
U N E P

RAPID RESPONSE ASSESSMENT

DEAD WATER
MERGING OF CLIMATE CHANGE W ITH POLLUTION, OVER-HARVEST, 
AND INFESTATIONS IN  THE WORLD’S FISHING GROUNDS

N



N e llem ann , C., H a in , S., and A lder, J. (Eds). February 2008 . 
In Dead Water -  Merging o f  climate change with pollution, 
over-harvest, and infestations in the world’s fishing grounds.
U n ite d  N ations E n v iro n m e n t P rog ram m e, G R ID -A renda l, 
Norway, w w w .grida .no

ISBN: 978-82-7701-048-9 

Disclaimer
The contents o f this report do not necessarily reflect the views or policies 
of UNEP or contributory organisations. The designations employed and 
the presentations do not imply the expressions of any opinion whatsoever 
on the part o f UNEP or contributory organisations concerning the legal 
status o f any country, territory, city, company or area or its authority, or 
concerning the delimitation of its frontiers or boundaries.

http://www.grida.no


Christian Nellemann 
Stefan Hain 
Jackie Alder

RAPID RESPONSE ASSESSMENT

IN DEAD WATER
MERGING OF CLIMATE CHANGE W ITH POLLUTION, OVER-HARVEST, 
AND INFESTATIONS IN  THE WORLD’S FISHING GROUNDS



í v  UNEP promotes
environmentally sound practices 

globally and in its own activities. This 
report is printed on 100%  recycled paper, 
using vegetable-based inks and other eco- 

friendly practices. Our distribution policy aims to 
reduce UNEP's carbon footprint.



PREFACE

The w o rld ’s oceans are already un de r stress as a resu lt o f  over
fish ing , p o llu tio n  and o ther env ironm en ta lly -dam ag ing  activ i
ties in  the coastal zones and now  on the h ig h  seas.

C lim ate  change is presen ting  a fu r th e r and w ide-rang ing  chal
lenge w ith  new  and em erg ing threats to the susta inab ility  and 
p ro du c tiv ity  o f  a key econom ic and en v ironm en ta l resource.

T h is  new, rap id  response repo rt a ttem pts to focus the n u m e r
ous im pacts on the m arine  e n v iro nm en t in  order to assess how  
m u ltip le  stresses in c lu d in g  clim ate  change m ig h t shape the 
m arine  w o rld  over the com ing  years and decades.

I t  presents w orrisom e find in gs  and requests governm ents to re
spond w ith  ever greater urgency in  order to com bat global w a rm 
in g  and to conserve and m ore  strategically manage the oceans 
and seas and th e ir  extraord inary b u t sh rin k in g  resources.

The challenge o f  the seas and oceans in  te rm s o f  m o n ito r in g  
has always been a fo rm id ab le  one w ith  the te rres tria l w o rld  
m ore vis ib le  and easier to see. T h is  is despite fisheries c o n trib 
u tin g  to the global food supply and a supporte r o f  live lihoods 
and cu ltu res fo r  m ille n n ia .

However, there is g row ing  and abundant evidence tha t the rate 
o f  en v ironm en ta l degradation in  the oceans m ay have p ro 
gressed fu r th e r than  any th ing  yet seen on land. T h is  report 
h ig h lig h ts  the s itua tion  in  2007  in  the econom ica lly  im p o rta n t

io  to 15% o f  the oceans and seas where fish  stocks have been 
and rem a in  concentrated.

These fis h in g  grounds are increasing ly  damaged by over-har
vesting, unsusta inable bo ttom  tra w lin g  and o ther fis h in g  prac
tices, p o llu tio n  and dead zones, and a s tr ik in g  pa tte rn  o f  inva
sive species in festa tions in  the same areas.

Accord ing  to the report, these same areas m ay lose m ore  than 
80%  o f  th e ir  trop ica l and cold w ater coral reefs due to r is in g  sea 
tem peratures and increasing concentra tions o f  carbon dioxide 
(C0 2) lead ing to a decrease in  seawater p H  (acid ification).

F inally, these same areas are also fac ing rap id ly  g row ing  po l
lu tio n  fro m  coastal developm ent, po ten tia l consequences o f  
c lim ate  change such as possible s low ing o f  ‘f lu s h in g ’ m echa
n ism s and increasing in festa tions o f  invasive species.

We are now  observing w hat m ay become, in  the absence o f  po l
icy changes, a co llapsing ecosystem w ith  c lim ate  the fin a l coup 
d’grace. There are m any reasons to com bat c lim ate  change, th is  
repo rt presents fu r th e r evidence o f  the need to act i f  we are to 
m a in ta in  ecosystems and services tha t n o u ris h  m illio n s ; p ro 
vide im p o rta n t to u ris m  incom e and m a in ta in  biodiversity.

Achim Steiner
Executive D irecto r
U n ited  Nations E nv iron m en t Program m e
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SUMMARY

The W orld ’s oceans play a cruc ia l role fo r  life  on the planet. 
H ealthy seas and the services they provide are key to the fu tu re  
developm ent o f  m ank ind . O u r seas are h ig h ly  dynam ic, struc
tured and com plex systems. The seafloor consists o f  vast shelves 
and pla ins w ith  huge m ounta ins , canyons and trenches w h ich  
d w a rf s im ila r structures on land. Ocean currents transport water 
masses m any tim es la rger than a ll rivers on Earth com bined.

In  th is  report, the locations o f  the m ost productive  fish in g  
grounds in  the W orld  -  fro m  shallow, coastal waters to the deep 
and h ig h  seas -  are com pared to pro jected scenarios o f  c lim ate  
change, ocean ac id ifica tion , coral b leaching, in te n s ity  o f  fishe r
ies, land-based p o llu tio n , increase o f  invasive species in festa
tions and g ro w th  in  coastal developm ent.

H a lf the World catch is caught in less than 10% o f the 
ocean

M arine life  and liv in g  resources are ne ithe r evenly n o r random 
ly  d is tribu ted  across the oceans. The fa r largest share o f  m a
rin e  b iod ivers ity  is associated w ith  the sea bed, especially on the 
con tinen ta l shelves and slopes. Seamounts, often ris in g  several 
thousand m eters above th e ir  su rround ings, provide un ique  u n 
derwater oases tha t teem  w ith  life . E nv ironm enta l parameters 
and cond itions tha t de term ine the p roduc tiv ity  o f  the oceans 
vary greatly at tem pora l and spatial scales. The p rim a ry  and 
m ost im p o rta n t fis h in g  grounds in  the W orld  are fou nd  on and 
along con tinen ta l shelves w ith in  less than 2 0 0  nautica l m iles  o f  
the shores. The d is tr ib u tio n  o f  these fish in g  grounds is patchy 
and very localized. Indeed m ore than h a lf  o f  the 2 0 04  m arine  
land ings are caught w ith in  100 k m  o f  the coast w ith  depths gen
era lly less than 20 0  m  covering an area o f  less than 7.5% o f  
the w o rld ’s oceans, and 92%  in  less than h a lf  o f  the to ta l ocean 
area. These treasure vaults o f  m a rine  food play a cruc ia l ro le fo r 
coastal popu lations, live lihoods and the economy.

W he the r they w il l  provide these fun c tions  and services in  the 
fu tu re  depends on needed po licy  changes and the con tinu a tio n  
o f  a n u m b e r o f  en v iro nm en ta l m echan ism s to w h ich  m arine  
life  has evolved and adapted. These na tu ra l processes inc lude

clean waters w ith  balanced tem perature  and chem is try  regim es 
as w e ll as currents and w ater exchanges tha t provide these ar
eas w ith  oxygen and food, to nam e ju s t a few. However, there 
are a la rm in g  signals tha t these na tu ra l processes to w h ich  m a
rin e  life  is fin e ly  attuned are rap id ly  changing.

W ith climate change, more than 80%  o f the World’s 
coral reefs may die within decades

In  trop ica l sha llow  waters, a tem pera ture  increase o f  up  to 
on ly  30 C by 2100 m ay resu lt in  annua l o r b i-annua l b leaching 
events o f  coral reefs fro m  20 30 -205 0 . Even the m ost o p tim is tic  
scenarios pro ject annua l b leaching in  8 0 -1 0 0 %  o f  the W orld ’s 
coral reefs by 2080 . T h is  is lik e ly  to resu lt in  severe damage 
and wide-spread death o f  corals around the W orld , pa rticu la rly  
in  the W estern Pacific, b u t also in  the In d ia n  Ocean, the Per
sian G u lf  and the M id d le  East and in  the Caribbean.

Ocean acidification will also severely damage cold-wa
ter coral reefs and affect negatively other shell-forming 
organisms

As C0 2 concentra tions in  the atm osphere increase so does 
ocean ass im ila tion , w h ich , in  tu rn , resu lts in  sea w ater becom 
in g  m ore  acidic. T h is  w i l l  l ik e ly  resu lt in  a reduc tion  in  the area
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covered and possible loss o f  cold-water coral reefs, especially 
at h ig h e r la titudes. Besides cold-water corals, ocean acid ifica
tio n  w i l l  reduce the b ioca lc ifica tion  o f  o ther she ll-fo rm ing  or
ganism s such as calcareous phy top lank ton  w h ic h  m ay in  tu rn  
im pact the m a rine  food cha in up  to h igh e r tro p h ic  levels.

Coastal development is increasing rapidly and is pro
jected to impact 91% o f all inhabited coasts by 2050 
and w ill contribute to more than 80%  o f all marine 
pollution

M arine  p o llu tio n , m ore  than  80%  o f  w h ic h  o rig ina tes fro m  
land-based sources, is pro jected to increase, p a rticu la rly  in  
Southeast and East Asia, due to r is in g  p o pu la tio n  and coast
al developm ent. Increased loads o f  sed im ents and n u trie n ts  
fro m  de forestation, sewage and r ive r ru n -o f f  w i l l  greatly  d i
m in is h  the res ilience o f  coral reefs. The effects o f  p o llu tio n  
are exacerbated by the destruction  o f  m angroves and o ther 
habita ts due to the rap id  con s tru c tion  tak in g  place on coast
lines. As m u ch  as 91% o f  a ll tem perate and trop ica l coasts w i l l  
be heavily  im pacted by developm ent by 2050. These im pacts 
w i l l  be fu r th e r  com pounded by sea level rise and the increased 
frequency and in te n s ity  o f  storm s tha t easily break dow n weak
ened o r dead corals and are lik e ly  to severely damage beaches 
and coast lines.

Climate change may slow down ocean thermohaline 
circulation and continental shelf “flushing and clean
ing” mechanisms crucial to coastal water quality and 
nutrient cycling and deep-water production in more 
than 75% o f the World’s fishing grounds

O f m a jo r concern is tha t m any o f  these productive fish in g  
grounds depend extensively upon  sea curren ts  fo r  m a in ta in in g  
life  cycle patterns fo r  the sustainable p ro du c tion  o f  f is h  and 
other m a rine  life . Large scale w ater exchange m echanism s, 
w h ic h  pe riod ica lly  “ flu s h  and clean” con tinen ta l s h e lf areas, 
are observed in  and near at least ca. 75% o f  a ll the m a jo r fis h 
in g  grounds. These m echan ism s, however, depend en tire ly  on
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cooler and heavier seawater s in k in g  in to  the deep sea, often 
us ing  and carving channels and canyons in to  the con tinen ta l 
shelf. New research suggests tha t w h ile  c lim ate  change m ay 
n o t necessarily stop the m a jo r the rm o ha lin e  currents, c lim ate  
change m ay po ten tia lly  reduce the in te n s ity  and frequency o f  
the coastal f lu s h in g  m echan ism s, pa rticu la rly  at low er to m e
d iu m  la titudes over the next 100 years, w h ich  in  tu rn  w i l l  im 
pact bo th  n u tr ie n t and larval transport and increase the r is k  o f  
p o llu tio n  and dead zones.

Increased development, coastal pollution and climate 
change impacts on ocean currents will accelerate the 
spreading o f marine dead zones, many around or in 
primary fishing grounds

The n u m b e r o f  dead zones (hypoxic o r oxygen de fic ien t areas) 
increased fro m  149 in  2003 to over 20 0  in  2 0 0 6 . G iven th e ir 
association w ith  po llu tan ts  fro m  u rban  and ag ricu ltu ra l sourc
es, together w ith  the projected g ro w th  in  coastal developm ent, 
th is  n u m b e r m ay m u lt ip ly  in  a few  decades, unless substantia l 
changes in  po licy  are im p lem ented . M ost dead zones, a few  o f  
w h ich  are na tu ra l phenom ena, have been observed in  coastal 
waters, w h ic h  are also hom e to the p r im a ry  fis h in g  grounds.
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Over-harvesting and bottom trawling are degrading 
fish habitats and threatening the entire productivity o f 
ocean biodiversity hotspots, making them more vul
nerable to climate change

Recent studies ind ica te tha t fishe ry  im pacts in  s h e lf areas m ay 
po ten tia lly  become even worse in  deeper water. Due to advances 
in  technology and subsidies, fis h in g  capacity is now  estim ated 
to be as m u ch  as 2.5 tim es tha t needed to harvest the susta in
able y ie ld  fro m  the w o rld ’s fisheries. U p  to 80%  o f  the w orlds 
p r im a ry  catch species are explo ited beyond o r close to th e ir  har
vest capacity, and some productive  seabeds have been pa rtly  or 
even extensively damaged over large areas o f  fis h in g  grounds. 
W ith  m any trad ition a l, sha llow  fis h in g  grounds depleted, fis h 
eries (especially large in d u s tr ia l vessels/fleets opera ting fo r 
w eeks/m on ths at sea) are increas ing ly  ta rge ting  deep-water 
species on the con tinen ta l slopes and seamounts. Over 95% o f  
the damage and change to seam ount ecosystems is caused by 
bo ttom  fish in g , m ostly  carried ou t unregu la ted and unreported  
w ith  h ig h ly  destructive gear such as traw ls, dredges and traps.

