SOC|ETY of
WETLAND
SCIENTISTS

Europe Chapter

19t conference of the European chapter
of the Society of Wetland Scientists

Wetlands across timescales
Book of Abstract

S

SOCIETY-
WETLAND
SCIENTISTS ~ Towarzystwo Ochrony Siedlisk

PrOHCIbeCli'

VER

’ \ J/
hrofimy I S o
t lﬂﬂn =
“c‘»
os,

JUNE 24-26™ 2024, GONIADZ, POLAND



SWS Europe Meeting, 24-26™ June 2024

ORGANIZERS

Scientific committee

Piotr Banaszuk, associate professor,
Biatystok University of Technology, PL

Keith Edwards, associate professor,
University of South Bohemia in Ceské
Budéjovice, CZ

Ewa Jabtonska, associate professor,
University of Warsaw, PL

Wiktor Kotowski, associate professor,
University of Warsaw, PL

Mariusz Lamentowicz, professor, Adam
Mickiewicz University in Poznan, PL

Tomasz Okruszko, professor, Warsaw
University of Life Sciences, PL

Matthew Simpson, President of SWS Europe
Chapter, Director of 35 percent, UK

Magdalena Suchora, associate professor,
Maria Curie-Sktodowska University, Lublin, PL

Jos Verhoeven, professor emeritus,
University of Utrecht, NL

Dominik Zak, professor, Aarhus University,
DK

Organising committee

Wiktor Kotowski, associate professor
at the University of Warsaw, member of the
board at the Wetlands Conservation Centre

Matthew Simpson, President of Europe
Chapter, Society of Wetland Scientists

tukasz Kozub, assistant professor
at the University of Warsaw, member of the
board at the Wetlands Conservation Centre

Mateusz Grygoruk, associate professor
at the Warsaw University of Life Sciences

Andrzej Kamocki, assistant professor
at the Biatystok University of Technology,
member of the board at the Society for the
Protection of Habitats “ProHabitat”

Piotr Banaszuk, professor,
at the Biatystok University of Technology

Magdalena Galus, social engagement
coordinator, Wetlands Conservation Centre

Marlena Tokarska, financial coordinator,
Wetlands Conservation Centre

Patrycja Romaniuk, PhD candidate,
Institute of Philosophy and Sociology
of Polish Academy of Sciences,
National School of Water and Environmental
Engineering, University of Strasbourg

Urszula Biereznoj-Bazille, PhD
peatland rewetting specialist at Wetlands
Conservation Centre, Biebrza National Park

Organised by Society of Wetland Scientists, Europe Chapter & Wetlands Conservation Centre (PL),
University of Warsaw, Biatystok University of Technology, Warsaw University of Life Sciences, Society
for the Protection of Habitats “ProHabitat” & The Biebrza National Park.



SWS Europe Meeting, 24-26™ June 2024

Sunday (23 June)
20:00-21:00 Registration and welcome reception (Hotel)
Monday (24 June)
8:00-9:00 Registration (Hotel)
9:00-10:45 | OPENING PLENARY SESSION: WETLANDS ACROSS TIME SCALES (lecture room A)
(chair Wiktor Kotowski)

09:00 Opening addresses

09:10 Keynote lecture - Jane Madgwick: Wetlands as essential global commons

09:50 Keynote lecture - Mariusz Lamentowicz: Wetlands across time: exploring, understanding,
and predicting their development and functions at local and global scales

10:30 tukasz Kozub: Introduction mid-conference field trips

10:45-11:15 Coffee break
PARALLEL SESSIONS
11:15-13:00 | — LEARNING FROM THE PAST Il - THE RACE AGAINST POLLUTION
- chair Mariusz Lamentowicz - chair Dominik Zak
(lecture room A) (lecture room B)

11:15 Jakub Niebieszczanski: Island, lake and Jan Vymazal: Ecosystem Services of Urban
wetland: a palaeoecological and Wetlands
geoarchaeological reconstruction of Early
Bronze Age and Early Iron Age settlements
in Bruszczewo (Western Poland)

11:30 Karina Apolinarska: The temporal Adam Sochacki: Subsurface flow constructed
variability of the Holocene CaCOs wetlands for the treatment of agricultural
deposition at four alkaline fens in the drainage: over five years of operation
young glacial area of central Europe

11:45 Sambor Czerwinski: How Renske Vroom: Floating ferns for wetland
paleoenvironmental data obtained from restoration? Lessons learnt from four years
peatlands (and lakes) can fill the gap in of Azolla cultivation on former agricultural
archaeological and historical sources soils

12:00 Eliise Kara: Holocene wetness and growing | Niels van Putte: Historical soil compaction
season changes in Linje mire, Poland impairs biogeochemical cycling in restored

tidal marshes through reduced groundwater
dynamics

12:15 Harry Roberts: Exploring the effects of Andrew S. Wolff: Characterizing the
human activity and fire on vegetation, Beneficial Uses of Arcata Marsh Constructed
hydrology and carbon accumulation in Wetland System and Wildlife Sanctuary
Mustjarve, Northwest Estonia

12:30 Magdalena Suchora®: Wetlands of Stefan Lorenz: Simultaneous pesticide
Western Polesie (E Poland) under the dynamics in surface water and subsurface
human impact — palaeolimnological shallow groundwater in depressional
perspective wetlands of north-east Germany

12:45 Mar Albert-Saiz: The importance of water | Luca Marazzi: A Citizen Science and
table depth thresholds in peatlands' Engagement Approach to Tackle Plastic
restoration Pollution in England

13:00-14:00 LUNCH
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Monday (24 June)

PARALLEL SESSIONS

I1l - RESTORATION: TRADE-OFFS
AND LEGACIES OF THE PAST
- chair Christian Fritz
(lecture room A)

IV — FLOW WITH THE WATER:
HYDROLOGY AND MONITORING
- chair llona Biedron
(lecture room B)

14:00 Gerald Jurasinski: Bright spots of peatland | Maria Grodzka-tukaszewska:

rewetting Quantification the Mowing and Draining
Debate using a model of the Biebrza
Wetlands

14:15 Tom Heuts: Rewetting without land-use Floris Keizer: Revisiting the Flood Pulse
change: Have your peat and eat it too Concept — Hydrological processes steering

spatial floodplain zonation

14:30 Sannimari Kdarmelahti: Effects of different | Goedele Verreydt: Updating an Upper
irrigation techniques on Sphagnum growth | Biebrza Valley model based on unique real-
and nutrient dynamics in Sphagnum time measurement of groundwater fluxes
paludiculture

14:45 Wiktor Kotowski: Learning to think like the | Martyna Wietecha: How to assess
landscape. How to avoid trade-offs and peatland drying using remote sensing?
maximize synergies in wetland restoration.

15:00 Michael Manton: Time for a change in Julian Rudzinski: Change in Wetland
peatland forest management: rewetting Management over Time — Karolinéw village
delivers €100 billion more than wood in the Kampinos National Park
production

15:15 Dominik Henrik Zak: Better Slow than Fast: | Nik Ojdani¢: The importance of
another Rewetting Strategy environmental variables on yearly changes

of reed stands — a data mining approach

15:30 Carl Christian Hoffmann: Raising the water | Igor Zelnik: Numerous gradients shape
level by simple ditch blocking did not diverse wetland plant communities on
improve nutrient retention in a fen intermittent Lake Cerknica

15:45 Christian Fritz: Paludiculture — future Marija Chobanova: Wetland area
wetland generation from degraded assessment in North Macedonia
peatlands

16:00-17:00 | Poster session and drinks — chair Piotr Banaszuk (lecture room A)

17:00-18:00 SWS technical meeting Walk to the floodplains
(lecture room B) of Biebrza (optional)

19:00-20:00 Dinner

20:00-22:00 Students get-together (lecture room B)
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Tuesday, 25 June

9:00-17:00 Field trips by bus (parking in front of the hotel)
17:30-20:00 Dinner and aperitif (Restaurant)
20:15-22:20 | SPECIAL PLENARY SESSION: (lecture room A)

FOUR DECADES ON DUTCH-POLISH RESEARCH COLLABORATION IN BIEBRZA WETLANDS
(chair Tomasz Okruszko)

Laudation by Artur Wiatr, director of Biebrza National Park

Keynote lecture - Martin Wassen: Thank you Biebrza!

Panel discussion "Biebrza for science — science for Biebrza" (chaired by Tomasz Okruszko)

22:20-24:00 Banquet at the Biebrza River bank
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Wednesday, 26 June

PARALLEL SESSIONS

V — PEATLAND ECOLOGY
IN A CHANGING WORLD
- chair Rudy van Diggelen
(lecture room A)

VI - INTO THE FUTURE:
PREDICTING AND PLANNING
- chair Magdalena Suchora
(lecture room B)

09:00 Michal Antala: The photosynthetic Robert Mclnnes: Setting the global agenda for
capacity of bog cranberry (Vaccinium wetlands: The past and future of strategic
oxycoccos L.) and sphagnum moss planning for the Convention on Wetlands
(Sphagnum spp.) increases with warmer
late winter and early spring: A climate
manipulation study

09:15 Keith Edwards: Multiple environmental Christopher Craft: Tidal Forest Productivity
factors interact to affect wet grassland CO2 | and Biodiversity: A Southeastern U.S.
and CH4 emissions perspective

09:30 Jan Kucharzyk: Notes on ecological factors | Michat Nowak: Predicted effects of climate
shaping vegetation diversity of mires in change on native and alien fishes in a large
Norwegian Finmark floodplain river (Middle Vistula River, Poland)

09:45 Andrzej Kamocki: Implementation of the Przemystaw Nawrocki: High resolution
Nature Restoration Law more needed than | assessment of the state of river
ever: A case study from the most pristine hydromorphology in Poland: legacy of the
(?) riverine wetlands in Poland. past, challenges for now and for the future

10:00 Nina Trochanowska: Exploring the Impacts | llona Biedron: Restoration of rivers in Poland.
of Tree Encroachment and Mowing on Experiences and challenges.

