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„Nichts macht Sinn in der Biologie außer im Lichte der Evolution“ Theodosius 
Dobzhansky

Womit machen wir Sinn? Mit welchen Sinnesorganen?

Mit den Augen?

Was steuert die Augen?

Das Vestibularsystem, das zugleich Gleichgewicht, Schwerkraft, Beschleunigung 
und Bewegung des Kopfes wahrnimmt.

Fingerbeispiel

Also, unsere Aufmerksamkeit, das Licht in dem wir Sinn machen, wird vom 
Vestibularsystem gelenkt.

Es ist auch die Grundlage unseres Wohlbefindens

Es tut gut, über den Einfluss des Vestibularorgans nachzudenken.





vestibular system, which contributes to balance in most mammals and to the 
sense of spatial orientation, is the sensory system that provides the leading 
contribution about movement and sense of balance. Together with the cochlea, 
a part of the auditory system, it constitutes the labyrinth of the inner ear in most 
mammals, situated in the vestibulum in the inner ear (Figure 1). As our 
movements consist of rotations and translations, the vestibular system 
comprises two components: the semicircular canal system, which indicate 
rotational movements; and the otoliths, which indicate linear accelerations. The 
vestibular system sends signals primarily to the neural structures that control 
our eye movements, and to the muscles that keep us upright. The projections to 
the former provide the anatomical basis of the vestibulo-ocular reflex, which is 
required for clear vision; and the projections to the muscles that control our 
posture are necessary to keep us upright. 

Wikipedia

http://en.wikipedia.org/wiki/Balance_(ability)
http://en.wikipedia.org/wiki/Spatial_orientation
http://en.wikipedia.org/wiki/Sensory_system
http://en.wikipedia.org/wiki/Motion_(physics)
http://en.wikipedia.org/wiki/Sense_of_balance
http://en.wikipedia.org/wiki/Cochlea
http://en.wikipedia.org/wiki/Auditory_system
http://en.wikipedia.org/wiki/Labyrinth_of_the_inner_ear
http://en.wikipedia.org/wiki/Vestibule_of_the_ear
http://en.wikipedia.org/wiki/Inner_ear
http://en.wikipedia.org/wiki/Otolith
http://en.wikipedia.org/wiki/Vestibulo-ocular_reflex


Is the mind‘s balance, and hence 
its functioning, derived from that of 
the body?

Is there an innate sense of justice? 

How did it develop and where are 
its neural correlates?

Relationship between material and 
abstract worlds.

From balancing bodies to 
balancing equations.



Proprioception: Körperwahrnehmung sowie Wahrnehmung von Objekten und 
Raum.

Im hohen Maße schon bei Protisten entwickelt

Oktopus Intelligenz beruht darauf
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Proprioception: Is the sensory system 
that supports body posture and 
movement also the root of our 
understanding of physical laws?

The body and vestibular organs as our 
major sense organs.



9http://www.snowballearth.org/



which is about 50 Mill. 
years old with recognisable 
relatives dating back to the 
Permian (270 Mill). Wind 
pollination, seed dispersal 
by large fruit. Few 
enemies, hence well 
protected. Trees survived 
Hiroshima bomb at 2 km 
distance.

Pictures from Wikipedia

The standard tree exemplified by Gingko biloba



Tree ferns (top left), cycads (top) and palm tree 
(left) showing convergent morphology driven by 
bottom-up constraints

Form and function make sense here: selection 
of optimal solutions, because we are terrestrial 
organisms and live in a strong gravity field





Does phytoplankton make sense?



Was macht Sinn?

Landpflanzen, weil wir terrestrische Organismen sind: Kinder der Schwerkraft.

Aber Planktonorganismen sind für uns rätselhaft.



First appearance of
phytoplankton
lineages
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Radiolaria shapes are baffling But what about Foraminifera? 
What do they remind us of? 

Ernst Haeckel, Kunstformen der Natur (1904)



Kammerling (Foraminifera ca. 0.5 mm)



Stauracon spp.

Large Protists: Acantharia

Gigartacon spp. 

20 µm

Skeleton of Lonchostaurus spp.

50 µmFoto by L. Friedrichs

Acanthostraurus spp.

Stauracon spp. with endosymbionts
20 µm
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Whales: baleen (11 species) and tooth (67 species) whales



What is the function of these forms?

