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Global	  change	  and	  plankton	  
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IPCC	  

We	  are	  not	  going	  to	  discuss	  
about	  climate	  change	  
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NOT	  	  A	  NEW	  IDEA!	  

5	  

Climate	  Change	  Research:	  Marine	  Biology	  

Harley	  et	  al	  (2006)	  Ecology	  LeSers	  
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Climate	  change	  

Global	  warming	  

Global	  change	  
(includes	  many	  aspects)	  

LETS	  CLARIFY	  CONCEPTS:	  

7	  

Climate	  change	  mechanisms	  
	  -‐	  temperature	  
	  -‐	  turbulence	  
	  -‐	  rainfall:	  eutrophica)on,	  annoxia	  
	  -‐	  acidifica)on	  
	  -‐	  UV	  

Climate	  change	  effects	  
	  -‐	  distribu)on	  
	  -‐	  abundance	  
	  -‐	  phenology	  (life	  cycles)	  

Other	  Global	  Change	  effects	  on	  plankton	  
	  -‐	  Pollutants	  
	  -‐	  Overfishing	  
	  -‐	  Invasive	  species	  

Global change and plankton!
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What	  I	  want	  you	  to	  take	  from	  this	  lecture	  

•  Climate	  change	  has	  many	  impacts	  beyond	  
simply	  warming	  

•  Complexity	  of	  climate	  change	  on	  physics	  and	  
chemistry	  has	  a	  myriad	  of	  biological	  impacts	  

•  Global	  change	  further	  include	  addi)onal	  
impacts	  

9	  

Earth	  System	  Changes	  
Physics	  &	  Biology	  

Physical	  systems	  
Biological	  systems	  

#	  significant	  changes	  

Terrestrial	   Marine	  
Physical	   Biological	  

#	  Studies	  
Physical	   Biological	  

764	  

94%	  

28,586	  

90%	  

1	  

100%	  

85	  

99%	  %	  consistent	  with	  warming	  

IPCC	  WG1	  AR4	  
10	  
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Complexity	  of	  Climate	  Change	  

•  Warming	  
•  Winds	  

•  Mixing	  

•  Circula)on	  
•  UV	  
•  Acidifica)
on	  

Poloczanska	  et	  al.	  (2007)	  Oceanography	  Marine	  Biology	  Annual	  Review	  
11	  

- 1.0         0.0            1.0            2.0            3.0       °C 

total SST change (°C)!
from AVHRR data 1982 - 2003!

Leo	  Nykjaer,	  Joint	  Research	  Centre,	  EC,	  Ispra	  (Italy)	  
Geophysical	  Research	  LeSers	  (subm.)	  

Satellite observations from more than!
2 decades show that average annual SST!
in the Mediterranean Sea has increased at!
a rate of 0.1°C/year in the western basin!
and of 0.12°C/year in the eastern one.!
Over the entire time series the trends!
translate to 2.2°C and 2.6°C, respectively. !

From	  S.	  Fraga	  12	  
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Warming	  effects	  on	  thermocline	  

Open	  ocean	  

Less	  mixing,	  
less	  nutrients,	  
less	  produc)on	   13	  

Predicted	  phytoplankton	  response	  to	  increased	  temperature	  in	  ocean	  surface	  
waters:	  
(A)	  reduced	  produc)vity	  in	  the	  thermally	  stra)fied	  water	  of	  tropical	  and	  
midla)tudes	  caused	  by	  reduced	  nutrient	  supply;	  (B)	  increased	  produc)vity	  at	  
polar	  and	  subpolar	  salt-‐stra)fied	  oceans	  where	  reduced	  mixing	  keeps	  plankton	  
closer	  to	  the	  well-‐lit	  nutrient-‐sufficient	  surface	  layers.	  
Adapted	  from	  Doney	  (2006).	  

Different	  community	  response	  according	  to	  laJtude	  

14	  
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Warming	  effects	  on	  thermocline:	  Upwelling	  

Nutrients	  

Bloom	  

15	  

Upwelling	  systems	  

Slide	  from	  S.	  Fraga	  16	  
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Also	  when	  wind	  is	  along	  the	  coast	  

17	  

Bakun,	  A,	  	  Science	  1990	  

18	  
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McGregor	  et	  al.,	  Science	  2007	  

Cape	  
Ghir	  

19	  

Behrenfeld	  et	  al.	  2006	  

1999-‐2004:	  Inverse	  rela)onship	  sea	  surface	  temperature	  and	  Primary	  
Produc)on	  in	  open	  ocean,	  but	  not	  in	  produc)ve	  systems	  

