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Summary: This article investigates the interconnections between biodiversity, human
health, and well-being as the foundation for harmonious coexistence between humans
and nature. The study aims to substantiate the role of biodiversity in enhancing physical,
mental, and social health and to develop practical approaches for creating nature-
oriented environments that promote societal well-being. The research involved an
analysis of contemporary scientific approaches and the identification of effective
strategies for developing garden-based apitherapeutic spaces that integrate aesthetic,
ecological, and wellness functions. The findings indicate that combining nature-oriented
solutions with social engagement can strengthen ecological stability, support health
restoration, increase environmental awareness, and foster harmonious environments.
The practical implementation of these approaches is relevant for the development of
green public spaces, wellness tourism, and the rehabilitation of territories, contributing
to the sustainable well-being of society.

Abstract: The study is framed within the concepts of One Health and the European
Green Deal. It emphasizes that biodiversity conservation is a key factor in maintaining
physical, mental, and social well-being, while natural ecosystems underpin ecological
resilience, recreational potential, and disease prevention. The research methodology
combined analytical, systemic, and structural-functional approaches, allowing for the
synthesis of scientific data (2020-2025) and the development of practical strategies for
enhancing biodiversity in garden-based apitherapeutic environments. An integrative
model of such spaces is proposed, highlighting their multifunctional role in providing
aesthetic, ecological, and wellness benefits. Seven key strategies for biodiversity-
friendly garden design were identified: use of native plant species; creation of spatially
diverse habitats; minimization of intensive interventions; maintenance of soil
biodiversity; incorporation of water features and shelters; promotion of ecological
connectivity; and continuous monitoring and adaptive management. These strategies
support ecosystem resilience, increase pollinator productivity, reduce psycho-
emotional stress on humans, and foster harmonious natural environments. The practical
application of garden-based apitherapeutic spaces within wellness tourism is
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highlighted as a component of green community infrastructure. Tools such as the Garden
Biodiversity Index and citizen science platforms (iNaturalist, eBird, PollinatorWatch,
Global Pollinator Watch) are emphasized for enhancing environmental awareness and
improving ecological management. The results demonstrate that implementing such
spaces represents an innovative approach to green recovery, combining ecological
security, social integration, and the therapeutic effects of nature. Biodiversity is
presented not merely as a natural resource but as a source of health, harmony, and
sustainable development for individuals and society.

Knrouosi cnosa: biodiversity, human health and well-being, nature-oriented solutions,
garden-based apitherapeutic spaces, One Health, European Green Deal, citizen science.
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Pe3loMe: Y cTaTTi po3rnAHYTO BM/IMB 3MiH Yy 3€M/IEKOPUCTYBaAHHI Ta KAiMaTUYHUX
UMHHMKIB Ha cTaH KopMoBoi 6a3n 64kinbHMUTBa B YKpaiHi Ta €Bponi. [Noka3aHo, Lo
BUPYOyBaHHA niciB i po3wmMpeHHA ypbaHi3oBaHMX TepuTopil 3a cTabinbHOI 4acTkm
CilbCbKOrocnofapcbknx yrigb NMpPU3BOAUTb OO0 3HMIKEHHA PI3HOMAaHITTA MeAOHOCHOI
dnopn Ta CE30HHOro Aediunty HekTapy W nunaky. €EBponencbka Mopgesnb
3eM/1IEKOPUCTYBaHHA MOCTYMOBO NEPEX0AnTb A0 CTasIoro ynpaeiHHA, A€ BiAHOBNEHHSA
nicie i HaniBNpupoaHuX yriab cripuae 6e3nepepBHOCTI UBITIHHA Ta cTabibHOCTI
nonynAui 3anuntoBavie. B VYkpaiHi nepeBarkae arpapHo-gOMiHaAHTHa CTPYKTypa
3eM/IEKOPUCTYBAHHA 3 HU3bKUM PiBHEM J1ICUCTOCTI, LLO 3YMOB/IOE KOPOTKi nepioamn
Mepno3bopy, dparMeHTauio MPUPOAHUX OCEeNuLl i MiABULLEHUN PU3MK KOPMOBOIO
aediunty ana 6okin. [JoseaeHo, Wo naHawadTHA MO3aivHICTb, HAABHICTb KBITKOBMX
eneMeHTiB y arponaHawladrax i BAPOBaOYKEHHA MPUPOLOOPIEHTOBAHMX pilleHb
(monesaxmcHi cmyrn, KBITKOBI 6ydepHi 30HW, arponicoMeniopadis) MiaBULLYOTb
CTiMiKiCTb KOPMOBOI 6a3u Ta aganTauiliHi MOXXIMBOCTI 6,4>KiNbHMLTBA A0 3MiH KiMaTy.
[apMoHi3auia 3emMenbHOI nonitnkn YkpaiHu 3 nigxogamm €pponenicbkoro Coto3y B
Mexxax Common Agricultural Policy, Pollinator Initiative ta European Green Deal
CNpuATMME CTBOPEHHIO 36anaHcoBaHUX arponaHgwadTie, Aki 3abes3nevyBaTUMyTb
NPOAYKTUBHICTb arpoBMPOBHMLTBA, 36EpeXXKeHHs 3anu/toBadiB i eKOJIOTiUHY CTIMKICTb
[OBKiNNA.

