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Abstract

Human attitudes towards nature and trees have evolved from fear, humility, and respect, through
triumph and nonchalance, to concern for the future. Contemporary cities, in the age of climate change,
should develop in accordance with the concept of "sustainable development," which is understood,
among other things, as actions that reconcile the well-being of nature with human needs, with the well-
being of future generations in mind.

Generally speaking, we distinguish three design trends in contemporary landscape architecture:
conceptual (artistic), functional, and ecological. Unfortunately, it often happens that nature-based
solutions or actions under the banner of biodiversity protection are based on form, placing a strong
emphasis on aesthetics in the traditional sense and harmony. In this article, the author presents
several important assumptions that should guide the actions of designers pursuing the mission of
adapting to and mitigating climate change. The foundation for effective action is understanding the
processes occurring in the ecosystem and the role and position of humans in nature.

The aim of the work is to present models of dynamic landscape shaping (DLS) with particular
emphasis on vegetation typical of floodplains in the Vistula River valley in the city of Warsaw. The
research results allowed us to formulate guidelines for the proper shaping of plant landscapes in river
valleys in urban space, which has practical use in urban planning and landscape architecture.

Key words: Dynamic landscape shaping, biodiversity, ecological design, adaptation to climate
change, river valley.

Introduction

Conventional landscape design paradigms have become insufficient in the context of contemporary
social, economic, and climatic challenges. In response, landscape architecture has shifted from
conceptual, form-oriented approaches toward ecological design focused on protecting phytocoenoses,
enhancing biodiversity, and strengthening ecosystem services. Current design concepts increasingly
adopt a systemic, landscape-based perspective that integrates ecological, social, and economic
interdependencies, treating the landscape as a social-ecological system (Parks & Liao 2022).

A key expression of this shift is the concept of Nature-Based Solutions (NbS), defined as actions that
use ecosystem processes to address environmental and societal challenges while supporting
biodiversity and human well-being (Cohen-Shacham et al. 2016; Sowinska-Swierkosz & Garcia 2024).
NbS offer an alternative to “gray” infrastructure by embedding natural processes into spatial planning
and design.

Within a functionalist paradigm, shaping natural systems is understood as supporting and regulating
ecological processes—such as energy and matter flows—through long-term monitoring, targeted
interventions, maintenance, and, where appropriate, deliberate non-intervention (Beatley 2016). In this
context, design should not aim at achieving a fixed climax state, but rather at managing dynamic
processes. Succession depends on periodic disturbances (e.g., grazing, cutting), which are essential
for maintaining biodiversity (Sikorski & Roston-Szeryriska 2011). However, in urban environments,
uncontrolled processes may lead to undesirable outcomes, such as the dominance of expansive
synanthropic species (Roston-Szerynska & Sikorski 2011; Fortuna-Antoszkiewicz et al. 2018).
Understanding succession mechanisms is therefore fundamental to process-based ecological design.
Classical ecological theory distinguishes two primary models: the deterministic (Clementsian) model,
which assumes a predictable progression toward a stable climax (Clements 1916), and the
individualistic (Gleasonian) model, emphasizing species-specific responses and the absence of a fixed
endpoint (Gleason 1926). While the former supports restoration-oriented design, it is often criticized
for oversimplification (Pickett et al. 1987), whereas the latter underlines the need for flexibility and
acceptance of variability.

Contemporary ecology integrates these perspectives through mechanistic models that highlight
species interactions and environmental conditions, including facilitation, tolerance, and inhibition
(Connell & Slatyer 1977), as well as disturbance-based and mosaic dynamics (Pickett et al. 1987).
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The aim of this paper is to present a model for designing dynamic ecological processes in naturally
valuable urban areas, using river valleys as a case study. The approach is based on vegetation
dynamics and succession theory, interpreting succession as a process leading to relative, dynamic
stability of phytocoenoses, shaped by internal and external factors and contributing to ecosystem
resilience.

Material and methods.

An ecological approach was adopted, incorporating the theory of vegetation dynamics and succession
mechanisms. The study is based on the premise that succession represents a phytocoenosis’s pursuit
of relative stability—a dynamic and flexible process, shaped by internal and external factors, that
enhances ecosystem resilience.

Pilot research was conducted using the Goledzindw Nature Park project, located within the Natura
2000 site of the middle Vistula River Valley in Warsaw (Poland) (fig. 1). The research comprised three
stages, based on long-term environmental monitoring, including analyses of vegetation cover
transformations and physiographic conditions.

Fig. 1: Goledzinéw Park in the Vistula Valley. Aerial view.

Scenarios of predicted vegetation development were elaborated, accounting for both natural and
anthropogenic processes. These projections were grounded in an analysis of historical and current
succession mechanisms observed in the Goledzindw area over the past century. The proposed design
interventions aim to stimulate or initiate desirable ecological processes, support the sustainability of
climax communities, and restore degraded systems.

The study applied key criteria for assessing vegetation variability, with particular emphasis on
succession processes and human impact, including management practices such as mowing, tree
removal, and land-use changes.

