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Abstract

The Mincio River is far more than a simple waterway in the Po Valley; it represents a profound synthesis
of natural evolution and centuries of human ingenuity. Serving as the lifeblood of the Mantuan territory,
the river is a cornerstone of Northern Italian environmental heritage and a biological sanctuary of
international importance. Central to this ecosystem is the Valli del Mincio Nature Reserve, a Special
Protection Area within the Natura 2000 network that preserves one of the last vestiges of ancient marshes
in the region. This "waterscape" is a living cultural heritage site where the historical memory of medieval
hydraulic engineering - which transformed Mantua into a strategic "water fortress" - harmonizes with
modern environmental science. However, this delicate balance is currently under pressure from climate
change, intensive agriculture, and invasive species. Through an integrated management philosophy and
the establishment of the Mincio Regional Park, the territory seeks to reconcile economic needs, such as
"slow tourism," with the urgent necessity of habitat restoration

INTRODUCTION

The Mincio River is far more than a simple waterway in the Po Valley; it represents a profound synthesis
of natural evolution and centuries of human ingenuity. Serving as the lifeblood of the Mantuan territory,
the river is a cornerstone of Northern Italian environmental heritage and a biological sanctuary of
international importance. Central to this ecosystem is the Valli del Mincio Nature Reserve, a Special
Protection Area within the Natura 2000 network that preserves one of the last vestiges of ancient marshes
in the region. This "waterscape" is a living cultural heritage site where the historical memory of medieval
hydraulic engineering - which transformed Mantua into a strategic "water fortress" - harmonizes with
modern environmental science. However, this delicate balance is currently under pressure from climate
change, intensive agriculture, and invasive species. Through an integrated management philosophy and
the establishment of the Mincio Regional Park, the territory seeks to reconcile economic needs, such as
"slow tourism," with the urgent necessity of habitat restoration

River Identity

The Mincio River is not merely a fluvial artery of the Po Valley; it is a profound synthesis of natural
evolution and centuries of human ingenuity, acting as the lifeblood of the Mantuan territory and a
cornerstone of Northern Italian environmental heritage. To understand its complexity, one must view it
through the lens of the Natura 2000 network, specifically within the Special Protection Area known as the
"Valli del Mincio."! This site represents a biological sanctuary of international importance, housing

! Regione Lombardia, Natura 2000 - STANDARD DATA FORM per Zine di Protezione Speciale, Siti di Importanza Comunitaria proposti,
Siti di Importanza Comunitaria e Zone Speciali di Conservazione, Milan / Rome, December 2024
Formulario Standard IT20B0009 - Valli del Mincio
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priority wetland habitats that provide indispensable nesting grounds for rare avian species protected under
European directives. The ecological identity of these wetlands is defined by a delicate balance of water
and earth, a landscape of reeds and floating islands that remains one of the last vestiges of the ancient
marshes that once characterized the region. However, this ecosystem is currently grappling with severe
environmental pressures, including the progressive accumulation of river sediments and the insidious
effects of eutrophication caused by agricultural runoff.? These challenges have necessitated a series of
sophisticated interventions coordinated by the Mincio Regional Park, often supported by European LIFE
projects like LIFE EREMITA and LIFE IP GESTIRE 2020. These initiatives focus on active habitat
restoration, such as the removal of invasive species and the restoration of hydraulic flows, to ensure that
the river's biodiversity remains resilient in the face of climate change.® Parallel to its ecological
significance is the river’s historical role as the master architect of the city of Mantua. The State Archives
of Mantua, particularly the vast cartographic treasures of the "Magistrato alle Acque" Fund, provide a
detailed chronicle of how the river was domesticated to serve as a defensive bulwark. From the 18th
century through the late 19th century, monumental hydraulic engineering projects transformed the river
into a strategic "water fortress," shaping the forma urbis of Mantua into an island-like city surrounded by
its four iconic lakes.* This historical layering is precisely why the UNESCO Management Plan for Mantua
and Sabbioneta insists on a holistic conservation strategy; it recognizes that the city’s Renaissance
monuments are inseparable from the fluvial landscape that cradles them.® Today, the "Mincio River
Contract" stands as a contemporary manifestation of this integrated management philosophy. Promoted
by the Lombardy Region, this voluntary strategic pact brings together public institutions, local
stakeholders, and environmental experts to align hydraulic safety with ecological health and sustainable
tourism.® The goal is to move beyond fragmented management toward a "waterscape" vision, where the
river serves as both an economic resource for "slow tourism" - such as the famous Mantua-Peschiera cycle
path - and a strictly protected ecological corridor. By harmonizing the archival memory of the ancient
Water Magistrates with modern environmental science, the Mincio continues to assert itself as a living
cultural heritage site, an ever-evolving entity that defines the very soul of the Mantuan lands while serving
as a global model for the coexistence of human civilization and the natural world.’

2 Marco Bartoli, Christian Naldi, Gianpaolo Rossetti and Pierluigi Variaoli, L’ecosistema delle Valli del Mincio: dinamiche evolutive e
criticita ambientali, Mantua, 2002

Relazione Generale Valli del Mincio (Dati Viaroli et al.).

3 Parco Regionale del Mincio, Progetti LIFE per la conservazione della biodiversita nel Parco del Mincio: LIFE EREMITA, LIFE GESTIRE
2020 e LIFE IP GESTIRE2020, Mantua, 2016-2023
https.://www.google.com/search?q=hitps://www.parcomincio.it/index.php/pagine/progetti-e-azioni-di-conservazione

4 Carlo Togliani, Mantova e il Mincio. Le acque, la citta, il territorio, Mantua, 2011
https://'www.google.com/search?q=hittps://www.francoangeli.it/Libro/Mantova-e-il-Mincio-Le-acque,-la-citt2%C3%A0,-il-
territorio?ld=20146

5 Comune di Mantova e Comune di Sabbioneta, Mantua and Sabbioneta Management Plan, Mantua, 2007
https://'www.google.com/search?q=hittps://www.mantovasabbioneta-unesco.it/it/piano-di-gestione

¢ Regione Lombardia, Contratto di Fiume Mincio: Documento Strategico e Piano delle Azioni, Milan / Mantua, 2013-2015
https://www.google.com/search?q=https://www.regione.lombardia.it/wps/portal/istituzionale/HP/DettaglioRedazionale/servizi-e-

informazioni/enti-e-operatori/territorio/contratti-di-fiume/contratto-di-fiume-mincio
7 Paesaggi d’acqua: il Mincio tra conservazione e sviluppo turistico; Rome / Milan, 2015-2019

https://'www.google.com/search?q=https://www.aiig.it/rivista/archivio/
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Mincio Nature Reserve

Geological Genesis: Origin of the morainic systems and the link with the Garda basin

The geological genesis of the Garda morainic amphitheatre and its indissoluble bond with the Mincio
River represent one of the most fascinating chapters of Late Pleistocene history in Northern Italy - a
process in which glacial dynamics literally sculpted the backbone of the Mantuan and Brescian landscape.
The current geomorphological configuration is the result of repeated pulsations of the vast glacial tongue
which, originating from the Sarca basin, extended toward the Po Valley.® During the Pleistocene, and
particularly during the Last Glacial Maximum, the Garda glacier acted as a gigantic conveyor belt for

debris, accumulating enormous quantities of sediment - pebbles, sands, and silts - along its margins and
at its front. These accumulations gave rise to the system of concentric morainic circles, a series of hilly
ridges that border the lake basin to the south and constitute the morainic amphitheatre itself.’ This area is
characterized by a succession of ridges, known as the moraine hills, separated by inter-morainic
depressions that often host wetlands, peat bogs, or small endorheic basins. In this context, the Mincio is
not merely the natural outlet of Lake Garda, but the direct heir to the glacier's hydraulic discharge flows.
Studies on sedimentary fluxes indicate how the river reworked and transported glacial sediments, defining
the fluvial dynamics of the northern Mantuan plain and creating a transition zone where Alpine energy
meets the stability of the plains.'® The geomorphology of the Mantua province reveals a territory divided
between the "high plain" of the moraine hills and the "low plain" of the river valleys, where the Mincio
carved into the fluvioglacial terraces created during the glacial retreat. The link with Garda is therefore
both genetic and functional: the lake serves as an immense regulation reservoir and a natural "settling
tank," ensuring the Mincio a water regime that retains traces of its glacial imprinting. Although this regime
is strictly regulated today by the gates managed by the Comunita del Garda for irrigation, energy
production, and hydraulic safety, the river’s chemical and physical signature remains tied to its Alpine