T raw ling  has been estim ated to be as dam aging to the sea bed 
as a ll other fish in g  gear com bined. U n like  on ly  a decade ago, 
there are now  num erous studies fro m  nearly a ll parts o f  the 
w orld , docum enting  the severe long -te rm  im pacts o f  traw ling . 
The damage exceeds over h a lf  o f  the sea bed area o f  m any fish 
in g  grounds, and worse in  in n e r and m idd le  parts o f  the con
tine n ta l shelves w ith  pa rticu la r damage to small-scale coastal 
fish in g  com m unites. Indeed, w h ile  very lig h t traw ling  m ay be 
sustainable o r even increase abundance and p ro du c tiv ity  o f  a 
few  taxa, new  studies, in c lu d in g  data fro m  over a cen tury ago, 
clearly indica te damage to the sea bed across large po rtions o f  
the fish in g  grounds, and at w ors t reductions in  p ris tine  taxa o f 
2 0 -8 0 %  in c lu d in g  bo th  demersals and benth ic  fauna. U n like  
th e ir  shallow  water counterparts, deep sea com m un itie s  recover 
slowly, over decades and centuries, fro m  such im pacts. Some 
m ig h t n o t recover at a ll i f  faced w ith  add itiona l pressures in c lu d 
in g  c lim ate  change and m ig h t lead to a perm anent reduction  in  
the p roduc tiv ity  o f  fis h in g  grounds. There are now  discussions 
ongo ing w ith in  several bodies in c lu d in g  the FAO on develop
in g  better in te rna tiona l gu ide lines fo r the m anagem ent o f  deep- 
sea fisheries in  the h ig h  seas, b u t substantia l action is urgen tly  
needed given the cum ula tive  threats tha t the oceans are facing.
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Primary fishing grounds are likely to become increas
ingly infested by invasive species, many introduced 
from ship ballast water.

The vu lne rab ility  o f  im pacted ecosystems to additiona l stresses 
is also demonstrated by the increase o f  invasive species infesta
tions tha t are concentrated in  the same 10-15% ° f  th e W orld ’s 
oceans. Heavily d isturbed and damaged m arine  areas are m ore 
like ly  to have a h igher vu lne rab ility  to in festations b rough t in  by 
ships p ly ing  the W orld ’s oceans despite recom m endations in  
m any areas fo r m id-ocean exchange o f  ballast water. Geographi
cal d is tr ibu tion  o f  invasive species suggests a strong re la tionship 
between th e ir occurrence and disturbed, po llu ted and overfished 
areas and in  particu lar the location o f  m a jo r sh ipp ing routes at 
a global scale. I t  appears tha t the m ost devastating outbreaks o f 
such m arine  in festations have been b rough t in  along the m a jo r 
sh ipp ing routes and p rim a rily  established in  the m ost in tensively 
fished and po llu ted areas on the continenta l shelves. G row ing c li
mate change w ill m ost like ly  accelerate these invasions further.

The worst concentration o f cumulative impacts o f 
climate change with existing pressures o f over-har- 
vest, bottom trawling, invasive species, coastal devel
opment and pollution appear to be concentrated in  
10-15% ° f  the oceans concurrent with today’s most 
important fishing grounds

C lim ate  change, w ith  its  po ten tia l effects on ocean the rm oha
lin e  c ircu la tio n  and a po ten tia l fu tu re  decline in  na tu ra l ‘f lu s h 
in g  and clean ing ’ m echan ism s, sh ifts  in  the d is tr ib u tio n s  o f  
m a rine  life , coral b leaching, ac id ifica tion  and stressed ecosys
tem s w il l  com pound the im pacts o f  o ther stressors like  over
harvest, bo ttom  traw ling , coastal p o llu tio n  and in troduced  spe
cies. The com bined actions o f  c lim ate  change and o ther hu m an  
pressures w i l l  increase the v u ln e ra b ility  o f  the w o rld ’s m ost 
p roductive fis h in g  grounds -  w ith  serious ecological, econom ic 
and social im p lica tions . The po ten tia l effects are lik e ly  to be 
m ost pronounced fo r  developing countries where fis h  are an 
increas ing ly  im p o rta n t and valuable export product, and there 
is lim ite d  scope fo r m itig a tio n  o r adaptation.

A lack o f good marine data, poor funding for ocean ob
servations and an ‘out o f sight -  out o f m ind’ mentality
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may have led to greater environmental degradation in  
the sea than would have been allowed on land.

The lack o f  m arine  in fo rm a tio n  and easy observation by h u 
m ans as land -liv ing  organism s, along w ith  in s u ffic ie n t funds 
fo r  m o n ito rin g , m ay resu lt in  these and o ther pressures to prog
ress fa rthe r than anyth ing  we have yet seen o r w ou ld  have per
m itted  w ith o u t in te rven tion  on land, even though  the oceans 
represent a s ign ifican t share o f  global econom ies and basic food 
supply. Lack o f  good governance, pa rticu la rly  o f  the h ig h  seas, 
b u t also in  m any exclusive econom ic zones (EEZs) where the 
p rim a ry  focus is econom ic gain, and has resulted in  lim ite d  flex
ib il i ty  o r incentive to s h ift to ecosystem based m anagem ent. The 
po tentia l fo r  c lim ate change to d is rup t na tu ra l cycles in  ocean 
productiv ity, adds to the urgency to better manage ou r oceans. 
The loss and im pove rishm en t o f  these h ig h ly  diverse m arine  
ecosystems on Earth and m od ifica tion  o f  the m arine  food chain 
w i l l  have p ro found  effects on life  in  the seas and hu m an  w e ll
be ing in  the fu ture .

Substantial resources need to be allocated to reducing 
climate and non-climate pressures. Priority needs to be 
given to protecting substantial areas o f the continental 
shelves. These initiatives are required to build resilience 
against climate change and to ensure that further col
lapses in fish stocks are avoided in coming decades.

U rg en t e ffo rts  to con tro l accelerating c lim ate  change are need
ed, b u t th is  alone w i l l  n o t be su ffic ien t. A  substantia lly  increased 
focus m u s t be devoted to b u ild in g  and s treng then ing  the res il
ience o f  m a rine  ecosystems. Synergistic threats and im pacts 
need to be addressed in  a synergistic way, via app lica tion  o f  
an ecosystem and in tegra ted ocean m anagem ent approach. A c
tions fo r  a reduc tion  o f  coastal p o llu tio n , es tab lishm ent o f  m a
rin e  protected areas in  deeper waters, p ro tection  o f  seam ounts 
and parts (like ly  at least 20% ) o f  the con tinen ta l shelves against 
bo ttom  tra w lin g  and o ther extractive activity, and stronger regu
la tio n  o f  fisheries have a ll to go hand in  hand. Unless these 
actions are taken im m edia te ly , the resilience o f  m ost fish in g  
grounds in  the w o rld , and th e ir  a b ility  to recover, w i l l  fu r th e r 
d im in is h . Accelera ting c lim ate  change and in -action  risks an 
unprecedented, dram atic  and w ide-spread collapse o f  m arine  
ecosystems and fisheries w ith in  the next decades.
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W HY OCEANS MATTER

Oceans are crucial to life  on Earth, support livelihoods and are v ita l incom e to coastal com m unities fro m  tourism , shipp ing and trade,
to the W orld  economy in  num erous ways, inc lud ing  food as fish, and through petroleum  reserves, to m ention  a few (FAO, 2006).
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Benefits from Marine and Coastal Ecosystems and Activities
Coastal tourism

The Ydumeof global 
tsurisi arrivals increased 
mom than 21 timea 
between 1950 end 1095. 
making tourism me worlds 
fislasL-grcnung industry 
The present number e l 
tburlsli is enpeded lo 
doubla by 2010 -  
particJsrly hi dio 
Caribbean and Asa- 
Pacific regions, where 
much of the industry is 
concentratel in ooaslal 
arcas.

$161 billion

Fisheries

Belween 1950 and 1997. 
globa lish preducion Own 
capture and cuHuna 
fisheries grew from 20 
million tonnes to 122 
mfion tonnes, witri ina per 
cepita supply doubling 
from 3 Kg lo iSfrg. Over 
20Û milion people nely on 
fishing for their livelihoods, 
with more han 80% of all 
lieh (by vetus) so'd m 
industrial eau nines.

$ 80 b illion

Trade and shipping Offshore oil and gas

Since irie 1950s. the 
annuel volume of shying  
and sesbomo trade has 
risen, siitfold, le more than 
5 billion tornes of din, dry 
bulk goods and other 
cargo In 1995, there were
27.000 freighters ever
1.000 tonnes in operation 
Industrial c o l  nines 
accourl for so% of the 
cargo loaded -  and 70% 
of inat unloaded.

$ 155 billion

Smce gascine was first 
used in California a 
century ago, LhD ol end 
natura gas industry has 
skyrocketed to meet 
soaring energy demands, 
"cd ay, about 20% of Ihe 
world's oil ard natural gas 
comes from offshore 
drilling installions in the 
Middle Easl. the United 
States. Latin America, and 
the Nath Sea,

$ 132 billion

Estimated Mean Value of Marine Biomes
0 4QOJ S W0 12 000 19 000 20 000 24 000 US dollars per hadara p^ryasr
L .....................   L 1 1 - - I

Estuaries __________________________________________________________

Seegrassfalgal beds 

Mangrove, lidal marshes 

Corel reefs

Continental shelves J

Open ocean DÛJHHÆ DÖOuT 
HWZHZ

Source: Anne Platt McGinn, Tfie Health o f Oceans, WorldWatch paper 145, Waddwatah Institute. 1999 Washington DC (www.woridwatcti.org) ; Costana, R., et al. 
The Value û f the World's Ecosystem Services ä rd  Naiural Capria,', Eoo'ogicàJ Economic, 199B.
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THE SEA -  ONE OF THE LARGEST 
FOOD FACTORl ES ON TH E PLAN ET

The W o rld ’s oceans provide one o f  the largest (not dom esticat
ed) food reserves on the planet. Overall, seafood provided m ore 
than 2.6 b illio n  people w ith  at least 20 per cent o f  th e ir  average 
per capita an im a l p ro te in  in take (FAO, 20 06 ). Capture fisher
ies and aquacultu re supp lied  the w o rld  w ith  about 106 m il lio n  
tonnes o f  food fis h  in  20 04 , p ro v id ing  an apparent per capita 
supply o f  16.6 kg (live w e igh t equivalent), w h ic h  is the h ighest 
on record (FAO, 20 06 ). Capture fishe ry  p ro du c tion  has, how 
ever, rem a ined static, and i t  is  on ly  the rise in  aquaculture, now  
accounting  fo r  43% o f  the to ta l consum p tion , tha t enabled th is  
increase (FAO, 20 06 ). W orldw ide, aquacultu re has g row n  at an 
average rate o f  8.8 per cent per year since 1970, com pared w ith  
on ly  1.2 per cent fo r capture fisheries in  the same period. De
spite fis h in g  capacity now  exceeding cu rre n t harvest fou r-fo ld , 
m a rine  capture has declined o r rem a ined level since 2 0 0 0 , 
re flec ting  over-harvest in  m any reg ions (H ilb o rn  et al., 2003; 
FAO, 20 06 ). A  m a jo r reason w hy the decline has n o t become 
m ore evident is lik e ly  because o f  advances in  fis h in g  efficiency, 
s h ift to p rev iously  discarded o r avoided fish , and the fact tha t 
the fis h in g  flee t is increas ing ly  f is h in g  in  deeper waters.

The overall decrease in  land ings is m ostly  related to declines 
in  fis h in g  zones in  the Southeast and N orthw est Pacific oceans 
(FAO, 20 06 ). In  add ition , the liv in g  resources in  the W o rld ’s 
oceans, in c lu d in g  those so essential to m an k in d , are n o t ran 
dom ly  o r evenly d is tribu ted . They are large ly concentrated in  
sm all reg ions/areas and hotspots, o f  w h ich  con tinen ta l shelves 
and seam ounts -  under-water m oun ta ins  -  p lay a cruc ia l role. 
The safety o f  the W o rld ’s oceans as a food source fo r  fu tu re  gen
erations is however insecure. Over the last decades, there has 
been c o n tin u in g  exp lo ita tion  and dep le tion  o f  fisheries stocks. 
Undeveloped fis h  reserves have disappeared altogether since 
the m id -1980s. D u rin g  the last decades, there has been a con
tinu ed  decline in  fis h  resources in  the ‘developing’ phase, and 
an increase o f  those in  the depleted o r over-exploited phase. 
T h is  trend  is som ewhat o ffset by the em ergence o f  resources 
in  the ‘recovering ’ phase (M u llo n  et al., 2005; FAO, 2 0 0 6 ; Das- 
kalov et al., 2007). There is lit t le  evidence o f  rap id  recovery in

W orld fisheries and 
aquaculture production 
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Figure i. The World’s marine fisheries have stagnated or slightly 
declined in the last decade, offset only by increases in aquacul
ture production (Source FAO, 2006).
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heavily harvested fis h  popu la tions, except, perhaps h e rr in g  and 
s im ila r f is h  tha t m atu re  early in  life . A n  investiga tion  o f  over 
9 0  d iffe re n t heavily harvested stocks have show n litt le , i f  any, 
recovery 15 years after 4 5 -9 9 %  reduc tion  in  biom ass (H u tch 
ings, 20 00 ). T h is  is pa rticu la rly  true  as m ost catch reductions 
are in troduced  fa r too late (Shertzer et al., 2007). Indeed, m a

rin e  extinctions m ay be s ig n ifica n tly  underra ted (Casey and 
Meyers, 1998; Edgar et al., 2005). M ore im p o rta n tly  in  th is  
context is n o t the d irect global ex tinc tion  o f  species, b u t the 
reg iona l o r local ex tinctions as abundance declines. Local and 
reg iona l extinctions are fa r m ore  com m on than global extinc
tions, pa rticu la rly  in  a dynam ic e n v iro nm en t like  the oceans.
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Figure 2 . Estimated per cent of the global catch taken at depths 
for the years 19 50 , 2 0 0 0  and 2 0 0 4 , which illustrates how fishers 
are m oving fu rthe r offshore (and often deeper) to catch fish.
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Figure 3 . The state o f the World’s fishery stocks.
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SEAMOUNTS AND CONTINENTAL 
SHELVES -  THE OCEAN’S 
U N PROTECTED TREASU RE VAU LTS

C ontinen ta l shelves are the gently  s lop ing  areas o f  the ocean 
floor, con tiguous to the con tinen t, tha t extend fro m  the coast
lin e  to the shelf-break. The s h e lf break, w h ic h  is located around 
150 -200  m eters depth, is the area o f  the con tinen ta l m a rg in  
where there is an ab rup t change between the s h e lf and the 
steeper con tinen ta l slope.

