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Abstract 

This study investigates the application of smart solutions and behavioral nudges to enhance public involvement in 

biodiversity conservation across the European Union. Smart solutions, such as protected areas, national biodiversity 

strategies, and regulatory frameworks, are direct interventions that provide a strong policy foundation for conservation. 

In contrast, nudges, including public awareness campaigns, eco-labeling, and citizen science projects, subtly influence 

public behavior without mandating specific actions, fostering voluntary engagement. The descriptive and comparative 

analysis reveals that integrating both approaches leads to more effective conservation outcomes by combining regulatory 

strength with public participation. Countries that successfully implement a mix of smart solutions and nudges, such as 

Germany and the Netherlands, achieve higher levels of public engagement and better biodiversity outcomes. The research 

underscores the imperative for intersectoral cooperation, heightened public consciousness, and comprehensive oversight 

mechanisms to maximize conservation initiatives. The findings provide valuable insights for policymakers, 

conservationists, and community leaders seeking to enhance public involvement in biodiversity conservation and promote 

sustainable practices across Europe. 
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Introduction 
 

Biodiversity conservation represents a 

critical concern in environmental science and 

policy, directly impacting ecological stability, 

species preservation, and human well-being 

(Wang, 2024 and Brockett, 2023). Public 

involvement is widely recognized as a 

cornerstone for the effective conservation of 

biodiversity, as it enhances the sustainability 

and acceptability of conservation measures 

(Parr, 2009). Despite its importance, 

engaging the public effectively remains a 

challenging endeavor, fraught with various  

 
 

social, economic, and psychological barriers 

(Truong, 2022). This paper aims to explore the 

key factors influencing public involvement in 

biodiversity conservation and propose 

innovative approaches through smart solutions 

and behavioral nudges to address these 

challenges. 

Recent studies highlight several factors 

that impede public engagement in biodiversity 

initiatives (Berkes, 2004; Ryo, 2015 and 

Ferraro, 2022). First and foremost, there is 

often a significant knowledge gap among the 
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general population regarding the urgency of 

biodiversity loss and the specific actions that 

can mitigate this trend (Frank, 2019). This lack 

of awareness can lead to apathy or skepticism 

towards conservation efforts. Furthermore, 

economic concerns, such as the perceived 

costs of participating in or supporting 

biodiversity conservation, also deter public 

involvement (White, 2023; Rode et al., 2013. 

And White, 2022). These financial 

considerations are particularly pronounced in 

communities where immediate economic 

survival overshadows environmental concerns. 

Psychological factors also play a pivotal 

role. The “bystander effect,” where individuals 

are less likely to take action when others are 

present, can reduce personal accountability 

and participation in community-led 

conservation efforts (Assaf, 2023; Johanson, 

2011 and Eylering, 2024). Additionally, the 

complexity of biodiversity issues often leads to 

cognitive overload, where the public feels 

overwhelmed by the scale of the problem and 

therefore disengaged (de Jong, 2010; Bibiana, 

2023). 

Addressing these barriers requires a 

multifaceted approach. Smart solutions, such 

as leveraging technology for better 

information dissemination and participant 

engagement, offer promising avenues. For 

instance, mobile applications that gamify 

species tracking or habitat conservation tasks 

can both educate and incentivize public 

involvement (Torres-Toukoumidis, 2022). 

Similarly, social media platforms can be 

harnessed to build community awareness and 

foster a sense of collective responsibility 

towards local biodiversity conservation 

projects (Wu, 2018). 

Moreover, the application of behavioral 

nudges offers a strategic complement to 

technological innovations. Nudges that 

simplify complex biodiversity information into 

actionable and relatable actions can empower 

individuals to make conservation-friendly 

decisions in their daily lives (Wendel, 2016). 

For example, default options in community 

landscaping that favor native flora can subtly 

steer public preferences towards biodiversity-

supportive behaviors without curtailing 

personal choice. 

