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Abstract: Fluvial environments have always played a crucial role in human history. The necessity of
fertile land and fresh water for agriculture has led populations to settle in floodplains more frequently
than in other environments. Floodplains are complex human–water systems in which the mutual
interaction between anthropogenic activities and environment affected the landscape development.
In this paper, we analyzed the evolution of the Central Po Plain (Italy) during the Medieval period
through a multi-proxy record of geomorphological, archaeological and historical data. The collapse
of the Western Roman Empire (5th century AD) coincided with a progressive waterlogging of
large floodplain areas. The results obtained by this research shed new light on the consequences
that Post-Roman land and water management activities had on landscape evolution. In particular,
the exploitation of fluvial sediments through flood management practices had the effect of reclaiming
the swamps, but also altered the natural geomorphological development of the area. Even so,
the Medieval human activities were more in equilibrium with the natural system than with the later
Renaissance large-scale land reclamation works that profoundly modified the landscape turning the
wetland environment into the arable land visible today. The analysis of fluvial palaeoenvironments
and their relation with past human activities can provide valuable indications for planning more
sustainable urbanized alluvial landscapes in future.

Keywords: flood management; wetland; land use change; landscape transformation; resilience;
late Holocene; medieval age

1. Introduction

Floodplains are preferred areas for human settlements due to their suitability for agriculture
activities, and many studies substantiate the interpretation of floodplains as complex human–water
systems [1–3]. Indeed, water and land management activities have altered fluvial landscape
development to create cultivable land, while simultaneously protecting communities from the risk of
flooding events, which are still the most common natural disasters worldwide [4,5].

In Europe, the reciprocal interaction between fluvial environments and human activities has
been documented since the Neolithic [6,7], when fluvial landscapes were first altered for agriculture
purposes. Today, floodplains are densely cultivated, and the modern European countryside is
principally derived from the human landscape modification that occurred in medieval times.

In the Early Medieval Age (6th–9th centuries AD) few cases of large-scale anthropogenic
land and water management activities are known (es. Fossa Carolina [8,9]) compared to later
centuries. Even though there are some differences between the northern and central Europe and
the Mediterranean region, the anthropogenic reshaping of the natural environment was principally
a result of overall population growth. Between the 10th and the 13th centuries AD, concurrent
with the Medieval Warm Period climate phase [10–12], the European population grew substantially,
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almost tripling (in Northern and Central Italy, the urban population doubled), and increasing the
demand for cultivated lands [13–16]. Cereals became a more significant constituent in the average diet
and in the agrarian regime compared to the centuries before, leading populations to reconfigure
the medieval natural landscape for agricultural purposes. In creating new land for cultivation
and settlement, the European communities triggered a massive landscape transformation through
woodland clearance, arable intensification, the development of irrigation systems and the drainage of
wetlands. Land reclamations works profoundly modified many European regions: the peatlands in
the Netherlands [17–20]; the coastal marshlands in the UK [13,21] and in North Frisia (Germany) [22]
and the alluvial wetlands in the Po Valley (Northern Italy) (Figure 1) [17]. In the latter, specifically the
Emilia–Romagna region (Central Po Plain), the earliest evidence of attempts to clear the forests and
drain the wetlands is mentioned in historical documents from the late 8th century [23,24], but only from
the 10th to the 13th centuries were land and water management activities actually carried out widely.
The proponents of those activities were mostly monasteries [25–27] such as Nonantola, Santa Giulia,
Mirandola, San Benedetto in Polirone [28], and also local lords who contributed to colonizing new
farmland by forcing rural people to live into new fortified settlements (incastellamento process [29–31]).
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Figure 1. The wetlands in the Po Plain before the Renaissance land reclamation works, 1570 AD. 
Library of the Univerisità degli Studi di Bologna [32]. The dashed line indicates the research area. 

According to historical maps and documents the land reclamation of the Central Po Plain 
reached its peak during the Renaissance (15th–16th centuries AD) [33] and continued in the Modern Age 
(17th–18th centuries AD), with the last marsh areas only being reclaimed in the 20th century AD: channels 
and drainage system are still active and allow the Po Valley to be drained and be cultivatable [34].  

