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1. Introduction

Between 11th and 13th April 2011 w orld  experts on the  ocean m et at the  M argaret Thatcher 

Conference Centre, Somerville College, University o f Oxford. This event was led by the  In ternationa l 

Programme on the  State o f the  Ocean (IPSO), in partnership  w ith  the  In te rnationa l Union fo r 

Conservation o f Nature (IUCN), and brought toge the r a select group o f w orld  science leaders on 

ocean stresses and impacts to  re flect on these, and propose creative solutions.

The w orkshop provided a rare o pp o rtu n ity  to  in teract w ith  o the r disciplines to  de te rm ine  the  net 

e ffect o f w ha t is already happening to  the  ocean and is pro jected to  do so in the  fu tu re . Over the  

th ree  days 27 partic ipants from  18 organisations in 6 countries (Annex 1) assessed the  latest 

in fo rm a tion  on impacts and stresses, and the  synergistic e ffects these are having on the  global 

ocean.

Through presentations, discussions and recom m endations the  w orkshop docum ented and described 

the  cum ulative effects o f such impacts, how these com m only act in a negative ly synergistic way, and 

w hy the re fo re  concerted action is now  needed to  address the  consequences set ou t in th is  report.

The scientific outcom es from  th is  w orkshop w ill be used firs t and fo rem ost to  strengthen the  case 

fo r  g reater action to  reduce anthropogenic emissions o f carbon dioxide related to  clim ate change 

and ocean acid ification w hile  also reducing o the r stressors. The findings underscore the  need fo r 

m ore effective  m anagem ent o f fisheries and po llu tion  and fo r  strengthening p ro tection  o f the  64% 

o f the  ocean th a t lies beyond the  zones o f national ju risd ic tion . They the reby fo rm  a m ajor 

con tribu tion  to  im p lem enta tion  o f the  m ajor IPSO report on the  Global State o f the  Ocean. This 

event fo llow s on from  the  IPSO/Royal Society event in 2009 th a t focussed on the  fu tu re  fo r  coral 

reefs.

2. Workshop objectives

The objectives o f the  w orkshop w ere to :

• Review the  latest in fo rm a tion  on ocean stresses and impacts and the  levels o f confidence

around w ha t is being expressed;

• Summarise the  likely consequence o f existing stresses on the  ocean;

• Summarise the  likely consequence o f pro jected stresses from  2020 th rough to  2050;

• Determ ine the  synergistic effects o f m u ltip le  stresses on the  ocean and w ha t th is  may mean fo r 

the  fu tu re .

The tim e line  fo r  consideration was from  today th rough 2020 to  2050.

3. Scientific conclusions from the workshop
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The w orkshop enabled leading experts to  take a global v iew  on how  all the  d iffe ren t effects we are 

having on the  ocean are com prom ising its ab ility  to  support us. This exam ination o f synergistic 

th rea ts  leads to  the  conclusion th a t we have underestim ated the  overall risks and th a t the  whole  o f 

m arine degradation is greater than the  sum o f its parts, and th a t degradation is now  happening at a 

faste r rate than predicted.

It is clear th a t the  trad ition a l econom ic and consum er values th a t fo rm e rly  served society w ell, when 

coupled w ith  cu rren t rates o f population increase, are not sustainable. The ocean is the  largest 

ecosystem on Earth, supports us and m aintains our w orld  in a habitable cond ition. To m aintain the 

goods and services it has provided to  hum ankind fo r  m illennia demands change in how  we view , 

manage, govern and use m arine ecosystems. The scale o f the  stresses on the  ocean means th a t 

deferring  action w ill increase costs in the  fu tu re  leading to  even greater losses o f benefits.

The key points needed to  drive a com m on sense re th ink are:

* Human actions have resulted in warming and acidification of the oceans and are now causing 

increased hypoxia.

