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Abstract: Systematic human intervention in wetlands has been taking place in central Europe for several cen-
turies. The Donaumoos fen in Upper Bavaria, Germany, has been cultivated since 1788, resulting
in the permanent loss of its natural state. The adjacent Danube River was straightened during the
same period. This study presents a quantitative reconstruction over a 235-year-long time frame of
the development of the natural Donaumoos fen and Danube River into a human-dominated landscape
(anthroposphere). The selected quantitative proxies for the change in the socio-ecological system are
the Donaumoos drainage ditch lengths and changes in Danube surface water area traced through the
analysis of old maps. A multi-temporal series of old maps from 1788 to 2023 are used to document
land reclamation in the Donaumoos and hydro-engineering activities in the Danube floodplain. A
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comparison of the quantitative data on the development of drainage ditch lengths with the state of
research from written sources leads to the discovery of potential great transitions in floodplain and
peatland changes and associated human drivers as well as consequences for society in the region. One
phase of great transition with far-reaching human interventions spanned 1788 to 1794 and a second
phase ran from 1907 to 1959. However, the phases of substantial transitions with river straightening,
land reclamation and colonization were embedded in multi-decadal intervals of setbacks and socio-
ecological stagnation. Regarding the future, an updated economic and ecological understanding of
resources is difficult to implement for the Donaumoos because socio-ecological path dependencies
present challenges for the sustainable development of the Donaumoos, in particular, the ongoing and
self-reinforcing mechanism of peat subsidence in parallel with the ongoing pressure for drainage un-
der continued agricultural use of the former fen.

Kurzfassung: In Mitteleuropa greift der Mensch seit Jahrhunderten systematisch und geplant in Feuchtgebiete ein.
Das Donaumoos in Oberbayern wird seit 1788 kultiviert, wodurch es dauerhaft seinen natürlichen und
ursprünglichen Zustand verloren hat. Die angrenzende Donau wurde im selben Zeitraum begradigt.
Diese Studie liefert eine quantitative Rekonstruktion des natürlichen Donaumooses und der angren-
zenden Donau hin zu einer vom Menschen geprägten Landschaft (Anthroposphäre) während der let-
zten 235 Jahre. Als quantitative Indikatoren für die Veränderung des sozionaturalen Schauplatzes
wurden die Länge der Entwässerungsgräben im Donaumoos und die Wasseroberflache der Donau aus-
gewählt. Deren Zu- und Abnahmen wurden durch die diachrone Analyse von Altkarten ermittelt. Die
multitemporale Altkartenserie von 1788 bis 2023 entschlüsselt die Landgewinnung im Donaumoos
und die wasserbaulichen Aktivitäten zur Eingrenzung des Donaulaufes. Der Vergleich dieser quanti-
tativen Daten mit dem Wissen aus historischen Quellen führt zur Entdeckung potenzieller großer Um-
brüche in der Auen- und Moorgeschichte sowie deren Folgen für die Gesellschaft in der Region. Eine
erste Phase großer Umbrüche mit weitreichenden menschlichen Eingriffen erstreckte sich zum Beginn
von 1788 bis 1794, darauf folgte eine zweite Phase großen Umbruchs von 1907 bis 1959. Diese Phasen
substanzieller Umbrüche mit Flussbegradigungen, Landgewinnung und Kolonisation waren einge-
bettet in jahrzehntelange Intervalle von Rückschlägen und sozial-ökologischer Stagnation. Für die
Zukunft ist ein neu aufgestelltes, ökonomisches und ökologisches Ressourcenverständnis im Donau-
moos nur schwer umsetzbar, da sozial-ökologische Pfadabhängigkeiten eine nachhaltige Entwick-
lung des Donaumooses blockieren. Dies gilt insbesondere für die fortlaufende Torfsackung, welche
in Wechselwirkung steht zum anhaltenden Entwässerungsdruck bei sich fortsetzender Nutzung des
ehemaligen Niedermoors durch die historisch etablierte, konventionelle Landwirtschaft.

1 Introduction

Floodplains and peatlands are essential for carbon storage in
the context of the global carbon cycle and thus are impor-
tant buffers of human-induced global warming (Nichols and
Peteet, 2019; Swinnen et al., 2020; Köhler et al., 2024). In-
tact floodplain and peatland ecosystems host rich and unique
biodiversity (Blaus et al., 2021); both types have become
very rare globally, including in central Europe (Kaiser et al.,
2012; Werther et al., 2021). The continent of Europe has
even seen the highest proportional loss of peatlands due to its
long history of land use, high population density and climat-
ically favourable conditions for reclamation (Tanneberger et
al., 2021). Regarding the global carbon cycle, human dry-
ing up of peatlands over the past 300 years has shifted them
from important carbon sinks to sources (Swindles et al.,
2019). Furthermore, up to 95 % of central European flood-
plains have been extensively restructured or destroyed (Tock-

ner et al., 2022). Floodplain rewilding and peatland rewet-
ting programmes could improve ecological conditions and
the provision of ecosystem functions and services consider-
ably (Vermaat et al., 2016; Günther et al., 2020; Stammel
et al., 2021). However, local actors often show resistance
due to economic constraints, socio-ecological path depen-
dencies that refer to processes where past activities block
later adaptions (Wichmann and Nordt, 2024), and varying
understanding and appreciation of resources (Gudermann,
2000; Squatriti, 2000; Zak et al., 2022). Floodplains and
associated peatlands thus represent some of the most dy-
namic European cultural landscapes and as such are hotspots
of debate with regard to both cultural and natural heritage
(Werther et al., 2021). Although both socio-natural systems
are linked hydro-geomorphologically, they have often been
studied independently. Therefore, the question arises as to
whether or when specific floodplains and adjacent peatlands

E&G Quaternary Sci. J., 74, 105–124, 2025 https://doi.org/10.5194/egqsj-74-105-2025



C. Zielhofer et al.: A palaeohydrological and historical perspective 107

must be understood as historical anthropospheres and which
socio-ecological and sociocultural processes contributed to
their development.

Central Europe features large areas of floodplain and ad-
jacent peatland ecosystems, both of which developed during
the Holocene as a result of partly coupled hydro-sedimentary
processes (Tanneberger et al., 2021). Floodplain cultivation
often dates back to the prehistoric period, with the medieval
period seeing a further notable increase in human interven-
tions such as reclamation measures, hydro-engineering, hy-
dropower installations and improvement of inland naviga-
tion (Balasse et al., 2017; Brown et al., 2018; Werther et al.,
2021; Zielhofer et al., 2022). However, adjacent peatlands
generally remained in a near-natural condition for much
longer. Starting regionally from the 11th or 12th century on-
wards (van de Ven, 1994; Campopiano and Curtis, 2013) and
to a much wider extent in the early modern period, recla-
mation efforts increased significantly (Blackbourn, 2007;
Haverkamp, 2011; Reinkemeier, 2013) in order to make
these “wastelands” economically valuable (Zak et al., 2022).
Not only were the measures connected with far-reaching
interventions into the natural ecosystems (Schmid, 2016),
but they also resulted in a socioeconomic change through
mercantilist-motivated immigration (Peuplierung) (Nigge-
mann, 2015). For example, in the case of Prussian flood-
plains and peatlands, market-oriented dairy farming was ini-
tiated successfully with the settlement of Dutch experts (Pe-
ters, 1989). However, in many regions a lack of knowledge
with regard to the sustainable use of drained peatlands led
to negative effects on potential agricultural production, e.g.
via the process of soil desiccation. The harsh settlement con-
ditions and the poor state of the first colonies are recurring
themes in previous historical analyses (Peters, 1989). Both
drainage works and peat cutting have also led to significant
groundwater lowering in central European peatlands over the
past 200–300 years (Czerwiński et al., 2021; Köhler et al.,
2022; Zielhofer et al., 2022). These processes have resulted
in a profound degradation of peatlands and their biodiver-
sity, with negative consequences for critical ecosystem func-
tions such as water retention and carbon sequestration (Man-
ton et al., 2021). To date, although scattered research projects
have been undertaken, there is still a general lack of knowl-
edge about the ecological and sociocultural consequences of
floodplain and peatland reclamation (Werther et al., 2021). In
this context, interdisciplinary research by both natural scien-
tists and humanists would help deepen the understanding of
these unique socio-natural systems (Pierik, 2021).