During the last two centuries, the height of the Po river embankments have been raised 
significantly to protect urban areas, and the river has become increasingly controlled, but the debate 
around future sustainable flood management activities is ongoing. In particular, with steadily 
increasing embankment heights, the potential flood depth increases, which in turn increases the flood 
damage if a failure occurs. The heightening of embankments, indeed, represents a component of the 
so-called ‘levee effect’ [1,35]; flood defenses actually increase overall vulnerability, as protection from 
regular flooding reduces perceptions of risk and encourages inappropriate development in alluvial 
floodplains [3]. A possible correct strategy to reduce the flood hazard when considering very large 
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Library of the Univerisità degli Studi di Bologna [32]. The dashed line indicates the research area.

According to historical maps and documents the land reclamation of the Central Po Plain
reached its peak during the Renaissance (15th–16th centuries AD) [33] and continued in the Modern
Age (17th–18th centuries AD), with the last marsh areas only being reclaimed in the 20th century
AD: channels and drainage system are still active and allow the Po Valley to be drained and be
cultivatable [34].

During the last two centuries, the height of the Po river embankments have been raised
significantly to protect urban areas, and the river has become increasingly controlled, but the
debate around future sustainable flood management activities is ongoing. In particular, with steadily
increasing embankment heights, the potential flood depth increases, which in turn increases the flood
damage if a failure occurs. The heightening of embankments, indeed, represents a component of the
so-called ‘levee effect’ [1,35]; flood defenses actually increase overall vulnerability, as protection from
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regular flooding reduces perceptions of risk and encourages inappropriate development in alluvial
floodplains [3]. A possible correct strategy to reduce the flood hazard when considering very large or
extreme events consists of exploiting areas outside of the main embankments with the ‘Room-for-River’
approach [36,37]. In the case of the Po River, for example, the main embankments are already very tall
along large sections of the river, and their further raising is not environmentally sustainable [2].

The environmental evolution of the Central Po Plain and its relationship to human activities
has been thoroughly studied for prehistoric periods and the Roman Era [38–44]; however,
these human–environment interactions in subsequent centuries are less apparent. The post-Roman Era
represents a crucial moment in the Late Holocene development of the Po Plain when a large portion of
the well-organized Roman countryside turned into vast alluvial wetlands [45]; the Roman drainage
system collapsed, and the inhabitants had to deal with living in a waterlogged environment.

This study aims to detect and disentangle the mutual interaction between anthropogenic activities
and environmental changes that occurred in the post-Roman Era integrating geomorphological analysis
with historical and archaeological data. The application of a multidisciplinary approach enables the
quantification of the impact of human activities on the development of the wetland environment in
Central Po Plain during the Middle Ages.