Studies o f the  Earth's past indicate th a t these are th ree  sym ptom s th a t indicate disturbances o f 

the  carbon cycle associated w ith  each o f the  previous five  mass extinctions on Earth (e.g. Erwin, 

2008; Veron, 2008a,b; Veron et al., 2009; Barnosky et al., 2011).

* The speeds of many negative changes to the ocean are near to or are tracking the worst-case 

scenarios from IPCC and other predictions. Some are as predicted, but many are faster than 

anticipated, and many are still accelerating.

Consequences o f cu rren t rates o f change already m atching those predicted under the  "w o rs t 

case scenario" include: the  rate o f decrease in A rctic Sea lee (Stroeve et al., 2007; Wang & 

Overland, 2009) and in the  accelerated m elting  o f both the  Greenland icesheet (Velicogna, 2009; 

Khan et al., 2010; Rignot et al., 2011) and A ntarctic  ice sheets (Chen et al., 2009; Rignot et al., 

2008, 2011; Velicogna, 2009); sea level rise (Rahm storf 2007a,b; Rahm storf et al., 2007; Nicholls 

et al., 2011); and release o f trapped m ethane from  the  seabed (W estbrook et al., 2009; Shakova 

et al., 2010; although not yet g lobally sign ificant Dlugokencky et al., 2009).

The 'w o rs t case' e ffects are com pounding o the r changes m ore consistent w ith  predictions 

including: changes in the  d is tribu tion  and abundance o f m arine species (Beaugrand & Reid,

2003; Beaugrand 2004, 2009; Beaugrand et al., 2003; 2010; Cheung et al. 2009, 2010, Reid et al., 

2007; Johnson et al., 2011; Philippart et al., 2011; Schiel, 2011; Wassmann et al., 2011;

W ernberg et al., 2011); changes in prim ary p roduction (Behrenfeld et al., 2006; Chavez et al., 

2011); changes in the  d is tribu tion  o f harm ful algal blooms (Heisler et al., 2008; Bauman et al., 

2010); increases in health hazards in the  oceans (e.g. ciguatera, pathogens; Van Dolah, 2000;

Lipp et al., 2002; Dickey &  Plakas, 2009); and loss o f both large, long-lived and small fish species 

causing w idespread impacts on m arine ecosystems, including d irect impacts on p reda to r and 

prey species, the  s im p lifica tion  and destabilization o f food webs, reduction o f resilience to  the  

effects o f clim ate change (e.g. Jackson et al. 2001; Pauly et al., 1998; W orm  & Myers, 2003;
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Baum & Myers, 2004; Rosenberg et al., 2005; W orm  et al., 2006; Myers et al., 2007; Jackson, 

2008; Baum & W orm , 2009; Ferretti et al., 2010; Hutchings et al., 2010; Ward-Paige et al., 2010; 

Pinskya et al., 2011).

* The magnitude of the cumulative impacts on the ocean is greater than previously understood

In teractions between d iffe ren t impacts can be negatively synergistic (negative im pact greater 

than sum o f ind ividual stressors) or th ey  can be antagonistic (low ering the  effects o f individual 

impacts). Examples o f such in teractions include: com binations o f overfishing, physical 

disturbance, clim ate change effects, nu trien t ru n o ff and in troductions o f non-native species 

leading to  explosions o f these invasive species, including harm fu l algal blooms, and dead zones 

(Rabalais et al., 2001, 2002; Daskalov et al., 2007; Purcell et al., 2007; Boero et al., 2008; Heisler 

et al., 2008; Dickey & Plakas, 2009; Bauman et al., 2010; Vaquer-Sunur &  Duarte, 2010); 

increased tem pera tu re  and acid ification increasing the  susceptib ility  o f corals to  bleaching 

