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Natural capital and Ecosystem services

...the stock of natural assets which include geological
substrates and mineral compounds, soil, air, water and
all organisms...

F =i . . ...and ecosystem services provided
= P r by ecosystems and their processes.

Natural capital through Ecosystem processes provides Ecosystem goods and services (clean
air and water, fertile soil, pollination, hazard protection, homeostatic regulations, aesthetics
inspiration, etc.) and underpins our economy and society, making human life possible.



Natural capital and Ecosystem services

NATURAL ASSETS (GOODS)

* “Natural renewable resources”:
all goods available from nature or
produced by ecosystem processes

e “Natural non-renewable
resources”: all goods available
from nature and produced by
longstanding bio-geo-chemical

processes

* “Human-made products”: goods : T e B S
deriving from farming and A non-renewable resource (also called a
agricu|tu re (activities su pported finite resource) isa resou‘rc‘e that does
by ecosystem services) not renew itself at a sufficient rate for

sustainable economic extraction in
meaningful human time-frames
(Source: Wikipedia).




Ecosystem processes and Ecosystem services

ECOSYSTEM FUNCTIONS (OR PROCESSES)

* “Ecosystem functions” (EFs): all natural processes
involving nutrients movements and energy flows within
an ecosystem

» “Ecosystem services” (ESs): benefits derived from
Ecosystem functions that are useful or necessary to
humans

No clear distinction between them, since many EFs directly
constitute ESs, e.g.
v’ water retention provided by the vegetation and soil:

— Water supply to the natural vegetation and water resource
provision to humans (irrigation and drinking water)

— Prevention of soil erosion and mitigation of flood peaks
v pollination:
— Reproduction of natural vegetation and crops




Ecosystems: structural definition

Ecosystems (natural or human-modified) are
complex systems structurally composed of:

* Biological / living components
(plant, animal and micro-organism communities)

and

* Physical / non-living components
(solar energy, air, water, soils, geological substrates
and mineral compounds, and the basic elements
[i.e. nutrients] of the environment)
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Ecosystems: functional definition §

Ecosystems are complex systems resulting
from the interactions of their components,
both within the biotic compart and between
abiotic and biotic comparts. These interactions &
are defined as Ecosystem functions (or
Ecosystem processes) that encompass...

* movement of nutrients, from the environment to
producers, consumers and decomposers (nutrient
cycling and food chains/webs):

o occurring at the local level mainly through the action of the
biota

o occurring at the global or regional levels through biological
(migration) and geological processes (atmospheric circulation,
erosion and weathering)

 energy flow, involved in transforming inorganic
nutrients into organic tissues of organisms along
food chains/webs




Biosphere The global ecological system (global ecosystem)
integrating all species and their relationships,
including their interaction with the elements of
the lithosphere, geosphere, hydrosphere, and

Levels of organization
of living systems

atmosphere

Ecosystem | A community of different

Community All the populations
of different species
living in the same
geographical area,
and interacting with
each other

species interacting with one
another and with their non-
living environment, resulting
form nutrients movements
and energy flows

Population A group of individuals of the same species living in the same
geographical area

Individual An organism pertaining to a recognized species with its own
~ genotype

DEGL STUD! o chemical composition of its DNA, which

§ 2 | gives rise to the phenotype, or observable
e 4 H 1

£ G traits of an organism
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Biosphere Several different interacting ecosystems

Biodiversity

Ecosystem | Several different living

Community Several populations
of different

interacting species

(fauna, flora, fungi and
micro-organism
communities) and non-living
components interacting
with one another

Population Several (genetically different) individuals interacting with one another
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Ecosystems processes IN:
L2s
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SUN PRODUCERS CONSUMERS e
Sunlight energy Produce organic matter from [Herbivores and Carnivores] ¥

1< mineral nutrients using Convert organic matter along food

sunlight energy A ot chains and webs
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| an-" Convert coarse

+~. dead organic matter
2 into finer pieces

NUTRIENTS Heat, CO2

Mineral nutrients [Fungi and Bacteria] RN e
H20 Convert dead organic matter by breaking down
CO2 organic compounds into simple nutrients



From Ecosystem processes to Ecosystem services

Ecosystem processes / Final Ecosystem services
intermediate services and Goods

Nutrient,
H20, gas
cycling and .
regulation e el
Food k
Habitat for production
wildlife (livestock
and crops) '
N,

