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Marine biodiversity: past and present concerns
By Carlo Heip

Abstract
Serious scientific efforts in marine biodiversity lagged for many years 
behind terrestrial research because the seas were considered better 
buffered against hum an influence than the land. Only in coastal areas, 
impacts from pollution, eutrophication and overfishing were considered 
serious threats, but even there loss of biodiversity was perceived to be 
low or non-existing. Therefore an adequate conceptual framework for 
marine biodiversity research is still lacking in several domains.

In recent years it has become clear that there are several, often large- 
scale, changes occurring in biodiversity even in the open ocean. Some 
of the most striking changes are due to direct hum an impact through the 
fisheries or the passive and active transport of organisms. In addition, 
there are a num ber of well-documented examples of large-scale changes 
in distribution of species and communities, which may be linked to 
climate change. To observe and quantify these changes, adequate 
observation systems designed for tracking long-term and large-scale 
changes in biodiversity are still to be developed, despite several recent 
actions at the European scale.

The governance of the open ocean requires international collaboration 
that should expand beyond the fisheries and pollution problems and 
include the protection of the Earths largest habitats.

Knowledge on m arine biodiversity is 
scarce and even non-existent foi- 
large parts of the w orlds coasts and 
especially the open ocean and the 
deep sea. M arine b iodiversity  is 
m ainly under w ater and therefore 
invisible and out of reach for direct, 
clteap observation m ethods or for 
am ateu r observers. M arine b io 
diversity research is nearly always 
expensive and this has lim ited the 
n u m b er of active scien tists to 
p e rh ap s a few th o u san d  p ro f
essionals in the world. Funding  for 
m arine biodiversity also suffers from 
lack of political interest.

Only a sm all part even of the coastal 
areas can be covered by national 
legislation and attracts the interest of 
local or regional politicians. The 
governance of biodiversity in the

open oceans is still in its infancy and 
w ill req u ire  s trong  in te rn a tio n al 
collaboration if it is to fulfil the  goal 
of halting biodiversity loss som e
w here in the  near future.

Traditional
concerns
Effects of hum an im pact on m arine 
biodiversity have been researched 
for m ore than  two decades and are 
well docum ented. In general, five 
im p o rta n t categories o f hu m an  
im pacts are distinguished:

-  overexploitation of resources

-  in troduction  of exotic species

-  pollution and eutrophication
-  physical alteration of the 

sea floor and the coastline

-  global clim ate change.
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The im pacts of these categories and  their 
com binations are relatively well know n. They 
can lead to species extinction locally, bu t global 
loss of species is still rare in the  m arine 
environm ent. However, a lthough the num ber 
of w ell-docum ented cases of extinction is low, it 
has also clearly been established that a large 
num ber of m arine species has undergone severe 
loss in num bers w orldw ide, especially top 
m arine predators and grazers such as sharks 
and rays, pelagic and benthic large fish species 
(tuna, cod), m arine turtles and som e birds and 
m arine m am m als (dolphins, whales, seals). 
Besides species’ num bers changing due to 
direct hum an exploitation, m arine habitats are 
increasingly im pacted and disappearing locally 
w ith  the species th a t inhab it them . These 
in c lu d e  shallow -w ater hab ita ts such  as 
intertidal rocky shore areas and sandy beaches, 
m angroves in the  tropics, shallow  subtidal 
seagrass m eadows, sedim ents in heavily traw led 
areas and shallow -water corals and reefs in 
general, and increasingly deep-w ater habitats 
such as sea-m ounts and deep, coldw ater coral 
reefs as well.

Besides direct exploitation, a num ber of other 
h u m an -in d u ce d  changes have occurred: 
changes in clim ate an d  w ater circula tion , 
hu m an  constructions rem oving or creating 
physical barriers (canals, dams), m aritim e and 
air transport and  drifting objects (plastics, nets, 
etc) and deliberate releases of organism s by 
hum ans. It is no t always clear w hat the  effects 
of such indirect im pacts are, bu t changing 
co m m unities and  food w ebs have been 
docum ented  over the last decades, especially 
w here their change has provided a th reat to 
hum an exploitation of m arine systems. These 
include changes in dom inance in system s from 
shellfish to worm s, reported  from long-term  
tim e-series of shallow m arine benthos as in the 
W adden Sea, from  fish to jellyfish as in the 
Adriatic and Black Sea, and increasingly from 
m acro- to microbes, as in  the now over a 
hun d red  so-called dead zones w here anaerobic 
conditions prevent anim als from  being present.

Goods and services
The changes described above are b o u n d  to 
change th e  goods delivered  by m arine 
ecosystems, including food from  fisheries and 
aquaculture (half the protein  of the Philippines 
an d  Japan), chem ical p ro d u c ts  (p h arm 
aceuticals, an ti-cancer drugs, an ti-fou ling  
agents, etc), coastal p ro tec tio n  (reefs, 
m angroves, sa lt m arshes) an d  recreation  
(tourism  being the  m ost im p o rtan t global 
em ployer w ith industries depending on healthy 
an d  diverse m arine  ecosystem s). Services 
p ro v id ed  by m arine  ecosystem s include  
p rim ary  p ro d u c tio n , carbon  seq u estra tion , 
oxidation and m ineralisation and detoxification 
of waste.

