In hot water: zooplankton now and in
the future

Anthony J. Richardson

The story of

Plankton
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Roadmap

* The Present
— Earth system changes

— Plankton changes and ecosystem impacts

e The Future

— Earth system changes

— Modelling plankton changes

*» Key Challenges



IPCC\/GT1 AR4
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Earth System Changes

The Present

Temperature change "C

o Physical systems p - 1970-2004 I .
& = - ot _u"‘-_:;
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° 1-30 Physical Bioiogical Physical Biological
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The Present

Plankton Changes

 Abundance
 Distribution
* Phenology

* Large-scale climate forcing



Plankton Changes

The Present

Species '
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The Present

Plankton Changes
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The Present
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Plankton Changes
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Plankton Changes

The Present

= 0.50, p < 0.004 1988-2002
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Plankton Changes

Western subarctic NP
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The Present

Plankton Changes

Warm Temperate Calanus finmarchicus

temperate species
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Plankton Changes
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Plankton Changes
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Neocalanus plumchirids
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Plankton Changes

The Present

Fishlarvae Helgoland Roads

Imagé: Russ Hopcroft
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The Present

Plankton Changes

Season Group Days forward

Summer Diatoms 22 d
Dinoflagellates 23d
Copepods 10d
Other zooplankton 10d
Meroplankton 27 d

Edwards & Richardson {2004) Nature



Plankton Changes

Lake \Xashington [US)
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Plankton Changes
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The Future

Relative Probability
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The Future

Plankton Changes

* Issues
— W hich groups do we think will be most sensitive?

— \Where do we have sufficient empirical or process-
based understanding?

— \¥/hen is the scale of GCM output OK?
* Modelling

— Empirical models

— BGC and NPZ models

— Detailed population models (e.q. C. finmarchicus/
— Ecosystem models



The Future

Plankton Changes

O Lynam et al (2004) years
B CPR jellyfish 1958-2000 )

4

rd

R - '
o — L 5 W o — Ln k) LA R

Standardized jellyfish frequency

1
-

1958 1968 1978 1988 1998 2008 2018 2028 2038 2048 2058 2068 2078 2088 2098

- |
F E I. -ll. 1’ T

Image: Russ Hopcroft Attrill et al {2007) L&O



The Future

Plankton Changes
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Plankton Changes

B Presence
C. finmarchicus
0 0 il £ -

The Future
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Richardson et al [unpublished)



Plankton Changes

* 111 phyto- and zooplankton spp for diversity

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

Taxonomic richness per sample

Beaugrand et al {2000) MEPS Richardson et al [unpublished)



The Future

Plankton Changes

Primary Production, 2 x CO, - 1 x CO,

Advantage of lower trophic levels

Bopp [2005)



The Future

Plankton Changes
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Bopp et al {2004) CIJFAS



Key Challenges

Weekly

Monthly
Seasonal
Annual

______________________________________________________
_____________________________

Literature
e Valdes {unpublished)

Perry et al. {2004) ICES J Mar Sci
COPEPOD Database [O'Brien 2005)
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Key Challenges

Nutrients
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Mann & Lazier [1996)



Key Challenges

More datoms
Higher nutrients

Upwelling  Rainfall Cyclone Windlstress  Temperature

Baupdary
CLIF {11

Lower nutrients

More picoplankton &Trichodesmium

Image: Russ Hopcroft

McKinnon et al [in press) GBR Book
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Key Challenges
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Gibbons et al {unpub data)



Key Challenges

Alotude (m)

Current Vegetation
3000 km

* [s there evidence for zooplankton going
deeper in water column?

W\K/F (2006)
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Key Challenges

North Pacific
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| ® Annual Average
|—1977 Step

IRRE!

1970 1975 1980

1988 Regime shift

P P —
| & Annual Average |
[— 1989 Step |

1980

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



Conclusions

 Dramatic impacts of climate change on
zooplankton causing ecosystem-wide
consequences

* Exciting time for long-term zooplankton
research

* Increasing use of modelling approaches
to peer into the future






