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HOW TO READ A LOCAL GENIUS STORY

Function
Function describes what the
organism or ecosystem does
and what we want our design
to do. Function is the bridge
between biology and design.

Organism
The common and scientific
name of the local genius.

Mechanism
How the strategy works,
specifically. Mechanism is
usually written as just 1-2
sentences.

FUNCTION

Deform and regain shape

ORGANISM

In addition to being found in association
with flight muscles, resilin occurs throughout
dragonfly wings at ‘vein-joints’, where cross-veins
meet longitudinal veins (Fig. 1). In dragonflies,
resilin is found on the concave side of vein-joints,
providing flexibility in the wing across its width
while maintaining stiffness along its length.

longitudinal veins

MECHANISM

Resilin deforms when stretched, then releases
this energy once tension is eased, returning to its
original undeformed shape.

cross-veins

vein joint

Figure 1
VEINS & JOINTS IN DRAGONFLY WING
(after Donoughe et.al, 2011, Fig. 1)

DRAGONFLY

Dragonflies such as the western meadowhawk
are models of aerial maneuverability due to
their ability to control each of their four wings
independently. Dragonflies typically beat their
wings more than 30 strokes per second, storing
energy with the help of resilin, nature’s most
resilient elastic. This natural rubber is found in
the wing tendon attached to flight muscles where
it functions to decelerate the wing at the end of
a downstroke and accelerate it at the start of the
next upstroke. Resilin is a protein-based elastic
material that, when stretched, returns almost all
the energy put into it (97%). Pulling on resilin
tugs on molecular entanglements rather than on
chemical bonds, allowing resilin to stretch and
rebound.

top of wing

LOCAL GENIUS STORIES

BIOLOGY STRATEGY

bottom of wing

APPENDIX B

Western meadowhawk dragonfly
Sympetrum occidentale
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Biology Strategy
This section tells the story
of the biology strategy or
adaptation used by the
organism to achieve the
function. The story is a
translation of biological
research, often times as
reported in the primary
literature, into words that
can be understood by a nonbiologist.
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Strategy Illustration
A diagram or illustration
to support the Biology
Strategy.

Design Principle Illustration
The illustration supports the
written design principle and
facilitates application of it in
design.

Design Principle
The idea or underlying
principle of the biology
strategy, stated without
reference to the biology. The
design principle is succinct,
usually written as just one
sentence, and is what we
emulate in design, what we use
to generate biomimetic design
concepts.
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FUNCTION

DESIGN PRINCIPLE

ORGANISM

A protein-based elastic material deforms under tension
and regains its original shape when tension is released.

Deform and regain shape

Western meadowhawk dragonfly
Sympetrum occidentale

BIOLOGY STRATEGY

(after Donoughe et.al, 2011, Fig. 1)
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tension applied

Resilin deforms when stretched, then releases
this energy once tension is eased, returning to its
original undeformed shape.

cross-veins

vein joint

Figure 1
VEINS & JOINTS IN DRAGONFLY WING

MATERIAL STRETCHED

MECHANISM

DRAGONFLY

longitudinal veins

tension released

bottom of wing

In addition to being found in association
with flight muscles, resilin occurs throughout
dragonfly wings at ‘vein-joints’, where cross-veins
meet longitudinal veins (Fig. 1). In dragonflies,
resilin is found on the concave side of vein-joints,
providing flexibility in the wing across its width
while maintaining stiffness along its length.

MATERIAL AT REST

top of wing

Dragonflies such as the western meadowhawk
are models of aerial maneuverability due to
their ability to control each of their four wings
independently. Dragonflies typically beat their
wings more than 30 strokes per second, storing
energy with the help of resilin, nature’s most
resilient elastic. This natural rubber is found in
the wing tendon attached to flight muscles where
it functions to decelerate the wing at the end of
a downstroke and accelerate it at the start of the
next upstroke. Resilin is a protein-based elastic
material that, when stretched, returns almost all
the energy put into it (97%). Pulling on resilin
tugs on molecular entanglements rather than on
chemical bonds, allowing resilin to stretch and
rebound.