Fungal Communities in Fens

10:15 Remco Versluijs: How changed river Mathais Scholz: Land requirements for
dynamics affected flow patterns in the floodplain development and restoration in
percolation rich fen of the Rospuda Valley, | Europe
NE-Poland.

10:30 Izabela Jaszczuk: Stability is the key — the Matthew Simpson: Transformative change
peat formation potential of fens increases | for wetlands: learning the lessons from
with decreasing water level fluctuations communities to governments

10:30-11:00 Coffe break

11:00-12:30 | CLOSING PLENARY SESSION: TIME TO RESTORE (lecture room A)
- chair Matthew Simpson

11:00-11:40 | Keynote lecture - Rudy van Diggelen: Time to restore. What can science do to bring power
to the peatlands?

11:40-12:20 | Keynote lecture - Viktar Fenchuk: Wetland restoration in the National park “BielavieZskaja
pusca” —the Belarusian part of the Bialowieza forest. Summary of the two decades of work

12:20-12:30 | Students award announcement

12:20-13:00 | General discussion and closing ceremony

13:00-14:00 Lunch

14:00 Departure by bus to Warsaw
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SOCETY-  Wetlands as essential global commons

WETLAND
SCIENTISTS

Jane Madgwick

Executive Director, Global Commons Alliance

My presentation will introduce the interactions between human use, culture and wetlands
over time and look to the future needs and prospects. Using wetland examples from around the
world, | will illustrate how understanding the dynamics of wetlands over time and space, have
been important to design ongoing conservation and restoration initiatives, mentioning some
dilemmas and gaps to be resolved. | will consider the growing case to bring focus on safeguarding
wetlands as “global commons”, a critical means to bring planetary resilience in the context of the
Anthropocene. | will introduce how Earth system science is developing to drive action for a safe
and just future and invite discussion on how this can be brought to the ground at different scales.

Jane Madgwick

Ecologist and author with 30 years of experience of working internationally on natural resource
management, with a special focus on water and wetlands. She became the first Executive Director of the
Global Commons Alliance in May 2023. Previously Jane worked for Wetlands International, as well as WWF
in Europe and Australia. As CEO of Wetlands International for almost 20 years, she enabled multi-
stakeholder coalitions conserve and restore wetland landscapes for biodiversity, human well-being and
reduced climate risks and to bring the values of wetlands into the global agenda. Jane is committed to
enable urgent action for an environmentally safe and socially just future.
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Wetlands across time:
exploring, understanding, and predicting

SOCIETY- ) .
WETLAND their development and functions
at the local and global scales

Mariusz Lamentowicz

Climate Change Ecology Research Unit, Faculty of Geographical and Geological Sciences,
Adam Mickiewicz University, Poznari, POLAND

EARLY WETLANDS

Wetlands' history on Earth is highly complex and still not sufficiently explored. Their earliest
origins are poorly understood, resulting in a scarcity of reliable geological records accessible for
appropriate interpretation. However, available data allow us to determine the appearance of
wetlands' beginnings and peat-forming conditions. The story starts with stromatolite
(cyanobacteria) mounds, the oldest fossil life on Earth, dating to over 2 billion years. However,
the origin of wetlands was directly related to the appearance and evolution of vascular plants and
mosses and their adaptation to thrive in wet conditions ca 420 Ma (Greb et al., 2006). The oldest
marshes were identified in Middle Devonian (Eifelian) 410 Ma, and the continuous peat appeared
in Late Devonian 370 Ma. The onset of the first peatlands on Earth is a fascinating step into
terrestrial wetland conditions, and it relates to new plant function in the peatland ecosystem as
itbegins the carbon accumulation process on a global scale. The initial peat arrived in the middle-
late Devonian; however, peat accumulation on the full scale began in the late Devonian—
Carboniferous 350-360 Ma. Different wetlands were identified at that time, resembling coastal
marshes or mangroves (Greb et al., 2022).

CARBONIFEROUS

The Carboniferous starting ca 360 Ma was the period of peatlands, where new ecosystems
emerged together, shaping new biodiversity. N America and Europe were covered with peatlands
during the "Coal Age" (Thomas, 2012). Peat-forming wetlands were affecting the climate by
removing CO2 and storing it for the next millions of years. Simultaneously, other wetland types,
such as lakes and rivers, have developed globally. Peat accumulation stopped for millions of
years with the Permian extinction (ca. 250 Ma), with no peatlands/coal known anywhere until the
Middle Triassic (243 Ma) (Retallack et al., 1996; Thomas, 2012). Then, it started again later in the
Mesozoic period when peatlands and other freshwater wetlands were redeveloped. Despite the
global extinction, billions of tons of carbon are stored in the geological strata. Mosses also formed
Carboniferous peatlands, but their fossils are rarely found (Hubers and Kerp, 2012). Phylogenetic
analyses tell that Bryophyta (mosses) diverged from other land plants before the vascular plants
diversified during the mid-to-late-Paleozoic (Shaw and Renzaglia, 2004).

CENOZOIC

Wetlands in the Cenozoic starting 66 Ma became more diverse while vascular plants adapted
to the salty water, and a new taxon/engineer evolved - Sphagnum, diversified in Miocene which
started constructing new acid peatlands just about 14 mya, coinciding with the end of the mid-
Miocene climatic optimum and the appearance of peatland ecosystems in the northern boreal
zone (Shaw et al., 2010). Miocene peatlands provided thick deposits of lignites (Widera, 2021).
Earth wetlands history occurred in the complex geological scene of the moving continents and
evolutionary processes stopped by extinctions. It led to many adaptations and various taxa that
cannot be recognized today. The palaeoecology of wetlands possesses many gaps, one of which
is the underrepresentation of non-peat-forming wetlands in contrast to well-preserved coal
strata. Another problem is the limited information about the past biodiversity, including
functional traits and evolutionary aspects of organisms constructing wetland ecosystems.
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However, it is intriguing how well plants adapted to peat accumulation through growth in
optimally inundated conditions and effective accumulation of thick peat deposits.

QUATERNARY

After over 470 My of evolution, the Quaternary (starting 2,58 Ma) marked the time of the
modern wetland, which existed in pulses of glacial-interglacial cycles. While time, climate,
geology, and astronomic drivers were shaping them in deep time, the Quaternary provided
another evolutionary product that started changing wetlands on a global scale — humans.
Wetlands were destroyed and then regenerated by ice sheet expansions. In the Quaternary
Sphagnum peatlands started to dominate in the N hemisphere peatlands. Then, 12,000 years
ago, when humans started to change landscapes, wetland functions began to be modified due to
deforestation and the neolithic agrarian revolution (Ellis, 2021; Ellis et al., 2021). The Holocene
wetlands have been crossing tipping points related to global warming, drainage and exploitation
(Fluet-Chouinard et al., 2023; Treat et al., 2024}. For example, high-resolution multi-proxy studies
showed that in Europe, the most intensive changes in wetland ecosystems started in Medieval
times (ca 700 yrs BP) and were initially related to deforestations that accelerated lake
terrestrialization and lake-to-peatland transitions (Karpinska-Kotaczek et al., 2022).
Subsequently, modern forestry ca 200 years BP affected wetlands again (Bak et al., 2024).
Combining palaeoecology with experiments and monitoring provides a complete picture of
changes connected with hydrological change (Jassey et al., 2018 03; Lamentowicz et al., 2019).
Much stronger cooperation between scientists to better protect wetland ecosystems is now
needed. In the recent two decades, scientists better understood GHG fluxes vs hydrological
conditions using chamber and EC approaches {Evans et al., 2021, #180210}. However, we need
a deeper understanding of palaeoecology and long-term processes reaching wetlands’ origin on
Earth to predict their future during the progressing ecological crisis.
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Mariusz Lamentowicz

Mariusz and his team at the Climate Change Ecology Research Unit (Adam Mickiewicz University, Poznan,
Poland) use palaeoecological and experimental approaches to understand the impact of current and past
climate changes and anthropogenic disturbances on peatlands. He conducted the research on the data
from peatlands in, e.g., Siberia, Mongolia, Central America, Amazon, Switzerland, Falkland Islands, the
Czech Republic, Lithuania, Latvia and Estonia. Furthermore, Prof. Lamentowicz is an expert in
palaeoecology and the ecology of testate amoebae (Protista). He cooperates with specialists studying the
morphology and taxonomy of these organisms. His long-term aim is the implementation of interdisciplinary
research on the impact of climate change on peatlands through the integration of monitoring, experiments,
and paleoecology. Recently, Prof. Lamentowicz has worked on questions related to peatland restoration
and scientific communication with stakeholders. Furthermore, he is involved in climate education,
scientific communication and communication with non-scientific audiences through podcasts, movies,
lectures and seminars.

11



SWS Europe Meeting, 24-26™ June 2024
PLENARY TALKS

Thank you Biebrza!

SOQCIETY:- Martin Wassen

WETLAND
SCIENTISTS Copernicus Institute of Sustainable Development, Utrecht University,

Utrecht, the Netherlands

Thank you Biebrza !

What started almost 40 years ago, when | visited Biebrza for the first time in 1985 has enriched
my life in many ways. The landscape, the ecosystems, the hydrology, the people, the friends and
allthe adventures | experienced during these almost 4 decades. Doing field work together, gaining
insight into how this extraordinary ecosystem works, experiencing the darkness at night, the
quietness, the wildlife, the cultural heritage, how people can live in harmony with nature, the
history with its bright but also dark sides, the happiness we shared at a bonfire or being on my
own for a day in the marshes. All this | cherish with gratitude. | have, not only as scientist, but also
as a person benefitted enormously from Biebrza.

