le m a rin e  m an ag em en t, ocean 
forecasting  an d  coping w ith  c lim ate  
change. T h e  need  is now  for global 3D 
and 4D datasets of th e  oceans to 
understand the  dynamics of th e  processes, 
hence a s ign ifican t strateg ic change in  
th e  w ay w e conduct our science.

Progress in  robotic, com puter, 
m in ia tu rise d  technology  an d  data  
transm ission  offers u n iq u e  new  
opportun ities, w hich  h av e  to  be fu lly  
exploited to  address th e  needs of m arine  
science. T h e  developm ent of e-m arine 
science, w hich  requ ires th e  poo ling  of 
large resources, is a p rerequ is ite  to  
progress beyond  th e  cu rren t stage of 
m arine research and has a h igh  European 
added value. T h e  dep loym ent of fibre- 
optic cables on th e  sea floor, p rov id ing  
tw o-w ay rea l tim e  h ig h  b andw id th  
co m m unica tion  in c lu d in g  video, offers 
new  visions for m a rin e  science.

5.1 Scientific requirem ents
T h e  m an ag e m en t of oceans an d  coastal 
zones necessita tes th e  con tinuous 
m o n ito rin g  of oceanic an d  a tm ospheric  
conditions. T h e  forem ost re q u irem en t 
h e re  is for netw orks of land-based  and

sea-based observatories. M o n ito ring  th e  
dynam ics of deep w ate r masses, 
especially  in  th e  N orth  A tlan tic  source 
reg ion  th e rm o h a lin e  circulation , w ill 
prov ide d a ta  for ea rly  w arn in g  of 
c lim ate  change consequences: th is  task  
requ ires th e  d ep loym en t of 
autonom ous deep drifters. To m ap  and  
survey th e  sea floor, th e  req u irem en ts  
are for h ig h  perfo rm ance sub-bottom  
profilers, u ltra so u n d  spectroscopy and  
deep sea observatories. N ew  im pe tus for 
ocean drilling , especially  in  th e  contex t 
of O D P / IODP, is conditioned  by  th e  
developm en t of riser techno logy  and  
dow n ho le logging  tools. Specific 
in s tru m e n ta tio n  is needed  for short and  
long -te rm  m easu rem en ts  to  give, in  
rea l tim e, a com plete p ic tu re  of th e  
dynam ics of th e  m ost sensitive p a rts  of 
th e  sea floor w here  geological hazards 
m ay  occur. W ith  regal'd  to  m easu ring  
m a rin e  life, re la tiv e  es tim ation  
m ethods to  estim ate  abundance and  
com position have to  be rep laced  by 
techno log ica l so lu tions re flec tin g  links 
or com petition  betw een  organism s as 
w ell as re la tionsh ip s betw een  m a rin e  
life an d  th e  physical env ironm ent.

Innovative  technology  has  to  m e e t th e  
fo llow ing specific needs:
•  to  record  sh o rt-te rm  en v iro n m en ta l 

consequences o f n o rm a l 
fluctuations an d  catastrophic events;

•  to  enab le  data  acquisition  over long 
periods;

•  to  increase th e  accuracy of th e  data  
needed  by m odels an d  enable th e  
m easu rem en t o f new  param eters, in  
p a rticu la r in  th e  b iological field;

•  to  access d a ta  in  rea l-tim e  and  
enable th e  standard isation , 
ca lib ra tion  an d  validation  of data  
for purposes of in teg ra tio n  and  
in te rco m p ariso n ;
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•  to  g u aran tee  th e  re liab ility  of data 
acquisition, processing an d  rap id  
delivery  w hich  w ill be increasing ly  
n eed ed  for socio-econom ic 
assessm ents, dec ision-m ak ing  and  
pub lic  aw areness.

5.2 M easurem ents and  
constrain ts
In  th e  m a rin e  env ironm en t, th e re  are 
th re e  m a in  m odes o f d a ta  acquisition: 
m oored platform s (seafloor observatories, 
buoys), autonom ous platform s (d rif tin g  
buoys, actively  propelled  system s), air- 
an d  sh ip -borne and  tow ed  in s tru m e n t 
packages. A ll system s h av e  to  m ee t 
severe techn ical constrain ts. T h e  design 
of autonom ous d a ta  acquisition system s 
m u st tak e  in to  account th e  needs of 
in terd iscip linarity , energy  supply, b i
d irec tiona l d a ta  tran sfe r in  rea l tim e  
over long  distances. For sensors, 
m o d ern  req u irem en ts  are th e  ab ility  to  
m easu re  n u tr ie n ts  and  p o llu tan ts  m  
situ , lo n g -te rm  au tonom y  betw een  
sessions of m ain tenance, standard isation  
of interfaces w ith  host system. T he 
design of new  sensors w ill take advantage 
of recent innovations in  nanotechnology, 
m edicine and  m olecular biotechnology. 
D a ta  tran sfe r an d  m an ag e m en t have 
th e ir  specific requirem ents o f th e  u tm ost 
im portance an d  have to  be considered 
a t th e  earlies t stage in  th e  developm ent 
o f an y  scientific equ ipm en t.

5.3 Models and  limits
U n d ers ta n d in g  th e  com plex ities of 
ocean cu rren ts an d  th e ir  ro le in  th e  
tran sp o rt o f physical, chem ical and 
biological com ponents is im possib le 
w ith o u t reso rtin g  to  com pu ter 
sim ulations. 3D  m odels in te g ra tin g  all 
these  param ete rs  rep resen t th e  only

possib ility  o f c rea tin g  a q u an tita tiv e  
an d  com plete p ic tu re  of active 
processes in  th e  sea. To be effective, 
these  m odels an d  th e ir  ou tpu ts should  
be in  a fo rm a t w hich  easily  facilita tes 
th e ir  in teg ra tio n  in  dec ision-m aking  
system s. T h e  p resen t s tandard  of 
m od e llin g  requ ires access to  th e  h ig h est 
perfo rm ance  com puters available.

T h e  n eed  is for a h ie ra rc h y  of m odels 
s ta rtin g  from  th e  deep ocean m odels 
( G lobal /  A tlan tic  /  M e d ite rra n e a n ) , 
p ro v id in g  bo u n d ary  conditions for 
shelf-wide models, w hich in  tu rn  provide 
b o u n d ary  cond itions to  h ig h -re so lu tio n  
local m odels (for exam ple  th e  sou thern  
N orth  Sea or th e  E ng lish  C hannel). 
G iven m odels an d  observations, data  
assim ilation  (being  th e  in terface 
be tw een  th e m ) is th e  th ird  essential 
co m p o n en t of in fo rm a tio n  system s.

To sum m arise , th e  m a in  objectives for a 
forw ard-looking technology should be to:
•  in teg rate  th e  m ost advanced progress 

in  th e  dom ains of com m unication , 
com puters, m edicine, optics, 
b iom olecular technology, new  
m ateria ls  and  nanotechnology;

•  assess carefu lly  how  ex isting  
techno logy  m ig h t fu lfil th e  
sc ien tific  req u irem en ts;

•  tu n e  up  techno logy  developm ents 
w ith  th e  invo lvem en t o f SM Es and 
p rom ote  a E u ropean  m arket;

•  id en tify  gaps in  technology  w hich 
are p rob lem atic  an d  th e  tim e  scale 
to  fill them ;

•  im prove cooperation  betw een  
research  institu tes, th e  in d u stria l 
sector an d  th e  defence sector for 
techno log ica l transfe rs and  
developm ents necessary to  th e  
im p lem e n ta tio n  of E u ro p ean  and  
in te rn a tio n a l p rogram m es.



6. Research infrastructures

From  its long  m a ritim e  history, E urope 
has in h e rite d  m a n y  assets in  m a rin e  
research  in frastructures: (1) an  active 
an d  diverse netw ork  of scientific 
in stitu tions: academ ic laboratories, 
m iss io n -o rien ted  n a tio n a l in stitu tes, 
m a rin e  sta tions w hich  h av e  developed 
th ro u g h o u t th e  last cen tu ry  w ith  a w ell 
tra in e d  workforce; (2) im p o rta n t 
n a tio n a l research  facilities: fifty  
oceanographic vessels longer th a n  50 
m ., tw o scientific subm arines, rem o te ly  
an d  au to m ated  opera ted  vehicles, ocean 
observation  sa tellites (ERS 1 an d  2, 
SPOT, Topex Poseidon); (3) in d u stria l 
successes in  developing  h ig h  
p erfo rm an ce  in fra s tru c tu re s  eq u ip m en t 
for offshore exploration  and  
explo ita tion  an d  for seafloor surveys.

R esearch in frastruc tu res  are tak en  to  
include research  vessels, in situ  buoys, 
landers, sa te llite  an d  aerial 
reconnaissance system s, pressure and  
te st cham bers, ca lib ra tion  facilities, 
d a ta  processing an d  m a n ag e m en t 
facilities, research  cen tres an d  th e  
specialist staff necessary to  operate them .

Several aspects n eed  to  be considered 
w hen  develop ing  a E u ropean  stra tegy  
for th e  m a n ag e m en t o f these  facilities:

•  th e  costs: 50%  of th e  overall 
n a tio n a l E u ro p ean  budgets of 
m a rin e  research  are ded ica ted  to  
develop ing  an d  ru n n in g  th e  
in fra s tru c tu re s .

•  o rgan isa tiona l an d  a ttitu d in a l 
changes ra ised  by  th e  developm ent, 
th e  m an ag e m en t an d  th e  use of 
new  research  in frastructu res;

•  th e  in te rn a tio n a l d im ension;
•  th e  im pact o f m o n ito rin g  and  

eva lu a tio n .

W ays an d  m eans to  im prove th e  fabric 
o f E u ro p ean  research  in fra stru c tu re s  
w ere given h ig h  consideration  by th e  
E uropean  countries at tw o conferences: 
EurO C EA N  2000, in  H am b u rg  (29 
A ugust-2 S ep tem ber 2000), an d  th e  
R esearch  In frastru c tu res  C onference in  
S trasbourg  (18-20 S eptem ber 2000). 
T hese  w ere also th e  subject of a 
tem p o rary  w ork ing  group of six 
E u ropean  countries, w h ich  was 
estab lished  at th e  in itia tive  of France.

A t these  conferences, th e  partic ipan ts 
confirm ed  th a t  th e  provision of first 
class research  in fra stru c tu re  is o f p rim e  
im portance for th e  success o f m a rin e  
science, bo th  in  E urope and  
in ternationally , an d  reco m m en d ed  that 
an overall European strategy on 
marine research infrastructure be 
defined and implemented. T hese 
objectives im p ly  th e  deve lopm en t of 
appropria te  m echan ism s to  fund, share 
an d  access such facilities, bea rin g  in  
m in d  th e  increasing  cost o f ru n n in g  
large-scale an d  h ig h ly  specialised 
in frastru c tu res . N ew  in fo rm atio n  
technologies, such as th e  In te rn e t and  
W orld W ide Web, shou ld  be used to  
prov ide v irtu a l inven to ries an d  pools of 
th e  available m a rin e  research  
e q u ip m en t.

M ore specifically, th e  recom m endations 
from  these  discussions w ere as follows:

1. prom ote, as soon as possible, 
coord ination  in  E u rope on th e  
iden tifica tion  of th e  needs an d  th e  
b u ild ing  of new  ded ica ted  research  
vessels an d  large-scale facilities. T h is 
should  p rev en t gaps and  
duplications in  m a rin e  
in fra s tru c tu re  capabilities.
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2. P ro m o te  E u ro p ean  concerted  
approaches in  th e  req u irem en ts  of 
in te rn a tio n a lly  agreed  science 
p ro g ram m es for in frastructu res.