AHoTauia: Y cTatTi po3riAHyTo B3aEMO3B’A3KM MidK GiOpi3HOMaHITTAM, 300pOB’AM i
[o6pobyTOM NHOAMHN B KOHTEKCTI peanisadii koHuenuii «€auHe 3gopos’a» (One Health)
Ta €Bponenicbkoro 3eneHoro kypcy (European Green Deal). O6rpyHTOBaHO, LLUO
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36epe>XeHHs 6ioOpi3HOMAaHITTA € K/IHUYOBMM  YMHHUKOM MiATPUMaHHA  ¢i3nyHoro,
ncuxiyHoro Ta couianbHoro 6narononyyusd, a MPUPOAHI €KOCUCTEMM — OCHOBOKO
€KOJIOriYHOI CTIMKOCTI, pekpeauiiHoro noTeHujiany Ta npodinakTukm 3axBOPHOBaHb.
MeToto gocnig>xeHHA 6yno HaykoBe 06rpyHTyBaHHA posi 6iopi3HOMAaHITTA AK YMHHKMKA
[06pobyTy NOAMHM Ta BM3HAYEHHA MPUPOLOOPIEHTOBAHWUX pilLEHb, LLO CMpPUATb
peanisauii ctpateriuHnx uinen €3K y cdepi crtanoro po3sutky. MeTtogonoria
OOCNiopKEHHA MNoeaHyBana aHaniTMYHUK, CUCTEMHUM | CTPYKTYPHO-(YHKLIOHANbHUI
nigxogu, WO [A03BOMWMIO Yy3arasbHUTM cyyacHi HaykoBi gaHi (2020-2025 pp.) Ta
po3pobuTK KOMM/IEKC MPaKTUUHUX CTpaTerii nigBuLLEeHHA 6iopi3HOMaHITTA B yMoBax
capoBo-64>Kk0noTEPaAneBTUUHMX MPOCTOPIB. 3anpornoHOBaHO iHTerpauiiHy Mopgesnb
TakMx NPOCTOpiB AK ePEKTUBHUX NMPUPOAOOPIEHTOBAHMX EKOCUCTEM, LLIO MOEAHYHOTh
€CTETUYHY, eKOJOriUHy 11 0300p0BYY QYHKLI. Y Mexkax A0oCnia>KeHHA BU3HAUYEHO CiM
K/TFOUOBUMX CTpaTerin dopMyBaHHA 6GiOPiI3BHOMAaHITHMX cafiB: BUKOPUCTAHHA MiCLEBUX
BWUAiB POC/IMH; CTBOPEHHSA NPOCTOPOBOI MO3aikm cepeAoBULL; MiHiMi3aLia IHTEHCMBHOIO
BTPYYaHHA; NiATPUMaHHA rpyHTOBOro 6iopi3HOMaHITTA; 3abe3neyeHHsAs BOAHUX
€NeMEeHTIB Ta YKPWUTTIB; MiATPMMKA €KOMOrivYHOI 3B’A3HOCTI; MOCTINHUIA MOHITOPUHT i
aganTMBHe yrpaeniHHA. BcTaHoBNEHO, Lo TaKi Migxoau CrpuaAoTb 3POCTaHHIO CTIMKOCTI
€KOCUCTEM, NiABULLIEHHIO NPOAYKTUBHOCTI 3anunoBauiBs, 3MEHLLIEHHIO
NMCUXOEMOLLIMHOITO HaBaHTa)XEHHA Ha nauMHy W GOpPMyBaHHIO rapMOHINHOIo
npuvpoaHoro cepeposulla. OcobnuBy yBary npuAiNeHo MpakTUYHUM achekTam
3acTocyBaHHA CcafoBO-64>K0NnoTepaneBTMYHUX MPOCTOPIB Y CUCTEMI 03[0POBYOrO
TYpU3My, AK CK1adoBOi 3e/eHoi iHGpacTpykTypu rpoMad. HaronoweHo Ha poni
iHCTpyMeHTIB caMoouiHku (Garden Biodiversity Index) i nnatdopM rpomMagsaHCbKoi Haykn
(iNaturalist, eBird, PollinatorWatch, Global Pollinator Watch) y po3Butky ekonorivHoi
CBIZIOMOCTI Hace/ieHHA Ta MiABULLEHHI AKOCTi eKO/OorYHOro MeHeakMeHTy. OTpmMaHi
pes3ynbTaTh CBiAYaTh, WO BMNPOBagKEHHA cafoBo-64)kon0TepaneBTUUHMX MPOCTOPIB
MO>Ke CTaTV iHHOBaLLIMHUM HanpsAMOM 3e/1EHOTO BiAHOB/EHHA, AKWUI NOEAHYE EKOMOTIUHY
6e3neky, couianbHy iHTerpaujto n o3gopoBuMii edekt npupoan. biopizHOMaHITTA
pOo3rnAgaeTbCcA He NMLLEe AK MPUPOAHNIM pecypc, a AK OpKEpeno 340poB’A, rapMoHii Ta
CTasioro po3BUTKY JIKOAMHU | cycninbcTaa.