Access to
clean water

Wood,
fibers,
medicines

Pollination,
Pest control

Primary Hazard
production protection

Culture,
education,
ecotourism

Yoll
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Classification of Ecosystem Services (MEA)

ECOSYSTEM SERVICES

Provisioning
FOOD
FRESH WATER

WOOD AND FIBER
FUEL

CONSTITUENTS OF WELL-BEING

Security

PERSONAL SAFETY
'+ SECURE RESOURCE ACCESS
SECURITY FROM DISASTERS

Supporting Regulating
CLIMATE REGULATION
QS}T&E’%}’%@“Q FLOOD REGULATION

DISEASE REGULATION
PRIMARY PRODUCTION
WATER PURIFICATION

Cultural

AESTHETIC
SPIRITUAL
EDUCATIONAL
RECREATIONAL

LIFE ON EARTH - BIODIVERSITY

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




Natural capital, ESs, and Human weII belng

Thanks to Ecosystem processes along with the involved
Natural capital, humans can benefit from Ecosystem services,
and natural and derived goods, whose overall importance for
human well-being has been taken for granted by everyone.

However, the effects of the loss of Ecosystem services resulting
from the collapse of some ecological processes due to the
unsustainable use of Natural capital (i.e. at a rate faster than its
capacity of regeneration) is still largely underestimated today
(Communication).
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Natural capital, ESs, and Awareness

Many of Ecosystem functions and services are not
only beneficial, but also critical to our survival
(air purification, climate regulation, crop pollination).

Although people have been long aware that natural
ecosystems help support human societies, the explicit
recognition of Ecosystem services is relatively recent
(Mooney & Ehrlich, 1997).

‘.

The Millennium Ecosystem Assessment documented
that over 60% of Ecosystem services are deteriorating
or already overused.



Natural capital and ESs threatening factors

* Overfishing and overharvesting
(overexploitation of natural resources)

* Habitat degradation, loss and fragmentation
(land use changes)

* Pollution
(chemicals, pesticides, sewage, particulate matter)

e Climate warming
(gas emissions form fossil fuels, agriculture, livestock)

* Massive use of non-renewable resources
(fossil fuels, Earth minerals, nuclear fuels)

* Biological invasions
(Pets, accidental translocations)
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Natural capital, ESs, and Scientific knowledge

The widespread lack of awareness of the importance of
ecosystem services derives also from the approximate
knowledge of how ecosystem processes work, even
within the scientific community.

ik
SUN PRODUCERS ODNSUMERS a‘,(«o
Produce onganie nalter from [Herbivores and Camivores] 2
T L 3 Convert organic makte: along food

Convert coarse
dead orgamic matter
Initn finer pleces

Heat, CO2

This may be intrinsically due to the complexity of the ecosystems, but also to the
difficulty of promoting researches that involve many specialists working on large areas

and for relatively long time periods (Data quality and Monitoring).

DEGLI STUDI
o)

g
Z
=
z
B

== ONVTIN |




Natural capital, ESs, and Scientific knowledge
Ecosystem services and Biodiversity
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Differences in Ecosystem services provisioning between resilient and
sensitive ecosystems (Data quality and Monitoring).
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Natural capital, ESs, and Scientific knowledge
Ecosystem services and Biodiversity

Resilient ecosystems

100 100
90 2 ) EENSHUNNS KU KN S— > 90W\,\M AAAA- V-
80 . 80

5 e
c c
S 8
-% 70 -% 70
8 60 g 60 |
§ 50 g 50
E _______________________________________________ ) -E 3% R AR RN AR NP AR (R G R LR b R B
E 40 g 50 '
§ 30 % 30 i h “ I j
Pl -
g 20 g 20
w 10 O ______________________________________________________ ) u lD k ST I T L TR = r - s o m E
0 0 I-ﬂJUIl-“—F\—l—I.LhLI-A-LII
0 10 20 30 40 50 60 70 80 90 100 0 100 200 300 400 500 600 700 20O 900 10C0
Low Biodiversity High Time
E DEGLI STI_ITéI
Provisioning services become more variable as biodiversity declines :
(Data quality and Monitoring). S




Natural capital, ESs, and Scientific knowledge
Ecosystem services and Biodiversity

Degradated | Intensive Extensive Light use Natural
100 =<l
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Natural capital, ESs, and Scientific knowledge

Ecosystem services and Biodiversity
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Natural capital, ESs, and Scientific knowledge
Ecosystem services and Biodiversity

How we can correctly asses the ., —
ESs performances without
knowing the actual biodiversity
taking part in Ecosystem
processes? e
Protists

M Undescribed species
B Described species

Bacteria

Mematodes

Algae

Vertebrates

Taxonomic biodiversity: number Mollusks
of described species and an
estimate of the number of
undescribed species per group
(Source: Primack, 2010). Plants

Insects

Fungi

Spiders

DEGLI STUDI
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Surrogate species of Ecosystem services

Surrogate species
(bioindicators) may
help in simplify the ESs
assessment.

