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BIOSOS (FP7-SPACE)

• BIOdiversity multi-SOurce monitoring System: from Space TO 
Species

• FP7-SPACE-2010-1. Collaborative Project, addressing topic 
SPACE.2010.1.1-04 Stimulating the development of GMES services 
in specific areas with application to BIODIVERSITY G.A. 263435

• Coordinatore Palma Blonda IIA (già ISSIA)-CNR.

• Responsabilità di Unità operativa Carmela Marangi, IAC-CNR.

• Dal: 01/12/2010 Al: 30/11/2013.

• Activity: Development of Innovative Ecological (Environmental) 
Models for the Management of Natura 2000 Sites, incorporating 
Monitoring Information  

ECOPOTENTIAL (H2020)

• Improving Future Ecosystem Benefits Through Earth Observations

• H2020 research and innovation programme. GA.641762,

• Coordinatore Antonello Provenzale IGG-CNR.

• Responsabilità di Unità operativa Carmela Marangi, IAC-CNR.

• Dal 1-6-2015 Al: 31-5-2019

• Activity: Mathematical modeling of the spread of invasive species 
with assimilation of satellite data. Optimal control of invasive 
species in support of Protected Area management activities.

EU projects context
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On May 22, 2023, in celebration of the World Biodiversity Day, the 
National Biodiversity Future Center (NBFC) was presented in 
Rome.

The National Biodiversity Future Center is one of the five national
centers dedicated to frontier research funded by the "Piano
Nazionale di Ripresa e Resilienza (PNRR)"

It is the first Italian research center dedicated to biodiversity and is 
coordinated by the National Research Council (CNR).

The center involves 2,000 scientists and 49 institutions who are 
committed to studying and preserving ecosystems and 
biological diversity.

The National Biodiversity Future Center has the responsibility of 
conserving, restoring, monitoring, and enhancing Italian and 
Mediterranean biodiversity.

the NBFC strives to bridge the gap between scientific knowledge
and practical conservation actions.

The HUB & Spoke Model

The center is structured into six thematic spokes dedicated to
the sea, land, wetlands, and cities.

Spoke 4 – Task 4.3

Biodiversity and Ecosystem Modeling

Coordinator: Antonello Provenzale (CNR-IGG)

Soil Organic Carbon Dynamics

Control of Invasive Species

CNR-IAC Staff:

Carmela Marangi, Fasma Diele,

Angela Martiradonna (TD-PNRR)

National Biodiversity Future Center-ongoing project

Workshop MathAIEOapp 5 -7 July 2023 Dipartimento di Scienze del Suolo, della Pianta e degli Alimenti, Univ. Bari, Italy



4

Natura2000 site IT9120007 Murgia Alta
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Wild boar in Alta Murgia National Park
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Wolf in Alta Murgia National Park

• Wolves, as well as other large carnivores, e.g. coyotes and 
dingoes, are considered keystone species

• The legal status of wolves in the European Union countries is 
directly specified in the Habitats Directive (92/43/EEC). The 
Directive requires strict protection, prohibiting any destruction or 
damage to the wolf population

• The challenge for the regional authorities is to plan actions 
capable of limiting the presence of wild boars while maintaining 
the small population of wolves in the park

• The crucial point is: to what extent could one control wild boars 
without affecting the wolves’ survival?

Workshop MathAIEOapp 5 -7 July 2023 Dipartimento di Scienze del Suolo, della Pianta e degli Alimenti, Univ. Bari, Italy



7

• qualitative analysis

• Z-control

• Optimal control

Mathematical tools
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Wolf-wild boar
metapopulation dynamics
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The model

• Allee effect: fast growth only above a 
threshold A

• Two time scales: τ  and  t= τϵ, ϵ <<1

The aggregated model

Aggregation method  equilibrium of the 
fast variable:

substituted  in the first and third eqs  to 
reduce the number of the variables

.
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Dynamical scenario
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Conservations of the wolf in the Alta Murgia Park
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Z-control: basic idea

Generalized Lotka-Volterra model

The goal of Z-control is to design an analytical expression for the variable

upred = upred(t) so that the solution is forced to achieve a desidered state nd=nd(t)

Y. Zhang and Z. Li. Zhang neural network for online solution of 
time-varying convex quadratic program subject to time-varying 
linear-equality constraints. Physics Letters A, 373(18):1639–1643, 
2009.
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Z-control of the wolf-wild boar dynamics

By applying the indirect Z-control of the prey population acting on 

predator to the aggregated model of wolf-wild boar
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Coexistence via self-sustained oscillations
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Basin of attraction
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Thresholds for positiveness
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Optimal control
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The case of wild-boars 
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State-costate system State-control system
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Phase plane analysis of state-control system

Workshop MathAIEOapp 5 -7 July 2023 Dipartimento di Scienze del Suolo, della Pianta e degli Alimenti, Univ. Bari, Italy



19

Optimal paths for the state-control optimality system

Workshop MathAIEOapp 5 -7 July 2023 Dipartimento di Scienze del Suolo, della Pianta e degli Alimenti, Univ. Bari, Italy



20

The optimal value of the time 
horizon T* corresponding to the 
minimal management effort E*

Aanalytic expressions 
of population density u*

Understanding the optimal time 
horizon of an abatement or 
eradication project is of utmost 
importance in terms of strategic 
planning, since it improves the 
long term sustainability of nature 
conservation actions.
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Main result
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However, time is not the only relevant dimension of the 
problem...

It's time for Angela Martiradonna's talk!

Thank you all for your kind 

attention!
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