Results

Characteristics of the study area, conditions, and natural and landscape transformations

The study area is located within the floodplain of the Vistula River Valley, between the Gdanski Bridge
and Gen. S. Grota-Roweckiego Bridge, within the Natura 2000 Central Vistula Valley Special Bird
Protection Area. Its formation has been shaped by fluvial processes and anthropogenic activity. The
Goledzinow floodplain developed on sandy and organic sediments within former meandering oxbow
systems.

Over the last century, the area has undergone significant transformations, enabling the identification of
future landscape dynamics under climatic and urban pressures. Before World War Il, large parts of the
area were waterlogged, with extensive sandbanks and active river branches. Subsequent cut-offs
formed oxbow lakes, some of which still retain water periodically or permanently. Riparian
communities originally dominated the area.

Fig. 1. shows a orthophotomap from 1935 with the marked and current boundaries of the Vistula River
shoreline and treeline. Visible zones of sandbanks in the northern and central parts indicate the later
development of less fertile meadows and grasslands. The southern areas, wooded and underwater in
1935, are now covered with riparian shrubs, reed beds, and fresh floodplain meadows. Sandy coastal
banks remaining from the pre-war period Area underwater in the pre-war period Oxbow lake
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connected to the Vistula River in the 1930s and early 1940s. Current boundary of Goledzinéw Park
between the Puck Coast earthwork and the Vistula shoreline.

Until the 1980s, natural succession led to the expansion of riparian vegetation, later disrupted by the
establishment of family allotment gardens (fig. 2). Three clusters of riparian trees are visible, left within
the allotment gardens. Riparian trees in a striped arrangement are visible in the Vistula riverbank
zone. These sites indicate the historical continuity of phytocoenoses. The remaining area has seen
development changes, including modification of the inland shoreline and the formation of islands, the
transformation of riparian forests into pastures and meadows, followed by the cultural cultivation of
allotment gardens, and ultimately the restoration of meadow phytocoenoses.

In 2014, a high river level was visible in this area. Thanks to deposited sediments, riparian forest
stands are regenerating. This is the period of liquidation of allotment gardens. The successional
development of riparian communities is closely linked to the physiographic conditions of the area
(including terrain, geomorphology, water-soil, and microclimate conditions). The drifting spatial
arrangement of emerging clusters of trees and shrubs shapes the shape of the Vistula oxbow lake,
and their persistence and further development is conditioned by the flood movements of the Vistula
flood wave and the direction of valley ventilation.

Remnants of natural phytocoenoses persisted in oxbow depressions and along the river. Since the
early 2000s, following the removal of allotments, renaturalization processes have intensified, including
the regeneration of riparian shrubs and the restoration of floodplain meadows (2014-2016).

Fig. 4. Shows contemporary land transformations with secondary succession. The present landscape
is typical of urban river valleys, dominated by floodplain meadows (Molinio-Arrhenatheretea) with
synanthropic and non-native species, and riparian forests (Salici-Populetum). However, it has cultural
features resulting from the presence of ornamental plants (including trees) from former allotment
gardens.
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- - Sandy coastal banks remaining from the pre-war period
I~

- """f-' Area underwater in the pre-war period

{ .=~
e Oxbow lake connected to the Vistula River in the 1930s
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e Current boundary of Goledzinow Park between the Puck
T Mass Coast earthwork and the Vistula shoreline.

Fig. 2: Orthophotomap of the area from 1935, showing the boundaries of the riverbank and its
numerous oxbow lakes. Shallow areas are visible in the northern and central parts.

Cultural plantings of former family allotment gardens
* zones of former Vistula riverbeds

— 1 dryzone on former sandbanks

| wetland (green)
| [ | Flooded zone (blug)

Fig. 3: Orthophotomap of the area developed with allotment gardens from the 1980s and 1990s, with
the marked and current boundaries of the Vistula River shoreline and treeline layout.
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Fig. 4: Orthophotomap of the area during the Vistula River's high water level in 2014. Flooded zone
(blue), wetland (herb), and in the oxbow lake basin (red).

Existing, well-preserved stands of poplar-willow riparian forests on fertile riverine alluvial deposits

Vistulz oxbow lake basins overzrown with willow thickets and reed beds dominated by common reed

Riparian community in oxbow lake basins, on fartile alluvial deposits with high biocenotic value — possible
presence of protected fauna species

Dead wood zane —dying treesand logs of riparian species —High biocenotic value

Oxbow Iake basin —marsh zone surrounded by poplar riparian forests with elms

degraded zone of willow thickets and reed beds Dominantly covered by ash-lesf maple

landscape and cultural zone —remnants of allotment gardens with fruit trees and herbaceous ornamental plants
floodplain grasslands, sandy grasslands of river valleys an former sandbanks

meadow communities of flocdplains and fresh meadows with synanthropic plants and alien species

Fig. 5: Contemporary land transformations with secondary succession.

Conclusions from the analyses and design assumptions

The study adopts an ecological approach grounded in vegetation dynamics and succession theory,
treating succession as a dynamic process leading to relative ecosystem stability and resilience. The
research framework consisted of three stages: (1) long-term monitoring and physiographic analysis,
(2) development of scenarios of vegetation transformation under varying levels of human intervention,
and (3) evaluation of predicted changes leading to habitat protection concepts.