M arine organism s play crucial roles in m any 
b iogeochem ical p rocesses th a t susta in  the 
biosphere. The rate and efficiency of any of the 
processes that m arine organism s m ediate, as 
well as the range of goods and services that they 
provide, are d e te rm in ed  by in te rac tio n s

betw een organisms, and betw een organisms 
and  their env ironm ent, an d  therefore  by 
biodiversity. The effect of biodiversity  on 
ecosystem  functioning has becom e a major 
focus in ecology. The insurance hypothesis is a 
fundam ental principle for understand ing  the 
long-term  effects of biodiversity on ecosystem  
processes. H igh b iod iversity  in su res  eco
system s against decline in functioning because 
the m ore species an ecosystem  carries, the 
greater the guarantee that som e species will 
m aintain functioning in the absence of others. 
The stren g th  of th is insu rance , an d  the  
re la tio n sh ip  betw een  b iod iversity  and  
ecosystem  functioning in general, has no t been 
quantified in the m arine realm  yet.

Present concerns
We are at p resen t unab le  to p red ic t the 
consequences o f changing  ecosystem  
functioning or the loss of biodiversity resulting 
from  environm en ta l change in ecological, 
econom ic or societal term s. M ost ecological 
th eo ries are based  on experience from  
terrestrial ecosystems, b u t m arine biodiversity 
does no t necessarily com ply w ith terrestrial 
paradigm s. O ur understand ing  of the role and 
regu lation  of m arine  b iodiversity  lags far 
beh ind  th a t of terrestrial biodiversity, to such 
an extent that we do no t have enough scientific 
inform ation to u nderp in  m anagem ent issues 
such as conservation and the sustainable use of 
m arine resources. There is no way yet to 
include  m arine biodiversity  adequate ly  in 
general ecosystem  models, and  the  views of 
m arine ecosystem s as being either regulated 
top-dow n (fisheries) or bottom -up  (biogeo
chemistry) are still w idely different and have 
no t been reconciled. The present objective of 
m anaging fisheries in an ecosystem  context 
will have to find ways to bridge this gap.

O ne of the m ajor p resent concerns in m arine 
biodiversity research is that quantification and 
valorisation of goods and especially services 
from  m arine biodiversity is no t easy, and 
perhaps no t a fruitful research objective for the 
future. M ost goods are provided by m acro
organism s w hereas m ost of the  functioning of 
m arine systems, and therefore the services, is 
dom inated by microbes. M icrobes are still 
ex trem ely  po o rly  know n, and  trad itio n a l 
ecology and, even more, fisheries ecology, only 
deals w ith a very restricted part of m arine 
biodiversity.

C onserva tion  of m arine  b iod iversity  w ill 
require an im portan t outreach effort from  the 
scientific com m unity  and w illingness from 
politicians to develop the national, EU and 
international agreem ents and conventions on 
w hich it should  be based. This w ill no t happen 
unless the  general public  gets som e feei for 
m arine biodiversity, its im portance for the 
global ecology of the p lanet and  also its 
uniqueness and beauty, and understand  that 
neither coastal areas nor the  open oceans are 
resistant to hum an im pacts and th a t therefore 
a serious risk exists that som e of the m ost 
valued species and habitats will disappear from 
the globe if noth ing is done.

C ora llium  ru b ru m .

Conclusions
•  M arine b iod iversity  is very un like  

terrestrial biodiversity: a strange and 
beautiful w orld w ith m any creatures 
that have noth ing in com m on w ith 
w hat w e know  from  our day-to-day 
experience as terrestrial mammals.

•  Many m arine populations and habitats 
have a w ide d istribution, and m arine 
extinction may be rare and therefore 
not an item  of concern.

•  Still, m arine biodiversity is changing 
rapidly in coastal regions and the  open 
oceans alike. M uch of that change is 
anthropogenic (fisheries, climate) and 
may be irreversible, because we can do 
nothing about it. The consequences of 
such changes are difficult to evaluate 
and their observation  requires new 
system s and networks.

•  T here is no general theo re tical 
fram ework for m arine biodiversity yet 
and no adequate ecological m odelling 
approach.

•  Targe areas of the open ocean are not 
under national ju risd ic tion  or in fact 
any ju risd ic tion . The seas are free for all 
to use.

•  M arine biodiversity science to address 
the problem s adequately needs to have 
access to  an d  com m unica tion  w ith  
govern m en ts and  in te rn a tio n al 
institu tions (EU, EEA, CBD, etc) to 
have effect on policies in such areas at 
the required  scales.

•  M arine biodiversity science needs to be 
m ultid iscip linary  and  in ternationally  
organis-ed to facilitate the interactions: 
MARS, ICES, CIESM, EU N etw orks of 
Excellence such as MarBEF (Marine 
B iodiversity  an d  E cosystem  F u n c 
tioning) and Euroceans.

•  Efforts from the scientific com m unity 
are required  to m ake the general public 
understand  w hat is at stake.

C arlo H eip
N etherlands Institute of Ecology
The N etherlands
Email: c.heip@ nioo.knaw .nl
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