8 ISPRA, Rome
https://'www.google.com/search?q=https://www.isprambiente.gov.it/Media/carg/143_MANTOVA.html

° Giuseppe Orombelli and Cesare Ravazzi, The Garda Glaciation: Late Pleistocene history of the Garda Basin, Milan / Rome, 2005-2009
https://'www.google.com/search?q=hitps://www.researchgate.net/publication/262642511 The Garda_ Glaciation

https://famq.aiqua.it/
10 University of Padua, Sediment flux and river dynamic in the northern Po Plain: the case study of the Mincio River, Padua, 2010-1014

https://research.unipd.it/
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origin.!! The geological continuity between the moraine hills and the Valli del Mincio, as documented by
the Mincio Regional Park, bears witness to a fluid transition between the Alpine and the Po Valley
environments. The raw energy of the glacier has given way to the persistence of lacustrine and fluvial
waters, creating a unique microclimate and a soil composition that supports both Mediterranean flora and
continental wetlands.'?> This makes the Garda morainic amphitheatre a living geological structure,
fundamental to understanding the hydrogeological framework, the agricultural fertility, and the
extraordinary biodiversity of the entire Mantuan territory. Furthermore, the stratigraphic layers of the
amphitheatre serve as a chronological archive, revealing the climatic shifts of the Quaternary period and
providing a framework for modern ecological conservation. The Mincio acts as the connecting thread in
this narrative, a fluvial corridor that transports the heritage of the glaciers through the heart of the
Lombardy region and into the wider Po River system. This integrated vision of the landscape, where
geology dictates the terms of human settlement and natural habitats, underscores the necessity of a holistic
approach to territorial management, ensuring that the ancient glacial legacy of the Garda and the Mincio
continues to thrive as a vital ecological and cultural landmark.!?
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Geographical Context: From the moraine hills to the Po confluence

The geographical setting of the Mincio River outlines a journey of extraordinary landscape and
engineering significance, unfolding over approximately 75 kilometers through profoundly diverse
environments, from the amphitheatrical ridges of the moraine hills to the low alluvial plain. The river
originates as the sole emissary of Lake Garda at Peschiera del Garda, inheriting a vast drainage basin that
extends deep into the Alpine hinterland and a remarkably steady flow regime maintained by the massive
regulatory capacity of the lake’s water volume. In its initial upper reach, the Mincio carves a path through
the formidable Garda morainic amphitheatre, an undulating and fertile landscape of glacial origin where
the river’s energy was historically harnessed for milling and early industrial pursuits before it begins to

' Geomorfologia della Provincia di Mantova - Studi propedeutici alla Variante al Piano Territoriale di Coordinamento provinciale e Piani
di Protezione civile, Mantua, 2014-2018
https://'www.google.com/search?q=https.//www.provincia.mantova.it/context_pnt.jsp?ID_LINK=231&area=7

12 Parco Regionale del Mincio, Il Territorio: Geomorfologia e Paesaggio delle Colline moreniche e delle Valli del Mincio, Mantua
https://'www.google.com/search?q=https.//www.parcomincio.it/index.php/pagine/territorio-e-natura

13 Comunita del Garda, Dati storici e in tempo reale sui livelli idrometrici e portale dell 'emissario Mincio, Salo (BS) / Mantua, 1950-today
https://'www.google.com/search?q=https://www.laghi.net/homepage.aspx?tab=3&sub=1&Ilc=1
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slow its pace as it enters the heart of the Mantuan territory. The hydrographic configuration becomes
exceptionally complex and increasingly artificial; data from the Lombardy Region Geoportal highlight
how the system of the three Mantua lakes - the Lago Superiore, Lago di Mezzo, and Lago Inferiore - is
not a natural lacustrine formation but rather an expansive, meticulously controlled fluvial stretch.'* This
"waterscape" was engineered centuries ago to surround the city on three sides, effectively transforming
Mantua into a strategic peninsula and a water-defended fortress of the Gonzaga dynasty.'> Beyond the
urban area, the river continues its southward course, transitioning into a lowland phase dominated by the
legacy of centuries of land reclamation, drainage projects, and intensive water management interventions
designed to stabilize the marshy terrain of the Po Valley. The pinnacle of this Italian hydraulic expertise
is manifested in the crucial confluence area near Governolo, which serves as a fundamental strategic hub
for regional water level control and commercial navigation. Here, as analyzed in technical studies on
historic water governance, stand monumental engineering structures such as the Sostegno di Governolo
and the Chiavica del Moro. These sophisticated works of hydraulic architecture have historically allowed
for the precise management of the Mincio’s discharge into the Po River, acting as a vital safety valve that
protects the Mantuan lowlands from the devastating backflow of the Po during flood events while
simultaneously ensuring the necessary outflow from the Mantuan lakes to prevent stagnant waterlogging
and agricultural damage. This final, lower stretch transforms the Mincio from a vigorous hillside river into
a true lowland watercourse, defining a vital ecological and functional corridor that connects the Prealpine
lakes to the great Po waterway axis.'® This connection indissolubly links the hydraulic destiny of Mantua
to that of the entire Po River basin through a millenary and technologically advanced system of locks,
dams, and canals that remains a masterpiece of environmental and civil engineering. The river thus acts
as a living bridge between different topographies, where the pristine Alpine waters are gradually integrated
into the complex socio-economic fabric of the Lombardy plains, supporting agriculture, biodiversity, and
historical memory in a single, continuous flow.!”

4 Regione Lombardia, S.I.R.B.A., Milan
https://www.geoportale.regione.lombardia.it/

https.//www.google.com/search?q=https://www.geoportale.regione.lombardia.it/visualizzatori/idrografia-e-risorse-idriche

15 Corrado d’Arco, Il Mincio e le sue vicende storiche, Mantua, 1845
https://'www.google.com/search?q=hittps://www.google.it/books/edition/ll Mincio e le sue vicende storiche/7S8fAAAAMAAJ? hi=it&gbp
v=0

16 Pesaggi di acque: 1l Mincio, i laghi, la citta, Mantua, 2012

https://'www.google.com/search?q=https.://www.sometti.it/prodotto/paesaggi-di-acque/
17 L’idraulica padana: storia e tecnica del governo delle acque. Focus: Il sostegno di Governolo e la Chiavica del Moro, Mantua / Ferrara

https://www.google.com/search?q=https://www.territoridelmincio.it/opere-idrauliche-di-governolo/
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Sostegno di Governolo

MANIOVA

Lago Superiore, Lago di Mezzo and Lago Inferiore

The Concept of the Regional Park: History of its establishment (1984) and conservative missions

The concept of the Mincio Regional Park is deeply rooted in a complex legislative and cultural journey
that reached its institutional climax with the approval of Regional Law No. 47 on September 8, 1984, a
pivotal act that officially established the park authority within the broader and then-pioneering framework
of Lombardy’s regional system of protected areas.'® The birth of the park was by no means a linear process;
rather, it represented the hard-won outcome of an intense and often polarized debate between the urgent
demands for environmental conservation, and the long-standing economic development needs of a
territory that had been deeply anthropized over centuries of agricultural and industrial expansion.' Its
establishment reflects the broader evolution of nature reserves in Italy, where the primary objective shifted
from a purely contemplative or aesthetic protection of "beautiful landscapes" toward the active, science-

8 Consiglio Regionale della Lombardia, Legge Regionale 8 settembre 1984, n.47, Milan, 8 September 1984
https://'www.google.com/search?q=hitps://www.normelombardia.consiglio.regione.lombardia.it/normelombardia/accessibile/main.aspx?ex
p_eff=1&view=showdoc&iddoc=I[r001984090800047

9 Gianluca Bottazzi, Mantova: la storia, le acque, il parco. Cronaca di un'istituzione contesa, Mantua, 1986-1990
https.://'www.google.com/search?q=https://biblioteche.comune.mantova.it/
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based preservation of complex ecosystems and genetic biodiversity.?’ The mission of the Mincio Regional
Park, as meticulously detailed in its Territorial Coordination Plan, operates on several interconnected
levels that transcend simple land-use restrictions. It focuses on safeguarding the delicate fluvial and
lacustrine habitats that define the river's course, while simultaneously promoting a model of sustainable
development that seeks a harmonious integration between traditional high-yield agriculture and the
emerging sector of eco-friendly tourism. Furthermore, the park is tasked with the monumental challenge
of landscape restoration along a 75-kilometer ecological corridor that serves as the vital link between the
Alpine influence of Lake Garda and the continental dynamics of the Po River. Data from periodic Reports
on the State of the Environment highlight that the park authority does not merely play a passive
supervisory or bureaucratic role; it acts as a genuine scientific monitoring laboratory and an institutional
engine for innovation. It proactively addresses systemic criticalities, such as the degradation of water
quality caused by diffuse pollution and the complex management of invasive alien species that threaten to
destabilize the native food web.?! Through its sophisticated planning and land governance tools, the Park
coordinates multi-scalar conservation actions that range from the strict protection of the "Valli del Mincio"
wetlands - a site of international importance - to the sensitive architectural and landscape enhancement of
historic riverside centers and ancient water-management structures.?? It operates in constant synergy with
Federparchi and other national and European bodies to ensure that the specific environmental needs of the
Mantuan territory are integrated into a wider network of ecological excellence. Ultimately, the park's
educational and outreach mission is evidenced by its tireless effort to foster "environmental citizenship"
among the local population, grounded in the profound belief that protecting the river is not merely a top-
down regulatory obligation, but an essential component of the civil, cultural, and social identity of the
Mantuan people. This holistic management approach is aimed at ensuring the long-term resilience of a
unique and vulnerable ecosystem, preserving its ecological integrity and historical memory for the benefit
of future generations who will inherit this liquid heritage.?