The big challenge:
Establish a strong link
between indicators and
performances of ESs
(Data quality and
Monitoring).
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Surrogate species of Ecosystem services

el

Agriculture, Ecosystems and Environment 254 (2018) 138-148

Contents lists available at ScienceDirect

Agriculture, Ecosystems and Environment

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

Local and landscape drivers of butterfly richness and abundance in )
a human-dominated area S |

Massimiliano Luppi®, Olivia Dondina, Valerio Orioli, Luciano Bani

Department of Earth and Environmental Sciences, University of Milano-Bicocca, Piazza della Scienza 1, 1-20126, Milan, Italy

ARTICLE INFQO ABSTRACT

Keywords: In Europe, butterflies have declined over the last decades mainly because of the increasing urbanization and the
Field margins agricultural intensification occurred in lowlands areas. Drivers of butterfly decline were identified in changes of
Agricultural landscape both local scale habitat characteristics and landscape-scale land-use coverage. Thus, to counteract the negative

Habitat management
Butterfly conservation

Hed
M ulﬁesrfa‘:j T The present research was performed in northern Italy, in a human-dominated area of about 170 km? From

April to September 2014 and 2015, we surveyed butterflies in 494 50-m sections, grouped into 44 line transects.

trend of butterfly populations, management actions that simultaneously have an effect on local and landscape
scale environments are needed.
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Surrogate species of Ecosystem services

ORIGINAL
ARTICLE

Journal of Biogeography (. Biogeogr.) (2017) 44, 1041-1052

How does forest species specialization
affect the application of the island
biogeography theory in fragmented
landscapes?

Olivia Dondina, Valerio Orioli, Pamela D'Occhio, Massimiliano Luppi and
Luciano Bani*

Department of Earth and Environmental
Sciences, University of Milano-Bicocoa, Piazza
della Scienza 1, 1-20126 Milano, Italy

ABSTRACT

Aim Overall species richness in habitat remnants is seldom explained by the
island biogeography theory (IBT). In this study, we tested the effectiveness of
the IBT in explaining species richness of forest birds with or without consider-
ing the effect of the different forest specialization of species (generalist, edge
and interior; community analysis). We also identified single species and groups
of species that could serve as indicators of different fragmentation degrees

(indicator species analysis).
Location Broadleaved forests in western Lombardy (northern [taly).
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Surrogate species of Ecosystem services

Ecological Indicators 55 (2015) 44-51

Contents lists available at ScienceDirect = i

Ecological Indicators

IER journal homepage: www.elsevier.com/locate/ecolind

Original articles
A method to evaluate the combined effect of tree species composition @Cmgmk
and woodland structure on indicator birds

0. Dondina?, V. Orioli?, D. Massimino®, G. Pinoli¢, L. Bani®*

2 Department of Earth and Environmental Sciences, University of Milano-Bicocca, Piazza della Scienza 1, 1-20126 Milano, Italy
b British Trust for Ornithology, The Nunnery, Thetford IP24 2PU, Nerfolk, UK
€ Agriculture General Directorate, Lombardy Region, Piazza Citta di Lombardia 1, I-20124 Milano, Italy

ARTICLE INFO ABSTRACT
Article history: Providing quantitative management guidelines is essential for an effective conservation of forest-
Received 17 November 2014 dependent animal communities. Traditional forest practices at the stand scale simultaneously alter both

Received in revised form 3 March 2015

physical and floristic features with a negative effect on ecosystem processes. Thus, we tested and pro-
Accepted 4 March 2015

posed a method to define forestry prescriptions taking into account the combined effect of woodland
structure and tree species composition on the presence of four bird indicator species (Marsh Tit Poe-
cile palustris, European Nuthatch Sitta europaea, Short-toed Tree-creeper Certhya brachydactyla and Blue
Tit Cvanistes caeruleus). The study was carried out in Lombardy (Northern Italy), from 2002 to 2005. By

Keywords:
Basal area (BA)

Niamatrarc at hreact haichr (MRHY
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Ecosystem services and Spatial scale

How much the spatial scale matters?
The spatial scale is of crucial importance,
since the area extent over which the
ecosystem processes take place are
larger than usually expected!