(Anthony et al., 2008) and acting synergistically to  im pact the  reproduction  and deve lopm ent o f 

o the r m arine invertebra tes (Parker et al., 2009); changes in the  behavior, fa te  and to x ic ity  o f 

heavy metals w ith  acid ification (M ille ro  et al., 2009; Pascal et al., 2010); acid ification may reduce 

the  lim iting  e ffect o f iron availab ility  on prim ary p roduction in some parts o f the  ocean (Shi et 

al., 2010; King et al., 2011); increased uptake o f plastics by fauna (Andrady 2011, Hirai &  Takada 

et al. 2011, M urray &  Cowie, 2011), and increased b ioava ilab ility  o f po llu tants through 

adsorption onto  the  surface o f m icroplastic particles (Graham & Thompson 2009, M oore  2008, 

Thomson, et al., 2009); and feedbacks o f clim ate change impacts on the  oceans (tem perature  

rise, sea level rise, loss o f ice cover, acid ification, increased storm  intensity, m ethane release) on 

th e ir  rate o f C 02 uptake and global w arm ing  (Lenton et al., 2008; Reid et al 2009).

* Timelines for action are shrinking.

The longer the  delay in reducing emissions the  higher the  annual reduction rate w ill have to  be 

and the  greater the  financia l cost. Delays w ill mean increased environm enta l damage w ith  

g reater socioeconom ic impacts and costs o f m itigation  and adapta tion measures.

* Resilience of the ocean to climate change impacts is severely compromised by the other 

stressors from human activities, including fisheries, pollution and habitat destruction.

Examples include the  overfishing o f ree f grazers, nu trien t runoff, and o the r fo rm s o f po llu tion  

(presence o f pathogens or endocrine d isrupting chemicals (Porte et al., 2006; OSPAR 2010)) 

reducing the  recovery ab ility  o f reefs from  tem pera ture -induced  mass coral bleaching (Hoegh- 

Guldberg et al., 2007; M um by et al., 2007; Hughes et al., 2010; Jackson, 2010; M um by & 

Harborne, 2010) . These m ultip le  stressors p rom ote  the  phase sh ift o f ree f ecosystems from  

being cora l-dom inated to  algal dom inated. The loss o f genetic d iversity from  overfishing reduces 

ab ility  to  adapt to  stressors.

* Ecosystem collapse is occurring as a result of both current and emerging stressors.

Stressors include chemical po llu tants, agricu lture  run -o ff, sedim ent loads and over-extraction o f 

many com ponents o f food webs which singly and toge the r severely im pair the  func tion ing  o f 

ecosystems. Consequences include the  po ten tia l increase o f harm fu l algal b loom s in recent
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decades (Van Dolah, 2000; Landsberg, 2002; Heisler et al., 2008; Dickey &  Plakas, 2009; Wang & 

W u, 2009); the  spread o f oxygen depleted or dead zones (Rabalais et al., 2002; Diaz &

Rosenberg, 2008; Vaquer-Sunyer &  Duarte, 2008); the  disturbance o f the  structure  and 

func tion ing  o f m arine food  webs, to  the  benefit o f p lankton ic organisms o f low  n u tritiona l value, 

such as je lly fish  o r o the r gelatinous-like organisms (Broduer et al., 1999; M ills, 2001; Pauly et al. 

2009; Boero et al., 2008; M oore et al., 2008); dram atic  changes in the  m icrobial com m unities 

w ith  negative impacts at the  ecosystem scale (Dinsdale et al., 2008; Jackson, 2010); and the  

im pact o f emerging chemical contam inants in ecosystems (la Farré et al., 2008). This im pairm ent 

damages or e lim inates the  ab ility  o f ecosystems to  support humans.

* The extinction threat to marine species is rapidly increasing.