P rim a ry  p ro du c tion  in  the oceans, i.e. the p ro du c tion  o f  or
ganic com pounds fro m  dissolved carbon dioxide and nu trie n ts  
th ro u g h  photosynthesis, is o ften associated w ith  upw e llings  
(Botsford et a l,  20 06 ). U p w e llin g  occurs w hen w inds  b low ing  
across the ocean surface push  w ater away fro m  an area and sub
surface w ater rises up fro m  beneath the surface to replace the 
d ive rg ing  surface water. These subsurface waters are typ ica lly  
colder, r ic h  in  nu trien ts , and b io log ica lly  productive. The rela
t io n  between p rim a ry  p ro du c tion  and coastal u p w e lling , caused 
by the divergence o f  coastal w ater by land o r along-shore b low 
in g  w inds, is c learly shown in  ocean p rim a ry  p ro du c tion  maps. 
There fore, good fis h in g  grounds typ ica lly  are fo u n d  where u p 
w e llin g  is com m on. For example, the ecosystems supporting  
the r ic h  fis h in g  grounds along the west coasts o f  South A m er
ica and A frica  are m a in ta ined  by year-round coastal upw e lling . 
However, these systems are affected by chang ing oceanograph
ic cond itions  and how  they -  and the dependent fisheries -  w i l l  
respond to sea tem perature  change as a consequence o f  c lim ate  
change is h ig h ly  uncerta in . These up w e llin g  fis h in g  grounds, 
especially in  South A m erica  provide the raw  m ateria ls  fo r  feeds 
used in  in tensive an im a l p ro du c tion  and so any decreases in  
p ro du c tion  w il l  have effects on the p rice o f  fa rm ed fish , chicken 
and port.

The fa r largest share o f  a ll li fe  in  the oceans is in  d irec t contact 
w ith  o r dwells ju s t above the sea floor. C on tinen ta l shelves and

seam ounts host -  in  ad d ition  to p e tro leum  and m in e ra l reserves 
-  by fa r the largest share o f  the W o rld ’s m ost p roductive fis h in g  
grounds (Ingole and Koslow, 2005; Roberts et a l,  20 06 ; Garcia 
et a l,  2007; Mossop, 2007). Technological advances have made 
con tinen ta l shelves and sha llow  seam ounts easily accessible to 
the W o rld ’s fis h in g  flee t and to coastal com m u n itie s  a ll across 
the planet. However, they are also c r itica lly  placed in  re la tion  
to threats fro m  (land-based) p o llu tio n , sea bed and hab ita t 
destruction  fro m  dredg ing and traw ling , and c lim ate  change. 
W ith  tra d itio n a l fis h in g  grounds depleted a n d /o r heavily regu
lated, fisheries are increas ing ly  ta rge ting  productive  areas and 
new  stocks in  deeper waters fu r th e r offshore, in c lu d in g  on and 
around seamounts.

Seam ounts are com m o n  under-w ater features, n u m b e rin g  
perhaps as m any as 10 0 ,00 0 , tha t rise 1000  m  or m ore  fro m  
the seabed w ith o u t b reak ing  the ocean’s surface (Koslow et 
a l,  2001; Johnston and Santillo , 2004). The rugged and var
ied topography o f  the seam ounts, and th e ir  in te rac tio n  w ith  
n u tr ie n t-r ic h  curren ts , creates idea l con d itions  and num erous  
niches fo r  m a rine  life . Com pared to the su rro u n d in g  deep-sea 
p la ins  and plateaus, they are some o f  the p r im a ry  b iod ive rs ity  
hotspots in  the oceans.

Seam ounts can be hom e to cold-w ater corals, sponge beds and 
even hyd ro the rm a l vents com m u n itie s . They provide shelter, 
feeding, spaw n ing and nu rse ry  grounds fo r  thousands o f  spe
cies, in c lu d in g  com m erc ia l f is h  and m ig ra to ry  species, such as 
whales (Roberts and H irsch fie ld , 2004 ; Roberts et a l ,  2 0 0 6 ; 
U N EP, 20 0 6 ). Separated fro m  each other, seam ounts act like  
m a rine  oases, o ften w ith  d is tin c t species and com m u n itie s . 
Some, lik e  the Coral Sea and Tasman seam ounts, have ende
m is m  rates o f  29 -34% .
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Figure 4 . The continental shelves and under-water mountain ranges, so called seamounts (light blue shaded areas), 
are of immense importance to fisheries. Indeed, over h a lf o f  the W orld ’s m arine landings are associated w ith  ca 7.5% 
o f  the oceans, concentrated on the continental shelves.
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These u n iq u e  features m ake seam ounts a luc ra tive  ta rge t fo r 
fisheries in  search o f  new  stocks o f  deep-water f is h  and she ll
fish , in c lu d in g  crabs, cod, sh rim p , snappers, sharks, Pacific 
cod, orange roughy, jacks, Patagonian too th fish , porgies, g ro u 
pers, rock fish , A tka m acke re l and sablefish. O u r know ledge o f  
seam ounts and th e ir  fauna is s t i l l  very lim ite d , w ith  on ly  a 
t in y  fra c tio n  o f  th e m  sam pled and v ir tu a lly  no  data available 
fo r  seam ounts in  large areas o f  the  w o rld  such as the In d ia n  
Ocean (Ingo le  and Koslow, 2005). O ften , f ish e rm e n  arrive  be
fo re  the scientists. For a sho rt t im e  pe riod , som etim es less 
tha n  3 years, the catches a round  seam ounts can be p le n tifu l.  
However, w ith o u t p ro pe r co n tro l and m o n ito r in g , especially

in  areas beyond na tio n a l ju r is d ic tio n , stocks are exp lo ited  un- 
susta inab ly  and collapse rap id ly. The reason fo r  th is  ‘boom  
and bu s t’ are the characteristics o f  m any deep-water organ
ism s: u n lik e  th e ir  coun te rparts  in  tra d itio n a l, sha llow -w ater 
f is h in g  grounds, the deep-sea fis h  targeted a round  seam ounts 
are long -lived , slow  to m a tu re  and have o n ly  a few  o ffsp rin g  
(G lover and S m ith , 2003; Johnston and S antillo , 2004 ). T h is  
m akes th e m  h ig h ly  vu lne rab le  to ove r-fish ing  by in d u s tr ia l 
f is h in g  practices (C heung et al., 2007). In  ad d itio n , the ben- 
th ic  co m m u n itie s , w h ic h  sup po rt these fis h  stocks and th e ir  
recovery, are serious ly  dam aged o r com p le te ly  destroyed by 
the im p a c t o f  heavy b o tto m  tra w lin g  and o ther f is h in g  gear
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(Johnston and S antillo , 20 04 ; M ora to  et al., 2 0 0 6 b ). Once deplet
ed and devastated, o ften  fo r  decades to cen tu ries , f ish e rm e n  m ove 
on to the next seam ount to s tart the next cycle. However, w ith  
m any kn o w n  seam ounts already (over)explo ited, recovery o f  fis h  
stocks on seam ounts varies w ith  each species. Stocks o f  orange 
ro u g h  on the C hatham  Rise in  New Zealand, fo r  exam ple, show 
possib le im p rovem e n ts  a fte r 5 years, whereas the g renad ie r stocks 
in  the N o rthw est A tla n tic  show  no signs a fte r a n u m b e r o f  years 
o f  reduced quotas.

The depletion o f  seam ount popu la tions indicates tha t the cu rren t 
focus and levels o f  fis h in g  on seam ounts is n o t sustainable. M ore 
depletion, extirpations, and even species extinctions m ay fo llo w  i f  
f is h in g  on seam ounts is n o t reduced (M orato et al., 20 06 ). Very 
com m on however, ra the r than  fis h in g  u n t il near extinc tion , is tha t 
the fis h in g  vessels w i l l  m ove on to the next location  as soon as the 
firs t  is exhausted. W ith  the large capacity o f  the fleet, the resu lt is 
tha t m ore  and m ore  locations become im pacted and damaged.

W hen  p rim a ry  p ro du c tion  and ba thym etric  maps (show ing the dis
tr ib u tio n  o f  con tinen ta l shelves) are com pared to the in te n s ity  o f  
fisheries (catch), a clear pa tte rn  erupts, re flec ting  the p ro du c tiv ity  
and accessib ility o f  these ocean hotspots.

Fish catch (2004)

renneskmÉ

Figure 6. The World’s most productive fishing grounds are confined to major hotspots, less than 10% of the World oceans.
The maps shows annual catch (tonnes per km2) for the W orld’s oceans. Notice the strong geographic concurrence o f con
tinental shelves, upwelling and primary productivity (see Figures 4  and 5) and the am ount o f fish caught by fisheries.
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CORAL REEFS
Coral reefs are m arine  ridges o r m ounds, w h ich  have fo rm ed 
over m ille n n ia  as a resu lt o f  the deposition o f  ca lc ium  carbonate 
by liv in g  organism s, p redom inan tly  corals, b u t also a r ic h  diver
s ity o f  o ther organism s such as cora lline  algae and shellfish.

Coral reefs provide a un ique  habita t able to support a h ig h  d i
versity and density o f  life . They occur g lobally in  two d is tinc t 
m arine  environm ents; deep, cold water (3-i4°C ) coral reefs, and 
shallow, w a rm  water (2 i-3O 0C) coral reefs in  trop ica l latitudes.

Cold-water corals have been recorded in  41 countries w o rld 
w ide (Freiwald et a l,  2004), b u t they are m ost like ly  d is trib 
uted th roughou t the W orld ’s oceans. They occur wherever the 
environm enta l conditions (cold, clear, nu trie n t-r ich  waters) are 
present, fro m  Norwegian fjords in  39 m eters depth to several 
thousand metres in  the deep-sea. L iv ing  m ostly  in  perpetual 
darkness, cold-water corals do no t possess sym biotic, single
celled algae, and re ly solely on Zooplankton and detritus, w h ich

they capture w ith  th e ir tentacles. Some species, such as Lophelia, 
can fo rm  large, complex, 3-d im ensional ree f structures several 
metres in  height. The largest ree f so fa r was discovered in  2002  
is the Rost ree f o f f  the Norwegian coast. I t  spans tw ice the size 
o f  M anhattan, is part o f  the Lophelia ree f be lt stretching a ll along 
the eastern A tlan tic  con tinenta l she lf and slopes fro m  w ith in  the 
A rc tic  C ircle to the coast o f  South A frica. O ther soft corals liv in g  
in  colder waters such as Gorgonia species do no t fo rm  reefs bu t 
large ‘gardens’, covering vast areas fo r  example around the A le u 
tian  island chain in  the N o rth  Pacific. The ecological functions 
o f  such reefs and gardens in  the deeper waters are very s im ila r 
to trop ica l reefs: they are b iod iversity hotspots and hom e, feed
in g  and nursery grounds fo r a vast nu m be r o f  other organisms, 
in c lu d in g  com m ercia l f ish  and she llfish  species.

L iv ing  in  h ig h ly  productive areas, cold-water coral reefs and 
gardens are threatened by bo ttom  fish ing , especially w ith  traw ls 
and dredges. Observations w ith  subm ersib les and rem ote ly

Coral reefs

Wami water

Cold waior

Figure 7. Distribution of coldwater and tropical coral reefs. The coldwater reefs are highly susceptible to deep-sea 
traw ling  and ocean acidification from  clim ate change, which has its greatest im pacts at high latitudes, w h ile tropical 
reefs w ill become severely damaged by ris ing sea tem peratures.
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operated vehicles revealed tha t m ost o f  the reefs fou nd  on the 
con tinen ta l sh e lf in  the N o rth  A tlan tic  show signs o f  im pact by 
traw ling . Lost fis h in g  gear entangled in  the corals, and scars 
fro m  the heavy ne t doors, ro lle rs and lines, are a com m on sight. 
In  some places reefs tha t took over 8 .0 0 0  years to g row  have 
been com ple te ly destroyed, leaving on ly  coral rubb le  behind.