20	  
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Simula)on	  NPZD,	  2100-‐1990	  
gC	  m-‐2	  an	  -‐1	  

Altered	  Nutrient	  Supply	  -‐	  PP	  

Bopp	  (2005)	  

•  PP	  decreases	  globally	  (-‐5	  to	  -‐10%)	  BUT	  increases	  at	  
Poles	  (20	  to	  30%)	  

21	  

Altered	  Nutrient	  Supply	  –	  Size	  Changes	  

•  T	  increase	  stra)fica)on	  
•  Diatoms	  replaced	  by	  small	  phytoplankton	  at	  mid/high	  La)tudes	  

-‐1	  

+1	  

+0.02	  

-‐0.02	  

-‐0.2	  

+0.2	  

Mechanisms	  

Stra)fica)on	  	  

Nutrient	  Supply	  	  

Diatoms/	  NanoPhyto	  	  	  

Bopp	  (2005)	  

Diatom/(Nanophyto	  +	  Diatoms)	  

22	  
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Edwards	  et	  al.	  2006	  

HABs	  can	  take	  
advantage	  of	  the	  
situa)on,	  because	  they	  
grow	  well	  in	  stable	  
waters	  

23	  

Effects of global warming on zooplankton!

24	  
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Species migration!

Beaugrand	  et	  al.	  (2002)	  

Warm	  	  	  	  temperate	  

Bonnet	  et	  al.	  (2005)	  

Calanus	  finmarchicus	  Temperate	  species	  

25	  

Side-‐effects	  warming	  in	  Polar	  systems	  

Atkinson	  et	  al	  (2004)	  Nature	  

Decline	  in	  Krill	  
Increase	  in	  salps	  

26	  
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Good	  correla)on	  between	  Krill	  abundance	  and	  ice	  extension	  and	  dura)on	  

27	  

28	  
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Significant	  weight	  height	  

In	  the	  Mediterranean	  

29	  

Vandromme	  et	  al.	  2011	  PICES	  mee=ng	  

Progressive	  warming	  
of	  the	  Ligurian	  Sea	  

30	  
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García-‐Comas	  et	  al.	  2011	  

Copepods	  

Decapod	  larvae	  

Chaetognaths	  

Siphonophores	  

Jellyfish	  

Ligurian	  Sea	  
zooplankton	  

Changes	  rather	  
associated	  to	  NAO	  than	  
to	  global	  warming	  

31	  

A@er	  Siokou-‐Frangou	  et	  al.	  2011	  PICES	  mee=ng	  
32	  
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A@er	  Siokou-‐Frangou	  et	  al.	  2011	  PICES	  mee=ng	  
33	  

A@er	  Siokou-‐Frangou	  et	  al.	  2011	  PICES	  mee=ng	  
34	  
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A@er	  Siokou-‐Frangou	  et	  al.	  2011	  PICES	  mee=ng	  
35	  

A@er	  Siokou-‐Frangou	  et	  al.	  2011	  PICES	  mee=ng	  
36	  
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Place	
 Location	
 Years measured	
 Rising rate	

(ºC década)	


Donostia	
 Puerto	
 56	

11	


-0.062 	

0.001	


Asturias	
 Océano	

Costa	


10	

10	


0.43	

0.16	


La Coruña	
 Costa	
 13	
 0.53	


Málaga	
 Costa y	

océano	


10	
 0.2	


Baleares	
 Costa	
 5	
 0.2	


L’Estartit	
 Plataforma	
 28	
 0.4	


Anadón et al. 2005!
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Llope et al 2004!

North Spain!
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Warming-‐related	  Plankton	  Changes	  	  
Phenology	  –	  Northeast	  Pacific	  

Mackas	  et	  al.	  1998	  

Neocalanus	  plumchrus	  

Mackas	  et	  al.	  1998	  

OSP	   CPR	  

D
ep

th
	  

BaSen	  et	  al	  2003	  
39	  

Warming-‐related	  Plankton	  Changes	  	  
Phenology	  –	  North	  Sea	  Meroplankton	  

Greve	  et	  al	  (2004)	  Helgol	  Mar	  Res	  

Image:	  Russ	  Hopcror	  

Edwards	  et	  al	  (2006)	  SAHFOS	  Tech	  Rep	  

Meroplankton	  may	  be	  more	  sensi)ve	  to	  
temperature	  change	  than	  holoplankton	  

40	  
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Warming-‐related	  Plankton	  Changes	  	  
Phenology	  –	  Shrimp	  hatching	  	  and	  Phytoplankton	  

