


The E u ro p e a n  S c ie n c e  F o u n d a tio n  (ESF) a c ts  a s  a  c a ta ly s t  fo r th e  d e v e lo p m e n t o f s c ie n c e  b y  

b rin g in g  to g e th e r  le a d in g  sc ien tists  a n d  fu n d in g  a g e n c ie s  to  d e b a t e ,  p la n  a n d  im p lem en t 

p a n -E u ro p e a n  sc ien tific  a n d  s c ie n c e  p o lic y  in itia tives.
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m e d ic a l s c ie n c e s ,  h u m a n itie s  a n d  s o c ia l s c ie n c e s .  T he F o u n d a tio n  a s s is ts  its 

M e m b e r  O r g a n is a t io n s  in tw o  m a in  w a y s :  b y  b r in g in g  sc ien tis ts  to g e th e r  in its 
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c o n fe re n c e s ,  to  w o rk  o n  to p ic s  o f c o m m o n  c o n c e rn ;  a n d  th ro u g h  th e  jo in t s tu d y  o f  issues 

o f s tr a te g ic  im p o r ta n c e  in E u ro p e a n  s c ie n c e  po licy .
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forum  fo r fu n d a m e n ta l s c ie n c e .
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Foreword

O n e  of th e  m a in  objectives of th e  
E u ropean  B oards for M arin e  and  
P o lar Science, created  in  October 
1995, is to  develop strateg ies th a t  
w ill h e lp  its m e m b er organisations 
to  m ake  m ore effective use of 
th e ir  research  capacity  and  
collaborate on lo n g -te rm  scientific 
issues w hich  are beyond  th e  
financ ia l reach  of ind iv idual 
nations in  E urope.

M arin e  b iodiversity  is an 
im p o rta n t case in  p o in t for w hich 
th e  E M aP S  M arin e  B oard  has 
decided to  tak e  th e  in itia tiv e  in  
estab lish ing  a F easib ility  S tudy 
G roup (FSG) for th e  p rep ara tio n  
of a w ell-focused Science P lan . To 
achieve th is  objective, th e  FSG 
m e t in  Yerseke (T h e  N etherlands) 
on 16-18 D ecem ber 1997 to  
id en tify  areas in  w hich  research  is 
req u ired  in  o rder to  be able to  
design  sc ien tifica lly -sound  
m a n a g e m e n t practices concern ing  
m a rin e  b iodiversity  an d  to  develop 
strateg ies o f E u ro p ean  relevance. 
Special em phasis has been  placed 
on research  th a t  can lead  to  th e  
d ev e lo p m en t o f m a n a g e m e n t 
tools an d  on th e  added  value of 
th e  E u ro p ean  d im ension.

T h is  E SF-EM aPS Science P lan  on 
m a rin e  b iodiversity  shou ld  be an 
im p o rta n t con tribu tion  tow ards th e  
im p le m e n ta tio n  of w ell- 
coord ina ted  research  projects at 
th e  E u ropean  level on m a rin e  
biodiversity, in  p articu la r w ith in  
th e  EC F ifth  F ram ew ork  

P ro g ram m e for RTD.

Daniel C adet
C hairm an, M a rin e  Board





Executive summary

•  M arin e  organism s p lay  crucial 
roles in  m a n y  biogeochem ical 
processes th a t  sustain  th e  
biosphere, an d  provide a varie ty  
of p roducts (goods) and  
functions (services) w hich  are 
essen tial to  m a n k in d ’s w ell­
being, in c lu d in g  th e  production  
o f food an d  n a tu ra l substances, 
th e  assim ilation  of w aste and  
regulation  of th e  w orld’s climate.

•  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  
ran g e  of goods an d  services th a t 
th e y  provide, are d e te rm in ed  by 
in te rac tio n s be tw een  organism s, 
an d  in teractions betw een  
organism s and th e ir  environm ent, 
an d  th e re fo re  by biodiversity. 
T hese  re la tionsh ip s have no t yet 
been  quan tified , an d  w e are at 
p resen t unab le  to  p red ic t th e  
consequences o f loss o f 
b iod iversity  re su ltin g  from  
en v iro n m en ta l change in  ecolog­
ical, econom ic or social term s.

•  M arin e  b iod iversity  does not 
necessarily  com ply w ith  terrestrial 
paradigm s, and our understanding 
of its ro le  an d  reg u la tio n  lags far 
b e h in d  th a t  o f te rres tria l 
biodiversity, to  such an  ex ten t 
th a t  w e do n o t have enough  
scientific in form ation  to  underp in  
m an ag e m en t issues such as 
conservation an d  th e  sustainable 
use of m a rin e  resources.

•  T h e  scale of th e  research  
efforts needed  to  rem ed y  th is

situation  dem ands E uropean-scale 
collaboration.

•  T h e  overall objective of th is  
Science P lan  is to  develop, 
th ro u g h  a d irec ted  an d  concerted  
effo rt on th e  E u ro p ean  scale, th e  
scientific basis necessary to 
support th e  m an ag e m en t for 
sustainab le use of th e  diversity  
p resen t in  th e  m a rin e  
en v iro n m en t, for th e  b en e fit o f 
p resen t an d  fu tu re  generations, 
an d  to  in fo rm  th e  pub lic  about 
th e  issues at stake. T h e  th re e  sub ­
objectives are:

(i) To describe an d  characterise 
m a rin e  b iod iversity  in  E urope 
an d  to  qu an tify  its ro le  in  
p rov id ing  goods an d  services in  
re la tiv e ly  pristine , as con trasted  
to  im pacted , env ironm ents, as a 
baseline for ev a lu a tin g  h u m a n  
im pact. T h is  shou ld  involve a 
nested  approach to  address 
p a tte rn s  at a ran g e  of tem p o ra l 
an d  spa tia l scales.

(ii) To d e te rm in e  th e  effects of 
changes in  biodiversity, both 
n a tu ra l an d  m an-m ade, on th e  
goods and  services m a rin e  
ecosystem s provide. T h is  should  
involve lo n g -te rm  an d  large-scale 
studies, as w ell as ex p e rim en ta l 
work.