3. D evelop  appropria te  long -te rm  
fu n d in g  m echan ism s to  provide 
ocean observation  system s, such as 
th e  C ontinuous P lan k to n  R ecorder, 
a E u ropean  N etw ork  of O cean D a ta  
Buoys, a facility  to  operate  satellites 
for opera tional oceanography, a 
netw ork  of E u ropean  flagship  sites 
for m a rin e  biodiversity.

4. Evolve com m on standards for 
ev a lu a tin g  scientific proposals and  
for operations, perfo rm ances as w ell 
as safety  procedures.

5. Im p ro v e  th e  coo rd ina tion  of 
ex isting  an d  new  d a ta  collection; 
assem ble th e  d a ta  in to  E u ropean  
com m on databases (sed im en t cores, 
seism ic an d  h ig h  level b a th y m etric  
data, etc.) an d  m ake  th e m  available 
to  researchers for value added 
processing an d  new  analysis.

6. E stab lish  an d  support netw orks of 
reg iona l m a rin e  research  facilities, 
an d  netw orks of com petence and  
expertise , w ith  E U  F ram ew ork  
P ro g ram m e and  S tru c tu ra l F unds 
support.

7. R eview  th e  ro le of in d u stry  in  
collaborative projects, pa rticu la rly  in  
th e  contex t o f industry, especially 
SM Es, p ro v id in g  cost-effic ien t 
se rv ic es /eq u ip m en t to  these  
pro jects.

8. D evelop  h ig h ly  sk illed  h u m a n  
resources req u ired  by th e  use of new  
technology: p ro m o tio n  o f tra in in g , 
m o b ility  o f sc ientists and

technicians, in  o rder to  share 
experience an d  best practice in  th e  
opera tion  of large scale facilities at 
E u ro p ean  level.

T hese  in itiatives, d riven  by th e  
E uropean  added-value princip le, should  
co n trib u te  to  th e  b u ild ing  of a 
E u ropean  netw ork  of m a rin e  research 
in fra s tru c tu re s  a lth o u g h  m ost o f th e m  
w ould  still rem a in  n a tio n ally  organised. 
In  th is  context, robust electronic 
n e tw o rk in g  th ro u g h  th e  
in te rco n n ec tio n  of n a tio n a l struc tu res, 
an d  a po litica l w ill a t E u ropean  level, 
are  absolute p rerequisites.
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8 M aking a  reality 
o f the European 
Research Area: 
guidelines for EU 
research activities 
(2002-20061; 
C om m unication  from 
the C om m ission to 
the  C ouncil, the 
European Parliament, 
the  Econom ic a n d  
S ocia l C om m ittee 
a n d  the C om m itttee 
o f the  Regions, 
C O M  (2 0 0 0 )  61 2 
final.

E uropean m a rin e  science p resen ts a 
fe rtile  o p p o rtu n ity  as te s t case to  
va lida te  th e  E u ro p ean  R esearch  A rea 
(ERA), recen tly  proposed by  th e  
E u ro p ean  C om m ission to  s tre n g th e n  
th e  coherence o f research  activ ities and  
policies conducted  in  E urope. T h e  ER A  
w ill req u ire  th e  fu ll app lication  o f th e  
p rincip les o f E u ro p ean  added  value and  
co m p lem en ta rity  b e tw een  th e  research  
activ ities o f th e  E U  an d  its m e m b er 
states.

7.1 Research activities
T h e  im p lem en ta tio n  of th e  five 
scientific challenges id en tif ied  by th e  
ESF M arin e  B oard w ill req u ire  as 
appropriate:

•  N etw o rk in g  an d  coo rd ina tion  of 
n a tio n a l p rogram m es: m a k in g  fu ll 
use of th e  n a tio n a l an d  reg ional 
p o ten tia l an d  ta k in g  in to  account 
th e ir  specificities.

•  E volv ing  large-scale ta rg e ted  
projects o f a E u ro p ean  d im ension  
th ro u g h :
— clusters o f reg io n a l projects;
— in te g ra te d  E u ropean  research 

p rogram m es;
— focused research  projects o f  

m u ltid isc ip lin a ry  an d  reg ional 
d im ensions;

— netw orks of E u ro p ean  sc ien tists 
an d  laboratories from  th e  public  
an d  p riv a te  sectors.

•  L e a d in g /p a rtic ip a tin g  in  large-scale 
p rog ram m es of an  in te rn a tio n a l 
d im ension  for en h an c in g  E uropean  
co m p lem en ta ritie s  an d  
com petitiveness.

•  S tepping  up  innova tion  w ith  
in d u s try  in c lu d in g  SMEs, as an

essen tia l com ponen t of research  
projects from  th e  design phase to  
th e  d issem ination  an d  th e  
exp lo ita tion  of th e  results.

A ppropria te  m echan ism s of cooperation 
for th e  overall coherence of these  
research  activ ities being  im p lem en ted  
at d iffe ren t levels w ill have to  be 
developed.

7.2 Research infrastructures
R esearch in frastruc tu res  are tak en  to  
include th e  facilities req u ired  to  c a n y  
ou t research  projects ran g in g  from  
research  vessels to  satellites, data  
processing an d  m a n ag e m en t facilities, 
an d  th e  specialist s ta ff  necessary to  
operate  them .

A E uropean  stra tegy  for m a rin e  
research  in fra stru c tu re s  is m issing. T his 
h am p ers  th e  op tim al use of th e  
ex isting  facilities an d  lim its  th e  
deve lopm en t of new  eq u ip m en t such 
as ocean observing-system s an d  seafloor 
observatories.

7.3 Human resources
A sound policy of h u m a n  resources is 
an essen tial com ponent o f a E uropean  
m a rin e  research  area. Som e of th e  
issues are to:
•  a ttrac t young  people, in  p articu la r 

w om en, to  em b ark  on careers in  
m a rin e  research;

•  fac ilita te  th e  m o b ility  of scientists 
w ith in  E urope, an d  outside E urope 
in c lu d in g  develop ing  countries;

•  b rin g  to g e th e r  com m unities  from  
in d u stry  an d  academ ia w ith  
p o te n tia l com m on in terests;
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7.4  Science, society and  
citizens
P ublic  aw areness o f th e  oceans, o f th e ir  
im portance  to  m an k in d , of th e  
com plex issues ra ised  by th e ir  
exp lo ita tion  an d  pro tec tion  appeal's to 
be increasing  in  E urope.

Support of policy m aking

•  expert panels to  provide strategic 
science-based advice;

•  schem es for advance w arn in g  
(geological hazards, c lim ate 
ex trem es);

•  ind icators characterising  th e  h ea lth  
o f coastal w aters.

Science and  society
•  pub lic  aw areness, apprecia tion  and  

education  on th e  scientific 
challenges of th e  ocean;

•  eth ics for th e  governance of th e  
ocean (assessing th e  eth ics of 
research  projects) an d  deontology in  
professional practices such as 
aq u acu ltu re  an d  b io technology);

•  m a rin e  science in fo rm atio n  system .

T h e  rec en t EC co m m unica tion8 

recognises th a t  “Making a reality  o f  
the European Research Area will  
necessarily be the produ c t o f  a jo in t  
effort b y  the EU, its M ember States 
and research stakeholders” .
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Appendix A

Scientific challenges

1. Ocean climate coupling

1.1 Processes, variability and  
predictability

Each year, h u m a n  lives and  b illions of 
E u ro  are lost because of severe storm s, 
floods an d  o th e r n a tu ra l hazards th a t 
could  have  been  p red ic ted  a few  w eeks 
ahead. I t  is es tim ated  th a t  E lectric ité  de 
F rance w ould  save 150 m illion  E uros 
an n u a lly  if  sh o rt-te rm  forecasts w ere 
50%  reliable. On longer tim e  scales, 
seasonal to  in te ran n u a l, n a tu ra l 
p h en o m en a  such as E l N iño or, closer to  
E u ropean  coasts, th e  N orth  A tlan tic 
O scillation  (NAO) in  con junction  w ith  
th e  N orth  T h e rm o h a lin e  C urren t 
(TH C ), h av e  a g rea t im pact on th e  
frequency  of storm s an d  th e  
d is trib u tio n  of ra in fa ll. In  countries 
in fluenced  by such in te ran n u a l 
variations, d rough ts an d  floods can 
h av e  disastrous effects on agricu ltu re  
an d  th e  econom y in  general. A nd 
finally, on a decadal to  cen ten n ia l scale, 
g reenhouse-induced  w arm in g  w ill 
increasing ly  im pact our societal 
system s an d  n a tu ra l env ironm ents, 
possibly p rovoking  h u m a n  m ig ra tio n s 
d u rin g  th e  21st century. T hese  facts 
cha llenge researchers, in  E urope an d  in  
th e  w orld, to  im prove assessm ent and 
p red ic tio n  capabilities.

I t  is c learly  understood  now  th a t  
c lim ate  depends on th e  coupling  of 
a tm osphere  an d  ocean and, in  po lar 
areas, on in te ractions of these  w ith  ice. 
O ne of th e  m a in  challenges is to  
u n d ers tan d  p resen t-day  an d  past 
responses of th e  N orth  A tlan tic  Ocean 
to  ex te rn a l d riv ing  forces. T h is  sector 
o f th e  w orld  ocean large ly  de term ines 
th e  c lim ate  of E urope, because of th e

in te n s ity  of ocean -a tm o sp h ere  
exchanges th a t  tak e  place in  th e  area. I t  
is th e  s ta rtin g  zone of th e  so-called 
“ocean conveyor b e l t” th a t  transports  
energy  an d  h e a t all over th e  globe. I t  is 
also one of th e  m ost com plex oceanic 
areas in  th e  w orld, due to  th e  d iffe ren t 
tem p o ra l an d  spa tia l scales on w hich  
th e  d iffe ren t c lim ate  drivers (G u lf 
S tream , NAO,.etc.) in te rac t w ith  each 
other. As for th e  E u ropean  seas, th ey  
too are  in fluenced  by varia tions in  
c lim ate  forcing, e ith e r  d irec tly  or 
th ro u g h  th e ir  lin k  w ith  th e  N orth  
A tlan tic .

B earing  in  m in d  th e  ocean-atm osphere 
linkage, th e  objectives of research  are:

•  to understand the processes 
governing ocean currents, air- 
sea  exchanges and  sea-air-ice 
interactions;

•  to advance short-term  w arning 
and  forecasting services, through 
reliable predictions of sea  state  
and  oceanic currents and  the 
developm ent of m odernised 
w eather service operations;

•  to implement seasonal to 
interannual climate forecasts, 
through the enhancem ent of 
global observing and  d a ta  
system s, progress in modelling 
and  the assessm ent of climate 
variability on hum an activity;

•  to assess and  predict decadal to 
centennial changes, by 
characterising processes that 
force climate change on these 
time scales, obtaining long-term 
climate records (including past 
climates) and  developing 
models.
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Scientific challenges

M eeting  these  objectives w ill strongly  
depend  on th e  existence of su itab le 
netw orks o f observa tion  system s 
(includ ing  satellite-based) and  
researchers: tran sa tla n tic  and  
in te rn a tio n a l cooperation  is th e re fo re  
crucial for th e  im p lem e n ta tio n  of 
research  program m es. I t  also requ ires 
ta k in g  advan tage of th e  la test

techno log ica l developm ents, 
p a rticu la rly  in  in fo rm atio n  technology, 
th a t  are needed  for d a ta  acquisition, 
h an d lin g  an d  exchange, an d  in  
com puters for m odelling . E qually  
im p o rta n t w ill be th e  p rom ise o f long
te rm  co m m itm en ts  from  decision
m akers.

