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Biodiversity and Ecological
Engineering - What is it?
e Ecosystem Restoration and Creation

« Management of natural, semi-natural
and cultivated systems

» Use of ecosystem services for

engineering purposes; e.g., |-
bioremediation, waste water treatement,

RESTORATION

Jis
& R
i‘-

etc. ]

" FCOLOGICAT
. . . . - ENGINE
Ecological Engineering typically focuses on ===

both biodiversity and ecosystem functioning
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MILLENNIUM ECOSYSTEM ASSESSMENT

ECOSYSTEM SERVICES

Provisioning
FOOD
FRESH WATER
WOOD AND FIBER

FUEL
Supporting Requlating
NUTRIENT CYCLING GLIMATE REGULATION ”
SOIL FORMATION PRODE sl B A

WATER PURIFICATION

Cultural _ |
AESTHETIC |
SPIRITUAL |
EDUCATIONAL
RECREATIONAL |

LIFE ON EARTH - BIODIVERSITY

CONSTITUENTS OF WELL-BEING

Security

PERSONAL SAFETY
SECURE RESOURCE ACCESS
SECURITY FROM DISASTERS

Basic material

for good life
ADEQUATE LIVELIHOODS
SUFFICIENT NUTRITIOUS FOOD
SHELTER
ACCESS TO GOODS

Health
STRENGTH
FEELING WELL
ACCESS TO CLEAN AIR
AND WATER

Good social relations

SOCIAL COHESION
MUTUAL RESPECT
ABILITY TO HELP OTHERS

Freedom
of choice
and action

OPPORTUNITY TO BE
ABLE TO ACHIEVE
WHAT AN INDIVIDUAL
VALUES DOING
AND BEING

Source: Millennium Ecosystem Assessment

COLOR WIDTH
Potential for mediation Intensity of linkages between ecosystem . . .
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Some reasons why biodiversity matters

» Species differ in their
functions and in
response to their
environment

Deschampsia cespitosa (Hegi, 1997) Bromus erectus (Schriter, 1888)

These two grasses are similar, but don’t grow on the
same types of soils

- SITE-
N SPECIFI
GRASSES
e L HERBS

e
ol f‘utrl 1 --E"I-__".-I

Trifolium alpinum (Schroter, 1888) Leontodon hispidus u.1. [Schecter, 1655)

This forb fixes Nitrogen This forb does not

i | @}-
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Some reasons why biodiversity matters:
Ecosystems tend to function better with more plant species

Ecosystem Ecosystem

Responses of ecosystem property
to increasing biodiversity

Number of
measurements

80

Primary /secondary/
tertiary productivity

Erosion
control |

ML RN Y TR iR
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Nutrient cycling

A J

! abundance

Decomposer

activity

Plant nutrient
concentration

Nutrient supply
from soil

property
-
1° Producer
abundance >
—p—
1¢ Consumer ———
abundance .
2° Consumer
abundance &
Plant root biomass >
Mycorrhiza
-

Level
manipulated

1° Producer

1° Consumer m—

Mycorrhiza m——

Decomposer m——

| Multitrophic s

Balvenera et al.
2006 Ecol Letters
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Some reasons why biodiversity matters
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Level
manipulated

1° Producer
1° Consumer m—
Mycorrhiza m—

Decomposer m——

Multitrophic m——

Responses of ecosystem property Number of
| Ecosystem  Ecosystem to increasing biodiversity measurements
service property - 0 0 40 80
J 12 Consumer diversity <> h
2
® | 12Consumers:
I E S | (Plant disease severity) * [—
o B = T T
E E Decomposer diversity - =
ge
% (Invader fitness) —»— | =
I (Invader diversity) > =
Consumption resistance > | .
i Invasion resistance &> [
2 | Drought resistance 1| b
% T
& Resistance vs.
other disturbances * I
o _‘ ............................................... F

Balvenera et al. 2006
Ecol Letters




Ecosystem Restoration, Enhancement and Creation

Restoration of degraded or
destroyed ecosystems

.
.

-2 R
L I

—_—

e (NP 8

- Extraction - mining, quarries, etc.

- Construction

- Draining or filling of wetlands

- Channeling, damming, extraction of
water from rivers & streams

- Etc.

