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the variety of life on Earth at all its levels,

from genes to ecosystems, and the 

ecological and evolutionary 

processes that sustain it.

Source: ©AMNH-CBC



• Species richness: the number of species present in a 

given area

• Species diversity: species number weighted by 

measure of importance, such as abundance, productivity 

or size

Shannon’s diversity index (H) =  -i ln i
i is the proportion of the total number of specimens of species i

expressed as a proportion of the total number of specimens for all 

species in the ecosystem.

Many people use the term “species diversity” when they 

mean species richness
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Ecosystem

RICHNESS vs. EVENNESS

Species 1

Species 2

Species 3

Species 4

Ecosystem A
Species richness = 4

Diversity   = 1.3086
Evenness  = 0.94

Ecosystem B
Species richness = 3

Diversity   = 1.0807
Evenness  = 0.98

Ecosystem C
Species richness  = 3

Diversity  = 1.0323
Evenness  = 0.94

Adapted from:  Hunter, M. Jr. 2002. Fundamentals of Conservation 

Biology. Second Edition. Blackwell Science, Massachusetts, U.S.A.



• So far, about 1.9 million 

species have been 

described.

• Scientists estimate that 

there may be between 

3 and 100 million 

species.

• Most estimates range 

between 13-20 million
Cone head katydid

Spector ©AMNH-CBC



Estimated Number of Described Species

Insecta
827,875 (47.3%)

Other Vertebrata
27,199 (1.6%)

Actinopterygii 
23,712 (1.4%)

Nematoda
20,000 (1.1%)

Other Eucarya
36,702 (2.1%)

Angiospermae 
233,885 (13.4%)

Crustacea
38,839 (2.2%)

Other Plantae
49,530 (2.8%)

Arachnida
74,445 (4.3%)

Other invertebrate 
Metazoa 

82,047 (4.7%)

Fungi
100,800 (5.8%)

Stramenopiles
105,922 (6.1%)

Mollusca 
117,495 (6.7%)

Archaea
259 (0.01%)

Bacteria
9,021 (0.5%)



Source: Caley et al. (2014) Global species richness 

estimates have not converged. TREE, 29, 187-188

How many species altogether?



Ecology is the study of how species 
interact, how communities function

Species are not isolated entities. 
They interact, relying on each other in 

complex webs



Measuring 

biodiversity







What is biodiversity? A comparison of spider communities

1. Sort and classify a spider sample from one site

2. Assess the comprehensiveness of the sample 
• Draw a species accumulation curve

3. Compare diversity and species composition 
across five sites
• Simpson diversity index
• Number of endemics
• Jaccard coefficient of community similarity





• 354 individual trees in ~1 ha of urban green space
• 16 species in total

Collector’s curve



The curve changes shape if we 

encounter the trees in a 

different order

• 354 individual trees in ~1 ha of urban green space
• 16 species in total



>50,000 individual 

trees in 50 x 1 ha of 

plots of tropical 

rainforest on Barro 

Colorado Island, 

Panama

225 species in total

Data source: Pyke et al. (2001) Floristic composition across a climatic gradient in a neotropical lowland forest. Journal of Vegetation Science, 12: 553-566.



SIMILARITY MATRIX Site 1 Site 2 Site 3 Site 4 Site 5

Site 1

Site 2 0.47

Site 3 0.47 1.00

Site 4 0.12 0.15 0.15

Site 5 0.12 0.15 0.15 0.09

Richness 13 9 9 6 6

Diversity 11.79 8.62 1.48 5.32 5.95

# Endemics 5 0 0 4 3

A comparison of spider communities 

100 km

Site 3

Site 5

Site 1

Site 2

Site 4

Ladybird spider Eresus kollari

Eresidae
Velvet spiders

100 species in 

the world
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• Ecosystems can be 
characterised in terms of 
three attributes: composition, 
structure and function. 

• These 3 attributes are 
interrelated at different 
spatio-temporal levels of 
organization going from the 
genetic to the landscape 
level. 

• Different levels of this 
hierarchy becoming
appropriate when answering 
different ecological questions

Adapted from Noss, R. F. (1990). Indicators for monitoring biodiversity: a hierarchical approach. Conservation Biology, 4(4), 355–364.

Characterising 
biodiversity



Ecosystem Functions

• By functional characteristics, or the ‘functioning’ of
ecosystems, we mean the processes or properties of
ecosystems that are influenced by its biota (Naeem, 2002)

• Ecosystem functions are ecological processes that control the
fluxes of energy, nutrients and organic matter through an
environment.

• Examples include: primary production, nutrient cycling,
decomposition (Cardinale et al., 2012)



Ecosystem function-service relationship

• Ecosystem functions sustain the provision of specific ecosystem services thus indicating 
the natural capacity to provide that service. 

• Ecosystem services are the actual contribution of ecosystem components (as goods or 
services) to human well-being.