Ecosystem services profile

Wetlands: A focus on the Mincio Valleys

The Valli del Mincio represent the beating heart of the Mantuan wetland system - an area of inestimable
value recognized internationally by the Ramsar Convention as a "Wetland of International Importance," a
prestigious designation that underscores its role as a critical node in global ecological networks. According
to the official Ramsar Information Sheet, this marshy ecosystem, which extends over more than 1,000
hectares of protected land, constitutes one of the most vast and significant reed and sedge formations
remaining in the Po Valley hinterland, serving not only as a sanctuary for rare biodiversity but also as a
fundamental thermal and hydraulic regulator for the entire regional climate.?* The Valli del Mincio Nature

20 Franco Pedrotti, Parchi e riserve naturali in Italia, Udine / Rome
https://'www.google.com/search?q=hitps://opac.sbn.it/risultati-ricerca/~/opac-res/detail/PUV0384725
2l Parco Regionale del Mincio, Relazione sullo Stato dell’Ambiente, Mantua, 2014-2024
https.://'www.google.com/search?q=hitps.//www.parcomincio.it/index.php/pagine/studi-e-ricerche

22 Parco Regionale del Mincio, Piano Territoriale di Coordinamento del Parco Regionale del Mincio, Mantua / Milan, 2024
https.//www.google.com/search?q=https://www.parcomincio.it/index.php/pagine/amministrazione-trasparente-pianificazione-e-governo-

del-territorio
23 Ferparchi, Parco Regionale del Mincio, 1984-today
http.//www.parks.it/parco.mincio/index.php

https.//www.google.com/search?q=http.://www.parks.it/parco.mincio/pub.php
24 Segreteria della Conservazione di Ramsar, Ramsar Information Sheet, Gland (Switherland), 2006-2008
https://www.google.com/search?q=hittps://rsis.ramsar.org/ris/294
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Reserve, managed under the rigorous scientific directives of the Lombardy Region, presents itself as a
complex and mesmerizing mosaic of open water stretches, intertwined channels locally known as "fossi,"
and dense expanses of hydrophilic vegetation where the flora plays a primary ecosystemic role in filtering
water and providing nesting sites.>> The presence of rare and protected botanical species, such as the water
chestnut (Trapa natans) and the iconic sacred lotus (Nelumbo nucifera) - the latter having been introduced
in the 1920s and subsequently becoming a powerful aesthetic symbol of Mantua while simultaneously
posing a significant ecological challenge due to its invasive growth patternsdefines a unique botanical
landscape that attracts scholars and nature enthusiasts from across the continent.?® The contemporary
narrative of the river, as highlighted in the "Destinazione Mincio" strategic framework, emphasizes that
the Valley is far from a static entity; it is a living, breathing organism subject to constant geomorphological
evolution and is currently threatened by the silent but progressive danger of sedimentation and the
resulting loss of basin depth which could eventually transform these wetlands into dry land.?” In recent
years, environmental monitoring and conservation strategies have benefited from an innovative and highly
successful citizen science approach; over a decade of meticulous data collection by local volunteers and
citizens regarding the state of marsh flora has allowed for the high-precision mapping of ecological
transformations within the urban protected area, effectively integrating official scientific research with
active community involvement and territorial stewardship.?® This vital synergy between institutional
protection and social participation is considered essential to counter persistent external threats, such as
nutrient pollution from surrounding agricultural runoff and the encroachment of non-native invasive
species that compete with indigenous plants. By fostering this collaborative model, the authorities ensure
that the Valli del Mincio remain a fundamental "water narrative" and a resilient habitat necessary for the
survival of numerous migratory bird species and the maintenance of the delicate ecological balance of the
entire Po Valley, consolidating the Reserve's role as a central hub for environmental education, scientific
discovery, and the preservation of Italy's liquid heritage. This expansive wetland serves as a living
testimony to the possibility of harmony between human observation and natural wilderness, acting as a
green lung that purifies both the water and the spirit of the Mantuan territory while standing as a bulwark
against the loss of European biodiversity in the twenty-first century.?

25 Regione Lombardia, Scheda informativa Riserva Naturale Valli del Mincio, Milan
https.//www.regione.lombardia.it/
https.//www.google.com/search?q=https://www.regione.lombardia.it/wps/portal/istituzionale/HP/DettaglioRedazionale/servizi-e-

informazioni/enti-e-operatori/territorio/parchi-e-aree-protette/aree-protette/riserve-naturali/riserva-valli-del-mincio

26 Giorgio Persico, Guida alla Flora del Mincio e del territorio circostante, 2009
https://'www.google.com/search?q=hitps.//biblioteche.comune.mantova.it/risultati-ricerca-nel-catalogo? keywords=Persico+Truzzi+flora

https.//www.google.com/search?q=https://www.parcomincio.it/index.php/pagine/pubblicazioni

27 Destinazione Mincio, Il racconto del fiume, Mantua, 2009
https://'www.google.com/search?q=hitps://www.sometti.it/prodotto/destinazione-mincio/

https://'www.google.com/search?q=http://'www.parks.it/parco.mincio/pub-dettaglio.php?id=3775
28 Ten years of citizen science data collection of wetland plants in an urban protected area: the case of Mincio Valleys, 2015

https.//www.google.com/search?q=https://www.researchgate.net/search.pro?g=Mincio+citizen+science+wetland+plants
29 Giancarlo Marini and Lara Previdi, Il Mincio e la sua Valle, Mantua, 1990

https.://'www.google.com/search?q=https://biblioteche.comune.mantova.it/risultati-ricerca-nel-catalogo? keywords=Lara+Previdi+Mincio
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Wetlands
Flora and Fauna: Birdlife and the fight against invasive species
The biodiversity of the Mincio River and its valleys constitutes a heritage of inestimable value, yet it has

become the stage for a complex ecological battle between indigenous species of community importance
and a host of invasive alien organisms threatening to alter millennial balances. The avifauna represents
the most visible and charismatic element of this ecosystem. The Valli del Mincio host nesting colonies of
Ardeidae of international importance, most notably the Purple Heron (Ardea purpurea), the Grey Heron,
and the Black-crowned Night Heron, which find refuge among the reed beds and willow groves. Of
particular significance is the presence of the Marsh Harrier (Circus aeruginosus), a specialized predator
of these wetlands whose conservation is strictly linked to the habitat quality protected by the Management
Plan.*® A fundamental chapter in the Park's conservation success is the White Stork (Ciconia ciconia)
reintroduction project, launched in 1994 at the "Le Bertone" Park Center. This operation has enabled the
stable return of this species - a symbol of fertility and environmental purity - which now nests once again
on the towers and rooftops of neighboring villages and in the agricultural areas along the river.>! However,
this richness is severely tested by Invasive Alien Species. In the botanical realm, the case of the Sacred
Lotus (Nelumbo nucifera) is emblematic: introduced in 1921 by Maria Pellegreffi for scientific and food
purposes, it has colonized the Mantua lakes and the Valleys with such density that it has become - despite
its undeniable aesthetic and legendary beauty - a lethal threat to native hydrophyte species. Studies
highlight how the broad lotus leaves shade the water column, preventing photosynthesis for submerged
plants and drastically reducing oxygen levels, leading to benthic asphyxiation and accelerated
sedimentation processes. To counter this phenomenon, the Park has activated specific Action Plans aimed
at the mechanical containment of the lotus and invasive water primroses like Ludwigia, seeking a balance
between preserving an iconic landscape and ecological health.>? Parallel to this, in the aquatic domain, the
balance is compromised by the massive presence of the Wels Catfish (Silurus glanis). Fish fauna surveys
conducted by the Lombardy Region and data from the PREDAT-OR project confirm that this alien super-

30 Nunzio Grattini, Atlante degli uccelli nidificanti in provincia di Mantova, mantua, 2005
https.//www.google.com/search?q=https://biblioteche.comune.mantova.it/risultati-ricerca-nel-
catalogo?keywords=Nunzio+Grattini+atlante

31 Parco Regionale del Mincio, Progetto di reintroduzione della Cicogna bianca nel Parco del Mincio, 1994
https://www.google.com/search?q=https://www.parcomincio.it/index.php/pagine/il-centro-parco-le-bertone