KnrouoBi  cnoBa:  6iopisHoMaHIMmMA, 340poB’A | p[o6pobym  /04UHU,
rpupoAoopPiEHMOBAHI PilEeHHA, CaAo0Bo-64>Ko/10meparneBmuyHi npocmopu, One
Health, €Bponelicbkuli 3e/1eHUl Kypc, Citizen science.

1. Introduction

In the context of increasing ecological, social, and climatic challenges, the relationship between biodiversity, human
health, and well-being has become particularly relevant. Biodiversity underpins essential ecosystem services, ranging
from air and water purification to microclimate regulation and support of human psycho-emotional health. According to
the One Health concept (FAO, UNEP, WHO, WOAH, 2022), human, animal, and environmental health are interlinked
components of a single system, and the preservation of natural ecosystems is a key condition for sustainable
development. These principles align with the European Green Deal (2019), which emphasizes the integration of nature-
based solutions across all sectors of society.

Contemporary research underscores the significance of nature and biodiversity for human health. Marselle et al.
(2021) demonstrated that ecosystem diversity positively influences mental health, emotional regulation, stress levels,
and social integration, with nature effects being multi-layered. Similarly, Robinson et al. (2024) highlighted that
biodiversity impacts health through multiple interconnected mechanisms, including ecological buffering, promotion of
physical activity, social interactions, cognitive processes, and modulation of the human microbiota.

Beyond psycho-emotional benefits, biodiversity also affects pollinator health, which is critical for ecosystem
functioning and food security. Garibaldi et al. (2022) identified floral diversity as a determining factor in bee physiology,
resilience, and productivity, supporting the rationale for garden-apitherapeutic spaces that provide sustainable forage for
pollinators.

Recent studies of landscape ecosystems further confirm the relevance of nature-based solutions. Delahay et al.
(2023) demonstrated that structural complexity and species richness in gardens increase faunal diversity even in urban
environments, while De Vrieze et al. (2025) showed that converting lawns into flower meadows in healthcare facilities
enhances biodiversity and improves environmental quality for humans. These findings indicate the potential of garden-
apitherapeutic spaces as instruments of ecological and social transformation.
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The social dimension of natural spaces is equally important. Egerer et al. (2024) emphasized that urban and
community gardens function as socio-ecological hubs, combining naturalness, recreation, and community building. This
aligns with Korpela et al. (2018), who demonstrated that natural environments support emotional restoration and foster a
sense of harmony.

The synthesis of these studies highlights that biodiversity provides not only conservation value but also therapeutic,
social, and economic functions. Therefore, the development of garden-apitherapeutic spaces as an integrated model of
nature-oriented solutions represents a promising area of contemporary research, combining the principles of One Health,
the strategic objectives of the European Green Deal, and trends in green infrastructure development.

The study aims to scientifically substantiate the role of biodiversity as a factor in human physical, mental, and social
well-being and to identify nature-oriented solutions effective for creating garden-apitherapeutic spaces in line with
contemporary European and global sustainable development policies.

To achieve the goal, it was necessary to solve the following tasks:

To analyze current scientific approaches and international policies addressing the relationships between biodiversity,
human health, and the One Health concept in the context of the European Green Deal.

To examine nature-based solutions as effective tools for biodiversity conservation and enhancement of population
well-being, particularly within recreational, garden, and agricultural landscapes.

To investigate the potential of garden-apitherapeutic spaces as models for integrating ecological, wellness, and social
functions within nature-oriented territorial management.

To develop practical strategies for enhancing biodiversity in garden-apitherapeutic spaces, aligned with the European
Green Deal and the EU Biodiversity Strategy for 2030.

To formulate recommendations for implementing environmentally oriented approaches to the design, management,
and monitoring of garden-apitherapeutic spaces as components of green infrastructure and sustainable community
development.

2. Materials and Methods

The methodological basis of the study was the integration of interdisciplinary approaches combining ecological, social,
and health dimensions of sustainable development. The research employed analytical, comparative, systemic, and
structural-functional methods, which enabled the generalization of empirical data, identification of patterns, and
determination of strategic directions for the formation of biodiverse garden-apitherapeutic ecosystems.

At the first stage, a systematic analytical review of contemporary scientific literature for the period 2020-2025 was
conducted, covering 118 full-text sources. Literature selection was based on the keywords: biodiversity, One Health,
nature-based solutions, therapeutic gardens, pollinator health, green infrastructure, human well-being in international
databases such as Scopus, Web of Science, PubMed, ScienceDirect, SpringerLink, Wiley Online Library, and Google
Scholar, as well as in normative and analytical materials from international organizations (UNEP, FAO, WHO, CBD,
European Commission).

The subsequent stage of the study involved systemic, comparative, and structural-functional analyses, which allowed
for the identification of ecological, therapeutic, and social components of garden-apitherapeutic ecosystems.
Scientifically grounded approaches were evaluated for the formation of mosaic garden structures, maintenance of soil
biodiversity, ecological connectivity, and minimization of anthropogenic impact.

