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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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debate around future sustainable flood management activities is ongoing. In particular, with steadily
damage if a failure occurs. The heightening of embankments, indeed, represents a component of the
increasing embankment heights, the potential flood depth increases, which in turn increases the flood
so-called ‘levee effect’ [1,35]; flood defenses actually increase overall vulnerability, as protection from
damage if a failure occurs. The heightening of embankments, indeed, represents a component of the
regular flooding reduces perceptions of risk and encourages inappropriate development in alluvial
so-called ‘levee effect’ [1,35]; flood defenses actually increase overall vulnerability, as protection from
floodplains [3]. A possible correct strategy to reduce the flood hazard when considering very large
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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
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2. Study Area: Geomorphological and Historical Contexts
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
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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

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
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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
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3. Materials
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The regional soil map has been applied to the 3D model to detect the maximum extension of the
This study has been performed using a multi-proxy record to analyze the Late Holocene
medieval swamps before the Renaissance land reclamation works, and our interpretation is based on
transformations of the Central Po Plain: geomorphological tools were combined with archaeological
the different types of sediments and their concentrations.
data and historical documents.
The landforms detected have been dated and contextualized according to archaeological and
The geomorphological literature on the Central Po Valley [45,47,48,67,68] constituted a useful
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4. Results
and Discussion
The regional
soil map has been applied to the 3D model to detect the maximum extension of the

medieval
before theapproach
Renaissance
landusreclamation
our interpretation
is related
based on
Theswamps
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light onand
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activities
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of
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land and water management in the post-Roman landscape. In medieval times, humans exploited
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
the
natural shape of the area through the development of anthropogenic
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clayey and silt-clayey soils and the lowest areas detected in the DTM (Figure 6). These data are
fine sediments
settle after a flood event. According to the model rendered, the maximum extension of
entirely compatible with the geomorphological definition of back swamps as low flat standing areas
2 (Figure 7). The medieval
the Valle
di
Gualtieri
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Novellara
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where fine sediments
settle di
after
a flood event.
According
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the≈model
rendered,
the maximum
archaeological
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by
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the Valle
di Gualtieri and
Valletodifurther
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model; archaeological
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by the
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finds
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[59,75]
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the two
Valli.
The wetlands
an economic
potential,
but one that
was far
below
distributed
surrounding
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wetland
environment
in theenvironment
study area.in the study area.
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about
the character
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Figure
5. The
3D3D
model:
checkpoints
attribute

Sustainability 2018, 10, 3968
Sustainability 2018,
2018, 10,
10, xx FOR
FOR PEER
PEER REVIEW
REVIEW
Sustainability

7 of 19
of 19
19
77 of

Figure6.6.Application
Applicationof
ofthe
thesoil
soil map
map [70]
[70] to
to the
the 3D
3D model.
model. Grey
Figure
Grey and
andDark-Grey
Dark-Greyareas
areascorrespond
correspondtoto
fine
sediments
settled
after
flood
events.
fine sediments settled after flood events.

Figure7.7.Maximum
Maximum extension
the
Renaissance
large-scale
landland
reclamation
project.
Figure
extensionof
ofwetlands
wetlandsbefore
before
the
Renaissance
large-scale
reclamation
project.