32 M. Bolpagni, M. Giardino, R. Gillier, P. Pinardi, Villa and J.M. Zani, Aspects of Invasiveness of Ludwigia and Nelumbo in Shallow
Temperate Fluvial Lakes, Milan / Parma and Ferrara, 2019

https://www.frontiersin.org/articles/10.3389/fpls.2019.00657/full
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predator exerts a devastating trophic impact on local species such as the bleak, tench, and pike, preying
not only on fish but also on waterfowl and small mammals.** The Catfish control and containment project
aims to drastically reduce the biomass of this river giant through selective removal campaigns. This action
is coordinated with the management of the Louisiana Red Swamp Crayfish (Procambarus clarkii),
another invader that destabilizes riverbanks with its burrows and competes with rare local invertebrates
protected under the LIFE EREMITA project. Completing the framework of critical issues is
the Coypu or Nutria (Myocastor coypus), for which the Lombardy Region has launched a three-year
eradication plan due to the structural damage caused to embankments and the hydraulic system.>*
The Regional Biodiversity Observatory coordinates these actions of "ecological resistance," mindful that
the protection of heronries (garzaie) and the flight of harriers depend directly on the effectiveness with
which human intervention can limit the expansion of these alien species. The goal is to ensure the Mincio
does not become a homogenized environment stripped of its natural specificities but remains a resilient
and complex wildlife sanctuary.*®

33 PREDAT-OR, 2023
https.//www.lifepredator.eu/

37 Regione Lombardia, Piano regionale triennale di contenimento ed eradicazione della nutria (Myocastor coypus), Milan, 2024-2026
https://www.google.com/search?q=https.://www.regione.lombardia.it/wps/portal/istituzionale/HP/DettaglioRedazionale/servizi-e-
informazioni/enti-e-operatori/agricoltura/fauna-selvatica-e-caccia/piano-eradicazione-nutria

33 Regione Lombardia, Osservatore Regionale per la Biodiversita

https://www.biodiversita.lombardia.it/
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Procambarus clarkii

Mpyocastor coypus

Hydrology and Water Quality: Impact of Intensive Agriculture and Discharge Management

The interaction between agricultural practices and the Mincio ecosystem represents one of the most critical
and multifaceted challenges for the long-term sustainability of the Po Valley, creating a landscape where
the delicate balance between high-yield industrial productivity and environmental conservation is
mediated by a legacy of both secular tradition and technologically advanced hydraulic engineering. As
revealed by the sophisticated analyses of hydrological dynamics provided by the Po River District Basin
Authority and the Interregional Agency for the Po River, the Mincio does not flow as a free-willed
watercourse but operates within an exceptionally rigid and artificial system of regulation. Its daily
discharge is strictly subordinate to the fluctuating water level requirements of Lake Garda - which must
balance tourism and safety - and the massive, seasonally dependent irrigation needs of the vast Mantuan
agricultural districts.>® The Mincio Territory Reclamation Consortium (Consorzio di Bonifica Territori del
Mincio) acts as the primary "director" of these waters, utilizing a complex network of sensors and
automated gates to manage in real-time the flow rates and the intricate web of diversion canals that fuel
intensive agriculture; this industry, while serving as a fundamental pillar of the local and national economy,
exerts a constant and heavy pressure on the river's ecological integrity.?’ Recent scientific research
conducted between 2018 and 2025 regarding the fate of emerging contaminants has revealed a concerning
reality that transcends traditional pollution models: the river serves as a terminal collector not only for
conventional nutrients like nitrogen and phosphorus - the primary drivers of the chronic eutrophication

36 Analisi delle dinamiche sedimentarie e idrologiche del fiume Mincio in relazione alla regolazione dei livelli del Lago di Garda
https://www.agenziapo.it/

https://www.adbpo.it/

37 Consorzio di Bonifica Territori del Mincio, Dati storici e in tempo reale sulle portate

https://www.territoridelmincio.it/
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and algal blooms that plague the Mantuan lakes - but also for an invisible cocktail of microplastics and
pharmaceutical residues.*® This underscores the high anthropogenic impact on a lowland river that must
traverse some of the most densely populated and intensively cultivated areas in Europe.>° This
overwhelming complexity has eventually found a strategic and collaborative synthesis in the Mincio River
Contract, a modern participatory governance tool designed to reconcile the vital irrigation functions of the
plain with the non-negotiable ecological quality standards of the water bodies. This contract promotes the
adoption of "smart" agricultural practices that aim to drastically reduce pollutant runoff through precision
farming and the incentivized creation of wide, vegetated buffer strips along the banks to act as natural bio-
filters. The river, therefore, must no longer be viewed merely as a utilitarian drainage channel or a passive
irrigation reservoir, but as a living organism that directly reflects the biological health of the entire Po
basin. Its future protection requires a truly integrated and holistic vision where historical and real-time
discharge data from the Reclamation Consortium are seamlessly joined with cutting-edge scientific
evidence on environmental toxicology and sediment transport. This comprehensive approach is the only
way to ensure that the Mincio’s profound identity as a primary biodiversity corridor and a "liquid
monument" is not definitively sacrificed to the structural necessity of feeding global agrifood markets,
maintaining a landscape that is both economically viable and ecologically vibrant for the centuries to
come.*
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Cultural landscape and history

The anthropic landscape of the Mincio is the sophisticated result of a millenary and symbiotic relationship
between human ingenuity and fluvial dynamics - a territorial work of art so profound that it has earned its
rightful place on the UNESCO World Heritage List. The city of Mantua is not simply touched or bordered
by the river; it was fundamentally generated, protected, and nourished by it across the centuries. This

38 M. Bartoli and P. Varioli, Nutrient budgets and management strategies in a highly impacted river basin: The Mincio River case study,
2010-2012
https://'www.google.com/search?q=hittps://www.researchgate.net/search.pro?q=Viaroli+Bartoli+Mincio+Nutrient+Budgets

3 Occurence and fate of emerging contaminants in the Mincio River o Microplastics and pharmaceuticals in a highly impacted lowland river,
2018-2025

https://www.google.com/search?q=https.//www.sciencedirect.com/search?qs=emerging%20contaminants %2 0Mincio %2 0river

#0 ARPA, Rapporto sullo Stato delle Acque Superficiali - Bacino del Mincio
https://'www.google.com/search?q=hittps://www.arpalombardia.it/temi-ambientali/acqua/qualita-delle-acque/
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historical genesis reached its most transformative turning point in the 12th century, specifically in the year
1190, thanks to the visionary engineering of Alberto Pitentino. His intervention was far more than an
extraordinary feat of military defense; it was a fundamental pillar for public hygiene, the local economy,
and regional water control. By designing a complex system of regulated lakes through the construction of
the Ponte dei Mulini, Pitentino succeeded in transforming a treacherous, swampy, and potentially
unhealthy marshland into a perfectly governed ecosystem capable of sustaining long-term urban expansion
and productive industrial development.*! To further explore the staggering historical significance of these
medieval interventions, one can consult the extensive resources of the Mantuan library catalogs regarding
the history of hydraulic reclamation, which detail how these dams managed the river's fall to power mills
that became the economic engine of the commune. During the subsequent Gonzaga era, this union of
economic pragmatism, religious devotion, and aesthetic landscape design reached its magnificent apogee.
Precious maps and technical drawings found in the "Miscellanea" of the Magistrato Camerale Antico, with
some documents dating as far back as 1571, provide a vivid chronicle of how the Gonzaga court interpreted
the river not merely as a defensive barrier, but as a prestigious, theatrical backdrop for their courtly life
and a vital economic artery for navigation and international commerce.** The Management Plan for the
UNESCO site of "Mantua and Sabbioneta" explicitly emphasizes that the site’s universal value lies
precisely in this historical ability to shape an "ideal city" suspended between solid land and the ephemeral
marsh, where monumental Renaissance architecture maintains a constant, reflective dialogue with the
liquid horizon.*® This historical stratification is made tangible today by the numerous hydraulic structures
- locks, supports, sluices, and fortified dam-bridges - that are meticulously cataloged by the Lombardy
Region as living evidence of a vibrant industrial and civil archaeology.* This indissoluble identity
describes the Mincio as a monument in its own right, where every artificial bend and every reinforced
embankment tells the story of a resilient territory that has managed to integrate the conflicting needs of
military defense, riverine commerce, and profound religious devotion - the latter most beautifully
symbolized by the Santuario delle Grazie, which overlooks the Valli del Mincio like a silent guardian. In
this unique cultural landscape, human intervention has not sought to erase nature but has instead elevated
it into a powerful cultural symbol, ensuring that the water remains the primary mirror in which Mantua
recognizes its own soul and historical continuity.** By preserving the memory of the Water Magistrates
alongside the stones of the Ducal Palace, the Mincio continues to function as a bridge between the
medieval mastery of the elements and the modern necessity of preserving a landscape that is as much a
product of the human mind as it is of the earth’s natural currents.*®

I Alberto Pitentino e la bonifica dei laghi di mantova: igiene, economia e controllo delle acque
https.//www.google.com/search?q=https://biblioteche.comune.mantova.it/risultati-ricerca-nel-

catalogo ?keywords=bonifica+tidraulica+storia+mantova

# Magistrato Camera Antico, Miscellanea di mappe e disegni, Mantua, 1571. XIX century
http://dati.san.beniculturali.it/SAN/complarc_SIAS san.cat.complArch.32849