2. Study Area: Geomorphological and Historical Contexts

The research area is located in the Central Po Valley, south of the Po River, a few kilometers north of
the Tuscan–Emilian Apennine margin, between the cities of Parma and Reggio Emilia (Figure 2). Since the
Pleistocene, the Apennine watercourses shaped the landscape developing alluvial megafans with their
sediments (Figure 3). In the study area, the distal parts of Holocene alluvial fans are characterized by
a telescopic shape, a result of subsequent aggradation (Aggradation indicates the increase in land
elevation, typically in a river system, due to the deposition of sediment.)—entrenchment phases due
to the alternation of glacial-interglacial periods; each aggradational cycle causes an incision on the top
of the previous fan, while a new fan prograded in a more distal position [41]. In the study area, the
alluvial ridges of the Enza, Crostolo and Tresinaro, emerging from the flat floodplain, flank depression
areas known in fluvial geomorphology as backswamps, which are characterized by deposits of fine
silts and clays deposited after flood events [46].
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The landscape evolution of this portion of the Central Po Plain has a long-standing
connection with human activities. Protohistoric human–environmental interactions have been widely
investigated [39–41,49,50] but the first historical large-scale land and water management project in the
study area is dated to the 2nd century BC. At that time, the Romans colonized the Po Valley and profoundly
modified the natural landscape dividing the cultivated land into square fields by a regular grid of roads
and ditches [38,51,52]. After the collapse of the Roman Empire (5th century AD), lack of maintenance of
the irrigation systems [24] associated with a cooling climate phase (i.e., the so-called Migration Period
or the Dark Age Cold Period; [10,11,53] led to the progressive waterlogging of the Po Valley and
the natural depressions on the right side of the Po River turned in two vast swamp basins known
as Valle di Gualtieri and Valle di Novellara (Figure 3). In particular, the Roman water management
augmented the Holocene sedimentary process of Apennine watercourse with consequent aggradation
of the river beds. Therefore, in the post-Roman period, channel diversions affected the southern
tributaries of the Po River, especially the Crostolo Creek that flowed in the floodplain depressions: vast
areas became marshy and Roman sites, and centuriation tracks were often buried under fluvial and
palustrine deposits [42,45]. The waterlogging process of the area continued until the 10th century AD
influencing human sustenance and settling practices [25,54]. According to historical–archaeological
data the wetlands were exploited for fishing as well as for water transport by boat [55,56] while the
early medieval sites were settled on the fluvial ridges, in topographically higher and strategic positions
relative to the surrounding swampy meadows [24,30,31,57]. In the study area, channelization and
reclamation works started in the 10th century AD [58–62] and increased between the 12th and the 13th
centuries [25,26,63], promoted both by monasteries [28,64] and by private landowners [65].

Large-scale ground reclamation began during the Renaissance and is known in the literature
as Bonifica Bentivoglio, after the name of its promoter, Cornelio Bentivoglio, Lord of Guastalla.
The Bonifica Bentivoglio drainage system reclaimed a significant portion of the swampy meadows
and was renovated and updated many times in the Modern Age; between 17th and 19th centuries,
many homesteads were settled in the reclaimed farmland. The land reclamation of this portion of the
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Central Po Plain continued for centuries after the Renaissance and was completed only in the 20th
century AD [33,34,66], resulting in an entirely artificial landscape.

3. Materials and Methods

This study has been performed using a multi-proxy record to analyze the Late Holocene
transformations of the Central Po Plain: geomorphological tools were combined with archaeological
data and historical documents.

The geomorphological literature on the Central Po Valley [45,47,48,67,68] constituted a useful
starting point in association with a 1-m DEM (produced from high-resolution LiDAR) provided
by the national geodatabase [69]. The elevation checkpoints (m.a.s.l.) provided by the regional
geodatabase [70] have been elaborated with the software QGIS (2.18) to draw contour lines with
an equidistance of 0.5 m and to create the final Digital Terrain Model (DTM) of the research area
(Figure 4). Moreover, to enable the interpretation of the geomorphological features detected by the
DTM, a 3D model has been created by the software QGIS plugin Qgis2threejs exaggerating the DTM
Z-value ×50.
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Figure 4. Digital Terrain Model elaborated with software QGIS implemented with archaeological
records. In the north of the mapped area, the meandering geomorphological feature corresponds to the
so-called Po Morto or Dead Po, active in Roman Times.

The regional soil map has been applied to the 3D model to detect the maximum extension of the
medieval swamps before the Renaissance land reclamation works, and our interpretation is based on
the different types of sediments and their concentrations.

The landforms detected have been dated and contextualized according to archaeological and
historical records. The archaeological evidence (sites and materials) has been compiled from various
records [48,51,62,71,72], a regional web database [73] and terrain surveys. The 18th and 19th century
transcriptions of medieval accounts and parchments [58–60,74] served as an advantageous starting
point in the analysis of the historical documents along with the 20th-century editions of medieval
documents kept at the Parma and Reggio Emilia National Historical Archives [75–77]. Additional
information has been collected at the Novellara Historical Archives, including from the archive fund
“Cavamenti Acque (1495–1931)” [78]. All of the archaeological (sites and materials) and historical
(place names) data have been organized according to epochs in different layers using QGIS software.