APPLICATION IDEA
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and damselfly wings and its implications
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Strategically locate elastic material under
areas of greatest compaction (tension: force
opposite compaction)

KEY LIFE’S PRINCIPLES
•

Embody resilience through variation,
redundancy, and decentralization

•

Use low energy processes

•

Build selectively with a small subset of
elements
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FUNCTION

DESIGN PRINCIPLE

Uniformly distribute stress

Add material at points of greatest mechanical load to
uniformly distribute stress.

ORGANISM

Ponderosa pine
Pinus ponderosa var. scopulorum

BIOLOGY STRATEGY

Ponderosa pine trees grow throughout the
Colorado Front Range from the border of the
prairie and foothills, up to 10,000 ft elevation,
depending on topography. Along the Front, 300500 year old trees are frequent, a testament to
their ability to withstand many forces, including
those generated by fire, wind, snow loading,
and steep slopes. Trees react to these external
stresses and internal damage by adding wood at
mechanically weak points.
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MECHANISM

To distribute stress uniformly, trees add wood
(grow thicker rings) at points of greatest
mechanical load.

APPLICATION IDEA

KEY LIFE’S PRINCIPLES

•

•

Be resource efficient

•

Use life-friendly chemistry

•

Be locally attuned and responsive

If there is compression on road and tension
on road edge, obtuse angle from road to ditch
optimally distributes load (after Mattheck,
2006, Figures 5-7).

REFERENCES
obtuse angle distributes
load optimally

DEGREE OF ANGLE

material added where highest load

stress direction

PONDEROSA PINE

To distribute stress uniformly, trees such as
ponderosa pine add wood at points of greatest
mechanical load. The biological method of
shape optimization is simple: at places of higher
load, extra material is grown, i.e. thicker tree
rings. Claus Mattheck, a German professor of
Biomechanics at the University of Karlsruhe,
calls this ‘load-adaptive growth’ and contends
that structural optimization in trees is all about
making the external and internal stresses as
uniform as possible across the whole structure.
For example, junctions between main trunks and
branches are places of concentrated stresses.
Trees compensate for this extra stress by adding
more material to the shoulder. Trees that grow on
steep slopes add material to the downhill side by
developing larger growth rings on that side.

additional material

•
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CO: U.S. Department of Agriculture, Forest
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p.
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ORGANISM

Rocky Mountain Elk (bone)
Cervus canadensis nelsoni

BIOLOGY STRATEGY

Bone is a strong ‘rigid material’, a composite
that responds to stresses with only minimal
deformation. Bone has greater compressive
strength and higher work of fracture (resistance
to cracking) than concrete. Evolutionarily, the
invention of bone provided fitness for large
body size, as found in large mammals such as
the Rocky Mountain Elk. Within a single long
bone such as a femur, there are two types of
bone tissue: cancellous and compact bone. The
complex structure of these two types of bone
give them strength, light weight, and some
flexibility.
Cancellous bone is a spongy composite lattice
material known as trabeculae (“little beams”) that
makes up 80% of mammalian bone. It is typically
found at the ends and in the core of long bones,
and has two main constituents. Small inorganic
crystals of phosphate, calcium, and hydroxyl
ions make up ~50% of the volume. These tiny,
brittle crystals are interspersed with neat layers
of elastic collagen fibers, the other ~50%, in
a protein matrix. The continuous alternation
between brittle and elastic material makes it
fracture resistant. Studies of the latticework
geometry in terrestrial mammals and birds have
found that bone volume does not scale with
size, but trabeculae in larger animals’ femurs are
thicker, further apart and fewer per unit volume
than in smaller animals, increasing the larger
animals’ ability to withstand loads.
Cancellous (Lattice) Matrix
mineral (crystalline) plates
collagen (elastic) fibers

Photo: Daniel Mayer, 2011 | Wikipedia Commons

Compact bone forms the outer shell of most
bones, is harder, stronger and stiffer than
cancellous bone, and makes up 20% of the
skeleton, but 80% of its weight. As such, it is
much denser than cancellous bone and performs
the key function of mechanical support. The
structural unit of compact bone is the osteon.
Each osteon consists of a calcified matrix of
parallel collagen fibers and protein arranged in
concentric rings, typically several millimeters
long and ~0.2mm in diameter, surrounding an
open canal where blood vessels and nerves
pass.

