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Abstract

As climate change threatens heritage sites, modern settlements
and landscapes around the world through flooding and rising
sea levels, closer examination of prehistoric innovations may in-
spire solutions based on practices that have been tested for over
7000 years. Elevated architecture, natural ventilation systems
and minimal hydrological impact provide actionable blueprints
for sustainable building and planning today. By integrating these
time-tested strategies with modern technology, the UNESCO
World Heritage property of Prehistoric Pile Dwellings around the
Alps can contribute to achieving the United Nations Sustainable
Development Goals, transforming ancient techniques into mod-
ern climate adaptation tools.

Policy Recommendations

+ Ratify and implement the 2007 UNESCO Convention in Aus-
tria and Germany to protect underwater cultural heritage from
development and climate change threats.

+ Create specialized archaeology programs by establishing
permanent university and institutional programs focused on
underwater and wetland archaeology to ensure expertise in
conserving waterlogged artifacts.

+ National andinternational agencies should provide funding to
interdisciplinary research teams (archaeologists, architects,
hydrologists, climate scientists) to develop integrated strate-
gies for cultural preservation and climate resilience.
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< Fig. 1 Remains of the wooden stilts of the pile dwelling site of Bevaix, Lake Neuchatel, Switzerland (Source: Béat Arnold, with

photographer’s permission).
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Introduction

A remarkable archaeological example of wa-
ter management in the history of mankind has
survived, thanks to the water itself. The re-
mains of hundreds of prehistoric villages now
submerged in lakes, bogs and rivers around
the Alps serve as a testament to human inge-
nuity, technological progress and resilience, as
well as adaptation to past environmental crises
(fig. 1). Dating from 5000 to 500 BCE, these ru-
ins provide unparalleled insights into the lives
of prehistoriccommunities, because in compar-
ison to mineral soil sites, the waterlogged con-
ditions aid the preservation of organic materi-
al — especially the wooden construction piles.
Theyare such outstanding archaeological treas-
ures that a carefully selected collection of 111
sites across six countries (Switzerland, Austria,
France, Germany, Italy and Slovenia) as of 2011

constitutes the transnational and serial World
Heritage property “Prehistoric Pile Dwellings
around the Alps" (UNESCO 2011). A common
feature of these settlements is their deliberate
location near or even within water bodies to
benefit from a stable supply of freshwater and
food (fish), and strategic defensive advantages
while also remaining accessible to residents.
This environmental context has played a crucial
role in their preservation, architectural design
and cultural development. This article explores
the significance of water management in these
prehistoric villages through three key themes:
preservation, transmission and adaptation.

Preservation of Organic Material

Archaeologically, one of the most distinctive
aspects of prehistoric pile dwellings is the ex-

 Fig. 2 Model of an underwater pile dwelling excavation at the Musée archéologique du lac de Paladru, France (Source:

Kuratorium Pfahlbauten/Cyril Dworsky, 2022).
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ceptional preservation of organic materials,
which is a direct result of the waterlogged con-
ditions in which they were buried. The anaerobic
environment created by these conditions inhib-
its the growth of microorganisms that normally
decompose organic matter. This unique pres-
ervation condition has allowed for the survival
of materials rarely found in terrestrial archae-
ological sites (Hafner et al. 2022; Hafner 2024;
fig. 2). The range of preserved materials from
these sites is vast and includes wooden piles,
plantfibers, food remains, textiles and tools. For
example, wooden piles used to support build-
ings — hence the term “pile dwellings" — have
been found in remarkable condition, providing
detailed information about the types of wood
used, woodworking techniques employed and
about the use of trees as a resource in gener-
al. Plant fibers, such as those used in basketry
and cordage, have also been preserved, provid-
ing insight into the daily lives and technological
capabilities of these communities.

Food remains, including seeds, nuts and animal
bones, have been found in abundance, shed-
ding light on the diet and subsistence strate-
gies of the inhabitants (Antolin et al. 2022).
Textiles, rarely conserved in other contexts,
have been found at numerous sites, revealing
information about clothing and textile produc-
tion. Tools made of wood, bone and antler have
also survived the millennia, providing evidence
of the technological sophistication of these
prehistoric communities. This exceptional
preservation of organic materials at these sites
contributes to their Outstanding Universal Val-
ue (OUV), as recognized by UNESCO. The de-
tailed information gleaned from these materials
allows archaeologists to reconstruct the daily
lives, changes in social structure, and techno-
logical advances of prehistoric communities
with a level of detail unparalleled in most other
archaeological contexts. This preservation not

only enhances our understanding of prehistor-
ic life but also provides a unique window into
the environmental conditions and changes that
have occurred over millennia (Rey et al. 2025).