W arm -water coral reefs are fou nd  in  c ircum -trop ica l shallow 
waters along the shores o f  islands and continents. Here, corals 
feed by ingesting  p lankton, w h ich  the polyps catch w ith  th e ir 
tentacles, and also th rou gh  the association w ith  sym biotic algae 
called zooxanthellae. Stony corals deposit ca lc ium  carbonate, 
w h ich  over tim e  fo rm s the geological re e f structure. M any other 
invertebrates, vertebrates, and plants live in  close association to 
the scleractin ian corals, w ith  t ig h t resource coup ling  and recy
cling, a llow ing  coral reefs to have extrem ely h ig h  b iod ivers ity  in  
n u trie n t poor waters, so m u ch  so tha t they are referred to as the 
‘Tropical Rainforests o f  the Oceans’. Corals have certa in ranges 
o f  tolerance to water tem perature, salinity, U V  rad ia tion , opac
ity, and n u trie n t quantities. The extreme h ig h  d iversity o f  coral 
reefs have led to the erroneous b e lie f tha t they pre fe r n u trie n t 
r ic h  environm ents, bu t, in  fact, corals are extrem ely sensitive to

s ilt and sewage at fa r low er concentrations tha t w hat is classified 
as hazardous to hum ans (Nyström  et a l  2000 ). Hence, even 
m in o r  p o llu tio n  in  apparently clear waters can severely im pact 
coral reefs and th e ir  a b ility  to support thousands o f  f ish  species 
and o ther m arine  life . Sea w ater qua lity  and hu m an  im pacts are 
pa rticu la rly  c ritica l to coral reefs w hen they are exposed to other 
stressors o r w hen they are recovering fro m  storm s o r b leaching 
events (Burke et a l,  2002; W ilk inson , 2002 ; B row n et a l,  2006 ; 
UNEP, 2006 )

Corals are beautifu l liv ing  anim als that are enjoyed by m illio ns  o f 
snorkelers and divers w orld  w ide, bu t they are also o f  v ita l im por
tance fo r the whole coral ree f ecosystem and fo r coastal fisheries. 
One o f  the largest declines in  fish ing  has, in  fact, been recorded in  
the catches o f  coral ree f fishes, probably as a result o f  overexploita
tion  o f  the m ore vulnerable species (Cheung et a l,  2007). I f  corals 
die, the characteristic three dim ensional structure o f  reefs that is 
essential to so m any o f  the services provided, w ill be lost through 
natural physical and biological erosion as waves, storms, tsuna
m is, predators, and other factors affecting corals break i t  down to 
rubble. Coral reefs support over a m illio n  an im a l and p lant species 
and the ir economic value exceeds US$30 b illio n  a year.
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THREATS TO THE MARINE 
ENVIRONMENT

Each o f  the b ig  five stressors (no t in  o rder o f  m agn itude), i)  
Climate change; 2) Pollution (m a in ly  coastal), 3) Fragmenta
tion and habitat loss ( fro m  e.g. d re d g in g /tra w lin g , use o f  
explosives in  f is h in g  on cora l reefs etc.), 4) Invasive species 
infestations, and 5) Over-harvest from fisheries m ay in d iv id u 
a lly  o r com b ined  resu lt in  severe im pacts on the b io log ica l 
p ro d u c tio n  o f  the w orlds  oceans and the services they provide 
to b illio n s  o f  people today. I f  c lim ate  change accelerates, the 
im pacts on m a rine  life  fro m  the o ther stressors w i l l  become 
severely exacerbated and the a b ility  o f  ecosystems to recover 
w i l l  be im pa ired .

C lim ate  F rag- O ve r Po llu tion Invasive
ch a n g e  m e n ta tion  harvesting (m ain ly spec ies

and  h a b ita t from coasta l)
loss fisheries

Figure 8. Primary threats to the Worlds oceans include the ‘Big 
Five’ stressors.
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CLIMATE CHANGE IN THE SEA

The Fourth Assessment Report o f  the Intergovernm ental Panel 
on C lim ate Change states that w arm ing  o f  the climate system is 
unequivocal, as is now  evident fro m  observations o f  increases in  
global average a ir and ocean temperatures, widespread m e lting  o f 
snow and ice, and ris ing  global average sea level. Natural systems, 
inc lud ing  oceans and coasts, are being affected by regional climate 
changes, particularly by tem perature increases. Besides r is ing  sur
face water temperatures and sea level, impacts are or w ill be as
sociated w ith  changes in  the wave climate, circulation, ice cover, 
fresh water run-off, salinity, oxygen levels and water acidity.

Shifts in  ranges and changes in  algal, p lan k to n  and fis h  abun
dance have already been observed in  h igh -la titude  oceans. 
Besides these there are o ther effects tha t, based on pub lished 
lite ra tu re , have n o t yet become established trends as they are 
d iff ic u lt  to d iscern due to adaptation and no n -c lim a tic  d riv 
ers. Sea level-rise is negatively c o n trib u tin g  to coastal erosion, 
losses o f  coastal w e tland ecosystems, in c lu d in g  salt m arshes 
and m angroves, and increasing damage fro m  coastal flood ing  
in  m any areas. These effects w i l l  be exacerbated by increasing 
hum an-induced  pressures on coastal areas.
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CORAL BLEACHING

Corals, especially those w h ic h  b u ild  reefs in  trop ica l, sha l
lo w  waters, are h ig h ly  a ttuned  to th e ir  e n v iro n m e n ta l sur
rou nd ing s . B leach ing occurs w h en  the corals are subjected 
to repeated a n d /o r susta ined stresses w h ic h  exceed th e ir  to l
erances. W hen  th is  occurs, the sym b io tic  algae liv in g  in  the 
cora l tissue are ejected. The corals loose th e ir  co lou r and th e ir  
w h ite , calcerous skeleton shines th ro u g h  the transparen t tis-

HadCM3 model, SPES A2a scenario 
2030-2039

4

PCM-PCM model, SRES A2a scenario 
2030-2039

sue. Corals can survive th is  c o n d itio n  fo r  a sho rt t im e  and 
even take up  th e ir  sym b ion ts  i f  the stresses subside. However, 
i f  the stresses persist, the corals w i l l  die. O ne w e ll do cum e n t
ed cause o f  b leach ing is increase o f  sea surface tem peratures 
(SSTs). A  p ro longed  rise  in  SST d u r in g  the ho ttes t m on th s  o f  
the year by as li t t le  as i°C  above the  usua l m o n th ly  average 
can re su lt in  a b leach ing  event (G lynn , 1996). T he  f irs t  m a jo r

2050-2059

2050-2059

Coral reef thermal stress

» o O
0.1 - 0,3 0.3 - 0.7 0-7 - 1.0

Frequency that annual degree heating month >1

Figure 9. Projected areas of above normal sea temperature where coral bleaching is likely to occur for the SRES A2 scenario by two
diffe rent m odels, the PCM (i.7°C increase in 100 years) and the HadCM3 (3°C increase in 100 years) by ca. 2035 (a) and by 2055 (b). 
Both m odels pro ject severe annual bleaching in m ore than 80%  o f  the W orlds coral reefs by 2080 (Donner et al., 2005).
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globa l b leach ing  event was recorded in  1998. Since then, sev
era l reg iona l and local events occured, such as in  the  C arib 
bean in  2005 (W ilk inson , C. and Souter, D., 20 08 ). B leach ing 
affects the m a jo r ity  o f  the tro p ica l reefs a round  the W orld , 
w ith  a large p ro p o rtio n  dying. The rate o f  recovery is d iffe re n t 
fro m  reg io n  to reg ion , w ith  hea lthy  reefs (i.e. reefs n o t o r on ly  
m a rg in a lly  stressed by o ther pressures) genera lly  recovering

HadCM3 model, SRES A2a scenario 
2030-2039

PCM-PCM model, SRES A2a scenario 
2030-2039

and re -co lon is ing  qu icke r than  reefs in  poor con d ition . Some 
o f  the  la tte r d id  n o t recover at all. The dead cora l skeletons are 
b roken  dow n by wave ac tiv ity  and s torm s in to  cora l rubb le , 
lead ing to a change in  the w ho le  ecosystem fro m  a r ic h  and 
diverse cora l re e f in to  a m u c h  m ore  im pove rished  c o m m u n ity  
dom ina ted  by algae.

2050-2059

2050-2059

Climate scenarios

-1 1 - 2  2 - 3  3 - 4  4 - 3  5 -

Annual degree heating months

Figure io . The impacts o f coral reefs from rising sea temperatures. W hen coral reefs becom e heat-exposed they die, leaving the 
w h ite  dead coral, also known as bleaching. W ith  even m oderate po llu tio n , the coral are easily overgrown w ith  algae, or broken 
down by wave activ ity  o r s torm s, leaving on ly  ‘coral rubb le ’ on the ocean bed (D onner et al., 2005).
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EXTREME WEATHER AND HURRICANES 
IMPACT COASTS

W ith  g row ing  popu la tion  and in fras truc tu res  the w o rld ’s ex
posure to na tu ra l hazards is inev itab ly  increasing. T h is  is par
tic u la r ly  true  as the strongest popu la tion  g ro w th  is located in  
coastal areas (w ith  greater exposure to floods, cyclones and tida l 
waves). To m ake m atters worse any land re m a in in g  available 
fo r  u rban  g ro w th  is generally risk-p rone , fo r  instance flood 
pla ins o r steep slopes subject to landslides.

The a m o u n t o f  sed im ents and n u trie n ts  in to  the ocean fro m  
rive rs  associated w ith  unsusta inab le  land  uses, as w e ll as 
fro m  s to rm s and sewage, also resu lt in  the  eu tro p h ica tio n  o f  
som e coastal ecosystems and the coverage o f  corals by s ilt  or 
algae, reduced v is ib il ity  and lig h t in  the w ate r co lum n , and 
hence, subsequently  d ra m a tica lly  reduced a b ility  o f  corals to 
recover.

T ro p ic a l c y c lone  f r ^ q u ancy

Averag s number ol cyclones: low modérale higli
(1W0-200p)

Can'tiaw)

North Easi Pacific

Sourh PacificSoufi? Indian Ocean

Nodti
Atlantic

W  rai* rt io less i w i  on» tytKme ï ïe e ÿ a e is p a r O W îd r i.  'm onnaie' 
berkoen ere ovmy Ihrce years le ore evmy yea- per Q.ÛCtë öd1' und nigh Id one 
»  rv t»  cydones per paa/ per 0.002 Th* ufiir ‘0.002 aquafs decrnia? degree 

f t  oqutvrHeni io  »  K irr on iho mii Bor. tfn rfin iim g  os Ifltftu d * pels 
higher.
*  average based on eighi years only. Sources: PREVIEW Global Cyclone Asymmeïnc Windspeed Profite, UfJEP.!GRID-Europe.

Figure 11. Tropical cyclones, or hurricanes or typhoons, are storm weather systems, characterised by a low pressure centre, thunder
storms and high windspeeds. As the name testifies, these occur in the tropical areas. Cyclones can, after they have formed in the oceans, 
move in over populated areas, creating much damage and even natural disasters. They erode beaches and destroy coral reefs, and loss 
o f  natural flood-buffers like mangroves due to coastal development increases damage further.
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Figure 12. The number of reported ex
treme climatic based disasters is increas
ing dramatically worldwide (IPCC, 2006).
W hile part o f  this increase in the num ber 
o f weather related disasters, as claimed 
by some, may be due to better reporting 
mechanisms and com m unication, s im ilar 
increases in reports has not taken place 
in relation to other types o f  disasters like 
the num ber o f  reported earthquakes.

Figure 13. During a period between May 
1994 to September 1995 the profile of 
Coconut Beach dramatically changed as 
a result of storm surges washing away 
the sand. A ris ing sea level in the future, 
com bined w ith  m ore storm s, w ill wash 
away vulnerable beaches. W ith the sand 
gone, the coast is m ore vulnerable to 
waves go ing fu rthe r in land, threatening 
fresh water wells w ith  salin isation, lead
ing to land erosion, and m aking the areas 
less attractive fo r tou rism . When a beach 
starts to deteriorate, the process can be 
am azingly quick. It is very likely tha t the 
20th century w arm ing has contribu ted 
s ignificantly to the observed rise in glob
al average sea level and the increase in 
ocean heat content. W arm ing drives sea 
level rise through therm al expansion o f 
seawater and w idespread loss o f  land- 
based ice. Based on tide gauge records, 
after correcting fo r land m ovem ents, the 
average annual rise was between 1 and 2 
mm  during  the 20th century.
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SEA LEVEL RISE

A  s ig n ifica n t sea level rise is one o f  the m a jo r antic ipated con
sequences o f  c lim ate  change (IPCC, 2007; UNEP 2007).

G lobal w a rm in g  fro m  increasing greenhouse gas concentra
tions is a s ig n ifica n t d rive r o f  bo th  con tribu tions  to sea-level 
rise. From  1955 to 1995, ocean the rm a l expansion is estim ated 
to have con tribu ted about 0 .4  m m  per year to sea level rise, less 
than 25 per cent o f  the observed rise over the same period. For 
the 1993 to 2003 decade, fo r w h ich  the best data are available, 
the rm a l expansion is estim ated to be s ig n ifica n tly  larger, at about 
1.6 m m  per year fo r  the upper 750 m  o f  the ocean alone, about 
50 per cent o f  the observed sea level rise o f  3.1 m m  per year. 
Scientists estim ate the m e ltin g  o f  glaciers and ice caps (exclud
in g  the glaciers covering G reenland and Antarctica) con tribu ted 
to sea level rise by about 0.3 m m  per year fro m  1961 to 1990 
increasing to about 0 .8 m m  per year fro m  20 01 -200 4 .

Even fo r  today’s socio-econom ic cond itions, bo th  reg iona lly  
and globally, large num bers o f  people and s ig n ifica n t econom ic 
activ ity  are exposed to an increase and acceleration o f  sea level 
rise. The densely populated megadeltas such as those o f  Gan- 
ges-Brahm aputra, M ekong and N ile  are especially vu lnerable to 
sea level rise. Some 75 per cent o f  the popu la tion  affected live 
on the A sian megadeltas and deltas, w ith  a large p ro p o rtio n  o f  
the rem a ind er liv in g  on deltas in  A frica . G lobally, at least 150 
m il l io n  people live w ith in  1 m etre  o f  h ig h  tide  level, and 250 
m il l io n  live w ith in  5 m etres o f  h ig h  tide  (UNEP, 2007).

