|_ l!e ecosystem functioning dimension in Natura 2000 habitats:

a monitoring approach based on remote sensing

Javier Cabello

Dept. Biology and Geology
Andalusian Center for the Evaluation and Monitoring Global Change (CAESCG)
University of Almeria
Spain

Thessaloniki, May 26-28th, 2014

fE
- |9 4 .
CO&~ '
oo @ CAESC(zsfzmr=
[/ Y SHGUIMIENTO
LABORATORIO DE ANALISIS REGIONAL L % DEL CAMBID GLOBAL

Grupo de invgstigaCién Ecologia DE ECOSISTEMAS Y BIODIVERSIDAD
de Zonas Aridas, RNM 174

ks

A UNIVERSIDAD DE ALMERIA



Challenges for the EU policy of conservation at ecosystem level



Challenges for the EU 2020 Biodiversity Strategy

Halting the loss of biodiversity and the degradation of ecosystem services.
Reduce the EU" s ecological footprint.
Ecosystem based approaches to climate change mitigation and adaptation.

Maintain the ecosystem and the services they provide.

Challenges for the Natura 2000 Policy

Evaluate and minimise the effects of global change drivers (land-use changes,
climate change, biological invasiones, pollution, ..) on habitats.

Strengthen common understanding of what it means to achive favourable
conservation status for habitats types and species.



How to face these challenges in the Natura 2000 Network?

Convention on
Biological Diversity

5th COP to the Convention on Biological Diversity (CBD)-Nairobi, Kenya- 2000

The “ecosystem approach” is a strategy for the integrated
management of land, water and living resources that
promotes conservation and sustainable use in an equitable
way...

It is based on the application of appropriate scientific
methodologies focused on levels of biological organization
which encompass the essential processes, functions and
interactions among organisms and their environment...

It recognizes that humans, with their cultural diversity, are
an integral component of ecosystems.




Basic “guiding principles” of Ecosystem Approach (IUCN-CBD)

Ecosystems are not isolated.
It is never enough to consider only protected areas when planning conservation.
Human beings are ecosystem components.

Adaptive management is essential.



A practical way to implement the ecosystem approach

Human well-being:
The state of people’s
physical, economic,
social, and spiritual
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Ecosystem functions:
The processes by which

ecosystems deliver services and
benefits.

Ecosystem condition and
biodiversity:
The ability of ecosystems to support
ecosystem processes and deliver

World Resources Institute 2010

ecosystem services.




Associations between conservation philosophies, human-nature relationships,

“ecologies,” and conservation concepts

Biosphere
( Biotic and Abiotic N > Ecosystem <--------> ,: Fluxes of energy )

Biotic communities

!

Species populations

!

System behavior
(e.g. trophic dynamics)

Contemporary T

Conservation Biology

Processes and

. Functions
Individuals T
Evolutionary Ecology <o Theoretical framework ------- > Thermodynamic Ecology
Discrete DI Variables ~  _______ > Continuous

Biodiversity entities

Homo sapiens separates from Nature

Homo sapiens part of and embedded withn Nature

. <o Criteria - > | Aggregationand Rates (e.g.NPP)
Composition and structure | . ______ Components ~ ------- S Eunction
T Complementarity between T
structure and function
COMPOSITIONALISM FUNCTIONALISM

- NORMATIVE CONCEPTS RELATED -

Ecosystem health, Ecosystem services,
Adaptive management, Ecosystem
management, Sustainable development,
Ecological sustainability

Preservation of biological diversity &
Biological integrity, Restoration ecology

Basado en Callicot 1999 & Rodriguez 2011



« Ecosystem services, ecological footprint, carbon economy, global change
impact, baseline conditions, human benefits, and even biodiversity
conservation, are issues closely related to ecological processes.

» To achieve such objectives, we need to incorporate the ecosystem functioning
dimension into the characterization and monitoring of EU habitats.



How to incorporate the ecosystem approach into Natura 2000 process?



From the biodiversity inventory to monitoring ecological processes
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Important features for a monitoring program indicators

Inform at ecosystem level It offers a holistic view of the ecosystem
condition and connect with the concepts of
ecosystem health and integrity

Short time response It allows adaptive management and early
impacts detection

Facilitate the estimation of baseline The definition of reference conditions are

conditions the most realistic way to assess habitat

conservation status

Enable monitoring at regional scale Appropriate to distinguish between local
and regional anomalies and to identify
trends and thresholds of change



Attributes related to the exchange of matter and energy vegetation-
atmosphere meet these requirements

They offer a more quickly response than structural variables (vegetation
physiognomy and diversity) to disturbance.

Enable to quantify ecosystem services (e.g. carbon gains).
Can be monitored through remote sensing.
Provide a dynamic characterization of ecosystem processes.

The spectral indices are connected with functional variables (primary production,
evapotranspiration, surface temperature, albedo).

Spectral vegetation indices (NDVI, EVI) have been successfully used to describe
regional patterns of net primary productivity.