Table 3

Climate change: warm ing estimates revised upw ards

Rise in average  tem peratures in 2100 in com parison with 1990
T 19 9 5  forecast 2 0 0 0  forecast

1 to 3.5 °C 1.5 to 6° C

Level of CO; concentration in the atm osphere in 2100
T 19 9 5  forecast 2 0 0 0  forecast

500 ppm 540 to 970 ppm

Rise in global tem perature betw een 1860 and  2000
T 19 9 5  analysis 2 0 0 0  analysis

0.3 to 0 .6  °C 0.4 to 0.8° C

Rise in sea level in 2100 in comparison with 1990
19 9 5  forecast 2 0 0 0  forecast
0.15 to 0.95 m 0.14 to 0 .80  m

Source: International Panel on Climate Change Report, in Le Monde 03.1 1.00

1.2 G reenhouse g ases  and  
the role of the oceans
T h e  n eed  to  u n d erstan d  how  carbon is 
cycled th ro u g h  th e  E a r th  System  — 
ocean, lan d  an d  atm osphere - is 
critically  im p o rta n t to  th e  ab ility  to  
p red ic t fu tu re  c lim ate  change. I t  has 
deep im plica tions for th e  debate about 
em ission controls. C arbon cycle science 
is a t a th resh o ld  of new  understand ing , 
w ith  th e  prospects o f develop ing  in  th e

n ex t te n  years in te g ra te d  an d  robust 
estim ates o f carbon sources, sinks and  
fluxes. T h e  reservo ir o f carbon in  th e  
ocean is app rox im ate ly  500 tim es  la rger 
th a n  th a t  o f th e  atm osphere , an d  th u s  
th e  ocean plays a p ro found ly  im p o rta n t 
ro le in  carbon storage, exchange and  
burial.

Over th e  last decade, E u ropean  m a rin e  
science has co n trib u ted  in  a m a jo r w ay
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to  th e  discovery an d  quan tifica tion  of 
new  b iogeochem ical an d  physical 
d raw dow n processes th a t  export 
an th ropogen ic  carbon to  th e  deep sea.

T h e  new  objectives for E u ropean  
research  on ocean carbon dynam ics 
shou ld  fall u n d e r  th re e  b road  strategies:

•  to reduce current uncertainties in 
ocean carbon fluxes within the 
global carbon budget, by 
focusing on the continental 
m argin (river inputs, carbon 
cycling in estuaries and  shelf 
seas), upwelling system s as 
sources or sinks of C 02, the role 
of nano-nutrients;

•  to investigate ocean to 
a tm osphere fluxes of other 
greenhouse and  climate-reactive 
biogases (m ethane, nitrous 
oxide, dimethyl suphide,etc.);

•  to evaluate , in a  m anner 
compatible with environm ental 
and  ethical concerns, the 
feasibility, sustainability and  
impacts of carbon sequestration 
options (deep disposal of C 02, 
surface fertilisation experim ents) 
being proposed by som e 
industrial nations.

T h ere  is an  u rg en t n eed  for E uropean  
ocean tim e  series sta tions to  track  and  
d istingu ish  n a tu ra l from  c l im a te / 
an th ro p o g en ic -d riv en  c lim ate  
variab ility  in  th e  fluxes of ocean 
carbon. N ovel technologies are available 
for a renew ed  research  effort 
(m olecu lar probes, sensors, ROVs, 
b en th ic  observatories).

2. Sustainable 
exploitation of resources

2.1 Living resources: 
fisheries an d  aquaculture
Resources of th e  ocean have been 
exp lo ited  com m ercially  for centuries, 
b u t harv estin g  beyond  susta inab ility  to  
th e  b rin k  of ex tinction  is a fea tu re  of 
ou r tim e. P roduction  from  aquacu ltu re  
is grow ing  an d  s till has a la rge p o ten tia l 
for expansion. T h e  req u irem en t to  feed 
a ris in g  w orld  popu la tion  creates an 
incen tive  for overexp lo ita tion  and  
u n co n tro lled  cu ltiv a tio n  an d  hence 
raises th e  d em an d  for im prov ing  th e  
science base of m an ag em en t. T h e  
shallow  coastal an d  nearshore  m a rin e  
en v iro n m en ts  are those w hich  support 
th e  g rea te r p roportion  of renew able 
resources production . A ccording to  
FAO, 95%  of all fisheries harvests 
w orldw ide are from  coastal w aters.

A t p resent, th e  m an ag e m en t of 
com m ercially  explo ited  stocks in  
E u ropean  w aters is based on scientific 
advice. T h e  u n certa in ties  in h e re n t in  
th is  advice are generally  la rge an d  th e  
costs to  in d u stry  an d  en v iro n m en t are 
substan tia l. O bvious lim ita tio n s  in  
cu rren t approaches are due to  a varie ty  
of causes: im precise survey  m ethods, 
th e  n eg lec t o f ecosystem  constra in ts  
an d  clim atic  effects in  fina l resource 
assessm ent, erroneous rep o rtin g  from  
in d u stry  itself.

A quacu ltu re  has  in  recen t decades 
expanded  to  becom e a viable industry, 
im p o rta n t on a reg iona l scale. I t  still 
h as  a la rge p o ten tia l for developm ent, 
b u t th e  risk  of nega tive  im pacts on th e  
coastal zone is growing. T h e  problem s
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to  be faced in  developing  th is  industry  
are com plex: th e y  involve several 
d isciplines (ecology bio logy 
ocean o g rap h y  te ch n o lo g y  econom y) 
an d  th e ir  solu tion  requ ires E uropean- 
w ide in te rd isc ip lin a ry  cooperation.

T h e  objectives of research  are:

•  to improve the operational 
monitoring and  forecasting of 
m arine resources through better 
understanding of the 
relationship betw een biological 
and  environm ental dynamics on 
different time scales;

•  to ensure the sustainability of 
operational resource 
m anagem ent by improving 
survey assessm ent and  by 
integrating relevant know ledge 
of ecosystem functioning and 
climate fluctuations;

•  to assess and  mitigate the 
detrim ental effects of 
commercial exploitation of 
m arine habitats;

•  to develop the biological basis 
for aquaculture production, 
including the know ledge of 
pathologies and  the application 
of genetic engineering;

•  to counteract negative impacts of 
industrial aquaculture on the 
environment.

D esp ite  su b stan tia l ach ievem en ts of 
ea rlie r research  program m es, th e  d irect 
app lication  of ecosystem  an d  c lim ate  
science in  o rder to  im prove 
su sta inab ility  has  been  very  lim ite d  up  
to  now. F u tu re  m odels m u st enable an 
ecosystem  approach, th a t  is th e  system  
from  p lan k to n  to  sea m am m als  m u st be

considered  a unity. Since com m ercial 
exp lo ita tion  can seriously d am age th e  
m a rin e  h ab ita t an d  its biological 
diversity, th e re  is an  u rg en t need  for 
m ethods to  detect an d  quan tify  th e  
im pacts o f harvest an d  to  develop 
en v iro n m e n t-fr ie n d ly  h a rv e s tin g  
technology .

W ith  regal'd  to  aquaculture , m ethods to  
detec t an d  m o n ito r ecological im pacts 
m u st exist alongside th e  provision of 
new  techno log ica l so lu tions for 
industry. F u rth e rm o re , in d u stria l 
developm ent m u st be m ade  p a rt of a 
coastal m a n ag e m en t p lan  to  secure 
lo n g -te rm  sustainability .

2.2 Non-living resources: 
hydrocarbons, renew able  
energies and  m inerals

Energy

M a n k in d ’s ever increasing  d em an d  for 
energy  requ ires th a t  oil an d  gas 
exp lo ita tion  proceeds fu rth e r  in to  th e  
ocean, beyond  co n tin en ta l shelves and  
w ell in to  deep w aters. Today w ater 
dep th s of m ore  th a n  2 500 m e tres  are 
reached  at som e locations. In  such 
ex trem e env ironm ents, safety  m u st be 
th e  priority, an d  th e  risk  of undesired  
en v iro n m en ta l im pacts is enhanced . In  
o rder to  m e e t these  concerns, w e need  
research  on hydrodynam ics to  
u n d erstan d  th e  reg im e  of surface and  
bo ttom  curren ts, on sed im ento logy  and  
geophysics to  assess co n tin en ta l slope 
stability, on m ethods to  p rev en t or fig h t 
po llu tion  from  oil spills an d  accidents 
on p la tform s.
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F u rth e rm o re , th e  possib ility  o f new  
energy  resources in  th e  m a rin e  dom ain  
m u st be investigated . Such a po ten tia l 
resource is th e  h u g e  am oun ts of 
m e th a n e  sto red  as gas h y d ra te  in  th e  
sed im en ts  o f co n tin en ta l m arg in s. 
T h e re  are o the r reasons to  investiga te 
these  hydrates: rap id  c lim ate  changes in  
th e  p ast have  been  p a rtly  a ttr ib u ted  to  
th e  release of m e th a n e  from  th e  
destab ilisa tion  of gas hydrates; i t  is also 
assum ed th a t  large-scale subm arine  
slope slides can be tr ig g e red  by th e ir  
decay  an d  vice versa.

In  p a ra lle l w ith  research  re la ted  to 
hydrocarbon  explo ita tion , a renovated  
approach to  energy  production  follows 
from  th e  dem ands of th e  Kyoto 
A greem en t to  s ign ifican tly  reduce CO,, 
production . R enew able energies (w ith  
zero CO,, p roduction) such as offshore 
w in d  an d  wave, an d  to  a lesser ex ten t 
g eo th erm al an d  tid a l energy, rep resen t 
an  a lte rna tive  source capable of 
co n trib u tin g  to  E u ro p e’s energy  needs 
in  th e  tw en ty -firs t century. T h e  
w estern  m a rg in  of E u rope has one of 
th e  h ig h est w in d  and  w ave energy  
c lim ates in  th e  world. T h e  developm ent 
o f renew ab le  energies from  th e  sea 
rep resen ts no t on ly  a scientific and  
technological cha llenge for th e  E U  b u t 
also a valuab le technological n iche 
m ark e t.

Minerals

T w enty  or th ir ty  ago, a n u m b er of 
scientists an d  in d u stria l consortia w ere 
actively  engaged  in  research  on th e  
p o ten tia l o f deep  sea m in e ra ls  (m ain ly  
th e  so-called m anganese  nodules, also 
cobalt crusts an d  various deposits of 
base m etals). A lthough  th e  econom ic

an d  po litica l con tex t m akes th e  
exp lo ita tio n  of m ost of these  deposits 
u n lik e ly  in  th e  m ed iu m  te rm , in te rest 
m a y  be rev ived  a t som e p o in t in  th e  
fu tu re .

In  con trast w ith  deep  sea m inerals, 
th e re  is a grow ing  d em an d  for sand  and 
g ravel from  th e  n ea r offshore for use in  
construction , road  bu ild ing , beach 
n o u rish m e n t an d  in fill. Large-scale 
aggregate  ex traction  com m only  alters 
th e  dynam ic system  of seafloor 
sed im en ta tion  an d  poses a th re a t to  th e  
m a rin e  ecosystem .

In  th is  w ide-rang ing  an d  d iversified  
area  of non -liv ing  m a rin e  resources, 
research  w ill focus on:

•  hydrodynam ics, sedim entation 
and  slope stability on 
continental m argins, in a reas  
explored by the hydrocarbons 
industry; (see also Challenge 
No. 5);

•  the possible significance of gas 
hydrates as a  new  energy 
source;

•  the behaviour, transport and 
biodegradability  of pollutants 
from oil and  related substances;

•  renew able ocean energy 
technologies, their economic and  
environm ental contributions to 
society, their environm ental 
interactions;

•  in the context of near shore 
m inerals extraction: the 
mechanisms of transport of sand  
and  clay, the use of aggregates 
for coastal protection, the 
environm ental interactions and  
consequences of exploitation.
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v A ccord ing  to the 
European Environment 
A g e n c y  (EEA), of the 
2 d  least econom ica lly  
d e v e lo p e d  countries in 
the EU in 1 9 8 3 ,  2 3  
w e r e  coasta l  a r e a s ;
1 V rem ain ed  so in

1 9 9 6 .

