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Why should we create a better
understanding of marine ecosystems and
can we?
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= The recent IPCC (Intergovernmental Panel on
Climate Change) Fourth Assessment Report (1)
noted 28,586 significant biological changes in
terrestrial systems but only 85 from marine and
freshwater systems.
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Marine undersampling. The number of time series from different environments included in the recent IPCC
{Intergovernmental Panel on Climate Change) Fourth Assessment Report differ widely. Marine systems are
vastly underrepresented compared with terrestrial systems {7).
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Q Trends in spawning cod biomass* and in fishing mortality
*guantity of mature fish
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North Sea sees recovery of cod
stocks

Cod stocks in the North Sea are showing encouraging signs of a
"rapid” recovery after being on the brink of extinction.

By Jasper Copping Share B3 2
Published: 9:00PM GMT 31 Jan 2009



0z

THE TIMES | THE SUNDAY TIMES | TIMES+

THE SUNDAY TIMES
Please enjoy this article from The Times &

From The Times
September 10, 2009

North Sea cod 'doomed by
climate change'

Simon de Bruxelles

Cod are doomed to disappear from the North
Sea because of climate change and not just as
a result of over-fishing, researchers have
discovered.
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‘Climate findings let fishermen off the hook
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Mismatch between the timing of Calanus prey and larval cod
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Scatterplot of size

NIOZ versus biodiversity
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New organisms = new
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Proteorhodopsin phototrophy
in the ocean
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Recent discoveries of new marine bacterig®2-4-2-0.2.8.9 ih|yde all three modes of photosynthesis: oxygenic photosynthesis (OP),

anaerobic anoxygenic photosynthesis (AnAnP) and aerobic anoxygenic photosynthesis (AANP), as well as two other potentially
important light-driven processes, rhodopsin-based (RH) and phytochrome-based (PC) interactions that involve both light and DOM.
Together, these light-driven processes, as well as others not shown here, sustain and control the flow of external energy into the
global ocean. Each metabolic pathway is also dependent on the availability of DOM, ranging from low dependence (true
photosynthesis) to high dependence (light-stimulated DOM respiration). DOM has at least two key functions: metabolism (ATP
formation) and biosynthesis. Pure OP may be the exception in low-nutrient oceans, whereas mixed light-DOM metabolic processes
are more likely in the open sea. Ecologists have yet to establish a comprehensive metabolic budget for these complex marine
systems.

Pure Pure
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Hybrid
rretabolism
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v Figure 5.3 An overview of the classical food chain and microbial loop (Adapted from Delong

and Karl?*)

Classic food chain

Microbial food web
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Double-barrel pump. Each year, the biological pump deposits some 300 million tons of carbon in the
deep ocean sink. Even more massive amounts are suspended in the water column as dissolved organic
carbon, much of which is converted into refractory forms by the microbial carbon pump.
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= Knowledge on marine ecosystems is acquired continuously
and has often brought about paradigm shifts

= Predicting the future state of ecosystems with any accuracy is
fraught with difficulties

= Modelling entire food webs and biogeochemical cycles for the
purpose of prediction is impossible (too many and still unknown
state variables).

= Modelling selected subsets of state variables for particular
purposes may be adequate but is often insufficient

= Are scenarios an alternative? Can they be used for
management and decision making?

= Scenarios, as models, require accurate observation of the
state of the ecosystem.
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Bacteria
and plankton
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Figure 3 | Miniaturized ecogenomic sensors to measure microbial

activity. The sensors could be installed into advanced ocean observatories
to monitor DNA and RNA from diverse microbial communities. Subsystems
for monitoring, data management and communication, and data modelling
would be incorporated for data contextualization. The sensors would report
to a worldwide network of laboratories in real time by satellite telemetry.



Fish Schools Relocating

Data from CoML MAR-ECO project.

CoML & Ocean Observing &

Upward-looking
Simrad sonar in the
Charlie-Gibbs
Fracture Zone on the
Mid-Atlantic Ridge.
(A) and (B):
Dramatic reduction in
diurnal plankton
migration in winter
Versus summer.

(C): 100m whale
dives to feed, likely on
squid, above an
internal wave moving
the whole plankton
community. (D): Fish
school breaking up at
50m and reforming
near surface.

Time bars 15 min.
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Animal oceanographers — collecting vast amounts
of oceanographic data
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= New discoveries that profoundly change our view on how
marine ecosystem function are still made regularly, even in
shallow waters.

= Mechanistic understanding of whole ecosystem functioning is
changing and improving continuously with continued
exploration.

= The oceans are complex systems that as a whole cannot be
captured in equations and algorithms

= Therefore quantitative prediction of the state of the oceans is
an illusion (as for the weather).

= Adequate observation of the oceans remains therefore
essential (as for the weather) to create a better
understanding of marine ecosystem functioning.

= Innovation is based on new knowledge
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Thank you for your attention
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