Floodplains and peatlands can be seen as “sister ecosys-
tems”, as they are characterized by partly similar hydrolog-
ical regimes and water surplus with diffuse transitions be-
tween the two. However, their different cultivation history –
with peatlands remaining much longer in a near-natural con-
dition, as mentioned above – has left them as rather dissimilar
sisters. The unequal timing of human interventions often re-
sulted in an asynchrony of transition processes along the way

to historical anthropospheres (Meybeck, 2003; Macklin and
Lewin, 2019). To better understand such rapid and profound
transitions, a valuable approach consists of focusing on the
impact of historical interventions, preferably in spatiotempo-
ral hotspots of land-use change (Hermy and Verheyen, 2007;
Cui et al., 2014).

To study the process of probable “great transitions” from
nature-dominated to human-dominated socio-natural sys-
tems, both suitable socio-ecological proxies and historical
data are required for interdisciplinary research (Haidvogl
et al., 2011; Winiwarter et al., 2013; Tarolli et al., 2019).
Regarding floodplains and peatlands, the sedimentological
and pedological preconditions make for high sensitivity to-
wards anthropogenic disturbances (Botter et al., 2013; Pierik,
2021). Drainage works in peatlands in particular lead to irre-
versible great transitions such as peat compaction and sub-
sidence and in turn an increase in socio-ecological risks as
well (e.g. flooding) (Pierik, 2021).

The major aim of our interdisciplinary study is a ret-
rospective assessment of drainage, land reclamation and
hydro-engineering measures in the Greater Donaumoos Re-
gion, a palustrine and fluvial socio-natural system located
in Bavaria, Germany (Fig. 1). Here, we reconstruct human
interventions, specifically of building canals and ditches to
drain the large Donaumoos fen, using an interdisciplinary
approach. We synthesize the results of a quantitative anal-
ysis of old maps from the period ca. 1788 to 2023 and re-
view secondary written sources to improve our understand-
ing of past interventions into the local hydrological regime.
Based on a synthesis of (1) the long-term reconstruction of
the lengths of canals and drainage ditches in the Donaumoos,
(2) the multi-temporal quantification of the Danube surface
water area, and (3) the analysis of written sources, we aim to
capture potential great transitions of this particular southern
German fen and the adjacent Danube River structure towards
a historical anthroposphere.

2 Study area

In this study we investigate a palustrine and fluvial socio-
natural system in Bavaria that has been a spatiotempo-
ral hotspot of land reclamation, colonization and hydro-
engineering: the Greater Donaumoos Region, including the
Danube floodplain between Neuburg an der (a.d.) Donau and
Ingolstadt (Fig. 1).

The Danube River and its southern tributaries drain the
Molasse foreland basin and a part of the northern Limestone
Alps. Within the selected study section (Fig. 1), the Danube
floodplain is incised into the Danube Late Glacial Lower Ter-
race (Jerz and Schmidt-Kaler, 1999). After the formation of
two Early to Middle Holocene terrace levels (Kleinschnitz
and Krömer, 2003), a multi-channel meandering river de-
veloped with at least three early Subatlantic floodplain lev-
els (Jerz and Peters, 2002). Dating from the early medieval
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Figure 1. Study area of the Greater Donaumoos Region with the Danube River between Neuburg a.d. Donau and Ingolstadt in the north
and the Donaumoos fen (framed by red line) in the south. In the study area, long-term multi-temporal old-map analysis was conducted
and compared with a review of written sources. Red place names indicate Celtic and Roman sites. Sources: Bavarian Environment Agency
(2023); Bavarian Agency for Digitisation, High-Speed Internet and Surveying (2024); and Donaumoos Association (2000).

period, a further four terrace stages can be distinguished
(Schielein, 2010; Schielein and Schellmann, 2017) that are
still inundated during major flood events. Late Holocene ter-
races feature partially silted-up oxbows (Jerz and Schmidt-
Kaler, 1999). The adjacent Donaumoos (ca. 168 km2), the
largest of the Bavarian fens, is an extensive fen south of
the Danube River (Fig. 1). The Donaumoos is morphologi-
cally separated from the Danube floodplain by the flood-free
Danube Late Glacial Lower Terrace (Fig. 1), but the hydroge-
ological connectivity resulted in the formation of a thick peat
layer, up to 550 cm in the south (Kortfunke, 1992; Donau-
moos Association, 2000; Haas and Cyffka, 2011).

The Celtic settlement (oppidum) at Manching, the Roman
forts of Neuburg a.d. Donau and Oberstimm, and the Roman
bridge at Stepperg (Fig. 1) highlight the early human inter-
vention in the Danube floodplain (Wendling, 2013; Rieder
and Tillmann, 1993). Ingolstadt was founded in the Carolin-
gian period, and the floodplain ground had to be stabilized
with wooden piles (Arauner et al., 2006). The first refer-
ences to villages such as Rothenturm, Kothau and Hundszell
(Fig. 1) in the written record relate to their establishment
in the Danube floodplain during the 13th and 14th centuries
(Nadler, 2004). However, because on the adjacent flood-free
Danube Late Glacial Lower Terrace, settlements with names
ending in “-ing” (e.g. Zuchering, Fig. 1) date to the early me-
dieval period (Rieder, 1987), it is reasonable to assume that
the villages in the Danube floodplain – or at least floodplain

land use – originated earlier. The Donaumoos is first men-
tioned in a written source in 1197. Nobles of the Neuburg
royal palace hunted in the area, and inhabitants of the sur-
rounding villages grazed animals there (Nadler, 2004). The
early medieval villages at the Donaumoos margins have been
documented to only a limited extent (e.g. the burial grounds
in Langenmosen and Dinkelshausen, Fig. 1). Although spo-
radic drainage works in order to gain pasture land were men-
tioned as early as the 15th century (von Stengel, 1791; See-
burg, 2021), systematic settlement of the Donaumoos fen
did not begin before 1778, when Carl Theodor (1724–1799),
Elector of Bavaria, ordered drainage works to pave the way
for colonization (Nadler, 2004). The first colony – the early
modern settlements in the newly drained Donaumoos fen
were called colonies – was established in Karlskron in 1791
(Fig. 1). Within a few years, further settlements were founded
in the Donaumoos and the fen was gradually drained. This
was also the time when reliable mapping began, which can
be used for the following evaluation.

3 Methods

3.1 Old-map analysis: review, map selection and critical
plausibility check

The analysis of old maps enables the spatiotemporal recon-
struction of past socio-natural dynamics. Furthermore, old
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maps have been used for palaeohydrological reconstructions
in floodplains (Hohensinner et al., 2013). Along these lines,
our working group has demonstrated the utility of old maps
for reconstructing surface water areas in floodplains (Ziel-
hofer et al., 2022). Because maps from the 18th century on-
wards with sufficient resolution are available for the Greater
Donaumoos Region (e.g. von Stengel, 1791), we are able
to comparatively evaluate past land reclamation and hydro-
engineering efforts.