In  an tic ipation  of possible activ ities on 
th e  deep sea floor (m in in g  of m in era ls  
an d  th e  possible fu tu re  re-em ergence 
of a disposal op tion  in  th e  ocean), 
serious consideration w ould  h av e  to  be 
given first to  th e  en v iro n m en ta l im pact 
of operations. C arefu lly  designed  
experim ents, req u irin g  th e  
developm ent o f observing system s, are 
m andato ry .

C u rren t concerns about conven tional 
energy  sources an d  em issions should  
provide an  incen tive  for stepp ing  up  
research  on renew ab le  ocean energies.

3. Health of the coastal 
zone
3.1 M anagem ent and  
protection of the coastal 
zone
T h e  E uropean  con tin en t has 89 000 km  
of coastline an d  its econom y is 
increasing ly  d ep en d en t on resources in  
th e  coastal zone9. For exam ple, tou rism  
in  coastal areas rep resen ts about h a lf  of 
th e  activities o f th e  sector in  th e  EU, 
an d  m a rin e  aquacu ltu re  relies on th e  
availab ility  of feed ing  grounds in  
estuaries. A h e a lth y  en v iro n m en t is 
req u ired  for these  industries to  survive.

T h e  coastal zone is constan tly  exposed 
to  n a tu ra l forces of change (waves, 
curren ts, sed im en ta tio n  etc.) E specially  
in  areas of low topography, th e  
consequences of G lobal C lim ate 
C hange (sea level rise, storm s, w ave 
h e ig h t) are likely  to  be increasing ly  felt. 
However, it m ig h t be th e  b u ild  up  of 
social an d  econom ic pressure th a t  w ill 
m ost affect coastal areas in  th e  years 
ahead._The rap id  grow th  of 
populations, m u ltip le  uses of resources

an d  com peting  in te rests  provoke 
h ab ita t destruction , w ater po llu tion  and  
sign ifican t altera tions in  th e  biology 
an d  chem is try  of coastal areas. Coastal 
seas are increasing ly  invaded  by toxic 
algal b loom s an d  by p ro life ra tion  of 
h a rm fu l bac te ria  an d  virus, la rge ly  as a 
consequence of excess in p u t from  
fa n n in g  an d  in d u stry  in  ca tchm en t 
areas. F isheries can h av e  a d e trim en ta l 
im pact on frag ile  an d  even robust 
m a rin e  env ironm en ts.

W hen  th e  coastal zone an d  its 
ecosystem s are degraded  as th e  resu lt of 
u n p la n n ed  or poor m an ag em en t, th e re  
are tw o options for rehab ilita tion : to  
restore th e  o rig ina l ecosystem  or to  
m odify  th e  rem a in in g  ecosystem  in 
o rder to  sustain  an a lte rna tive  use.

The ultimate result of conflict 
betw een Man and  N ature is to 
" freeze" the coastline in a  state  
tha t excludes natural 
fluctuations and  its capacity to 
a d a p t to evolving socio
economic pressures.

T h ere  is also a cu ltu ra l d im ension  to  
th e  coastal zone: i t  is im p o rta n t to  
rem em b er h e re  th a t  E u ropean  coasts 
an d  th e  ad jacen t sea floor d isplay a rich  
h e ritag e  of archaeological and  
h is to rica l sites.

T h e  cen tra l objective of research  is to  
prov ide a scientific background  for 
In teg ra ted  Coastal Zone M anagem ent. 
T h e  m a in  topics shou ld  be:

•  to protect coastal m arine 
biodiversity and  ecosystems 
from dam age  arising from 
hum an activity;



37

•  to prom ote w a te r quality in 
catchm ent and  coastal a reas , 
and  control the impact of 
fisheries, in order to ensure the 
sustainability of resources 
including tourism and  the 
dynam ism  of economy. More 
particularly, in the interest of 
public health, it is im portant to 
prevent the occurrence, or 
m itigate the adverse  effects, of 
virus, bacteria and  toxic a lgae  in 
coastal w aters;

•  to m eet public concerns over the 
discharge and  dispersion of 
various kinds of w aste  
(effluents, oil spills, residues and  
pollution arising from the 
exploitation of sands and  
gravel);

•  to protect sensitive stretches of 
the coastline against erosion, 
excess sedim entation and  the 
consequences of extrem e events;

•  to prom ote the preservation and 
valorisation of a  large part of 
the European cultural heritage.

C oastal au tho rities are in  need, above 
all, of forecasts o f events such as 
po llu tion  peaks an d  algal bloom s. D a ta  
sets of hydrological, b iological and 
chem ical variables w ill be in te g ra te d  in  
large-scale forecasting  system s. 
A pplications of forecasts and  of research 
resu lts m u st be based on rigorous 
b oundary  conditions an d  en d  users 
shou ld  be encouraged  to  focus on th e ir  
specific needs: th is  can be approached  
th ro u g h  th e  s tudy  of te s t cases.

M a in ta in in g  th e  in te g rity  o f th e  
coastline an d  th e  h ea lth  of coastal 
ecosystem s, en su rin g  th e  su sta inab ility

of coastal resources, are challenges 
req u ir in g  th a t  decision-m akers and  th e  
pub lic  be m ad e  aw are of th e  issues at 
stake an d  of possible solutions. Keys to 
im proved  dec ision-m aking  in  th e  
coastal zone are: forecasts, 
in terd iscip linarity , th e  ab ility  to  
m an ag e  risks, an d  th e  fo rm ation  of 
p a rtn e rsh ip s  w ith  rep resen ta tives of 
land-based  activities.

3.2  M arine biodiversity
B iodiversity  is th e  sum  to ta l of genes, 
species an d  hab ita ts  in  th e  
env ironm en t. G enes exist w ith in  
species, species exist w ith in  hab ita ts  and  
landscapes, an d  th e  evolution, 
m a in te n an c e  an d  change of 
b iod iversity  is th e re fo re  an  ex trem ely  
com plicated  set o f in te rac tiv e  processes 
occurring  a t d iffe ren t levels of 
b iological o rganisation , from  th e  gene 
to  th e  ecosystem .

Because life o rig in a ted  in  th e  sea and 
m ore  th a n  h a lf  th e  an im al p h y la  are 
restric ted  to  th e  oceans, th e  genetic 
p a trim o n iu m  of th e  oceans is far 
g rea ter th a n  th a t  o f land. T h e  new  
tools o f genom ics w ill allow  th e  b e tte r  
descrip tion  an d  use of th is  genetic 
p a trim o n iu m  in  th e  decades to  come. 
T h e  search  for new  genes an d  th e ir  
p roducts is ju st b eg in n in g  and  th is  area 
w ill see an  enorm ous expansion, w ith  
m a n y  im p o rta n t applications for 
industry, m edicine, food an d  in d u stria l 
p ro d u ctio n  th ro u g h  genetic  
en g in ee rin g  an d  biotechnology. For th e  
ecologist th e  cha llenge w ill be to  lin k  
genes (an d  species) to  ecological 
functions such as pho tosyn thesis , 
n itro g e n  fixation , de-n itrif ica tio n , 
su lp h a te  reduc tion  etc.
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T h e  discoveiy of new  life form s goes 
on at an  u n re le n tin g  pace. For som e 
years it has been  know n th a t  viruses are 
ex trem ely  ab u n d an t in  sea w ate r and  
probably  reg u la te  bac teria l populations 
an d  th e re fo re  an  im p o rta n t p a r t of th e  
carbon cycle in  th e  oceans. T h e  
applica tion  of m o d ern  m olecu lar and  
ana ly tica l tools h as  allow ed th e  
discovery of m a n y  new  species and  
even en tire ly  new  groups of 
pho tosyn the tic  organism s less th a n  3 
im  in  size. M olecu lar b iological analysis 
has req u ired  a com plete revision  of th e  
phy logeny  of bac teria  an d  new  
bac teria l groups are d iscovered n early  
every  day  w ith  as ye t undescribed  and  
unknow n  functions, in  special hab ita ts  
such as th e  deep biosphere, cold seeps, 
coastal m uds, or as sym bionts and  
pa thogens of h ig h e r  organism s. B u t 
also am ong p lan ts  and  an im als our 
know ledge of ex isting  species is far 
from  com plete. E u ropean  w aters are 
am ong  th e  best s tud ied  in  th e  w orld  
an d  a long -stand ing  trad itio n  of 
taxonom ic expertise  exists, b u t 
cautious estim ates are th a t  even in  
E urope perhaps h a lf  o f th e  m a rin e  
an im als are ye t to  be described. M ost 
of those are from  th e  deep ocean floor, 
b u t also an  incred ib le  v arie ty  of 
tran sp a ren t, b io lu m in iscen t an im als 
exist in  m id -d ep th  w aters of th e  open 
ocean; these  h av e  been  observed from  
subm ersibles, have  been  seen on 
te lev ision  screens w orldw ide b u t have 
ye t to  be caugh t an d  ex am in ed  by 
sc ien tists.

O ne of th e  g rea t challenges posed to  
E u ropean  m a rin e  science is th e re fo re  to  
m ake  an inven to ry  of w h a t b iod iversity  
exists, w here  it  exists an d  w hy  it exists. 
W ith o u t such a baseline against w hich

changes h av e  to  be judged  it w ill be 
ex trem ely  d ifficu lt to  develop sound 
m a n ag e m en t o f m a rin e  ecosystem s and  
susta ined  exp lo ita tio n  of m a rin e  
resources. A lo t o f in fo rm atio n  often  
already  exists b u t th e  p rob lem  is to  
b rin g  th is  to g e th er an d  to  establish th e  
spa tia l an d  tem p o ra l p a tte rn s  of m a rin e  
b iod iversity  in  E urope, inc lud ing  genes, 
species an d  habitats. T h is  baseline 
in fo rm ation  has ex isted  in  geology and  
te rre s tria l ecology for m ore  th a n  a 
h u n d re d  years b u t is s till unavailab le 
for th e  m a rin e  env ironm ent.

U n rav ellin g  th e  fu n ctio n al ro le of 
b iod iversity  w ill be th e  n ex t g reat 
challenge. M arin e  organism s p lay  a 
crucial ro le in  alm ost all 
b iogeochem ical processes th a t  sustain  
th e  biosphere, an d  provide a varie ty  of 
p roducts an d  functions th a t  are 
essen tial to  m a n k in d ’s w ell-being, 
in c lu d in g  th e  p roduction  of food and  
n a tu ra l substances, th e  assim ilation  of 
w aste, th e  rem in era lisa tio n  of organic 
m a tte r  an d  th e  reg u la tio n  of th e  
w orld ’s clim ate. T h e  ra te  an d  efficiency 
of any  of th e  processes th a t  m a rin e  
organism s m ed iate , as w ell as th e  range  
of goods an d  services th a t  th e y  provide, 
are d e te rm in ed  by in teractions, 
betw een  organism s, an d  betw een  
organism s an d  th e ir  env ironm en t, and  
th e re fo re  by biodiversity. T hese 
re la tionsh ips h av e  n o t ye t been 
quantified , an d  w e are at p resen t unab le  
to  p red ic t th e  consequences of a 
p o te n tia l loss o f b iod iversity  resu ltin g  
from  en v iro n m en ta l change in  
ecological, econom ic or social term s. 
A ny investiga tion  w ill have  to  include a 
assessm ent o f th e  p o te n tia l of species 
to  adap t an d  evolve, an d  of th e  
p o ten tia l o f species com m unities to  be
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robust an d  stable. T h is  requ ires 
addressing biod iversity  at d iffe ren t 
levels o f biological o rganisation .