(iii) To provide th e  scientific 
concepts an d  tools for th e  
m a n a g e m e n t of m a rin e  
resources, liv ing  an d  non-liv ing , 
in c lu d in g  m o d e llin g  fram ew orks 
an d  rap id  assessm ent protocols.



Specificity an d  role of m arine biodiversity

T he E uropean  m a rin e  
en v iro n m en t has  been 
experienc ing  rap id  and  
accelera ting  changes, largely  
derived from  h u m a n  ac tiv ity  
w h e th e r s tem m in g  from  local 
p ressu re or from  th e  m o re  d iffuse 
effects of global change. 
W idespread  rea lisa tion  th a t 
m a rin e  b iodiversity  is strongly  
in fluenced  by these  changes, as 
recognised  by num erous legally- 
b in d in g  conventions (Box 1), has 
fostered p lans to  conserve and

p ro tec t m a rin e  biodiversity  
th ro u g h o u t E urope. T h e  equally  
im p o rta n t rea lisa tion  th a t 
adequate function ing  of m a rin e  
system s depends, in  tu rn , on 
b iod iversity  and  th e  fact th a t 
p ro tec ted  areas an d  species can 
only  cover, a t best, a sm all p a r t o f 
th e  E uropean  m a rin e  w aters and  
species, c learly  shows th e  need  for 
a b roader stra tegy  for th e  
m a n ag e m en t o f b iodiversity  th a n  
conservation  alone.

Box 1. Obligations of European states concerning 
m anagem ent of biodiversity

C onventions Year G eographic
ran ge

Activity

Ramsar 1971 G lobal Protection of w etlands

Helsinki
(HELCOM)

1 9 7 4 /1 9 9 2 Baltic Sea Protection of the m arine 
en v ironm en t

O slo /P a ris
(OSPARCOM)

1 9 7 2 / 7 4 / 9 2 NE Atlantic Protection of the m arine 
en v ironm en t

B arcelona 1 9 7 6 / 1 9 9 5 M e d ite rra n e a n Protection ag a in s t pollution

Bonn 1 9 7 9 Global C onservation  of 
m igratory species

Bern 1 9 7 9 E urope C onservation of species 
a n d  natural habitats

W arsa w 1 9 8 2 Baltic an d  Belts Fishing an d  conservation 
of living resources

Bonn 1 9 8 3 North Sea Pollution by oil an d  other 
harmful substances

W ash ing ton
(CITES)

1 9 8 4 Global International trad e  in 
e n d a n g e re d  species

Lisbon 1 9 9 0 NE Atlantic Protection of the coasts 
a n d  w aters a g a in s t acc iden t 
pollution

Rio (UNCED) 1 9 9 2 Global C onservation  an d  
sustainab le  use of biodiversity

EU Directives
Birds 1 9 8 8 EU Special protection a re a s

H abitat an d  species 
d irec tive

1 9 9 2 EU Special a re a s  of conservation , 
N atu ra  2 0 0 0
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Such a b roader m a n ag e m en t 
stra tegy  w ill inev itab ly  req u ire  th e  
quan tifica tion  of th e  value and  
benefits o f biodiversity. T h e re  has 
recen tly  been  m ajo r progress in  
ev a lu a tin g  th e  goods an d  services 
prov ided  by  ecosystem s th ro u g h  
th e  quan tifica tion  of th e  value- 
added  benefits  derived  from  
ecosystem  fu n c tio n in g  (Box 2). 
T h e  value of m a rin e  ecosystems, 
exc lud ing  c lim ate  reg u la tio n  and  
genetic -resource-based  services, 
has, in  th is  way, been 
conservatively  e s tim a ted  at 
18 ,800xl09 EC U  p er year for th e  
g lobal ocean ecosystem 1, sim ila r to  
th e  global gross n a tio n a l product. 
B iodiversity  s trong ly  m odu la tes  
th e  services m a rin e  ecosystem s 
provide (Box 3), b u t th e  
re la tionsh ip s betw een  m a rin e  
b iod iversity  an d  ecosystem s 
functions are s till u nquan tified . 
W e are, therefo re , unab le  to 
p red ic t th e  consequences of loss 
o f b iod iversity  in  ecological, 
econom ic or social term s. T h e  
defin ition  an d  m ode lling  of th e  
re la tio n sh ip  betw een  m a rin e  
b iod iversity  an d  ecosystem  
services an d  goods w ill allow  th e  
in co rp o ra tio n  of m a rin e  
b iod iversity  in to  in te g ra te d  
m a n ag e m en t schem es an d  lead, 
therefo re , to  m ore  effective 
m a n a g e m e n t o f m a rin e  
ecosystem s an d  th e  b iod iversity  
th e y  con tain .

Box 2. Examples of goods and  services 
provided by m arine ecosystem s

•  food (fisheries, aquaculture) for man an d  dom estic anim als

•  a  natural treatm ent system for hum an w aste

•  a  sink for pollutants from a ir an d  land

•  a  physical an d  chem ical buffering system for g lobal clim ate ch an g e

•  an  educational am enity

•  ingredients for b io technology (bioactive chem icals, substances for 

food an d  medicine)

•  oil, g a s , gravel, sa n d , m aerl, an d  o ther mineral resources

•  transport

•  cooling w a te r  for pow er-generation  plants an d  industry

•  recreational facilities (e.g . w a te r  sports, sport fishing, wildlife 

observation , tourism)

T h e  elucidation  of th e  
re la tio n sh ip  betw een  m a rin e  
b iodiversity  an d  ecosystem  
services req u ires  research  
in itiatives at a scale th a t  canno t be 
encom passed by any single 
coun try  or loose consortium  of 
countries. T herefore, th is  task  
m ust be tack led  at th e  E uropean  
level, addressing th e  m osaic of 
reg iona l d iversity  p a tte rn s  w ith in  
la rger la titu d in a l an d  lo n g itu d in a l 
g rad ien ts th a t  com pose th e  
E uropean  m a rin e  env ironm ent.
H itherto , research  u n d er na tio n al 
p rog ram m es has focused m a in ly  
on o rgan ism al d iversity  at sm all 
spa tia l an d  sho rt te m p o ra l scales.
W hereas efforts at th e  n a tio n al 
scale can reasonably  address, afte r 
p roper s tandard isa tion  of 
protocols, o th e r po in ts in  th e  
in te rn a tio n a l agenda for research  
on m a rin e  b iodiversity  (cf.