Small isolated populations

generated by habitat fragmentation

are prone to extinction

* Even removing extrinsic threatening factors,
they can not counteract the intrinsic
threatening factors such as genetic drift,
inbreeding and environmental and
demographic stochasticity

» They need the restoration of the ecological
connectivity between habitat fragments, so
that at least some individuals have the
possibility to reproduce in fragments
different from that of birth (maintaining
dispersal potential).

* Low tolerance to
environmental
or demographic
stochasticity

Small isolated population

\O

* Genetic drift
* Inbreeding




Ecosystem services and Spatial scale

How much the spatial scale matters?

Ecology and Evolution

Open Access

Detecting a hierarchical genetic population structure: the
case study of the Fire Salamander (Salamandra salamandra)
in Northern Italy

Giulia Pisa', Valerio Orioli', Giulia Spilotros?, Elena Fabbri3, Ettore Randi® & Luciano Bani'

'Department of Environmental and Earth Sciences, University of Milano-Bicocca, Piazza della Scienza 1, Milano 120126, Italy
“Department of Biology, University of Milano, via Celoria 26, Milano 1-20133, Italy
3Laboratc;ry of Genetics, Istituto Superiore per la Protezione e la Ricerca Ambientale (ISPRA), Ozzano Emilia, BO 1-40064, Italy

© 2014 The Authors. Ecology and Evolution published by John Wiley & Sons Ltd. 0 5 10 km
]




Ecosystem services and Spatial scale

How the climate warming affects the change and contraction of
species ranges?

* The factors inducing the climate warming act worldwide
 Stopping the global warming requires policies on a global scale
* However, we can also act locally to mitigate its effects, by
promoting socio-economic activities in rangeland areas

Received: 7 September 2018 | Revised: 7 November 2018 | Accepted: 28 November 2018

DOI: 10.1002/ece3 4838

Ecol d Evoluti

Winners and losers: How the elevational range of breeding
birds on Alps has varied over the past four decades due to
climate and habitat changes

Luciano Bani® | Massimiliano Luppi | Emanuel Rocchia | Olivia Dondina |

Valerio Orioli

Department of Earth and Environmental

Sciences, University of Milano-Bicocca, Abstract

Milano, Italy Climate warming and habitat transformation are widely recognized as worrying
Carrespondence threatening factors. Understanding the individual contribution of these two factors
Luciano Bani, Department of Environmental to the change of species distribution could be very important in order to effectively

and Earth Sciences, University of Milano-
Bicocca, Milano, Italy.

Email: luciano_bani@unimib.it cies are strongly limited in finding new areas to be colonized at higher elevations. We

counteract the species range contraction, especially in mountains, where alpine spe-




Natural capital, ESs, and Economy

The lack of economic quantification of Ecosystem
services has also contributed to neglect their importance.

Their quantification usually happens only after
dramatic events!

Or better... the economic assessment occurs for the
damage produced by the effects caused by dramatic
events as a consequence of the loss of ESs! (PES).




Natural capital, ESs, and Human involvement

The human domain of the Earth is so immense today that the biodiversity necessary for the
ecosystems functioning, essential for our survival, requires a broad awareness of the importance of
human involvement for its conservation.




Natural capital, ESs, and Sustainability

Today, in the light of the increasingly serious
effects produced by the loss of Ecosystem
services, we need (or rather we are forced
to) a fundamental step, which leads
recognizing to Natural capital the role of
driver of Ecosystem processes, and derived
goods and services, and not as an asset to
be exploited ad libitum.

This implies the conservation and the
rationale use of the living and non-living
components that take part in ecosystem
processes, which allow the regeneration of
natural capital, in order to make the humans
able to benefit from renewable natural
goods, as well as derived goods and
ecosystem services (i.e. the Natural capital)
in the long term. This is called Sustainability.
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Natural capital, ESs, and Conservation:
An Ethical duty beyond the Economic convenlence

The conservation of ecosystems should
be perceived as an Ethical duty
(Intrinsic Value of Biodiversity), ...