Figure 14. The projected and observed sea level rise. Observed 
sea level rise is currently larger than tha t projected by current 
c lim ate m odels. The bar to the left also shows the con tribu tion  
o f  d iffe ren t factors to sea level rise, the tw o m ost im p o rtan t be
ing a) therm al expansion o f  ocean waters as they w arm , and b) 
increase in the ocean mass, p rinc ipa lly  from  land-based sourc
es o f  ice (glaciers and ice caps, and the ice sheets o fG reen land 
and Antarctica).
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What Causes the Sea Level to Change?
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The A l scenario family describes a lulure of rapid ecor-omic 
growlh. a global population that peaks in Ihe middle ol "he 21st 
century and then declines, and the rapid introduction ol new and 
mote efficient technologies. The major underlying themes are 
Convergence among regions, capaOtty-building, and increased 
cultural and social1 interaction, with a substantia] reduction in regional 
differences in per capita incomes. The Aí scenario lam il y develops 
nlo ihree groups with alternative directions of technological change 
accord rig to I heir energy sy slems: fossii intensive (A1R), rofi-iossii 
energy sources {A1T}, or a balance of bote (Al B}

Saurii; David Gn«s. h  Ousts O sn js HWJ Synmfrue repon. Conhbuiian of workng syoupe I, I 
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Figure 15. How sea level rise will happen. Expansion o f  the ocean and m elting o f  land ice are two o f  the largest contribu ting 
factors to sea level rise.
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Figure 16. Land area, number o f people impacted and projected economic losses from a i metre uniform sea level rise in 
different regions (A n th o ff et a l., 2006; UNEP, 2007).
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OCEAN ACIDIFICATION

The oceans act as a na tu ra l reservo ir fo r  C0 2. The dissolved 
C0 2 reacts w ith  the seawater to fo rm  hydrogen ions. The u p 
take o f  an thropogen ic  carbon since 1750 has led to the ocean 
becom ing m ore  acidic, w ith  an average decrease in  p H  o f  0.1 
un its . However, the effects o f  observed ocean ac id ifica tion  on 
the m arine  b iosphere are yet m os tly  undocum en ted. Progres
sive ac id ifica tion  o f  the oceans due to increas ing a tm ospheric  
carbon dioxide is expected to reduce b ioca lc ifica tion  o f  the 
shells, bones and skeletons m ost m a rine  organ ism s possess. 
T hou gh  the lim ite d  n u m b e r o f  studies available m akes i t  d if
f ic u lt  to assess confidence levels, po ten tia lly  severe ecological 
changes w o u ld  resu lt fro m  ocean ac id ifica tion , especially fo r 
corals bo th  in  trop ica l and cold water, and m ay in flue nce  m a
rin e  food chains fro m  carbonate-based p la n k to n  up  to h igh e r 
troph ic  levels.

The oceans are natura lly  alkaline, w ith  an average p H  o f  around 
8.2, a lthough th is  can vary up to 0.3 un its  depending on location 
and season. A tm ospheric carbon dioxide dissolves natura lly  in  
the ocean, fo rm in g  carbonic acid (H 2C0 3), a weak acid. The hy
drogen ions released fro m  th is  acid lower the pH . These reactions 
are part o f  a natura l bu ffe r system, b u t recent studies have shown 
that the huge am ounts o f  C0 2 created by b u rn ing  fossil fuels are 
over-stretching the rate by w h ich  the natura l process can neu
tralise th is acidity. The p H  o f  the oceans has decreased 0.1 u n it 
compared to pre-industria l levels, w h ich  equals an increase o f  30 
per cent in  hydrogen ions. W h ile  records show that the p H  o f  the 
seas can vary s ligh tly  over tim e  and in  certain areas, the con tin 
ued increases in  atm ospheric C0 2 are expected to a lter ocean pH  
values w ith in  a very short tim e  -  an effect greater than any experi
enced in  the past 300 m illio n  years (Caldeira et a l,  2003).
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Figure 17. Atmospheric concentration of C0 2 is steadily rising, 
and oceans directly assimilate C0 2. As ocean concentration o f 
C0 2 increases, the oceans autom atically become more acidic. 
This, in turn, may have severe impacts on coral reefs and other 
biocalcifying organisms. There is little  debate on the effect as 
this is a straight-forward chemical process, but the im plications 
for marine life, tha t may be severe due to many very pH-sensi- 
tive relationships in marine ecosystems, are still unknown.
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M ore parts o f  the oceans w i l l  become undersatura ted w ith  cal
c iu m  carbonate, even m ost o r a ll surface waters in  the po lar 
regions. A ll m a rine  organ ism s w h ich  need carbonate to b u ild  
th e ir  calcareous skeletons and shells, such as corals, seashells, 
crabs and crayfish, starfish  and sea u rch ins , cou ld  be affected. 
Even single-celled, p lan k to n ic  organ ism s w ith  calcareous shells 
(e.g. coccolithospores, certa in  fo ra m in ife ra  etc.), w h ich  fo rm  
the basis o f  m any m arine  food chains, m ay be affected.

T he  im pacts  o f  ocean a c id if ic a tio n  are p o te n tia lly  w id e 
spread and devastating, and m ay change m a rin e  li fe  as we 
k n o w  it. The f irs t  effects w i l l  be fe lt  in  deeper waters and 
the po la r reg ions. I t  is  expected th a t by 2100, a ro un d  75% 
o f  a ll co ld-w ater corals w i l l  live  in  ca lc iu m  carbonate u n d e r
satura ted waters. A n y  pa rt o f  th e ir  ske le ton exposed to these 
waters w i l l  be corroded. Dead cora l fragm e n ts , im p o rta n t fo r 
the  se ttle m e n t o f  co ra l larvae e.g. to re-co lon ise  a re e f a fte r a 
b leach ing  event, w i l l  be dissolved. The base o f  the reefs w i l l  
be weakened and even tua lly  collapse. Even those o rgan ism s 
w h ic h  m ig h t  be able to cope w ith  the undersa tu ra ted  c o n d i
tio n s  w i l l  have to spent m o re  energy in  secre ting  th e ir  shells 
and skeletons, w h ic h  m akes th e m  m ore  vu lne rab le  to o ther 
stresses and pressures.

Tropical areas w i l l  rem a in  saturated, b u t experience a severe 
fa ll fro m  the op tim a l aragonite (a metastable fo rm  o f  ca lc ium  
carbonate used by corals) concentra tions in  p re -ind us tria l tim es 
to m a rg ina l concentra tions predicted fo r 2100. T h is  w i l l  add to 
the already increasing stresses fro m  r is in g  sea tem peratures, 
over-fish ing and p o llu tion .

Ocean ac id ifica tion  m ay have severe im pacts on scleractin ian 
cold-water and deep-sea corals (Royal Society 2005; G uino tte  et 
a l  20 06 ; Turley et a l,  2007). P rojections suggest tha t South
e rn  Ocean surface waters w i l l  beg in  to become undersaturated 
w ith  respect to aragonite by the year 2050 (O rr et a l,  2005). By 
2100, th is  undersa tu ra tion  cou ld extend th ro u g h o u t the en tire  
Southern Ocean and in to  the subarctic Pacific Ocean. Studies 
have suggested tha t cond itions  d e trim en ta l to h igh -la titude  
ecosystems cou ld develop w ith in  decades, n o t centuries as sug
gested previously (O rr et a l ,  2005).
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Figure 18. As carbon concentrations in the atmosphere increase, so do concentrations in the ocean, with resultant acidification as a 
natural chemical process. The skeletons o f  coldwater coral reefs may dissolve, perhaps already w ith in  a few decades. The im pacts 
w ill be greatest at high latitudes.
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INCREASING SEA TEMPERATURES ALREADY 
CAUSE CHANGES IN DISTRIBUTION OF 
MARINE LIFE

There is increasing evidence fro m  a num ber o f  regions in  the w orld  
o f  a poleward m ovem ent o f  w arm er water species o f  plankton, 
fish, benthic and in te rtida l organisms in  the last 50 years. These 
biogeographic changes have been observed in  bo th the northern  
and southern hemispheres (e.g. NE A tlantic, Tasman Sea, China 
Sea, Bering Sea). The clearest evidence o f  the changes has been 
obtained by the Continuous Plankton Recorder (CPR) survey in  
the Northeast Atlantic. Here, w arm er water copepod species (crus
taceans) moved northwards by i o “ o f  la titude (~ io o o  km ) w ith in  
40  years up to 1999, a pattern that has continued since.

Species tha t are representative o f  A rc tic  and cold tem perate wa
ters have shown a s im ila r m ovem ent, re trea ting  to the no rth . 
O ther studies have shown an increase in  the n o rth e rly  range o f  
a n u m b e r o f  w a rm  tem perate and sub trop ica l f ish  species w ith  
evidence fo r  d ispers ion along the con tine n ta l slope to the west

o f  Europe and in  some cases estab lishm ent o f  breed ing popu la
tions o f  species such as red m u lle t, anchovies and sardines in  
the N o rth  Sea, m u ch  fu rth e r n o rth  than  ever recorded before.

In  the case o f  the Northeast A tlan tic  the changes are clearly 
lin ke d  to r is in g  sea tem peratures and are corre lated w ith  N o rth 
ern  H em isphere  tem pera ture  and the N o rth  A tlan tic  O scilla
t io n  (NAO), the do m in a n t m ode o f  a tm ospheric  va ria b ility  in  
the N o rth  A tlan tic . These corre la tions suggest tha t the changes 
m ay be a response at an ocean basin scale to w hat m ay be a 
global signal. The changes observed so fa r in  the N o rth  Sea 
have taken place w ith  a tem perature  increase o f  on ly  about 
o.5°C. Tem peratures are expected to con tinue  to increase, w ith  
a possible annua l average increase o f  6°C n o rth  o f  the la titude 
o f  Scotland by 2100 w h ich , i f  i t  occurs, w i l l  lead to a fu r th e r 
po leward m ovem ent o f  m a rine  organism s.

2000-20021958-1981 1982-1999

n r«

Figure 19. With melting sea ice and warming of the oceans, marine species change their distributions, affecting entire food chains 
and ocean productivity. In 2005 the subtropical d inoflagellate C eratium  hexacanthum  was found in CPR samples from  the N orth  Sea 
at levels tha t were 6 standard deviations above previous m easurem ents since 1958. Further evidence o f  th is w arn ing signal is seen in 
the appearance o f  a Pacific p lankton ic p lant (a d iatom  N eodenticu la  seminae) in the N orthw est A tlan tic  fo r the firs t tim e  in 800 ,000  
years, by transfer across the top  o f  Canada due to the rapid m elting  o f  A rctic ice in 1998.
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SLOWING DOWN OF THERMOHALINE 
CIRCULATION AND CONTINENTAL MARGIN 
DENSE-WATER EXCHANGE MECHANISMS
A  f if th  very serious im pact o f  c lim ate change m ay be on ocean 
circu la tion. Palaeo-analogues and m odel s im u la tions show 
that the M erid iona l O vertu rn ing  C ircu la tion  (MOC) can react 
abrup tly  and w ith  a hysteresis response, once a certain fo rc ing  
threshold is crossed. D iscussion on the probab ility  o f  the forc

in g  thresholds being crossed d u rin g  th is  century lead to d iffe rent 
conclusions depending on the k in d  o f  m odel o r analysis (Atmo- 
sphere-Ocean General C ircu la tion  Models, Earth system m odels 
o f  in term ediate com plexity or expert e lic itations) being used. Po
ten tia l im pacts associated w ith  M O C changes w ith in  the m arine

Pacific
Ocean

Atlantic
Ocean

Shallow 
warm current

Heat 
release 
to air Deep diirrent 

cold and saline

Figure 20. The Meridional Overturning Circulation plays a crucial role for life in the oceans. I f  th is ocean conveyor belt slows down or 
changes as a resu lt o f  m elting  ice and increasing ocean tem peratures, the im pacts on m arine life may become severe.
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env ironm en t inc lude changes in  m arine  ecosystem productivity, 
oceanic C0 2 uptake, oceanic oxygen concentrations and shifts 
in  fisheries. Adaptation to M OC-related im pacts is very like ly  
to be d iff ic u lt i f  the im pacts occur ab rup tly  (e.g., on a decadal 
time-scale). Overall, there is h ig h  confidence in  predictions o f  a 
M O C slowdown du ring  the 21st century, bu t low  confidence in  
the scale o f  c lim ate change tha t w ou ld  cause an abrupt trans ition  
o r the associated impacts. However, there is h ig h  confidence that 
the like lihood  o f  large-scale and persistent M O C responses in 
creases w ith  the extent and rate o f  anthropogenic forcing.

Dense s h e lf w ater cascading is a type o f  m a rine  cu rre n t driven 
exclusively by seawater density contrast. The cascading p ro 
cess is n o rm a lly  seasonal and triggered by the fo rm a tio n , on 
the shelf, o f  dense w ate r by coo ling  a n d /o r evaporation and its 
s in k in g  dow n slope towards deeper offshore areas.

There are a n u m b e r o f  places around the w o rld  w here dense 
w ater masses flo w  ‘over the edge’ o f  the con tinen ta l s h e lf in to

the deep sea, o ften us ing  and carving subm arine  canyons. T h is  
m a rg in  exchange process provides an essential link /exchange 
between sha llow  and deep waters and involves w ater and con
siderable particu la te and dissolved loads, especially w hen oper
a ting  in  a ‘f lu s h in g ’ pattern.

Due to th e ir  p ro x im ity  to land areas, con tinen ta l shelves are the 
locus o f  in p u t, trans it and accum ula tion  o f  land bo rn  pa rticu 
late substances, in c lu d in g  po llu tants . Dense s h e lf w a te r cascad
in g  transports these particu la te  substances fo r  recycling in to  
the deep sea. A n y  fu tu re  c lim ate  change driven  alterations in  
the tem perature  reg im e o f  the oceans, such as the predicted in 
crease in  the h o rizo n ta l layering (‘s tra tig raphy’) o f  w ater mass
es, w i l l  have a s ig n ifica n t im pact in  the frequency and in te ns ity  
o f  cascading events, and thereby on the biogeochem ical bu d 
gets o f  sha llow  waters and the ven tila tion  o f  deep w ater areas.