Today in my presentation | will take you on a tour. | will travel through time over the past
40 years of Polish — Dutch cooperation. On the way | will highlight projects in which various
consortia of researchers have worked together in unravelling the secrets of Biebrza leading to a
deeper insight into the processes and the functioning of the system and how these have
contributed to protection and management. On behalf of all Dutchmen that worked in Biebrza |
would like to express our sincere gratitude.

Thank you Biebrza !

Martin Wassen

Professor of Environmental Sciences who studies terrestrial and wetland ecosystems and their functioning
in a changing world (land use change, water management, global change). His key expertise is in eco-
hydrology, landscape ecology, biogeochemical cycles, biodiversity and nature conservation. He has given
> 200 presentations, convened a number of top class symposia and conferences and has published > 180
peer reviewed articles in refereed journals. He was head of the research group Environmental Sciences
(2000-2023) and was head of the Copernicus Institute of Sustainable Development (2007-2016) at the
Faculty of Geosciences, Utrecht University. He acts as a member of external review commissions (Dutch
National Research Council (NWO), EU, external academic research assessments) and he is a regular
reviewer of manuscripts for high impact journals. He is member of the Editorial Board of the Journal of
Water and land Development. He was awarded with a honorary medal by the Institute for Land Reclamation
and Grassland Farming, IMUZ, Poland (2005) and in 2007 and 2024 he received a honorary award of Warsaw
University of Life Sciences, SGGW, Poland. He is active in several advisory commissions and committees
on nature protection, nature restoration, biodiversity and land use in the Netherlands. He is chairing the
European Bison Re-introduction Project, National Park Zuid Kennemerland and is member of the Advisory
Committee National Parks for the minister of Agriculture, Nature and Food supply (NL) and is a member of
the Dutch Ecological Authority. He was vice-president of the board of Vereniging Natuurmonumenten
(2007-2015), an influential NGO for nature protection in the Netherlands with c. 900.000 members.
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Time to restore. What can science do
to bring power to the peatlands?

SOCIETY-

g\é%\[fﬁls\% Rudy van Diggelen

Europe Chapter

Department of Biology, University of Antwerp, Belgium

Peatlands have declined worldwide, especially in Europe, particularly in Western Europe,
where many have simply vanished. Almost all remaining peatlands are so severely degraded that
they have become environmental problem areas. To reach a sustainable future peatland
restoration is therefore essential. The European Commission has recognized this and included
peatland restoration as a priority target in an ongoing legislation attempt to reverse further nature
degradation in Europe. This proposed Nature Restoration Law formulates binding targets for
nature restoration throughout the EU and has the final goal that all European ecosystems are in
need of restoration by 2050. Note that the proposal does not say that the restoration has finished
by 2050 but instead that it is in progress by then. The Commission sees restoration as a process,
not necessarily an endpoint.

Despite this, according to some relatively modest target, the NRL proposal has led to much
agitation in interest groups. The agricultural lobby has campaigned massively against the
proposal. That lobby was rather successful. At the moment of writing (spring 2024), even a
significantly watered-down version of the original proposal has still not been accepted by the
member states.

In my contribution, | will describe how the process has developed and analyze the role of
scientists therein. | will assess the positions of the different interest groups and discuss
opportunities to cooperate with crucial stakeholders in order to bring back the power to the
peatlands. | will discuss possible restoration pathways outside the NRL and identify areas where
scientists can play an important role.

Rudy van Diggelen

Professor Emeritus at the University of Antwerp, specializes in Restoration Ecology, particularly in
wetlands. With extensive experience spanning academia and practical conservation, he focuses on
biodiversity conservation and nature restoration, emphasizing water-soil-nutrient-vegetation
relationships. Dr. van Diggelen holds influential roles, including chairing the European chapter of the
Society for Ecological Restoration and leading the review commission on Restoration strategies Nitrogen
for the Dutch Ministry of Agriculture. He advises on peatland and wetland management globally, shaping
environmental policies. As a prolific author, his work bridges scientific research with practical applications,
contributing significantly to ecosystem conservation and restoration.
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Wetland restoration in the National park
“Bielaviezskaja pus¢a” - the Belarusian part

SOCIETY- . .
WETLAND of the Bialowieza forest.
Summary of the two decades of work

Viktar Fenchuk

Frankfurt Zoological Society, Frankfurt, Germany

National park “Bielaviezskaja pus¢a” covers an area of over 150 thousand hectares of which
82,5 thousand hectares constitute the Belarusian part of the cross-border belarus-polish
UNESCO World Heritage Site Bialowieza forest.

Forests of Bielaviezskaja/Bialowieza were developing in the conditions of stable hydrological
regime and high waterlogging with up to 30% of the area covered in wetlands and mires. Drainage
and land improvement activities started on the territory of Bielaviezskaja/Bialowieza in the 19"
century, continued in 1920-1930’s and peaked during soviet times in 1950-1960’s. As the result,
over 50% of mires were drained, the majority of rivers canalized and an extensive system of
drainage canals created. Such large scale drainage caused a general drop in the ground water
level on the larger part of Bielaviezskaja pusca by 0,5-1,5 meters leading to cascade effects in
forest ecosystems (Grummo et al., 2021).

First wetland restoration activities on the territory of the National park were conducted at
Dzikaje mire in 2006 under coordination of APB-BirdLife Belarus as part of implementation of the
site management plans for three key breeding sites for the globally threatened Aquatic warbler
Acrocephalus paludicola developed in 1998. Following this work, the need for wetland
restoration appeared in the Park’s Management plan in 2008 (Management plan..., 2008).

The first complex inventory of potential wetland restoration sites was implemented in 2010.
The inventory focused on melioration systems — drained mires and screened the state of 14 sites,
of which 10 sites were identified as requiring restoration (Kozulin et al., 2010). In 2012-2013 the
second inventory focused on small and seasonal watercourses in the central part of
Bielaviezskaja puSCa and reviewed the state of 30 linear objects (channels, streams, rives), of
which of which only 8 were of natural origin. Subsequent and prioritization selected 8 objects
grouped in 3 sites (Arnolbik et al., 2013) for priority restoration.

In December 2013 a Memorandum of Understanding outlining key priorities for joint work was
concluded between the National park “Bielaviezskaja pus¢a”, APB-BirdLife Belarus and Frankfurt
zoological society. This cooperation gave an impetus to wetland restoration activities. Basing on
the results of the inventories, planning of restoration works started in 2014 and by 2023 the
restoration works were implemented on 10 sites with the total area of 3 664 hectares. The
smallest restoration site was 36 ha (canal in the upper course of Salomienka river) and the largest

—1 238 ha (Zarkaus¢&yna forest drainage network) (Tab. 1., Fig. 1).

The third stage of screening was implemented in 2021 (Grummo et al., 2021) focusing on
pealtands and with the account of restoration works implemented in 2014-2021. Preliminary list
of restoration sites included 34 territories, located in different functional zones of the National
park. Further field work narrowed down this list to 19 sites with the area of 29 139 hectares,
ranging from 57,8 ha (Panasiuki) to 13’610 ha (Arlova mire). This list constituted the workplan for
peatland restoration in Bielaviezskaja puSc¢a until 2030.
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Table 1. Wetland restoration sites in the National park “Bielaviezskaja pus¢a”

Year of
# Site name completi(?n of Area Site type
restoration [ha]
works
1 Dzikaje mire 2006 n/a* Natural fen mire
2 Baruscycy 2016 37 Drained fen mire
3 Plianta 2016 91 Drained fen/meadow
4 Upper Salomienka river 2016 36 Forest drainage channel
5 Dziki Nikar 2017 1164 Drained fen mire
6 Papialiova 2018 300 Drained fen mire
7 Dzikaje - Kliepacy 2019 330 Drained fen mire
8 Salomienka river 2019 138 Canalized river
9 Zarkaus$cCyna drainage network 2021 1238 Forest d;a;:vsgcrekchannel
10 Zubryca 2023 92 Drained fen mire
11 Halieva balota 2023 239 Drained fen mire
Total 3664

* Impact area estimation is not available

Fig. 1. Wetland restoration sites in the National park “Bielaviezskaja pus¢a” entre figures.

Numbers correspond to those in Table 1.
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The decade of restoration works showed that the cycle from the concept to completion of
construction is taking over two years and the average pace of restoration of one site per year.
Hence, the needs for restoration are much larger than the capacity to implement them, and the
existing restoration plan constitutes an ambitious programme.

Current border wall construction on Belarus/Polish border will likely create additional
problems with hydrological regime and will require even more resources to mitigate them on the
both sides of the border.
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A wetland conservationists and wildlife biologist from Belarus. He is a former director of APB-BirdLife
Belarus, the country’s largest environmental NGO and the leader of the international wilderness
conservation programme for APB and the Frankfurt Zoological Society. Viktar was one of the initiators and
leaders of several large-scale peatland restoration projects and programmes in Belarus. He was active in
establishing effective cooperation between different partners working in wetland conservation and
restoration in Belarus and abroad, due to which about every second hectare of restored peatlands in
Belarus was restored by or with input from APB. As part of APB and governmental cooperation, he was many
times part of Belarus national delegations to UNFCCC and Ramsar Convention meetings and organizer of
parallel events promoting peatland restoration and sharing Belarus’ experience in rewetting, GHG balance
assessment and biodiversity monitoring. Following the 2020 presidential elections in Belarus, Viktar was
arrested and sentenced to 2.5 years of imprisonment for participating in peaceful protests. He currently
continues to work for the benefit of wetlands in Poland.
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INTRODUCTION

The connection between the Bronze and Early Iron Ages people and the former wetlands in
Central Europe has been a subject of study for decades but seen mostly in the scope of
conventional archaeological research. However, in recent years, a growing number of multiproxy
studies of environmental archaeology brought to light new perspectives on reconstructing the
impact of prehistoric people on wetlands, also in the light of high-resolution chronological
schemes (i.e. Ghilardi et al. 2008; Doyen et al. 2016; Gatka et al. 2022). In this study, we look at
the environmentalreconstruction of a wetland associated with a particular site in Western Poland
— Bruszczewo.