The main causes o f extinctions o f m arine species to  date are overexp lo ita tion  and hab ita t loss 

(Dulvy et al., 2009). However clim ate change is increasingly adding to  th is, as evidenced by the 

recent IUCN Red List Assessment o f ree f-fo rm ing  corals (Carpenter et al., 2008). Some o the r 

species ranges have already extended or sh ifted pole-wards and in to  deeper cooler waters (Reid 

et al., 2009); th is  may no t be possible fo r  some species to  achieve, po ten tia lly  leading to  reduced 

habitats and m ore extinctions. Shifts in currents and tem pera tures w ill a ffect the  food  supply o f 

animals, including at critica l early stages, po ten tia lly  testing  th e ir  ab ility  to  survive.

The participants concluded that not only are we already experiencing severe declines in many 

species to the point of commercial extinction in some cases, and an unparalleled rate of regional 

extinctions of habitat types (eg mangroves and seagrass meadows), but w e now face losing marine 

species and entire marine ecosystems, such as coral reefs, w ithin a single generation. Unless 

action is taken now, the consequences of our activities are at a high risk of causing, through the 

combined effects of climate change, overexploitation, pollution and habitat loss, the next globally 

significant extinction event in the ocean. It is notable that the occurrence of multiple high intensity 

stressors has been a pre-requisite for all the five global extinction events of the past 600 million 

years (Barnosky et al., 2009).

4. Recommendations from the workshop

The partic ipants o f the  m eeting agreed to  the  fo llo w in g  recom m endations based on workshop 

conclusions.

Technical means to  achieve the  solutions to  many o f these problem s already exist, but th a t curren t 

societal values prevent hum ankind from  addressing them  effectively. Overcom ing these barriers is 

core to  the  fundam enta l changes needed to  achieve a sustainable and equ itab le  fu tu re  fo r  the 

generations to  come and which preserves the  natural ecosystems o f the  Earth th a t we benefit from  

and enjoy today. This m eeting o f experts o ffers the  fo llow ing  recom m endations to  citizens and 

governm ents everywhere to  transfo rm  how  we manage, govern and p ro tect the  ocean:
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• Im m ediate reduction in CO? emissions coupled w ith  s ign ificantly increased measures fo r 

m itiga tion  o f a tm ospheric C 02 and to  be tte r manage coastal and m arine carbon sinks to  avoid 

add itiona l emissions o f greenhouse gases.

o It is a m a tte r o f urgency th a t the  ocean is considered as a p rio r ity  in the  de libera tions o f 

the  IPCC and UNFCCC.

• Urgent actions to restore the structure and function of marine ecosystems, including the  
coordinated and concerted action in national w aters and on the  High Seas (the high seas w a te r 
column and seabed Area beyond national ju risd ic tion ) by states and regional bodies to :

o reduce fish ing e ffo rt to  levels com m ensurate w ith  long-term  susta inab ility  o f fisheries 
and the  m arine environm ent; 

o close fisheries th a t are no t dem onstrab ly managed fo llow ing  sustainable principles, or 
which depend w ho lly  on governm ent subsidies; 

o establish a g lobally comprehensive and representative system o f m arine pro tected
areas to  conserve b iod iversity, to  build resilience, and to  ensure ecologically sustainable 
fisheries w ith  m in im al ecological fo o tp r in t; 

o prevent, reduce and s tric tly  contro l inputs o f substances th a t are harm ful or tox ic  to  
m arine organisms in to  the  m arine environm ent; 

o prevent, reduce and s tric tly  contro l nu trien t inputs in to  the  m arine environm ent 
th rough b e tte r land &  river ca tchm ent m anagem ent and sewage trea tm en t; 

o avoid, reduce or at m in im um , universally and stringen tly  regulate oil, gas, aggregate and 
m ineral extraction;

o assess, m on ito r and contro l o the r uses o f the  m arine env ironm ent such as renewable 
energy schemes or cable /  pipeline insta llation th rough comprehensive spatial planning 
and im pact assessments procedures.

• Proper and universal im plem entation of the precautionary principle by reversing the  burden o f 

p roo f so activ ities proceed only if they  are shown not to  harm the  ocean singly or in com bination 

w ith  o the r activities.

