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CLimate Change Impacts  on the Mar ine Environments:

OCEAN DEOXYGENATION

SUMMARY

The seco nd a ry  effect of c l im a te  c h a n ­

ge on s e a w a te r  oxygen levels has 

on ly  recen t ly  ga ined a t ten t ion ,  but the  

con seg ue nces  cou ld  be subs tan t ia l .

The dec l ine  of oxygen c o n cen tra t ion s  

in se a w a te r  is a la rm in g .  The average 

ocean oxygen c on cen tra t ion  is expec­

ted to dec l ine  over the  next c en tu ry  by 

up to 7%, leading to a la rge increase 

in the  extent of hypoxic w a te r  bodies 

in the  ocean in ter ior. Hypoxia is the  

cond it ion  in w h ich  dissolved oxygen is 

be low  the  level necessa ry  to sus ta in  

m os t a n im a l  life. Dec l in ing  oxygen 

c on c e n tra t io n s  have a lready  been o b ­

served in seve ra l locat ions, m os t n o ­

tab ly  in the  N o rth  Pacif ic  and the  t r o ­

pics. There  is a lso  s t rong  evidence fo r  

a g loba l inc rease in the  f reguency ,  ex­

ten t,  in tens i ty  and du ra t ion  of coasta l 

hypoxia l inked to g loba l w a rm in g  and 

eu troph ica t ion .

POSSIBLE IMPACTS

The sens it iv i ty  of a spec if ic  m a r in e  o rg a n is m  to changes  in se a w a te r  oxy­

gen co n c e n tra t io n s  is h igh ly  n o n - l in e a r  and depends  s t rong ly  on the  t e m ­

po ra l  dyn am ics  (episodic , per iod ic ,  seasonal. . .)  and s p a t ia l  extent of the  

changes.

7I 60 p m o l /k g No observed effec ts

< -  60 p m o l /k g  (Hypoxia)* O rgan ism s  s h o w  reduced f i tness  and a b e r ­

ran t  behaviour. Depend ing on dyn am ics  in 

oxygen changes  and m o t i l i t y  of the  o rg a ­

n ism s, f u r t h e r  decrease  in oxygen c o n c e n ­

t ra t io n s  w o u ld  lead to m ig ra t io n  and in c re ­

ased m o r ta l i t y  of the  d i f fe ren t  spec ies

5 - 1 0  p m o l /k g  (Suboxia) D isappearance  of p ra c t ica l ly  a l l  m u l t i - c e l -  

lu la r  life

~0 p m o l /k g  (Anoxia) Only anae rob ic  m ic ro o rg a n is m s  p resen t

* This is the  conventiona l reference level fo r  hypoxia; th re sh o ld s  can vary s tro n g ly  between d iffe ren t g roups 

of organ ism s. C rustaceans and fish , both im p o rta n t fo r th e  fish ing  industry , seem  to  be the  m ost sensitive.

Dec lin ing  oxygen co n c e n tra t io n s  can a lso  have a la rge im p ac t  on g loba l 

b iog e o c h e m ic a l  cycles. In s o -ca l le d  'oxygen m in im u m  zones ’ ( la rge hypo­

xic w a te r  bodies in the  ocean in te r io r) ,  d e n i t r i f ica t ion  ra tes  increase, re le a ­

s ing m o re  n i trogen  in to th e  a tm o s p h e re  w h ich  can l im i t  ocean productiv ity.

In coas ta l areas, hypoxia can a lso  in i t ia te  a feedback  loop by inc reas ing  n u ­

t r ie n t  re lease f ro m  s e d im e n ts ,  s t im u la t in g  p r im a ry  p roduc t ion  and fu r th e r  

inc reas ing  the  oxygen c o n s u m p t io n  by m ic ro -o rg a n is m s  tha t  live on the  

a lg a l  b iom ass.

WHAT ARE THE FUTURE PROJECTIONS?

C l im a te  s im u la t io n s  predict:

• An ove ra l l  dec l ine  in ocean oxygen concen tra t ion s ;

• An expans ion of m id -d e p th  'oxygen m in im u m  zones';

• An increased preva lence of coas ta l hypoxia and the  fo rm a t io n  of 'dead zones' 

cha rac te r ized  by the  absence  of ben th ic  fauna and fish.
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HOW DOES CLIMATE CHANGE AFFECT OCEAN 

OXYGEN LEVELS?