The Early Bronze Age settlement in Bruszczewo belongs to the most known sites in terms of
the earliest fortifications in Central-Eastern Europe (Czebreszuk et al., 2004). It was inhabited
between app. 4200 and 3400 BP by the people of the Unetice culture — one of the first proto-
civilizations in this part of Europe (Czebreszuk et al., 2015). In the same place, after afew hundred
years, people of Lusatian Urnfields culture (Fig. 1) established their ritual centre and cremation
cemetery that thrived during the Late Bronze and Early Iron Ages (app. 2900 — 2400 BP) (Ignaczak
2015).

The archaeological site is located on a small hummock extending eastwards from the slope
towards a peatland of the Samica River valley (Fig. 1). The earlier studies of the site provided the
first evidence for the existence of a lake surrounding the peninsular in prehistory, however, based
only on a single core and low-resolution radiocarbon dating of events (Haas et al., 2010).

In this study, we have combined the GIS, geophysical, palaeoecological and geological data
approach to investigate the changing ecological conditions and reveal its meaning and
connection to well-recognized settlement processes in Bruszczewo.

METHODS

Our research consisted in the first place of LIDAR scanning to obtain insight into the extent of
the former wetland. A 1x1m ALS grids were analyzed in terms of wetness index, relative elevation
and slope analysis. Next, the magnetometry (Bartington Grad 601) and georadar (Leica DS200)
prospection took place across the former basin to obtain information about the depth of organic
deposits. Also, a geophysical survey was taken in the area of a small hummock in the middle of
the basin (Fig. 1) to verify the hypothesis of the existence of a probable island.

Afterwards, a series of cores were taken, using mechanical vibra-coring and conventional
instorf corer. A total number of 5 profiles was obtained to reconstruct the stratigraphy and to
provide the material for palaeoecological reconstruction (Fig. 1).
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For this purpose, the core IT_1 was chosen being the closest to the EBA and EIA settlement. 17
AMS radiocarbon dates were used to provide a high-resolution age-depth model spanning the
sequence between the EBA and Medieval times. The sediments within the core were subjected to
palynological (including NPPs), sedimentological and geochemical analyses, and diatom
identification. The remaining cores were subjected to macroscopic description and radiocarbon
dating within the borders between different lithological units.

We have also used the results of former archaeological excavations on the settlement, as well
as the effects of archaeological surface survey around the Samica Valley to correlate our study
with the existing knowledge on the prehistory of the area.
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Fig. 1. The reconstruction of Bruszczewo palaeolake and fen based on coring data

RESULTS AND DISCUSSION

The stratigraphy of the basin, according to coring and AMS dating, represents the evolution of
a postglacial lake, which has gradually started diminishing around 2900 BP and turn into a fen
around the threshold of the eras, and lasted until the Medieval period. The lake’s cross-section
shows a great depth (up to 9.5 m of gyttja and peat deposition in the central part) with a high
inclination of its slopes, which might have supported the defensive traits of the fortified
settlement at its western part. Despite the gradual terrestrialization of the lake, around 3800 BP,
it underwent transgression, as documented in the eastern part of the basin by the occurrence of
sandy layers overlayed with gyttja. This event corresponds directly with the archaeologically
documented erection of a wooden fascine structure by the EBA people at the same time. Its
location in the shoreline area of the fortified settlement indicates the necessity for reinforcing the
land from wave erosion and water entering the inhabited area.

Both events — long-lasting terrestrialization and short-term transgression, do not fit into any
recognized climatic events that might have provoked these changes. Therefore, our focus is put
on the anthropogenic factors such as erosion or deforestation happening at the time of the EBA
and EIA (Niebieszczanski et al., 2023).

The palaeoecological reconstruction based on IT_1 coring provided crucial information about
the main events of anthropopressure in the area. We have identified at least 4 periods (EBA, LBA,
EIA and Early Medieval) of intensified human occupation, separated by decreased settlement
activity markers in the proxies.
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As far as the bottom of the valley is overgrown by grasses and meadows, there is no possibility
of conducting the conventional surface survey there. However, the geophysical survey in the area
of the suspected island revealed the existence of anomalies resembling archaeological features
in the middle of the wetland. A series of drillings on a small hummock resulted in discovering dry
episodes on the suspected island during the EBA and EIA. Within the drilled sediments, we have
also encountered numerous pottery fragments as well as animal bones app. 1.2 m b.g.l
(Niebieszczanski et al., 2022).

CONCLUSIONS

Our research has shown the great potential of wetland environments for supporting the
archaeological knowledge about past societies and their relation with the surrounding
waterscapes. The reconstructed scheme of changes within the basin point corresponds directly
to the major events in the human occupation history of the area (emergence of fortified
settlement, its demise, fascine construction, occupation of the island, etc.). Each settlement
phase faced different ecological conditions and events (lake, transgression, terrestrialization,
fen) giving the inhabitants different opportunities but also new challenges. The investigation in
Bruszczewo also emphasize the need for special attention to wetlands in terms of archaeological
prospection, as until now the conventional surface surveys omitted these areas due to the lack
of a proper, geoarchaeological approach.

ACKNOWLEDGEMENTS
The study was funded by the National Science Centre, Poland, grant no.
2019/33/B/HS3/00193.

REFERENCES
Czebreszuk, J., Muller, J. 2004. Bruszczewo |. Ausgrabungen und Forschungen in einer
prahistorischen Siedlungskammer GroBpolens. SAO 2, Rahden/Westf.

Czebreszuk, J., Mduller, J., Jaeger, M., Kneisel. J. 2015. Absolute Chronology of Settlement. In:
Czebreszuk J., Muller J., Jaeger M., Kneisel J. (eds), Bruszczewo IV — Natural Resources and
Economic Activities of the Bronze Age People. SAO, 14, Wyd. Nauk UAM, Bonn: Poznan/Dr R.
Habelt GmbH: 39-52.

Doyen, E., Begeot, C., Simmoneau, A., Millet, L., Chapron, E., Arnaud, F., Vanniere, B. 2016. Land
use Development and Environmental Responses Since the Neolithic Around Lake Paladru in
the French Pre- Alps. Journal of Archaeological Science: Reports 7: 48— 59.

Gatka, M., Kotaczek, P., Sim, T., Knorr, K., Niedzielski, P., Lewandowska, A., Szczurek, G. 2022.
Palaeoenvironmental Conditions and Human Activity in the Vicinity of the Grodzisko Fortified
Settlement (Central Europe, Poland) from the Late-Neolithic to the Roman Period.
Geoarchaeology: An International Journal 2021: 1-15.

Ghilardi, M., Psomiadis, D., Cordier, S., Delanghe-Sabatier, D., Demory, S., Hamidi, F., Paraschou,
T., Dotsika, E., Fouache, E. 2012. The Impact of Rapid Early- to mid-Holocene
Palaeoenvironmental Changes on Neolithic Settlement at Nea Nikomideia, Thessaloniki Plain,
Greece. Quaternary International 266: 47-61.

Haas, J., Wahlmduller, N. 2010. Floren-, Vegetationsund Milieuveranderungen im Zuge der
bronzezeitlichen Besiedlung von Bruszczewo (Polen) und der landwirtschaftlichen

Nutzung der umliegenden Gebiete, In: Mller, J., Czebreszuk, J., Kneisel, J., (eds), Bruszczewo II.
Ausgrabungen und Forschungen in einer préhistorischen Siedlungskammer Grosspolens.
SAO, 6.1., Dr R. Habelt GmbH, Bonn: 50-81.

20



SWS Europe Meeting, 24-26™ June 2024

SESSION | - LEARNING FROM THE PAST

Ignaczak, M. 2015. Lusatian Urnfields Pottery Assemblages from the Site Centre. In: Mlller, J.,
Czebreszuk, J. (eds), Bruszczewo Ill The Settlement and Fortification in the Mineral Zone of the
Site. SAO, 13, Poznan — Bonn: Wyd. Nauk. UAM, Dr. R. Habelt GmbH: 299-352.

Niebieszczanski, J., Bahyrycz, C., Zurkiewicz, D., Szambelan, W. 2022. In Search for an Island -
Non-Invasive, Geoarchaeological Investigations in Bruszczewo Microregion (Central-Western
Poland). Journal of Archaeological Science: Reports 45: 103584.

Niebieszczanski, J., Kotaczek, P., Karpifnska-Kotaczek, M., Hildebrandt-Radke, |., Gatka, M.,
Kneisel J. 2023: Consequences of Lake Expansion and Disappearance for the Complex of
Bronze and Iron Age Settlements at Bruszczewo (Western Poland, Central Europe),
Environmental Archaeology, 1-19. https://doi.org/10.1080/14614103.2023.2167641

21


https://doi.org/10.1080/14614103.2023.2167641

SWS Europe Meeting, 24-26™ June 2024

SESSION | - LEARNING FROM THE PAST

The temporal variability of the Holocene

%%%TNYD CaCO: deposition at four alkaline fens

SCIENTISTS . .
in the young glacial area of central Europe

Karina Apolinarska?, Krzysztof Pleskot?, Rafat Kietczewski?,
Magdalena Marzec®, Liene Aunina®, Michat Kabacinski?®
Matgorzata Szczepaniak?, Mariusz Gatka®

2Institute of Geology, Adam Mickiewicz University, Poznan, Poland
bSuwalski Landscape Park, Jeleniewo, Poland
Institute of Biology, University of Latvia, Riga, Latvia
dDepartment of Biogeography, Paleoecology and Nature Conservation,
University of Lodz, Lodz, Poland

INTRODUCTION

Calcium carbonate depositing alkaline fens, are a specific type of wetland, the functioning of
which depends on the supply of Ca®* enriched groundwater at ambient temperature. Precipitation
of CaCOs; (tufa), results from loss of CO, due to biotic and abiotic processes as the groundwater
emerges at the fen surface. Peat and tufa intercalations are characteristic deposits of alkaline
fens. Studies of the recent alkaline fen condition and recognition of the palaeoecological history
of those ecosystems are important for at least because of two reasons. Firstly, the alkaline
substrate (as assured by CaCOj; precipitation), makes alkaline fens a habitat for many rare and
protected species of plants and animals. Since the number of alkaline fens is declining this
ecosystem is protected by the European Union law. Investigation of the palaeoevnironment of the
alkaline fens reveals their past development pattern, which is crucial for conservation issues.
Secondly, alkaline fens are carbon sinks, since they entrap C in the form of the organic matter
and CaCQO:s.