D iversitas O perational P lan , 1 C o stan za  e t  al. (1997) N a tu re

C om m unication  o f th e  587:255-260



Specificity an d  role of m arine biodiversity

Com m ission on th e  E uropean  
C om m unity  B iodiversity  S trategy), 
th e  elucida tion  of th e  lin k  betw een  
m a rin e  b iodiversity  an d  ecosystem  
function  an d  services has proved to 
be an elusive goal, req u ir in g  a 
large-scale, coheren t p rog ram m e 
on th e  E uropean  an d  even global 
scale. E uropean-w ide collaboration 
w ill allow  us to  effectively address 
th e  effects o f global change on 
biod iversity  over a nested  array  of 
re lev an t scales, bo th  in  te rm s of 
spa tia l (local to  reg ional) an d  of 
b iological (m olecu lar to  
ecosystem ) levels o f o rganisation . 
A E u ro p ean  d im ension  is even 
m ore  im p era tiv e  because of th e

contiguous an d  open  n a tu re  of 
our seas, th e  dangers of tran sfe r 
an d  in tro d u c tio n  of exotic species 
v ia  sh ipp ing  an d  m aricu ltu re  and  
th e  poor u n d ers tan d in g  of th e  
d ispersal o f m a rin e  organism s, 
an d  w ould  also allow  us to  
capitalise on th e  effic ien t use of 
la rge  scale ex p e rim en ta l facilities 
such as m esocosm s an d  flum es, 
an d  expensive large scale field  
experim en ts. T h e  co-ord ination  
of th is  research  effo rt requ ires a 
E u ropean  Science P lan  for w hich 
w e h av e  tr ie d  to  lay  th e  
foundation  in  th is  Position Paper.

Box 3. The role of m arine

biodiversity in sustaining ecosystem  functions, goods and  
services

Ecosystem  functions
Prim ary production

Role o f m arine b iodiversity
High

C arbon  sto rage Low

C arbon  flow to h igher trophic levels High

Nutrient cycling High

E cosystem  serv ices
G a s  a n d  clim ate regulation Low /  M edium

D isturbance regulation High

Erosion an d  sedim entation control M edium  /  High

R em ineralisation High

W aste  treatm ent an d  d isposal High

Biological control of nu isance species High

M onitoring of g lobal ch a n g e  & bio-indication 
of ecosystem  health High

R ecreation, tourism an d  education High

E cosystem  g o o d s
H abitat an d  refugia High

Food resources High

Raw m aterials High

G enetic  resources High

N atural heritage High
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P ast a ttem p ts  to  elucidate th e  role 
of m a rin e  b iod iversity  as a contro l 
on ecosystem  functions an d  th e  
services th e y  deliver h av e  fa iled  for 
a n u m b e r of reasons:

•  P arad igm s concern ing  th e  
p a tte rn s  of b iod iversity  on  bo th  
global and  reg iona l scales, th e  
m echan ism s th a t  d e te rm in e  th em , 
an d  th e  consequences of 
b iod iversity  loss, are  large ly  
borrow ed from  th e  te rres tria l 
rea lm . M any  of th e m  m a y  n o t be 
applicable to  th e  m a rin e  situation  
because of d ifferences betw een  
these  ecosystem s (Box 4).

Box 4. The distinctive 
featu res of m arine 
biodiversity

1 .  Life has o rig ina ted  in the se a  an d  is 
much o lder in the se a  than on land. As 
a  co n sequence , the diversity a t  higher 
taxonom ic levels is much g rea te r  in the 
se a  w here  there a re  14  endem ic 
(unique) anim al phyla w h ereas  only 1 
phylum is endem ic to land. There is also  
a  rem arkab le diversity of life-history 
strategies in m arine organism s. The 
sum total of genetic resources in the 
se a  is therefore expected  to be  much 
more diverse than on land.

2. A g rea te r  variety  of species a t  a  
higher trophic level is exploited in the 
se a  than on land: man exploits over 
4 0 0  species a s  food resources from the 
m arine environm ent; w h ereas on land 
only tens of species a re  harvested  for 
com m ercial use. Exploitation of m arine 
biodiversity is a lso  far less m an ag ed  
than on land an d  am ounts to the hunter- 
ga therers stag e  that hum ans a b a n ­
d o n ed  on land over 1 0 ,0 0 0  years  a g o , 
ye t exploitation technology is becom ing 
so ad v an ce d  that m any m arine species 
a re  th reatened  to extinction. Insuffi­
cient consideration  has been given to 
the unexpected  an d  unpred ictab le

long-term effects that such primitive 
foodgathering  p ractices engender.

3.  The physical environm ent in the 
o cean s a n d  on the continents is totally 
different. M arine organism s live in 
w ater, terrestrial organism s live in air. 
Environmental ch an g e  in the sea  has a  
much low er frequency than on land, 
both in time an d  in sp a ce .

4.  M arine systems a re  m ore open 
than terrestrial a n d  d ispersal of species 
m ay occur over much b ro a d e r  ranges 
than on land. Although most species in 
the o cean  a re  benthic an d  live 
a ttach ed  to or buried in a  substratum , 
in coasta l se as  a  very large  proportion 
of them has larvae  that rem ain floating 
in the w ate r for d ay s  to months. These 
high d ispersal cap ac ities  a re  often 
asso c ia ted  with very high fecundities 
an d  this has im portant consequences 
for their genetic structure an d  their 
evolution

5. The main m arine prim ary producers 
a re  very small an d  often mobile, 
w h ereas  on land prim ary  p roducers a re  
large an d  static. The stand ing  stock of 
g raze rs  is h igher than that of prim ary 
producers in the se a , the opposite  to 
the situation on land. O c e a n  productiv­
ity is on a v e ra g e  far low er than land 
productivity. In the largest p a rt of the 
o cean , beneath  the shallow  surface 
layers, no photosynthesis occurs a t  all.