Scientists w o rk in g  u n d e r the large deep-sea research p ro jec t 
HER M ES (H o tspo t Ecosystem Research on the M arg ins  o f  Eu-
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Figure 2i. Coastal regions in the World where dense shelf water cascading ‘flushing’ has been observed. Knowledge 
and m apping o f  these processes is still scarce due to uneven research effort. The m ap shows sites w ith  known dense 
she lfw a te r cascading phenomena, which often may involve the ‘f lush ing ’ effect (Ivanov et al., 2004; Durrieu e ta !., 2005; 
Heussner et al, 2006). It is m ost likely tha t th is phenom enon is also active o f f  the coast o f  Alaska, Chile, A rgentina and 
West and southern Africa and in parts o f  the Indian Ocean. Dense she lfw a te r cascading is highly sensitive to increases 
in tem perature, and hence, c lim ate change. Data from  Canals et al. (2006).
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ropean Seas) -  o f  w h ic h  UNEP is a pa rtne r -  docum ented, three 
years ago, the occurrence and effects o f  a dense s h e lf w a te r cas
cading ph enom enon in  the G u lf  o f  L ions (N orth -w este rn  M ed ite r
ranean) (Canals et a l,  20 0 6 ). The a m o un t o f  w a te r transported  in  
4 m on th s  fro m  the G u lf  o f  L ions to the deep W estern M ed ite r
ranean, via the Cap de Creus canyon, equalled a round 12 years o f  
the w ate r in p u t fro m  the r iv e r Rhone, o r 2 years o f  in p u t fro m  
a ll r ive rs d ra in in g  in to  the M ed iterranean. H o w  th is  dense s h e lf 
w ater cascading in  the G u lf  o f  Lions affects the p o pu la tio n  o f  the 
deep-sea s h rim p  Aristeus antennatus (m arketed as ‘crevette rouge ’) 
was on ly  recently  discovered (Com pany et a l ,  2008 ). In it ia lly , the 
strong curren ts  (up to 80  cen tim etres per second) associated w ith  
in tense cascading events displace s h rim p  popu la tions  fro m  the 
n o rm a l fis h in g  grounds, p ro du c ing  a tem po ra ry  fishe ry  collapse. 
However, despite th is  in it ia l negative effect, the food (particula te 
m atter) p rov ided by the curren ts  soon leads to a large increase in  
re c ru itm e n t and juven iles  o f  th is  h ig h ly  valuable species. T h is  m it 

igates overexp lo ita tion , and resu lts in  p le n tifu l land ings 
o f  large, ad u lt deep-sea s h rim p  between 3 and 5 years after 
m a jo r cascading events.

A  decrease o f  w in te r deep w ate r fo rm a tio n  in  the G u lf  o f  
Lions is expected to occur d u rin g  the tw en ty -firs t cen tu ry  
accord ing to m o d e llin g  resu lts us in g  the IPCC-A2 scenar
io w h ic h  cou ld  obviously  decrease the frequency and in 
tens ity  o f  dense s h e lf w a te r cascading events. W ith o u t th is  
regenerative m echan ism , fishe ry  pressure cou ld  qu ick ly  
deplete the stocks o f  Aristeus antennatus and o ther va lu
able deep-sea liv in g  resources in  the area. I f  the pred icted 
red uc tio n  o f  deep w ate r fo rm a tio n  in  h ig h  la titudes as in  
the N ord ic  and A rc tic  reg ions (G regory et a l ,  2 0 0 6 ) w o u ld  
a ffect the frequency o f  dense s h e lf w a te r cascading in  the 
m arg ins  o f  the po la r reg ions, the im pacts on the biogeo
che m is try  o f  the g loba l ocean cou ld  be considerable.

Control 1961-1999 Control 2070-2099 Scenario 2070-2099
strong

.v e rt ic a l
-gra d ie n t

w e a k
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Figure 22. Climate change models (B, C1-3) predict that the flow of dense shelfwater (DSW) into the deep sea (A) will decrease in the 
next t o o  years. (A: Courtesy o f  GRC M arine Geosciences-University o f  Barcelona, CEFREM-CNRS/University o f  Perpignan, and I CM 
Barcelona-CSIC; B,C: Based on S om ot et al, 2006.)
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MARINE POLLUTION AND COASTAL 
DEVELOPMENT

A  m a jo r th rea t beyond overexp lo ita tion o f  fisheries and phys i
cal destruction  o f  m a rine  coastal habitats by unsusta inable fis h 
in g  practices is undoub ted ly  the strong increase in  destruction  
o f  coastal habitats (Lotze et al., 20 06 ) by coastal developm ent 
and discharge o f  un treated sewage in to  the near-shore waters, 
resu ltin g  in  enorm ous am ounts o f  nu trie n ts  spreading in to  
the sea and coastal zones (Burke et a l,  2002 ; W ilk in so n , 2002 ; 
B row n et al., 20 06 ; UNEP, 2006 ).

A ro u n d  6 0 %  o f  the waste w a te r d ischarged in to  the  Caspian 
Sea is un treated , in  La tin  A m erica  and the Caribbean the f ig 
u re  is close to 80% , and in  large parts o f  A fr ic a  and the Indo- 
Pacific the  p ro p o rtio n  is as h ig h  as 8 0 -9 0 %  (UNEP, 2 0 0 6 ). 
A n  estim ated US$ 56 b i l l io n  is needed a n n u a lly  to address 
th is  eno rm ous waste w a te r p rob lem . However, the costs to 
cora l reefs, to u ris m  and losses in  fishe ries  and h u m a n  hea lth  
risks  m ay be fa r m ore  expensive. Waste w a te r tre a tm e n t is 
also one o f  the areas w here  least progress is be ing  made 
globally. M any m a rin e  species, in c lu d in g  co ld-w ater corals 
lik e  Lophelia  sp., are h ig h ly  sensitive to tem pe ra tu re  chang
es and d issolved oxygen, m a k in g  th e m  h ig h ly  vu lne rab le  to 
c lim a te  change and p o llu t io n  (Dodds et al., 2007 ). T h is , in  
tu rn , m akes th e m  vu lne rab le  to diseases (H a ll-Spencer et al., 
2007). The po o r m anagem en t o f  sewage n o t on ly  presents a 
d ire  th rea t to he a lth  and ecosystems services, i t  m ay also in 
crease poverty, m a ln u tr it io n  and in s e c u rity  fo r  over a b i l l io n  
people (UNEP, 2 0 0 6 ).

M a rine  p o llu t io n  inc ludes a range o f  threats in c lu d in g  fro m  
land-based sources, o il sp ills , un trea ted sewage, heavy silt- 
a tion , eu tro ph ica tio n  (n u tr ie n t en rich m e n t), invasive species, 
pe rs is ten t organ ic po llu tan ts  (POP’s), heavy m etals fro m  m in e  
ta iling s  and o ther sources, ac id ifica tion , rad ioactive substanc
es, m a rine  litte r, ove rfish ing  and des truc tion  o f  coastal and 
m arine  habita ts (M cCook 1999 , N ys tröm  et a l 2 0 0 0 , Bellwood 
et al. 2004 ). O verall, good progress has been m ade on reduc
in g  pe rs is ten t organ ic po llu tan ts  (POPs), w ith  the exception o f
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Figure 23. Infrastructure development, intensive agricultural expansion, urbanisation and coastal development are increasing the 
flow o f sediments and sewage into the ocean. The situa tion is m ost severe around Europe, the East coast o f  the United States, East 
o f  China and in Southeast Asia. These are also prim ary fish ing grounds.
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t he A rc tic . O il in p u ts  and sp ills  to the Seas has been reduced 
by 63% com pared to the m id -1980s. O il releases fro m  tanker 
accidents have gone dow n by 75%, fro m  tanker operations by 
90 %  and fro m  in d u s tr ia l discharges by some 90% , a resu lt 
pa rtia lly  ob tained th ro u g h  the s h ift  to doub le -hu lled  tankers 
(UNEP, 2 0 0 6 ; B row n et al., 2 0 0 6 ). Progress on reduc ing  
em iss ions o f  heavy m etals is reported in  some regions, w h ile  
increased em iss ions are observed in  others, in c lu d in g  fro m  
e lectron ic  waste and m in e  ta iling s  in  Southeast Asia. Sedi
m en ta tio n  has decreased in  som e areas due to reduced rive r 
flow s as a resu lt o f  te rres tr ia l overuse fo r  a g ricu ltu ra l ir r ig a 
tio n , w h ile  increas ing  in  o ther reg ions as a resu lt o f  coastal de
ve lopm ent and watershed deforestation as w e ll as declines in  
m angroves (Burke et al., 2002 ; M cC u llo ch  et al., 2003; B row n 
et al., 2 0 0 6 ; UNEP, 20 06 ).

Together w ith  agricu ltura l ru n -o ff to the sea or in to  m a jo r rivers 
and eventually in to  the ocean, n itrogen (m ain ly n itra te  and am 
m on ium ) exports to the m arine environm ent are projected to 
increase at least 14% globally by 2030 (UNEP, 2006). In  South
east Asia m ore than 6 0 0 ,0 0 0  tons o f  n itrogen are discharged an
nua lly  fro m  the m a jo r rivers. These num bers m ay become fu r
the r exacerbated as coastal population densities are projected to 
increase fro m  77 peop le/km 2 to 115 people per k m 2 in  2025. In  
Southeast Asia, the num bers are m uch  h igher and the situation 
m ore severe. Wetlands and mangroves are also declin ing rapidly, 
typically by 5 0 -9 0 %  in  m ost regions in  the past 4 decades (UNEP,
2006). This, in  tu rn , w il l severely exacerbate the effects o f  extreme 
weather, the ab ility  o f  coral reefs to resist and recover fro m  climate 
change and reduce the productiv ity o f  coastal ecosystems w h ich  
supply livelihoods and basic food to the impoverished.
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Figure 24. Sewage treatment is low or absent in many parts of the World, leading to eutrophication of the coastal 
zone, (toxic) algae blooms and dramatically reduce the ability o f coral to recover from bleaching events dramatically.
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major industrial and agricultural centers.



IMPACT OF UNSUSTAINABLE FISHING  
PRACTICES ON SEA BED AND OCEAN 
PRODUCTIVITY
Fishery resources, the harvest o f  the oceans, are concentrated 
in  m a rine  areas where the en v ironm en ta l cond itions support 
a h ig h  productiv ity. Such areas are fo u n d  in  coastal waters as 
w e ll as in  deeper waters on the con tinen ta l shelves and around 
seam ounts (Roberts et a l,  2 0 0 6 ; Garcia et a l,  2007).

The severe decline o f  stocks in  m any tra d itio n a l coastal fis h 
in g  grounds has given rise to an increase in  regulations. Th is , 
in  tu rn , has in te ns ified  the search fo r  new  and less con tro lled  
fis h  stocks and fis h in g  grounds. M odern  technology, such as 
rem ote sensing, sonar and G lobal Pos ition ing  Systems, to
gether w ith  incentives and subsidies, has b ro ug h t deep-water 
and h ig h  sea areas and habitats w ith  h ig h  p roduction , such as 
con tinen ta l slopes, seam ounts, cold-water coral reefs, deep-sea 
sponge fie lds, in to  the reach o f  fis h in g  fleets try in g  to exp lo it 
the last refuges fo r  com m erc ia l fis h  species. F ish ing  vessels are 
now  opera ting at depths greater than 4 0 0  m etres, som etim es 
as great as 1,500 to 2 ,0 0 0  m etres (M orato et a l,  2006a). New 
species are be ing targeted, o ften w ith  great success and large 
catches in  the f irs t 2-3 years.

However, th is success is in  m ost cases on ly short-lived, and fo l
lowed quickly by a complete collapse o f  stocks (‘boom  and bust’ 
cycle). Especially seamounts w ith  the ir un ique and often endemic 
fauna are particularly vulnerable to traw ling  (Koslow et a l,  2001; 
Morato et a l,  2006b). The reason fo r th is  is the special life  history 
o f  m any deep-water organisms, inc lud ing  fish  species o f  com 
m ercia l interest. U n like  the ir counterparts w h ich  are adapted to 
live in  the m uch m ore variable and dynam ic shallow waters sys
tems, deep sea fish  species are characterised by low  reproduction 
and fecundity, long life , and reach m a tu rity  at a late stage. Orange 
roughy, one o f  the species often targeted by deep-water and sea
m ou n t fisheries, m atures fro m  20 to 30 years o f  age. Ind ividuals 
can live to m ore than 200  years o f  age, w h ich  means that a fish  
ending up on a d inner plate could have hatched at the tim e  o f 
Napoleon Bonaparte. These traits render deep-water fish  stocks 
h igh ly  vulnerable to overfishing w ith  little  resilience to over-exploi- 
tation (Morato et a l,  2006b; Cheung et al, 2007). W ith  very few  ex
ceptions, and especially w ith ou t proper contro l and m anagement, 
deep-sea fisheries cannot be considered as a replacement fo r de
c lin ing  resources in  shallower waters (Morato et a l,  2006a).
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A m o n g  the  m os t destructive f is h in g  m ethods in  the W orld  
is b o tto m  tra w lin g  (T h rush  and Dayton, 2002 ; Pusceddu et 
al., 2005; T i l l in  et al., 2 0 0 6 ; de Juan et al., 2007 , H ix o n  et al.,
2007). Large nets, kep t open and w e igh ted  dow n by heavy 
‘doors’ and m e ta l ro lle rs , are dragged by a tra w le r across the 
sea bed. T h is  v ir tu a lly  p low s and levels the seafloor, p ic k in g  
up  fis h  and sh rim p s  b u t also catch ing , c ru sh in g  and destroy
in g  o ther m a rin e  life .