With the help of old maps, a multi-temporal reconstruc-
tion of the Donaumoos canal and drainage ditch network as
well as the past Danube River courses and surface water areas
over the last 235 years is possible. These proxies are mea-
surable across time in all map series and document hydro-
engineering activities in the Donaumoos fen and Danube
floodplain. When we chose from among the available maps,
attention was paid to their informative value in relation to the
scientific question and to a suitable scale (Schuppert, 2013,
p. 141). At preferred scales from 1 : 25 000 to 1 : 50 000, a
selection of maps could be created, which enabled an analy-
sis of 9 snapshots for the Danube floodplain and 10 for the
Donaumoos over the last 235 years (Table 1). This covers the
entire period from prior to the scheduled land reclamation
to the present day. To ensure reusability, transparency and
data quality, fundamental metadata for every newly gener-
ated digital map file were recorded in tabular form (Kaniecki
et al., 2025) following the best-practice recommendations in
Schmidt et al. (2024). Particularly with the selected maps of
the 18th and early 19th centuries, it should be taken into ac-
count that the content depicted is also based on the specific
objectives of the person(s) who produced the map (Dick-
mann, 2021, p. 86). Therefore, careful interpretation of the
map content is necessary (Haidvogl et al., 2011, p. 174). Ac-
cording the regressive–iterative approach of Hohensinner et
al. (2013), we evaluated the relevance of the historical situ-
ation of an older map for the temporally younger situations.
This includes plausibility checks for the accuracy of the lo-
cation of mapped canals and ditches by digitizing from the
oldest to the youngest map series, and, in the case of un-
certainties, a lidar-based digital elevation model (Bavarian
Agency for Digitisation, High-Speed Internet and Survey-
ing, 2024) was used for further checking. Furthermore, as
a regressive–iterative process also requires the perspective
from the youngest to the oldest stage, the plausibility check
was also conducted in reverse order.

3.2 Old-map analysis: chronological classification of the
old and topographic maps

The oldest map used here (N.N., 1788) was found in a file of
the Donaumoosakten in the state archive of Augsburg. The
archive states the file dates to 1788/1789. This is plausible as
the commission that was entrusted with the task of draining
the Donaumoos was installed in 1787. Furthermore, Stephan
von Stengel wrote that, as of 1791, 8000 Tagwerke of the area

(about 27 km2) had been drained, which is more than what is
depicted in this map (Groening, 2001). This means the map
must have been produced between 1787 and 1791.

The second map (von Riedl, 1791) appears in the book Die
Austrocknung des Donaumooses (von Stengel, 1791) but was
made by Adrian von Riedl. Both in the book and on the map
the year 1791 is written, a good sign that this is in fact the
year of creation.

The third map (N.N., 1794) is dated to the year 1794 by
the Staatliche Bibliothek Neuburg an der Donau. The title
indicates that the map shows the situation after the drainage
was completed in the years 1790 to 1793. It cannot be that
long after 1793 as only the first colony, Karlskron, is shown
on the map. It is documented that four colonies existed as
of 1794 (von Aretin, 1795), and these are not shown on the
map.

The fourth map (von Riedl, 1799–1806) has no date of cre-
ation but shows some colonies, e.g. Untermaxfeld and Ober-
maxfeld. These were named after Max IV. Joseph, Bavarian
elector from 1799 on, and therefore the map does not date
from before 1799. It is also not younger than 1806 as this
is the founding year of the Heinrichsheim colony, which is
indicated on the map (Seeburg, 2021, p. 73).

The fifth map (von Riedl, 1806) can be dated to 1806 as
the book states this year.

The chronological classification of the Topographical At-
las of the Kingdom of Bavaria (Topographischer Atlas vom
Königreich Baiern, 1814–1823) (Table 1) is based on age in-
formation given on the individual map sheets (Bayerisches
Topographisches Bureau, 1812–1867).

The chronological classification of the Bavarian original
topographic survey (Bayerische Urpositionsblätter, 1859–
1876) (Table 1) is based on age information given on the
individual map sheets with regard to the period of the car-
tographic survey.

The production age of the Donaumooskarte is the same as
the publication date of associated book (Haushofer, 1907). A
map is included as an attachment in the book.

The ages of the sheet 494 Weichering (1897–1921) (Bay-
erisches Topographisches Bureau, 1897) and sheet 495 In-
golstadt (1897–1922) (Bayerisches Topographisches Bureau,
1897) topographic maps are based on the period from the car-
tographic survey to the publication date.

The chronological classification of the topographic maps
(Topographische Karte, 1955–1959; Bayerisches Landesver-
messungsamt, 1955–1959 and 1982–1987) refers to the date
of publication indicated on the maps.

The age of the current digital topographic map (Bavarian
Agency for Digitisation, High-Speed Internet and Surveying,
2023) is constantly updated. The processing status included
in this analysis is from 2023.
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Table 1. Overview of old and modern maps from the Greater Donaumoos Region (according to Kaniecki et al., 2025). The maps in the table
were found to be suitable for the long-term reconstruction of Danube surface water areas and lengths of the Donaumoos canal and drainage
ditch network according to position accuracy. This was also possible with some restrictions for the 1788–1808 map series. DM: Donaumoos;
Da: Danube floodplain. Sources: (1) N.N. (1788); (2) von Riedl (1791); (3) N.N. (1794); (4) von Riedl (1799–1806); (5) von Riedl (1806);
(6) Bayerisches Topographisches Bureau (1812–1867); (7) Königliche Unmittelbare Steuervermessungskommission (1859–1876); (8) Bay-
erisches Topographisches Bureau (1897); (9) Haushofer (1907); (10) Bayerisches Landesvermessungsamt (1955–1959); (11) Bayerisches
Landesvermessungsamt (1982–1987); (12) Bavarian Agency for Digitisation, High-Speed Internet and Surveying (2023).