6 . High level carnivores often p lay  key 
roles in structuring m arine biodiversity 
an d  yet a re  exploited  heavily with 
unquantified but cascad in g  effects on 
biodiversity an d  on ecosystem  func­
tions. This d o es not occur on land, 
w here  the ecosystem s a re  dom inated  
by larg e  herbivores a n d , of course, 
increasingly by hum ans which 
m onopolise ab o u t 4 0  % of the total 
w orld prim ary production.

7 . All pollution (air, land an d  freshw a­
ter) ultimately enters the se a . M arine 
biodiversity is thus most exposed  to an d  
critically influences the fate of pollutants 
in the w orld. Yet m arine species a re  
p ro b ab ly  least resistant to toxicants.
The sp read  of pollutants in m arine food 
chains an d  therefore the quality  of 
m arine food is uncontrollable by m an.
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T hese parad igm s are now  
ap p ealin g  in  th e  stan d ard  
textbooks, a lthough  th e y  are still 
based on h ig h ly  equivocal 
evidence. O ur u n d e rs ta n d in g  of 
m a rin e  b iod iversity  lags far 
b e h in d  th a t  o f te rres tria l 
b iod iversity  to  such an ex ten t th a t 
w e do n o t h av e  enough  scientific 
in fo rm a tio n  to  u n d erp in  
m an ag e m en t issues such as 
conservation  an d  th e  sustainable 
use of m a rin e  resources. In  recen t 
years, m a rin e  research  has 
discovered new  ecosystems, new  
p h y la  an d  new  basic facts on th e  
fu n c tio n in g  of th e  oceanic system  
(Box 5).

•  B iodiversity  m u st be 
considered at a v arie ty  of d iffe ren t 
scales: b iological o rgan isa tion  
levels (genetic, organism al, 
com m unity ), spa tia l scales from  
sing le sam ples to  reg iona l and 
global, an d  tem p o ra l scales of 
change from  sh o rt to  long. T h e  
th rea ts  to  m a rin e  b iod iversity  and

th e  consequences o f b iod iversity  
change operate  on all these  scales. 
R esu lts  from  research  conducted  
a t any  single level are, therefore, 
like ly  to  lead  to  errors and  
u n su p p o rted  expecta tions w hen  
ex trapo la ted  to  o th e r levels.

•  T h e  in teg ra tio n  of efforts 
conducted  by  in d iv id u al scientists 
an d  even by  separate  n a tio n al 
in ita tives has  proved  cum bersom e. 
T h e re  is an  u rg en t n eed  for 
w idely -adop ted  standard ised  
protocols for d a ta  collection, and  
for th e  deve lopm en t of 
appropria te  analytical, sta tistica l 
an d  m od e llin g  tools allow ing  th e  
in co rp o ra tio n  o f m a rin e  
b iod iversity  in to  local and  
reg io n a l m odels o f ecosystem  
functions an d  services. Conversely, 
th e  study  of m a rin e  b iodiversity  
could  provide a fram ew ork  for co­
opera tive research  m obilising  a 
w ide spectrum  of scientific and  
tech n ica l resources.

Box 5. Key new  findings related to m arine biodiversity
•  The discovery  of two new  phyla, endem ic to the m arine environm ent, since 1 9 8 0 .

•  The discovery of a  new  ecosystem , deep -sea  hot vents, w hich rely on chem osynthesis for the prim ary production of 
o rgan ic  m aterial.

•  The discovery  of viable  bacterial populations a t  dep ths of several hundred metres in m arine sedim ents a t  high 
tem peratures an d  pressures.

•  The discovery that most m arine species occur in poorly known taxonom ic g roups such that most m arine species a re  
not ye t known to science:
- less than 5  % of m arine bacteria  a re  known acco rd ing  to estim ates b a se d  on recently d eveloped  m olecular 
biological techniques, indicating that m any new  biochem ical pa thw ays rem ain to be  d iscovered;
- species num bers in the d e e p  sea  benthos a re  extrem ely different from site to site, indicating that p erh ap s millions of 
species new  to science m ay yet be  d iscovered .

•  The recen t discovery  of the sm allest au to trophs of the p lanet in the o cean ic  deserts, an d  the finding that they a re  
responsib le for a  substantial proportion (> 2 0  %) of the prim ary production over 7 0  % of the g lobal o cean .



Science plan objectives

S p o n g e s  c o lo n i s in g  th e  h a r d  

s u b s t r a t e  in t h e  Eas te rn  

M e d i t e r r a n e a n .  S p o n g e s  p r o v id e  

struc ture fo r o t h e r  m a r i n e  s p e c i e s ,  

t h e y  a r e  a  t ra d i t i o n a l  c o m m e r c i a l  

r e s o u r c e  w h i l e  t h e y  a r e  rec e n t ly  

u s e d  a s  s o u r c e  o f  s e v e r a  

b i o m e d i c a l  p r o d u c t s .  Af ter  1 9 8 6  

a  d i s e a s e  a f f e c t e d  s e v e r a  

M e d i t e r r a n e a n  s p e c i e s  result ing 

in s e v e r e  r e d u c t io n  o f  l o ca  

p o p u l a t i o n s .  P h o to  ©  IM B C

This science p lan  aim s to  iden tify
(a) th e  scientific questions th a t 
need  to  be resolved,
(b) th e  actions th a t  req u ire  
E urope-w ide collaboration, and
(c) th e  end  products necessary for the  
scientific support of m anagem ent 
for th e  sustainable use of th e  goods 
and services provided by m arine 
ecosystems in  Europe.