...however it becomes a practical necessity (Instrumental
' Value of Biodiversity) in order to conserve ecosystem goods
and services in the light of economic convenience, both for
individual stakeholders and whole society (Communication).
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From ESs to the Payment for ESs (PES)

Today we have to switch from the free exploitation (more often a free unsustainable over-exploitation) of
benefits produced by Ecosystems to paying what they produce (goods and services).

i i
¢
4

i}

[l
L

5 , This does not mean entering into a market

perspective according to which one is
entitled to sell off resources to the highest
bidder!

Conversely, payments make us more aware
and less willing to waste.

Thus, payments should generate a more
rational use of (renewable) resources which,
being exploited at a lower rate, should have
the chance to regenerate over time, instead
to be depleted (in some case permanently).
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From ESs to the Payment for ESs (PES)

It is not a matter of “making money”, but of finally giving the
right value to the Natural capital, to which it has never been
previously given, and to what it provides through Ecosystem
processes.

From the socio-economic point of view, it should not lead to
an increase in the overall life costs, rather to the maintenance
of the current well-being condition with a reduction of waste.

The introduction of PES should generate a
reduction in social costs instead, leading to
an increasingly widespread equalization,
with even a possible economic savings.
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DEGLI STUDI

How does a PES work? :

General framework

Enable rights,
Stakeholders: verify duties Governance:

decisions and rules

1. Recognition of the goods and services
provided by Natural capital for which a

price can be paid providers / sellers
* What Ecosystem services and goods

&
IS
O
are generated by natural/semi-natural | Management “ S
ecosystems and by agro-ecosystems? g % _g’
*  Which services are marketable? S $ S
- : = Q v
Living Physical : 8 4 >
2. Supply and demand analysis Services Q 8 E
o compon j| compon S Y .
 How much are buyers willing to pay? and goods S S o
ents ents S o S
* What are sellers need for rewards? w0 S
*  What type of payment do buyers Payment 3
ide?
want, and can sellers provide- Ecosystem

rocesses
3. Ensure that property, access and use P

rights are well established

beneficiaries / buyers

What makes a PES a PES is that in every payment the beneficiaries / buyers are aware that they are paying for an Ecosystem service
that is valuable to them, and providers / sellers that receive the payments engage in meaningful and measurable management
activities to secure the sustainable supply of the Ecosystem services and goods guaranteed by an effective governance.
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We must not be hypocrites and we must give a value,
also from an economic point of view, to Natural capital.

Indeed, each of us, even considering the biodiversity
conservation as an ethical duty, uses electricity, gas for
heating, cars, airplanes or other means of transport that
consume various types of fuel, as well as other several
goods provided by the Natural capital.




From PES to Governance
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We will therefore have to frame the Ecosystem services and
the related PES in a logic of the conservation of mechanisms
that will allow us to use goods they offer to a cost that
remains affordable over time, instead of preventing their
use.

This is a real Economic revolution, like technological and
scientific ones.

We need to switch from a logic of short-term over-use to one
aimed at guaranteeing rational use over time, without an
overall increase of costs or constraints.

It is a vision that could even see among the major supporters
those who, in the past, have seen the protection of the
environment (ESs and Natural capital) as a hindrance against
the economic development.



From PES to Governance

A guestion:
Should we be ashamed to give an economic value to
ESs and goods, and request a fee for them?

Answers:
* No, because in our most common sense, what is
free is worthless... and can be wasted.

* No, because, today we are under a big risk, due to
ESs collapse, and it is the most promising way to
get out of this dangerous situation.

e We do not have a PLANet B!
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Socioecology 2.0:
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Linking Ethical duty to Economlc convenience

Each species tries to get
the maximum benefit from
the environment in which
it lives, making the most of
its available resources, as
long as it does not find an
ecological brake.

The "technology", the result of the intrinsic capabilities
of Homo sapiens, allowed him to loosen or eliminate
the multiple ecological brakes that he encountered on
his path.

However, the development of such an efficient
technology has not been accompanied by an adequate
growth in awareness of the medium- and long-term
consequences of the use of this technology.

Ethics, that is, the rules of
behaviour of a community
based on ideas about what is
morally good and bad,
should "evolve" to

¥ counteract the effects

. produced by a technology
without limits.

In this context, the "conservation" (intrinsic value of
biodiversity) and the "need to conserve" (instrumental
value of biodiversity) lose a clear distinction, becoming the
foundation of a "New Socioecology”, as adaptive
behavioural responses of individuals to variation in resource
size and distribution.

Socioecology emerged as a subdiscipline of behavioural ecology in the
1960s examining systematic relationships between ecology and social
behaviour of animals, using an evolutionary approach.




