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SYLABUS

1) Introduction (Ecological Risk Assessment)
2) Ecosystem structure, biological diversity, ecological processes
3) Biodiversity – concepts, attributes, drivers
4) Biodiversity – spatio-temporal patterns
5) Environmental risks (typology); DPSIR scheme (Driving forces, Pressures, 

States, Impacts, Responses)
6) Stress ecology 
7) Biodiversity and ecosystem processes 
8) Climate-biodiversity relationships
9) Scenarios of land use change
10) Habitat changes (Natura 2000 sites, Habitat Directive, Nature Conservation)
11) Influence of chemical pollution on biodiversity
12) Ecosystem services



BIODIVERSITY – PROCESSES - FUNCTIONS

ECOLOGY
Biodiversity and Ecosystem Function
Guy F. Midgley

• impact of biodiversity decline on ecosystem functions
• impacts on goods and services provided by ecosystems
• disruption of biodiversity on local and regional scales may also reduce resilience

across larger spatial scales as a result of degradation of ecosystem functions



ECOSYSTEM PROCESSES

Definition
the intrinsic properties of an ecosystem by which an ecosystem maintains its 
integrity.

Ecosystem processes are also seen as "ecosystem functions"
Millennium Ecosystem Assessment (2005)

Ecosystem processes
physical, chemical and biological activities and phenomena that link organisms 
with the environment

Ecosystem processes:
• production (plant matter)
• decomposition
• nutrient cycling
• nutrient and energy flows



BIODIVERSITY AND ECOSYSTEM FUNCTIONS

Conceptual diagram showing how increasing diversity can stabilize ecosystem functioning
Cleland, E. E. (2011) Biodiversity and Ecosystem Stability. Nature Education Knowledge 3(10):14
© 2011 Nature Education
(www.nature.com/scitable/knowledge/library/biodiversity-and-ecosystem-stability-17059965)



increasing species diversity would be positively correlated 
with increasing stability at the ecosystem-level and 
negatively correlated with species-level stability due to 
declining population sizes of individual species

A biodiversity experiment at the Cedar Creek Ecosystem Science 
Reserve (a) demonstrates the relationship between the number of 
planted species and ecosystem stability (b) or species stability (c).
Cleland, E. E. (2011) Biodiversity and Ecosystem Stability. Nature 
Education Knowledge 3(10):14

ecosystem-level

species-level
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BIODIVERSITY AND ECOSYSTEM FUNCTIONS
(IN A DYNAMIC LANDSCAPE)

• relationships between biodiversity and ecosystem functions influence ecosystem 
services

• mostly studied in the form of experiments on a small area and of short duration; 
controlled conditions and stable composition of communities

• the challenge is to study the real environment and dynamic communities
• there is ample evidence that the decline in biodiversity in certain trophic groups is 

reflected in a decline in their biomass and consequently in resource use efficiency

Brose U, Hillebrand H. 2016. Biodiversity and ecosystem functioning
in dynamic landscapes. Phil. Trans. R. Soc. B 371: 20150267.
http://dx.doi.org/10.1098/rstb.2015.0267

(i) multi-trophic diversity
(ii) non-equilibrium biodiversity under disturbance and varying environmental 

conditions
(iii) large spatial and long temporal scales



(I) MULTI-TROPHIC DIVERSITY

• multi-trophic relationships are often specific, while taking into account the 
autecological characteristics of species allows predictive evaluation

• further direction lies in the study of complex communities based on ecological 
theory based on average biomass of individual species, stoichiometry and 
effect of environmental factors (e.g. temperature)

Brose U, Hillebrand H. 2016. Biodiversity 
and ecosystem functioning in dynamic 
landscapes. Phil. Trans. R. Soc. B 371: 
20150267.

(i) multi-trophic diversity
(ii) non-equilibrium biodiversity under disturbance and varying environmental 

conditions
(iii) large spatial and long temporal scales



(II) NON-EQUILIBRIUM BIODIVERSITY UNDER DISTURBANCE 
AND VARYING ENVIRONMENTAL CONDITIONS

• disturbances and variable environmental conditions have a direct and indirect 
impact on the relationships between biodiversity and ecosystem functions 
(through the number of species, the composition of communities and the 
characteristics of species).

• variations in biodiversity can significantly affect its links to ecosystem functions

Brose U, Hillebrand H. 2016. Biodiversity and ecosystem functioning in dynamic 
landscapes. Phil. Trans. R. Soc. B 371: 20150267.