4.2.
4.2.Tagliata
TagliataCanal
Canal
The
in the
themedieval
medievalenvironment
environmentconcern
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According
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in
the
northern limit of the Valle di Novellara. According to the DTM, this backswamp is delimited in the
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In scientific
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literature[41,43,47,67,68]
[41,43,47,67,68]the
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Tagliata
Tagliata Canal.
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northby
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ofthe
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8); however,
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historical
suggest
a new
interpretation.
however,
geomorphological,
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and and
historical
datadata
suggest
a new
interpretation.
First,
the
distribution
of archaeological
evidence
in theinstudy
area area
shows
an absence
of Bronze
Age
and
First,
the distribution
of archaeological
evidence
the study
shows
an absence
of Bronze
Age
and Roman
Era findings
(both
and materials)
(Figure
9). Itthat
is the
likely
that the reworking
subsequentof
Roman
Era findings
(both sites
andsites
materials)
(Figure 9).
It is likely
subsequent
reworking
of the fluvial
landscape
has obscured
pre-medievalevidence.
archaeological
evidence. The
13ththe
fluvial landscape
has obscured
pre-medieval
archaeological
The 13th-century
chronicler
century
chronicler
Fra Salimbene
de Adam
reported
that,
between
the two and
towns
of Guastalla
Fra
Salimbene
de Adam
reported that,
between
the two
towns
of Guastalla
Reggiolo,
thereand
used
there used
to that
be awas
waterlogged
areaafter
that the
wasexcavation
drained only
after
the excavation
of the
toReggiolo,
be a waterlogged
area
drained only
of the
Tagliata
Canal (Table
1, I).
Tagliata
Canal
(Table
1,
I).
Thus,
the
accretion
of
Tagliata
Canal
ridge
occurred
after
the
collapse
of
Thus, the accretion of Tagliata Canal ridge occurred after the collapse of the Roman Empire, not before.
the Roman Empire, not before.
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Moreover, historical documents [59,60,74] report that the Tagliata Canal was artificially
excavated
in 1218
for commercial
new
canal
bypass
the Po River
from
Moreover,
historical
documentspurposes.
[59,60,74]The
report
that
the enabled
Tagliata aCanal
wasofartificially
excavated
to Reggiolo for
the city The
of Cremona
in order
to avoid
paying
commercial
the city ofto
inGuastalla
1218 for commercial
purposes.
new canal
enabled
a bypass
of the
Po River fees
fromtoGuastalla
Mantova,
which
controlled
the local
waterways.
Reggiolo
for
the city
of Cremona
in order
to avoid paying commercial fees to the city of Mantova,
medieval
also, report that the construction of Tagliata Canal had negative
which The
controlled
the chroniclers,
local waterways.
implications
for the
environment
with
frequent
in the surrounding
farmland.
In 1269,
for
The medieval
chroniclers,
also,
report
that floods
the construction
of Tagliata
Canal had
negative
example,
the
chronicler
Fra
Salimbene
reported
a
severe
flood
event
(Table
1,
II)
and
many
other
implications for the environment with frequent floods in the surrounding farmland. In 1269,
floods
occurred
between the
13th
and 14threported
centuriesaAD
[60].flood event (Table 1, II) and many other
for
example,
the chronicler
Fra
Salimbene
severe
The
geomorphological
evidence
of
those
medieval
floods should be attested via the crevasse
floods occurred between the 13th and 14th centuries AD [60].
splay
detected
near
Fangaia
and
Villarotta,
two
villages
that
wereshould
settledbe
onattested
the Tagliata
ridge
after
The geomorphological evidence of those medieval floods
via the
crevasse
the
canal
excavation.
Nevertheless,
these
two
villages’
place
names
are
reminiscent
of
flooding
splay detected near Fangaia and Villarotta, two villages that were settled on the Tagliata ridge after the
vocabulary
(i.e., Nevertheless,
Fangaia from “Fango”
→ villages’
mud, refers
to alluvial
sediments;
or Villarotta
from
Rotta →
canal
excavation.
these two
place
names are
reminiscent
of flooding
vocabulary
breach levee, refers to a crevasse splay event) (Figure 10).
(i.e., Fangaia from “Fango” → mud, refers to alluvial sediments; or Villarotta from Rotta → breach levee,

refers to a crevasse splay event) (Figure 10).

Table 1. Historical quotes about the environmental transformation of the research area in medieval times.
N.