Map Published Scale Region

Grundriss über das . . . Lehen-Moos (1) 1788 ca. 1 : 45 000 DM
Plan Des unter Cultur . . . Donauer Lehnen Mooses (2) 1791 ca. 1 : 59 000 DM–Da
Geometrischer Plan Des . . . Donauer-Mooses (3) 1794 ca. 1 : 35 000 DM
Karte des trockengelegten Donauer Mooses (4) 1799–1806* ca. 1 : 21 000 DM–Da
Stromatlas von Baiern, Donau Blatt 2 (5) 1806 ca. 1 : 32 000 Da
Topograph. Atlas v. Königreich Baiern, Blatt 53 Neuburg (6) 1823 1 : 50 000 DM–Da
Topograph. Atlas v. Königreich Baiern, Blatt 54 Ingolstadt (6) 1819 1 : 50 000 DM–Da
Topograph. Atlas v. Königreich Baiern, Blatt 61 Wittelsbach (6) 1817 1 : 50 000 DM
Topograph. Atlas v. Köngreich Baiern, Blatt 62 Pfaffenhofen (6) 1814 1 : 50 000 DM
Bayerisches Urpositionsblatt 493 Neuburg a.d. D. (7) 1873–1876* 1 : 25 000 DM–Da
Bayerisches Urpositionsblatt 494 Weichering (7) 1867–1868* 1 : 25 000 DM–Da
Bayerisches Urpositionsblatt 495 Ingolstadt (7) 1861–1867* 1 : 25 000 DM–Da
Bayerisches Urpositionsblatt 521 Ehekirchen (7) 1873–1876* 1 : 25 000 DM
Bayerisches Urpositionsblatt 522 Langenmosen (7) 1872–1875* 1 : 25 000 DM
Bayerisches Urpositionsblatt 523 Karlshuld (7) 1869–1875* 1 : 25 000 DM
Bayerisches Urpositionsblatt 524 Reichertshofen (7) 1859–1861* 1 : 25 000 DM
Bayerisches Urpositionsblatt 550 Pöttmes (7) 1872–1874* 1 : 25 000 DM
Bayerisches Urpositionsblatt 551 Sandizell (7) 1859–1861* 1 : 25 000 DM
Topographische Karte, Blatt 494 Weichering (8) 1897–1921* 1 : 25 000 Da
Topographische Karte, Blatt 495 Ingolstadt (8) 1897–1922* 1 : 25 000 Da
Donaumooskarte (9) 1907 1 : 25 000 DM
Topographische Karte, Blatt 7233 Neuburg a.d. D. (10) 1959 1 : 25 000 DM–Da
Topographische Karte, Blatt 7234 Ingolstadt (10) 1955 1 : 25 000 DM–Da
Topographische Karte, Blatt 7332 Burgheim Süd (10) 1959 1 : 25 000 DM
Topographische Karte, Blatt 7333 Karlshuld (10) 1959 1 : 25 000 DM
Topographische Karte, Blatt 7334 Reichertshofen (10) 1959 1 : 25 000 DM
Topographische Karte, Blatt 7432 Pöttmes (10) 1959 1 : 25 000 DM
Topographische Karte, Blatt 7433 Schrobenhausen (10) 1959 1 : 25 000 DM
Topographische Karte, Blatt 7233 Neuburg a.d. D. (11) 1983 1 : 25 000 DM–Da
Topographische Karte, Blatt 7234 Ingolstadt (11) 1984 1 : 25 000 DM–Da
Topographische Karte, Blatt 7332 Burgheim Süd (11) 1982 1 : 25 000 DM
Topographische Karte, Blatt 7333 Karlshuld (11) 1983 1 : 25 000 DM
Topographische Karte, Blatt 7334 Reichertshofen (11) 1984 1 : 25 000 DM
Topographische Karte, Blatt 7432 Pöttmes (11) 1982 1 : 25 000 DM
Topographische Karte, Blatt 7433 Schrobenhausen (11) 1987 1 : 25 000 DM
Digitale Topographische Karte, Blatt 640-5420-20 (12) 2023 1 : 25 000 DM–Da
Digitale Topographische Karte, Blatt 680-5420-20 (12) 2023 1 : 25 000 DM–Da
Digitale Topographische Karte, Blatt 640-5400-20 (12) 2023 1 : 25 000 DM
Digitale Topographische Karte, Blatt 660-5400-20 (12) 2023 1 : 25 000 DM
Digitale Topographische Karte, Blatt 680-5400-20 (12) 2023 1 : 25 000 DM

The asterisks (*) indicate probable uncertainty periods of the publication date or map production phases.

3.3 Old-map analysis: georeferencing and data
processing

Our method of old-map analysis involved digitizing old maps
and applying geospatial techniques to align newly created
vector data accurately with current geographical coordinates.

The georeferencing and vectorization processes were con-
ducted using the QGIS v.3.22.5 geoinformation system. The
older maps (1788 to 1806) were rectified using ground con-
trol points based on stable features such as churches, road
intersections and monuments. It was only from the 1870s on-
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wards that the maps could be accurately aligned with known
coordinates of the official map sheet grids. More detailed and
additional information about the metadata, the georeferenc-
ing process and data access is documented in Kaniecki et
al. (2025).

Essentially, the entire canal and drainage ditch network,
which is shown on the maps, was digitized. The end of the
canal’s length was based on reaching the edge of the map, on
reaching the border of the Donaumoos shown on the specific
map or on the first point where a canal had clearly reached a
natural watercourse. In the absence of a boundary on a map,
the current Donaumoos extent and boundary defined by the
Donaumoos Association (2000) were used.

The Danube River surface water area was vectorized ac-
cording to the respective legends of the old maps. The
Danube River course between Neuburg and Ingolstadt was
taken into account. Only features that were clearly recogniz-
able were traced as polygons. The extent of the polygons was
traced to the map edge. Meander loops that are clearly part of
the main Danube River course were vectorized. Former chan-
nels and loops that still have inflow but no outflow (and vice
versa) were also vectorized. However, former channels and
loops that are completely cut off from the main river course
were not included to focus on hydro-engineering activities in
the Danube River structure itself (Kaniecki et al., 2025).

3.4 Old-map analysis: integration into the historical
context

The analysis of the quantitative old-map data with written
sources offers an additional perspective for the interpreta-
tion of historical sources (Haidvogl et al., 2011, p. 175). The
historical knowledge tapped here had mostly already been
compiled within the framework of Bavarian regional history
(Seeburg, 2021), specifically dealing with the cultivation of
the Donaumoos between 1780 and 1830 while also provid-
ing a socio-historical perspective on land reclamation. An-
other study from the field of environmental history investi-
gated the history of the cultivation and colonization of the
Donaumoos (Schmid, 2016). In our study, for the first time
the state of historical knowledge is linked to a quantitative
old-map analysis, providing a new perspective on the envi-
ronmental history of the Donaumoos land reclamation and
human-induced Danube floodplain formation.

4 Results

Table 2 summarizes the results of the vectorized canal
lengths and the Danube surface water areas on maps span-
ning the time range from 1788 to 2023.

4.1 Transformation of the Donaumoos

At the beginning of the draining of the Donaumoos in
1788, the canal length was 12.17 km, and as of 2023 it was

729.26 km. Our long-term analysis shows that the largest in-
creases in the drainage ditch network occurred between 1788
and 1794 and between 1907 and 1959. The first construc-
tion project was a canal in the eastern Donaumoos, which is
visible on the map from 1788 (Fig. 2a). This, around 5 km
long, was the first section of the so-called main canal (Haup-
tkanal). A territorial border running south-west to north-
east divides the Donaumoos in two. In the north-east of
the Donaumoos, there is a second canal with a length of
around 7 km. In addition, there are three documented canal
courses from south-west to north-east through the centre of
the Donaumoos, which are still in the planning stages.

In 1791, the network of drainage ditches and canals was
expanded so that the total length was 66.64 km (Fig. 2b). At
this point the Donaumoos was still divided into a Palatinate-
Neuburg and a Bavarian territory although it was already ad-
ministratively united. Additional canals expanded from the
two original canal areas in the south-west and north-east.
In the latter area the expansion was particularly pronounced
around the later colonist villages of Karlskron. The canal
courses that were initially planned in the central part of the
Donaumoos were not implemented; alternative planned canal
courses were documented on the old map. As before, the
canals in the south-west and north-east were not connected
to each other.

The map from 1794 (Fig. 2c) shows that long canals were
added that crossed the entire Donaumoos. In the central area
these are located on both sides of newly built straight roads.
The Donaumoos was still divided into a Palatinate-Neuburg
and a Bavarian territory. In some cases, canals had been built
that had appeared on the map in 1791 as planned construc-
tions. In 1794 the canal network was denser, particularly in
the area of the new colonist village of Karlskron. It is no-
ticeable that especially in the area of the old settlements on
the western edges (Rohrenfels, Mitterhausen, Hollenbach,
Ehekirchen) and southern edges (Walda, Schorn, Pöttmes,
Grimolzhausen, Sandizell, Malzhausen, Langenmosen, Ep-
pertshofen, Lampertshofen, Oberarnbach, Brunnen, Poben-
hausen, Adelshausen, Reichertshofen) of the Donaumoos, a
network of drainage ditches had developed. The drainage
ditches in the area of the old settlements sometimes have
arbitrary courses and do not appear to be centrally planned
canal courses. It is also surprising that drainage work began
in these challenging zones, where the areas were considered
to be very wet and where there were very thick peat deposits.