To analyze modern biodiversity monitoring tools, the potential of platforms such as the Garden Biodiversity Index
(2025), iNaturalist, Global Pollinator Watch, eBird, and PollinatorWatch—widely used in citizen science programs—was
examined.

Based on the integration of empirical and theoretical data, an integrated model for enhancing biodiversity in garden—
apitherapeutic spaces was developed, relying on Nature-Based Solutions principles and evidence-based design
approaches. The methodological foundation of the model included content analysis of strategic documents such as the
European Green Deal, the EU Biodiversity Strategy for 2030, and the One Health Joint Plan of Action, alongside a
comparative review of international studies (De Vrieze et al., 2025; Delahay et al., 2023; Staude et al., 2024; Munschek et
al., 2023).

The obtained data allowed for the formulation of a set of strategic measures aimed at creating mosaic environments,
utilizing native plant species, maintaining soil microbiota, establishing water features, ensuring ecological connectivity,
and implementing adaptive management. The results were synthesized from the perspective of nature-based
management in accordance with the European Green Deal, the EU Biodiversity Strategy for 2030, and the Sustainable
Development Goals (SDGs 3, 13, 15). This approach ensured the comprehensiveness of the study, integrating scientific
evidence, bibliometric tools, digital monitoring systems, and ecological modeling into a unified methodological
framework.
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3. Results

Enhancing biodiversity in garden-apitherapeutic spaces is considered one of the most effective nature-based
solutions, capable of simultaneously strengthening ecological resilience, promoting human health, and advancing the
objectives of the European Green Deal. These spaces integrate recreational, ecological, and therapeutic functions, acting
as nodes within local ecological networks that maintain spatial connectivity of natural ecosystems at both urban and
regional scales.

Analysis of recent scientific literature indicates that garden-apitherapeutic ecosystems are promising models for
integrating the principles of One Health, as they combine biodiversity conservation with stress prevention, enhancement
of psycho-emotional well-being, and the promotion of environmental awareness among the population. In this context,
biodiversity plays a dual role: it both ensures ecosystem stability and enhances the therapeutic effects of human
interaction with nature.

Specifically, plant diversity provides a complete forage base for bees, supporting their resilience, immune activity, and
colony productivity. Contemporary studies have demonstrated a direct relationship between floral diversity and the
physiological condition of pollinators (Garibaldi et al., 2022). Simultaneously, the presence of diverse insect, bird, and
flowering plant species positively affects human psychological well-being, as observations show that increased visual
and acoustic environmental diversity reduces stress levels and enhances the sense of harmony with nature. Thus,
designing therapeutic gardens according to biodiversity principles creates a synergy between human health, pollinator
welfare, and ecological stability of the area (De Vrieze et al., 2025).

The study synthesized a system of strategies derived from the analysis of recent scientific publications, which
demonstrate the effectiveness of nature-based approaches for conserving and restoring biodiversity in garden and
apitherapeutic contexts. Implementing these strategies supports the harmonious integration of aesthetic, ecological, and
therapeutic functions in garden ecosystems, providing a foundation for green infrastructure development, ecotourism,
and the practical realization of European Green Deal objectives in Ukraine. Such strategies include the use of local
(endemic) plant species; creation of complex spatial structures and habitat mosaics; minimization of intensive
interventions; maintenance of soil biodiversity; provision of water sources, shelters, and refuges; support for connectivity
with surrounding green areas; and continuous monitoring and adaptive management (Table 1).

Table 1. Key strategies for enhancing biodiversity in garden-apitherapeutic spaces

Strategy

Examples of implementation

Expected effect

Use of native plants

Trees and shrubs adapted to the local

climate

Increasing survival, minimizing care,

supporting local fauna

Creating flower

meadows

Micro-meadows, nectariferous islands

Increasing the number of pollinators,

improving soil structure

Mosaic landscape

Shade areas, open areas, bodies of water

Supporting different ecological niches

Organic care

Refusal of agrochemicals, use of mulch,

compost

Preservation of soil microbiota, environmental

safety

Infrastructure for

pollinators

Insect houses, stumps, dead wood

Increase in the number of bees and

entomofauna

Digital Monitoring

iNaturalist, eBird, Garden Biodiversity

Index

Assessment of ecological changes in

dynamics

Social interactions

Therapeutic groups, workshops,

eco-trails

Increasing community involvement, forming

an ecological culture

Implementation of these principles promotes not only the ecological resilience of garden ecosystems but also the
creation of environments with high therapeutic potential, which positively affect human psycho-emotional well-being,
support the vitality of honeybee colonies, and serve as natural indicators of environmental health.

Use of local (endemic) plant species — planting native crops supports natural trophic chains, provides a forage base
for pollinators, birds, and other fauna, enhances ecological resilience, and reduces the need for additional irrigation or
fertilization. This approach promotes the formation of balanced ecosystems in which interactions between flora and fauna
ensure natural self-regulation and sustainable functioning of the garden biocenosis.
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When designing a therapeutic garden with apitherapy elements, special attention should be given to the selection and
composition of local (endemic) plants. Studies indicate that garden characteristics—particularly plant composition—can
have a greater influence on pollinator diversity than the surrounding landscape. This implies that planning should consider
not only the broader context but also careful selection of species and their placement within the garden. Applying this
approach ensures more effective attraction of pollinators, strengthens ecosystem connectivity, enhances honeybee
productivity, and, consequently, increases the therapeutic potential of the garden.