Object

Chronicler

Medieval Italian
English Translation
“Tra Guastalla e Reggiolo era una stesa di
“Between Guastalla and Reggiolo
Fra Salimbene de
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terreno paludoso le cui acque incanalate
there used to be a waterlogged area
Adam
Tagliata
I
nel detto cavo e asciugato il territorio, si
whose waters were channelled in the
(13th century AD)
Canal
conquistarono alla coltivazione
canal (Tagliata): the land was drained
[60] p. 89
ubertosissime
campagne
[…]”
turned
intoinvery
fertile farmland”.
Table 1. Historical quotes about the
environmental
transformation
of the and
research
area
medieval
times.
“Questa Tagliata impaludò larga zona di
“The Tagliata canal flooded a wide
FraChronicler
Salimbene de
No.
Object
Medieval
Italian molte ville, e
English
terreni, distrusse
e sommerse
area, razed
manyTranslation
houses, and in place
Adam
Tagliata Fra
“Tra
Guastalla
e
Reggiolo
era
una
stesa
di
terreno
Salimbene
de
“Between
Guastalla
there
used to
II
dove prima di aveva abbondanza di
of wheat fields and
andReggiolo
vineyards
now
(13th century AD) paludoso le cui acque incanalate nel detto cavo e
Canal
Tagliata
Adam
be a waterlogged area whose waters were
frumento e di vino, ora si ha copia di pesci
there is an abundance of fishes of
I
asciugato il territorio, si conquistarono alla
Canal
(13th
channelled in the canal (Tagliata): the land was
[60] century
p. 93 AD)
di diverse
specie” campagne [ . . . ]”
different
species”.
coltivazione
ubertosissime
[60] p. 89
drained
and turned
into very fertile farmland”.
“Since
time
immemorial,
thearea, razed
“The Tagliata canal
flooded a wide
“Questa
Tagliata
impaludò
zona
di terreni,
Fra Salimbene de
“[…]
La comunità
dalarga
tempo
memorabile
community
(ofinGuastalla)
wasfields
allowed
many
houses, and
place of wheat
and
distrusse e sommerse molte ville, e dove prima di
Tagliata
Adam
II
aveva diritto di rompere gli argini quando
vineyards
nowthe
there
is anwhen
abundance
aveva abbondanza di frumento e di vino, ora si ha
Canal
(13th century AD)
to breach
levees
the of fishes
acque torbide
copiamenavano
di pesci di diverse
specie” perché spandere si of different species”.
[60] p. 93
watercourses carried turbid water to
potessero nelle valli. E molti uomini
Ireneo Affò
“Since
timethem
immemorial,
the community
spread
in the wetlands.
Many
Tagliata
“[
.
.
.
]
La
comunità
da
tempo
memorabile
aveva
III
testificarono il mirabile effetto che ne era
(18th century AD)
(of Guastalla) was allowed to breach the levees
people testified to the admirable effect
Canal
diritto di rompere gli argini quando menavano
when the watercourses carried turbid water to
accennando
desicampi
allora
[58] Vol.
torbide perché
spandere
potessero
nelle valli.
Ireneo
Affò8, p. 233 acqueseguito,
that followed, and they said that now
Tagliata
coltivabili
nel luogo dei
quali a effetto
loro che ne spread them in the wetlands. Many people
(18th century AD)
III
E molti
uomini testificarono
il mirabile
Canal
testified
to the fields
admirable
effect that
followed,
cultivable
replaced
places
in
[58] Vol. 8, p. 233
era seguito,
accennando
campi allora
coltivabili
memoria
solevanode
i pescatori
andare
con le and they said that now cultivable fields
which fishermen were used to going
nel luogo dei quali a loro memoria solevano i
barche […]”
replaced places in which fishermen were used
pescatori andare con le barche [ . . . ]”
by boat”
to going by boat”
“(the city council of Guastalla)
“(the city council of Guastalla) allowed to
“[ . .“[…]
. ] fu loro
conseguenza
permesso
di fare di
unfare
fu
loro
conseguenza
permesso
allowed
to excavated
a canal river
fromtothe
Ireneo
Affò
excavated
a canal
from the Crostolo
the
Ireneo
Affò
Crostolo
Cavo in Camporainero dal Crostolo [ . . . ] lungo la
un Cavo in Camporainero dal Crostolo […] Camporaneiro
Crostolo river
the Camporaneiro
Crostolo
IV
(18th century AD)
area,toalong
the Roncaglio Road,
River
Via di Roncaglio per cui tirar nelle valli più
IV
(18th
century
AD)
divert
theRoncaglio
(turbid) waters
in in
the
[58] Vol. 8, p. 240
lungo la Via di Roncaglio per cui tirar nelle in order
area, to
along
the
Road,
River
[58] Vol. 8, p. 240 agevolmente tali acque”
wetlands more easily”.
valli più agevolmente tali acque”
order to divert the (turbid) waters in
the wetlands more easily”.