43 Comune di Mantova e Comune di Sabbioneta, Piano di Gestione del sito UNESCO “Mantova e Sabbioneta”, 2008
https://www.google.com/search?q=https.//www.mantovasabbioneta-unesco.it/it/piani-di-gestione

4 Regione Lombardia, Architettura e Manufatti Idraulici del Bacino del Mincio e dei Laghi di Mantova, 2000
https://'www.google.com/search?q=hittps://www.lombardiabeniculturali.it/architetture/schede/MNO10-00431/

4 Carlo Togliani, Mantova e il Mincio. Le acque, la cittd, il territorio, Milan, 2012
https://'www.google.com/search?q=hitps://biblioteche.comune.mantova.it/risultati-ricerca-nel-

catalogo ?keywords=Carlo+Togliani+Mantova+Mincio

6 Vasco Restori, Mantova e i suoi laghi o i saggi, Mantua
https://'www.google.com/search?q=hitps.//www.accademiavirgiliana.it/pubblicazioni/
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The Mincio as a Defense Line: The Mantuan Serraglio and historical Fortifications

The role of the Mincio as a defensive barrier and a cornerstone of military strategy in the Po Valley finds
its peak expression in the Mantuan Serraglio - a unique, large-scale fortified system that transformed
natural hydrography into a sophisticated territorial war machine. The Serraglio was not merely a traditional
defensive wall or a series of disconnected outposts, but rather a vast, integrated perimeter that exploited
the natural protection offered by the Mincio River to the west and south, and by the impassable marshlands
to the east, effectively creating a "fortified island" designed to protect the Gonzaga domains and the city

of Mantua from external aggression.*’ This defensive system relied strategically on the river’s
unpredictable course, integrating natural water barriers with imposing works of high-level military
engineering, such as deep ditches, elevated bastions, and a string of strategic castles - including the iconic
fortifications of Borghetto, Valeggio sul Mincio, and Villimpenta - which allowed for the absolute control
of vital river fords and inland communication routes connecting the Po Valley to the Alpine passes. In his
profound historical analysis of a millennium of Mantuan military architecture, the scholar Enzo Boriani
highlights how the city itself served as the master fulcrum of this massive defensive apparatus; the waters
of the Mincio were expertly regulated through a network of dams and sluices to purposefully flood the
surrounding lowlands in the event of an imminent siege, instantly turning the fertile territory into a
treacherous labyrinth of deep marshes and stagnant waters that were completely impassable for heavy
enemy artillery and cavalry. The "Sostegno della conca" and other historical locks served a dual purpose
that transcended mere navigation or agricultural irrigation; they were true tactical instruments of war used
by military engineers to vary water levels at a moment's notice for defensive flooding or to isolate specific
sectors of the plain. This complex architecture of fluvial defense defined Mantua’s destiny for centuries
as an impregnable fortress-city, bearing witness to an era where the political survival and territorial
sovereignty of the Duchy depended entirely on the perfect symbiosis between expert water management
and the innovative design of military structures.*® Thus, the Mincio became the silent yet decisive
protagonist of the military chronicles that shaped Italian history, serving as a primary line of resistance
during the Napoleonic campaigns and continuing its role as a strategic bulwark well into the 19th century
as part of the famous defensive "Quadrilatero” system. Even today, the remains of the Serraglio - from the
crumbling walls of the Curtatone to the majestic towers of the river castles - stand as a testament to a time
when the river was not just a source of life, but the very shield that ensured the survival of one of Europe's
most refined Renaissance courts against the tides of war. This military legacy is now part of the cultural
landscape, where the ancient art of "water war" has left an indelible mark on the topography of the
Mantuan lands, reminding us that the river's flow was once the pulse of a nation's defense.*

47 Carlo Togliani, Il Serraglio Mantovano. I’architettura della difesa fluviale, Mantua, 2012,
https://'www.google.com/search?q=https://www.sometti.it/prodotto/il-serraglio-mantovano/

48 Dante Colli, Il Serraglio Mantovano: I’architettura della difesa fluviale, Mantua, 2004
https.://www.google.com/search?q=hitps://biblioteche.comune.mantova.it/risultati-ricerca-nel-catalogo? keywords=Dante+ Colli+Serraglio

4 Enzo Boriani, Le fortificazioni di Mantova: un millennio di architettura militare, Milan / Mantua, 1955
https://'www.google.com/search?q=hitps://biblioteche.comune.mantova.it/risultati-ricerca-nel-

catalogo?keywords=Enzo+Boriani+fortificazioni
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Mantuan Serraglio

Society, Economics and Governance

The socio-economic dimension and the governance of the Mincio River outline a model of complex
management where millenary local traditions intertwine with modern strategies for sustainable
development and institutional cooperation. As described by Giancarlo Marini in his evocative work "Gente
di fiume" (River People), the social identity of the Mincio has been deeply shaped by a symbiotic
relationship between the watercourse and its inhabitants - a resilient human fabric of fishermen, boatmen,
and small-scale farmers whose economy and cultural rhythms have always depended on the seasonal pulse
of the river.’° Today, this historical bond finds a vibrant new expression in the burgeoning sector of slow
tourism and sustainable mobility, particularly through the Mincio Cycle Path, which serves as an integral
part of the European EuroVelo 7 (The Sun Route) itinerary connecting the lakeside town of Peschiera to
the historic city of Mantua. This cycle axis is far more than a mere recreational infrastructure; it acts as a
primary economic engine for the region, enhancing the fluvial landscape by promoting low-impact tourism
that benefits local hospitality, agritourism, and historical site preservation. However, the heart of the
modern economic challenge lies in the delicate and often precarious balance between traditional
agricultural practices and the necessity of ecological conservation.! The "marcite" - a millenary irrigation
system that expertly exploits the constant, relatively warm temperature of underground spring waters to
ensure a continuous growth of forage even during the harsh winter months - represent the quintessential
emblem of a "historical symbiosis" between man and the hydrological cycle. This heritage is now under
significant threat from the encroachment of modern, intensive monocultures which, while economically
lucrative, require massive quantities of water and the use of chemical fertilizers. While traditional
techniques like the marcite favor local biodiversity and increase soil resilience, the prevailing logic of
large-scale industrial production often generates friction over the equitable use and allocation of shared
water resources. To mediate these systemic tensions, territorial governance has evolved toward
sophisticated, participatory tools such as the Mincio River Contract, an initiative promoted by the

30 G. Marini, Gente di fiume: il Mincio e i suoi abitanti
https.:.//www.google.com/search?q=https://biblioteche.comune.mantova.it/risultati-ricerca-nel

catalogo?keywords=Gente+di+fiume+Marini
3SI ECE EuroVelo7 - The Sun Route
https://en.eurovelo.com/ev7/italy

https.://www.google.com/search?q=hittps://www.parcodelmincio.it/itinerari-dettaglio.php?id_iti=1412
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Lombardy Region designed to coordinate the decisions of public bodies, environmental agencies, and
private stakeholders within a single, integrated basin management framework. This holistic vision is
strategically and financially supported by the Rural Development Complement of the Lombardy Region
and by targeted LIFE14 projects, such as "Natura che Vale," which channel critical European Union funds
toward large-scale environmental restoration while actively promoting a model of multifunctional
agriculture. This model incentivizes farmers to act as "stewards of the landscape" rather than just passive
water users, rewarding practices that maintain the ecological health of the riverbanks and the quality of
the groundwater. The Mincio thus configures itself as a real-world laboratory for sustainability, where the
rigorous conservation of habitats and the protection of the vanishing traditions of the "river people" have
become inseparable pillars of a governance strategy. This approach is aimed at ensuring that the river's
natural capital continues to generate economic well-being and a sense of shared cultural identity for future
generations, transforming the river into a sustainable corridor that honors its past while securing its
biological and economic future.>

Agriculture vs Conservations: Conflict and Symbiosis between Traditional Water Meadows (Marcite)

and Modern Crops

The relationship between agriculture and environmental conservation within the Mincio basin represents
one of the most intricately layered socio-ecological dynamics of the entire Po Valley, oscillating between
a persistent structural conflict over resource allocation and a deep historical symbiosis that has generated
landscapes of inestimable ecological and cultural value. The "marcite," or permanent water meadows,
constitute the most brilliant and enduring example of this millenary integration, representing a masterpiece
of medieval hydraulic engineering that continues to function in the modern era. This farming technique,
originally introduced and perfected by Cistercian monks, skillfully exploits the constant temperature of
subterranean spring water - which typically remains between 9°C and 12°C regardless of the external air

temperature - to irrigate the fields through a continuous, thin surface flow even during the height of winter.
This thermal stability prevents the soil from freezing, effectively extending the growing season year-round
and allowing for an extraordinary yield of up to ten forage harvests per year, a productivity level that was
revolutionary for its time.>* This "millenary agricultural landscape" is far more than a mere productive
system; it is a complex and highly specialized ecosystem that supports a unique web of life. Recent
scientific studies have demonstrated that these permanent irrigated meadows and marcite provide
irreplaceable ecosystem services, serving as vital winter refuges and "thermal oases" for migratory birdlife
and providing essential foraging areas for threatened avian and amphibian species that would find no
sustenance or shelter in the sterile environment of industrial monocultures.>* However, the advent of
modern intensive crops, primarily the large-scale cultivation of maize and soy, has triggered a profound
and damaging conflict within this delicate balance. These industrial practices require rapid, artificial soil
drainage and the massive application of chemical fertilizers and pesticides, which necessitates the
elimination of the ancient network of small ditches and natural springs that are the lifeblood of the marcite.