The spatial structure of vegetation is strongly determined by fluvial processes and human activity.
Based on historical and current succession patterns, forecasts of phytocoenotic transformations were
developed. Design interventions aim to stimulate desirable ecological processes, support climax
communities, and restore degraded systems through targeted actions, maintenance, or controlled
non-intervention, supported by monitoring.

Key assumptions include: maintaining strip-like riparian forests along the river; restoring willow shrub
communities on riverbanks; enabling secondary succession in former oxbow zones following allotment
removal; halting succession of semi-natural meadows through active management; and allowing
succession of aquatic communities towards terrestrial forms under eutrophication and climate change
pressures.

The developing landscape and spatial structure of the vegetation are closely linked to the river's fluvial
processes (linear character, drifting tree clusters, and belt-like tree plantings) and human activity
(open meadows, scattered tree and shrub plantings). It is important to consider that animals (including
birds and small mammals) and wind will be significant architects of the emerging plant structures and
species composition of the "Goledzinéw" Natural Park.

Guidelines and Recommendations for Habitat Protection

For well-preserved riparian forests (Salici-Populetum), management focuses on monitoring and
supporting natural generational and seasonal dynamics. In floodplain meadows, succession towards
forest and the spread of invasive species should be controlled through mowing regimes, adapted to
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phenological cycles. Early mowing of goldenrod-dominated patches and later mowing of species-rich
meadows are recommended, along with biomass removal, seed dispersal support, and optional liming
under low flood frequency conditions.

In former oxbow areas, passive management (cessation of mowing) combined with removal of
invasive species (e.g., Acer negundo, Solidago canadensis) is intended to stimulate secondary
succession and natural regeneration of native riparian species. Aquatic and semi-aquatic habitats are
expected to undergo gradual terrestrialization due to eutrophication and altered hydrological regimes.
In degraded riparian communities, regenerative succession is supported through the gradual removal
of invasive species and promotion of native regeneration via natural dispersal mechanisms. Selected
specimens of non-native trees may be retained for cultural and landscape value.

Deadwood retention and natural tree senescence are recommended, with safety ensured through
spatial planning and selective pruning near paths. Regular inspection of structurally sensitive trees is
required. The design of paths and infrastructure aims to minimize human disturbance while enabling
controlled observation, thereby supporting biodiversity conservation.

Conclusion

The study demonstrates a design approach focused on shaping dynamic ecological processes rather
than static plant compositions. By integrating long-term environmental monitoring, succession theory,
and scenario-based forecasting, the proposed model enables adaptive management of urban riverine
landscapes.

The results confirm that vegetation structure and landscape form are emergent properties of
interacting natural and anthropogenic processes. Design interventions should therefore act as
catalysts of desirable ecological dynamics—supporting resilience, enabling regeneration, and guiding
succession trajectories—rather than imposing fixed spatial forms.

This process-oriented approach provides a transferable framework for sustainable landscape design,
particularly in ecologically sensitive and dynamically changing environments such as urban
floodplains.
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Souhrn

Postoj ¢lovéka k pFirodé a stromim se vyvijel od strachu, pokory a Ucty pfes pocit nadvlady a
Ihostejnost az k obavam o budoucnost. Sou¢asna mésta by se v dobé klimatickych zmén méla rozvijet
v souladu s konceptem ,udrzitelného rozvoje“, ktery se mimo jiné chape jako opatfeni, jeZ sladi blaho
pfirody s lidskymi potfebami, a to s ohledem na blaho budoucich generaci.

Obecné Ize v souCasné krajinarské architektufe rozlisit tfi designové trendy: koncepcni (umélecky),
funkéni a ekologicky. Bohuzel se Casto stava, ze feSeni zalozena na pfirodé nebo opatfeni pod
zastitou ochrany biologické rozmanitosti vychazeji z formy a kladou silny dliraz na estetiku v tradi¢nim
smyslu a harmonii. V tomto ¢lanku autor pfedstavuje nékolik dalezitych pfedpoklad(l, kieré by mély
vést k &inim projektantt usilujicich o pfizplsobeni se klimatickym zménam a jejich zmirnéni.
Zakladem ucinného jednani je pochopeni procesu probihajicich v ekosystému a role a postaveni
Clovéka v pfirodé.

Cilem prace je predstavit modely dynamického formovani krajiny (DLS) se zvlastnim dlrazem na
vegetaci typickou pro nivy v udoli feky Visly ve Var8avé. Vysledky vyzkumu ndm umoznily formulovat
pokyny pro spravné formovani rostlinnych krajin v fi€nich ddolich v méstském prostoru, coz ma
praktické vyuZiti v urbanismu a krajinarské architektufe

Contact:
Edyta Roston-Szerynska
E-mail: edyta_roslon_szerynska@sggw.edu.pl

Open Access. This article is licensed under the terms of the Creative Commons Attribution 4.0
International License, CC-BY 4.0 (https://creativecommons.org/licenses/by/4.0/)

(OMOM

115