Figure
Geomorphological analysis
analysis of
of the
the Tagliata
Tagliata Canal
Canal ridge:
ridge: crevasse
crevasse splays
splays and
and land-fill
land-fill ridges.
ridges.
Figure 10.
10. Geomorphological
1—Villarotta;
1—Villarotta;2—Fangaia.
2—Fangaia.
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provide
more
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aboutabout
the shape
the Tagliata
The geomorphological
geomorphologicalanalyses
analyses
provide
more
nuanced
information
the of
shape
of the
Canal.
InCanal.
the DTM,
theDTM,
morphology
of TagliataofCanal
ridge
seems
to be
moreto
complicated
than what
Tagliata
In the
the morphology
Tagliata
Canal
ridge
seems
be more complicated
is
represented
in the geomorphological
map of The
Po of
Plain
The crevasse
show
unusual
than
what is represented
in the geomorphological
map
The[47].
Po Plain
[47]. The splays
crevasse
splays
show
elongated
small ridges
notridges
compatible
with naturalwith
fluvial
crevasse
splays.
Information
the historical
unusual elongated
small
not compatible
natural
fluvial
crevasse
splays. in
Information
in
documents
provide
a
possible
explanation
for
their
genesis:
the
chronicler
Affo’
[58]
reports
that
since
the historical documents provide a possible explanation for their genesis: the chronicler Affo’ [58]
the
13ththat
century
of Guastalla
were allowed
to breach
artificial
levees of
rivers
and canals
reports
sinceAD,
thepeople
13th century
AD, people
of Guastalla
werethe
allowed
to breach
the
artificial
levees
in
situation
high,inmuddy
discharge
(Table
1, III).discharge
This practice
had1,the
infilling
thethe
swamps
of arivers
and of
canals
a situation
of high,
muddy
(Table
III).effect
Thisof
practice
had
effect
with
sediments,
thus
creating
new
farmland,
and
the
elongated
shape
of
the
unusual
landforms
could
of infilling the swamps with sediments, thus creating new farmland, and the elongated shape of the
be
the results
of those
practices.
such flood
management
have
never been practices
reported
unusual
landforms
could
be the Although
results of those
practices.
Althoughpractices
such flood
management
in
geomorphological
and geoarchaeological
studies
Central Po Plain so
far, these
few cases
in
have
never been reported
in geomorphological
andon
geoarchaeological
studies
on Central
Po noted
Plain so
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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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
di monte”: the sediments carried by mountain watercourse were managed to fill palustrine areas and
colluvial deposits had been exploited to reclaim palustrine environments [83,84]. In the medieval
createsites
newofarable
land
and pasture
[85]. The and
process
of breaching
levees described
in Affo’
[58],
is very
Mogge
di Ertola
(Genova—Italy)
Torrio
(Piacenza—Italy),
marshes were
turned
into
similar
to the by
“colmata
di monte”
reported
in the
Apennine
archaeological
sites.carried
The elongated
shape of
terraces
applying
a technique
called
“colmata
di monte”:
the sediments
by mountain
the Canal
Tagliata
crevasse
splays
the results
medieval
flood
management
practices
watercourse
were
managed
to fillare
palustrine
areasofand
create new
arable
land and pasture
[85].intended
The
process
of backswamp
breaching levees
described
in Affo’ [58],
is decided
very similar
to the “colmata
di monte”
reported
to reclaim
the
of Valle
di Novellara;
we
to define
these unique
anthropogenic
in
the
Apennine
archaeological
sites.
The
elongated
shape
of
the
Canal
Tagliata
crevasse
splays
are
geomorphological features as Land-Fill Ridge (or dosso per colmata) (Figure 10).
the results of medieval
floodridge
management
practices
to reclaim
backswamp
of Valle di with
Additionally,
the land-fill
detected
in this intended
study serves
as anthe
interesting
comparison
Novellara;
we
decided
to
define
these
unique
anthropogenic
geomorphological
features
as
the warping practices that occurred in England in the 18th century AD. Research in Land-Fill
Humberland
Ridge (or dosso per colmata) (Figure 10).
Levels [86,87] and the lower Trent Valley [88] wetlands has highlighted the considerable degree to
Additionally, the land-fill ridge detected in this study serves as an interesting comparison with