• Urgent introduction by the UN Security Council and the UN General Assembly of effective  

governance of the High Seas beyond the  ju risd ic tion  o f any ind ividual nations. This should 

include a global body em pow ered to  ensure compliance w ith  the  UN Convention on the  Law o f 

the  Sea and o the r re levant legal duties and norms and to  establish new rules, regulations and 

procedures w here necessary to  im p lem ent these requirem ents in an ecosystem-based and 

precautionary manner. (See Annex 2 fo r  deta iled proposals fo r  a new Global Ocean Compliance 

Commission GOCC).

4. Conclusions

The cu rren t inadequate approaches to  m anagem ent o f activ ities th a t im pact the  ocean have lead to

intense m ultip le  stressors acting toge the r in many m arine ecosystems.

The im pact o f such stressors is o ften  negatively synergistic m eaning th a t the  com bination o f the  tw o

magnifies the  negative impacts o f each one occurring alone. This is a lready resulting in large-scale
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changes in the  ocean at an increasing rate and in some regions has resulted in ecosystem collapse. 

The continued expansion in global population exerts ever increasing pressures on scarcer ocean 

resources and tackling th is issue needs to  be a part o f the  so lution to  cu rren t concerns.

The changes in the  ocean th a t are com ing about as a result o f human C 02 emissions are perhaps the  

m ost sign ificant to  the  Earth system particu la rly  as they  involve many feedbacks th a t w ill accelerate 

clim ate change.

The resilience o f many m arine ecosystems has been eroded as a result o f existing stressors, leading 

to  increased vu lne rab ility  to  clim ate change impacts and a decreased capacity fo r  recovery. An 

example is coral reefs, the  m ost b iodiverse m arine ecosystem and one o f the  m ost valuable in 

socioeconom ic te rm s to  hum ankind.

Human in teractions w ith  the  ocean m ust change w ith  the  rapid adoption o f a holistic approach to  

sustainable m anagem ent o f all activ ities th a t impinge m arine ecosystems. This has to  be part o f a 

w ide r re-evaluation o f the  core values o f human society and its re lationship  to  the  natural w orld  and 

the  resources on which we all rely. As such the  cu rren t and fu tu re  state o f the  ocean should fo rm  an 

integral part o f the  discussions on sustainable deve lopm ent at the  Earth Sum mit in Rio, 2012.

For m ore in fo rm a tion  regarding th is  report, o r to  ta lk  to  its authors and case study contribu to rs, 

please contact:

Charlo tte  Smith on 07790 222 307 charlo tte@ com m unicationsinc.co.uk 

Luke M alcher on 07816 280106 luke@ com m unicationsinc.co.uk
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Foundation for Ocean 
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pchrisreid@googlemail.com

Tom

Hutchinson

Programme Scientist 
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Health

Centre for
Environment, Fisheries 
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tom.hutchinson@cefas.co.uk
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Annex 2. Detailed proposals for a UN Global Ocean Compliance Commission 

(GOCC).

Based on evidence presented at th is  m eeting, it is recom m end tha t:

1. The burden o f p roo f under UNCLOS [and in te rna tiona l custom ary law and trea ties ] be reversed 

to  ensure th a t those u tiliz ing resources or engaging in activ ities th a t a ffect the  High Seas 

(defined as the  high seas w a te r column and seabed Area beyond national ju risd ic tion ) must 

dem onstrate  th a t th e ir  activ ities are in compliance w ith  the  law.

2. W ith in  the  next 6 m onths, the  UN Security Council in conjunction w ith  the  General Assembly call 

on the  UN Secretary General to  establish a Global Ocean Compliance Commission (GOCC) fo r  the 

High Seas to  address issues such as, but not lim ited  to , highly m ig ra to ry  and straddling species, 

discrete high seas species, po llu tion  including long-range/transboundary po llu tion , illegal fishing, 

overfishing, m arine spatial planning, pro tected  areas and ecosystem conservation and o ther 

processes and activ ities th a t may adversely a ffect the  High Seas.