Hardly any new canals appear on the 1799–1806 map
(Fig. 3a). In fact, many smaller canals and drainage ditches
no longer appear on the southern edge of the Donaumoos.
These had either been abandoned or were not recorded. In
any case, it is very noticeable that the total length of the canal
network at 182.48 km is significantly shorter than the total
length in the map from 1794 (Table 2).

The Topographical Atlas of the Kingdom of Bavaria (To-
pographischer Atlas vom Königreich Baiern, 1814–1823)
(Fig. 3c) shows a significant increase in the canal network
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Table 2. Canal and drainage ditch lengths and Danube surface water areas within the Greater Donaumoos Region.

Year(s) Year(s)
Canal and drainage according Danube surface according
ditch length (km) to map(s) water area (km2) to map(s)

12.17 1788
66.64 1791 8.71 1791
339.52 1794
182.48 1799–1806 7.33 1799–1806

4.78 1806
378.37 1814–1823 4.34 1819–1823
438.14 1859–1876 4.28 1861–1876

2.19 1897–1922
318.61 1907
689.43 1955–1959 1.66 1955–1959
737.02 1982–1987 2.29 1983–1984
729.26 2023 2.24 2023

compared to 1799–1806 (Table 2), although the increase
compared to 1794 is relatively small (Fig. 6). For the first
time, many new canals appear in the northern Donaumoos
around the colonist villages of Obermaxfeld and Stengel-
heim.

The Bavarian original topographic survey (Bayerische Ur-
positionsblätter, 1859–1876) (Fig. 4a) on the first exact scale
of 1 : 25 000 shows only a slight increase in the canal net-
work compared to 1814–1823 (Table 2) (Fig. 6).

In 1907, the total canal length had decreased relative to the
preceding situation, resulting in a total length of 318.61 km
(Fig. 4c). However, newly planned canals are shown on the
map and the canal network is numbered.

In the map series from 1955 to 1959, the canal network
grows significantly longer to 689.43 km (Figs. 5a and 6). Par-
ticularly in the central area of the Donaumoos, the network
was laid out according to a plan and became denser. The
map sheets from 1982–1987 (Fig. 5b) show that the trend
towards increased density continued, which was accompa-
nied by the network reaching its greatest length, 737.02 km
(Fig. 6). As of 2023, the total length of canals and ditches had
not changed significantly compared to the 1980s (Fig. 5c).

4.2 Transformation of the Danube River

The quantification of the digitized Danube surface water ar-
eas within the Greater Donaumoos Region shows that they
decreased significantly over the last 235 years. In 1791 the
Danube had a surface water area of 8.71 km2 (Fig. 2b).
At that time, the river structure was still slightly anasto-
mosed. As of 2023 the surface water area had decreased to
2.24 km2 (Fig. 5c). Existing meanders receded, and the area
of the actual river course became more and more straight
over the period of study. The total area reached its lowest
extent, 1.66 km2, in 1955 (Fig. 5a) but has increased since
that time. Regarding the river structure, the greatest change

is evident on the 1897 map (Fig. 4b). The course of the
Danube no longer shows any meanders and has been com-
pletely straightened. In 2023, a slightly expanded river course
appears east of Neuburg a.d. Donau and west of Ingolstadt
(Fig. 5c).

5 Comparison of the old-map analysis with the
written sources

5.1 Donaumoos canal and ditch lengths and the
historical context

The planning for the first large-scale cultivation of the
Donaumoos took 3 years. For this purpose, a cultural com-
mission was set up by Elector Karl Theodor in 1787, which
surveyed, planned, mapped and supervised the drainage
works. These works took the form of canal and ditch con-
struction (Seeburg, 2021, pp. 60–62). On the one hand, this
was only possible because of the unification of the Palatinate-
Neuburg and the Electorate of Bavaria areas by the elec-
tor, which led to the abolition of the administrative border
that ran right through the centre of the Donaumoos. Previ-
ously, the Donaumoos being split between two territories had
proven to be an insurmountable obstacle for such an inter-
vention. On the other hand, the initial problems of financing
the land reclamation were solved by founding a stock corpo-
ration, clearing the way for the main work to begin in 1790
(Seeburg, 2021, pp. 57, 66).

The most important construction measure for the drainage
was the construction of the main canal (Hauptkanal). With
regard to drainage measures, the written sources distinguish
between canals and ditches, although it is difficult to de-
termine whether the distinction is based on the construc-
tion method, length or depth. It seems that in the 1790s all
older watercourses that were not rivers were referred to as
“ditches”, e.g. Erlengraben and Moosgraben. The new ones
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Figure 2. Reconstructions of the Donaumoos canal and drainage
ditch network and of the Danube surface water area from 1788
to 1794: (a) 1788 – Donaumoos, 12.17 km; (b) 1791 – Donau-
moos, 66.64 km, and Danube, 8.71 km2; (c) 1794 – Donaumoos,
339.52 km.

from the 1790s onwards were called canals. The ditches run-
ning parallel to the roads were exceptions (N.N., 1794). Von
Pechmann (1832, pp. 38–42) generally refers to the new wa-
tercourses from the 1790s as canals. Only when the older
ones were enlarged was the older designation of ditch some-
times retained. Von Aretin (1795, 65 ff.) uses both terms
without providing a definition or clear differentiation. The

Figure 3. Reconstructions of the Donaumoos canal and drainage
ditch network and of the Danube surface water area from 1804
to 1820: (a) 1804 (1799–1806) – Donaumoos, 182.48 km, and
Danube, 7.33 km2; (b) 1806 (1806–1809) – Danube, 4.78 km2;
(c) 1820 (1814–1823) – Donaumoos, 378.37 km, and Danube,
4.34 km2.

construction method was quite simple. Ditches and canals
were dug with shovels, and the banks of the larger ditches
and canals were reinforced with timbers (von Pechmann,
1832, p. 109). The banks were often planted to prevent them
from collapsing. The drainage measures took place before
the colonies were established, so the labourers for these mea-
sures were not colonists but rather day labourers from the
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Figure 4. Reconstructions of the Donaumoos canal and drainage
ditch network and of the Danube surface water area from 1870
to 1907: (a) 1870 (1859–1876) – Donaumoos, 438.14 km, and
Danube, 4.28 km2; (b) 1897 (1897–1922) – Danube, 2.18 km2; (c)
1907 – Donaumoos, 318.61 km.

surrounding areas. The lighter work was carried out by chil-
dren, and the heaviest labour was carried out by criminals
and homeless people (von Aretin, 1795, pp. XIV–XV).