The N o rth  Sea and G rand  Banks have been m a jo r sites o f  
b o tto m  tra w lin g , w ith  som e tra d itio n a l and easily accessible 
areas be ing  traw led  m u lt ip le  tim es  pe r year. Indeed, land ings  
data co lla ted fo r  rou nd - and fla tf is h  caugh t in  the n o rth e rn , 
cen tra l and sou the rn  N o rth  Sea fro m  1906 to 2 0 0 0  as p rox
ies fo r  to ta l o tte r and beam  tra w l e ffo rt, respectively, ind ica te  
tha t the sou the rn  and m u c h  o f  the cen tra l N o rth  Sea were 
fished  in te n s ive ly  th ro u g h o u t the 2 0 th  century, w h ils t  the 
n o rth e rn  N o rth  Sea was less exp lo ited , especia lly in  ea rlie r 
decades. The fishe ries  e ffo rts  in te n s ifie d  m a rke d ly  f ro m  the 
1960s onwards. B iogeograph ica l changes fro m  the b e g in n in g

to the  end o f  the  cen tu ry  occurred in  27 o f  48  taxa. In  14 taxa, 
spatia l presence was reduced by 50%  or m ore , m os t no tab ly  
in  the sou the rn  and cen tra l N o rth  Sea; o ften  these were long- 
lived, s low -g row ing  species w ith  vu lne rab le  shells o r tests. By 
con trast, 12 taxa doub led th e ir  spatia l presence th ro u g h o u t 
the N o rth  Sea. M ost b iogeograph ica l changes had happened 
by the 1980s. G iven th a t o ther im p o rta n t en v iro n m e n ta l 
changes, in c lu d in g  e u tro p h ica tio n  and c lim a te  change, have 
ga ined im p o rtan ce  m a in ly  fro m  the 1980s onwards, the s tudy 
concluded tha t the changes in  ep ibenthos observed since the 
b e g in n in g  o f  the  2 0 th  cen tu ry  have resu lted  p r im a r ily  fro m  
in te n s ifie d  fishe ries  (Callaway et al., 2007). W hereas tra w lin g  
in  sha llow  coastal waters is o ften  carried  o u t by sm a lle r ves
sels, deep-water and h ig h  sea b o tto m  tra w lin g  requ ires  large 
and p o w e rfu l ships. Such fleets are m o s tly  based in  in d u s tr i
a lised coun tries , b u t f is h  in te n s ive ly  and fo r  m on th s  at a t im e  
across the  W o rld ’s oceans. O ften  these d is ta n t w a te r f is h in g  
fleets are fue lle d  and kep t a floa t (lite ra lly ) by subsid ies and 
incen tives, w ith o u t w h ic h  th e ir  opera tion  w o u ld  ha rd ly  be 
econom ica lly  viable.
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A  decade ago, there  was s t il l m u c h  debate on the im pacts on 
bo tto m  tra w lin g , as sum m a rized  in  several reviews in c lu d in g  
those by the FAO. Today, there  is a m u c h  la rge r g ro w in g  body 
o f  e m p ir ic a l evidence, a long w ith  im p roved  m odels, tha t doc
u m e n t severe im p a c t o f  tra w lin g  w o rld w id e  (H id d in k  et al., 
2 0 06 a , b, c; H id d in k  et al., 2 0 0 6 ; 2007 ; Callaway et al., 2007; 
Davies et al., 2007 ; G ray et al., 2 0 0 6 ; T i l l in  et al., 2 0 0 6 ). T h is  
inc ludes, b u t is n o t l im ite d  to, C h ina  (Yu et al., 2007 ); the 
N o rth  A tla n tic  reg io n  (T ill in  et al., 2 0 0 6 ; Callaway et al., 2007; 
Eastwood et al., 2007 ; K ens ing ton  et al., 2007 ; L iw uete et ai., 
2007 ; W a lle r et ai., 2007); the W adden Sea (Buhs and Reise, 
1997; Lotze, 2005); the M ed ite rranean  (Coli et aí., 2007); the 
Caribbean (Garcia et ai., 2007); the East and W estern  Pacific 
(P itcher et ai., 2 0 0 0 ; H ix o n  and T issot, 2007 ; Fergusson et ai.,
20 08 ); and the South A tla n tic  (Keunecke et ai., 2007). Several 
o f  these studies have reported reduc tions  in  taxa a n d /o r abun
dance in  the  range o f  2 0 -8 0 %  fo llo w in g  years o f  in tens ive  
tra w lin g  (com pared to p ris tin e  a n d /o r h is to r ic  data). T h is  is 
especially so fo r  dem ersals and be n th ic  fauna, w ith  reduc tions  
reported  up  to 80%  on fis h in g  g rounds. The damage exceeds 
over h a lf  o f  the sea bed area o f  m any fis h in g  grounds, and is 
w o rs t in  in n e r  and m id d le  parts o f  the co n tin e n ta l shelves, 
severly a ffec ting  in  p a rtic u la r sm all-scale coastal f is h in g  com - 
m u n ite s  (D cruz et al., 1994; L iquete et al., 2007). U n lik e  th e ir  
sha llow  w a te r counterparts , deep sea c o m m u n itie s  recover 
slowly, over decades. Indeed, the im p a c t varies w ith  type o f  
traw l, ha b ita t and frequency and in te n s ity  o f  tra w lin g  (Kaiser 
et al., 2 0 0 6 ; Q u ie ros et al., 2 0 0 6 ). T raw ling  at the  scales fre 
qu en tly  observed today accounts fo r  a m a jo r o r even the m ost 
dam ag ing practice in  the fishe ries  indus try . Studies have 
suggested th a t the im pacts o f  tra w lin g  on the seabed equals 
o r exceeds the im p a c t o f  a ll o ther types o f  f is h in g  com b ined  
(Eastwood et al., 2007).

Bycatch is also a m a jo r p rob lem  associated w ith  tra w lin g  (Ku
m a r and Deepthi, 20 06 ). For m any coastal popu lations, large- 
scale, in d u s tr ia l bo ttom  tra w lin g  o f  th e ir  trad iona l fish in g  
grounds (often carried ou t unregu la ted illeg a lly  and unreported  
by d is tan t fis h in g  fleets) ru in s  local fisheries w ith  devastating 
effects on local fishe rm en , in d u s try  and live lihoods. M any o f  
the la rger ships process the fis h  d irec tly  onboard in  enorm ous 
quantities. M ost lik e ly  over one-th ird  o f  the W orld  catch is s im 
p ly  discarded due to inapprop ria te  fis h  sizes, o r s im p ly  due to 
u n in tended  bycatch, pa rticu la rly  as a resu lt o f  bo ttom  traw ling  
(K um ar and Deepth i, 2006 ).
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B ottom  tra w lin g  phys ica lly  im pacts  the seabed and thereby 
som e o f  the m os t produc tive  m a rin e  habita t. M oreover, the 
in te n s ity  o f  the  fisheries  is a c r it ic a l fac to r as i t  m ay take place 
s im u ltan eou s ly  w ith  o the r pressures, in c lu d in g  land-re la ted 
o r c lim a te  change threats. O ver 65% o f  the W o rld ’s seagrass 
co m m u n itie s  have been lo s t by land rec lam ation , e u tro p h i
ca tion , disease and unsusta inab le  f is h in g  practices (Lotze et 
al., 2 0 0 6 ), and nearly  a ll co ld-w ater cora l reefs observed in  
the N o rth  East A tla n tic  show  scars and im pacts  fro m  b o tto m  
tra w lin g .



I t  is im p o rta n t, however, to rea lize th a t m any types o f  f is h in g  
gear o the r tha n  tra w lin g  m ay be severely dam ag ing  as w e ll. 
A  m a jo r cha llenge is the fact th a t very m odest levels o f  tra w l
in g  m ay increase p ro d u c tiv ity  o f  ce rta in  genera, and loca lized 
sm all-scale tra w lin g  practices w i l l  l ik e ly  have lim ite d  im pact. 
M u ch  debate has taken place on fishe ries  and p a rticu la r ly  
b o tto m  tra w lin g , and m any reviews have po in te d  to the  ef
fect th a t the practice som etim es m ay be susta inable in  some 
regions. However, g iven the capacity o f  m os t o f  the w o r ld ’s 
f is h in g  fleet, o f  g ro w in g  p o llu tio n , c lim a te  change and coastal

developm ent, l i t t le  doub t no w  rem a ins  th a t t ra w lin g  practices 
in  very m any places are qu ite  unsusta inab le  (Callaway et al., 
2007 ; Davies et al., 2007).

In  the lig h t o f  the im p ac t w h ic h  bo ttom  tra w lin g  has on the 
m arine  fauna, ecosystems and b iod iversity, m ore  than 1,400 
scientists and m arine  experts have signed a pe tition . In te rn a 
tio n a l po licy  and decision m akers started to address th is  issue 
in  20 03 /4 , and the 58th session o f  the U n ited  Nations General 
A ssem bly considered proposals fo r  a m o ra to r iu m  on bo ttom  
tra w lin g  and called fo r u rg en t consideration o f  ways to in te 
grate and im prove , on a sc ien tific  basis, the m anagem ent o f  
risks to the m arine  b iod ivers ity  o f  seam ounts, cold w ater coral 
reefs and certa in  o ther underw ater features.

However, w ith o u t m a rin e  pro tected areas and app rop ria te  en
fo rcem e n t, especia lly in  the deeper waters and the h ig h  seas, 
these dam ag ing  practices are c o n tin u in g . W ith o u t increased 
reg u la tio n , governance, e n fo rcem e n t and surve illance  on the 
h ig h  seas and on the c o n tin e n ta l shelves in  m an y  reg ions, 
unsus ta inab le  and dam ag ing  f is h in g  practices w i l l  con tinue . 
C u rren tly , the re  is v ir tu a lly  no p ro te c tio n  o f  the vu lne rab le  
m a rin e  ecosystems and b io d iv e rs ity  o ccu rr in g  on c o n tin e n 
ta l shelves. Indeed, in  m os t reg ions, m a rin e  pro tected areas 
(M PAs) are non-ex is ten t, in  others they on ly  a m o u n t to less 
tha n  1% o f  the m a rin e  area. Targets have been set fo r  se tting  
up  M P A  ne tw orks  and system s, however, i t  is  apparen t tha t 
u n d e r the  c u rre n t rate o f  es tab lishm en t, the C B D ’s ta rge t and 
the W PC  (W orld  Park Congress) ta rge t w i l l  n o t be m e t (Wood 
et al. in  press).

Several countries have started some restric tions on bo ttom  
tra w lin g  in  th e ir  na tiona l waters, b u t bo ttom  tra w lin g  in  areas 
beyond na tiona l ju r is d ic tio n  is m ostly  unregula ted. A  few  re
g iona l fisheries m anagem ent organisations, such as the N o rth  
East A tlan tic  Fisheries C om m iss ion  (NEAFC), have (tem porar
ily) closed some h ig h  ris k  areas beyond na tiona l ju r is d ic tio n  
to bo ttom  fis h in g  in  order to pro tect vu lnerable ecosystems. 
However, these measures apply on ly  to m em ber states (i.e. no t 
to fo re ign  fis h in g  fleets) and cannot be p rope rly  con tro lled  and 
enforced, w h ich  seriously weakens th e ir  effectiveness. There 
are now  discussions ongo ing w ith  several bodies in c lu d in g  
the FAO on developing bette r in te rna tiona l gu ide lines fo r  the 
m anagem ent o f  deep-sea fisheries in  the h ig h  seas, b u t u rgen t 
action is needed.
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EXOTIC AND INVASIVE SPECIES 
INFESTATIONS -  THE NEW PIRATES 
OF THE WORLD’S OCEANS

A ll across the planet, the n u m b e r and severity o f  outbreaks 
and in festa tions o f  invasive species (i.e. species pu rpo se fu lly  or 
accidentally in troduced  in  non-native environm ents) is grow 
ing , and invasions o f  m a rine  habitats are now  occu rring  at an 
a la rm in g  rate (Ruiz et al. 1997). Exotic and invasive species have 
been id en tified  by scientists and po licym akers as a m a jo r th rea t 
to m a rine  ecosystems, w ith  dram atic  effects on biod iversity, 
b io log ica l p roductiv ity , hab ita t s tructure  and fisheries (Carlton 
1:999, Lotze et al. 20 06 ). The com bined n u m b e r o f  invasive 
m a rine  p lan t and invertebrates in  Europe and N orth -A m erica  
has increased fro m  some 25 around 1900 to over 175 in  20 00 , 
and is s t ill r is in g , pa rticu la rly  concu rren t w ith  the in te ns ifica 
t io n  o f  f is h in g  and bo ttom  tra w lin g  after 1950.

A lth o u g h  no hab ita t is im m u n e  to invasions (Lodge 1993), some 
habitats are m ore  invaded than  others. T h is  can be expla ined in  
two, n o t m u tu a lly  exclusive, conceptually d iffe re n t ways. The 
f irs t  is tha t the n u m b e r o f  established exotic species is a d i
rect fu n c tio n  o f  the n u m b e r in troduced. Thereby, habitats tha t 
are m ore  in flue nced  by in tro d u c tio n  vectors than  others w i l l  
ha rbou r m ore  exotic species (W illiam son  1996). The second 
exp lanation is tha t some habitats are m ore  read ily  invaded than 
others due to physica l o r b io log ica l factors tha t fac ilita te  o r pre
ven t the success o f  exotic species (E lton 1958). One factor tha t 
m ay con tribu te  to the success o f  exotic species is w hen the re
c ip ie n t ecosystem is heavily destabilized (Verm eij 1991) by h u 
m an  d isturbance (e.g. po llu tio n , ove rfish ing  etc.). In  the Black 
Sea, ove rfish ing  and eu troph ica tion  triggered a troph ic  cascade 
lead ing to a massive b loo m  o f  the invasive com b je lly  (M nem i
opsis leidyi) (Daskalov et al. 2007). In  th is  study the depletion o f

m a rine  predators was detected as the f irs t  ‘reg im e s h ift ’. There 
are several reports fro m  around the w o rld  dem onstra ting  a de
c line  in  the abundance o f  m a rine  predators caused by in tensive 
fis h in g  (traw ling  etc.) (e.g. Stevens et al. 2 0 0 0 , G raham  et al. 
2001), probably resu ltin g  in  habitats tha t are m ore susceptible 
to exotic species.

M ost in tro d u c tio n s  o f  exotic and invasive species resu lt fro m  
anthropogen ic dispersal (Ruiz et al. 1997). The relative im p o r
tance o f  d iffe re n t m echan ism s o f  dispersal varies spatia lly  and 
tem porally, b u t the w o rldw id e  m ovem en t o f  ships seems to be 
the largest single in tro d u c tio n  vector (ballast w ater and ship 
fou lin g ) (Ruiz et al. 1997, Gollasch 20 06 ). Indeed, the patterns 
o f  dispersal are s trong ly  concu rren t w ith  m aj o r sh ipp ing  rou tes, 
w h ile  the estab lishm ent g loba lly  appears to be s trong ly  concur
ren t w ith  in te n s ity  o f  fisheries, bo ttom  traw ling , p o llu tio n  and 
o ther stressors. Hence, w h ile  some species m ay become inva
sive o r exotic species m ay become in festations, i t  is clear tha t 
th is  pa tte rn  is so s trong ly  concurren t w ith  o ther m an-m ade 
pressures to the oceans tha t th e ir  dispersal and estab lishm ent 
as pests appear to be caused by severe m an-m ade d is rup tions  
o f  the m a rine  ecosystems.