(i) multi-trophic diversity
(ii) non-equilibrium biodiversity under disturbance and varying environmental 

conditions
(iii) large spatial and long temporal scales



(III) LARGE SPATIAL AND LONG TEMPORAL SCALES

• the links between biodiversity and ecosystem functions on larger spatial scales 
are dependent on factors other than local scales

• while the number of species and the biomass of a community are highly 
important on large scales, the implications of species identity (belonging to 
functional guilds/their niche within a community) and the composition of a 
community are less important on large scales than on small

• over long time scales, mass extinctions represent serious changes in 
biodiversity with disparate effects on ecosystem functions

Brose U, Hillebrand H. 2016. Biodiversity and ecosystem functioning in dynamic 
landscapes. Phil. Trans. R. Soc. B 371: 20150267.

(i) multi-trophic diversity
(ii) non-equilibrium biodiversity under disturbance and varying environmental 

conditions
(iii) large spatial and long temporal scales
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Brose U, Hillebrand H. 2016. Biodiversity and ecosystem functioning in dynamic landscapes. Phil. Trans. R. Soc. B 371: 
20150267.

• ecosystem function: biomass production and resource use
• predation within the guild and competition interference = reduced level of resource use



STRUCTURE – PROCESSES - FUNCTIONS

Goetz, F., C. Tanner, C.S. Simenstad, K. Fresh, T. Mumford, and M. 
Logsdon. 2004. Guiding restoration principles. Puget Sound Nearshore 
Partnership Technical Report No. 2004-03. Published by Washington Sea 
Grant Program, University of Washington, Seattle, Washington.

Example from the seashore
The composition and arrangement of biological communities is determined by 
processes (wave exposure, sediment transport, freshwater inflows) and ‘structures’ 
(relief, shore sediments, salinity).
The structure of coastal ecosystems is the result of the action of ecosystem 
processes and at the same time influences them retroactively. For example, the 
shore relief is the result of the action of waves and at the same time influences 
them.

• specific functions of coastal ecosystems
• habitats of coastal organisms
• habitat functions are integrated and 

hierarchical

common eelgrass (Zostera marina)Atlantic herring (Clupea harengus)



fish habitat (function) structure of vegetation

Vocha mořská (Zostera marina)

function of vegetation habitats structure of beach sediments

STRUCTURE – PROCESSES - FUNCTIONS

Atlantic herring (Clupea harengus)

common eelgrass (Zostera marina)



ECOLOGICAL PROCESSES

Fundamental ecological processes of ecosystems

• water cycle
• biogeochemical (or nutrient) cycling
• energy flow 
• community dynamics: i.e. how the composition and structure of an ecosystem 

changes following a disturbance (succession)



ECOSYSTEM PROCESSES

Joy Livingwell, February 2003
https://managingwholes.com/-ecosystem-processes.htm/

Fundamental ecosystem processes
• water cycle
• mineral cycle
• solar energy flow
• community dynamics (succession)



ECOSYSTEM FUNCTION

Ecosystem functions are biological, geochemical, physical processes and 
components that are part of or occur in an ecosystem.

• in some cases ecosystem functions are called ecological processes
• the ecosystem function of "pollination" is crucial for the reproduction of most 

wild plants
• this ecosystem function provides a direct contribution to agriculture in the form 

of crop pollination
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ECOSYSTEM PROCESSES
ECOLOGICAL NICHE

• biodiversity responds to the environment through the 
ecological niches of individual species

• simplification of environmental conditions provides less 
diversity of resources

• results in a simplification of the community in terms of 
species or functional diversity

• ecosystem processes are connected predominantly through 
functional diversity



FUNCTIONAL BIODIVERSITY



Modified from Kershal and Mallik (2013), theoretical relationships between 
biomass, species diversity and disturbance according to the Intermediate 
Disturbance and Mass Ratio Hypotheses.

https://www.biodiverseperspectives.com/2013/08/14/idh-mrh-wtf/

FUNCTIONAL BIODIVERSITY



MASS RATIO HYPOTHESIS (MRH)

The Mass Ratio Hypothesis (MRH), on the other hand, proposes that the biological traits 
of the dominant species contributing to productivity (defined by biomass) are the 
critical regulators of ecosystem function (Grime, 1998).