T h e  objectives of th e  research  
req u ired  are specified as:

•  To characterise m a rin e  
b iod iversity  a t a ran g e  of 
biological, spa tia l an d  tem p o ra l 
scales.
•  To q u an tify  th e  role o f m a rin e  
b iod iversity  in  p rov id ing  goods 
an d  services in  bo th  re la tive ly  
n a tu ra l and  m ore h u m an - 
im p a c ted  en v iro n m en ts .
•  To d e te rm in e  th e  probable 
effects o f n a tu ra l an d  m an -m ad e

changes in  b iodiversity  on 
ecosystem  goods an d  services.

•  To provide a scientific ra tiona le  
basis an d  tools for th e  p roper 
m a n a g e m e n t of liv in g  resources 
in  E u ropean  seas.



A European science agenda

A E uropean-w ide p ro g ram m e is 
needed  w hich  shou ld  inc lude field  
surveys, experim en ts and  
m odelling .

•  The patterns of biodiversity 
need to be better known
before one can assess th e  
im plications of changes in  
b iod iversity  on th e  goods and 
services prov ided  by biodiversity. 
R esearch  shou ld  begin  w ith  
characterisa tion  of th e  b iodiversity  
as far as possible (from  genetic to  
ecosystem  level) in  selected key 
(flagship) hab ita ts  across th e  
geographical ran g e  of E urope 
(from  th e  C anary  Islands to  
Svalbard  an d  from  th e  Azores 
to  th e  E aste rn  M ed ite rranean ). 
T h is  could  be done by com piling  
com prehensive inventories at a 
few  sites an d  less com prehensive 
surveys at a la rger n u m b e r of 
sites, u sing  standard ised  m ethods 
an d  protocols.

•  Surveys need to use nested 
sampling designs so th a t  scales of 
d iversity  can be assessed. R ap id  
assessm ent m ethods w ill be used 
in  th e  b roader scale surveys. T h e  
im p le m e n ta tio n  of such surveys 
w ill req u ire  a solid an d  th e re fo re  
w ell sup p o rted  co -o rd ination  of 
m a rin e  laboratories an d  taxonom y 
institu tes. E x is ting  netw orks (e.g. 
M ARS N etw ork  o f E u ropean  
M arin e  R esearch  S tations) should  
be b roadened  w ith  easy access of 
in fo rm atio n  to  in te rested  persons 
an d  organisations. L inks w ith  th e  
Coastal M odule of EUROGOOS,

th e  N orth  A m erican  N etw ork  of 
M arin e  L aboratories (NAM L) and  
L O IC Z  m ay  all be w orthw hile .

•  The mechanisms for 
generating and maintaining 
marine biodiversity need  to  be 
understood. M arin e  system s are 
open an d  th e  genetic 
d if fe re n tia tio n  o f popu la tions, 
the re fo re , d iffers s ign ifican tly  
from  th a t  in  te rre s tria l systems. 
L ife-h is to ry  tra its  o f m a rin e  
popu la tions are very  diverse and  
canno t easily  be generalised. T h e  
reasons for th is  d iversity  are  not 
understood, an d  fu n ctio n al and  
h isto rical exp lanations have  to  be 
explored. T h e  genetic s truc tu re  of 
popu la tions as a function  of th e  
d iffe ren t types of dispersal and 
how  genetic d iffe ren tia tio n  varies 
w ith  changes in  hab ita ts  and  
biod iversity  n eed  also to  be 
studied . In  th is  context, th e  use of 
m o lecu lar m a rk e rs  o f fu n ctio n al 
processes in  re la tio n  to  changes in  
b iod iversity  m u st be explored. 
R esu lts from  these  studies can be 
expected  to  lead  to  ra tionalised  
an d  m o re  effective m o n ito rin g  of 
change.

•  Biodiversity at the species 
level is a function  o f com plex 
in te rac tions betw een  species 
(com petition , p red a tio n , 
parasitism , com m ensalism  etc.) 
an d  betw een  species an d  th e ir  
en v iro n m en t ( tem p era tu re , food 
supply  etc.). M odels o f m a rin e  
food w ebs an d  in teractions 
betw een  food w eb s truc tu re  and
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biogeochem ical cycles are badly  
needed, because th e y  w ill allow  for 
th e  p red ic tions req u ired  to  
support d iffe ren t m a n ag e m en t 
options an d  strategies. Such 
m odels m ust be supported  by 
adequate d a ta  on th e  
characteristics of th e  d iffe ren t 
com partm en ts  necessary to 
describe th e  food web.

•  Quantitative information on 
dispersal mechanisms of marine
sp e c ie s  is req u ired  to  provide an 
u n d e rs ta n d in g  o f th e  factors 
con tro lling  b iodiversity  in  th e  
past, p resen t an d  fu tu re . T h is  w ill 
facilitate for exam ple (a) prediction 
of effects o f c lim ate  change and  
la rge scale h a rv estin g  of species 
(e.g. over-fish ing) on ecosystem  
goods an d  services, (b) th e  contro l 
o f diseases in  aquaculture ,
(c) p rev en tio n  of th e  spread  of 
invad ing  nu isance species, and  (d) 
th e  b e tte r  design of m a rin e  
conservation  areas an d  species 
p ro tec tion  plans. T h e  research  
m u st include th e  ro le of 
ecological, oceanographic and  
clim atic  factors an d  w ide ran g e  of 
spa tia l an d  tem p o ra l scales.

•  Naturally fragmented species 
(such as metapopulations) and 
populations fragmented by 
human inference (e.g. th ro u g h  
fisheries, collection in  in te rtid a l 
areas) exist in  th e  m a rin e  
en v iro n m en t an d  th e  th rea ts  th is  
frag m en ta tio n  poses to  th e  long ­
te rm  surv ival o f these  species is 
u n k n o w n .