Adapted from Liquete, C., Cid, N., Lanzanova, D., Grizzetti, B., & Reynaud, A. (2016). Perspectives on the link between ecosystem 
services and biodiversity: The assessment of the nursery function. Ecological Indicators, 63, 249–257. 



Source: UK NEA, 2011

http://uknea.unep-wcmc.org/About/ConceptualFramework/tabid/61/Default.aspx


Source: UK NEA, 2011

http://uknea.unep-wcmc.org/About/ConceptualFramework/tabid/61/Default.aspx


What is the 
impact of 
biodiversity 
loss on 
ecosystem 
functioning?
Infographic showing IPBES 
global assessment report 
(Source: EC Science Hub, 
2019)

https://ec.europa.eu/jrc/en/science-update/natures-dangerous-decline-extinction-rates-set-accelerate


Do species 
matter?

Does increased biodiversity translate 
into improved ecosystem 
functioning? 

Diagram showing a grahical
representation of early hypothetical 

relationships between biodiversity 
and ecosystem processes > 



The Cedar Creek Biodiversity Experiment

172 Large Plots Random Species Choice
Species Pool of 18 Grassland Plants
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Diverse Systems Use 

Limiting Resources More Efficiently

Number of Different Species
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• Ecosystem biodiversity enhances 

productivity, nutrient use efficiency

• Greater diversity leads to greater 

ecosystem stability and 

predictability

• Greater diversity leads to less 

disease

• The quality and quantity of 

ecosystem services  depends on 

the diversity and composition of 

managed and natural ecosystems

Number of Species
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Diverse Systems Are 
More Productive



What is the impact 
of (functional) 
biodiversity on 
ecosystem services?
• Several studies indicating that 

biodiversity contributes to 
increased ecosystem service 
delivery (e.g. Balvanera et al. 
2006). 

Balvanera, P., Pfisterer, A. B., Buchmann, N., He, 
J.-S., Nakashizuka, T., Raffaelli, D., & Schmid, 
B. (2006). Quantifying the evidence for 
biodiversity effects on ecosystem functioning 
and services. Ecology Letters, 9(10), 1146–
1156. https://doi.org/10.1111/j.1461-
0248.2006.00963.x



Functional traits

Biodiversity 
composition 
& structure

•E.g. Number of 
species; Evenness; 
Species composition

Functional 
Traits

•E.g. seed mass; 
plant canopy height; 
canopy cover; body 
weight; body size; 
etc.

Ecosystem 
processes

•Primary 
production; soil 
formation; 
nutrient cycling, 
pollination, etc 

Functional trait: a characteristic of 
an organism, which has 
demonstrable links to the 
organism’s function. 

A functional trait determines the 
organism’s response to pressures 
(response trait), and its effects on 
ecosystem processes or services 
(effect trait). 



Structure-
function 
relationships in 
plants: plant 
functional 
traits

Source: Lavorel et al. Using plant functional traits to understand the landscape distribution of multiple ecosystem services



Most commonly reported 
plant and invertebrate traits 
and their involvement in 
multiple ecosystem service 
delivery: most services are 
underpinned by multiple 
traits. 

de Bello, F., Lavorel, S., Díaz, S., Harrington, R., Cornelissen, J. H. C., Bardgett, R. D., Berg, M. P., Cipriotti, P., Feld, C. K., Hering, D., da Silva, P. M., Potts, S. G., Sandin, 
L., Sousa, J. P., Storkey, J., Wardle, D. A., & Harrison, P. A. (2010). Towards an assessment of multiple ecosystem processes and services via functional traits. 

Biodiversity and Conservation, 19(10), 2873–2893.



Ecosystem function-service relationship

• Understanding the processes that underpin ecosystem service 
delivery is crucial if the impact of change on current and future 
ecosystem services is to be quantified. 

• But, there is a lack of proxies for ecological functions and the links 
between and ecosystem functions and ecosystem services may be 
context dependent (e.g. depending on ecosystem type) (Birkhofer et 
al. 2015). 

Birkhofer, K., Diehl, E., Andersson, J., Ekroos, J., Früh-Müller, A., Machnikowski, F., Mader, V. L., Nilsson, L., Sasaki, K., Rundlöf, M., 
Wolters, V., & Smith, H. G. (2015). Ecosystem services-current challenges and opportunities for ecological research. Frontiers 

in Ecology and Evolution, 2(JAN), 1–12. https://doi.org/10.3389/fevo.2014.00087



Lavorel, S., Storkey, J., Bardgett, R. D., De Bello, F., Berg, M. P., Le Roux, X., Moretti, M., Mulder, C., Pakeman, R. J., Díaz, S., & Harrington, R. 
(2013). A novel framework for linking functional diversity of plants with other trophic levels for the quantification of ecosystem services. 