Why these attributes characterize ecological processes at ecosystem level?

v’ Spectral vegetation indices (NDVI o EVI) are proxies of NPP.
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» Quantity of energy that enter into the life
» Integrative descriptor of ecosystem health

» Integrative response to environmental changes



But .... What actually is a pixel?

Regional Ecology Applied ecology and Management
The whole are of a biome, landscape or ecosystem | A plot of:
to obtain regional patterns. — Ecosystems.
— Management actions.
— Land uses.

THEMATIC MAPS ECOSYSTEMs AND LAND-USES EVALUATIONS




Basis for the application of spectral vegetation indices

MONTEITH’s MODEL (1972):

NPP = PAR X fPAR x  RUE
[gC m2year!] = [MIm2 year!] x \[proportion] /x [gC MJ]1]

=z

PP: Net primary productivity

PAR: Photosynthetic active radiation
FPAR: Fraction of the photosynthetic
active radiation intercepted

RUE: Radiation use efficiency
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Descriptors of ecosystem functioning derived from spectral vegetation
indices
(Alcaraz et al. 2009, Cabello et al. 2012, Pettorelli et al., 2005, ....)
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Applications for monitoring habitats
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Through the use of these attributes we can characterize the ecosystem
baseline conditions to assess changes in ecosystem
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We can estimate trends (underlying changes)

http://www.youtube.com/watch?feature=player embedded&v=e0vj-0imOLw



http://www.youtube.com/watch?feature=player_embedded&v=e0vj-0imOLw
http://www.youtube.com/watch?feature=player_embedded&v=e0vj-0imOLw
http://www.youtube.com/watch?feature=player_embedded&v=e0vj-0imOLw

Spatial patterns of ecosystem functioning at national level
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Alcaraz-Segura et al. (2006). Global Ecology and Biogeography.



Changes in the ecosystem functioning at national level

" Slope of the NDVI trends
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Spatial patterns of ecosystem functioning at protected areal level

Changes in the ecosystem functioning at protected area level
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Spatial patterns and changes of ecosystem functioning at habitat level
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Management units of oak forests in Sierra Nevada National Park (SE Iberian Peninsula)
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Effects of seasonal climate changes on SE Iberian grasslands (6330 + 6220)
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mean (carbon gains proxy)
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Niche modeling of species (e.g. of conservation concern)

Landscape Ecol
DOl 10.1007/s10980-014-0020-4

RESEARCH ARTICLE

Modeling spatial distribution of European badger in arid
landscapes: an ecosystem functioning approach

Juan M. Requena-Mullor + Enrique Lopez + Antonio J. Castro - Javier Cabello -
Emilio Virgos + Emilio Gonzalez-Miras + Hermelindo Castro
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Un modelo practico

World Resources Institute (2010):
sintesis de los modelos de European Environment Agency (1999) y
Millenium Ecosystem Assesment (2005)
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Three components of Biodiversity: Composition, Structure and Function

Noss (1990): “This conceptual framework facilitates selection of indicators that
represent the many aspects of biodiversity that warrant attention in environmental
monitoring and assessment programs”.
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Main challenges in Conservation Biology (Balmford & Cowling, 2006)

« Trying to conserve ecological and evolutionary processes

« Improving our understanding of how ecosystems change in response to anthropogenic
pressures.

« Documenting and understanding the benefits of natural systems for human well-being
(ecosystem services)

« Monitoring and communicating the changing state of nature
« Building overarching, spatially explicit models of nature

. =

Functional approaches to the understanding of biodiversity may be particularly valuable,
since they address the sustainability of the ecosystem via interactions between the
components and provide a basis for predicting changes when drivers are modified
(Lamont, 1992).

It is necessary to identify fields in conservation where ecosystem functioning is useful



CARACTERISTICAS DEL SISTEMA DE SEGUIMIENTO

Tabla . Atributos derivados de la curva estacional de los indices espectrales de vepetacion
(WO v EF) v sus caracterizticas. Adaplada de Lettoralli v ool {2003),
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Why ecosystem functioning has been seldom considered in conservation?

» Most concern has been focused at the species level, because the loss of
species is well documented, frequent and irrevocable (Solbrig, 1991).

* Functional approaches are based on energy and matter exchanges which are
not easily perceived

» Techniques to study ecosystem functioning are relatively new and not
frequently used within the conservation community.
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Grafico tipo 1. Condiciones de referencia y su rango de variabilidad de la dinamica estacional del EVI para
cada parque nacional (Evaluacion a escala de Red).

Ejemplo: (a) Mean seasonal dynamics of the NDVI for the 1982—-2006 period for each national park. (b) Interannual variability of
the NDVI annual curve for each park calculated as the interannual coefficient of variation (CVt) of the mean seasonal dynamics.
(c), (d) The spatial standard deviation of each park for the NDVI mean seasonal dynamics (in a) and the interannual variability (in
b), respectively. A: Aigliestortes i E. S. Maurici; O: Ordesa y Monte Perdido; P: Picos de Europa; C: Cabaneros; M: Monfragiie; S:
Sierra Nevada; D: Dofiana. Tomado de Alcaraz-Segura et al. (2009). Environmental Management.