This emphasizes that careful design of plant composition and arrangements within a therapeutic garden is critical.
Delahay et al. (2023) highlight that plant diversity and vegetation cover strongly correlate with the number of animal
species visiting the garden—richer flora and denser vegetation create more attractive conditions for fauna. Therefore, in
designing a therapeutic garden, it is advisable to select local species and aim for a dense, diverse, and multilayered
vegetation canopy. This not only increases the likelihood of visitation by various species but also enhances the ecological
potential of the site as part of a network of conservation areas.

Garden plants can not only maintain existing biodiversity but also actively contribute to its dispersal beyond the plot.
According to Staude et al. (2024), garden agroecosystems can function as “dispersal stations” for species, facilitating
natural plant migration into adjacent landscapes. Such spaces support the expansion of local species ranges, reduce
interspecific competition, and maintain ecological balance in urbanized areas. Thus, when designing a therapeutic garden,
it is important to consider its local ecological functions as well as its potential as a source of environmental
renaturalization. Combining this approach with careful selection of native plant species and the creation of a multilayered
vegetation structure (Delahay et al., 2023) allows the establishment of an environment that simultaneously supports local
biodiversity and contributes to its restoration in a broader ecosystem context. Such a garden not only serves aesthetic
and therapeutic purposes but also becomes an effective element of the area’s green infrastructure.

Creation of complex spatial structures and habitat mosaics — involves designing garden spaces with multiple layers
and types of microhabitats, providing a wide range of conditions for various groups of organisms. This structure includes
combinations of trees, shrubs, herbaceous plants, flower meadows, natural clearings, as well as wet and dry areas,
creating numerous ecological niches.

Multilayered and mosaic garden designs enhance ecological resilience, support the conservation of pollinators, birds,
and small animals, and provide natural microclimatic regulation—reducing soil overheating, retaining moisture, and
maintaining stable soil processes. Contemporary landscape ecology studies emphasize that a mosaic environmental
structure is a key factor in increasing species diversity in urban and recreational areas (De Vrieze et al., 2025; Delahay et
al., 2023).

Multilayered plant design — combining trees, shrubs, and herbaceous species - increases the number of ecological
niches by providing varied conditions of light, moisture, and structure for fauna. According to Delahay et al. (2023), plant
composition and vegetation cover positively correlate with the number of animal species visiting the garden: the more
complex and denser the plant structure, the greater the opportunities for creating diverse microhabitats. Therefore, when
designing a therapeutic garden, it is advisable to include tree, shrub, and herbaceous layers to maximize the number of
living niches for insects, birds, small animals, and soil organisms.

Creation of diverse microhabitats — shaded corners, open sunny areas, moss patches, or sparsely vegetated zones -
further enhances biodiversity. As Delahay et al. (2023) note, diversity of microhabitats provides more opportunities for
different faunal groups to exploit the garden. Combining such microzones with a multilayered plant structure creates
favorable conditions for colonization by insects, birds, small animals, and microorganisms, which improves ecosystem
functions and strengthens the therapeutic effect of the garden.

Wang et al. (2024) emphasize the importance of functional diversity, ecological connectivity, and adaptive
management — principles that can be directly applied to the planning and maintenance of therapeutic gardens. Functional
diversity involves selecting plants with different ecological roles (e.g., root system types, flowering periods, height),
ensuring ecosystem resilience to environmental changes. Ecological connectivity refers to linking the garden with
surrounding green spaces to support organism migration and genetic exchange. Adaptive management implies a flexible
approach to garden care, involving continuous monitoring, analysis of biodiversity dynamics, and adjustment of practices
based on observed results.

Practical implementation of these principles in garden therapy and apitherapy may include selecting plants with
diverse functional traits (e.g., early- and late-blooming, deep- and shallow-rooted), designing the garden as part of an
ecological network with corridors or connections to adjacent natural areas, and systematic monitoring of flora and fauna
with adaptive maintenance based on observation results. Applying these approaches transforms the garden from a
passive “nature island” into an active element of green infrastructure with high ecological, recreational, and therapeutic
potential.

Minimization of intensive intervention involves a set of ecologically oriented practices aimed at preserving the natural
balance of the garden, reducing anthropogenic impacts on the biocenosis, and maintaining ecosystem health. This
approach is based on principles of sustainable gardening, prioritizing natural regulatory processes, biocontrol, organic
methods, and preservation of soil life.
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The use of chemical pesticides and herbicides significantly reduces invertebrate populations, including pollinators,
earthworms, and other soil organisms, disrupting trophic chains and ecosystem functioning. Munschek et al. (2023) report
that excessive use of agrochemicals leads to biodiversity degradation even in small garden spaces. Therefore, preference
should be given to natural pest control methods - biocontrol, compost preparations, companion planting, and polyculture
systems that naturally limit the spread of pathogens and pests.