32 Regione Lombardia, Contratto di Fiume Mincio, Mantua, 1989
https://'www.google.com/search?q=https://www.contrattidifiume.it/it/contratti-di-fiume/mincio/

33 A. Piccinini, Le marcite: un paesaggio agrario millenario, Cremona / Milan, 1990
https://'www.google.com/search?q=hitps://biblioteche.comune.mantova.it/risultati-ricerca-nel-

catalogo?keywords=Ile+marcite+paesaggio+agrario
3% G. Bogliani, R. Ambrosini and D. Rubolini, Biodiversity and ecosystem services of traditional irrigation meadows in Northern Italy, Milan
/ Parma / Pavia, 2015-2024
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This shift has led to a dramatic and dangerous simplification of the regional landscape, resulting in a loss
of both biodiversity and the historical "memory" of the land. The central challenge of contemporary river
management lies in mending this ideological and physical fracture. Through the Rural Development
Complement of the Lombardy Region and targeted LIFE14 projects, such as "Natura che Vale," regional
institutions are now actively promoting substantial economic incentives for farmers who choose to
maintain or restore these traditional techniques. This approach recognizes that the value of biodiversity
and the preservation of the hydrogeological balance are integral components of long-term agricultural
profitability and territorial resilience. In this context, "symbiosis" is no longer a romanticized ideal, but a
practical goal pursued within a model of multifunctional agriculture, where the marcita is no longer viewed
as an obsolete relic of the past but as a resilient "natural technology." This ancient system is uniquely
capable of ensuring the natural recharge of groundwater aquifers and the protection of endangered species,
effectively transforming the potential clash between economic production and environmental protection

into a sophisticated territorial management strategy. By elevating the role of the farmer from a simple
producer to a steward of the landscape, the Mincio basin seeks to preserve its ecological and cultural

identity, ensuring that the liquid heritage of the Cistercian monks remains a living, breathing part of the
55 56

European agricultural future.

Management Plans

The governance of the Mincio River has evolved dramatically in recent decades, shifting away from
antiquated, top-down bureaucratic models toward sophisticated, integrated management frameworks that
successfully overcome administrative fragmentation. This modern approach places the river at the very
center of a concerted local development system, treating the waterway not as a passive resource but as a
dynamic territorial hub. As highlighted in recent comprehensive reports by ERSAF, the Regional Agency
for Agriculture and Forestry Services, the "River Contract" (Contratto di Fiume) has established itself as
the primary institutional tool for strategic planning. This instrument is no longer viewed by stakeholders

as a mere collection of restrictive environmental constraints; rather, it is a highly negotiated, democratic
process involving assemblies and specialized technical working groups designed to harmonize the heavy
demands of intensive agricultural production with the non-negotiable requirements of ecological

35 Regione Lombardia, LIFE14, Milan, 2016-2023
https://www.naturachevale.it/

36 Regione Lombardia, Complement per lo Sviluppo Rurale, Milan, 23 October 2023
https://www.google.com/search?q=https://www.regione.lombardia.it/wps/portal/istituzionale/HP/DettaglioRedazionale/servizi-e-

informazioni/Imprese/Imprese-agricole/psr-piano-di-sviluppo-rurale
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protection.®’ This pioneering experience, frequently analyzed in academic circles as a premier case study
of "River Contracts as a tool for local development," demonstrates how modern fluvial management can
function as a primary engine for sustainable regional growth. By improving the territory's climate
resilience and enhancing water quality through the voluntary and coordinated commitment of both public
and private actors, the contract fosters a sense of shared responsibility.’® In this context, the concept of
"Governing the Parks" has taken on a modern, proactive connotation: the management of protected areas
is no longer understood as purely passive safeguarding or the "freezing" of a landscape in time. Instead, it
is recognized as an active governance challenge that requires multidisciplinary expertise to mediate
persistent conflicts between competing resource uses - such as large-scale irrigation for the Po Valley, the
increasing pressures of international tourism, and the strict conservation requirements of the European
Union. Implementing the detailed Management Plans for the Natura 2000 sites requires a delicate hand
and scientific precision to ensure that human activity does not degrade the fragile wetland habitats. The
Mincio, with its unique complex of valleys and lakes, serves as a vital open-air laboratory where territorial
management theory is translated into concrete, measurable actions. This transformation effectively
rebrands the river from being a historical border or a mere irrigation reservoir into a recognized "common
good" managed through a holistic, ecosystemic vision. This vision can ensure both the ecological
continuity of the Alpine-to-Po corridor and the long-term socio-economic prosperity of the entire basin,
proving that the health of the water is inextricably linked to the wealth of the community. By integrating
data-driven water quality monitoring with social participation, the Mincio model offers a blueprint for
how 21st-century societies can reconcile their economic ambitions with the finite limits of their natural
environment, ensuring that the "waterscape" remains a vibrant, living legacy for future generations.>

Contemporary Challenges: Climate Change and Pollution
Eutrophication: The Nutrient Loading Problem in the Mantua Lakes

The eutrophication of the Mantua lakes represents one of the most severe and enduring ecological
challenges for the entire Mincio River basin, creating a compromised system where an unnatural excess
of nutrients has profoundly and perhaps irreversibly altered the ecosystem's fundamental metabolism. As
documented in numerous limnological studies, the three interconnected water bodies that cradle the city
of Mantua - the Upper, Middle, and Lower Lakes - are scientifically classified as hypertrophic, a state
characterized by extremely high and persistent concentrations of phosphorus and nitrogen. These chemical
elements originate primarily from the diffuse leached load of the intensive agricultural territories located
upstream, where the massive application of fertilizers eventually migrates into the river system,
compounded by residual loads from civil sewage and industrial discharges within the drainage basin.
These nutrient dynamics fuel a state of paroxysmal primary production, which manifests visually and
biologically through massive, toxic algal blooms and the aggressive, uncontrolled expansion of large
macrophytes, most notably the non-native sacred lotus.® The biological "cost" of this biomass is paid

37 ERSAF, Archivio Verbali Assemblee e Tavoli Tecnici, Milan / Mantua, 2024-2026
https.//www.google.com/search?q=https://www.ersaf.lombardia.it/it/progetti/contratti-di-fiume
38 River Contracts as a tool for local development: the Mincio experience, Milan / Ferrara, 2018-2024

https://'www.google.com/search?q=https://www.mdpi.com/search?q=River+Contracts+1taly
%9 Luca Battisti, Governare i parchi. Esperienze fi gestione delle aree protette in Italia, Milan / Rome, 2000

https.//www.google.com/search?q=https://opac.sbn.it/risultati-ricerca/-/opac-res/search? any=Governare+i+parchi+Battisti

%0 M. Bartoli, D. Nizzoli, M. Pinardi and Pierluigi Virali, Nutrient dynamics and ecosystem metabolism in the hypertrophic lakes of Mantua,
Mantua, 2004
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during the decomposition phase; as these vast quantities of plant matter die and sink, their aerobic
breakdown consumes nearly all available dissolved oxygen in the water column, leading to frequent and
devastating episodes of hypoxia or total anoxia on the lakebeds, which in turn causes massive die-offs of
benthic organisms and fish. Annual technical reports from ARPA Lombardia confirm this intense state of
environmental pressure, highlighting a critical structural factor: the water residence times within the lakes
are significantly prolonged by artificial hydraulic regulation and damming, which favors the rapid
sedimentation of organic matter.®! This creates a "vicious cycle" where the accumulated sludge on the lake
bottom acts as an internal reservoir, releasing nutrients back into the water even when external inputs are
reduced, thereby sustaining the hypertrophic state indefinitely. In his authoritative studies on complex
aquatic ecosystems, it is emphasized that managing such systemic criticalities cannot be limited to isolated
local interventions or simple surface cleaning; instead, it demands a holistic, basin-wide vision that
integrates the drastic reduction of pollutant loads at their source with advanced morphological restoration
techniques.®? Within this strategic framework, the Action Sheets for the Natura 2000 Network - promoted
by the Lombardy Region and supported by the "Natura che Vale" project - aim specifically to mitigate the
effects of eutrophication through the large-scale implementation of phytodepuration areas, also known as
constructed wetlands. These engineered ecosystems use specific hydrophilic plants to naturally filter and
strip nutrients from the water before it reaches the main lake basins. > Furthermore, shoreline
redevelopment and a more prudent, ecologically minded management of water levels are being tested to
enhance the natural self-purification capacity of the lakes. The goal of this multifaceted environmental
strategy is to transform the Mantua lakes from their current role as mere settling tanks for agricultural
runoff into resilient, self-sustaining ecosystems capable of supporting original native biodiversity and
meeting modern biological water quality standards. This transition is essential not only for the health of
the Mincio River but also for the preservation of the city's historical identity, ensuring that the water
surrounding Mantua remains a source of life rather than a symptom of ecological decay.