In synthesizing the body of literature 

pertaining to these subjects, this manuscript 

will present an exhaustive examination of the 

impediments to public engagement in the 

realm of biodiversity conservation and 

elucidate how the incorporation of intelligent 

solutions and behavioral nudges can 

proficiently surmount these obstacles. By 

pursuing this objective, it aspires to delineate a 

forward trajectory that not only amplifies 

public participation but also augments the 

effectiveness and sustainability of 

conservation outcomes. To effectively 

conserve biodiversity, a critical aspect of 

global environmental policy, it is essential to 

explore diverse strategies that can be tailored 

to varying ecological, social, and economic 

contexts (Zinngrebe, 2023; Leadley, 2014; 

Gavin, 2018; Doak, 2014; Kopnina, 2024; 

Hooper, 2005).  

The European Union (EU), with its rich 

biodiversity and diverse member states, has 

employed a range of approaches to safeguard 

natural habitats and species. These approaches 

include smart solutions, such as the 

establishment of protected areas, regulatory 

frameworks, and national biodiversity 

strategies, which provide a solid legal and 

policy foundation for conservation efforts. 

However, while these top-down interventions 

are necessary for setting conservation goals 

and ensuring compliance, they often lack the 

flexibility to adapt to local contexts and may 

not fully engage the public in meaningful ways 

(Grimm, 2019; Hrabanski, 2015; Peterson, 

2018; Dalton, 2023; Coad, 2015). 

In contrast, nudges—subtle behavioral 

interventions strategically formulated to 

promote voluntary pro-environmental 

behaviors—have emerged as a supplementary 

approach that can augment public engagement 

in biodiversity conservation efforts. Nudges, 

exemplified by public awareness campaigns, 

eco-labeling initiatives, and citizen science 

projects, utilize principles derived from 

behavioral science to effectuate changes in 

public behavior through non-coercive 

mechanisms. By endorsing voluntary actions 

that are congruent with conservation objectives,  
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nudges contribute to the establishment of a 

culture of environmental stewardship and 

cultivate broader community support. 

Notwithstanding the promise of these 

methodologies, there persists a necessity for a 

more integrated strategy that amalgamates the 

advantages of both intelligent solutions and 

nudges. This study endeavors to address this 

gap by scrutinizing the efficacy of these 

strategies in promoting public participation in 

biodiversity conservation throughout the 

European Union. It aims to elucidate how 

various countries reconcile regulatory 

mandates with voluntary engagement 

initiatives and to delineate best practices that 

can be amplified or tailored to diverse 

contexts. This analysis holds significance for 

the formulation of more comprehensive and 

effective conservation strategies that are 

attuned to both ecological imperatives and 

social dynamics. 
 

Methodology 
 

The methodology employed in this study 

aims to analyze the application of smart 

solutions and behavioral nudges to enhance 

public involvement in biodiversity 

conservation across the European Union, 

focusing on current implementation trends and 

future perspectives. In order to attain a holistic 

comprehension of the subject matter, the 

investigation employed qualitative research 

methodologies for the purposes of data 

acquisition and subsequent analysis, thereby 

facilitating an exhaustive exploration of the 

methodologies employed to safeguard 

biodiversity as well as their relative efficacy. 

The central aim of the investigation was 

to evaluate the present application of 

intelligent solutions and behavioral nudges in 

the context of biodiversity conservation 

throughout Europe. Data was collected from 

a variety of sources, including Government 

and Non-Governmental Organization (NGO) 

reports, projects and initiatives implemented 

across different parts of Europe.  

These documents provided insights 

into the policies and frameworks supporting  

 

biodiversity conservation and the extent of 

their application. Also, we have analyzed 

academic and industry publications, research 

articles, conference papers, and industry 

publications were reviewed to evaluate the 

effectiveness of smart solutions and 

conservation efforts. These sources provided 

scientific evaluations and discussions on the 

implementation strategies and their outcomes, 

allowing for a comparison of different 

approaches. Data from platforms like 

MDPI.com, ScienceDirect.com, and other 

scientific databases were utilized to gather 

relevant information on biodiversity 

conservation initiatives. These platforms 

offered access to a wide range of studies and 

data sets that supported the analysis of current 

trends and the effectiveness of various 

strategies. 

After data collection, a rigorous process 

of data cleaning was conducted to ensure 

accuracy and usability. Following the cleaning 

process, the data were organized into relevant 

categories for analysis. This categorization 

facilitated a structured approach to examining 

the various aspects of biodiversity 

conservation strategies, focusing on the types 

of interventions and their respective impacts. 