Organic mulching — with sawdust, bark, leaves, hay, or wood chips — supports soil microbiota, improves water
retention, reduces erosion, and creates habitats for earthworms and saprophytic fungi. As noted by Gilmer et al. (2020),
the use of organic mulches and natural fertilizers significantly enhances soil biodiversity, ensuring ecosystem stability
without chemical growth stimulants.

Another effective approach is reducing mowing frequency and allowing areas of taller herbaceous vegetation. This
creates habitats for pollinators, butterflies, and small animals. According to a UK national study reported by The Guardian
(2024), allowing grass to grow nearly doubled butterfly abundance in gardens, enhancing forage availability and flower
species diversity. This approach is not only aesthetically appealing but also ecologically justified, as it promotes the
formation of natural microhabitats and stability of local fauna.

Minimization of intensive intervention involves creating a self-regulating garden environment where natural processes
of recovery, symbiosis, and trophic interactions play a leading role. For therapeutic gardens and apitherapy areas, this
approach has a dual significance: on one hand, it supports the health of bees and beneficial insects, and on the other, it
preserves the natural harmony that fosters a sense of calm, balance, and positive psycho-emotional effects for visitors.

Maintaining soil biodiversity is fundamental to the ecological stability of the garden, as soil is a living medium where
key biochemical processes occur, essential for plant growth, nutrient cycling, and ecosystem balance. Soil biodiversity
includes a variety of bacteria, fungi, protozoa, arthropods, and earthworms, which collectively form a complex network of
interactions.

According to Gilmer et al. (2020), the application of organic matter, such as compost, vermicompost, or plant residues,
stimulates the development of microorganisms, earthworms, and mycorrhizal fungi. These organisms decompose organic
matter, enrich the soil with nutrients, and improve its structural stability. In addition, organic amendments enhance water
retention and reduce erosion, which is especially important for gardens located on slopes or sandy soils.

Applying compost or vermicompost not only enriches the soil with nutrients but also creates a favorable
microenvironment for beneficial microorganisms that suppress pathogens, reducing the need for chemical plant
protection. These natural processes create a “living soil” — a self-regulating system that supports plant resilience to
diseases and environmental stresses.

Proper soil management is equally important. Gilmer et al. (2020) recommend mixing soil between plots, avoiding
compaction (particularly during machinery use or irrigation), and maintaining optimal pH levels to ensure stable soil
biocenoses. Excessive compaction or structural disruption reduces aeration and negatively affects soil organism activity.

In the context of therapeutic and apitherapy gardens, maintaining soil biodiversity has a dual value. Firstly, it ensures
long-term fertility and plant viability, forming the basis of the garden’s healing environment. Secondly, biologically active
soil produces phytoncides and natural aromatic compounds that enrich the air and enhance the therapeutic effect of
garden visits. Maintaining soil biodiversity is therefore not only a component of ecological garden management but also
an integral element of a restorative ecosystem that combines natural recovery, sustainable development, and human-
nature harmony.

Provision of water sources, shelters, and refuges is another key component for maintaining ecological balance in
therapeutic gardens. Such elements create favorable conditions for the survival, reproduction, and migration of various
species of animals, insects, and microorganisms. Water and shelters act as microclimate stabilizers, providing moisture,
shade, and protection from overheating or predation.

Creating small water bodies — such as ornamental ponds, rainwater collection areas, barrels, or wet “barriers” —
encourages amphibians, aquatic insects, butterflies, and birds. Even small water sources serve as drinking and breeding
sites, positively influencing trophic chains within the garden. In garden therapy systems, such water features not only
enhance ecosystem functions but also provide psycho-emotional benefits, as water sounds, reflections, and movement
promote relaxation and reduce stress levels.

Additionally, natural materials should be used as shelters - fallen trees, stumps, deadwood, branches, or logs with
cavities. These create habitats for pollinators, small mammals, amphibians, fungi, and mosses, forming a complex
ecological system. Such elements not only increase landscape naturalness but also enhance biodiversity by providing
microhabitats with varying moisture and light conditions.

As noted by Munschek et al. (2023), artificial shelters for insects — such as bee hotels or insect boxes — can significantly
increase the presence of specialized species, including wild bees and wasps, if properly designed and positioned
according to species-specific requirements. Correct orientation of openings, choice of materials (bamboo, reeds, dry
wood), and placement in sunny areas make these structures effective tools for supporting entomofauna.

In therapeutic and apitherapy gardens, such shelters and water bodies serve a dual function: they support the life
cycles of pollinators and small animals, and they enrich the sensory environment, making the garden more attractive to
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visitors. Observing living creatures, natural sounds, and water movement stimulates emotional recovery, reduces anxiety,
and fosters harmonious human-nature interaction. The creation of water features, natural shelters, and specialized insect
structures is thus both an ecologically sound practice and a therapeutic tool, combining ecological value with restorative
effects on human psychophysiology.

Maintaining connectivity with surrounding green areas is a key principle of ecological planning, aimed at ensuring the
movement, exchange, and interaction of organisms across different natural or semi-natural sites. Gardens integrated into
broader ecological networks function as “green bridges” or “stepping stones” connecting fragmented habitats. Such
connectivity enhances population viability, supports the migration of pollinators, birds, and small mammals, and
maintains species genetic diversity.