•  The concepts of keystone or 
engineering species m ust be 
p roperly  understood  before th e y  
can be adequately  used as 
rep resen tin g  ecological function. 
T h e  n u m b e r of species req u ired  
for o p tim a l fu n c tio n in g  of 
ecosystem s in  te rm s  of 
productivity, resilience, stability, 
p o ten tia l for exp lo ita tion  m a y  be 
d e te rm in e d  ex p e rim en ta lly  
(laboratory, in  situ, in  m esocosm s) 
an d  by  com parison  of fun ctio n in g  
of d iffe ren t system s, e.g. th e  very  
species-poor B altic Sea w ith  th e  
m ore  diverse A driatic Sea.

•  Habitat and seascape diversity 
is a key  issue for coastal zone 
m a n a g e m e n t an d  conservation  
an d  is also essen tial for 
charac terisa tion  an d  discre tisation  
o f b io log ica l com m un ities .
M arin e  hab ita ts  are described in  
g rea t d e ta il in  in te r tid a l zones bu t 
qu ickly  lose defin ition  in  deeper 
env ironm ents, p a rtly  due to  
ine ffic ien t observation  an d  lack of 
ad eq u a te  in s tru m e n ta tio n .

•  Experimental work of 
biodiversity in micro- and 
mesocosms and in the field at 
appropriate localities (e.g. 
lagoons, enclosed em baym ents) is 
necessary to  te s t (a) th e  
re la tionsh ips betw een  biodiversity  
an d  ecosystem  functions, (b) th e  
im p o rtan ce  of keystone genes, 
species an d  hab ita ts  an d  of 
“en g in ee rin g  species” an d  (c) th e  
lin k  betw een  heterozygosity, 
b iod iversity  an d  fu n ctio n al
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S e a g r a s s  m e a d o w s ,  s u c h  a s  

t h e  P o s i d o n i a  o c e a n i c a  

m e a d o w  s h o w n ,  p r o v id e  

i m p o r t a n t  s e rv i c e s  in the 

e c o s y s t e m ,  s u c h  a s  h a b i t a t  for 

f a u n a  a n d  p h y s ic a l  p ro te c t io n  o f  

t h e  c o a s t a l  z o n e .

P h o to  ©  C . M .  D u a r t e  Q u e s a d a

processes. T h e  field  
experim en ts ca rried  out 
at a nested  series of 
scales from  m etres  to  
100s of m e tres  an d  as 
far as is p rac tica l at 
scaled tim e  in tervals 
because it is im p o rta n t 
to  u n d e rs ta n d  th e  effects 
o f scaling on 
b iodiversity  and  
fu n c tio n a l processes. 
O th er conceivable 
ex p e rim en ts  include 
m a n ip u la tio n  o f food 
w eb stru c tu re  to  change 
energy  an d  m a tte r  flow 
p atterns, e.g. rem oval of 
top  p reda to rs th ro u g h  

fisheries regu la tion , ch an n e llin g  of 
p rim a ry  p roduction  th ro u g h  th e  
m icrob ial food w eb or to  h ig h e r 
organism s, th e  use of m an -m ad e 
la rge scale im pacts such as those 
due to  overfishing, oil spill 
accidents, very  large civil 
e n g in ee rin g  w orks (harbou r 
extension, w etlan d  rec lam ation  
etc.).

•  Modelling must play a major 
role at all levels studied. Key 
m odels are likely  to  be (a) lin k in g  
genetic varia tion  at th e  
popu la tion  level to  dispersal 
processes,
(b) lin k in g  functional processes to 
th e  d iversity  o f species 
assem blages,
(c) scaling  of fu n ctio n al processes 
an d  biod iversity  from  local to  
reg iona l levels, (d) p red ic ting  
effects o f global change on th e

services an d  goods provided by 
biodiversity. Such m odels m ust be 
lin k ed  to  popu la tion  dynam ics and 
to  hydrodynam ic, biogeochemical, 
spéciation  an d  c lim ate  m odels.

•  Through all the above 
approaches, well-described 
methods and protocols, w ith  
docu m en ted  q u a lity  con tro l in  
m ethods an d  d a ta  m an ag em en t, 
m u st be im p lem en ted . T h is  w ould  
inc lude stan d ard  species 
nom enclatu res, m in im a l and  w ell- 
defin ed  term inology, an d  tools for 
th e  id en tif ica tio n  o f b iod iversity  
from  th e  m olecu lar to  w hole 
o rgan ism  an d  com m u n ity  levels. 
T h is  does no t im p ly  expensive and  
labour in tensive m ethods, b u t 
w ell-defined  m ethods appropria te  
to  th e  studies u n d ertak en  such 
th a t  th e  w ork m a y  be rep lica ted  by 
o th e r researchers. Tools for m a rin e  
b iod iversity  research  and  
m a n ag e m en t shou ld  be developed 
(e.g. new  taxonom ic guides, new  
m ethods for assessing m icrob ia l 
diversity, ecosystem  m odels), and  
s ta te -o f-th e -a rt tools (e.g. 
m olecu lar) techn iques used w here  
appropriate .

•  The European seas influence 
and are influenced by oceans and 
climate shared with neighbouring 
countries and the world. I t  is
im p o rta n t th a t  a research  
p ro g ram m e in  m a rin e  b iodiversity  
actively prom otes an d  facilita tes 
co-ord ination  an d  involvem ent 
betw een  researchers in  an d  beyond 
Europe.
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Scientific k n o w led g e  on  the 
orig in , m ain ten an ce , 
d istribution a n d  dynam ics of 
biodiversity
This research  w ill provide, for th e  
firs t tim e, an  inven to ry  of 
E u ro p e’s m a rin e  b iodiversity  in  
te rm s  of genes, species and  
hab ita ts  at th e  beg in n in g  of th e  
new  M illen ium . I t  w ill con tribu te  
to  th e  w orld-w ide efforts in  
u n d ers tan d in g  biod iversity  as 
fo rm u la ted  in  th e  Science and  
Im p le m en ta tio n  P lans of th e  
D IV ER SITA S p rogram m e. T h e  
Im p le m en ta tio n  P lan  o f th is  
Science P lan  w ill produce a 
m o d u la r research  p ro g ram m e to  be 
subscribed by ind iv idual 
scientists as w ell as na tio n al and  
in te rn a tio n a l consortia. I t  w ill, 
therefo re , produce a fram ew ork  
for th e  co-ord ination  and  
in teg ra tio n  of m a rin e  biodiversity  
research  in  Europe and world-wide.