The study employed both descriptive and 

comparative analysis methods to achieve its 

research goals. These methods enabled a 

comprehensive evaluation of the current state 

of biodiversity conservation initiatives and a 

comparative assessment of different strategies 

across European regions and habitats. 

Descriptive analysis approach was used 

to describe the current situation of biodiversity 

conservation initiatives across Europe. It 

provided an overview of the various strategies 

being implemented, such as the establishment 

of protected areas, national biodiversity 

strategies, and regulatory frameworks. The 

descriptive analysis helped in understanding 

the reach and impact of these strategies, 

highlighting the trends in their adoption and 

effectiveness. 

Comparative analysis was conducted to 

measure the tangible outcomes of biodiversity 
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conservation strategies. This framework 

allowed for a detailed comparison of the 

effects of smart solutions and nudges in 

different European regions and habitats. The 

analysis focused on extent of implementation 

and effectiveness of Strategies. Comparative 

analysis of smart Solutions and nudges and 

analysis of Implementation and effectiveness 

was chosen to study the extent of 

implementation and effectiveness of both 

smart solutions and nudges. 

The study also analyzed the 

responsibilities of various ministries across 

European countries in shaping, implementing, 

and enforcing biodiversity policies. Ministries 

were identified as key players in biodiversity 

conservation. Their roles in policy 

development, enforcement, and public 

engagement were crucial in understanding the 

success of smart solutions and nudges in 

different contexts. 

 

 

Results and Discussion 
 

An analysis of the scientific literature 

reveled two complementary approaches to 

biodiversity conservation: smart solutions and 

nudges. Each has its strengths and limitations. 

Solutions provide the necessary regulatory 

and structural backbone needed for large-

scale, impactful conservation efforts, ensuring 

compliance and rapid implementation. 

Nudges complement these efforts by fostering 

a culture of conservation and promoting 

voluntary engagement. An effective 

biodiversity conservation strategy would 

integrate both approaches, leveraging the 

strengths of each to achieve sustainable and 

inclusive outcomes. This integrated approach 

allows for both robust enforcements where 

necessary and widespread public engagement 

and support, essential for long-term 

conservation success. Differences between 

solutions and nudges are compared in the table 

1 below. 

 

Table 1. Differences between solutions and nudges 
 

Aspect Solutions Nudges 

Nature of the 

Intervention 

Direct interventions aimed at solving a 

problem with clear, often mandatory 

actions or policies. 

Subtle changes in environment or 

context that encourage certain 

decisions without restricting choice. 

Degree of 

Compulsion 

Involves some level of compulsion or 

enforcement, with consequences for 

non-compliance. 

Maintains individual autonomy, 

guiding towards a preferred option 

while leaving all choices available. 

Scope and Impact Broader and more impactful in a direct 

sense, often changing rules or structure. 

More limited in scope, subtly 

influencing behavior, often 

complementing larger solutions. 

Psychological 

Mechanism 

Does not rely heavily on psychology, 

focusing on policy or structural 

changes. 

Leverages behavioral economics and 

psychology, exploiting cognitive 

biases to influence behavior. 

Examples Government regulations, policy 

changes, infrastructure projects, legal 

mandates. 

Behavioral cues, default settings, 

reminders, framing effects. 

*Sources: Lin, 2017; Ashcroft, 2013; Felsen, 2013; Hansen, 2013; Mols, 2015; Kosters, 2015; Sunstein, 2014; Butler, 

2024; Almeida, 2024; Broers, 2017; Kwan. 

 

After comparing the collected 

information, it became clear that Each approach 

has unique characteristics that shape their 

effectiveness, scope, and impact on biodiversity 

conservation efforts. The fundamental 

difference between the two lies in their 

approach: while solutions are prescriptive and 

often mandatory, nudges are suggestive and 

maintain individual freedom of choice. 