3 &5 EUTROPHICATION
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https.//www.google.com/search?q=https://link.springer.com/article/10.1023/B:HYDR.0000036124.78310.2b
61 ARPA, Relazioni Annuali sullo Stato dell’Ambiente, Milan / Mantua, 2000-2006
https.//www.google.com/search?q=https://www.arpalombardia.it/temi-ambientali/acqua/qualita-delle-acque/

%2 Pierluigi Viaroli, Ecosistemi acquatici. Sorgenti, fiumi, laghi e lagune, Bologne, 2005
https://www.google.com/search?q=https.//opac.sbn.it/risultati-ricerca/-/opac-res/full-report/IT%34ICCU%3ALO1%3A40563456
3 Regione Lombardia, Schede d’Azione per la Rete Natura 2000, Milan / Mantua, 2016-2023
https.://'www.google.com/search?q=https://www.naturachevale.it/risultati/documentazione-di-progetto/

IJFMR260379640 Volume 8, Issue 3, May-June 2026 20



http://www.ijfmr.com/
https://www.google.com/search?q=https://link.springer.com/article/10.1023/B:HYDR.0000036124.78310.2b
https://www.google.com/search?q=https://www.arpalombardia.it/temi-ambientali/acqua/qualita-delle-acque/
https://www.google.com/search?q=https://opac.sbn.it/risultati-ricerca/-/opac-res/full-report/IT%3AICCU%3ALO1%3A0563456
https://www.google.com/search?q=https://www.naturachevale.it/risultati/documentazione-di-progetto/

m International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

Water Scarcity: management of lean Periods and Water-Use Conflicts between the Garda Basin and

Regional Farming
The water crisis within the Garda-Mincio system represents one of the most urgent, complex, and

politically contentious challenges in contemporary European environmental management, where the
rapidly shifting precipitation patterns imposed by global climate change have severely exacerbated the
competition for access to "blue gold." This hydrological system is governed by an increasingly precarious
balance between two profoundly divergent socio-economic needs: the necessity of maintaining the
hydrometric levels of Lake Garda - which is essential for the health of the lacustrine ecosystem and the
multi-billion dollar international tourism economy - and the massive, non-negotiable demand for water to
irrigate the vast Mantuan and Veronese plains, which serve as the intensive beating heart of the Italian
agrifood sector. In his critical assessments, it is highlighted how water management philosophy in Italy is
currently undergoing a painful paradigm shift, moving from a traditional logic of perceived abundance to
a new reality of structural scarcity, a transition in which the Mincio River serves as the sole yet highly
contested distribution channel for a finite resource.®* Future projections provided by CASC (Climate
Change and the Future of Water Management) indicate that between 2030 and 2050, the significant
reduction in the Alpine snowpack and the increase in potential evapotranspiration will drastically decrease
the natural inflows to Lake Garda, making severe low-flow periods a seasonal constant rather than
exceptional climatic events.®®> This looming scenario fuels a chronic and escalating conflict over water use
that pits different geographic regions against one another: on one side, the lakeside communities of Garda
push for the preservation of high water levels to prevent catastrophic damage to port infrastructure, coastal
tourism, and sensitive littoral habitats; on the other side, the powerful reclamation consortia (Consorzi di
Bonifica) require a heavy and steady discharge into the Mincio to save intensive maize and specialized
crops from heat-stress failure during the critical summer months.®® Consequently, the daily management
of the Peschiera del Garda floodgates has been transformed into an act of political as much as technical
mediation, where every centimeter of water released or retained has profound economic consequences.
Basin authorities are now forced to navigate the razor-thin margin between the "Minimum Vital Flow”
required by law for the river’s biological survival and the mounting productive requirements of the
agricultural sector. Adaptation strategies proposed in recent scientific studies include the urgent
digitalization of the entire regional irrigation network to drastically reduce leakage - which in some areas
remains alarmingly high - and a systemic transition toward a new generation of less water-intensive crops
that are better suited to a Mediterranean-style climate. The current model of massive, unfettered
abstraction is pushing the entire Garda-Mincio hydro-system toward a dangerous ecological breaking
point, threatening to transform the historical abundance of water that defined the region’s prosperity into
an insurmountable limit for the future development and stability of the Po Valley. This crisis underscores
the need for a "water revolution" that prioritizes ecosystemic resilience and high-tech efficiency over

% Edoardo Borgia, L’oro blu. La gestione delle acque in Italia, Milan, 2007

https://www.google.com/search?q=https.//opac.sbn.it/risultati-ricerca/-/opac-res/full-report/IT%34AICCU%3ACF1%3A40694191

0 CASC, Climate change and the future of water management in the Garda - Mincio basin: projections and adaptions, 2020

https.//www.google.com/search?q=https://www.sciencedirect.com/search?qs=Garda%20Mincio%20climate%20change %2 0water%20ma
agement

% University fo Brescia, Water scarcity and irrigation management in the Po River Basin: The Mincio-Garda system, Brescia, 2022

https://www.google.com/search?q=hitps://www.sciencedirect.com/search?qs=Mincio%20Garda%20water%20scarcity%2 Qirrigation
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traditional extraction, ensuring that the liquid link between the Alps and the plains does not run dry under
the pressure of a warming world.%’

Sedimentation: The Siltation of the Valleys and Dredging Initiatives

The phenomenon of sedimentation and the resulting progressive infilling, or siltation, represent the most
pressing and existential challenge for the long-term survival of the Valli del Mincio Nature Reserve,
posing a threat that could fundamentally erase this unique aquatic landscape. Historically, the Valleys

have functioned as a vast, natural settling basin for solid debris and organic matter transported by the
Mincio River as it descends from the morainic hills toward the Po Valley. However, this natural process
has been unnaturally accelerated by several anthropogenic factors, including the drastic reduction in water
velocity caused by rigid hydraulic regulation at the Peschiera gates and the exponential proliferation of
invasive macrophytes like the sacred lotus. This incessant accumulation of silt and biomass does more
than just reduce the overall water volume and basin depth; it profoundly alters the entire metabolic
functioning of the ecosystem.® Intensive research on Sediment Oxygen Demand highlights how the
lakebeds, now thick with layers of decomposing organic material, have become zones of extreme oxygen
consumption and significant nutrient release. This biochemical activity fuels chronic hypertrophy and risks
initiating a "premature senescence" of the marsh area, a terrestrialization process where the open wetlands
are gradually transformed into solid, dry land dominated by terrestrial vegetation.® To counter this
aggressive dynamic, the Nature Reserve's Management Plan, supported by comprehensive feasibility
studies promoted by the Lombardy Region, has outlined a series of urgent interventions centered on
conservative dredging and selective desilting. These specialized operations are specifically aimed at
restoring the "chiari" - those vital stretches of open water that are essential for the survival of indigenous
fish fauna and the nesting habits of protected migratory birdlife. Nevertheless, the management of fluvial
sediments faces a dauntingly complex regulatory and economic reality. As indicated by strict ISPRA
guidelines, the costs associated with the removal, laboratory analysis, and safe disposal of these sludges

%7 Legambiente, Siccita: la gestione delle acque nel bacino padano, Milan / Rome, 2022 / 2025
https://www.google.com/search?q=https.://www.legambiente.it/temi/acqua/

% M. Bartoli and P. Viaroli, Sedimentation rates and nutrient dynamics in the Mincio River Wetlands, Parma
https://www.cisba.eu/images/rivista/biologia_ambientale/Ba2006-2 VENTENNALE/03-_Bartoli_e_Viaroli-ZoneUmide.pdf

% M. Bartoli, D. Nizzoli and P. Viaroli, Sediment oxygen demand and nutrient fluxes in the Mincio River Wetlands, Parma, 2003-2008
https.://www.google.com/search?q=https://www.researchgate.net/search.pro? g=Sediment+oxygen+demand+Mincio
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are astronomical, particularly as they are often classified as special waste due to the historical
accumulation of heavy metals and agricultural contaminants.”® In response, the restoration projects within
the Valli del Mincio have sought to pioneer the integration of advanced bioengineering with traditional
environmental protection.”! This includes innovative proposals for the circular reuse of "clean" dredged
sediments for the reconstruction of eroding embankments and the creation of artificial islets to serve as
bird sanctuaries. These efforts represent a determined attempt to reverse the infilling process and preserve
the liquid identity of the Park’s biological heart, ensuring that this critical ecological corridor does not
vanish under the literal weight of its own accumulated debris, thereby maintaining the hydraulic and
biological functionality of the entire Mantuan fluvial system for the next century.’”