An im p o rta n t p ro d u ct o f 
E u ropean  m a rin e  b iod iversity  
research  shou ld  be th e  necessary 
know ledge and  tools for adequately 
m an ag in g  m a rin e  b iodiversity  in  
E urope. T h is  includes:

•  know ledge on genetic  and  
ecological m echan ism s th a t  
con tro l b iod iversity  (gene flow, 
dispersal, adap tive value of 
gene tic  po lym orph ism s, 
d e te rm in a tio n  of d ispersal and  
rec ru itm en t, species in te ractions, 
sed im en t transport, n a tu ra l and  
h u m a n -in d u ced  ca tastrophes etc.).
•  know ledge on th e  functional

ro le o f biodiversity: w h a t is th e  
variab ility  in  genes, species and  
com m unities th a t  is req u ired  for 
‘n o rm a l’ or desirable ecosystem  
functioning.
•  m odels on d ispersal o f genes 
an d  organism s, species 
in te ractions an d  foodwebs, th e  
in te rac tio n  betw een  food webs 
an d  b iogeochem ical fluxes, and  
im pact assessm ent o f diffuse and  
p o in t source po llu tion , coastal 
constructions, m ass to u rism  and  
global change.

Technology a n d  d a ta  
in form ation system s
T h e  research  w ill req u ire  and  
develop rap id  assessm ent 
te ch n iq u e s  fo r m o n ito rin g  of 
m a rin e  b iod iversity  (genes, species 
an d  biotopes), inc lud ing  th e  use 
of m o lecu lar techniques, rap id  
id e n tif ica tio n  techn iques, 
assessm ent o f d ifficu lt species 
(m icrobes, sib ling  species, 
m ultispecies com plexes), p ic tu ra l 
taxonom ic an d  iden tifica tion  keys 
accessible on W W W  an d  on CD- 
ROM , rem o te  sensing  techn iques 
(S atellite  Im agery, Side Scan 
Sonar, L ID A R , etc.). I t  w ill fu rth e r  
p rov ide for th e  developm ent of 
d a ta  bases an d  GIS for genes, 
species an d  hab ita ts  in  Europe.

A pplication in conservation  an d  
resto ra tion  ecology
T h e  p ro tec tion  of en d an g ered  
species an d  hab ita ts  is a rap id ly  
grow ing  n eed  in  th e  m a rin e  
e n v iro n m e n t. U n d e rs ta n d in g  
genetic  s truc tu re  p erm its  th e
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C y a n o b a c t e r i a  a r e  p r o b a b l y  t h e  m o s t  a b u n d a n t  p r im a n /  p r o d u c e r s  in o c e a n i c  

e n v i r o n m e n t s  a n d  d o m i n a t e  e s p e c i a l l y  in o l ig o t r o p h i c  w a t e r s .  S o m e  s p e c i e s  a r e  a l s o  

g l o b a l l y  i m p o r t a n t  a s  n i t ro g e n  fixators .  P h o to  ©  C . M .  D u a r t e  Q u e s a d a

iden tifica tion  o f stocks an d  th e  
m a g n itu d e  of gene flow and  
exchange. Iden tifica tion  of 
ind iv iduals p e rm its  th e  evaluation  
of dispersal and  hom ing  behaviour 
an d  genetic origin. By using  
d iffe ren t genetic m arkers, 
d ifferences betw een  ind iv iduals 
can be aged  in  evo lu tionary  term s, 
w h ich  allow s for eva lua tion  of 
ev o lu tionary  versus ecological

factors th a t  d e te rm in e  th e  p resen t 
sta tus o f th re a te n e d  species.
T h e  c rite ria  for th e  design of 
p ro tec ted  areas are large ly  derived 
from  te rre s tria l ecological theory, 
an d  little  scientific basis exists for 
an  in te g ra te d  policy of 
conservation  in  th e  m a rin e  
en v iro n m en t th a t  takes in to  
account th e  particu la rs  o f m a rin e  
life  histories.

A pplication in m an ag e m en t of 
living resources
F isheries policies at th e  m o m en t 
are rap id ly  m ov ing  aw ay from  
sing le to  m ultispecies assessm ents. 
A n u m b e r of p rogram m es 
o rig in a ted  or co -ord inated  by 
ICES (T h e  In te rn a tio n a l Council 
for th e  E xp lo ration  of th e  Seas) 
a lready  im plica te  global change 
processes in  th e  study  of 
com m ercial fish popu la tions (Cod 
an d  C lim ate, GLOBEC). Besides 
fisheries, m a rin e  aquacu ltu re  is an 
im p o rta n t an d  g row ing  econom ic 
ac tiv ity  in  countries such as

M a r i n e  o r g a n i s m s  l iving in 

c l o s e  a s s o c i a t i o n  o n e  w ith  the  

other,  m o d i fy in g  th e  t ex tu re  o f 

t h e  s e a b e d  a n d  c o n t r ib u t in g  to 

t h e  i n c r e a s e  in s p a t i a l  

h e t e r o g e n e i t y .  T h e  n a tu r e  of 

t h e s e  inte r-specif ic in te r ac t io n s  

is still l a r g e ly  u n k n o w n .

P h o to  ©  IM B C
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Ire land , G reece, Italy, Scotland, 
Spain an d  Norway, an d  new  
problem s of con tro lling  biological 
invasions have becom e w idespread  
in  recen t years.