Greve	  et	  al	  (2004)	  Helgol	  Mar	  Res	   Edwards	  et	  al	  (2006)	  SAHFOS	  Tech	  Rep	  
Koeller	  et	  al.	  2009	  

•  Decapod	  larvae	  are	  very	  sensi)ve	  to	  
warming,	  with	  earlier	  phenology	  in	  
warmer	  years	  

Julian	  days	  

Phytoplankton	  
Shrimp	  larvae	  

41	  

Edwards	  &	  Richardson	  (2004)	  Nature	  

Warming-‐related	  Plankton	  Changes	  
Phenology	  –	  North	  Sea	  Ecosystem	  Impacts	  

Summer	  

Copepods	  

Meroplankton	  

Dinoflagellates	  

Other	  zooplankton	  

Diatoms	   22	  d	  

23	  d	  

10	  d	  

27	  d	  

10	  d	  

Season	   Group	   Days	  forward	  
(1958-‐2002)	  

Poten)al	  mismatch	  between	  phyto	  and	  zoo	  	  

42	  
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Warming-‐related	  Plankton	  Changes	  
Phenology	  –	  eastern	  Australia	  

Richardson	  et	  al.	  2011.	  PICES	  mee=ng	  
43	  

Warming-‐related	  Plankton	  Changes	  
Phenology	  –	  eastern	  Australia	  

Richardson	  et	  al.	  2011.	  PICES	  mee=ng	  
44	  
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Sydeman	  and	  Bograd	  2009	  

Global	  food	  web	  effects	  

45	  

Not	  everything	  is	  result	  of	  warming:	  	  
NAO	  and	  Zooplankton	  

Mackas	  &	  Beaugrand	  (submiSed)	  
Piontkovski	  et	  al	  (2006)	  JPR	  

Most	  published	  studies	  

46	  
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Complexity	  of	  Climate	  Change	  

•  Warming	  
•  Winds	  

•  Mixing	  

•  Circula)on	  
•  UV	  
•  Acidifica)
on	  

Poloczanska	  et	  al.	  (2007)	  Oceanography	  Marine	  Biology	  Annual	  Review	  

+ human-derived 
nutrient inputs !

47	  

Mckinnon	  et	  al.	  2007	  48	  
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Mckinnon	  et	  al.	  2007	  49	  
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Waquoit	  Bay,	  MassachuseSs,	  USA	  

51	  

Gulf	  of	  Mexico	  

Laholm	  Bay,	  BalJc	  Sea	  

52	  
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Harmful	  Algal	  Blooms	  

53	  

Edwards	  et	  al.	  2006	  

Combined	  effect	  of	  nutrients	  and	  
temperature	  

54	  
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Apparent	  range	  expansion	  of	  
Noc=luca	  scin=llans	  in	  the	  
Australian	  region,	  comparing	  
distribu)on	  records	  in	  1860–
1950,	  1980–1993	  (expansion	  
of	  blooms	  in	  the	  Sydney	  
region),	  1994–2005	  (range	  
extension	  into	  Tasmania),	  and	  
2008	  (first	  reports	  in	  
Queensland,	  West	  Australia,	  
and	  South	  Australia).	  
Arer	  Hallegraeff	  et	  al.	  (2008).	  

Noc=luca	  in	  Australian	  waters	  

55	  

NA	  clade	  
WE	  Clade	  

NOT	  EVERYTHING	  IS	  NEGATIVE:	  Alexandrium	  catenella	  /	  tamarense	  

In	  western	  Europe	  there	  are	  
two	  clades	  of	  the	  
Alexandrium	  catenella	  /	  
tamarense	  species	  complex.	  
The	  NA	  clade,	  which	  is	  toxic,	  
is	  on	  the	  north	  and	  the	  non	  
toxic	  or	  weakely	  toxic	  WE	  
clade	  has	  a	  more	  souther.	  	  
A	  slight	  shir	  towards	  the	  
north	  of	  these	  popula)ons	  
would	  cause	  the	  subs)tu)on	  
of	  a	  dangerous	  toxic	  species	  
for	  a	  non	  toxic	  one.	  

S.	  Fraga	   56	  
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Vila	  and	  Masó	  2005	  

Also	  effects	  due	  to	  
increased	  harbor	  number,	  
etc.	  

57	  

And within the harbors!

Increase	  in	  human	  popula)on	  and	  number	  of	  red	  )des	  in	  Tolo	  Harbour,	  Hong	  Kong.	  
Redrawn	  from	  Lam	  et	  al.	  1989	  

58	  
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Hypoxia	  

Vaquer-‐Sunyer	  and	  Duarte	  2008	  
59	  


