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Plankton	  changes	  in	  the	  future	  

IPCC	  WG1	  AR4	  

Earth	  Systems	  Changes	  
Modelling	  temperature	  changes	  
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Plankton Changes!

•  Issues!
–  What groups do we think will be most sensitive?!
–  Where do we have sufficient empirical or process-based 

understanding?!
•  Modelling: can we predict the changes?!

–  Empirical models!
–  BGC and NPZ models!
–  Detailed population models (e.g. C. finmarchicus)!
–  Ecosystem models!

Plankton	  Changes	  	  
1.	  Empirical	  Models	  -‐	  	  North	  Sea	  

AHrill	  et	  al.	  (2007)	  L&O	  

NAOI 

Image:	  Russ	  HopcroR	  

Image:	  Russ	  HopcroR	  
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Plankton	  Changes	  
2.	  Bioclimate	  Modelling	  –	  NE	  AtlanVc	  

Richardson	  et	  al	  (unpublished)	  
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Plankton	  Changes	  
2.	  Bioclimate	  Modelling	  –	  NE	  AtlanVc	  

•  111	  phyto-‐	  and	  zooplankton	  spp	  for	  diversity	  

Richardson	  et	  al	  (unpublished)	  

Obs	  1960-‐1999	   Pred	  2000	   Pred	  2070	   Pred	  2070-‐2000	  

Beaugrand	  et	  al	  (2000)	  MEPS	  
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Plankton	  Changes	  
3.	  NPZ	  Modelling	  

Primary	  ProducVon,	  2	  x	  CO2	  –	  1	  x	  CO2	  

gC	  m-‐2	  an	  -‐1	  

Bopp	  (2005)	  
Advantage	  of	  lower	  trophic	  levels	  

Key	  Challenges	  
We	  lack	  basic	  informaVon	  

Existent	  Zooplankton	  Time	  Series	  Globally	  Weekly	  
Monthly	  
Seasonal	  
Annual	  

Literature	  
Valdes	  (unpublished)	  

Perry	  et	  al.	  (2004)	  ICES	  J	  Mar	  Sci	  	  
COPEPOD	  Database	  (O’Brien	  2005)	  

We	  lack	  data	  on	  the	  tropics	  and	  southern	  hemisphere	  
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Key	  Challenges	  
	  Response	  of	  tropical	  systems?	  

Mann	  &	  Lazier	  (1996)	  

Light 

Nutrients 

Key	  Challenges	  	  
1.	  Response	  of	  tropical	  systems?	  

McKinnon	  et	  al	  (in	  press)	  GBR	  Book	  

| 

Image: Russ Hopcroft 

1. Expect	  liHle	  phenological	  changes	  
in	  tropical	  systems	  

2. Maybe	  greatest	  influence	  will	  be	  
changes	  in	  nutrient	  enrichment,	  
which	  is	  criVcal	  to	  tropical	  
systems,	  and	  this	  will	  manifest	  in	  
terms	  of	  community	  changes	  
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Key	  Challenges	  
Understanding	  Drivers	  of	  Diversity	  

Gibbons	  et	  al	  (unpub	  data)	  

Calanoid	  
copepod
s	  

Larvaceans	  

Euphausiids	   Calycophoran	  	  
siphonophore
s	  

Key	  Challenges	  
VerVcal	  distribuVon	  

•  Is	  there	  evidence	  for	  zooplankton	  going	  
deeper	  in	  water	  column?	  

WWF	  (2006)	  
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Key	  Challenges	  
Non-‐linear	  Dynamics	  

Hare	  &	  Mantua	  (2000)	  PinO	  
Scheffer	  &	  Carpenter	  (2003)	  TREE	  

North	  Pacific	  

Conclusions	  

•  DramaVc	  impacts	  of	  climate	  change	  on	  
plankton	  causing	  ecosystem-‐wide	  
consequences	  

•  ExciVng	  Vme	  for	  long-‐term	  zooplankton	  
research	  

•  Increasing	  use	  of	  modelling	  approaches	  to	  
peer	  into	  the	  future	  



5/18/11	  

8	  

So,	  what	  about	  the	  future?	  
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Nomura’s	  Jellyfish	  
Nemopilema	  nomurai	  
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Richardson	  et	  al.	  2009	  
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Richardson	  et	  al.	  2009	  

Also	  aquaculture	  

Lo	  et	  al.	  2008	  
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Back	  to	  the	  future?	  
Richardson	  et	  al.	  2009	  

Not	  always	  just	  increase	  in	  abundance,	  also	  species	  
replacement	  
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Hosia	  et	  al.	  2011	  PICES	  meeVng	  

Hosia	  et	  al.	  2011	  PICES	  meeVng	  
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Temperature	  seems	  relevant	  

Although	  maybe	  the	  effect	  of	  
temperature	  is	  more	  relevant	  on	  
different	  stages	  of	  the	  life	  cycle	  	  

Drinkwater	  2005	  

REGARDING	  FISH	  
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Drinkwater	  2005	  

Drinkwater	  2005	  
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Drinkwater	  2005	  

Difficult	  to	  recover	  
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What	  can	  we	  do?	  

Global	  Warming	  Remedies	  
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World	  Ocean	  Review	  

IRON	  FERTILIZATION	  EXPERIMENTS	  

There	  are	  many	  different	  soluVons	  proposed,	  some	  quite	  
crazy,	  but	  there	  is	  especially	  one	  that	  involves	  plankton	  	  
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IRON	  FERTILIZATION	  EXPERIMENTS	  

THE	  IDEA	  IS	  SIMPLE	  
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SOFeX-‐N	  northern	  Southern	  Ocean	  (the	  ocean	  around	  AntarcVca)	  	  

HNLC	  western	  subarcVc	  Pacific	  Iron	  FerVlizaVon	  Experiment	  (SEEDS	  2001)	  

Saito	  et	  al.	  2006	  

diatoms	  

Gyrodinium	  sp.	  
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41	  

But	  in	  SEEDS	  II	  (2004)…	  

Highly	  unpredictable	  

University	  of	  Portsmouth	  

-‐ 	  The	  amount	  of	  CO2	  secreted	  was	  actually	  liHle	  (a	  good	  porVon	  of	  carbon	  was	  respired	  within	  the	  area	  
-‐ 	  It	  may	  result	  in	  HABs	  
-‐ 	  Severe	  ecosystem	  alteraVons	  (we	  may	  end	  up	  with	  jellyfish)	  
-‐ 	  It	  may	  result	  in	  eutrophicaVon	  and	  further	  in	  anoxia	  
-‐ 	  There	  are	  other	  greenhouse	  gasses	  besides	  CO2	  
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Not	  directly	  ocean-‐related	  