4. Results and Discussion

The multidisciplinary approach allowed us to shed new light on anthropogenic activities related
to land and water management in the post-Roman landscape. In medieval times, humans exploited
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the palustrine environment (Palustrine environment refers to any (no-tidal) inland wetland. Wetlands
within this category include inland marshes, swamps and floodplains.) as a resource, until the
demand for more arable land led to land reclamation. The impact of medieval human activities on the
landscape resulted in altering the natural shape of the area through the development of anthropogenic
geomorphological features.

The results will be discussed in three categories related to the backswamps limits, the Tagliata
Canal and the Crostolo River, respectively.

4.1. Backswamps Limits

As mentioned above, the collapse of the Roman Empire was associated with a period of climatic
instability [79] that led to the progressive waterlogging of the Po Valley; frequent flood events have
been reported in historical chronicles between 6th and 7th centuries AD [80]. In the study area, the
floodplain on the right side of the Po River turned in two vast backswamps; the Valle di Gualtieri and
the Valle di Novellara (hereafter, the two Valli). The backswamps are the lower area of floodplains,
poorly drained, and where only finer material accumulates during a flooding event [81]. This palustrine
environment served as a resource for silvopastoral practice, especially in the Early Medieval period.
Historical documents [75,76,82] report that local communities exploited the Valli swamps for fishing
and transport by boat; in sale-purchase agreements “piscationes, paludes et lacus” (i.e., fisheries, marshes,
ponds) were traded, as well as any other goods such as fields or vineyards. Despite this central
role in the economy of the period, in historical documents, there is no precise information about the
swamps’ geographical limits, perhaps because their physical boundaries constantly fluctuated during
the Middle Ages climatic variations.

To determine accurate limits for the two Valli, a 3D model of the area (Figure 5) has been
extrapolated exaggerating the DTM elevation attribute ×50. Superimposing the regional soil map
(Geoportale Emilia Romagna) on the 3D model shows a relationship between the concentration of
clayey and silt-clayey soils and the lowest areas detected in the DTM (Figure 6). These data are entirely
compatible with the geomorphological definition of back swamps as low flat standing areas where
fine sediments settle after a flood event. According to the model rendered, the maximum extension of
the Valle di Gualtieri and Valle di Novellara covered an area of ≈250 Km2 (Figure 7). The medieval
archaeological records [30,31,51,52] seems to further confirm the swamps limits as determined by
the 3D model; all of the archaeological finds and the historical toponyms [59,75] are distributed
surrounding the two Valli. The wetlands had an economic potential, but one that was far below the full
agricultural potential of the same land after the reclamation that occurred starting the 10th century AD.
Further palaeoecological and geoarchaeological analyses will be useful to provide more information
about the character of the wetland environment in the study area.
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4.2. Tagliata Canal

The most valuable data about anthropogenic activities in the medieval environment concern the
northern limit of the Valle di Novellara. According to the DTM, this backswamp is delimited in the
north by the ridge of the so-called Tagliata Canal. In scientific literature [41,43,47,67,68] the Tagliata
Canal is considered a Proto-historic Po ridge characterized by crevasse splays on both sides (Figure 8);
however, geomorphological, archaeological, and historical data suggest a new interpretation. First,
the distribution of archaeological evidence in the study area shows an absence of Bronze Age and
Roman Era findings (both sites and materials) (Figure 9). It is likely that the subsequent reworking of
the fluvial landscape has obscured pre-medieval archaeological evidence. The 13th-century chronicler
Fra Salimbene de Adam reported that, between the two towns of Guastalla and Reggiolo, there used
to be a waterlogged area that was drained only after the excavation of the Tagliata Canal (Table 1, I).
Thus, the accretion of Tagliata Canal ridge occurred after the collapse of the Roman Empire, not before.
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Figure 9. The distribution of archaeological sites and materials in the study area shows an absence
of Bronze Age and Roman Era findings suggesting that the Tagliata Canal ridge developed in
medieval times.

Moreover, historical documents [59,60,74] report that the Tagliata Canal was artificially excavated
in 1218 for commercial purposes. The new canal enabled a bypass of the Po River from Guastalla to
Reggiolo for the city of Cremona in order to avoid paying commercial fees to the city of Mantova,
which controlled the local waterways.