To sum m arise , th e  m a in  objectives for 
research  on m a rin e  b iod iversity  should  
be to:

•  undertake targeted inventories 
of biodiversity in European seas;

•  understand the functional role of 
biodiversity;

•  predict the consequences of a 
potential loss of biodiversity 
resulting from environm ental 
changes.

4. New frontiers in 
marine life

4.1 Biotechnology
L ife  o rig in a ted  in  th e  sea, an d  has 
susta ined  itse lf  to  th e  p resen t tim e. 
Today th e  w orld’s oceans com prise th e  
largest hab ita ts  on e a rth  an d  contain  
th e  m ost anc ien t form s of life. M arine  
bio topes con tain  an  u n m atch ed  
m etabolic  an d  o rgan ism al diversity.
O ver b illions of years m a rin e  m icrobes 
h av e  m o lded  th e  global c lim ate  and  
s tru c tu re d  th e  atm osphere , overcom ing  
th e  obstacles posed by vastly  d iffe ren t 
en v iro n m en ts . K now ledge o f these  
successful processes allow s today  th e  
adven t of technologies needed  as life in  
th e  sea now  faces unp receden ted  
th re a ts  from  e n v iro n m en ta l changes of 
n a tu ra l an d  an thropogenic sources. W e 
are b eg in n in g  to  u n d erstan d  in  
m o lecu lar te rm s th e  co n tin u ity  o f life 
th ro u g h  tim e  an d  species. Yet th e  
success or fa ilu re  of species depends on 
th e ir  u n iq u e  specialisations, an d  th e

la rge an d  unexp lo red  d iversity  o f liv ing  
species is today  to  a g rea t ex ten t found  
in  th e  oceans. O nly  w ith  th e  tools of 
m o d ern  science can these  specific 
adap ta tions be understood  in  d e ta il and 
th e re a fte r  be app lied  for th e  benefit of 
b iom edical an d  in d u stria l innovation , 
e n v iro n m en ta l rem ed ia tion , food 
p roduction  an d  fu n d a m e n ta l scientific 
progress.

For th e  last tw o decades, all th e  
in te rn a tio n a l fora considering  strategic 
challenges in  science h av e  id en tified  
th e  m a rin e  b io tope as th e  largest 
u n tap p ed  area  for exploration . Yet to  
th is  day  no concerted  an d  focused 
in itia tiv e  to  realise th is  vision has 
m a teria lised  in  E urope. T h e  urgency  of 
th e  p roblem s in  te rm s of h u m a n  
h ea lth , n u tr itio n  an d  en v iro n m en ta l 
im pact, an d  also th e  new  capacity  to  
u n d ers tan d  b iodiversity  an d  balanced  
reproduction , add to  th e  a ttrac tion  and  
p o ten tia l of a E u ropean  p rogram m e. 
C u rren t events an d  needs suggest th a t  
now  is th e  tim e  for such action.

T h e  com bined  expertise  o f m a n y  fields, 
from  biology to  chem ical an d  physical 
oceanography, w ill be needed  in  o rder to 
u n d ers tan d  how  life  and  its 
rep roduction  are shaped  by  th e  
p a ram ete rs  o f th e  m a rin e  biotopes. A 
E uropean  in itia tiv e  w ill in te g ra te  these 
activities, achieve clear synergies, and  
ex ert w ide appeal on industry, 
b iom edicine an d  society at large. A 
com m on E u ro p ean  endeavour in  
m a rin e  b iotechnology  w ill cha llenge a 
new  g en e ra tio n  of you n g  scientists, 
now  dispersed in  d iffe ren t countries, to 
co n trib u te  th e ir  ta len ts  an d  energy  to 
th e  field  an d  th u s  ensure  its success.
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Key objectives of a science p lan  to  be 
developed for a p ro g ram m e are to:

•  bioprospect for novel 
compounds in selected m arine 
organism s and  habitats;

•  develop know ledge to establish 
new  fundam ental bioprocesses 
for bioproduction;

•  develop products and  processes 
in m arine environm ental 
biotechnology;

•  utilise molecular approaches to 
assess biodiversity and  exploit 
m arine genetic resources;

•  establish advanced cultivation 
m ethods for m arine organism s 
and  cell lines.

4.2  N ew  ecosystem s
In te res t in  th e  o rig in  of life on E a rth  
an d  th e  prospects o f life  on o ther 
p lane ts has accelera ted  in  recen t years 
an d  has gained  g rea t pub lic  aw areness. 
Som e hypo th eses10 consider th a t  th e  
conditions of h ig h  p ressure and  
te m p era tu re  a t th e  o rig in  of life still 
ex ist today  on E arth , im p ly ing  th a t  it 
shou ld  be to  observe th e  processes of 
creation  of life in  th e  Ocean. W hereas 
life has been  explored  and  found  
everyw here  on th e  surface of our ow n 
p lanet, th e  deep sub-surface w as u n til 
recen tly  considered to  be in fluenced  
only  by abiotic processes. T h e  discovery 
of m icro -o rgan ism s in  several m illion - 
year-o ld  sed im en tary  deposits an d  even 
in  basem en t rock has p ro found ly  
changed  our perspective of th e  lim its  
of liv ing  organism s. I t  is now  clear th a t 
processes in  th e  geosphere m ay  provide 
th e  d riv ing  force for life an d  th a t, vice 
versa , th e  sub-surface b iosphere has  a

la rge im pact on p resen t geological 
processes.

T h e  em erg in g  fluids of cold seeps in  
subduction  zones along  co n tin en ta l 
m arg ins are chem ically  m od ified  by 
deep bac te ria  just as th e  fluids of 
h y d ro th e rm a l ven ts along  m id-oceanic 
ridges are m od ified  by geo therm al 
processes. B oth flu id  flows have a m ajo r 
in fluence on m o d ern  ocean chem istry. 
T h e  slow biological degradation  of 
organic carbon in  th e  deep sub-surface 
an d  th e  fo rm ation  of h u g e  quan tities 
o f m e th an e  have  a large-scale im pact 
on seafloor processes, such as th e  
accum ulation  o f gas h y d ra te s  or th e  
fo rm a tio n  of carbonate  m ounds along 
th e  E u ro p ean  A tlan tic  m arg in . T h e re  is 
an in tr ig u in g  association betw een  a 
la rge province of carbonate m ounds, 
actively explored  hydrocarbons basins 
an d  surface expressions of flu id  flow.

T h e  cu rren t database on th e  
d is tribu tion  an d  abundance of bac teria  
in  sed im en t cores ob ta in ed  from  th e  
Ocean D rillin g  P rog ram  (O D P) 
ind icates th a t  th is  new ly  discovered 
b iosphere m a y  com prise 10% of all 
liv ing  biom ass on E arth . T h e  
popu la tion  densities (IO5-IO 7 cells per 
cnT dow n to  > 750 sed im en t dep th ) are 
o f s im ilar m a g n itu d e  as those found  in  
ocean water. T h e  organism s in  th is  deep 
an d  ex trem e en v iro n m en t h av e  app lied  
significance, for exam ple, for th e  
fo rm atio n  an d  ex p lo ita tion  of fossil 
fuels (oil, gas, gas hydrates), deep  bu ria l 
o f toxic wastes, and  as source of un ique  
bac te ria  for biotechnology.

E uropean  scientists w ere in  th e  
fo refron t in  th e  ea rly  exciting  
discoveries w hich  are now  th e  basis for
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in te rn a tio n a l in itia tives. F u tu re  
research  w ill req u ire  a m u ltid isc ip lina ry  
cooperation  in  order to  use an d  fu rth e r  
develop advanced  technological 
facilities, for exam ple  m app ing , coring 
an d  sam pling  of th e  sea floor. Novel 
concepts an d  new  analy tica l and  
ex p e rim en ta l m ethods are req u ired  for 
th e  s tudy  of these  m icroscopic 
prokaryotes, as w e do no t even know  
w hich  are th e  d o m in a n t organism s, 
how  th e y  m a in ta in  basic life processes, 
or w h a t are th e  re lev an t physical- 
chem ical p roperties o f th e ir  hab itat.

A m ong th e  m a in  objectives of a 
E u ropean  research  effort should  be:

•  to explore the limits of the sub
surface biosphere with respect to 
depth, tem perature, energy 
availability and  other properties 
of the habitat;

•  to study unique habitats such as 
cold seeps, gas hydrates, oil 
reservoirs, deep brines, mud 
vulcanoes and carbonate mounds;

•  to identify the dom inant 
organism s and  their biom ass, 
diversity and  ecophysiology;

•  to study microbe interactions 
w ith m inerals and  other 
potentially energy-providing 
interfaces;

•  to search for novel types of 
prokaryotes with unique 
properties.

In  o rder to  fu lfill these  objectives, new  
strateg ies m u st be prom oted:

•  identification of targeted  a reas  
and  habitats for international 
cooperation;

•  developm ent of new  facilities for 
sam pling, experim entation, and 
observation;

•  developm ent of in situ 
technologies and 
undecompressed laboratory  
incubation system s;

•  initiation of interdisciplinary 
research program m es which 
include biogeochemistry, microbial 
physiology and  environm ental 
genomics.

5. N ew  frontiers in ocean 
m argin system s: seafloor 
stud ies
T h e  co n tin en ta l m a rg in  is a critical 
environm ental interface — a fundam ental 
E a r th  d iscon tinu ity  — w here  te rrestria l, 
m a rin e  an d  atm ospheric  processes 
converge an d  m u tu a lly  in fluence one 
an o th er across a n u m b e r of sp a tia l and  
tem p o ra l scales. In  a b road  sense, th e  
m a rg in  com prises th e  coastal zone, th e  
co n tin en ta l sh e lf  and, on its seaw ard 
fringe, th e  co n tin en ta l slope, lead ing  
dow n to th e  deep abyssal plains. 
C om pared  w ith  th e  open ocean, th e  
m a rg in  is th e  site o f g rea tly  enhanced  
m arin e  processes: biological productivity, 
cycling  of carbon an d  nu trien ts , 
sed im en t tran sp o rt an d  deposition.

T h is challenge on new  fron tiers in  
ocean m arg in  system s is focused on a 
n u m b e r of geological an d  geochem ical 
processes a t w ork on th e  sea floor. T h e  
coastal zone is th e  subject o f C hallenge 
No.3-1. T h e  ro le o f th e  con tin en ta l 
m a rg in  in  th e  global carbon cycle and 
in  b iological p roductiv ity  is addressed 
in  C hallenges No. 1-2 an d  No.2-1, w hile  
novel aspects o f seafloor m acro- and



Appendix A

Scientific challenges

m icrobiology are m en tio n e d  un d er 
C hallenge N o.4-2.

T h ere  exist tw o types of con tin en ta l 
m arg in : active (or convergent) and  
passive (or rifted ). B oth types occur 
a round  th e  E u ropean  con tinen t. In  th e  
N ortheast A tlantic , th e  m a rg in  is 
passive, resu ltin g  from  th e  b reak  up  and  
d riftin g  apart o f E u rope an d  N orth  
A m erica. In  th e  M ed ite rranean , 
a lthough  th e  p a tte rn  is com plex, one 
shou ld  at least m e n tio n  th e  active 
m a rg in  of G reece an d  Turkey, w here  
sed im ents are caugh t and  com pressed 
in  th e  no rth w ard s subduction  o f th e  
A frican plate; th is  reg ion  is p articu la rly  
exposed to  seism ic risks.