I t  m ay be true  tha t exotic and invasive species have n o t caused 
ex tin c tion  o f  na tive m arine  species (Briggs 2007), b u t there 
are examples o f  invasive species to ta lly  chang ing  the re lative 
abundance o f  species w ith in  a c o m m u n ity  (Daskalov et al. 
2007). Thus, the invasions o f  exotic and invasive species to 
m a rine  habita ts becom ing a sub ject o f  g loba l en v iro nm en ta l 
concern seem leg itim a te .
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Figure 27. The locations of major problem areas for invasive species infestations or occurrence of exotic species in the ma
rine environment. The impacted areas are concurrent w ith  the areas subjected to the w orst po llu tion , the m ost intensive 
fisheries and bottom  traw ling, and m ajor sh ipp ing routes.
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Figure 28. The major pathways and origins of invasive or exotic species infestations in the marine environment. These 
patterns are strik ingly concurrent w ith  m ajor sh ipp ing routes.
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THE PRESSURES AND FATE OF 
THE CONTINENTAL SHELVES IS 
BOTH A NATIONAL AND  
INTERNATIONAL RESPONSIBILITY
M arine  fisheries represent a s ign ificant, b u t fin ite , na tu ra l re- cerned. M ost o f  the fisheries o f f  the coast o f  M auritan ia  (Figure 
source fo r  coastal countries. The m a jo rity  o f  the catches in  some 29), fo r  example, are by countries fro m  Europe and Asia (Japan 
offshore areas are n o t p r im a rily  by the coastal countries con- and South Korea are in  th e ‘others’ group). A ccord ing to th is  esti-

MauritaniaMauritania

Thousands of tonnes

■1 Olhers

Ukraine

m Malheríanos

m Senegal

■ Spam

m flussia

n Soviet Union

Mauntama

1950 1955 1960 19B5 1970 1975 I960 19B5 1990 1995 2000
Source: D ownloaded from  Seas A round Us Project (University o f British Colum bia), h ttp ://w w w .seaaroundus.org /T roph lcLeve l/EEZTaxon.aspx?eez=478& fao=34& country= 
M aurltan la& H asno te=1& typeO ut=4& T x=1 (A ccessed January  2006).

Figure 29. Intensity of fisheries off the coast o f Mauritania, West-Africa. W hile the country ’s often im poverished coastal population 
is strong ly dependent on the fisheries, the largest share o f  the fish ing is done by an in ternationa l fish ing fleet.
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Figure 30. Deep waters within and beyond areas of national ju
risdiction in East Africa. The figure dem onstra tes tha t the over
w h e lm ing  m a jo rity  o f  m arine areas under national ju risd ic tio n  in 
East Africa are deeper than 200 metres (dark blue). Areas in red 
indicate where the geo logy/geom orpho logy m ig h t ju s tify  (subject 
to fu rthe r research and in te rp re ta tion ) a sub m iss io n /c la im  to  be 
made by coastal states ind iv idua lly  o r jo in tly  to  increase the ir na
tiona l seabed and subsoil areas, wh ich, in tu rn , may be o f  m ajor 
econom ic potentia l.

m ation , M au ritan ia  on ly  landed about 10% o f  the to ta l catch 
in  2002 , w ith  The Netherlands as the na tion  w ith  the larg
est catch (23%) in  th is  zone. For developing countries, the 
in tensive fisheries by fo re ign  countries and clim ate  change 
m ay become severe fo r  incom e, live lihoods and food secu
r ity  fo r coastal com m un ities . Fishery products are becom ing 
one o f  the m ost im p o rta n t r is in g  exports fro m  developing 
countries (FAO, 2006 ). The fishery net exports o f  develop
in g  countries (i.e. the to ta l value o f  th e ir  exports less the to
tal value o f  th e ir  im ports) showed a co n tin u in g  ris in g  trend 
in  recent decades, g row ing  fro m  US$4.6 b illio n  in  1984 to 
US$16.o b illio n  in  1994 and to U S$20.4 b illio n  in  2004 .

Waters below 200  metres depth cover around 336 m illio n  
square kilom etres world-w ide, and can be found in  areas 
w ith in  and beyond national ju risd ic tion . Overview analyses 
show that the total area o f  national waters deeper than 200 
metres is around 124 m illio n  square kilom etres, i.e. about five 
tim es larger than the total o f  national waters shallower than 
200  metres (approximately 25 m illio n  square kilometres). In  
accordance w ith  the provisions set out in  A rtic le  76 (D efin ition  
o f  the continental shelf) o f  U N  Convention on the Law o f  the 
Sea, 1982 (UNCLOS), certain geologic and physigraphic con
ditions (more precisely sedim ent thickness and /o r change in  
slope gradient) o f  the continental m arg in  m ig h t give a coastal 
State the r ig h t to delineate the outer lim its  o f  its continental 
she lf beyond 200  nautical m iles (i.e. the lim it  o f  the Exclusive 
Economic Zone). T h is applies on ly to the seabed and the sub
soil o f  the legal continental shelf, no t to the water colum n. The 
procedure to iden tify  whether there is a scope fo r such a claim, 
and to com pile and in te rpre t the necessary data fo r a subm is
sion to the C om m ission on the L im its  o f  the Continental S he lf 
set up  under UNCLOS, is complex and tim e-lim ited , as sub
m issions have to be made by the year 2009  fo r m ost countries, 
and support is given through the UNEP S he lf Programme.
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THE CUMULATIVE IMPACTS
One o f  the m a in  obstacles to assessing the state o f  the oceans 
and in  p la n n in g  fo r  the conservation, p ro tection  and susta in
able m anagem ent/use o f  the m arine  e n v iro nm en t is the slow 
responses o f  the seas to pressures. M any processes and chang
es in  the oceans take place be low  the surface, s ilently, on large 
scales and over long  tim e  periods, i.e. they are n o t on the ‘radar 
screen’ o f  h u m an  perception. I t  can take m ore  than 100 years 
fo r  a deep-sea w ater m olecu le to com e to the surface. The sig
na l fro m  the increased C0 2 released by anthropogen ic activ ities 
in  the last 50 -10 0  years has so fa r penetrated to on ly  around 
3 ,000  m eters w ater depth. A n  exam ple o f  the tim e  lag in  re
sponse is the absorp tion  o f  C0 2 in  the oceans, w ith  the signa l o f  
increased C0 2 concentrations. The oceans have a huge capacity 
to cope w ith  im pacts and change w ith o u t apparent effect. H o w 
ever, once th e ir  resilience th resho ld  has been overstepped, and 
effects are detected and becom ing obvious, i t  is o ften too late 
to reverse the trend. Even i f  C0 2 em issions w o u ld  stop today, i t  
w o u ld  take the oceans m any decades to respond.

The com bined effects o f  the ‘Big Five’ en v ironm en ta l threats 
provide a g r im  ou tlook to the sustainable fu tu re  o f  the W o rld ’s 
oceans, and the b illio n s  o f  people w ho depend on m arine  re
sources. M any m arine  areas and species m ay be exposed and 
im pacted s im u ltaneous ly  by a ll o r several stressors, o ften act
in g  in  synergy and thereby a m p lify in g  th e ir  effects and im 
pacts (H arley and Rogers-Bennett, 2004). C lim ate  change w il l

provide num erous changes in  oceans. I t  w i l l  a ffect physical 
param eters such as tem perature , streng th  o f  currents  and the 
chem is try  o f  the oceans, w h ich , in  tu rn , w i l l  invariab ly  im pact 
fisheries (M ackenzie et a l,  2007). C lim ate  change is increas
in g ly  lik e ly  to p u t substantia l s tra in  on the p ro du c tiv ity  o f  the 
W o rld ’s oceans, a long w ith  p o llu tio n , over-harvesting and u n 
checked coastal developm ent. Disease and in festa tions often 
fo llo w  in  the wake o f  the o ther stressors.

However, o f  perhaps even greater concern, is the fact tha t in  the 
lig h t o f  the accelerating clim ate change, the na tura l resilience 
o f  the oceans, such as th e ir capacity to act as na tura l buffers, is 
like ly  to d im in is h  in  fu ture . H eavily harvested fish  stocks and 
populations w ill be even fu rth e r reduced by im pacts on th e ir v u l
nerable spawning grounds fro m  other activities. As long as deep- 
water seamounts and the con tinenta l shelves rem a in  nearly com 
pletely unprotected, th e ir im p o rtan t roles as nursery grounds is 
threatened by the expansion o f  fish in g  and m in e ra l resource 
exp lo itation (Thrush and Dayton, 2002; Pusceddu et a l,  2005; 
T il l in  et a l,  2006 ; H ixon  et a l,  2007). Projections show that the 
coral reefs o f  the W orld  are like ly  to meet, in  the w orst case, b ian
nua l b leaching events w ith in  a few  decades. Healthy reefs m ig h t 
be able to recover fro m  these im pacts, b u t reefs already stressed 
and degraded by other factors (e.g. coastal developm ent and po l
lu tion , overfishing etc.) w i l l  m ost like ly  succumb. I t  is c ritica l 
tha t the areas w ith  projected h ig h  r isk  to coral b leaching become
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Overharvest from fisheries Damage to ocean beds from Habitat loss related to
bottom trawling coastal development

Coastal pollution and dead zones, disrupted food chains

Increased vulnerability of infestations by invasive species

Climate change

r Die-off of cold water 
corals with acidification

r “ i

80-100% tropical coral 
reef die-off from bleaching
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nutrient flows
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Concentrated cumulative impacts in the primary fishing grounds 
resulting in collapse or greatly reduced recovery rates

Figure 31. Climate change may, in te r  a lia  through effects on ocean currents, elevated sea temperatures, coral bleaching, 
shifts in marine life, ocean acidification, severely exacerbate the combined impacts o f accelerating coastal development 
and pollution, dead zones, invasive species, bottom trawling and over-harvest. These im pacts w ill be the strongest in 
10-15% o f  the W orld ’s oceans, which harbour the m ost productive fish ing  grounds today, responsible fo r m ore than ha lf 
o f  the m arine landings globally.
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p rio r ity  zones fo r reductions in  coastal po llu tions  to prevent a 
collapse o f  the reefs and the associated loss o f  th e ir  functions.

S im ilarly , i t  is also evident tha t the m a jo rity  o f  the W orlds m ost 
dam aging m arine  in festa tions have taken place in  areas w ith  
large stresses and d im in ish e d  resilience due to h u m an  activ i
ties (e.g. in  heavily harvested fis h in g  grounds w ith  extensive 
traw ling /d red g ing ). Hence, b u ild in g  resilience and streng then
in g  the na tu ra l bu ffe rs  o f  m a rine  (eco)systems has to become 
an essential e lem ent and consideration in  the conservation, 
p ro tection  and sustainable m anagem ent/use e ffo rts  at a ll lev
els, such as in  the creation o f  system o f  m a rine  protected areas 
spann ing fro m  coastal waters to the h ig h  seas.

O f  c ritica l concern is the cu rre n t lack o f  po lic ies and protected 
areas covering deeper waters on the con tinen ta l shelves and the 
h ig h  seas, in c lu d in g  seam ounts (Davies et al., 2007; Mossop,
2007). O n average, a round 70%  o f  the waters un de r na tiona l 
ju r is d ic tio n  (e.g. w ith in  the EEZs o f  coastal states) are deeper 
than 2 0 0  m eters, r is in g  to over 95% in  some is land states. 
However, few  countries are aware o f  th e ir  deep-waters and the 
need to explore, pro tect and m anage the im p o rta n t services and 
resources these areas provide.

Biodiversity hotspots fo rm  the basis o f  the W orlds fisheries, but 
have currently no basis in  either m arine protected areas or in  spe
cific management. I t  is absolutely crucial that the m anagement o f 
these hotspots becomes an international environm ental p rio rity  
w ith  regard to iden tify ing areas where m u ltip le  stressors are like ly 
to leave these water as death zones, lost fisheries and lost recre
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ational and touris t incom e regions. W h ile  there are projections o f 
collapse in  the W orld ’s fisheries alone as a result o f  over-harvest, i t  
is far m ore like ly  that such collapse m ay arise even earlier as a result 
o f  the rapid grow th o f  m u ltip le  stressors, inc lud ing  climate change, 
acting in  com bination. Unless these in te rlinked and synergistic 
processes are seen and addressed together, the environm enta l and 
socio-economic impacts, particularly fo r impoverished coastal pop
ulations, m ay become severe. B uild ing resilience by giving climate 
im pact hot-spots p rio rity  w ith  regard to reducing other stressors 
should become focus fo r fu ture  environm ental programmes.

The impacts o f  clim ate change on the m arine environm ent are 
grow ing rapidly, and are like ly  to become m uch  severe in  com ing 
decades. The lack o f  m arine in fo rm a tion  and easy observation by 
m an as a land-liv ing organism  has perm itted these and other pres
sures to progress m uch farther than anything we have yet seen or 
w ou ld  have perm itted w ith o u t in tervention on land, in  spite o f  the 
fact that the oceans are crucial fo r life  on Earth and represent a 
sign ificant share o f  global economies and basic food supply.

Unless o ther pressures are reduced in  some o f  the p r im a ry  
fis h in g  grounds, in c lu d in g  bo ttom  tra w lin g  and p o llu tio n , the 
im pacts m ay become catastrophic, resu ltin g  in  wide-spread 
death o r s trong ly  depleted f is h in g  grounds, w ith  severe im pacts 
on countries, coastal econom ies, live lihoods and food supply. 
There are cu rre n tly  no in te rna tiona l o r w idespread im p le m e n t
ed na tiona l po lic ies in  place to ensure tha t such disaster is p re
vented. The urgency and re la tion  to the con tinen ta l shelves is 
critica l, g iven the sho rt tim e  fram e, severity and catastrophic 
na ture  o f  the already em erg ing  im pacts.
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