The medieval chroniclers, also, report that the construction of Tagliata Canal had negative
implications for the environment with frequent floods in the surrounding farmland. In 1269,
for example, the chronicler Fra Salimbene reported a severe flood event (Table 1, II) and many other
floods occurred between the 13th and 14th centuries AD [60].

The geomorphological evidence of those medieval floods should be attested via the crevasse
splay detected near Fangaia and Villarotta, two villages that were settled on the Tagliata ridge after the
canal excavation. Nevertheless, these two villages’ place names are reminiscent of flooding vocabulary
(i.e., Fangaia from “Fango”→ mud, refers to alluvial sediments; or Villarotta from Rotta→ breach levee,
refers to a crevasse splay event) (Figure 10).
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Table 1. Historical quotes about the environmental transformation of the research area in medieval times.

No. Object Chronicler Medieval Italian English Translation

I Tagliata
Canal

Fra Salimbene de
Adam
(13th century AD)
[60] p. 89

“Tra Guastalla e Reggiolo era una stesa di terreno
paludoso le cui acque incanalate nel detto cavo e
asciugato il territorio, si conquistarono alla
coltivazione ubertosissime campagne [ . . . ]”

“Between Guastalla and Reggiolo there used to
be a waterlogged area whose waters were
channelled in the canal (Tagliata): the land was
drained and turned into very fertile farmland”.

II Tagliata
Canal

Fra Salimbene de
Adam
(13th century AD)
[60] p. 93

“Questa Tagliata impaludò larga zona di terreni,
distrusse e sommerse molte ville, e dove prima di
aveva abbondanza di frumento e di vino, ora si ha
copia di pesci di diverse specie”

“The Tagliata canal flooded a wide area, razed
many houses, and in place of wheat fields and
vineyards now there is an abundance of fishes
of different species”.

III Tagliata
Canal

Ireneo Affò
(18th century AD)
[58] Vol. 8, p. 233

“[ . . . ] La comunità da tempo memorabile aveva
diritto di rompere gli argini quando menavano
acque torbide perché spandere si potessero nelle valli.
E molti uomini testificarono il mirabile effetto che ne
era seguito, accennando de campi allora coltivabili
nel luogo dei quali a loro memoria solevano i
pescatori andare con le barche [ . . . ]”

“Since time immemorial, the community
(of Guastalla) was allowed to breach the levees
when the watercourses carried turbid water to
spread them in the wetlands. Many people
testified to the admirable effect that followed,
and they said that now cultivable fields
replaced places in which fishermen were used
to going by boat”

IV Crostolo
River

Ireneo Affò
(18th century AD)
[58] Vol. 8, p. 240

“[ . . . ] fu loro conseguenza permesso di fare un
Cavo in Camporainero dal Crostolo [ . . . ] lungo la
Via di Roncaglio per cui tirar nelle valli più
agevolmente tali acque”

“(the city council of Guastalla) allowed to
excavated a canal from the Crostolo river to the
Camporaneiro area, along the Roncaglio Road,
in order to divert the (turbid) waters in the
wetlands more easily”.
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reports that since the 13th century AD, people of Guastalla were allowed to breach the artificial levees 
of rivers and canals in a situation of high, muddy discharge (Table 1, III). This practice had the effect 
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1—Villarotta; 2—Fangaia.