MRHis often associated with ecosystems with longer periods between major stand 
replacing disturbances. It proposes that biodiversity is held low by the dominance of 
one or a few species (see right side of the graph, Figure 1b) and that this configuration
sustains site productivity

https://www.biodiverseperspectives.com/2013/08/14/idh-mrh-wtf/



INTERMEDIATE DISTURBANCE HYPOTHESIS (IDH)

The IDH (Connell, 1978) proposes that species diversity displays a humpshaped
response curve to disturbance, peaking at intermediate disturbance levels.

IDH is portrayed as a cyclic pattern of disturbances in terms of intensity and frequency, 
describing communities that become less stable with time (as diversity decreases) and 
more vulnerable to disturbance. It is commonly associated with fire-driven terrestrial 
ecosystems (Mackey and Currie, 2001).

https://www.biodiverseperspectives.com/2013/08/14/idh-mrh-wtf/



BIODIVERSITY AND PROCESSES
(SPECIES TRAITS)

Archaimbault et al., 2010



BIODIVERSITY AND PROCESSES
(SPECIES TRAITS)



PRIMARY PRODUCTION

• the formation of organic matter
• the energy source of solar radiation (photosynthesis) or chemotrophy
• an ecosystem with greater diversity can store more carbon as a result of 

increased inputs from photosynthesis
• not only organic matter produced by the activity of primary producers, but 

also its decomposition and involvement in other ecosystem processes

https://en.wikipedia.org/wiki/Chemotroph#/medi
a/File:Blacksmoker_in_Atlantic_Ocean.jpg



PRIMARY PRODUCTION

The flow of energy through an ecosystem. Image from Purves et al., Life: The Science 
of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman 
(www.whfreeman.com)



PRIMARY PRODUCTION

Global oceanic and terrestrial photoautotroph abundance, from September 1997 to August 2000. As an estimate of autotroph biomass, 
it is only a rough indicator of primary-production potential, and not an actual estimate of it. Provided by the SeaWiFS Project,
NASA/Goddard Space Flight Center and ORBIMAGE.



PRIMARY PRODUCTION

https://upload.wikimedia.org/wikipedia/commons/7/75/Phytoplankton_Intensity.png



DECOMPOSITION OF ORGANIC MATTER

DM=Dietary Mixing
RCH=Resource Concentration Hypothesis
RHH=Resource Heterogeneity Hypothesis
MIH=More Individuals Hypothesis 
PH=Productivity Hypothesis



DECOMPOSITION OF ORGANIC MATTER

Resource concentration hypothesis – RCH (Root 1973)
- Herbivorous insect specialists should be more numerous on larger areas of 

host plants, as insects are more likely to be found and remain on these 
larger areas for longer time



DECOMPOSITION OF ORGANIC MATTER

MIH and PH assume a positive relationship between plant biomass and consumer diversity, but the mechanisms 
on which they are based differ

More Individuals Hypothesis (MIH)
• relates to communities that are limited in productivity
• predicts higher consumer abundance in more productive places, as well as increasing consumer diversity 

depending on abundance

Productivity Hypothesis (PH)
• higher overall level of resources in the form of diverse plant communities directly attracts more kinds of 

consumer-generalists

Resource Concentration Hypothesis (RCH)
• assumes lower abundances of specialized herbivore pests in more diverse habitats, which is related to lower 

densities of host plants

Dietary Mixing (DM)
• for herbivore generalists (e.g. locusts) the ability to combine different food sources to achieve an optimal 

combination of nutrients or to dilute toxins may increase their fitness and consequently their abundance. A 
positive relationship between plant diversity and arthropod abundance is shown

Resource Heterogeneity Hypothesis (RHH)
• predicts that due to the increased number of different food sources related to the increasing diversity of 

plants, the species richness of consumers-specialists increases



DECOMPOSITION OF ORGANIC MATTER
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DECOMPOSITION OF ORGANIC MATTER

• mixing of waste from different functional plant 
types has been shown in increased dynamics of 
carbon and nitrogen



NUTRIENT CYCLING



NUTRIENT CYCLING

http://www.geocities.ws/jacklynn/website/pro.html



NUTRIENT CYCLING



NUTRIENT CYCLING
STAGNANT WATERS



NUTRIENT CYCLING
STAGNANT WATERS



ENERGY AND NUTRIENT FLOWS



ECOSYSTEM SERVICES

Provisioning services
• food
• fresh water
• wood and fibre
• fuel
• raw materials (gravel)

Regulating services
• climate regulation
• flood regulation
• water purification
• pollination
• disease regulation

Supporting services
• biodiversity conservation
• nutrient cycling
• soil formation
• primary production

Cultural services
• aesthetic
• spiritual
• educational
• recreational


