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Bio-inspiration … then

1400 BC

950 BC
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Bio-inspiration … now

Fish et al. (2011)
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1997

Bio-inspiration … what’s in a name?

• Biomimicry

• Biomimetics

• Bio-inspiration

• Bionics

• Bioreplication

• Bio-exploration
BIOLOGICAL
FUNCTIONS

PRACTICAL
PROBLEMS

TECHNOLOGICAL
SOLUTIONS

Marine@GUGC 2024

Bio-inspiration … the role of biologists!

Tan, R., et al., Creative design inspired by biological knowledge: Technologies and methods. Frontiers of Mechanical Engineer ing, 2018. 

Speck, T. and O. Speck, Process sequences in biomimetic research, in Design and Nature IV, C.A. Brebbia, Editor. 2008, WIT Press: Southampton, UK. p. 3-11.

Lenau, T.A., A.-L. Metze, and T. Hesselberg, Paradigms for biologically inspired design. Proc. SPIE 10593, Bioinspiration, 
Biomimetics, and Bioreplication VIII, 2018. 10593(2): p. 1-20.
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chitosan nanocarriers

coccolithophore biomineralisation

coral inspired bio-energy

octopus sucker cup anchoring

marine monitoring

carbon sequestration

Levels of marine bio-inspiration
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robotic grasping
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Evolution towards a grasping tale

PIPEFISH SEAHORSE
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Evolution towards a grasping tale

PIPEFISH SEAHORSE
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Pipehorses, pipehorses, pipehorses, …

Acentronura

Haliichthys

Solegnathus

Syngnathoides

Neutens et al. (2014)
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Phylogeny

Phylogeny sensu Stiller et al. (2022)

Syngnathidae

CONVERGENT
EVOLUTION!
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Morphospace occupation

Vertebral shape variation Neutens et al. (2017)
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Ventral bending patterns
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Rigid vs flexible paradox
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Rigid vs flexible paradox
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Soft vs hard robotics
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From biology to bio-inspired

Li et al. (2019)

Nabeshima et al. (2019)

Xiong et al. (2024)

Chen et al. (2024)

Zhang et al. (2022)Marine@GUGC 2024

… and back

Degrees of freedom
Muscle architecture
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Muscle function
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Muscle strain and grasping

Shadwick and Gemballa (2005)

Praet et al. (2012)

Muscle
strain (%)
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Head Tail
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Armor organisation
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Bio-exploration – why a square tail?

µCT CAD modeling 3D printing Assemblage

P□

Porter et al. (2015) – Science
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Muscle organisation
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Modelling tendon-muscle architecture

Marine@GUGC 2024

Modelling tendon-muscle architecture
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MUSCLE 1
MUSCLE 2

© Marzougui D.
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In silico evolutionary optimalisation
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Number of
muscle-tendon

Units (in simulation)

Maximal ventral
bending

(curvature in degrees)
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In silico evolutionary optimalisation
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Where do we want to go?
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