Egerer et al. (2024) note that urban community gardens can serve as critical nodes in city green infrastructure,
providing ecological connectivity between larger green spaces such as parks, forests, or riparian zones, and forming
continuous habitat networks for organism movement. Even small green plots within dense urban areas are important
“micro-biodiversity hubs” when designed with natural processes in mind.

For therapeutic and apitherapy gardens, ensuring ecological connectivity has both conservation and therapeutic
significance. Such gardens create natural corridors for pollinators (bees, bumblebees, butterflies), small birds, and other
organisms, supporting ecosystem stability and resilience to external pressures. Moreover, they foster a sense of spatial
harmony and connectedness with nature in visitors, an important component of the garden’s therapeutic effect.

A crucial condition for maintaining connectivity is coordinated planning with neighbors and local communities. Jointly
designing garden boundaries, preserving natural passageways for small animals, using permeable fences, greening fences
with ivy or climbing plants, and regulating artificial light levels help create a continuous natural space without barriers. This
is particularly relevant for gardens adjacent to forest strips, riparian zones, or urban parks. Maintaining connectivity with
surrounding green areas transforms a garden from an isolated ecosystem into an active element of the landscape
ecological network, supporting species exchange, enhancing ecological resilience, and simultaneously increasing
recreational and therapeutic value.

Continuous Monitoring and Adaptive Management is a key element of sustainable development in therapeutic and
apitherapy gardens, ensuring ecological stability and long-term effectiveness. This approach involves continuous
observation of biodiversity, analysis of collected data, and flexible adjustments to maintenance, structure, or species
composition based on real outcomes. Unlike static systems, adaptively managed gardens can respond to changes in
climate, the appearance of new species, or emerging ecological risks, remaining dynamic and living ecosystems.

Tools for self-assessment, such as the Garden Biodiversity Index (GBI) (Felgentreff et al., 2025), allow for quantitative
measurement of ecosystem conditions, evaluation of changes in species composition, vegetation structure, or pollinator
activity. Such approaches help identify weaknesses in garden planning and maintenance, pinpoint areas where
biodiversity requires enhancement, and support evidence-based decision-making rather than relying solely on
observation. This is particularly important for gardens that combine recreational, therapeutic, and ecological functions.

Equally important is public engagement through citizen science programs, including platforms like iNaturalist, Global
Pollinator Watch, eBird, and PollinatorWatch, which allow for the recording of new plant, insect, or bird species. Citizen
participation not only enriches the scientific database but also fosters environmental awareness, social cohesion, and
responsibility for local ecosystems. In therapeutic and apitherapy gardens, such engagement can become part of the
therapeutic experience itself, involving visitors in shared care for nature.

Adaptive management implies that every garden intervention should be based on monitoring results: which plants
thrive best, which areas attract the most pollinators, where excess moisture accumulates, or where soil degradation
occurs. Revising practices — such as mowing frequency, irrigation regimes, species composition, or flowerbed placement
—helps maintain ecosystem balance. This can be seen as a form of “learning through observation,” where the garden and
its management evolve in response to natural signals.

Thus, combining scientific monitoring, public participation, and adaptive management creates a system in which the
garden becomes not just a place for nature observation but a living laboratory of ecological interaction. This enhances
ecosystem resilience, optimizes maintenance, and simultaneously strengthens therapeutic effects, as participation in
observation and care has restorative and health-promoting benefits.

Several successful models in the European Union and neighboring countries already demonstrate the integration of
green design, biodiversity, and therapeutic practices, showing measurable impacts on health, well-being, and ecosystem
stability. One of the most renowned is the Nacadia Therapy Garden (Denmark, near Copenhagen), designed according to
evidence-based design principles within the Nature, Health & Design Lab program. The garden combines mosaic natural
patches, water features, forested areas, enclosed and open spaces, specifically designed for therapy and psychological
rehabilitation. User studies revealed that participants with severe stress disorders experienced reduced anxiety, improved
psychological state, and overall well-being after a 10-week stay (Sidenius, 2017).

Another example is the Maggie’s Centres network in the United Kingdom. Gardens at Maggie’s Centres are designed
as supportive spaces for patients in oncology facilities, featuring perennials, trees, aromatic and ornamental plants, open
terraces, courtyards, and microzones with different functional purposes. Such spatial organization creates an
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environment conducive to stress reduction, emotional improvement, and calm restoration during treatment (Maggie’s,
n.d.).

At anational scale, Green Care Finland illustrates how a country can implement nature-based, therapeutic, and social
service approaches. Green Care Finland ry provides nature- and animal-oriented methods for medical rehabilitation and
preventive health promotion, engaging various age and social groups in landscaping, therapy, and support through nature
(Green Care Finland ry, n.d.).

These examples demonstrate that therapeutic garden spaces can be integrated into both medical and socio-
community contexts, combining aesthetics, ecology, and restorative functions.