This study aims to identify the timing of tufa deposition at four alkaline fens located in north-
eastern Poland and Latvia, within the extent of the Weichselian glaciation: Turtul (Apolinarska et
al., 2022, 2024), Puszcza Romincka (Apolinarska et al., 2023), Maitiku (Kietczewski et al.,
unpublished), and Lustizkalns (Apolinarska et al., under review). We also aim to recognize the
factors responsible for the temporal variability of tufa deposition.

METHODS

The geochemical composition of the sediments, including the percentage concentrations of
CaCOs, measured at 1-cm intervals in the sediment sequences investigated, was determined
using the loss on ignition analysis (LOI) following the procedure described by Heiri et al. (2001).
The chronology of the sediments is based on C dates from terrestrial plant macrofossils.

RESULTS and DISCUSSION

The time frames of CaCO; accumulation varied between the fens. In north-eastern Poland,
tufa was deposited between ca. 11650 and 50 cal yr BP on Puszcza Romincka fen (Apolinarska et
al., 2023) and between ca. 9250 and 5400 cal yr BP on Turtul fen (Apolinarska et al., 2022). The
early Holocene onset of CaCO; accumulation was associated with the activation of groundwater
circulation following permafrost degradation. The decline in tufa deposition ca. 5400 cal yr BP in
Turtul was likely related to climate cooling in the mid-Holocene. Declined temperatures affected
the conditions of tufa precipitation and indirectly decreased the Ca?" supply controlled by
chemical denudation of the scattered CaCO; from glacial sediments in the aquifer. Also, after
progressive leaching during the early Holocene, this carbonate reservoir became a less efficient
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Ca** source (Apolinarska et al., 2024). The Holocene-long tufa deposition at Puszcza Romincka
fen, exceptional in north-eastern Poland, likely resulted from site-specific hydrogeological
conditions assuring an efficient supply of Ca®*-rich artesian waters.

At Maitiku (Kietczewski et al., unpublished) and Lustizkalns (Apolinarska et al., under review)
fens, enhanced tufa accumulation has been observed only since ca. 3500-3200 cal yr BP, when
the increased climate humidity resulted in increased water tables at bogs and fens in Latvia
(Kalnina et al., 2015). This Late Holocene increase in the water tables was triggered by the
termination of the frequent anticyclonic circulation over the Scandinavian Peninsula (Antonsson
et al., 2008) which brought very warm summers with reduced precipitation, and return to the
predominately zonal mode of circulation (Heikkila et al., 2010), and the influx of humid westerlies
over Fennoscandia and Eastern Baltic Region. In addition, the concurrent cooling trend
contributed to the increase of the effective precipitation, which also increased the groundwater
tables. The Palaeozoic limestone bedrock, an inexhaustible source of Ca?"ions, assures intensive
CaCO; precipitation at Latvian sites as long as the groundwater level remains high and the fens
are not affected by humans.
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Fig. 1. The timing of tufa deposition at four alkaline fens located in NE Poland and Latvia, within the extent
of the Weichselian glaciation: Puszcza Romincka (Apolinarska et al., 2023), Turtul (Apolinarska et al.,
2022, 2024), Maitiku (Kietczewski et al., unpublished), and LustliZkalns (Apolinarska et al., under review).

CONCLUSIONS

The high temporal variability of tufa deposition at the alkaline fens investigated can be
attributed to the complexity of factors controlling CaCOs precipitation. The most critical are local
climate fluctuations including both temperature changes and shifts in precipitation, type and
richness of Ca?* source, and hydrogeological conditions.
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INTRODUCTION

In recent years, there has been a significant increase in the use of high-resolution methods for
reconstructing past environments. It involves reconstructing past environmental changes as
accurately as possible, both in terms of placing events precisely on the time scale (absolute
dating), as wellas minimizing temporal gaps between samples. Analysis of peat and lake deposits
yields valuable insights into historical human impacts on the environment.

In some cases, the high-resolution multiproxy approach facilitates an "update" of
archaeological knowledge. This approach seems to have even more justification when
archaeological recognition is inadequate, due, among other things, to the lack of continuous
finds that make itimpossible to assign them to a definite age.

AIM AND METHODS

This presentation aims to explore the opportunities and limitations of the high-resolution
palaeoecological approach, using selected paleoecological studies primarily from the Greater
Poland area (derived from peatlands and lakes) as examples.

We show how the combination of diverse proxies like pollen, coprophilous fungi,
microcharcoal, testate amoeba, and macrofossils from these ecosystems is highly effective in
revealing past anthropogenic (and related hydrological) changes.

MATERIALS

To enhance our understanding of history, we collected cores from various locations such as
Kazanie mire, Lednica lake, and peatlands near Giecz and Bruszczewo. These sites provide
valuable insights into how the natural environment changed near early medieval strongholds. A
detailed time scale was established for these sites, with at least one radiocarbon date per 10 cm
of core, allowing for precise dating of past events. Furthermore, dense sampling (every 1 or2cm)
was conducted to minimize the time gap between samples.
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RESULTS AND CONCLUSIONS

The findings from these studies have the potential to contribute to filling the archaeological
and historical gaps regarding past transformations of the environment by human activities,
particularly over the past 2000 years.

Palaeoenviromental reconstructions from peat and lake deposits were crucial in determining
the onset of human impact intensification near the sites, likely linked to Slavic influences in the
early Middle Ages. Additionally, these results revealed spatial variations in these patterns.
Importantly, reconstructing past environments provided insights into the environmental changes
near the sites, closely tied to the emergence of the Piast State in the 10" century.
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INTRODUCTION

In this multi-proxy study, we present an exceptional peat record from Central Europe that
represents the environmental dynamics of the whole Holocene. This 12-meter core was extracted
from the center of Linje mire, a protected peatland in the Chetminskie Lakeland in northern
Poland.

We have investigated local vegetation and mire surface wetness changes based on plant
macrofossil and testate-amoebae analysis. In addition, we intend to explore past spring
seasonality patterns in the Early and Late Holocene based on a microphenological analysis of
subfossil dwarf birch (Betula nana) leaves.

METHODS

Paleoecological proxies: In 2019, a 12 m length peat core was extracted from the center of the
ombrotrophic Linje mire. The chronology of the peat profile is based on x20 AMS dates. Testate
amoebae analysis (Booth et al.,, 2010) was undertaken to reconstruct palaeohydrological
conditions at the site. Plant macrofossil analysis follows the Quadrat and Leaf Count protocol
(Mauquoy et al. 2010). Subfossil B. nana leaves were picked out and stored separately to perform
a microphenological analysis of their cuticles (Wagner-Cremer et al., 2010; Amon et al., 2022).

Microphenological training set: Ercan et al. (2021) have already demonstrated that Betula
nana epidermal cell properties are responsive to warming experiments in Linje mire. We intend
to analyze the epidermal cell growth of mature B. nana leaves collected from Linje mire between
2018 and 2024 to obtain a high-quality local training set considering the microclimatic conditions
of the site. Epidermal cell properties, such as the size and shape of the cells, will be quantified as
undulation indexes (Ul). This data will be compared to local meteorological data to develop an
accurate training set for past growing season estimations following Wagner-Cremer et al., 2010.

RESULTS and DISCUSSION

Sphagnum stratigraphy shows a clear division between the Middle Holocene hummock-peat
period (ca 7600-4600 cal. BP) with Sphagnum sect. Acutifolia (S. rubellum & S. fuscum) and
hollow peat periods in the Late and Early Holocene with Sphagnum sect. Cuspidata, aligning with
the climatostratigraphic division of the Holocene (Hang et al., 2020).
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The beginning of Linje mire (ca. 11,550 cal. BP) is marked by minerotrophic brown moss
species such as Scorpidium scorpioides and testate amoebae taxa Centropyxis aculeata and
Cyclopyxis arcelloides. Starting with minerotrophic Sphagnum contortum, peatmosses were
present in the peatland from ca. 10 920 cal. BP onwards.

The most common species of testate amoebae in the peat core are Archerella flavum and
Hyalosphenia papilio, which indicate the relatively stable and high water table throughout most
of the timeline. However, drier conditions were present during the first half of the Holocene
Climatic Optimum (ca 7600-6500 cal. BP). A higher abundance of species like Galeripora
discoides and Alabasta militaris during the last 200 years indicates drier conditions and more
fluctuating water table. Also, Trigonopyxis arcula and Cyclopyxis arcelloides indicate an
additional mineral input during this period.

For the microphenological analysis, suitable subfossil leaves of the glacial relic Betula nana
were found from two time periods: 11 160-8200 cal. BP (early Holocene) and 4400-1850 cal. BP
(Late Holocene). We will estimate the growing season length after completing the local
microphenological training set.

The continuous peat record for over 11 500-year-old Linje mire shows exceptionally well dry
and wet phases and anthropogenic disturbance episodes. These results will be complemented
by growing season reconstructions as well as pollen and non-pollen-palynomorph data that will
strengthen our interpretation of climatic signal.
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INTRODUCTION

Peatlands are one of the most important ecosystems for carbon storage, storing 25-30% of
global soil carbon in just 3% of Earth’s terrestrial surface. However, many peatlands are subject
to pressure from climate change and human activity, which inhibit peat’s natural carbon cycle,
turning them from carbon stores, to carbon sources. One of the most damaging human activities
is peatdraining, where water is diverted away from the peatland via ditches. This causes the water
table to decrease, significantly impacting peat accumulation and releasing stored carbon as the
sediment degrades as it dries. When peatland hydrology is impacted, vulnerability to fire also
increases; fire is one of the greatest threats to peat, destroying the sediment itself and releasing
stored carbon. Fire frequency is predicted to increase due to more frequent and severe droughts
in some areas, and increasing human activity in areas where peat can form (particularly in the
Northern Hemisphere). These trends, if realised, can accelerate climate warming as previously
stored carbon is released into the atmosphere.