Journal of Vegetation Science, 24(5), 942–948. https://doi.org/10.1111/jvs.12083



Lavorel, S., Storkey, J., Bardgett, R. D., De Bello, F., Berg, M. P., Le Roux, X., Moretti, M., Mulder, C., Pakeman, R. J., Díaz, S., & Harrington, R. (2013). A novel 
framework for linking functional diversity of plants with other trophic levels for the quantification of ecosystem services. Journal of Vegetation Science, 24(5), 
942–948. https://doi.org/10.1111/jvs.12083



Sampling effect

• Increases in ecosystem 
functioning with increase 
diversity could occur through 
2 mechanisms: 

1. Sampling effect - local and 
regional stochastic processes 
involved in community 
assembly, which are 
mimicked in experiments by 
random sampling from a 
species pool. 

Figure from: Kleijn, D., Winfree, R., Bartomeus, I., Carvalheiro, L. G., 
Henry, M., Isaacs, R., Klein, A.-M., Kremen, C., … Potts, S. G. (2015). 

Delivery of crop pollination services is an insufficient argument for wild 
pollinator conservation. Nature Communications, 6(JANUARY), 7414.



Complementarity 
effects

2. Complementarity: if 
niches are 
complementary, then 
adding species could 
increase the function 
linearly until a saturation 
point is reached

3. Facilitation occurs if 
certain species/functional 
groups alleviate harsh 
conditions or provide 
resources for other 
species. 

Tilman, D. (2000). Causes, consequences and ethics of biodiversity. 
Nature, 405(6783), 208–211. https://doi.org/10.1038/35012217



Seed dispersal by 
frugivorous birds
• Positive relationship between thrush 

abundance/richness and richness of seeds, 
seed arrival rate and seed colonisation 
rate. 

• Complementarity effect due to niche 
partitioning (diet and spatial behaviour).

• Facilitation effect as some species of 
thrushes track the presence of others 
across the foraging landscape.

• Sampling effect as one bird species Turdus 
iliacus accounted for nearly 50% of the 
observations and its abundance was 
strongly correlated to seed dispersal 
magnitude

García, D., & Martínez, D. (2012). Species richness matters for the quality of 
ecosystem services: A test using seed dispersal by frugivorous birds. 
Proceedings of the Royal Society B: Biological Sciences, 279(1740), 3106–
3113.



Biodiversity –
ecosystem 
multifunctionality 
relationships
• Different species involved in the 

provisioning of different services. 
Thus, many more species are 
needed, in total, to provide many 
services than are needed to provide 
a single service. 

Tilman, D., Isbell, F., & Cowles, J. (2014). Biodiversity and 
ecosystem functioning. Annual Review of Ecology, 

Evolution, and Systematics, 45, 471–493.



Is greater biodiversity necessary 
to support more ecosystem 
functions? 

• Recent theoretical and empirical work suggest 
that considering more functions does not 
necessarily strengthen the relationship between 
biodiversity and ecosystem functioning. 

• This question remains therefore largely 
unresolved (Slade, 2019). 

figure from Foley et al. (2005) Global 
Consequences of Land Use. Nature. 309(5734): 

570-574. 



A “jack of all trades” 
effect?

Hypothetical example where the mixing 
of two species causes a ‘jack-of-all-
trades, but master-of-none’ effect.

Van Der Plas, F., Manning, P., Allan, E., Scherer-Lorenzen, 
M., Verheyen, K., Wirth, C., Zavala, M. A.,…Fischer, M. 

(2016). Jack-of-all-trades effects drive biodiversity-
ecosystem multifunctionality relationships in 

European forests. Nature Communications, 7, 1–11.



A “jack of all trades” 
effect?

• The effects of tree biodiversity on 
observed ecosystem 
multifunctionality and individual 
ecosystem functions. 

Van Der Plas, F., Manning, P., Allan, E., Scherer-Lorenzen, 
M., Verheyen, K., Wirth, C., Zavala, M. A.,…Fischer, M. 

(2016). Jack-of-all-trades effects drive biodiversity-
ecosystem multifunctionality relationships in 

European forests. Nature Communications, 7, 1–11.



Trade-offs 
between 
functions
• Negative effects of species as 

demonstrated by inter/intra-
specifici competition in two 
species of dung beetles 
supporting 2 ecosystem services: 
dung burial and seed 
germination. 

• If no interspecific interaction, high 
dung burial and germination (E); 
Interspecific interaction reduces 
ES delivery (e.g. F, G). If high 
intraspecific competition, 
functioning will be below the A-D 
line. 



Summary

• Ecosystem functions are ecological processes that control the fluxes of 
energy, nutrients and organic matter through an environment. 

• Ecosystem functions sustain ecosystem services.

• Biodiversity is associated with increased ecosystem functioning but 
there is a saturation effects. Complementarity, facilitation and sampling 
effects are key mechanisms that explain this relationship.

• Biodiversity – ecosystem multifunctionality relationships are more 
complex to explain: traditionally, biodiversity was thought as being more 
strongly (steeper gradient) associated with multifunctionality but this 
has been contradicted by recent research (due to jack-of-all-trade and 
sampling effects and the negative effects arising when adding species)

This project receives funding from the European Union's Horizon 2020 research and innovation programme under grant 

agreement No 809988.