The construction of the main canal started in the east and
then ran across the entire Donaumoos (Seeburg, 2021, p. 67).
According to Schmid (2016, p. 398), the main canal was
initially said to have reached a total length of 33 km. By

Figure 5. Reconstructions of the Donaumoos canal and drainage
ditch network and of the Danube surface water area from
1955 to 2023: (a) 1955 (1955–1959) – Donaumoos, 689.43 km,
and Danube, 1.66 km2; (b) 1984 (1982–1987) – Donaumoos,
737.02 km, and Danube, 2.29 km2; and (c) 2023 – Donaumoos,
729.26 km, and Danube, 2.24 km2.

vectorizing the main canal length from the map from 1794,
this information could be roughly confirmed by the length
that was generated, 31.6 km (Fig. 2c). The difference may
be due to measurement methods that are inaccurate from to-
day’s perspective, as the historical written source used by
Schmid (2016) dates from 1832 and the author had not per-
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Figure 6. Lengths of the Donaumoos canals and ditches (pale
brown) and Danube surface water areas (cyan) from 1788 to 2023.
The intervals indicate periods or uncertainties of the map produc-
tion dates (see Sect. 3.2). Pale grey rectangles indicate phases with
a particularly strong increase in canal and drainage ditch lengths
(great transitions).

sonally witnessed the drainage measures, which had occurred
40 years earlier (von Pechmann, 1832, pp. 39–40).

The further development of the canal network took place
around the main canal, from which further canals and
drainage ditches were extended. Enclosure canals (Umfas-
sungskanäle) (Seeburg, 2021, p. 62) were built to enclose
the Donaumoos in order to be able to drain away the wa-
ter escaping from the ditches. This hydro-engineering con-
cept can also be seen on the maps. The first drainage ditches
ran around the Donaumoos (Fig. 2b and c, maps from 1791
and 1794) and were subsequently connected to one another
via smaller canals and drainage ditches and further expanded
(Figs. 4c and 5a to c, maps from 1907 to 2023).

The drainage and settlement of the Donaumoos were con-
sidered to have been completed before 1800 (Seeburg, 2021,
p. 72). So-called colonies, i.e. villages or settlements, were
founded early on, starting in 1791, after 8000 Tagwerke (1
Tagwerk corresponds to 3408 m2; 8000 Tagwerke correspond
to 27.26 km2) had been drained and levelled (von Stengel,
1791). In addition to people from the area surrounding the
fen, settlers from more remote places also found a new home
in the colonies. From around 1800 many colonists were
refugees from the Rhenish Palatinate (Seeburg, 2021, p. 85).

A written source from 1806 states that the length of the en-
tire canal and ditch network was already more than 350 km
(von Kling, 1806, p. 30; Schmid, 2016, p. 398). Our measure-
ments, which were made using the digitization of the canal
lengths, based on the map from 1794, yielded a total length of
approx. 339 km (Fig. 2c), which is close to that of the writ-
ten source. However, in 1804, the total length was signifi-
cantly lower at 182.48 km (Fig. 3a). It may be that the focus
of the map (1799–1806) was only on the central Donaumoos

Figure 7. Widening of the Ach River at Grabmühle in 1927 as
part of the drainage measures. The Ach River is a left tributary of
the Paar River (photograph: Archiv Stiftung Donaumoos, Inv. No.
1901).

area and not on the edges of the fen, so the map does not
fully capture the lengths of the drainage ditches and canals.
This is probably particularly true for the smaller drainage
ditches. However, it is also possible that the contemporary
written sources slightly exaggerated the ditch lengths in order
to present the project in a better light. Furthermore, around
1800 the environmental conditions became more difficult. A
wildfire with an area of 20 km2 is said to have penetrated
up to 70 cm deep into the peat layer over a period of 1 week
(Schmid, 2016, p. 402). These circumstances might also have
been socio-ecological drivers of a decline in the length of the
canals and drainage ditches (Figs. 2c and 3a).

Furthermore, in the first decades of the 19th century, the
return of a portion of the Donaumoos to swampland was doc-
umented. A report from around 1820 ties the poor conditions
to the neglected maintenance of the canals, drainage ditches
and roads (Schmid, 2016, p. 403). This was a result of the
low harvests and yields of the fields that had been allocated
to the settlers: people did not have the opportunity to support
themselves and their families using agricultural means and
were often dependent on begging or even theft. In addition to
this development, one reason was also the declining electoral
– from 1806 royal – interest in the Donaumoos (Seeburg,
2021, p. 72). From 1817 onwards, plans for the reclamation
of the Donaumoos were drawn up anew. Ditches were dug
again, and some of them were expanded and made naviga-
ble. New colonies were founded, and settlers were recruited.
They were now granted more land of their own, which was
intended to make their living conditions easier through the
enjoying of larger yields (Seeburg, 2021, pp. 76–78). The
poor conditions were also to be countered by the Donaumoos
Association (Donaumoos-Verein), founded in 1829. How-
ever, a storm in 1831 destroyed a large number of settle-
ments and cultivated areas. The flooding of the Donaumoos
caused the harvest to rot (Schmid, 2016, pp. 401–402). In
the 2 decades prior to 1870, the canals and drainage ditches
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were used to carry out targeted irrigation and drainage. It was
not clear which approach was best for the continued agricul-
tural use and settlement of the Donaumoos (Schmid, 2016,
p. 405).

The canal and drainage ditch networks around 1820 and
1870 show that not many hydro-engineering activities were
carried out in the 19th century. In 1870, the length of canals
and drainage ditches reached 438.14 km. The beginning of
the 19th century to 1870 represents a period with low de-
velopment comparatively speaking in the entire 235 years
(Figs. 3c, 4a and 6). From 1788 to 1794 the length of the
canals increased by around 330 km, whereas in the period
from 1794 to 1870 the increase in the length of the canals
and drainage ditches was only around 100 km, with a prob-
able decline in 1804. The indecision about how to deal with
the Donaumoos is probably also reflected in the low develop-
ment of the canal network over this longer period. The estab-
lishment of colonies was accompanied by economic and eco-
logical misjudgements, so Donaumoos colonization could be
considered a failed endeavour until the 1850s (Koch, 2014).

By 1907, the network of canals and drainage ditches
had decreased again, with the total length being 318.61 km
(Fig. 4c). However, further development in the 20th and into
the 21st century resulted in greater increases in the length
of the drainage ditches. In 1900, the Mooskulturstelle, the
state fen culture office, was established in Karlshuld, and
it put in place a cultivation method adapted to the condi-
tions of the Donaumoos that was more successful (Seitz,
1987, p. 154). The improvements and the application of min-
eral fertilizer led to an agricultural boom in the Donaumoos
that saw the canal and drainage ditch network attain a total
length of 689.43 km in 1959 (Fig. 5a). From 1907 to 1959
the greatest increase in drainage ditch length over the en-
tire period occurred (Figs. 6 and 7). As a consequence of
the drainage, there was ongoing peat subsidence, which was
associated with reduced groundwater surface distances and
moistened soils. This meant that deepening of the drainage
ditches had to be carried out continuously even after 1959
(Seeburg, 2021, p. 79).

Rough calculations of peat losses showed that around
1970, a maximum value of up to 3 m of peat was removed
and weathered over an investigated area of 60 km2, meaning
that up to one-third of the total peat body was lost (Hoser,
2012, p. 231). With reference to the Donaumoos Association
(2022), the Donaumoos peat subsidence can be quantified at
least between 2013 and 2022. Accordingly, peat subsidence
of more than 20 cm can be observed in the central part of the
Donaumoos for this observation period, with mean annual
subsidence rates between 1 and 2 cm.

A plan drawn up by the Bavarian State Parliament around
1970 was the first to take both agriculture and nature conser-
vation into account in addressing the Donaumoos. The goals
were a stable groundwater level and direct discharges into the
Danube without a detour via small drainage ditches (Brenner,
1986). Nevertheless, from the measurement of the drainage

ditch lengths on the topographic map from 1984, it is clear
that the ditches must have been expanded. The total length
of the network was 737.02 km as of that year (Fig. 5b). In
addition, more locks were installed in the drainage ditches
(Schmid, 2016, p. 405). It is clear that the overall increase
in drainage ditch lengths only took place via short drainage
ditches because no new long or complex canals and drainage
ditches have been built since the 19th century.