Solutions provide a clear directive path, while 

nudges create an enabling environment for 

voluntary behavior change. The degree of 

compulsion is another significant 

differentiator. Solutions often mandate 

action through enforceable policies, making 

them effective in scenarios requiring urgent  
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or large-scale intervention. Nudges, however, 

leverage personal choice, making them suitable 

for fostering long-term behavioral change and 

engagement. Solutions are more suitable for 

achieving broad, systemic changes and ensuring 

compliance with conservation goals on a large 

scale. Nudges, while less extensive in their 

immediate scope, are crucial for creating a 

supportive culture of conservation and 

reinforcing broader strategies through individual 

and community engagement. The psychological 

underpinning of nudges makes them effective 

tools for promoting voluntary behavior change, 

as they align with how people naturally make 

decisions. Solutions, lacking this psychological 

component, are more straightforward in 

application but less flexible in engaging with the 

public's behavioral motivations. 

According to the chosen methodology of 

our research, analyzing the responsibilities of 

ministries is crucial because ministries are key 

players in shaping, implementing, and enforcing  

 

biodiversity policies. Understanding their roles 

helps contextualize data collected from 

government and NGO reports, academic 

publications, and industry sources. 

Data in the Table 1 shows that smart 

solutions require enforcement and structured 

governance, which are provided by the 

ministries outlined in Table 2. Meanwhile, 

nudges rely on public engagement and 

behavioral influence, which ministries can 

facilitate through targeted communication and 

education campaigns. Together, these tables 

demonstrate that successful biodiversity 

conservation depends on a balanced approach 

that integrates regulatory frameworks with 

public engagement strategies, coordinated 

effectively across multiple ministries to achieve 

comprehensive and sustainable outcomes. 

The identification of different possible 

ministries in European countries and the 

allocation of responsibilities for biodiversity 

conservation is presented in Table 2 below. 
 

Table 2. Government Ministries and Their Roles in Biodiversity Conservation 
 

Ministry Responsibilities 

Ministry of Environment or Ecology  • Natural resource management 

• National parks and protected areas 

• Pollution control 

• Wildlife protection 

• Environmental impact assessments 

Ministry of Agriculture • Management of rural landscapes 

• Agri-environmental schemes 

• Forestry management 

Ministry of Fisheries and Maritime Affairs • Marine biodiversity 

• Fisheries management 

• Protection of marine ecosystems 

Ministry of Planning or Regional 

Development 
• Land use planning 

• Urban development 

• Infrastructure projects 

Ministry of Foreign Affairs • Implementation of international agreements like the 

Convention on Biological Diversity (CBD) 

• Collaboration with EU directives and regulations 

Ministry of Education and Research • Educational programs 

• Research funding 

• Public awareness campaigns 

*Sources: This table is based on information sourced from the official government websites of all European Union 

member states, including Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, 

France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Poland, 

Portugal, Romania, Slovakia, Slovenia, Spain, and Sweden. 
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Table 2 reveals that these ministries are 

not only responsible for policy development 

but also for enforcement and coordination 

across various sectors. This interdisciplinary 

collaboration is imperative for tackling the 

interrelated issues pertaining to biodiversity 

preservation, including habitat fragmentation, 

environmental pollution, and excessive 

resource exploitation. By examining the roles 

of different ministries, the analysis identifies 

how national strategies are operationalized and 

the extent to which policies are effectively 

enforced. Table 2 also sheds light on the 

enforcement capabilities and challenges faced 

by ministries in implementing biodiversity 

policies. Effective enforcement requires 

adequate resources, clear mandates, and robust 

governance structures. However, challenges 

such as limited funding, lack of technical 

expertise, and bureaucratic inefficiencies can 

impede the successful implementation of 

conservation strategies. Analyzing the roles of 

ministries helps to reveal these enforcement 

challenges, which are vital for assessing the 

overall success of biodiversity policies and 

identifying areas for improvement. 

Table 2 also suggests that ministries that 

actively engage in public communication 

efforts contribute significantly to the success 

of nudges by increasing public involvement in 

biodiversity conservation. This engagement is 

essential for building a culture of conservation 

and encouraging voluntary actions that support 

biodiversity goals. Understanding the role of 

ministries in public communication helps 

evaluate the impact of strategies designed to 

increase public involvement and optimize the 

use of nudges in conservation efforts. 