MECHANISM

Outer layer of compact bone and inner layer
of cancellous bone experiences minimal
deformation under loads then regains its shape.
Cancellous bone is a spongy composite lattice
material made of parallel layers of elastic collagen
fibers and brittle inorganic crystals in a protein
matrix. Compact bone consists of a calcified
matrix of parallel collagen fibers and protein
arranged in concentric rings.

DESIGN PRINCIPLE

Composite lattice material (made of alternating crystalline
and elastic components) surrounded by a harder material
(composed of concentric rings of a calcified matrix of
parallel elastic fibers) resists compression.
compression

Minimize deformation under stress; regain
original shape

ROCKY MOUNTAIN ELK

FUNCTION

APPLICATION IDEA

REFERENCES

•
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2011. Trabecular bone scales allometrically in
mammals and birds. Proceedings of the Royal
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Tributsch, H. 1984. How life learned to live.
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edition. Princeton: Princeton University Press.
580 p.

Mineralized fibers as construction element for
road that handles shear and compressional
stresses.

lattice
osteon

KEY LIFE’S PRINCIPLES
•

Use life-friendly chemistry

•

Fit form to function

•

Replicate strategies that work

Compact (Osteon) Matrix
concentric rings of collagen & protein
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FUNCTION

DESIGN PRINCIPLE

ORGANISM

Pleasing fungus beetle (chitin)
Gibbifer californicus

BIOLOGY STRATEGY

The pleasing fungus beetle is found locally in
stands of ponderosa pine and aspen, especially
near bracket fungi that grow on rotting logs.
Here, adult beetles lay their eggs and once
hatched, the larvae feast on the bracket fungi.
Adult beetles are shiny black with blue or purple
elytra (hardened wing covers) with black dots.
This shiny cuticle or exoskeleton is waterproof
thanks to the components of this natural
composite.
In beetles, chitin is a tough, flexible component
of a complex matrix of materials that create
a passive physical surface barrier to water.
As such, insects rely on their chitinous cuticle
to resist desiccation. Chitin is composed
primarily of polysaccharide fibers (bonded
sugar molecules much like cellulose in wood)
in a protein matrix. These fibers are stacked,
with each layer slightly rotated relative to the
orientation of the underlying layer, much like
plywood (Fig 1). This fiber-protein complex holds
a very thin waterproofing waxy lipid layer, less
than 0.2 microns thick, that is secreted onto and
integrated with the complex to ensure a water
balance is achieved.

Figure 1
FIBER ORIENTATION &
WAX LOCATION IN CHITIN

stacked rotating fiber layers
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Photo: Kati Fleming, 2009 | Wikipedia Commons

MECHANISM

Stacked chitin fibers, each layer slightly rotated
relative to the underlying layer, in a protein matrix
holds a thin waterproof waxy lipid layer, less than
0.2 microns thick, to achieve an effective water
balance within the insect.

embedded waxy lipid layer

PLEASING FUNGUS BEETLE

Repel water

Layers of fibers oriented at slightly different angles
in a protein matrix hold a thin waxy lipid layer that
collectively creates a physical surface barrier to water.

APPLICATION IDEA

REFERENCES

•
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Wikipedia.org

Explore creation of ‘complexes’ with fiber
orientation into which waterproofing lipid
layer might be integrated.

KEY LIFE’S PRINCIPLES
•

Use readily available materials and energy

•

Build selectively with a small subset of
elements

•

Fit form to function
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Thank you
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