The ecological report on the Donaumoos in 1987 was ac-
companied by recommendations for the restoration of the
Donaumoos for the first time (Pfadenhauer et al., 1991).
For this purpose, the Donaumoos Association (Donaumoos-
Zweckverband) was founded in 1991 and the Donaumoos
development concept was presented in 1999 (Donaumoos
Association, 2000). The development concept dealt with the
harmonization of agricultural use and settlement as well as
flood and nature conservation in the Donaumoos and was
drafted to address the next 30 years. Peat loss and peat sub-
sidence were identified as the main issues for all mentioned
interests. Therefore, the following two scenarios were devel-
oped showing the extremes:

– Scenario 1 forgoes any hydraulic engineering measures
and maintenance works in the Donaumoos and expects
the area to become wet again due to ongoing peat sub-
sidence and a subsequent decrease in the distance to the
groundwater.

– Scenario 2 attempts to keep the groundwater–surface
distance stable, adapting to the peat subsidence through
hydro-engineering measures.

In the development concept, a compromise between both
scenarios was agreed upon as the guiding principle to be im-
plemented. The intention was to divide the Donaumoos into
different functional areas. The settlements and most inten-
sively used arable land would receive flood protection mea-
sures, and the few typical wetland habitats would be rewet-
ted and restored (Donaumoos Association, 2002). In gen-
eral, agricultural land use is too intensive in most of the
Donaumoos to allow reversion to a natural fen. Neverthe-
less, in the southern and western parts of the Donaumoos
there are areas where the peat thickness is still high enough
that restoration could produce a natural landscape. For the re-
maining areas, peat-saving, adapted use on rewetted peatland
is planned, which is intended to prevent further peat subsi-
dence (Donaumoos Association, 2002, p. 11). The measures
to implement this development concept envisage not reduc-
ing the extent of the canals and ditches but rather integrating
them (Donaumoos Association, 2002, p. 23). Since 2021, the
development concept has been under revision as new issues
have arisen. Crucially, there is not enough water for rewet-
ting the entire Donaumoos. In the north, peat is fully de-
graded and, due to peat subsidence, flood risk is now a major
problem. The drainage water is running more slowly in the
direction to the Danube. Furthermore, there is a new fund
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of EUR 200 million from Bavaria for the rewetting of the
Donaumoos, boosted by the growing importance of creating
a major carbon sink (Donaumoos Association, 2022).

The digitized canal lengths from 2023 (Fig. 5c) show few
changes compared to 1984. There is a decrease in drainage of
around 8 km. The drainage ditch and canal network is there-
fore 729.26 km long, which exceeds the latest figure pre-
sented in the literature (Winterholler, 2020: 473 km). This
may be due to the expanded inclusion of the very short and
narrow drainage ditches that can be found on the current
maps. A very few restoration works may exist as well.

5.2 Danube surface water areas and the historical
context

A receiving body of water is necessary to drain the Donau-
moos. From the beginning, water from the Donaumoos was
diverted into the Danube River, which has also seen hydro-
engineering changes in recent centuries (Cyffka and Haas,
2007). During the beginning of the Donaumoos reclamation,
it was reported that five river meanders between Neuburg
a.d. Donau and Ingolstadt were broken through as part of
hydro-engineering measures, which straightened a section of
the Danube and shortened it to a length of 18 km (Schmid,
2016, p. 398). These meander breakthroughs appear on the
map from 1791 (Fig. 2b). In 1804, the Danube had a surface
water area of 7.33 km2 in the floodplain section examined
(Fig. 3a) and was already showing initial features of river
straightening: there were no meanders on the south side of
the main course of the river and the remaining meanders lay
north of the Danube. The surface water area of the Danube
decreased significantly after 1804, being 4.78 km2 in 1808.
The map created that year shows that while the meanders
on the north side of the Danube were not broken through,
they had a narrower course (Fig. 3b). According to Weiss-
brod and Binder (2017), the river was further straightened
after 1825, as a result of which the course of the Danube
between Neuburg a.d. Donau and Ingolstadt was shortened
by 17 %. This aligns with a further decrease in surface water
area in 1819–1823 (Fig. 3c). On the 1870 map, despite the
existence of some meanders, an almost completely straight-
ened river course is evident (Fig. 4a) and the surface water
area had decreased to 4.28 km2.

In 1836, consideration was first given to expanding the up-
per Danube from Ulm to Regensburg into a major shipping
route (Baier, 1987, p. 110). The section between Neuburg and
Ingolstadt was therefore part of this planning. However, the
project was not pushed forward because the implementation
encountered various problems. The gradient of the Danube
would have led to a large number of dams, and with the con-
struction of the railway line from Ulm to Regensburg, the
need for a waterway for larger ships was no longer absolute
(Baier, 1987, p. 110).

Between 1870 and 1897 the Danube was completely
straightened (Fischer et al., 2013, p. 2). As a result, the river’s

surface water area decreased drastically to 2.18 km2. There
were no longer any meanders, and the Danube only ran as
a narrow river (Fig. 4b). With the straightening, the Danube
was hydraulically separated from the original floodplain and
finally technically blocked by dikes built between 1914 and
1926 (Weissbrod and Binder, 2017, p. 102). Due to the dikes
and the subsequent incision of the Danube River, the regu-
lar floods (lower than 10-year flood event) could no longer
reach the separated floodplain, the ecosystem of which has
been severely impaired since then (Weissbrod and Binder,
2017, p. 102).

Around 1897, some small remnants of meanders could still
be seen downstream of Ingolstadt, but these had completely
disappeared by 1955. As a result, the Danube surface water
area fell again to 1.66 km2 by 1955, reaching its lowest value
in the period under study (Fig. 5a).

In 1970, two barrages were built near Bergheim and in
front of Ingolstadt (Fischer et al., 2013, p. 2). The impound-
ment of the Danube led to a wider course of the river. As
of 2023 the surface water area of the river stood at 2.24 km2

(Fig. 5c). The Danube therefore has a greater surface water
area today than when it was straightened in 1897.

At the end of the 20th century, efforts towards ecological
upgrading also emerged in the Danube floodplain. In 1990,
strategies to restore the degraded Danube floodplain were
considered, and they were implemented in 2010. However,
the aim of this project was not to revitalize the main river
course but rather to restore the Danube floodplain (Stam-
mel et al., 2012). A floodplain stream running parallel to the
Danube and fed with Danube water was built, which con-
nected the oxbow lakes of the former Danube and gave the
floodplain back flooding areas (Stammel et al., 2012). The
straightened Danube remained unaffected.

6 Discussion

6.1 Simultaneous developments in the Danube
hydro-engineering and Donaumoos reclamation

The simultaneous developments – the decline in the Danube
surface water area on the one hand and the increase in
drainage ditches in the Donaumoos on the other – can be
seen in Fig. 6. The close temporal coupling of the construc-
tion works can also be justified by the fact that the drain-
ing of the Donaumoos necessitated hydro-engineering ac-
tivities in the Danube floodplain because the Danube River
was where the water from the Donaumoos was to go. The
earliest hydro-engineering activity in the Danube floodplain
represents the prolongation of the Donaumoos main canal
into the Sandrach, a former southern branch of the Danube
River (Fig. 2a). The straightening of the Danube River was
mainly justified as improving flood protection (Cyffka and
Haas, 2007, p. 1) and fitted in well with the goal at the time of
draining the Donaumoos in order to enable land reclamation.
River straightening, which coincided with land reclamation,
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has been attested for other fens, such as the large Bourtanger
Moor in Emsland (Haverkamp, 2011, p. 272) or the Great
Ouse River basin in the East Anglian fens (Mostert, 2018;
Pinder et al., 1997).

