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Climate changes effects on oceans
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Microbial food webs in a warming ocean
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Warming: Aquatic food webs become more microbial
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Phenology shifts with warming

Heterotrophic processes are more vulnerable to
temperature changes than autotrophic ones

‘Metabolic Theory of Ecology’ (Brown et al. 2014)

 Reduced time-lags between autotrophs and
heterotrophs with warming

« Shifts in timing (and magnitude) of MZP biomass
e Stronger top-down control of phytoplankton by MZP

« Alterations in energy transfer (enhanced dietary
competition between MZP and mesozooplankton)

WARMING
‘Trophic link’ <€ >  “Trophic sink’




MZP biomass (2008)
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— Earlier timing of MZP in the mesocosms




Phenology shifts

Time-lags between ciliates and phytoplankton

b= = = = [
g o o o o
- =} = N w

N
o
N

Biomass (ug C L1)

40 60 80 100 120 40 60 80 100 120 40 60 80 100 120 40 60 80 100 120

T Cil
@ Phyto

Temperature treatment AT (°C)

— Reduced time-lags between phytoplankton and MZP with warming



Phenology shifts (2008)
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Warming & overwintering copepod densities

Test for the combined effects of warming and densities of
overwintering copepods on MZP biomass and phenology

Hypotheses:

1. High overwintering copepod densities will affect MZP
biomass (size classes/community composition)

2. Warming at high copepod densities will lead to a strong

top-down control on MZP
- MZP functions as a ‘trophic link’

3. Warming at low copepod densities will lead to an earlier
timing of MZP and a shortened temporal occurrence
- MZP functions as a ‘trophic sink’




Top-down control by copepods
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— Strong suppression of MZP (especially ciliates <30 um) at elevated
temperatures



Effects of warming & ocean acidification (OA)
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Will OA affect lower food web dynamics?
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Warming vs. OA: an indoor mesocosm study (BIoACID 1l 2012-2015)

« 12 mescocosms filled with Baltic
Sea plankton communities

« Two different temperatures levels:
cold and warm (A 6°C)

« CO, gradients: 500 ppm (low) to
max. 3000 ppm (high)

Will the combined effects of warming and OA induce
direct or indirect effects on the phenology, community
composition and carrying capacity of MZP?



Ciliate biomass (BloAcID Il 2012)
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Species composition (BIOACID Il 2012)
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— Changes in MZP composition and succession
patterns with warming



Species composition (BIOACID Il 2013)
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Conclusions: OA & warming

« Warming affects MZP timing, growth, community
composition and succession

« Warming leads to reduced time-lags between
phytoplankton and MZP

* Reduced temporal occurrence of MZP with warming

« Stronger top-down control by copepods on MZP at high
temperature conditions

 High tolerance of MZP to changes in pCO, (peak timing,
biomass and community composition remained
unaffected)






Key role of microzooplankton (MZP)
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Zooplankton grazing on phytoplankton
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60% of the primary production consumed daily by
MZP and only 10% by mesozooplankton
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Hypotheses

WINTER WARMING SZENARIO

Warming will lead to:

1.

Reduced time-lags between autotrophic and
heterotrophic processes with warming

Shifts in timing and magnitude of MZP biomass
Stronger top-down bloom control by MZP

Enhanced trophic overlap and dietary competition
between MZP and mesozooplankton
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PZP community composition

PZP biomass (ug C 1)
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Predator prey model (2008)
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— With increasing Q,, of copepods a tighter coupling between PZP
and copepods occurs (strong top-down control of PZP)
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Relationship MZP-copepods
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— Strong suppression by coperpods Klauschies et al. (Mar Biol 2012)



Plankton succession (2009)
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Peak timing (2005-2009)
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Peak magnitude (2005-2009)
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