Case Studies and Environmental Recovery Projects

The Mincio River has transitioned from a mere hydraulic channel into a sophisticated European laboratory
for ecological resilience and integrated water management. This evolution is not a stroke of luck but the
result of a deliberate, multi-layered strategy that positions the river as a cornerstone of the Natura 2000
network. The LIFE+ programs, specifically the ambitious LIFE IP GESTIRE2020, have provided the
financial and structural scaffolding necessary for this transformation. As detailed in the final Layman’s
Report, these initiatives successfully synchronized regional and European funding to implement large-
scale renaturalization, ensuring that the protection of endangered habitats moved from theoretical planning
to physical reality.”® Central to this long-term vision is the Prioritized Action Framework (PAF) for the
2021-2027 period. This strategic document identifies the Mincio fluvial corridor as a "green lung" and a
vital ecological bridge connecting the Alpine foothills to the Po Plain. By securing this corridor, the project
ensures the genetic flow of species that would otherwise be isolated in fragmented habitats.’* A
particularly fascinating aspect of this conservation effort is the focus on saproxylic beetles, such as the
Great Capricorn beetle (Cerambyx cerdo) and the European Stag Beetle (Lucanus cervus). These
"ecosystem engineers" rely on the presence of ancient, decaying timber. Within the Mantuan historical
parks and riparian forests, specific management protocols now prioritize the retention of deadwood,
transforming what was once seen as forest "waste" into a high-value biological resource that signals the
health of the entire riverine ecosystem.”® Furthermore, the ecological integrity of the Mincio is being
defended against external biological threats through the LIFE PREDAT-OR (LIFE21) project. This
initiative addresses the proliferation of invasive alien species that threaten to destabilize the local food
web. By developing standardized monitoring and control protocols, the Mincio has become a testing

70 La gestione dei sedimenti fluviali: tra normativa ambientale e costi economici, Milan / Rome, 2018
https.//www.google.com/search?q=https://www.isprambiente.gov.it/it/pubblicazioni/rapporti/linee-guida-per-la-gestione-dei-sedimenti-

nelle-aree-di-foce-e-nei-corsi-dacqua-ai-fini-della-tutela-quantitativa-del-litorale
7l Regione Lombardia, Studio di fattibilita per interventi di dragaggio conservativo e ripristino dei chiari nelle Valli del Mincio, 2019-2022

https://www.google.com/search?q=https.://www.naturachevale.it/risultati/documentazione-di-progetto/

72 Parco Regione del Mincio, Piano Gestione della Riserva Naturale Valli del Mincio, 2024-2025
https://www.google.com/search?q=https.//www.parcomincio.it/piani_gestione.php

73 Regione Lombardia, LIFE Gestire 2020, Milan, 2023
https://'www.google.com/search?q=hitps.//www.naturachevale.it/wp-content/uploads/2023/11/Layman-Report-Gestire2020.pdf

74 Regione Lombardia, Quadro di Azioni Prioritarie per Natura 2000, November 2024
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ground for invasive species management, providing a scalable model that is now being exported to other
river systems across the Po Valley.”® These technical achievements, however, do not exist in a vacuum.
The true innovation of the Mincio model lies in its fusion of scientific rigor with a ground-breaking social
architecture: the Mincio River Contract. This instrument of "participatory democracy" has fundamentally
altered the power dynamics of environmental governance. Guided by the Strategic Framework Document,
the River Contract creates a shared table where traditionally opposing stakeholders - industrial farmers,
passionate environmentalists, and local administrators - must negotiate. This shift from top-down
regulation to a "bottom-up" collaborative platform treats the river as a common good rather than a resource
to be exploited. It acknowledges that in a hyper-anthropized landscape like Northern Italy, ecological
restoration is only sustainable if it is woven into the socio-economic fabric of the local communities. The
Mincio thus stands as a testament to the fact that modern environmentalism is as much about human

diplomacy as it is about biological science.”” 78

Towards a New Balance

Future Sustainability: The Park as a Laboratory for Climate Change Resilience

The future trajectory of the Mincio River is no longer defined solely by static conservation, but by its
capacity to evolve into a sophisticated, open-air laboratory for climate resilience and systemic adaptation.
This shift is necessitated by the increasingly volatile climate of the Po Valley, where research underscores
that the implementation of Nature-Based Solutions is the only viable path forward. These solutions go
beyond traditional engineering; they leverage the natural properties of the ecosystem to solve human-
centric problems. A primary example is the strategic enhancement of riparian forests. These "green
corridors" do more than just provide habitat; they act as high-performance microclimate regulators. By
increasing evapotranspiration and providing thermal shade, these forests significantly mitigate the "urban
heat island" effect that plagues the densely populated Lombardy plains, creating a thermal buffer that
protects both biodiversity and human health.” These localized efforts are deeply integrated into the
broader Regional Climate Change Adaptation Strategy of the Lombardy Region. Within this framework,
fluvial green infrastructures are identified as the frontline defense against the dual threats of rising average
temperatures and increasingly erratic precipitation patterns.®® The climate projections for 2050 and 2100,
meticulously modeled by the Po River District Basin Authority, reveal a future defined by intense hydric
and thermal stress. In this context, "morphological redevelopment" - the process of physically reshaping
the river's path to a more natural state - is no longer an ecological luxury. It is a mandatory requirement
for territorial security. By restoring the lateral connectivity between the riverbed and its natural floodplains,
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the Mincio can regain its capacity for natural water storage.®! 82 This allows the landscape to absorb excess
water during flash floods, reducing the kinetic energy of the flow and recharging groundwater reserves
that are vital during periods of prolonged drought. Simultaneously, the Mincio Park is expanding its
mandate to include a global educational and social mission, aligning itself with the high standards of
the Europarc Federation. Protected areas are increasingly recognized as the most effective channels for
"climate literacy." They serve as the physical interface where global climate signals - often abstract and
overwhelming - are translated into tangible, local observations for the public. Whether it is the changing
migration patterns of birds or the shifting flowering dates of riverine plants, the Mincio provides a visible
narrative of planetary change. Through continuous scientific monitoring and the proactive engagement of
stakeholders, the river is becoming a global model for adaptive management. This is a dynamic strategy
where conservation goals and water resource protection are not viewed as competing interests but as a
unified objective. By ensuring the ecological functionality of this "liquid heart," the Mantuan territory is
building a legacy of resilience that can withstand the profound uncertainties of the coming century.®’

The Mincio as an Example of a “Culture Landscape” where Nature and Society are Inseparable
The Mincio River stands as a paradigm of a "cultural landscape" - an entity in which the distinction

between the biosphere and social structure vanishes to give rise to a unique and indivisible system, in full
adherence to the principles of the European Landscape Convention. As emphasized by the Council of
Europe, a landscape is not merely an aesthetic frame but the collective perception of a territory whose
identity derives from the action of natural and human factors.®* The Mantuan case, highlights how the
history of Mantua is a hydraulic narrative, where the architecture of the palace’s dialogues with the fluidity
of the river's horizon. This "fluid identity" has been crystallized for centuries by literature and art which
have transformed the river from a material resource into an identity-defining cultural symbol. The social
perception of the Mincio basin has, however, shifted drastically in recent years. If, at one time, the river's
value was linked almost exclusively to hydraulic control and military defense, today a new awareness is
emerging that links the health of the ecosystem to the well-being of society.®> Applying Elinor
Ostrom's theories on social-ecological systems, the Mincio appears as a "common good" where the
management of the resource cannot be separated from the interdependence between water health and the
solidity of local governance.® Studies conducted between 2020 and 2026 on the social perception of risk
reveal that the community no longer views the river as an external entity to be dominated, but as part of
an urban and agricultural metabolism that requires ecosystemic care. This transition from mechanistic

81 utorita di Bacino Distrettuale del Fiume Po, Scenari climatici nel Distretto del Fiume Po al 2050 e 2100, 2022
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hydraulic control to integrated ecosystem management represents the culmination of a millenary process.
Mincio ceases to be a mere geographical border and becomes the pivot of a living heritage - a landscape
where biodiversity, historical memory, and future development merge into a single, complex, and
inalienable fluvial identity.?’

CONCLUSION

The Mincio River stands today as a global model for the coexistence of human civilization and the natural
world. From its geological origins as the heir to the Garda glacier to its role as a monumental defensive
bulwark for the Gonzaga dynasty, the river has remained the primary mirror in which Mantua recognizes
its soul and historical continuity. The transition from a purely mechanistic view of hydraulic control to
a holistic, ecosystemic vision reflects a new awareness: the health of the water is inextricably linked to the
social and economic wealth of the community. While contemporary challenges like eutrophication, water
scarcity, and sedimentation threaten the longevity of the wetlands, projects such as the Mincio River
Contract and European LIFE initiatives offer a blueprint for resilience. By treating the river as a "common
good" and transforming the local population into active "stewards of the landscape," the Mantuan territory
ensures that its liquid heritage will continue to thrive. Ultimately, the Mincio remains an inalienable
cultural landscape where nature and society are inseparable, preserving a vibrant, living legacy for future
generations
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