6.2 Socio-ecological path dependencies from a
235-year-long perspective

Looking at the history of the draining of the Donaumoos fen
over the last 235 years, there is no evidence that the land
reclamation process has gone smoothly. Problems arose from
the lack of experience in drainage and colonization. In partic-
ular, the nutrient-poor soils and the difficult-to-control soil–
water balance made growing conditions suboptimal (See-
burg, 2021). New improvement measures had to be imple-
mented again and again, which in turn resulted in renewed
peat subsidence (Schmid, 2016). The human interventions
in the Donaumoos, as in multiple large wetland areas like
the large Bourtanger Moor in Emsland (Haverkamp, 2011,
p. 259) or in the Eider–Treene–Sorge lowland in Schleswig-
Holstein (Reinkemeier, 2013, p. 167), led to drained wet-
lands. In addition, the floodplains of the receiving rivers have
often lost their natural state. In these regions, cost-intensive
and complex dismantling of embankments and restoration
measures have been planned over the last few decades in
order to promote land use that is more geared towards sus-
tainability, climate neutrality and an increase in biodiversity
(Donaumoos Association, 2002; Haverkamp, 2011, p. 276).
In the Donaumoos, farmers often show resistance due to in-
dividual economic constraints. There is EUR 200 million in
funding allocated to rewetting the fen and changing the cur-
rent land use (Donaumoos Association, 2022), but the farm-
ers are typically not in favour. These are the results of the
former complex interactions between actors and their en-
vironment (Schmid, 2016; Seeburg, 2021) that have led to
fundamental socio-ecological path dependencies that to this
day have prevented the sustainable development or success-
ful restoration of the Donaumoos.

6.3 Great transitions in the process of land reclamation

The socio-natural transition from the natural, intact Donau-
moos fen to a palustrine anthroposphere did not occur contin-
uously but was associated with great transitions. The first one
was at the end of the 18th century, and the second was in the
first half of the 20th century. In both, the canal and drainage
ditch length in the Donaumoos increased noticeably (Fig. 6).
These great transitions were characterized by centrally con-
trolled planning and decision-making structures.

In the first great transition, a cultural commission was es-
tablished by Elector Karl Theodor in 1787, with the power-
specific unification of the Palatinate-Neuburg and the Elec-
toral Bavarian areas being an important precondition (See-
burg, 2021). Initially, the most important construction mea-
sure for the drainage was the centrally planned construction

of the so-called main canal (Hauptkanal) (Fig. 2c). However,
there was also a large amount of drainage work, which at
the implementation level probably took place more locally.
What is striking is the high density of quite randomly aligned
smaller drainage ditches in the immediate vicinity of the old
settlements on the western and southern edges of the Donau-
moos (Fig. 2c). The written sources contain much discussion
about the construction works in the area of these settlements.
Many polemic papers and complaints from long-time resi-
dents in these areas who wanted to prevent reclamation are
extant (von Aretin, 1795, 1796; Groening, 2001; Drossbach,
2014). In addition to the numerous complaints, what is also
known is that the cultural commission promised to hand over
land as free property if the people concerned returned the
previously loanable land to the cultural commission, which
indeed happened most of the time (von Aretin, 1795; von
Pechmann, 1832). There may have been additional bene-
fits if local people also took part in the reclamation them-
selves, which could explain the rapid and great progress on
the southern and western edges of the Donaumoos at that
time. To this day, the bases for the people who work in the
southern Donaumoos agricultural areas are often the villages
outside the Donaumoos that existed prior to the beginning
of the reclamation effort. The administrative boundaries of
the communities extend into the southern Donaumoos, and
the owners of the areas still largely reside in these villages,
which therefore must have provided considerable resources
during the first phase of Donaumoos reclamation.

The first great transition, which led to a canal length of
330 km by 1794, was followed by a period in the 19th century
characterized by setbacks, misjudgement and crises (Koch,
2014). However, with the establishment of the Mooskul-
turstelle, a second great transition developed in the middle
of the 20th century that was accompanied by an agricultural
boom (Seitz, 1987) and is evidenced by an enlarged canal
and ditch network with a total length of 689.43 km in 1959
(Fig. 6).

At a decadal to multi-decadal scale, it is noteworthy that
the hydro-engineering activities to straighten the Danube
River had a similar timeline to that of the Donaumoos canal
and ditch constructions (Fig. 6). This is not the case in the
Lower Havel River Region, where the Havel River hydro-
engineering activities were temporally decoupled over a cen-
tury from the initial land reclamation efforts in the adjacent
peatlands that had begun earlier (Zielhofer et al., 2022).

7 Conclusions

The georeferencing, vectorization and long-term analysis
of old maps provide comparative quantitative data sets for
the Greater Donaumoos Region over a period of around
235 years. The multi-temporal reconstruction of the lengths
of drainage ditches and canals shows that the density of the
drainage ditch network has constantly increased. This pro-
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cess was not continuous, however, but was characterized by
two distinct phases of expansion, one at the end of the 18th
century and the other in the middle of the 20th century. The
comparison of the map data sets with the written sources il-
lustrates these specific phases of great transitions, as well as
multi-decadal phases of neglect and exhaustion. The meth-
ods used to compare the quantitative data from the long-term
old-map reconstruction with various written sources have
proven to comprise an informative approach. In many cases,
the quantitative results of digitization can be compared and
impressively supported by the written sources.

The Donaumoos forms a cultural landscape that has ex-
perienced far-reaching change over the last 235 years. By
draining the fen, the area was intended to be made usable
for livestock farming and agriculture and to serve as a place
for the settlement of colonists. The first drainage works start-
ing around 1790 were completed at the beginning of the 19th
century, and the intervention in the fen was carried out over
a large area. The network of canals and drainage ditches
was continually expanded through the 20th century so that
the Donaumoos completely lost natural zones of ongoing
peat formation. The agricultural use of the Donaumoos was
accompanied by setbacks from the start, as new problems
arose as a result of the drainage. The soils were not fer-
tile, and the onset of peat subsidence repeatedly led to the
groundwater–surface distance being too small. The result-
ing renewed drainage works led to an unsustainable positive
feedback mechanism. Due to the long-term human impacts,
the fen has been so altered that the existing socio-ecological
path dependencies hardly allow any restoration.

In the last 235 years, the Danube River between Neuburg
a.d. Donau and Ingolstadt has also been subject to major
hydro-engineering changes. The straightening of the Danube
River course was accompanied by severe declines in the
Danube surface water area. With the embankments and the
meander breakthroughs, the natural seasonal inundation of
the floodplain was interrupted. Undertaken with the aim of
securing a drainage outlet for the Donaumoos, straighten-
ing the Danube was also an important phase of the hydro-
engineering measures within the context of the Donaumoos
reclamation. The Danube was completely straightened in
1897 and was technically completely blocked in the 20th
century with raised dams and the installation of weirs.

Overall, the historical reconstruction of the Greater
Donaumoos Region towards a palustrine and fluvial anthro-
posphere allows us to understand the current problems result-
ing from socio-ecological path dependencies much better. In
order to design solutions, it is important to first understand
how the transformation of the Donaumoos took place. Espe-
cially in the present-day context of a changing understanding
of natural resources, these past processes of land reclamation
show that these have not been sustainable and solutions only
succeed if they are associated with a benefit for the actors
involved.
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