A pplication in w a te r  quality  
studies
T h e  use o f biological 
co m m u n ities  in  m o n ito rin g  
ecosystem  quality  w ith  biological 
crite ria  is now  w idespread  an d  is 
legally  req u ired  in  som e countries 
for ce rta in  operations (e.g. d rillin g  
for oil an d  gas in  N orw ay). T h is is, 
in  fact, one o f th e  oldest 
app lica tions o f th e  d iversity  
concept an d  a very  sophisticated  
m ethodo logy  has been  developed 
to  m ake  op tim al use of th e  data  
on abundance an d  biom ass of 
species to  allow  descrip tion  of 
changes in  th e  m a rin e  
env ironm en t. I t  allows com parison 
of th e  spa tia l an d  tem p o ra l scales 
o f im pact an d  recovery  in  re la tion  
to  d ifferent types of anthropogenic 
im pacts, as w ell as in  re la tio n  to 
d if fe re n t co m b in atio n s of 
an th ro p o g en ic  pressures.

Economic va lu a tio n  of m arine  
biodiversity
E xcept for th e  ra tio n a l 
m a n a g e m e n t of know n  liv ing  
resources (m olluscs, crustaceans, 
fish) w ith  a view  to th e ir  
sustainab le exploita tion , a n u m b er 
of d irect resources from  th e  sea 
have h a rd ly  been  explored. T hese 
include genetic resources an d  new

bio technological techniques. T h e ir  
study  requ ires ex p erim en ta l 
protocols for reg u la tio n  and  
m an ag e m en t of genetically  
tran sfo rm ed  b io ta  especially in  
aquacu ltu re , n a tu ra l p roducts 
w ith  applications in  food 
processing an d  h u m a n  h ea lth , and  
requirem ents for legislating patents 
on organism s and  processes.

Rocky  sh o re s  in north a n d  w e s t e r n  E u ro p e  h a r b o u r  with a  rich 
b io lo g ic a l  co m m u n i ty  d o m i n a t e d  b y  l a r g e  s e a w e e d s  of the 

g e n u s  Laminaria .  Pho to  ©  M a g d a  Vincx

C oastal zone m an ag em en t
T h e  d iffe ren t possible uses of th e  
coastal zone an d  th e  consequent 
req u irem en ts  for p la n n in g  and  
m an ag e m en t req u ire  im plication  
of b iod iversity  as one o f th e  m a in  
assets o f ecosystems. As argued, 
th e  valuation  of m a rin e  
b iodiversity  is for th e  m o m en t 
im possib le because m ost basic 
know ledge is m issing, b u t in  
fu tu re  it  w ill, w ith o u t doubt, 
becom e a m ajo r a rg u m e n t in  th e  
designation  o f areas for n a tu re  
conservation  an d  pro tec tion , sport 
an d  com m ercial fisheries, tourism , 
w aste disposal, for estab lish ing
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Box 6. A sum m ary  of products, benefits and  end- 
users of m arine biodiversity research

R esearch

C onserv­
ation

D ecision­
m aking

Economic
valuation

Education, 
training 
and public 
aw ar­
eness

Products and  benefits

•  genetics controlling biodiversity
- intrinsic an d  extrinsic factors 
controlling d ispersal
- g en e  flow, individual flow
- fragm ented  distribution
•  functioning of ecosystem s
- num ber of species an d  optimum functioning
•  m odels
- d ispersal of gen es a n d  organism s
- effects of invaders an d  im pact of 
removal of barriers to distribution 
through introductions
- functional aspects of biodiversity 
(interactions betw een species /  food 
w eb s an d  b iogeochem ical fluxes)
- designation  of p ro tected  a re a s  an d  
natural reserves
•  im pact of fisheries through d iscard ed  
species an d  through h ab ita t d a m a g e
•  im pact of g lobal ch an g e  on m arine 
biodiversity

•  distribution of g en es , species, 
hab itats a lo n g  the coasts of Europe 
(hot spots: transition zo n es , barriers)
•  living resources (stock 
identification ,hom ing behaviour)
•  control of alien an d  transgenic 
species (prevention of possible negative 
im pact by hybridisation o r competition)
•  protection of e n d a n g e re d  species 
a n d  habitats
•  scientific b a se s  for policies

•  environm ent quality (water, substrates)
•  im pact of coasta l m anagem en t
•  impact of industry (oil drilling,mining,dumping)
•  m an agem en t of pollutants, ballast w a te r

•  rational m an agem en t of coas t
•  rational m anagem en t of fisheries 
a n d  aquacu ltu re
•  prom otion of d ise ase  resistance 
a n d  control
•  genetic an d  food resources, potential 
for b io technologies (natural substances, 
transgenic plants an d  anim als, including 
norm alised experim ental protocol for their 
regulation an d  m anagem ent)
•  paten ts on organism s an d  processes

•  d a ta  basing  an d  networking
•  ex ch an g e  of information betw een 
scientists an d  betw een  scientists an d  society
•  p rogram m es for public inform ation an d  
education  training

End users

•  scientific 
com m unity
•  national and 
in ternationa l 
program m es
•  fisheries
•  aquacu ltu re

•  fisheries
•  aquacu ltu re
•  m anagem ent 
and conserv­
ation of living 
resources an d  
hab ita ts
•  coastal 
m an ag em en t
•  industry
•  governments
•  public

sh ipp ing  rou tes an d  p rocedures for 
th e  disposal o f ballast water, and  
for policies involving deliberate  
in troduc tion  of exotic species.

Education, train ing  an d  
aw aren ess
H u m a n  percep tion  of biodiversity, 
a ttitu d es an d  behav iou r d irec tly  or 
in d irec tly  affect th e  conservation  
an d  th e  sustainab le use of 
b iological diversity. C hang ing  
these  factors requ ires long  te rm  
concerted  efforts in  education  and  
pub lic  aw areness in  general, and  
som e especially  w ell ta rg e ted  
actions tow ards sectors like sea 
professions, coastal city  and  
coastal recreation  area  m anagers, 
w ate r m an ag em en t, bo th  at 
n a tio n a l an d  E u ro p ean  level.
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