3. Powers: The Compliance Commission w ill set ou t the  regu la tory requirem ents to  com ply w ith  

the  provisions o f UNCLOS w ith  respect to  p ro tection  and preservation o f the  m arine 

env ironm ent and the  conservation, sustainable and equ itab le  use o f high seas b iod ivers ity  and 

resources in accordance w ith  the  ecosystem approach and precautionary princip le. It w ill have 

reference to  UNFSA, decisions taken by the  CBD, the  UNFCCC, the  IMO, the  ISA, the  UN 

Convention on D esertification, and o the r re levant bodies, conventions and global com m itm ents.

4. The Commission shall have pow er to  levy m andatory contribu tions from  in te r a lia, States, High 

Seas resource users, and registered vessel owners

5. The Commission shall have powers to  develop and im p lem ent a regime fo r  sharing o f benefits o f 

m arine genetic resources orig inating  from  areas beyond national ju risd ic tion , build ing on the 

access and benefit sharing agreem ent developed under the  CBD and o the r re levant mechanisms.

6. Secretaria t: The Commission w ill establish a Secretariat to  oversee the  im p lem enta tion  o f and 

compliance w ith  the  regulations established by the  Commission.

7. Compliance Fund: The Commission w ill establish a Compliance Fund. . The fund  shall be used to  

enhance the  conservation and equ itab le  use o f High Seas resources and b iodiversity, and to  build 

the  capacity o f developing states to  partic ipate  in the  fo rm u la tion  o f and to  com ply w ith  

Commission regula tions.1

8. Enforcement: The Commission shall be em pow ered to  develop an e ffective  enforcem ent 

regime. Such a regime should include powers to  levy fines, suspend a States right to  flag vessels

1 From Artic le  21 of the Port State Measures Agreement
13
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a nd /o r to  suspend the  pow er o f an RFMO to  regulate fisheries and allocate fish quotas if found 

in repeated breach o f the  Commission's regulations. In fu rthe rance  o f such a regime, the 

Commission shall have the  pow er to  establish or designate an organization to  conduct 

investigations, in itia te  jud ic ia l proceedings on an expeditious basis, and apply sanctions in 

respect o f v io la tions th a t are adequate in severity to  be e ffective  in securing compliance and 

discourage v io la tions w herever th ey  occur and deprive o ffenders o f the  benefits accruing from  

th e ir  illegal activities. In circumstances w here there  is no RFMO or the  RFMO is suspended, the  

Commission shall have the  pow er to  assume m anagem ent responsib ility  or designate another 

body fo r  th a t purpose.2

9. Data and In fo rm a tio n : The Commission shall have the  pow er to  require the  provision o f data and 

in fo rm a tion 3 from  any one engaged in high seas activ ities or resource use th a t it deems 

necessary to  dem onstrate  compliance w ith  Commission regulations. The Commission shall have 

regard to  the  need to  p ro tec t com m ercial and o the r sensitive in fo rm a tion  and to  m aintain such 

confiden tia lly , as appropria te . The con fiden tia lity  o f such data m ust in no w ay be used to  im pair 

the  proper func tion ing  o f the  Commission. Consistent w ith  the  above, the  Commission shall 

endeavor to  make all data and in fo rm a tion  free ly  available.

10. Capacity bu ild ing and deve lopm ent: The Commission shall have the  pow er to  provide financia l 

support and develop programs o f tra in ing  and technical assistance fo r  the  purposes o f build ing 

the  capacity o f developing states to  partic ipate  in the  fo rm u la tion  o f and to  com ply w ith  

Commission regulations.4

2 Based on 1958 High Seas Living Resources Agreement.
3 Based on UNCLOS 217
4 From Artic le  21 of the Port State Measures Agreement
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