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What's missing ?

PART | Geomorphology and Its Tools
1 Earth’s Dynamic Surface
2 Geomorphologist’s Tool Kit

PART Il Source to Sink

3 Weathering and Soils

4 Geomorphic Hydrology

5 Hillslopes

6 Channels

7 Drainage Basins

8 Coastal and Submarine Geomorphology

PART lll Ice, Wind, and Fire
9 Glacial and Periglacial Geomorphology
10 Wind as a Geomorphic Agent

11 Volcanic Geomorphology

PART IV The Bigger Picture

12 Tectonic Geomorphology

13 Geomorphology and Climate
14 Landscape Evolution



Earth surface processes and life...?

« Do Earth surface processes influence
life... e.g. over long timescales?

Convergence wg Divergence

Vicariance — Dispersal barriers — Refugia — Ecology...



Earth surface processes and life...?

« ... over short timescales - Earth
surface processes have multiple
effects on life !!

» e.g. dust - Biogeochemical cycles
* e.g. volcanoes - Natural disasters

https://seanmunger.files.wordpress.com/2014/06/pinatubo-1991.jpg,https://www.scientificamerican.com,



Earth surface processes and life...

Landforms
Geomorphology
§ Physical processes
Ecology,

Shapebiological traits



Processes - Community

e.g. migrating
dunes (Lomas de
Arena, Bolivia) and
dying of forest
communities



Processes -» Community




Processes - Community

* e.g. River channel changes
(avulsions) - (Rio Grande,
Bolivia)

Disturbance and succession



Process - Community

>

Equilibrium
situation

iment supply etc.

ncy, flooding

Disturbance level and
sediment supply
Recurrence interval f;

Physical process Q
dominates landform

Relaxation time t,

Specific adaptations of organisms to
geomorphologic disturbances



Community - Landform Feedbacks

Disturbance — LWD enters channel

Trees grow on islands and Local erosion and
/ produce LWD deposition \
Log jams \ /
form Log Channel
islands jam shifting
\ forms
Channel migration and \ LWD enters
abandonment channel
Flood plain Channel

« Conceptual model of fluvial biogeomorphology, large woody debris (LWD)
and disturbance



Community - Landform Feedbacks

Floodplain
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Flooding — Sedimentation — Topography — Vegetation — Sedimentation ...




Community - Landform Feedbacks

CHANNEL PATTERN
BRAIDED MEANDERING STRAIGHT
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CHANNEL TYPE
Suspended load Mixed load Bed load

low

high
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high
low

high low

small large

* Alluvial channel form - roots and river
channel bank stability

Stream Power

low high
http://ak2.picdn.net/shutterstock/videos/8158339/thumb/1.jpg



Community —» Landform Feedbacks

« Banded vegetation patterns

!

Low mfiltration

Run-off Zone Run-on Zone
(Source Area) (Sink Area)






Community - Landform — ...

b Organisms. .. modify geomorphology by transforming non-living materials and
modulating their fluxes via mechanical or other means

1. 2. 3.
Bioerosion Bioconstruction/ Biostabilization Bioturbation
bioaccumulation

1 = T

Passive Active Active Passive Active Passive Active




Community —» 1. Bioerosion

« Organisms as agents of
weathering (physical, chemical)
and erosion (bioerosion)

Roots
Fungi
Lichen
Bacteria
Clams etc.

http://i.imgur.com, https://upload.wikimedia.org/wikipedia/commons/thumb/0/00/Bioerosion_patelles_IrlandeNord.jpg/1280px-Bioerosion_patelles_IrlandeNord.jpg
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Community — 2. Bioconstruct

iguiecologia.com, https://photojournal.jpl.nasa.gov/jpeg/PIA03401.jpg, http://impressivemagazine.com



Community — 2. Bioconstruction...