The geomorphological analyses provide more nuanced information about the shape of the Tagliata
Canal. In the DTM, the morphology of Tagliata Canal ridge seems to be more complicated than what
is represented in the geomorphological map of The Po Plain [47]. The crevasse splays show unusual
elongated small ridges not compatible with natural fluvial crevasse splays. Information in the historical
documents provide a possible explanation for their genesis: the chronicler Affo’ [58] reports that since
the 13th century AD, people of Guastalla were allowed to breach the artificial levees of rivers and canals
in a situation of high, muddy discharge (Table 1, III). This practice had the effect of infilling the swamps
with sediments, thus creating new farmland, and the elongated shape of the unusual landforms could
be the results of those practices. Although such flood management practices have never been reported
in geomorphological and geoarchaeological studies on Central Po Plain so far, these few cases noted in
the literature could support our interpretation. Recently, medieval archaeological excavations in the
Ligurian Apennine reported that watercourse sediments and colluvial deposits had been exploited to
reclaim palustrine environments [83,84]. In the medieval sites of Mogge di Ertola (Genova—Italy) and
Torrio (Piacenza—Italy), marshes were turned into terraces by applying a technique called “colmata
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di monte”: the sediments carried by mountain watercourse were managed to fill palustrine areas and
create new arable land and pasture [85]. The process of breaching levees described in Affo’ [58], is very
similar to the “colmata di monte” reported in the Apennine archaeological sites. The elongated shape of
the Canal Tagliata crevasse splays are the results of medieval flood management practices intended
to reclaim the backswamp of Valle di Novellara; we decided to define these unique anthropogenic
geomorphological features as Land-Fill Ridge (or dosso per colmata) (Figure 10).

Additionally, the land-fill ridge detected in this study serves as an interesting comparison with
the warping practices that occurred in England in the 18th century AD. Research in Humberland
Levels [86,87] and the lower Trent Valley [88] wetlands has highlighted the considerable degree to
which a combination of natural alluviation and anthropogenic warping deposits have concealed
palaeoland surfaces and the archaeological record of the two regions. The warping practices have been
carried out since the 18th century AD and consist of the artificial diversion of fluvial sediments in
a wetlands area. Warping was conducted mainly to fertilize large areas: where the peats were too acidic,
warp deposits served to mask unproductive wetlands with a light, well-drained silty or silty-clay
soil. Anthropogenic warping practices also aimed to reduce the impact of the spring tides which
had left large areas of the region waterlogged for most of the year. The land to be warped was first
enclosed by embankments, then a regular network of small canals (often still visible in aerial images
as crop marks) ensured the rapid and even distribution of flood water throughout the compartment,
creating a uniform deposit [86,88]. Even though the process that generates land-fill ridges and warps
is quite similar (i.e., the artificial exploitation of substantial silt and clay load carried in suspension by
canals and rivers), in the research area, there is no historical or geoarchaeological evidence of both
embankments and fertilizing practices in alluvial wetlands.

4.3. Crostolo River

In the post-Roman era, the Crostolo River diversion channel caused the waterlogging of a large
area of the Roman countryside; the river flowed into the Valli backswamps turning the farmland into
a palustrine environment (Figure 11). In medieval times, human enterprise on the Crostolo River was
concentrated in the portion of the watercourse that crossed the city of Reggio Emilia. Here, to prevent
flooding hazards, the river was artificially diverted outside the city walls [49].
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Figure 11. Medieval historical maps (18th-century copies) that show the environmental situation
of the study area before (A), (for more details, see also Figure 12) and after (B), (for more details,
see also Figure 13) the Renaissance wetland reclamation. The numbers in the schematic box in the
center of the image helps to orientate: 1—Tagliata Canal; 2—Parmigiana Canal; 3—Crustulus Vetus;
4—Camporainero area; 5—Valle di Gualtieri backswamp; 6—Valle di Novellara backswamp; 7—Town
of Guastalla; 8—Town of Novellara; 9—Town of Gualtieri. (AsMo 52 and 53, XVIIIsec. Modena
National Historical Archive—“Congragazione delle Acque e delle Strade, Reggio e Reggiano”) [89].
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In the study area, the DTM highlights two linear Crostolo ridges, probably the result of
anthropogenic activities (Figure 14).

According to Affo’ [58], when the practice of breaching river and canal levees was forbidden,
the city council of Guastalla allowed the excavation of a channel to divert fluvial sediments from
the Crostolo River to the backswamps. The geomorphological linear ridges detected in the DTM are
likely to be the result of this large-scale flood management activities. The project of the Guastalla
city council likely intended to not spread the fluvial sediments in different areas (land-fill ridges) but
to concentrate the muddy river discharge in the wetland to create more arable land. The medieval
parchments reported by Affo’ [58] gives more details about this channel, stating that it was excavated
in an area called “Camporainero” along the “Via di Roncaglio”; both the place names are still used and
correspond to the area of the Crostolo straight ridge-oriented NNE (Figure 14). Furthermore, a couple
of historical maps (17th century AD copies of Late Medieval originals) help in understanding the
geomorphological evolution of the area.