C on tinen ta l m arg in s are  th e  m ost 
sign ifican t areas on e a rth  for sed im en t 
tran sp o rt an d  deposition. Sed im ents 
o rig in a tin g  on la n d  an d  on th e  she lf are 
deposited  on  th e  slope an d  accum ulate 
as fans on th e  deep sea floor. T h e  NE 
A tlan tic  an d  M ed ite rran ean  m arg ins 
are deeply  incised by a series of 
canyons, w hich  te n d  to  ch an n el th e  
tran sfe r o f sed im ents an d  of w ater 
masses. T h ere  is ab u n d an t evidence of 
slope fa ilu re  an d  subm arine  landslides, 
som etim es on a h u g e  scale. For 
exam ple, th e  S toregga slide, off th e  
coast o f Norway, affected an  area  of 
52 000 k m 2 an d  displaced a vo lum e of 
5 600 knT  over 800 km .

Oil com panies exp lo ring  those  areas are 
confron ted  w ith  a w ide ran g e  of 
geohazards: slides, earthquakes, sudden 
releases of gases or m e th an e  from  
hydrates. G eohazards on m arg ins  have 
an im pact on m a n y  o th e r activ ities as 
w ell, such as cable laying, underw ater 
com m unication , an d  fishing.

E vidence for w idespread  occurrence of 
flu id  flow from  co n tin en ta l m arg in  
system s has accum ulated  d u rin g  th e  
last decade. T hese  fluids in fluence w ater 
quality  in  th e  coastal zone an d  are a 
p o ten tia l resource for h u m a n  needs 
(aquacu ltu re , w ate r desalination , 
irrigation ); th e y  contro l th e  release of 
m e th an e  in to  th e  ocean, th e  fo rm ation  
of gas hyd rates an d  th e  developm en t of 
u n iq u e  m acro- an d  m icrobiological 
com m unities at d ischarge sites. N ot 
enough  is know n about th e ir  size and  
com position, th e ir  role in  red istribu ting  
chem ical e lem en ts and  how  th e y  affect 
slope stability.

T h e  m a in  objectives of research  are:

•  to reconstruct the geom etry and 
evolution of sedim ents on active 
and passive m argins by applying 
the m odern concepts and 
technologies of earth  sciences 
(stratigraphy and  geophysics);

•  to assess the role of canyons in 
focusing and  enhancing 
processes: (upwellings, turbidity 
currents and  m ass w asting);

•  to assess hazards associated 
with European m argins: location, 
triggering factors (earthquakes, 
gas hydrate releases), prediction;

•  to investigate the distribution 
and  volume of fluid vents and 
seeps a t  m argins, and  assess 
their role in m arine processes;

•  to prevent, investigate and 
counteract detrim ental effects of 
hydrocarbon exp lora tion / 
extraction on the sea floor;

•  to m onitor seismic activity a t 
active m argins.
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M a rin e  science an d  technology  are 
becom ing  increasing ly  in te rd ep en d en t. 
N ew  cu tting -edge know ledge is often  
d irec tly  re la ted  to  technological 
b reak th roughs. I t  m a y  be less obvious 
for th e  sc ien tific co m m u n ity  th a t  
techno log ica l in n o v a tio n  is closely 
lin k ed  to  h ig h  level basic research.
U n til rec en tly  science was d riven  by 
th e  n eed  to  describe the past an d  to 
understand the present by g a th erin g  
iso lated  snapshots of th e  oceans. Today 
th e  m a in  cha llenge faced by m a rin e  
science an d  technology  is to  predict 
the friture, for th e  purposes of 
sustainab le m a rin e  m an ag em en t, ocean 
forecasting  an d  coping w ith  clim ate 
change. T h e  n eed  is now  for global 3D 
an d  4D d ata  sets of th e  oceans to  
u n d e rs ta n d  th e  dynam ics of th e  
processes, hence  a s ign ifican t strateg ic 
change in  th e  w ay w e conduct our 
science.

P rogress in  robotics, com puters, 
m in ia tu rise d  technology  an d  d a ta  
transm ission  offers u n iq u e  new  
opportun ities w hich  h av e  to  be fu lly  
exp lo ited  to  address th e  needs of 
m a rin e  science.

1. Scientific requirements
Som e specific needs w hich  h av e  to  be 
fu lfilled  by  new  techno logy  are th e  
fo llow ing:

•  to record the effects of short
term environm ental events 
resulting from normal fluctuations 
and  catastrophic events;

•  to acquire long time-series of data;

•  to increase the accuracy of the 
d a ta  needed for the models and

m easure new  param eters, in 
particular in the biological field;

•  to access d a ta  in real time and  
enable standardisation, 
calibration and  validation of 
d a ta  for purposes of integration 
and  intercom parison;

•  to guaran tee  the reliability of 
d a ta  acquisition, processing and  
rapid delivery, which will be 
increasingly needed for resource 
m anagem ent and  decision
m aking processes and  public 
aw areness.

1.1 O ceans and  coastal zone 
m anagem en t

“In the marine environment, 
some phenom ena such as tidal  
cycles have been pred ic ted  on 
the basis o f  scientific 
understanding f o r  m a n y  years.  
Increasing skill is being shown  
in pred ic ting  short-term  
variations resulting f r o m  some 
classes o f  interaction between  
the ocean and atmosphere. On 
the other hand, m a n y  features  
o f  the actual oceanic  
circulation are not easily  
measured and, as a result, 
neither well understood nor 
f u l l y  predictable. The 
p o ss ib i l i ty  o f  creating  
operational oceanographic  
information services that lessen 
uncertainty, im prove the 
efficiency o f  m anagem ent and  
minimise the cost o f  damage, is 
appealing, p ro v id e d  that the 
benefits achievable in practice
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exceed the cost o f  those services. 
There is no hope o f  creating  
such services unless they are 
based on a sound, numerate  
scientific understanding o f  the 
phenom ena  concerned, Such 
understanding dem ands d a ta .”

Citation from the G O O S Prospectus,
1998

D u e  to  th e  increasing  socio-econom ic 
pressure on th e  oceans an d  th e  coastal 
zone, special a tten tio n  should  be p a id  to  
th e  technologies req u ired  for th e ir  
sustainab le m an ag em en t. W e know  
th a t  th e  coast is ro u tin e ly  affected  by 
adverse events dam ag in g  p ro p erty  and  
n a tu ra l hab itats, h a rm in g  fisheries, 
tou rism  an d  local econom ies. L and- 
based an d  sea-based netw orked  
observatories should  be deployed to  
co n tinuously  m o n ito r  oceanic an d  
a tm o sp h eric  conditions.

D issem in a tio n  an d  in te rp re ta tio n  of 
m easu rem en ts  o f th e  seas, oceans and  
a tm osphere  is needed  to: (1) assem ble 
long -te rm  d ata  sets (clim atic, physical 
an d  biological) w hich  w ill p rov ide data  
for descrip tion  of past states, an d  tim e  
series show ing tren d s an d  changes — 
hindcasting ; (2) prov ide th e  m ost 
usefu l accurate descrip tion  of th e  
p resen t sta te  of th e  sea inc lud ing  liv ing  
resources — now casting; (3) provide 
con tinuous forecasts o f th e  fu tu re  
condition  of th e  sea as far ahead  as 
possible — forecasting.

1.2 The Ocean interior
T h e  dynam ics of deep  w ater m asses are 
c ritica l factors con tro lling  c lim atic  
changes an d  shou ld  be m onitored . Key 
reg ions for ro u tin e  m easu rem en ts  
inc lude th e  S tra it o f G ibraltar, th e  
M e d ite rran ean  an d  th e  source regions 
for th e  th e rm o h a lin e  c ircu lation  in  th e  
N orth  A tlantic . In  particu lar, th e  
d ep lo y m en t o f m e asu rem en t netw orks 
in  th e  N orth  A tlan tic  could  be of 
sign ifican t im portance for se ttin g  up 
an ea rly  w arn in g  procedure w ith  
respect to  c lim ate  changes.

Q u a n tita tiv e  m e asu rem en ts  of 
tem p era tu re  an d  sa lin ity  profiles as w ell 
as cu rren t fields can be ob ta ined  by 
d ep lo y m en t o f d iffe ren t k inds of 
au tonom ous p la tfo rm s, fo r in stance 
floats, g liders an d  fixed  p ro filing  
in s tru m e n t carriers.

1.3 M apping the seafloor 
and  investigating the sub- 
seafloo r
M u ltip a ram etric  an d  h ig h  reso lu tion  
sub-bottom  profilers are th e  m ost 
m o d ern  in s tru m e n ts  for m easu rin g  th e  
structu res an d  layers of ocean 
sed im en ts from  a m oving  ship. T h e  
location o f m e th an e  hyd ra tes  trap p ed  
in  th e  ocean floor an d  of th e  gases 
released  from  sedim ents, can also be 
recorded  echographically  w ith  
u ltra so u n d  spectroscopy.

D rillin g  in to  th e  ocean floor for close to  
th ir ty  years has considerably accelerated  
our u n d e rs ta n d in g  of th e  dynam ics of 
th e  E arth . H ig h  reso lu tion  d rillin g  to  
track  c lim ate  change in  th e  sed im ents 
an d  deep oceanic d rillin g  req u ire  new  
techno logy  in c lu d in g  dow n ho le
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logg ing  tools, risers for deep drilling , 
recovery  of h ig h  reso lu tion  
S tra tig raphie sequences.

Specific in s tru m e n ta tio n  is needed  for 
short- an d  lo n g -te rm  m e asu rem en ts  to  
give, in  rea l tim e, a com plete p ic tu re  of 
th e  dynam ics of th e  m ost sensitive 
p a rts  o f th e  sea floor w here  geological 
hazards m ay  occur.

1.4 M easuring m arine life
D u e to  th e  d ifficu lties in  m easu rin g  
m a rin e  life directly, scientists have 
trad itio n a lly  been  h ap p y  to  track  
changes th ro u g h  tim e. For b e tte r  
u n d ers tan d in g  an d  m od e llin g  of th e  
ecosystem , re la tiv e  e s tim a tio n  m ethods 
of abundance an d  com position have to  
be rep laced  by technological solutions 
reflec ting  links an d  com petition  
be tw een  organism s as w ell as 
re la tionsh ip s betw een  m a rin e  life and  
th e  physical env ironm en t. Special 
challenges are to  ex ten d  observation  
m ethodologies to  g rea ter ocean dep ths 
w here  our p resen t know ledge is veiy  
lim ited , to  develop efficien t 
techno log ica l so lu tions for observ ing  
m a rin e  bo ttom  hab ita ts  and  
d istribu tion , an d  to  es tim ate  th e  
abundance of bo ttom  d w e llin g /d ig g in g  
o rgan ism s.

M in ia tu r isa tio n  of tech n o lo g y  opens 
th e  w ay for p u ttin g  to g e th er advanced 
sensors system s, in sta llin g  th e m  on 
adequate  p la tfo rm s (inc lud ing  using  
th e  organism s them selves as a 
p la tfo rm ) th a t  can observe m a rin e  life 
an d  th e ir  su rround ing  en v iro n m en t in  
m u ch  m ore d e ta il th a n  before. Such 
approaches are  fai' from  being  fu lly  
explo ited  today.

2. Measurements and 
constraints

Generally, d a ta  acquisition  from  th e  
m a rin e  en v iro n m en t is ach ieved in  
th re e  m a in  ways: m oored  p la tfo rm s 
(seafloor observatories, buoys); 
au tonom ous p la tfo rm s (d rif tin g  buoys, 
actively  p ropelled  system s); air- and  
sh ip -borne an d  tow ed  in s tru m e n t 
packages. T h e  developm ent and  use of 
these  facilities are facing  several 
te ch n ic a l constra in ts .

