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• Biodiversity change and loss

• Linking biodiversity to ecosystem services

• Trade-offs and sinergies between ecosystem services
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Defining biodiversity

Genes
Populations

Species

Communities
Ecosystems

The variability among living organisms 
from all sources including, inter alia, 
terrestrial, marine and other aquatic 
ecosystems and the ecological complexes 
of which they are part; this includes 
diversity within species, between species 
and of ecosystems (CDB, 1992; Article 2).
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Defining biodiversity

Genes
Populations

Species

Communities
Ecosystems

Abundance, variety and distribution of:

- genes or genotypes
- species
- functional groups
- ecosystem types or biomes
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The biodiversity boundary

Abundance, variety and distribution of:

- genes or genotypes
- species
- functional groups
- ecosystem types or biomes

Steffen et al. 2015
DOI: 10.1126/science.1259855
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Biodiversity change dimensions

Pereira et al. 2012
DOI: 10.1146/annurev-environ-042911-093511

Abundance, variety and distribution of:

- genes or genotypes
- species
- functional groups
- ecosystem types or biomes

Populations
Species

Communities
Ecosystems

Levels of organization:
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- 7.4 a 10 million estimated species

- 1.7 million described species

- Some groups are barely known

Vertebrates 52.000 (95% described)
Plants 270.000 (84%)
Insects 950.000 (12%)
Fungi 72.000 (5%)
Bacteria 4.000 (0.4%)

How many species exist on Earth?

Pereira et al. 2012
DOI: 10.1146/annurev-environ-042911-093511
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Red List Conservation Status (IUCN 2014)

Extinction risk – Threatened Species
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Background and modern extinction rates

Pereira et al. 2010
DOI: 10.1126/science.1196624

Fossil record:
0.1 – 1.8 E/MSY (≈ 1 E/MSY)

Pimm et al. 2014
DOI: 10.1126/science.1246752

E/MSY: 
Extinctions per million species years

1E/MSY – background extinction rate
=

1 species extinct

in a group of 1000 sp. in 1000 y

in a group of 10000 sp. in 100 y



10

Background and modern extinction rates

Pereira et al. 2010
DOI: 10.1126/science.1196624

Fossil record:
0.1 – 1.8 E/MSY (≈ 1 E/MSY)

Recent extinctions:

• 13 birds extinct, 
1900 - 2014, 1230 evaluated species
Extinction rate = 132 E/MSY

• 132 vertebrates extinct (w/o fishes)
1900 - 2014, 26 766 evaluated species
Extinction rate = 49 E/MSY

Pimm et al. 2014
DOI: 10.1126/science.1246752

49 E/MSY << 1.8 E/MSY

At a rate of 1.8 E/MSY, it would take 
2000 years instead of 100 for these 
132 species to get extinct!
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Current extinction rates: sixth mass extinction?

Extinctions (%) in the past 500 years

White icons indicate % species ‘extinct’ and ‘extinct in the wild’ 
Black icons also include currently ‘threatened’ species

Barnosky et al. 2011
DOI: 10.1038/nature09678

How much time to reach the a magnitude of 75% of species loss?
Extinction rate assuming the loss of threatened species in the next 100 y: 2 to 5 centuries 
Extinction rate assuming the loss of critically endangered species (100y):   1 to 2 millenia
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Changes in species populations size

ZSL: https://www.youtube.com/watch?v=6GmQAHk60Nk 

WWF: https://www.youtube.com/watch?v=ufiiFGdAl5E

Living Planet Index:
- Monitors the abundance of species populations
- Data from > 16.000 populations, 4000 species
- One of the best established indicators of the 

state of global biodiversity

https://www.youtube.com/watch?v=6GmQAHk60Nk
https://www.youtube.com/watch?v=ufiiFGdAl5E
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Living Planet Report 2018 / *2016

Global – 60% decline in 
population abundance

Freshwater – 83% decline Marine* – 36% declineTerrestrial* – 38% decline

Changes in species populations size
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https://nationalgeographic.sapo.pt/natureza/actualidade/1684
-cavalos-marinhos-na-ria-formosa

Census
2001: 2 million
2017: 100 000

Changes in species populations size - examples
Sea horses at Ria Formosa, Algarve

10/2019



15

03/2019
02/2019

Changes in species populations size - examples
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03/2019
02/2019

Changes in species populations size - examples

10/2019
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10/2019 - Science

Some of the causes may be subtle. (…) pesticides made 
migrating sparrows lose weight and delay their migration, 
which hurts their chances of surviving and reproducing. Climate 
change, habitat loss, shifts in food webs, and even cats may all 
be adding to the problem, and not just for birds.

The recovery of eagles and other raptors after the U.S. ban on 
the insecticide DDT in 1972 shows that when the cause of a 
decline is removed, “the birds come back like gangbusters.”