STUDY SITE AND METHODS

The focus of this study is Mustjarve bog, an ombrotrophic peat bog in northwest Estonia. Two
metres of sediment was collected; the first metre using a Wardenaar corer, the second using an
instorf corer. Our project reconstructs fire regimes (charcoal), vegetation dynamics (plant
macrofossils and palynology), peatland hydrology (testate amoebae) and carbon accumulation
(Loss on ignition) to analyse how the site has been impacted by past changes in climate and
human activity. We also used historical data (population, past climate and archaeological
records) to better understand drivers of changes uncovered in the record. CONISS analysis based
on the palynological data identified five significant zones.

RESULTS and DISCUSSION

Our data reveals that whilst climate was the predominant influence on Mustjarve at the start of
the record, increasing anthropogenic activity has overtaken climate, especially after ca. 400 AD.
Zone 1 and the first half of Zone 2 are characterised by limited human activity, as the water table
steadily rises and falls, probably within its ‘natural’ cycle. Early sediments are dominated by
Sphagnum sect. Cuspidatum, however after the water table decrease ca. 250 BC drier taxa such as
Ericaceae and Sphagnum sect. Acutifolia increase. The latter half of Zone 2 differs from the first as the
water table appears to be disturbed, resulting in more erratic, sudden increases and decreases,
especially after ca. 250 AD. Zone 3 includes evidence for increasing human activity, with a major fire
period ca. 440-450 AD. This zone is notable for a sudden increase in Calluna Vulgaris, which likely
exacerbated the presence of fire in this period.
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Fig. 1. Depth to water table (cm) reconstructed by testate amoebae. Zones dictated by CONISS are
separated by dashed lines. Phases dictated by observed changes in water table trends are shown by
alternating grey/white shading.

In Zone 4, the water table fluctuates near-constantly. The last major influence of climate is
seen as a water table drop ca. 525 AD, likely a result of drought conditions. There is also evidence
of increasing human activity around this time though, increasing Poaceae (and other taxa
associated with agricultural activity) after ca. 530 AD. The water table continues to fluctuate after
ca. 750 AD; this coeval with frequent fire events, indicating constant disturbance by human
activity. As a result of an unstable water table, vegetation dynamics also shift frequently; the
makeup of Sphagnum is especially volatile in this period. Carbon accumulation is extremely low
in this period, whilst bulk density increases to its peak in the record. Zone 5 continues this trend
until ca. 1960 AD, where a sharp decrease in the water table occurs, most likely a result of peat
drainage post-World War Il. This significantly impacts the height of the water table, as although it
is more stable than Zone 4, it does not rise above 16cm, despite a lack of local fire events in this
period. In the last 20 years Mustjarve has become drier, indicated by the encroachment of Pinus
Sylvestris and Betula Nana onto the site. We find little evidence for a significant climatic influence
on Mustjarve from 500 AD onwards, as increasing anthropogenic pressure appears to override
the palaeoclimate signal seenin Zones 1 and 2.
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INTRODUCTION

Peatlands store 25% of the soil's carbon (C) stock; these ecosystems act as sinks of C in their
natural status (Loisel et al., 2021). However, peat degradation in disturbed peatlands represents
5% of the global anthropogenic greenhouse gas emissions (GHGs) (Leifeld & Menichetti, 2018).
That is why peatland restoration is a key process to meet the United Nations' Sustainable
Development Goals (SDGs) (Tanneberger et al., 2021).

During the peatland restoration process, the water table level is increased (rewetting) to slow
down the decomposition with waterlogged conditions. Multiple challenges are present in
choosing the right restoration process in each case, and as stated by Zak & Mclnnes (2022), a
controlled and progressive rewetting is a more feasible strategy to control nutrient mobilisation
and GHGs emissions. The progressive recovery of the "natural" wet status is accompanied by
changes in the vegetation (immigration of peat-forming plants), which completes the restoration
process.

The study of vegetation succession related to moist conditions is often analysed through
palaeoecological reconstructions, revealing the long-term context. However, to implement the
right restoration strategies, we still need to better understand this process at a short time scale.
A meta-analysis was performed, including articles from 1983 to 2022 on bogs and fens, to explore
the thresholds of water table depth (WTD) in peatland ecosystems translated into vegetation
succession.

METHODS

The articles were selected from the Web of Science (WoS) search engine based on a filtration
process that considered publications spanning the past forty years, from 1983 to 2022, accessed
on 25th January 2023. The inclusion criteria involved articles with titles or abstracts containing
keywords such as "water table," "water level," or "groundwater level," as well as "peatland,"
"bog," or "fen". Out of the initial pool of 1587 articles, a total of 100 articles were chosen for
inclusion. Up to 77% of the articles in this review were published within the last ten years.

The vegetation data analyses encompassed the following aspects:

A total of 123 fens were included in the analysis, with 62 classified as non-degraded/pristine,
48 as rewetted, and 13 as drained.

Additionally, 40 bogs were analysed, with 16 categorised as drained, 19 as non-
degraded/pristine, and 5 as rewetted.

The peatlands were subclassified as drained, rewetted/restored, and natural/pristine, with no
distinction between bog and fen. However, as mentioned, the quantity of data from fens is
superior. The selected 100 publications provided data on the annual or seasonal average WTD
and the percentage coverage of each PFT to study plant functional types (PFTs) distribution
through the WTD. The dominant PFT was determined by selecting the PFT with the highest
coverage reported.
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Lastly, the statistical methods used to determine the thresholds of WTD was the segmented
linear regression with 50 bootstraps and a tolerance of 1e-05, employed for tipping point
determination (Jassey et al., 2018; Muggeo, 2017). The breakpoints were selected at points where
the vegetation density distribution exhibited the most significant changes while experiencing the
least variation in WTD, indicating sudden changes. The analysis was conducted on two sets of
data: values in the right tail part of the Gaussian distribution (right of the maximum density) and
values in the left tail part of the Gaussian distribution (left of the maximum density).

RESULTS and DISCUSSION

The analyses clearly distinguish between the behaviour of PFTs and changes in WTD
depending on peatland status (natural, rewetted/restored, drained). In the natural/undisturbed
status, the distribution of mosses, forbs and graminoids dominance through the WTD is similar,
with 50% of the data ranging from -10 to 4 cm. Because shrubs and trees tolerate less the
waterlogged conditions, their dominance is shifted to deeper water tables with 75% of the
peatlands where these PFTs dominate showing WTDs below -18 and -5 cm (Table 1). When the
dominance of these PFTs is analysed in drained peatlands, the differences between them
increase. In this case, forbs dominance practically disappears, with insufficient data (<10) to
correctly compare the distribution through WTDs. Graminoid dominance is spread from -45 to -
21 cm, showing the highest adaptation to deeper WTDs, while mosses dominance ranges from -
32 to -15 cm, with the highest density of data between -25 and -10 (Table 1). The data of shrubs
and trees shows the narrowest distribution around -21 = 10 cm and -30 = 10 cm, respectively.
Lastly, rewetted peatlands seem to diminish the differences between PFTs, partly recovering the
similarities between the distribution of forbs, mosses and graminoids. However, they present
deeper water tables and share their distribution with shrubs (Table 1). In the case of rewetted, as
same as it happened with forbs in drained peatlands, the presence of rewetted peatlands with
trees as dominant PFT is not high enough to compare it with the rest of PFTs.

Table 1. Statistics of peatlands by status (natural, drained, rewetted). The upper
threshold and lower thresholds calculated from segmented linear regression

and Q1, Q2, and Q3 represent the quartiles of 25%, 50% and 75%.

Plant Upper Lower

: Q1 Q2 Q3
Functional Type threshold threshold
Mosses 15.8|3.3|25.4 -29.1|-50.7]-40.5  -12.3|-31.7|-25.1 -4.2]-19.5|-10.1 -1]-14.9]-1.5
Forbs 13.9]-49|68.4 -24.2]-138.2]-31 -11.4]-45[-10 -1.5|-93.6|-7.38 -4.6|-74.8|30.5
Graminoids 18.5|-27.5]18 -28.4]-59.6|-26.4 -7|-45[-112.4 -3|-41]-1 4]-21.9]10
Shrubs -4.7]-17.8]-1.6 -29.9]-29.5|-37.8  -27.9|-24.6]-12.1  -20.8]-21.5]-12.1 -18.1]-20.3|5
Trees 11.1]-25| - -15.5]-45.3| - -14.8|-40| - -9|-36.4| - -5]-30| -

The thresholds established for each PFT and peatland status greatly differ; however, the
highest similarities seem to be found between natural and rewetted status (Table 1). The shift
from forbs-mosses-graminoids to shrubs-trees dominances is placed with WTDs around -18 cm
for natural peatlands, while it is not possible to clearly establish it in drained and rewetted
peatlands (data not shown). The higher differences between PFT's abundance and different WTDs
in drained peatlands are probably due to their different adaptation capabilities. This has been
observed by other researchers, showing how some vascular plants can even respond positively
to higher WTD, while in moss-dominated peatlands, the strategy is reversed, tending to a
resources-conservative one, thus reducing growth rates etc. (Laine et al., 2021).