Shape does not determine whether an 
organism is photoauto- or phagotrophic.

My suggestions:
Shape is a signal to would-be predators, 
sensed by proprioception (body sense) and 
equivalent to colour and shape for 
visual predators.

Hence, there will also be mimicry, 
interpreted as convergence of form,
or conservation of shape, or why so many
cryptic species.



If there is a shape, there must be something to sense it.

Proprioceptors of the protozoo- and metazooplankton have 
shaped phytoplankton and hence the climate of the planet.



Plankton evolution is ruled 
by protection and not 
competition. The many 
shapes of plankton reflect 
defence responses to 
specific attack systems 
ranging from pathogens, 
parasitoids to predators.



Distribution of dominant 
sediment types on the sea 
floor: pale blue: ice rafted 
sediments. Blue: carbonate 
(note effect of water depth 
and age). Yellow: siliceous 
(note no relation to depth). 
Red: Red clay (note strong 
relation to depth). Violet: 
terrigenous. Orange: 
siliceous/red clay.

Shaded relief map showing 
abyssal plains and mid-
oceanic ridges.
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Magic numbers in the biosphere

Glacial/interglacial CO2 concentrations (180 – 290 ppmv)

Glacial/interglacial methane concentrations (350 – 650 ppbv)

Redfield ratios (Pelagic C:N:P 106:16:1)

Deep-sea DOC concentrations (42 µmol l-1)

Surface ocean bacterial numbers (106 ml-1)

Virus:Bacteria ratio (10:1)

Non-sea-salt-sulphate (biogenic) flux to Antarctica (3 mg m-2 yr-1)





2011



The image shows the potential effect of a sea level rise of 1m by 2100 for the coastline between 
Zeebrugge and Calais. Developing appropriate sea defences will prevent flooding.



Geoengineering the climate
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In situ iron fertilization experiments have confirmed the 
first tenet of John Martin’s iron hypothesis

SAGE



First evidence for the second tenet of the iron hypothesis

Nature 2012



PNAS 2013

© F. Hinz, AWI

Fragilariopsis kerguelensis





37
Slide courtesy Daniel Pauly



0

20

40

60

80

100

120

140

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

Year

C
a

tc
h 

(m
ill

io
n

 to
nn

es
 p

er
 y

ea
r)

   

  Invertebrates

Benthic fish

Illegal, unregulated and 
undocumented (IUU) fisheries

 www.seaaroundus.org www.seaaroundus.org www.seaaroundus.org www.seaaroundus.org www.seaaroundus.org www.seaaroundus.org

World fishery yields

Discards 

Peruvian  anchoveta

Pelagic fish

Slide courtesy Daniel Pauly







gcaptain.com/maritime/blog/tubes-in-the-ocean 

http://gcaptain.com/maritime/blog/tubes-in-the-ocean-%E2%86%92-bizarre-marine-technology?4494
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New Sargassum source

Gower et al. 2013

Sargassum concentrations measured by satellite



AGU ASLO Ocean Sciences Meeting 21 – 26 February 2016

 
Special Session: OCEAN-ATMOSPHERE SYSTEM 
GEOENGINEERING: BENEFITS AND DETRIMENTS 
 
Further topics include but are not limited to: 

Advances in the methodology of artificial upwelling with potential applications in 
marine aquaculture and fisheries; 

Ocean iron fertilization for CO2 sequestration; 

Cooling the ocean for hurricane mitigation and climate modification. 





Marine energy and geoengineering
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Current global carbon cycle in billion tonnes (109 = Gigatonnes) 

http://www.ieagreen.org.uk/tecres/tecim4.jpg













Wolff et al. Nature 2006



Wolff et al. Nature 
2006



Magic numbers in the biosphere

Glacial/interglacial CO2 concentrations (180 – 290 ppmv)

Glacial/interglacial methane concentrations (350 – 650 ppbv)

Redfield ratios (Pelagic C:N:P 106:16:1)

Deep-sea DOC concentrations (42 µmol l-1)

Surface ocean bacterial numbers (106 ml-1)

Virus:Bacteria ratio (10:1)

Non-sea-salt-sulphate (biogenic) flux to Antarctica (3 mg m-2 yr-1)



Pallium-feeding by
Protoperidinium on 
Chaetoceros chain
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