Changes in species populations size - examples

Rosenberg et al. 2019, DOI: 10.1126/science.aaw1313
Summary: DOI: 10.1126/science.365.6459.1228
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Changes in population size - population recovery
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Average annual growth rates for 
mammal species which show 
resurgence in Europe.
Annual growth rates were for the 
period of 1961 to 2005 in most 
cases

Reasons for resurgence for the 
18 mammal species in this study. 

Changes in population size - population recovery
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Soga and Gaston 2018 
DOI: 10.1002/fee.1794

Six hundred years of change in the forest environment of Japan

Temporal change – Shifting baseline
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Da Costa et al2018 
DOI: 10.1007/978-3-319-60351-3_5

Temporal change – Shifting baseline

Wolf distribution in Portugal over the last century. 

Adapted from Petrucci-Fonseca (1990) and 

Pimenta et al. (2005)



22

Italian Alps, Cortina d’Ampezo

1903 1958

2004

Temporal change – Shifting baseline

Kaupi et al. 2006
DOI: 10.1073pnas.0608343103
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Linking biodiversity change to ecosystem services

Global extinction Local extinctionSpecies x: Change in abundance

Local extinctionSpecies y: Change in abundance

Species z: Change in abundance

Species w: Change in abundance

Change in species relative abundance or distribution (presence)

Change in community composition and structure

(…)
Species n (…)

Local invasion/ introduction

Effects on ecosystem functioning -> ecosystem services
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Human-modified ecosystems

Ripple et al. 2015
DOI: 10.1126/sciadv.1400103

Global change in the collective mass for wild mammals, 
humans, cattle, and all livestock 

Ellis 2011
DOI: 10.1098/rsta.2010.0331
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Large species are among the most threatened 

Dirzo et al. 2014
DOI: 10.1126/science.1251817

60% of the largest terrestrial 
herbivores and 61% of 
largest carnivores are listed 
as threatened; 77% of large 
carnivores undergoing 
population declines
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Large herbivores as ecosystem engineers

Ripple et al. 2015
DOI: 10.1126/sciadv.1400103

Conceptual diagrams showing the 

effects of elephants, hippopotamus, and 

rhinoceros on ecosystems. 
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Large herbivores as ecosystem engineers
https://edition.cnn.com/2019/11/25/world/bison-saving-prairie-intl-c2e/index.html

Cattle at Quinta da França (Covilhã) forest test site 
- Using cattle to regulate forest biomass

Maronesa cattle at Serra do Alvão
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Large carnivores also affect ecosystems 

Ripple et al. 2014
DOI: 10.1126/science.1241484

The restoration of sea otter 
populations can allow kelp 
ecosystems to flourish at levels 
that can, in the N. American 
range, lead to a 4.4- to 8.7-
teragram increase in stored 
carbon valued at $205million to 
$408million (in U.S. dollars) on 
the European Carbon Exchange
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Smaller species also matter…

Dirzo et al. 2014
DOI: 10.1126/science.1251817
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…the benefits that people obtain from

ecosystems - Millennium Ecosystem Assessment 2005

Ecosystem services
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Ecosystem services – IPBES Conceptual Framework

Díaz S, Demissew S, Joly C, Lonsdale WM, Larigauderie A (2015) A Rosetta Stone for Nature’s Benefits to People. PLOS Biology 13(1): e1002040. 
https://doi.org/10.1371/journal.pbio.1002040
http://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.1002040

The Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) 

http://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.1002040
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Main drivers of biodiversity change

Living Planet Report 2018
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• Food
• Water
• Fibres
• Organic fertilizers
• Wood fuel
• Medicinal resources
• Ornamental resources
• …

Material and energetic outputs from ecosystems that 
contribute to human well-being

Ecosystem services – Provisioning services
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Benefits associated to the regulation of ecological processes

• Water/air purification
• Climate regulation
• Water flow regulation
• Pest and disease control
• Soil fertility and structure
• Erosion control
• Costal protection
• Pollination, seed dispersal
• Habitat for wildlife
• …

Ecosystem services – Regulating services
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Non-material benefits that affect physical and mental states

Ecosystem services – Cultural services

• Recreation areas
• Areas of great natural beauty
• Charismatic species
• Sense of well-being, sense of place
• Information and knowledge
• Spiritual and cultural values
• Inspiration for technology and

design …
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Biodiversity underpins ecosystem services
Biodiversity has an essential role in the structure and functioning of ecosystems
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Suzanne Simard: How trees talk to each other

Biodiversity & Ecosystem Services
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Suzanne Simard: How trees talk to each other

Biodiversity & Ecosystem Services



3939 Tilman et al. 1996 (in Vellend 2017, 
DOI: 10.1511/2017.105.2.94)

Produtivity

Nitrate below
rooting zone

Biodiversity and ecosystem functioning
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Sown biodiverse pastures

• Higher productivity

• Increase in soil organic matter

• Soil carbon sequestration

• Enhanced regulation of soil fertility

• Enhanced water regulation (erosion 

and drought)