Marsh restoration: Vancouver Island

o
BN 7 BTN . .
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Creation of new ecosystems
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- Wildflower meadows
- Green spaces
- Etc.




Management of natural, semi-natural and
cultivated systems

B

Manaqing:

 Grasslands by haying, grazing,

minimizing fertilizer use, etc. \ i

» Forests by selective cutting, leaving
dead wood, etc.

» Agroecosystems by greenveining,
minimizing pesticide & herbicide use,
restoring hedgerows, etc.

L. WY R 0 /. N S
Laboratoire d’Ecologie, Systématique et Evolution

 Corridors by mowing, seeding,
avoiding herbicide use, etc. (roadside

EPBRS / FRB - Paris - November 2008

. . e v" E_m:-i:h.ati:fidn.virn: :
verges, railway right of ways, power mhm ,,q.nmm de
line corridors, etc.)

- « Lakes and rivers by minimizing '@_

fgﬂ
=

w!g,

nutrient loading, managing water
extraction, fish harvest, etc........

IVERSITHS

n international programme of biodiversity science

agroBIODIVERSITY

o
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Use of ecosystems for engineering purposes

Depollution: Owens Lake, California

PR

 Waste water treatment - using
ecosystems as filters

» Watershed management -
controlling runoff and water quality

through ecosystem management

« Soil and water depollution -
letting plants or microorganisms
absorb or transform toxic
substances = bioremediation

» Carbon storage - by planting
forests or through soil
management

« Green roofs - using turf for —

insulation and decoration

 etc.

Green roof: California Academy of Science
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Challenges

Understanding mechanisms
 Experimentation is a key to determining causal mechanisms
» Syntheses of previous experience is vital

Assessing success

* Robust, multicriteria methods are needed for assessments,

» Long-term monitoring is required &

» Assessments must include large spatial scales

Therefore, rapid monitoring methods are needed; i.e., remote sensing,
development of indicators, etc.

Modeling

Mathematical models of ecosystem dynamics are essential aids for
understanding mechanisms, testing alternate hypotheses and predicting
long-term success

Linking ecological theory to application

Ecological theory can provide insights into engineering methods
Real applications can point out weaknesses in ecological theory
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Challenges

Understanding mechanisms
» Experimentation is a key to determining causal mechanisms
» Syntheses of previous experience is vital

Assessing success

 Robust, multicriteria methods are needed for assessments,
e Long-term monitoring is required &

» Assessments must include large spatial scales

Therefore, rapid monitoring methods are needed; i.e., remote
sensing, development of indicators, etc.

Modeling

Mathematical models of ecosystem dynamics are essential aids for
understanding mechanisms, testing alternate hypotheses and predicting
long-term success

Linking ecological theory to application

Ecological theory can provide insights into engineering methods
Real applications can point out weaknesses in ecological theory
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Challenges

Understanding mechanisms
» Experimentation is a key to determining causal mechanisms
» Syntheses of previous experience is vital

Assessing success

* Robust, multicriteria methods are needed for assessments,

» Long-term monitoring is required &

» Assessments must include large spatial scales

Therefore, rapid monitoring methods are needed; i.e., remote sensing,
development of indicators, etc.

Modeling

Mathematical models of ecosystem dynamics are essential aids for
understanding mechanisms, testing alternate hypotheses and
predicting long-term success

Linking ecological theory to application

Ecological theory can provide insights into engineering methods
Real applications can point out weaknesses in ecological theory
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Challenges

Understanding mechanisms
» Experimentation is a key to determining causal mechanisms
» Syntheses of previous experience is vital

Assessing success

* Robust, multicriteria methods are needed for assessments,

» Long-term monitoring is required &

» Assessments must include large spatial scales

Therefore, rapid monitoring methods are needed; i.e., remote sensing,
development of indicators, etc.

Modeling

Mathematical models of ecosystem dynamics are essential aids for
understanding mechanisms, testing alternate hypotheses and predicting
long-term success

Linking ecological theory to application

Ecological theory can provide insights into engineering methods
Real applications can point out weaknesses in ecological theory
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an international programme of bicdiversity science
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