which a combination of natural alluviation and anthropogenic warping deposits have concealed
the warping practices that occurred in England in the 18th century AD. Research in Humberland
palaeoland
and
archaeological
of the two
Thethe
warping
practices
have
Levels surfaces
[86,87] and
thethe
lower
Trent Valleyrecord
[88] wetlands
has regions.
highlighted
considerable
degree
to been
carried
out
since
the
18th
century
AD
and
consist
of
the
artificial
diversion
of
fluvial
sediments
which a combination of natural alluviation and anthropogenic warping deposits have concealed in
a wetlands
area. surfaces
Warpingand
wasthe
conducted
mainly
to fertilize
largeregions.
areas: where
the peats
were too
acidic,
palaeoland
archaeological
record
of the two
The warping
practices
have
carried
out since
18thunproductive
century AD and
consist ofwith
the artificial
of fluvial
sediments
warpbeen
deposits
served
to the
mask
wetlands
a light,diversion
well-drained
silty
or silty-clay
a wetlands area.warping
Warping practices
was conducted
areas: where
thespring
peats were
soil. in
Anthropogenic
also mainly
aimed to
tofertilize
reducelarge
the impact
of the
tidestoo
which
acidic,
warp
deposits
served
to
mask
unproductive
wetlands
with
a
light,
well-drained
silty
or
siltyhad left large areas of the region waterlogged for most of the year. The land to be warped was first
clay soil.
Anthropogenic warping
practices
also aimed
to reduce
the impact
of thevisible
springin
tides
which
enclosed
by embankments,
then a regular
network
of small
canals
(often still
aerial
images
had left large areas of the region waterlogged for most of the year. The land to be warped was first
as crop marks) ensured the rapid and even distribution of flood water throughout the compartment,
enclosed by embankments, then a regular network of small canals (often still visible in aerial images
creating a uniform deposit [86,88]. Even though the process that generates land-fill ridges and warps
as crop marks) ensured the rapid and even distribution of flood water throughout the compartment,
is quite
similar
(i.e., thedeposit
artificial
exploitation
of substantial
clay load
carried
in and
suspension
creating
a uniform
[86,88].
Even though
the process silt
thatand
generates
land-fill
ridges
warps by
canals
in the
there isofno
historical
geoarchaeological
evidence
of both
is and
quiterivers),
similar (i.e.,
theresearch
artificial area,
exploitation
substantial
siltorand
clay load carried in
suspension
embankments
andrivers),
fertilizing
in alluvial
by canals and
in thepractices
research area,
there iswetlands.
no historical or geoarchaeological evidence of both
embankments and fertilizing practices in alluvial wetlands.

4.3. Crostolo River
4.3. Crostolo River

In the post-Roman era, the Crostolo River diversion channel caused the waterlogging of a large
the post-Roman
era, the
River diversion
channel
caused the waterlogging
of a large into
area of theInRoman
countryside;
theCrostolo
river flowed
into the Valli
backswamps
turning the farmland
area
of
the
Roman
countryside;
the
river
flowed
into
the
Valli
backswamps
turning
the
farmland
into was
a palustrine environment (Figure 11). In medieval times, human enterprise on the Crostolo River
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
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].
flooding hazards, the river was artificially diverted outside the city walls [49].

Figure
11. Medieval
historicalmaps
maps (18th-century
(18th-century copies)
thatthat
show
the environmental
situation
of
Figure
11. Medieval
historical
copies)
show
the environmental
situation
the
study
area
before
(A),
(for
more
details,
see
also
Figure
12)
and
after
(B),
(for
more
details,
see
also
of the study area before (A), (for more details, see also Figure 12) and after (B), (for more details,
Figure 13) the Renaissance wetland reclamation. The numbers in the schematic box in the center of
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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drastically changed the natural medieval landscape by turning the swamps into farmland and
constraining the rivers by artificial embankments (Figures 11 and 15).
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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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