Biodiversity and ecosystem functioning



4141 Garibaldi et al. 2014
DOI: 10.1890/130330

Only honey bees
Increasing the abundance of only honey bees 
does not compensate for the pollination losses 
of fewer wild insets 

Wild pollinators, 
low diversity

Wild pollinators, 
high diversity

Fijen et al. 2019
DOI: 10.1098/rspb.2019.0387

Occasional 
species

Dominant
species

Pollinators in cropland
(southern Italy)

Biodiversity & EF – wild plants, wild insects, crop yield 
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Global analysis: data from 176 crop
types, 91 countries, 1961-2010

Factors associated to temporal stability
of national food production

Crop diversity and stability of food production

Renard and Tilman 2019
DOI: 10.1038/s41586-019-1316-y
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The ecosystem services cascade framework

Boerema et al. 2017
DOI: 10.1111/1365-2664.12696
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Ecosystem functions and services

Ecosystem functions: output from ecosystem functioning, 
exist regardless of human demand, define the capacity or 
the potential to deliver ecosystem services. 

Ecosystem services: derived from ecosystem functions 
and represent the realized flow of services for which 
there is demand (functions that benefit people)



4545 Costanza et al. 2017
DOI: 10.1016/j.ecoser.2017.09.008

Ecosystem services flow to people uses other capital inputs
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Trade-offs and sinergies

TradeOff: When the improvement of one ecosystem service results in 

negative effects on other services, the net benefits are often smaller 

than initially believed..

Synergy : Actions to conserve or enhance a particular component of an 

ecosystem or its services can also produce positive synergies which 

benefit other services or other stakeholders
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Trade-offs and sinergies

Foley et al. 2005
DOI: 10.1126/science.1111772
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Spatial trade-offs and sinergies - Europe

48

50% dados

+,+

+, -

-,+

-, -

- Spatial analysis –
NUTS 3

- Shape of plot also 
informs on 
relationship

- Biodiversity not 
analysed

Jopke et al. 2015
DOI: 10.1016/j.ecolind.2014.09.037
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Temporal trade-offs and sinergies - Europe

49

IPBES - www.ipbes.net

REGULATING

MATERIAL

NON -
MATERIAL

Temporal 
analysis

1960 - 2016

IPBES Regional 
Assessment for 
Europe and 
Central Asia
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Land sharingLand sparing

Land sparing: Production and biodiversity conservation spatially segregated; 
maximizing yield to allow other land to be set aside for conservation

Land sharing: Production and biodiversity conservation spatially integrated; 
agricultural landscapes used less-intensively, biodiversity friendly farming

Fischer et al. 2008
DOI: 10.1890/070019

Managing trade-offs – Biodiversity and Farming

“Rather than seeing wildlife friendly farming [land sharing] and land sparing as 
mutually exclusive options for land management, it should be recognized that both 
offer different, and sometimes complementary, advantages” (Fischer et al. 2008)

Phalan et al. 2018
DOI:10.3390/su10061760
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Sustainable intensification: aims to enhance resource use and productivity while reducing 
environmental impacts – linked to land sparing

Ecological intensification: aims to enhance or maintain current productivity by enhancing 
ecosystem services (i.e., intensification in the use of the natural functionalities that 
ecosystems offer) – linked to land sharing

Related concepts, both aim at reducing impacts, use innovation/technology and external 
inputs, but the implementation often targets different dimensions of sustainable production, 
and different spatial scales

Managing trade-offs – Biodiversity and Farming

Kremen 2018
DOI: 10.1111/nyas.12845
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Managing trade-offs – Biodiversity and Climate action

Paterson et al. 2008, DOI:10.1111/j.1523-1739.2008.01042.x 
https://www.cbd.int/doc/publications/cbd-ts-42-en.pdf
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Negative effects on biodiversity

Mitigation: 
Wind turbines (0/-)
Large dams (-)
Biofuels (+/-)

Adaptation
Infrastructures for adaptation

Managing trade-offs – Biodiversity and Climate action

Paterson et al. 2008, DOI:10.1111/j.1523-1739.2008.01042.x 
https://www.cbd.int/doc/publications/cbd-ts-42-en.pdf
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Nature based solutions
( “triple win”)

- Soil protection (+/0)
- Forest conservation (+)
- Urban green areas (+/0)
- Green rooftops (+)

NBS involve working with and enhancing 
nature to help address societal challenges
(e.g. climate change, food and water 
security or natural disasters)

Managing trade-offs – Biodiversity and Climate action

Paterson et al. 2008, DOI:10.1111/j.1523-1739.2008.01042.x 
https://www.cbd.int/doc/publications/cbd-ts-42-en.pdf
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Module 1 - The IPBES conceptual framework
https://www.ipbes.net/e-learning

https://www.ipbes.net/node/28413
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