2.1 Autonom ous d a ta  
acquisition system s
T h e  scope of these  system s is global 
an d  m ultid isc ip linary , inc lud ing  those 
th a t  span th e  air-sea in terface , th e  
en tire  w ater colum n, an d  th e  solid 
e a rth  below. T h e  developm ent of 
au tonom ous d a ta  acquisition  system s 
to  be rem o te  contro lled  by scientists or 
opera ted  autom atically, an d  able to 
c a n y  ou t increasing ly  sophisticated  
tasks, is still constra ined  by  several 
p rob lem s:
•  O bservatories n eed  to  be designed 

ta k in g  in to  account th e  
re q u ire m e n ts  o f m ultid isc ip linarity , 
so as to  enable scientists to  deploy 
d iffe ren t in stru m en ts  on th e  sam e 
in fra s tru c tu re .

•  T h e  lo n g -te rm  d ep lo y m en t of 
au tonom ous system s is lim ite d  at 
p resen t by  th e  insu ffic ien t 
capacities o f available energy  
system s. T h e  m ean  tim e  betw een  
m a in ten an ce  shou ld  be increased  by 
using  energy  m an ag e m en t system s 
an d  sub system s req u irin g  low- 
energy  dem ands.

•  B i-d irectiona l d a ta  tran sfe r over 
long  distances in  rea l tim e  is needed



Appendix B

Forward-looking technology

to  control, p ilo t an d  eva lua te  th e  
m easu rin g  instrum en ts, an d  is 
th e re fo re  a requ isite  for ocean 
forecasting. In  th e  case of im ag ing  
equ ipm ent, w ide b an d  data  
te lem e try  is needed  to  accom m odate 
th e  req u ired  p ic tu re  transfer. To 
achieve th is  purpose fu rth e r  
developm en t in  th e  fie ld  of acoustic 
an d  optical m ethods h as  to  be 
u n d e rta k en .

2.2 Sensors
Sensors are th e  basic com ponents o f all 
in s tru m e n ta tio n  system s an d  sensor 
developm ent has to  com ply w ith  
scientific strategies. L ong-term , h ig h  
quality  m easu rem en ts  w ill be needed  
by th e  fu tu re  p e rm a n en t m o n ito rin g  
netw orks foreseen in  various disciplines.

Sensing th e  en v iro n m en t is o f g reat 
concern. E m phasis shou ld  be p u t on 
new  sensors to  m easu re  in situ  n u tr ie n ts  
an d  m a in  p o llu ta n t concentra tions. 
R ecen t progress in  genetic  research 
shou ld  be applied  to  th e  developm ent 
o f new  biological sensors for th e  
detection  of h a rm fu l algal species, 
ta k in g  advan tage of recen t innovations 
ob ta ined  in  sectors an d  disciplines such 
as m edicine and biomolecular technology.

O bservation  of m a rin e  life is 
characterised  by u n d e r-u tilisa tio n  of 
advanced acoustic an d  optic systems. 
M ultifrequency  an d  b road  b and  
acoustic system s (ca lib ra ted  m u ltib ea m  
system s, p a ram etric  sonars) can 
potentially  give quantitative inform ation 
about density, size an d  species o f m a rin e  
life from  th e  sm allest p lan k to n  to  th e  
largest fish.

Special care should  be p a id  to  sensor 
in teg ra tio n  in  order to  m in im ise  th e ir  
vu lnerab ility  to  b iofouling  an d  to  
im prove th e  quality  an d  th e  re liab ility  
o f th e  delivered  data.

C om bin ing  acoustic an d  visual 
observation system s w ith  physical 
sensors m ig h t create  new  pow erfu l 
in s tru m e n ta tio n  th a t  w ill im prove 
reliability, te m p o ra l an d  spatia l 
resolution, an d  n o t least, reduce th e  
d em an d  for expensive biological 
sam pling.

S tandard isation  of in te rfaces (physical, 
e lec trica l an d  com m unication) betw een  
sensors an d  host system s shou ld  be 
strong ly  encouraged  to  im prove th e  
flex ib ility  and  th e  adap tab ility  o f sensor 
system s.

2.3 Satellites
M ajor progress has been  ach ieved 
d u rin g  th e  last tw en ty  years in  using 
sa tellites to  rem o te ly  sense th e  E a rth  
an d  th e  ocean. Satellites now  p lay  an 
essen tial ro le in  m o n ito rin g  and  
de tec ting  changes, an d  ocean 
forecasting  w ould  no t be possible 
w ith o u t th e  ex tensive use of satellites. 
Sate llite  d a ta  are also used to  feed 
n u m erica l m odels in  o rder to  
u n d erstan d  an d  p red ic t possible 
changes, and  for in d ep en d en t 
verification  of m odel perfo rm ance.

T h e  design of new  sa te llite  m issions is 
o ften  so la rge  an d  o f such broad 
in te rest th a t  it has  to  be m an ag ed  in  th e  
fram ew ork  of E u ropean  and  
in te rn a tio n a l program m es. D u e  to  th e  
la rge tim escale an d  h ig h  cost of 
develop ing  a new  m ission, efforts
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shou ld  be m ade  to  p rom ote  concerted 
actions betw een  all in te rested  parties, in  
p a rticu la r w hen  th e re  are possible 
overlaps betw een  th e  in te rests  of 
several E u ro p ean  research  program m es.

2.4  Data m anagem ent 
technology
D a ta  m an ag e m en t has to  be considered 
a t th e  earlies t stage in  th e  developm ent 
o f any  scientific eq u ip m en t in  o rder to:

•  define the scientific criteria for 
d a ta  m anagem ent and  delivery 
(specifying quality assurance, 
quality control standards and  
comparability);

•  organise the fastest d a ta  
transm ission to d a ta  centres and  
end users;

•  ensure reliable d a ta  archives;

•  advise on all aspects of numerical 
modelling, d a ta  assim ilation, 
and  model validation.

3. Forecasts: models and 
limits

U n d ers ta n d in g  th e  com plex ities of 
ocean cu rren ts an d  th e ir  ro le in  th e  
tran sp o rt o f physical, chem ical and 
biological com ponents is im possib le 
w ith o u t reso rtin g  to  com pu ter 
sim ulations. T h ree-d im en sio n a l m odels 
in te g ra tin g  all these  param ete rs  
rep resen t th e  on ly  possib ility  for 
c rea tin g  a q u an tita tiv e  an d  com plete 
p ic tu re  of active processes in  th e  sea. To 
be effective, th e  outcom es of these 
m odels shou ld  be in  a fo rm at w hich  
easily  facilita tes th e ir  in teg ra tio n  in  
dec ision-m aking  system s. T h e  p resen t

s tan d ard  of m od e llin g  requ ires access 
to  th e  h ig h est perfo rm ance com puters 
available.

T h e  n eed  is for a h ie ra rc h y  of m odels 
s ta rtin g  from  th e  deep ocean m odels 
( G lobal /  A tlan tic  /  M e d ite rra n e a n ) , 
p ro v id in g  bo u n d ary  conditions for 
shelf-w ide m odels, w h ich  in  tu rn  
p rov ide boundary  conditions to  h ig h - 
reso lu tion  local m odels (for exam ple 
th e  sou thern  N orth  Sea or th e  E ng lish  
C hannel). G iven m odels and  
observations, data assimilation is th e  th ird  
essential com ponent of in form ation  
system s.

For physical m odels w e cu rren tly  lack: 
(1) “open b o u n d ary ” conditions needed  
for lim ited -a rea  n u m erica l m odels; (2) 
appropria te  forcing d a ta  fields (w inds, 
air pressure, etc.); (3) geographical 
coverage of m easu red  d a ta  on  th e  
global scale, b u t also regionally, an d  in  
sub-surface in  particu lar. R ealistic 
m o d e llin g  of th e  b iological system s 
needs an  upg rade  of observations on 
tem p o ra l an d  spa tia l dynam ics, 
covering  b io logical characteristics 
(density, grow th, sex, m a tu ra tio n  etc.) 
as w ell as behav iou ral an d  m ig ra tio n  
dynam ics. In te rac tio n  betw een  physical 
an d  biological m odels is essen tial for 
re liab le  biological forecasting. Precise 
forecasting  o f m a rin e  ecosystem s is 
p a rticu la rly  needed  for m an ag e m en t of 
h arv ested  resources b u t it is s till in  its 
infancy.

To address th e  m ajo r objective of 
fo recasting  th e  ocean an d  th e  m a rin e  
ecosystem , E u rope lacks:
•  com pu ter pow er an d  h ig h  speed 

access system s enab ling  a netw ork  
o f com pu ting  services an d  m odels;
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Forward-looking technology

•  d ep loym en t o f E u ro p ean  large-scale 
arrays o f m easu rin g  system s 
th ro u g h o u t th e  A tlan tic  and  
M ed ite rran ean ;

•  fu n d in g  m echan ism s for a series of 
opera tional ocean observ ing  system s 
in  th e  n ex t te n  to  fifteen  years.

4. E-marine science: 
a  new dimension
In fo rm a tio n  techno logy  in  m a rin e  
science, th e  so-called “e-m arin e  
science” , is beg in n in g  to  p lay  a m ajo r 
ro le in  th e  w ay  of th in k in g  ah ead  and  
carry ing  ou t research . In  a n u m b e r of 
circum stances, th e  im p act o f e -m arin e  
science w ould  be ex trem ely  beneficial: 
m o n ito rin g  an d  observing system s over 
large geographic areas; pooling 
com pu ting  capacities for c lim ate  
m odelling ; b rin g in g  to g e th er 
d is trib u ted  databases; rem o te  operation  
o f sensors.

T h e  developm en t o f e -m arin e  science, 
w hich  requ ires th e  poo ling  of la rge 
resources, is a p rerequ is ite  to  go beyond  
th e  cu rren t sta te  o f a r t in  m a rin e  
research  an d  has a h ig h  E u ropean  added 
value.

T h e  dep loym ent o f fib re-optic cables 
on th e  sea floor offers new  visions for 
m a rin e  science. Cables provide tw o-w ay 
rea l tim e  h ig h  bandw id th  
co m m u n ica tio n  in c lu d in g  video. 
L in k ed  to  th e  In te rn e t, th e  system  
gives th e  scientists th e  ab ility  to  
m o n ito r experim en ts an d  vehicles from  
any laboratory  in  th e  world. R ea l-tim e  
d istribu tion  via th e  W orld W ide W eb 
also offers th e  public  an d  educators a 
d irec t lin k  to  seafloor observatories.

Such cables could  be deployed in  th e  
E u ropean  seas or betw een  A m erica and  
E urope .

5. Links with industry
O ne of th e  m ost critica l fea tu res 
in fluencing  any in d u stria l s tra tegy  is 
th e  perspective of a clear m arket. For 
scientific equ ipm en t, th e  m a rk e t is 
g rea tly  fra g m en ted  an d  th e re  is a lack 
of lo n g -te rm  c o m m itm en t n eed ed  in  
all in d u stria l activities. As a result, 
th e re  is th e  p rob lem  th a t  industry  
never reaches th e  th resh o ld  level 
necessary to  s ta rt th e  econom ic engine. 
T h e  S ixth  F ram ew ork  P ro g ram m e 
shou ld  be o rganised  in  such a w ay  th a t 
m a rin e  technology  an d  science could  be 
closely associated an d  n o t separated  as is 
p resen tly  th e  case in  th e  F ifth  
F ram ew ork  P rog ram m e. In itia tives  
shou ld  be tak en  to  lin k  ex isting  
E uropean  organ isations involved  in  
in d u stria l an d  scientific research. 
C om m on research  in te rests  could  be 
id en tified  in  dom ains such as renew ab le 
energies, new  m ateria ls, corrosion, 
b iofouling , hyd rodynam ics an d  
s tru c tu re s .