Rewetting is a solution to recover peatlands' natural status and avoid further emissions of CO..
This strategy effectively reduces emissions, and its promptimplementation yields optimal results
(Gunther et al., 2020). Highly drained peatlands, during an extended period, have the extra
difficulty of the shift of vegetation, as was also observed in this review; that is why, though the
emissions of CO, are majorly reduced, the peatlands do not always return to their previous
"natural" status (Kreyling et al., 2021). This is why understanding the thresholds of WTD that
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induce these changes and their shift when peatland status is altered can help assess the WTD
level for rewetting purposes and how it has to be maintained.

CONCLUSIONS

The WTD change triggers shifts in vegetation dominance within peatlands. Consequently, the
rewetting of these ecosystems needs to be predicted (in the context of GHG emission)
considering the thresholds of WTD that cannot be surpassed to recover/maintain the "natural”
vegetation. Not only do undisturbed peatlands present thresholds of WTDs that further induce
the shift in vegetation, but drained and restored peatlands also have them. Drained peatlands
show a peak in the dominance of trees-shrubs from annual average WTDs below -20 cm while it
is below -18 cm for rewetted peatlands. This means that water table levels need to be monitored
in drained peatlands to avoid further degradation and in rewetted peatlands to accomplish the
restoration.
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INTRODUCTION

Urban wetlands are wetlands which are found in and around cities or their suburbs (Ramsar
Convention, 2004). In principle, urban wetlands can be natural and constructed and also can be
classified as permanent or temporary. Due to the effect of urbanization, urban wetlands have
become unconnected and fragmented. They have become patchy and distributed in different
areas. This habitat fragmentation in urban wetlands has led to a decrease of ecosystem services
(Alikhani et al., 2021). Nowadays, the constructed wetlands increase the importance of urban
wetlands by restoring original ecosystem services.

Wetland ecosystem goods (such as food) and services (such as waste assimilation) represent
the benefits human populations derive, directly or indirectly, from wetlands (Costanza et al.,
1997). MEA (2005) distinguishes four major areas of ecosystem services, namely Provisioning
(food production, water storage and retention for domestic, industrial and agricultural use, fiber
and fuel, extraction of medicinal materials from biota), Regulating (climate, flood and erosion
regulation, water purification), Cultural (spiritual and inspirational, recreational, aesthetic,
educational) and Supporting (soil formation, nutrient cycling, biodiversity, habitat provision).

PROVISIONING SERVICES

In general, the most important ecosystem service derived from wetlands in this category is
probably production of food. This service is quite often neglected when urban wetlands are
evaluated but may be very extensive. The most common product of urban wetlands is rice which
is grown commonly in urban wetlands in Asia, but good examples can also be found in Europe as
well. Another common service from urban wetlands is production of fish. A typical example of
such service can be the Czech Republic where fishponds were built in many cities and villages as
early as during 14th to16™ centuries.

Water storage and retention with further reuse usually applies in urban wetlands for
stormwater runoff. The process is also known as “water harvesting” and it is believed that this
term was invented in Australia where most of the country suffers from water shortage. The
retained water is mostly used in urban areas for irrigation of public green spaces.

REGULATING SERVICES

Urban wetlands help to mitigate climate change in the sense that they cool down the areas
surrounding the wetlands (Hesslerova et al.,, 2022). Bounding solar energy by water
evapotranspiration, i.e., cooling, in places with surplus energy and releasing solar energy in cold
areas where water condensates is the principle how natural air-conditioning operated by water
and plants works (Pokorny, 2019).

(Waste)water purification is performed mostly by constructed wetlands. There are numerous
examples of the use of such wetlands around the world for treatment municipal wastewater,
stormwater overflows, water bodies and stormwater runoff from various areas such as streets,
parking lots, airports or nurseries (Vymazal and Kropfelova, 2008). The stormwater runoff
wetlands can be considered a part of the concept of Sustainable Urban Drainage Systems (Garcia
and Santamarta, 2022).

Urban wetlands are also important in preventing or mitigating flood events. It has recently been
reported how flood impact was intensified because local wetlands had been destroyed during
development in the Beijing-Tianjin-Hebei metropolitan area in China (Mao et al., 2023).

34



SWS Europe Meeting, 24-26™ June 2024

SESSION Il - THE RACE AGAINST POLLUTION

CULTURAL AND SUPPORTING SERVICES

The frequency of the urban wetland park visit has greatly increased with the improvement of
people “s leisure awareness and the need of leisure diversification. Therefore, urban wetlands,
as a part of overall urban planning, need to combine wetland ecosystem services and landscape
recreation activities to improve the natural eco-efficiency of wetlands and the value of urban
socialfunctions (Zhang et al., 2022).

According to the survey carried out in the United Kingdom (Andrews and Russo, 2022), people
perceive urban wetlands mainly as source of biodiversity, flood control, water quality
improvement and to lower extend as sites for exercising, social interactions, photography and
natural play space (Andrews and Russo, 2022).
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INTRODUCTION

Natural wetlands are able to retain nitrogen from freshwaters, which was reported as early as
in the 1970s (Mitsch et al., 1979). Constructed wetlands (CWSs) were proposed as a suitable tool
for removal of nitrogen (mostly nitrates) from agricultural drainage in the early 1990s (Mitsch,
1992). Nowadays, the CWs are commonly used for this purpose globally. The predominantly
applied type of CWs used for that purpose are systems with free water surface. However, CWs
with subsurface flow can also provide favourable conditions for the removal of nitrogen with
microbial denitrification as the underlying mechanism. Due to carbon deficiency of agricultural
drainage water these types of CWs need to be supported with additional carbon sources as, for
example, woodchips. The presence of nitrogen (and sometimes phosphorus) in not the only
challenge for agricultural drainage treatment. The contaminants that are highly relevant for that
type of wastewater are pesticides. The occurrence and persistence of pesticides and their
metabolites in the aquatic environment is a major problem in the Czech Republic and worldwide
(Hvézdova et al. 2018). One of the main routes for the transfer of pesticide-associated pollution
into the aquatic environment is agricultural drainage waters, surface runoff and improper
disposal of pesticide wastes (e.g. from spray equipment cleaning) (Damalas et al., 2008).
Denitrifying CWs are a cost-effective solution for treating highly variable tile drainage and runoff
flows by reducing nutrients (mostly nitrate) (Vymazal et al., 2020), but the prevalence of anoxic
conditions might be not as favourable for the degradation of pesticides and their metabolites as
aerobic conditions. The goal of this research was to evaluate the efficiency of pilot-scale CW
systems treating agricultural drainage for the removal of total nitrogen (TN) and pesticides over a
period of five years and to propose methods for the improvement of their efficiency.

METHODS

This study included two complimentary systems (Fig. 1): a pilot-scale system treating
agricultural drainage water and a small-scale column system treating pond water spiked with
nitrates and pesticides or their metabolites.

Fig. 1. CW systems used in the research: a) pilot-scale system; b) small-scale system
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System 1 - pilot-scale CWs

In 2018, three experimental horizontal-flow CWs were constructed to treat tile drainage from
15.73 ha watershed in the Czech Republic. The area of drained fields within the watershed is 9.85
ha. The experimental site is situated about 100 km southeast from Prague in the watershed of the
drinking water reservoir Svihov, the major supplier of drinking water for Prague. The wetlands have
surface areas of 79 m?(M1), 90 m? (M2) and 98 m? (M3) and are planted with a combination of reed
canarygrass (Phalaris arundinacea) and sweet mannagrass (Glyceria maxima) planted in parallel
bands. The substrate in the first two CWs is crushed rock (4-8 mm) mixed with air-dried birch
woodchips with the volume ratio of 10:1. In the first wetland (M1), the water level is kept 10 cm
above the surface, in the second wetland (M2), the water is kept 5 cm below the surface. The third
wetland (M3) has a 20 cm layer of birch woodchips on top of gravel (4-8 mm) and water level is
kept about 10 cm above the surface to make sure the woodchips are flooded. Allwetlands are 1.0
m deep and lined with 1 mm plastic liner (Vymazal et al., 2020).

System 2 — small-scale CWs

The potential improvement in the removal of TN and pesticides in the CWs were tested in
small-scale systems mimicking the conditions in the pilot-scale CWs and enhanced systems with
water-unsaturated filtering bed (aerobic) or with reactive amendments as manganese oxides and
steel chips.

RESULTS and DISCUSSION

System 1 - pilot-scale CWs

The median concentration of TN (mostly nitrates) and total organic carbon in the study period
were 14.3 mg/L and 5.1 mg/L, respectively. This C/N ratio was too low to support microbial
denitrification therefore woodchips were used as an external carbon source.

In the system 1, The overall concentration-based removal of TN in the period December 2018
- March 2024 was 21%, 25% and 31%, for M1, M2 and M3, respectively. The removal in the
arbitrarily assumed cold period (November-May) was 16%, 19% and 26%, for M1, M2 and M3,
respectively. The removal in arbitrarily assumed warm period (June-September) was invariably
higher and was equal to 50%, 53% and 66% for M1, M2 and M3, respectively. However, the
difference between the systems were found not to be statistically significant (p = 0.05). The
increased efficiency in the warm period is associated with greater activity of denitrifying
organisms. The time-dependent removal has slightly decreasing trend with at the same time
decreasing influent concentration of TN, suggesting deteriorating treatment efficiency. One of the
causal effects can be depletion of the pool of organic carbon in the woodchips, which is crucial
to support denitrification.

Over the study period 52 pesticide compounds, either parent compounds or their metabolites
were found in the influent of the system. Out of those, 21 substances were detected with
considerable frequency and only five were parent compounds. The overall removal of pesticides
was negligible (1%), which was probably associated with long half-life degradation time (DTso)
under anoxic conditions. The negative removal (release from CWSs) can result from flow
fluctuations and retransformation or desorption from suspended particles in the CWs.