As shown in the historical map (Figures 11A and 12), Camporainero is a portion of the Valle di
Gualtieri wetland, and the Crostolo River was artificially diverted into the Po River using the Early
Medieval canal called Fossa di Roncaglio. The orientation of the NNE ridge match with the historical
description provided by the chronicles. In this map the NNE ridge is not indicated, although it is
detected in the DTM: probably the original project consisted of the diversion of the Crostolo River
using the Camporainero Canal as well as the Fossa di Roncaglio Canal. The Renaissance project was
probably adapted and modified because Camporainero Canal ridge is still recognizable, while the Fossa
di Roncaglio has been replaced by the Crostolo River. On the other hand, the linear ridge-oriented NE
(Figure 14) has always been identified in the available literature [48,62] as the Crostolo paleochannel
active in Roman times and called Crustulus Vetus (or Crostolo Vecchio → Old Crostolo). In this
study, both geomorphological and historical–archaeological proxies support a new interpretation.
First, the ridge leads directly to the Valle Novellara backswamp and it ends in the Roman farmland:
here some road and ditches of the centuriation grid are still visible in aerial images [65]. It is not
possible that the river watercourse passed here in Roman times. Moreover, along this linear ridge,
Roman archaeological finds have never been reported.

Moreover, historical maps dated to the 17th and 18th centuries AD [78] indicate that, along this
ridge, a canal called Fossa Alessandrina and was excavated and a church was constructed (the still
standing Chiesa di San Bernardino). In Roman times the Crostolo River is likely to have been flanked
by artificial levees, and to have flowed into the Po River, north of the medieval Tagliata Canal (Po Morto,
see Figure 4). The results of this study support the idea that the Crostolo River in the post-Roman era
flowed directly in the Valle di Novellara backswamp developing the fluvial ridge oriented to NE in the
DTM. Later, in the 16th century, as recorded in medieval documents, the river was artificially diverted
into an area called Camporainero to reclaim wetlands and create new cultivable land for the community
of Guastalla. The result is the NNE oriented fluvial ridge detected in the DTM (Figure 14).
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Early Medieval Fossa di Roncaglio Canal. a—Town of Guastalla; b—Town of Novellara; c—the so-
called Crustulus Vetus, still active at that time; d—the wetland area called Camporainero; e—Fossa di 
Roncaglio Canal; f—the area of the NNE Crostolo ridge, developed to fill the Camporainero area with 
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Figure 12. Detail of the medieval historical map that shows the landscape before the Renaissance
land reclamation project (Figure 11A). (AsMo 52, XVIIIsec. Modena National Historical Archive—
“Congragazione delle Acque e delle Strade, Reggio e Reggiano) [89]. This map shows the project of
artificially diversion on the Crostolo River from the Valle di Novellara to the Po Plain through the
Early Medieval Fossa di Roncaglio Canal. a—Town of Guastalla; b—Town of Novellara; c—the so-called
Crustulus Vetus, still active at that time; d—the wetland area called Camporainero; e—Fossa di Roncaglio
Canal; f—the area of the NNE Crostolo ridge, developed to fill the Camporainero area with Crostolo
sediments; g—Valle di Gualtieri wetland; h—Valle di Novellara wetland.
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of the crevasses spays reported in the lowlands of the Adige River (Northern Italy) [90]. The first 
attempts to manage crevasses splays in this area are dated to 12th century AD, and they were 
finalized at lowering flood hazard and allowing discharge for water mills and navigation through 
the control of the water intake from the Adige River into the Castagnaro and Malopera Rivers [90]. 