Transmission of Culture

Given the historical environmental challeng-
es of non-regulated water bodies with regular
changes of high water and low water and the
mundane nuisance of mosquitos, the bold stra-
tegic decision to build pile dwellings in a wet
environment close to the bank of waterbodies
was not only a practical choice for construc-
tion but also a key factor in the economic and
cultural development of the early settlers' cir-
cumalpine region. The lakes and rivers provid-
ed a reliable source of food and freshwater and
aided the development of early trading routes,
making them ideal locations for prehistoric
settlements. The pile dwellers certainly partici-
pated in the extensive commerce networks that
spanned the Alps and beyond during prehistory,
starting in the fifth millennium BCE and ending
in the first millennium BCE. Waterways allowed
for highly efficient transportation of goods such
as flint, amber and metal ores, which were trad-
ed over considerable distances (Rosenstock et
al. 2016). For example, flint tools and ax-heads
from the Alps have been found in prehistoric
sites as far away as Northern Europe, for exam-
ple in Scotland and Denmark, indicating the ex-
tensive reach of these trade networks (Pétrequin
et al. 2008). Such connectivity played a crucial
role in the exchange of skills, knowledge and
cultural transmission between various commu-
nities, significantly contributing to the techno-
logical and cultural development of prehistoric
pile-dwelling communities (Kowarik et al. 2020;
Archdologisches Landesmuseum Baden-Wiirt-
temberg 2016; fig. 3). The movement of people
and goods along established routes enabled
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\ Fig. 3 Reconstructed model of a Bronze Age dugout from Carinthia/bog of Sattnitz (Source: Kuratorium Pfahlbauten, Mi-

chael Tavernaro, 2014).

the sharing of technological innovations, such
as new tool-making techniques, early metallur-
gy and agricultural practices. It also potentially
allowed for the rapid spread of burial customs,
artistic styles and religious beliefs. While there
is no uniform “pile dwelling culture,” this trans-
mission certainly contributed to similar ele-
ments of cultural expression among prehistor-
ic pile-dwelling communities across the Alpine
region, reflected in similarities in material cul-
ture and technologies found at different sites
(Affolter et al. 2023; Bahss and Bleicher 2023).

Adaptation to the Environment

The use of stilts in construction is a major defin-
ing characteristic of prehistoric pile dwellings,
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although this technique is also quite common
in other archaeological contexts and is not the
decisive argument for its OUV. Nonetheless, this
architectural approach allowed the inhabitants
to build their homes at levels high enough to
stay dry, providing protection from floods and
pests (Swierczynski 2017). In addition, building
on the sparsely vegetated shores of the lakes
meant that laboriously cleared areas inland
could be used as potential farmland.

Wood as a building material is not only easy to
work with, but was then, and is now, a renewa-
ble and easily accessible raw material. The use
of wooden piles driven into the lake or riverbed
provided a stable foundation for the structures,
which were typically made of additional wood
and other organic materials (fig. 4).
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A Fig. 4 Construction details of a reconstructed pile dwelling grid foundation at the Parco Archeo Natura a Fiavé, Italy (Source:

Kuratorium Pfahlbauten, Cyril Dworsky, 2025).

Among the many pile dwelling structures
that existed from the Neolithic to the early
Iron Age, there were a variety of construction
types. Houses were built with flat floors near
shorelines, and even log constructions have
been found. The landscape as well as region-
al building traditions influenced the architec-
ture of these buildings (Bleicher 2018, fig. 5).
Nevertheless, the architectural adaptation of
elevated houses allowed both prehistoric and
modern communities to thrive in challenging
environments with changing water bodies,
demonstrating the enduring relevance of this
building technique.

The architectural features of wooden stilts as
foundations certainly invite comparisons to
modern settlements built in similar environ-

ments. One of the most well-known examples
may be the city of Venice in Italy. Although
the use of piles in Venice is more connected
to the stabilization of the building ground by
compression of the subsoil and reaching more
stable and sound strata, the technique made
it possible to build in unfavorable wet condi-
tions, which are geographically important. As
a result of millions of wooden piles driven into
the soft, waterlogged soil of the lagoon, Venice
was able to become a conveniently located and
important center of commerce.