6. Requirements for 
human resources
C areful a tten tio n  shou ld  be p a id  to  
h u m a n  resources from  th e  early  stages 
of th e  d eve lopm en t o f new  eq u ip m en t 
to  its operation . S haring  experience is 
essen tial a t a tim e  w hen  techno logy  is 
becom ing  increasing ly  sophisticated . At 
p resen t th e re  is little  oppo rtu n ity  for 
techn ical s ta ff  an d  m anagers to  share 
th e ir  experiences in  h an d lin g  ex isting  
an d  new  equ ipm en t. Scientists should
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be aw are of th e  lim its  of th e  data  
o b ta in ed  by  new  technology  and  be 
proactive in  develop ing  appropria te  
m ethods to  process these  data, an d  th e n  
be w illing  to  tran sfe r p roven  successful 
m ethods to  th e  co m m u n ity  a t large.

T h e  successful es tab lishm en t of new  
technologies strong ly  depends on th e  
effic ien t in te rp lay  betw een  all p a rtn e rs  
involved  in  th e  innovative  process, th e  
in itia tin g  group, in d u stry  an d  fu tu re  
sc ien tific  users.

To sum m arise , th e  m a in  objectives for a 
fo rw ard-look ing  techno logy  shou ld  be 
to :
•  integrate the m ost advanced 

progress in the dom ains of 
communication, computers, 
medicine, optics, biomolecular 
technology, new  m aterials and  
nanotechnology.

•  assess how  existing technology 
might fulfil the scientific 
requirements;

•  tune up the technology with the 
involvement of SMEs and  
prom ote a  European m arket;

•  identify gaps in technology 
which a re  problematic and  the 
times needed to fill them in;

•  improve cooperation betw een 
research institutes, the industrial 
sector and  the defence sector for 
technological transfers and  
developm ents for the 
im plem entation of European and  
international program m es.
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International and regional conventions, and EC 
directives

Rio (UNCED)
1. Biodiversity

2 . C lim age change
3. Kyoto Protocol

1992
1992

1992
1997

G lobal
G lobal

G lobal
G lobal

Conservation and  
sustainable use of 
biodiversity 
Climate change 
Regulation on C 0 2 
emission

Vienna

M ontreal Protocol

1985

1987 , 1995

G lobal Protection of the ozone 
layer

FAO 1995 G lobal C ode of conduct of 
fisheries

UNCLOS
(UN Convention on 
the Law of the Sea) 

N ew  York

1982

1995

G lobal

G lobal

Law of the Sea

M anagem ent of migrating 
species

B arcelona 1 9 7 5 ,2 0 0 0 M editerranean Sea Protection of the marine 
environment

HELCOM 1974, 1992 Baltic Sea and  Baltic 
catchm ent a re a

Protection of the marine 
environment

OSPARCOM 1972 , 1974 , 
1992

N ortheast Atlantic Protection of the marine 
environment

Bucharest 1992 Black Sea Protection against pollution

W arsaw 1982 Baltic Fishing and  conservation 
of living resources

Lisbon 1990 N ortheast Atlantic Protection of the coasts 
and  w aters aga in s t 
acc iden t pollution

Bathing w ater 1976 European Union G ood  quality of bathing 
w ater

Fish and  shellfish waters 1978 , 1979 European Union W ater quality for fish and  
shellfish

H abitat and  species 1988 European Union Special a re a s  of conser
vation, N atura 2 0 0 0

W ater Framework 
Directive

2 0 0 0 European Union

Integrated coastal 
zone  m anagem ent

Under
preparation

European Union A European strategy for 
integrated coastal 
m anagem ent
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Current level of support for marine science and 
technology
T h e  percen tage of E u ropean  research  
spend ing  as a p roportion  of G D P  is 
1.8%, com pared  w ith  2.7%  in  th e  USA 
an d  3.1%  in  Japan. F u n d in g  for m arin e

Percentage of money spent on marine R&D compared to total investment on all 
R&D in EU Member States plus Norway

(Source: Spanish Ministry for Education and Culture, EU CREST Committee and OECD)

science in  E u rope is es tim ated  to  be of 
th e  o rder o f 0.8%  of th e  E U  RTD  
expenses.
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ESF Marine Board

T he E uropean  Science F oundation  
(ESF), in  concert w ith  th e  E u ropean  
Com m ission has, for som e tim e, 
recognised th e  n eed  for im proved  co
ord ination  betw een  E uropean  m a rin e  
science o rgan isa tion  an d  for th e  
developm ent of a stra tegy  for m a rin e  
science in  Europe.

To address these  issues, a co -o rd inating  
s truc tu re  —E uropean  M arin e  an d  P olar 
Science (EM aPS)—, w as created  in  
O ctober 1995. E M aP S  h as now  evolved 
in to  th e  E u ropean  P o lar B oard  an d  th e  
ESF M arin e  Board.
T h e  p rin c ip a l ach ievem ents o f th e  
M arin e  B oard  have been  to:
•  fac ilita te  th e  developm ent of 

scientific strateg ies (o rgan ising  and  
sponsoring workshops and conferences; 
p u b lish in g  position  papers);

•  im prove th e  shared  use of 
eq u ip m en t;

•  advise on strateg ic  an d  science 
policy issues at th e  E u ropean  level.

Presently, w ith  its m em b ersh ip  of 24 
m a rin e  research  organisations from  16 
E uropean  countries, th e  M arin e  B oard 
has th e  appropria te  rep resen ta tion  to  be 
a u n iq u e  fo rum  for m a rin e  science in  
E urope an d  w orld-w ide.

Objectives
In  develop ing  its activities, th e  M arin e  
B oard is addressing four m ain  
objectives:

Forum: b rin g in g  to g e th er m em b er 
organisations to  share  in fo rm ation , to  
iden tify  com m on p roblem s and, as 
appropriate , f in d  solutions, to  develop 
com m on positions, an d  to  co-operate 
on sc ientific issues.

Strategy : iden tify in g  an d  p rio ritis ing  
em erg en t d isc ip linary  and  
in te rd isc ip lin a ry  m a rin e  scientific 
issues of s tra teg ic  E u ropean  
im portance, in itia tin g  analysis and  
studies (w here re levan t, in  close 
association w ith  th e  E uropean  
Com m ission) in  order to  develop a 
E u ropean  stra tegy  for m a rin e  research.

Voice: expressing  a collective vision of 
th e  fu tu re  for E u ropean  m a rin e  science 
in  re la tio n  to  developm ents in  E urope 
an d  w orld  w ide, and  im prov ing  th e  
pub lic  u n d ers tan d in g  of science in  
these  fields.

Synergy: fostering  E u ropean  added 
value to  com ponen t n a tio n a l 
program m es, fac ilita ting  access and  
shared  use of n a tio n a l m a rin e  research  
facilities, an d  p ro m o tin g  synergy  w ith  
in te rn a tio n a l p rog ram m es and  
o rgan isa tions.
W hilst th e  em phasis is on science, th e  
M arin e  B oard fu lly  recognises th e  
increasing  in te rdependence  betw een  
science an d  techno logy  and, as a result, 
w ill p rom ote  th e  appropria te  
techno log ica l developm en ts for th e  
ach ievem en t o f its scientific objectives. 
In  th e  developm ent of its objectives, 
th e  M arin e  B oard sha ll n o t be involved 
in  any  opera tional activities.

Structure
T h e  M arin e  B oard opera ting  w ith in  
ESF is a non -governm en ta l body. Its 
in s titu tio n a l m em b ersh ip  is com posed 
of organisations w hich  are m ajo r 
n a tio n a l m a rin e  sc ien tific in stitu te s  
an d  fu n d in g  organisations w ith in  th e ir  
coun try  in  E urope. No m ore  th a n  tw o 
organisations p e r coun try  can be
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m em b ers  of th e  E SF  M arin e  Board. I t  
has  an  E xecutive C om m ittee, 
consisting  of a C hairperson  an d  four 
V ice-C hairpersons.

Executive Secretariat
A p e rm a n en t E xecu tive Secretariat, in  
E SF  an d  based in  S trasbourg, France, 
supports th e  activities decided by  th e  
M arin e  B oard an d  its E xecutive 
C o m m ittee .

Funding
T h e  M em ber O rganisations of th e  
M arin e  B oard con tribu te  an n u a lly  th e  
funds for th e  financ ing  of its activities 
an d  th e  ru n n in g  costs o f th e  E xecutive 
Secretariat. As appropriate , th e  M arine  
B oard  explores access to  o th e r sources 
o f fund ing .

Activities
T h e  M arin e  B oard  h as p rep a red  a th ree - 
year Science W ork P lan , 2000-2002, in  
o rder to  successfully address its 
objectives as follows:
•  p rom ote  th e  new  course of th e  

M arin e  Board: forum , strategy, 
voice, an d  synergy;

•  be recognised  as th e  
m u ltid isc ip lin a ry  E u ro p ean  science 
fo ru m ;

•  id en tify  th e  n eed  for research  in  
d iffe ren t fields;

•  m a in ta in  an d  fu rth e r  develop close 
links w ith  th e  E u ropean  P olar 
Board, an d  o th e r groups w ith in  th e  
E u ropean  Science F oundation  and  
o th e r  E u ro p ean  in stitu tions;

•  develop a E u ropean  consensus on 
m a rin e  research.

•  R ecogn ising  th e  value  of

c o n tin u in g  to  p roduce position  
papers on science policies and  
science strateg ic plans, th e  M arine  
B oard  w ill focus its u n iq u e  strateg ic 
ro le  on a n u m b e r of topics.

M em bership
(As of November 1999) 

Austria
•  Fonds zur F ö rd e ru n g  der 

w issen sch aftlich en  F orschung
•  Ö sterreichische A kadem ie der 

W issen sch aften

Belgium

•  Fonds N ational de la  R echerche 
S c ien tifiq u e

•  Fonds voor W etenschappelijk  
O nderzoek - V laanderen

Finland

•  S uom en A katem ia /  F in lands 
A kadem i

France

•  C en tre N ational de la  R echerche 
S c ien tifiq u e

•  In s titu t F rançais de R echerche pour 
l ’E xp lo ita tion  de la  M er

Germany

•  D e u tsch e  F o rsch u n g sg em ein sch aft
•  H e rm a n n -v o n -H e lm h o ltz -  

G em ein sch aft D eu tsch e r 
F o rsch u n g szen tren

Greece

•  N ational C en tre for M arine  
R esearch
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ESF Marine Board -  membership

Ireland
•  M a rin e  In s titu te

Italy

•  Consiglio N azionale delle  R icerche
•  E n te  p e r le  N uove Tecnologie, 

l’E n erg ia  e 1’A m bien te

Netherlands
•  K oninklijke N ederlandse A kadem ie 

van  W etenschappen
•  N ederlandse O rganisatie  voor 

W etenschappelijk  O nderzoek

Norway

•  H a v fo rs k n in g s in s titu tte t
•  N orges Forskningsrâd

Poland

•  Polska A kadem ia N auk

Portugal

•  In s titu to  de Cooperaçào C ien tífica e 
Tecnológica In te rn ac io n a l

Spain

•  Consejo S uperior de Investigaciones 
C ien tíficas

•  O ficina de C iencia y  Tecnología

Sweden
•  N atu rv e ten sk ap lig a  F orskn ingsrádet

Turkey

•  T ü rk iye  B ilim sel ve T eknik  
A rastirm a K u ru m u  (TÜ B ITA K )

United Kingdom

•  N a tu ra l E n v iro n m en t R esearch  
C o u n c il