« e.g. Termites

« Upto 100 m3km=2 yr? soil
moved... (mixed)




Community — 3. Bioturbation

* Faunal impact -
examples and flow paths
of the geomorphic
impacts of animals
(sediment dynamics!!!)
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Community — 3. Bioturbation

In unstratified materials In stratified materials
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Concept of the Blomantle

. biomantle

L) biomamle

one-layered
biomantle biomantle biomantle biomantle biomantle biomantle

two-layered two-layered one-layered two- Iayered two-layered

Digging mammals can shift
around 1.8-3.6 t of soll per kg
of body mass in a year

Australia: bettongs, potoroos,
bilbies, bandicoots, echidnas

Improves soil health by
turnover and mixing organic
matter (nutrients)

Breaks through hard soils

Improves water infiltration
which increases soil moisture

Spreads important mycorrhizal
fungi across the landscape

Reduces the amount of
combustible plant material
within a landscape, possibly
altering fire regimes



Community — 3. Bioturbation

«— Stratified sediments (abiotic)

Mound (residual for eathworm /
functional for other species)
_---""/{--

_— Earthworm

/

% Gallery (functional for earthworm)
[

i

TN
___ Mixed soil (residual for earthworms / o i,

——

functional for other species)

« Example of the effects associated to
earthworms:

« Create residual (surface mounds and mixed soil) and functional (galleries)
landform components

* Functions and traits — Natural selection '

http://www.mirrorofnature.bigwhisper.com/wp-content/uploads/2016/05/digging.jpg https://frenchforestgarden.files.wordpress.com/2013/05/earthworm-tunnels_5.jpg



Global effects...

Global denudation... 0.5 — 10 t/ha/yr

Fd
v

“Worms have played a more important part in the
history of the world than most persons would at first
suppose.... In many parts of England a weight of
more than ten tons (10,516 kg) of dry earth annually
passes through their bodies and is brought to the
surface on each acre of land” (Darwin, 1881: 308)

Particle displacement Biogenicstructure Gallery construction
and handling: building: and irrigation:
sedimentmixingand sediment stabilisation water and chemical
micro-topographic / destabilisation fluxes enhancement
changes
. 10-50 t/halyr
©
=

(A

Small scale
(mm to cm)

Sediment

Erosion /Deposition enhancement Biogeochemical cycle

Macro-topographic changes enhancement

Large scale
(m to km)
Water

Sediment

“The powers of the organic creation in modifying the form
and structure of the earth’s crust are most conspicuously
displayed in the labours of the coral animals. We may
compare the operation of these zoophytes in the ocean to
the effects produced on a smaller scale upon the land by
the plants which generate peat” (Lyell, 1875: 587)



Community — Landform Feedbacks
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Shapebiological traits




Implications 1 - Biogeomorphology

 If there are significant feedbacks between organisms and physical processes...

« and organisms have a strong control on landforms and landscape evolution
processes, then...

Ma
300
« what does that mean for the long term rfig e
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« Colonization of land plants = emergence of meandering rivers

http://samnoblemuseum.ou.edu/common-fossils-of-oklahoma/paleocommunities/terrestrial-communities/silurian-early-devonian/



Implications 2 - Biogeomorphology

 If there are significant feedbacks between organisms and physical processes...

« and organisms have a strong control on landforms and landscape evolution
processes, then...

« Maybe we should apply evolutionary
perspectives and concepts to understand
the evolution of Earth’s surface...?

Earth Surface Processes and Landforms

Earth Surf. Process. Landforms 32, 2070-2073 (2007) {@, BVLEY Sci .
Published online 31 May 2007 in Wiley InterScience “e !PLEISOSTIEPG?E
(www.interscience.wiley.com) DOI: 10.1002/esp.1536

ESEX Commentary

Darwinian origin of landforms

Dov Corenblit,'* |ohannes Steiger? Angela Gurnell®* and Eric Tabacchi'



Summary - Biogeomorphology

1.

In the presence of engineer species, which modify sediment and landform
dynamics, natural selection operating at the scale of organisms may have
consequences for the physical components of ecosystems, and particularly
Earth surface processes and landforms

In return, these modifications of geomorphologic processes and landforms
often feed back to the ecological characteristics of the ecosystem (structure
and function) and thus to biological characteristics of engineer species and/or
other species (adaptation and speciation)

Contents lists available at ScienceDirect N SCIRHCE
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Earth-Science Reviews

journal homepage: www.elsevier.com/locate/earscirev

Feedbacks between geomorphology and biota controlling Earth surface processes
and landforms: A review of foundation concepts and current understandings

Dov Corenblit *°* Andreas C.W. Baas €, Gudrun Bornette 9, José Darrozes b Sébastien Delmotte €
Robert A. Francis €, Angela M. Gurnell !, Frédéric Julien &, Robert J. Naiman ", Johannes Steiger '/
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