The comparison highlights the contemporary
relevance of the architectural strategies em-
ployed by prehistoric pile dwellers in terms of
dealing with difficult settlement areas. This is
particularly becoming important in the context
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A Fig. 5 Interpretative life-size models of Neolithic houses in the Pfahlbaumuseum Unteruhldingen at Lake Constance in
Germany (Source: Kuratorium Pfahlbauten, Cyril Dworsky, 2015).

of climate change, when rising sea levels and
increased weather extremes pose significant
challenges to modern communities and a de-
cline in settlement space. Along with storms,
floods are the most common and devastating
natural disasters worldwide. The resilience of
the prehistoric settlers and how they survived
the periodic flooding of their villages is docu-
mented in layers of lake sediment (Swierczynski
etal. 2017). This can inform and stimulate con-
temporary architectural responses. Although
common practice in many regions and in his-
tory, modern housing development quite often
ignores the danger of climate change. One of
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the key lessons from prehistoric pile dwellings
is in fact the effectiveness of elevated building
designs in mitigating the impact of flooding.
While diverse modern examples of stilt con-
structions exist, architects today are increas-
ingly exploring the use of elevated structures
in flood-prone areas and may draw inspiration
from the pile-dwelling strategy (Eck 2020).

In addition to flood protection, the pile-dwell-
ing strategy offers benefits in terms of heat
management in times of global warming. The
elevated structures allowed air to circulate bet-
ter than structures built directly on soil, helping
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to regulate indoor temperatures. This principle
is being applied in contemporary architecture
using raised foundations and open floor plans,
which enhance natural ventilation and reduce
the need for artificial cooling (Bartolini 2021).
The building strategy for waterlogged or unsta-
ble soils also offers inspiration for addressing
other modern challenges of water manage-
ment. Modern settlement areas frequently face
issues related to soil surface sealing, where
impermeable surfaces prevent water infiltra-
tion, leading to increased runoff and flooding.
Building on stilts is a potential solution that
can make it possible to develop contaminated
sites and expands the amount of land availa-
ble in growing societies. More and more land is
being covered with impermeable materials, like
asphalt and concrete, as well as buildings. This
prevents rainwater from infiltrating the soil,
leading to higher flood risks, reduced ground-
water recharge, and impaired soil function.
Sealed surfaces also intensify the urban heat
effect, reducing biodiversity and fragmenting
natural habitats. Creating minimally invasive
foundations with piles reduces the impact on
natural hydrology.

Conclusion

The UNESCO World Heritage property Prehistor-
ic Pile Dwellings around the Alps offers a unique
window into the lives of prehistoric communi-
ties and their ability to adapt to and manage
natural resources. The exceptional preserva-
tion of organic materials at these sites provides
unparalleled insights into the daily lives, social
structures and technological advancements of
these communities. The lessons learned from
these ancient settlements continue to inform
and inspire modern approaches to water man-
agement, architecture and cultural exchange.
The architectural strategy of building on stilts,

which has historically enabled inhabitants to
thrive in challenging environments, remains
highly relevant today, especially in the context
of climate change.

The lessons learned from these ancient settle-
ments must inform modern policy. Of primary
importance is the implementation of the 2001
UNESCO Convention on the Protection of Un-
derwater Cultural Heritage: The exceptional
preservation of organic materials in water-
logged conditions in the prehistoric pile dwell-
ings proves that underwater archaeological
heritage contains irreplaceable evidence of hu-
man environmental adaptation. To protect this
submerged cultural heritage from development
and climate threats, countries should ratify and
implement the 2001 convention. Austria and
Germany must prioritize ratifying the conven-
tion in the coming years, as the other four the
four other countries that are home to the Pre-
historic Pile Dwellings have already done.

It is also crucial to establish underwater and
wetland archaeology programs: The OUV of
pile dwelling sites requires highly specialized
conservation techniques for waterlogged ma-
terials and underwater excavation. Research
institutions, universities and heritage agencies
should create permanent positions for archae-
ologists and conservators trained in underwa-
ter archaeological methods to ensure continu-
ous knowledge transfer.

Finally, we need transsectoral collaboration
frameworks: The 7,000-year success of the
pile dwellings in flood management, waterway
networks and environmental adaptation under-
lines that such archaeological sites offer mul-
ti-sectoral perspectives and can provide valua-
ble lessons. National and international funding
agencies must support interdisciplinary teams
— including archaeologists, architects, hydrol-
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ogists and climate scientists — to develop in-
tegrated approaches that address both cultural
preservation and climate resilience challenges
within the SDGs.
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