The Crostolo river was artificially diverted in the Po River only after 1576 during the large-scale 
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Figure 13. Detail of the medieval historical map which shows the landscape before the Renaissance
land reclamation project (Figure 11B). (AsMo 53, XVIIIsec. Modena National Historical Archive—
“Congragazione delle Acque e delle Strade, Reggio e Reggiano) [89]. This map shows the study area
after the Renaissance Bonifica Bentivoglio land reclamation project. a—Town of Guastalla; b—Town
of Novellara; c—Crostolo Vecchio or Crustulus Vetus, the medieval Crostolo watercourse that flowed
into the Valle di Novellara wetland; d—The artificial diversion of the Crostolo River in the Po River;
there are no more indications of both Camporainero and Roncaglio; e—Drained area in place of the
Valle di Gualtieri wetland; f—Drained area in place of Valle di Novellara wetland; g—Botte Bentivoglio
hydraulic device.

The developing of the Camporainero Canal ridge shows similarities to the human management
of the crevasses spays reported in the lowlands of the Adige River (Northern Italy) [90]. The first
attempts to manage crevasses splays in this area are dated to 12th century AD, and they were finalized
at lowering flood hazard and allowing discharge for water mills and navigation through the control of
the water intake from the Adige River into the Castagnaro and Malopera Rivers [90].

The Crostolo river was artificially diverted in the Po River only after 1576 during the
large-scale land reclamation works called Bonifica Bentivoglio: this project included the excavation of
a canal-oriented EW (Parmigiana Canal) to drain the two Valli backswamps and the construction of
a hydraulic device that allowed this canal to pass under the Crostolo River. The Bonifica Bentivoglio
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drastically changed the natural medieval landscape by turning the swamps into farmland and
constraining the rivers by artificial embankments (Figures 11 and 15).Sustainability 2018, 10, x FOR PEER REVIEW  14 of 19 
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5. Conclusions

This study sheds new light on the evolution of the Central Po Plain landscape in the Late Holocene.
The dynamic climatic conditions that occurred after the collapse of the Western Roman Empire

led to a significant change in the well-organized Roman countryside, turning large floodplain areas
in swamps. In the Early Medieval Age (6th–9th centuries AD) the natural landscape development
seems to not have been impacted any significant human-induced changes. On the contrary, the local
communities adapted themselves to the post-Roman palustrine environment settling in positions of
higher elevation around the swamps limits and using them for navigation as well as for silvopastoral
sustenance practices. In contrast, contemporaneous with the Medieval Climate Anomaly (10th–13th
century AD), anthropogenic activities altered the landscape to fulfil the new socio-economical needs.

In the research area, the most evident anthropogenic geomorphological features developed in
medieval times is the Tagliata Canal ridge. This canal represents a relevant landscape-modifying agent
both for natural (flood events) and anthropogenic (land-fill ridges) causes. The exploitation of fluvial
sediment to reclaim wetland areas affected the Crostolo River watercourse, as well. The result of human
flood management practices was the development of new cultivable land in place of alluvial wetlands.
This human-induced landscape transformation is likely not to have happened abruptly, leaving time for
the natural environment to adapt to the new anthropogenic landforms. Richard Hoffmann [15] states
that “the ecological concept of sustainability is a dynamic equilibrium between human activities in
nature and the ability of the natural system to respond to those activities.” According to this definition,
medieval flood management represented a more sustainable land reclamation technique than the
Renaissance large-scale projects that deeply modified the landscape with channelization and artificial
levees, turning the palustrine environment into the modern countryside.

Nevertheless, the medieval flood management activities reported in this study constitute
an example of the modern “Room-for-River” strategy [36,37]. Indeed, the primary purpose of the
medieval practices was to create new arable land, but at the same time, the artificial diversion of fluvial
sediments enables the control of floodwaters avoiding the risk of inundation, for example, in urbanized
areas or productive farmland. Similar practices have been reported in Northeast Italy [90] were the
medieval human management of crevasses splays aimed to control the Adige River discharge to reduce
the flood hazard. Understanding the past anthropogenic effect on the landscape is essential for its
future sustainable management [91], especially in the Central Po Plain, where the debate around future
sustainable solutions to reduce flood hazards is ongoing [3] and the continued raising of embankments
is not environmentally sustainable [2].
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