System 2 - small-scale CWs

The presence of steel chips in water-saturated CWs considerably improved the removal of
several parent pesticides compared with the control system (with sand) and the standard system
with woodchips. The CWs with steel chips also provided complete removal of TN and were more
resistant to seasonal temperature decline. The application of steel chips decreased the toxicity
of the wastewater, however, the pesticides were not fully mineralized, but only transformed to
their derivatives. The application of manganese oxides, which are commonly used as oxidants
and sorbents in water treatment plants, was found to improve the elimination of metabolites of
commonly applied herbicide metazachlor only slightly. Moreover, the use of water-unsaturated
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CWs as an post-treatment step after denitrifying CWs did not provide considerable removal of
pesticides nor their metabolites.

CONCLUSIONS

The horizontal-flow CWs have been found to be efficient for the removal of TN with seasonal
decline in the November-May period. The application mode of woodchips in CWs, either mixed
within or placed on top of the filtering bed, does not considerably affect the elimination of TN.
From the operation and maintenance perspective the application or replacement of woodchips
on top of a CW would be much easier and more economically feasible than excavating the entire
filtering media. Pesticides and their metabolites create a considerable challenge for the
treatment in CWs. Horizontal-flow CWs are not able to efficiently remove these substances.
Some amendments like steel chips can overcome this limitation at least for the parent
compounds and at the same time provide improved removal of TN. The abatement of pesticide
metabolites, however, remains a challenge that must be addressed to ensure the safety use of
water resources.
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INTRODUCTION

The restoration and novel creation of wetlands is crucial as they provide myriad ecosystem
services including carbon sequestration. Degraded wetlands have often known agricultural use,
resulting in a substantial nutrient legacy, especially of phosphorus (P). Subsequent rewetting of
these former agricultural soils typically leads to water quality issues, low biodiversity and high
methane emissions. To overcome these challenges in a novel, cost-effective way, Azolla
filiculoides (water fern) could be cultivated to simultaneously extract P, sequester carbon, and
provide a commercial product. Azolla is excellent at accumulating P due to its nitrogen fixating
capacity and high growth rate.

METHODS

To test this approach, we cultivated Azolla on former agricultural peat and mineral soils in
several field and mesocosm trials. We measured soil, water, and plant nutrient dynamics, and
methane emissions.

RESULTS and DISCUSSION

We found that Azolla cultivation is only feasible on soils with a high P mobilisation potential
under oxic conditions, as Azolla cover did not reduce surface water oxygen concentrations as
anticipated. Only after prolonged (>1 year) cultivation, oxygen levels dropped, presumably due to
organic matter accumulation and subsequent decomposition. On suitable soils, P extraction
rates up to 122 kg ha™ yr' were measured, while surface water P concentrations remained low.
Methane emissions (diffusion and ebullition) were highly dependent on time frame, season, and
development of other macrophytes and algae.

CONCLUSIONS

We conclude that cultivating Azolla shows potential in the transition from agriculture to
nature, while recovering P from former agricultural soils. Remaining challenges include pest
control, product development, and technologies for large-scale implementation.

39



SWS Europe Meeting, 24-26™ June 2024

SESSION Il - THE RACE AGAINST POLLUTION

Historical soil compaction impairs

socleTy-  biogeochemical cycling in restored tidal

WETLAND
SCIENTISTS marshes through reduced groundwater

Europe Chapter .
[ | dynamics

Niels Van Putte®®, Stijn Temmerman®, Piet Seuntjens®,
Goedele Verreydt®®, Timothy De Kleyn®, Dimitri Van Pelt?,
Patrick Meire?

aUniversity of Antwerp, Antwerp, Belgium
biIFLUX, Niel, Belgium
VITO, Mol, Belgium

INTRODUCTION

Tidal marshes are highly valued for the delivery of ecosystem services, such as the regulation
of water quality through removal of nitrogen and retention of phosphorus. Soil-groundwater
interactions in tidal marshes play a crucial role in this water quality regulation service.

In the past centuries, natural tidal marsh area drastically declined throughout the world, due
to large scale land reclamation. Nowadays, an increasing number of tidal marshes are restored
on formerly reclaimed agricultural land to regain the delivery of their ecosystem services.
However, the former agricultural land use is often paired with negative ecological effects. The
excavation of artificial ditches caused excessive soil drainage, resulting in mineralization of
organic matter, soil consolidation and reduction of soil porosity (Spencer et al., 2017), which
leads to reduced groundwater level fluctuations in restored tidal marshes as compared to natural
tidal marshes (Van Putte et al., 2020).

In this study, we link measured nutrient concentration profiles to soil aeration patterns
governed by groundwater dynamics. Furthermore, we determine at which depth along the soil
profile the main form of dissolved nitrogen (nitrate vs. ammonium) occurs in the porewater and
where phosphate is retained. These insights are helpful in the design of new tidal marsh
restoration projects to assess the effects of certain design measures (e.g. creek excavation or soil
amendments) that alter soil aeration patterns, on biogeochemical cycling.

METHODS

We studied soil hydraulic properties and groundwater dynamics in function of depth and
distance from the nearest tidal creek on several transects in a natural (De Notelaer) and a
restored (Lippenbroek) freshwater tidal marsh in the Scheldt estuary, Belgium. We measured
monthly porewater nutrient concentrations over a depth profile during one year using porewater
equilibrators (peepers). The principle of this peeper is that dissolved nutrients in the soil pore
water surrounding the peeper are exchanged through the membrane until the water in the peeper
compartments is in osmotic equilibrium with the surrounding soil pore water. We then linked
these measured concentrations to the calculated soil saturation index (SSI, the proportion of time
the soilis saturated at a certain depth).
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RESULTS and DISCUSSION

Depth profiles of nutrient concentrations are related to the depth of groundwater level
fluctuations and soil aeration. In zones with a high SSI, such as the marsh interior, and especially
in the restored marsh, nitrogen accumulates in the porewater in the form of ammonium. NH,
concentrations are positively correlated with the SSI (p =0.32, p <0.001). Here, anoxic conditions
prevent nitrification and promote ammonification. In the compact agricultural soil, which has a
lower organic matter content, ammonium stays in solution. In the upper zones where the SSl is
lower, nitrogen is mainly present as NOs. Hence, nitrate concentrations are negatively correlated
to the SSI (p =-0.21, p<0.001). Porewater NO; concentrations were generally higher closer to the
creek, where the residence time of the porewater is shorter resulting in porewater nitrate
concentrations that are more similar to estuarine water nitrate concentrations. In the marsh
interior, where the residence time is longer, nitrate concentrations are lower as NO; is removed
by denitrification and the porewater is less often refreshed.
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Fig. 1. Average measured porewater concentrations in the restored marsh and the natural marsh of
(a) ammonium, (b) nitrate, (c) dissolved iron and (d) phosphate. Grey ribbons represent the standard
deviation on the measurements. Background colors indicate the soil saturation index (SSI).
Horizontal dotted lines represent the transition between the tidally deposited sediment layer
and the underlying compact relict agricultural soil in the restored marsh. Near creek zone and marsh
interior are 1 m and 22 m from the creek edge, respectively.
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Since coupled nitrification - denitrification is enhanced by fluctuation of groundwater levels
and consequent alternating aerobic and anaerobic conditions, impaired removal of nitrogen from
the estuarine water by the marsh soil is expected where groundwater dynamics are reduced.

The concentration of dissolved phosphate is strongly correlated with the SSI (p = 0.43, p <
0.001). The same applies to the concentration of dissolved iron (p = 0.44, p < 0.001). Both
dissolved phosphate and dissolved iron concentrations are higherin anoxic zones. In well aerated
zones, dissolved ferrous compounds oxidize and form iron oxyhydroxides that precipitate from
solution, to which phosphate can sorb. In this way, iron oxidation through soil aeration controls
phosphorus solubility. Dissolved phosphate moves from the more anoxic marsh interior towards
the well aerated creek zone through porewater advection. Here, the dissolved phosphate sorbs
to iron oxides resulting in decreased phosphate concentrations in the groundwater seeping from
the creek banks (Chambers and Odum, 1990; Megonigal and Neubauer, 2019), forming an ‘iron
curtain’ that traps dissolved phosphorus. Since the compact subsoil in the restored marsh
reduces the extent of the aerated zone, this trapping of phosphate ions is expected to be impaired
as less sorption sites for phosphate are available.

CONCLUSIONS

Where the presence of a historically compacted subsoil hampers groundwater drainage,
nitrification is impaired and dissolved nitrogen is mainly present as ammonium. In well drained
zones, such as near creeks in the natural tidal marsh, denitrification is impaired and high nitrate
concentrations build up, suggesting the benefit of the co-existence of both saturated and
unsaturated zones in the marsh soil to maximize nitrogen removal. Furthermore, we found the
presence of dissolved phosphate to be highly positively correlated to the SSI, with very high
concentrations in the compacted soil in the restored marsh, implying the importance of soil
aeration for improved P retention. In general, we conclude that soil aeration patterns and
associated biogeochemical cycling is highly depending on pre-restoration land use and post-
restoration subsurface hydrology.
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INTRODUCTION

The Arcata Marsh Wastewater Treatment Plant and Wildlife Sanctuary have supported the
community of Arcata California with a population of 20 thousand, since the 1980s. Not only has
it served as the city’s primary wastewater treatment facility, designed to treat 2.3 million gallons
of wastewater per day, it has also provided a variety of additional beneficial uses including habitat
creation, recreation, education, research, and many more.

The site consists of primary and secondary treatment, followed by two large oxidation ponds,
six densely vegetated wetlands, and three open water vegetated enhancement wetlands. The
effluent is disinfected and finally discharged into Humboldt Bay, which is the major estuary
between San Francisco Bay of Northern California and Puget Sound of Washington (Schlosser &
Eicher, 2012). Humboldt Bay is known for its rich marine habitats and shellfish production, acting
as the largest producer of oysters in California (Archer, 2020).

While over 90% of wetland habitats in Humboldt County have disappeared in the past century
due to roadwork, construction, and agricultural development, the Arcata Marsh remains healthy
and resilient to this day (USFWS, 2023). Its success as a constructed natu