4. Discussion

The obtained results confirm that therapeutic and apitherapy garden spaces represent a promising model of nature-
based solutions, simultaneously ensuring ecological sustainability, supporting pollinators, and promoting human psycho-
emotional recovery. The established patterns regarding the role of floristic diversity, spatial mosaicism, and functional
diversity indicate that the complexity of garden ecosystems significantly enhances their resilience and restorative
potential. These observations align with global trends in the development of Nature-Based Solutions, emphasizing the
relevance and scientific validity of our findings.

The identified role of multi-layered garden structure and the use of autochthonous plants directly corresponds with
the results of Delahay et al. (2023), who demonstrated that species composition and vegetation density determine the
level of faunal diversity in private and public gardens. Accordingly, our results confirm that increasing the structural
complexity of a garden creates conditions for stable trophic interactions and supports numerous organism groups. A
similar pattern is described by Staude et al. (2024), noting that garden spaces can act as hubs for the dispersal of local
plant species and strengthen the ecological connectivity of landscapes. This correlates with our conclusions on the
importance of positioning therapeutic and apitherapy garden spaces as part of broader ecological networks.

Equally significant is the confirmed role of flower and structural diversity in supporting pollinator populations. Our
findings are consistent with the conclusions of Garibaldi et al. (2022), who showed that plant diversity directly influences
the physiological condition and ecosystem functionality of both honeybees and wild bees. Thus, the proposed model of
therapeutic and apitherapy garden spaces not only enhances the recreational component but also plays a critical role in
pollinator conservation, which is essential for ecosystems and food security.

Our results regarding the minimization of anthropogenic intervention also confirm the findings of other researchers. In
particular, our data align with Gilmer et al. (2020), who demonstrated the necessity of maintaining soil microbiota through
organic practices, and with Munschek et al. (2023), who showed the negative impact of agrochemicals on biodiversity
even in small plots. Therefore, nature-oriented garden management that reduces human interference and employs
organic approaches is not only ecologically justified but also supported by contemporary scientific evidence.

Summarizing the results, it is important to note that our model aligns with modern approaches to green urban planning,
as defined in the studies by Egerer et al. (2024). These authors emphasize the social significance of urban and community
gardens as elements of green infrastructure, enhancing local ecological networks and promoting community engagement
in environmental practices. This fully corresponds with our approach, in which therapeutic and apitherapy garden spaces
are considered not only as natural but also as social structures, capable of integrating environmental restoration, human
health improvement, and intra-community interaction.

An important component of our findings is the role of adaptive management and modern digital biodiversity monitoring
tools. The use of the Garden Biodiversity Index (Felgentreff et al., 2025) and citizen science platforms, such as iNaturalist,
eBird, and Global Pollinator Watch, allows garden maintenance to become an interactive, scientifically oriented process
that integrates local observations into global research networks. This not only provides a reliable basis for decision-
making but also fosters environmental literacy, which is critical for the sustainable development of communities.

The alignment of our findings with other scientific data allows for the outlining of expected social, ecological, and
economic effects of implementing therapeutic and apitherapy garden spaces. The social effect involves strengthening the
psycho-emotional health of the population, reducing stress levels, and enhancing social cohesion, consistent with the
studies by Marselle (2019) and Korpela et al. (2018). The ecological effect consists of restoring ecosystem connectivity,
improving pollinator population status, and creating fauna- and flora-rich environments, corresponding with the
conclusions of De Vrieze et al. (2025). The economic effect involves reducing maintenance costs of green spaces through
the use of autochthonous species and ecological practices, as well as developing the health and ecotourism potential of
the territories.

Thus, the results of our study consistently align with international scientific trends and confirm that therapeutic and
apitherapy garden spaces can serve as an effective model of green restoration, capable of integrating ecological
functionality, social benefits, and economic efficiency.
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5. Conclusions

Biodiversity is a key factor for human physical, mental, and social well-being, and its conservation forms the basis for
implementing the One Health concept and the objectives of the European Green Deal. Based on the conducted research,
therapeutic and apitherapy garden spaces are proposed as an innovative type of nature-based ecosystem that combines
ecological sustainability with high therapeutic potential. Such spaces create conditions for stress reduction, psycho-
emotional restoration, immune balance support, and the development of human-nature social interactions. Their design
is based on Nature-Based Solutions (NBS), promoting a harmonious integration of aesthetic, ecological, and restorative
functions. The use of local plant species, the creation of mosaic environmental structures, the maintenance of soil
biodiversity, and the establishment of water elements and ecological corridors have been shown to enhance ecosystem
stability and their therapeutic value.

The proposed therapeutic and apitherapy garden spaces can serve as hubs of local ecological networks, support
pollinator conservation, and foster environmental awareness among the population. The development of such spaces
aligns with the EU Biodiversity Strategy for 2030 and the United Nations Sustainable Development Goals (SDGs 3, 13, 15),
combining benefits for the environment, the economy, and public health. The implementation of adaptive management
and environmental monitoring systems ensures increased efficiency of conservation measures and engages the public in
nature protection.

Thus, therapeutic and apitherapy garden spaces are proposed as a new model of green restoration, integrating
ecological, recreational, and therapeutic aspects of territorial development. In this context, biodiversity is considered not
only as a natural resource but also as a source of health, harmony, and sustainable human well-being.
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