•  H ig h e r  s e a w a te r  te m p e ra tu re s  w i l l  in c rea se  the  re s p ira to ry  and m e ta b o ­

lic ra tes  of o rg a n is m s ,  th e re b y  in c rea s ing  the  b io lo g ic a l  oxygen d e m a n d ;

•  Oxygen is less s o lu b le  in w a r m e r  w a te r  and an in c rea se  in g lo b a l t e m p e ­

ra tu re  w i l l  dec rease  the inven to ry  of oxygen w i th in  the  ocean;

•  H ig h e r  te m p e r a tu r e s  in c o m b in a t io n  w i th  c h a n g e s  in w ind  and p re c ip i ­

ta t io n  p a t te rn s  w i l l  in c rea se  ocean s t ra t i f ic a t io n ,  th e re b y  re d uc ing  the  

d o w n w a rd  oxygen t ra n s p o r t ;

•  In c oa s ta l  areas, the  in c rea se  in n u t r ie n t  r u n - o f f  w i l l  s t im u la te  p r im a ry  

p ro du c t ion ,  in c rea s ing  the  su p p ly  of o rg an ic  m a t te r  s in k in g  dow n and 

s t im u la t in g  res p ira t io n  in b o t to m  w a te rs .

Hypoxia schem e design: S. LuedeUng, w w w .m ed ien ingen ieu re .de

ONGOING RESEARCH
Severa l European pro jec ts  are c u r re n t ly  invest iga t ing  the  e f fec ts  of dec l in ing  

oxygen concen tra t ion s .  The m ain  focus  of the se  p ro jec ts  is on the  dep loym en t,  

upg rad ing  and l ink ing  of obse rva to r ies  fo r  c o n t inu ou s  oxygen m o n i to r in g  to 

resolve t e m p o ra l  dyn am ics  and lo n g - te rm  t re n d s  in oxygen co n c e n tra t io n s  (for 

exam ple, EU FP7 HYPOXw w w .hypo x .ne t).

Research is a lso  inves t iga t ing  the  m e c h a n is m s  lead ing to hypoxia, p lac ing  the  

em p h a s is  on the  in te rp lay  be tween hypoxia and the  ava i lab i l i ty  and regenera t ion  

of nu t r ien ts .
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RESEARCH GAPS AND  

PRIORITIES

•  C h a ra c te r ise  spa t ia l  and te m p o ra l  

d ynam ics  of oxygen in both open 

ocean and coas ta l e n v iro nm en ts ;

•  Ident ify  d r ive rs  of oxygen dep le t ion ;

• Ident ify  e f fec ts  of oxygen dep le t ion  

p rocesses on b iod ivers i ty  in d iverse 

env iro nm en ts ;

•  Separa te  n a tu ra l  va r iab i l i ty  f rom  

a n th rop og en ic  im pac ts ;

•  Establish a g lobal observation system 

tha t  c o n t inu ou s ly  m o n i to rs  oxygen 

c o n c e n t ra t io n s  at h igh re so lu t ions ,  

l inked  to o th e r  phys ica l,  b io g e o ­

c h e m ic a l  and b iod ivers i ty  p a ra ­

m e te rs  as w e l l  as c l im a te  

observa t ions ;

• Improve m o d e ls  to b e t te r  p red ic t  the  

f reguency, in tens i ty  and du ra t ion  

of fu tu re  hypoxia.

D eploym ent of the  Loch Etive Cabled O bservatory 
[LECO]

This fact shee t is based on a chap te r of th e  CLAMER /  
M arine  Board Specia l Report S yn thesis  o f  European  
R esearch on the E ffec ts  o f  C lim a te  Change on M arine  
E n v ironm en ts  [D e liverable 1.2] w r itte n  by Filip  Meysman 
[N e the rlan ds  Ins titu te  fo r  Ecology of the  Royal N e the rlands 
Academ y of A rts  and Sciences] and Felix Janssen [Max 
P lanck  Ins titu te  fo r  M arine  M icrobio logy, Germany],
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