The comprehensive table presents a 

detailed overview of the biodiversity solutions 

and nudges implemented across all EU 

countries. The data highlights various sectors, 

including Environment or Ecology, 

Agriculture, Fisheries and Maritime, Planning 

or Regional Development, Foreign Affairs, 

and Education and Research. The diversity of 

approaches adopted by each country reflects 

the multi-faceted nature of biodiversity 

conservation in Europe, demonstrating the 

continent's commitment to addressing 

ecological challenges through both 

standardized and innovative strategies. 

Overview of biodiversity solutions and 

nudges across EU countries are presented in 

the table 3 below. 
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Table 3. Overview of biodiversity solutions and nudges in EU countries 
 

Country Solutions / 

nudges in 

Environment or 

Ecology 

Solutions / 

nudges in 

Agriculture 

Solutions / 

nudges in 

Fisheries and 

Maritime 

Solutions / 

nudges in 

Planning or 

Regional 

Development 

Solutions / 

nudges in 

Foreign 

Affairs 

Solutions / 

nudges in 

Education and 

Research 

Austria National 

Biodiversity 

Strategy, 

Protected 

Areas 

expansion 

Agri-

environmental 

schemes 

promoting 

biodiversity-

friendly 

practices 

Sustainable 

fisheries 

management 

policies in 

line with EU 

directives 

Spatial 

planning 

incorporating 

green 

infrastructure 

Participation 

in 

international 

biodiversity 

agreements 

Research 

programs in 

universities 

focused on 

biodiversity 

conservation 

Belgium Eco-labeling 

for 

biodiversity, 

Natura 2000 

network 

management 

Organic 

farming 

subsidies and 

pollinator-

friendly 

farming 

practices 

Marine 

protected 

areas 

designation 

Urban green 

spaces 

development 

strategies 

Bilateral 

agreements on 

migratory 

species 

protection 

Public 

awareness 

campaigns 

and school 

education 

programs 

Bulgaria Forest 

management 

plans to 

enhance 

biodiversity 

Promotion of 

crop 

diversification 

and organic 

farming 

Fishing 

quotas and 

marine 

biodiversity 

conservation 

efforts 

Regional 

development 

plans 

integrating 

biodiversity 

conservation 

Cooperation 

with 

neighboring 

countries on 

transboundary 

ecosystems 

Biodiversity 

research 

grants and 

student 

programs 

Croatia Implementation 

of EU Birds 

and Habitats 

Directives 

Incentives for 

organic 

agriculture and 

biodiversity-

friendly 

farming 

Coastal and 

marine 

biodiversity 

action plans 

Sustainable 

urban 

development 

integrating 

nature-based 

solutions 

Cross-border 

cooperation 

on 

biodiversity 

conservation 

projects 

Universities 

leading in 

biodiversity 

monitoring 

and research 

Cyprus Habitat 

restoration 

initiatives 

Support for 

sustainable 

land use 

practices 

Marine 

conservation 

zones 

establishment 

Integration of 

biodiversity 

in urban 

development 

plans 

Collaboration 

with regional 

conservation 

efforts 

Environmental 

science 

programs and 

public 

engagement 

activities 

Czech 

Republic 

Expansion of 

protected areas, 

Natura 2000 

sites 

management 

Agri-

environment 

schemes 

supporting 

biodiversity 

Freshwater 

and fish 

habitat 

restoration 

Incorporation 

of green 

infrastructure 

in urban 

planning 

Participation 

in cross-

border 

biodiversity 

initiatives 

Focus on 

ecological 

education in 

schools and 

universities 

Denmark National park 

expansions, 

marine 

biodiversity 

initiatives 

Support for 

sustainable 

agricultural 

practices 

Marine spatial 

planning and 

fishery 

restrictions 

Integration of 

biodiversity 

in urban 

planning 

Active role in 

Arctic 

biodiversity 

conservation 

agreements 

Innovative 

educational 

programs on 

biodiversity 

and climate 

impact 

Estonia Protected area 

network 

expansion, 

wetland 

restoration 

Promotion of 

organic 

farming and 

habitat-friendly 

agriculture 

Sustainable 

coastal 

management 

and marine 

conservation 

Green urban 

planning 

initiatives 

Transnational 

cooperation 

on 

biodiversity 

protection 

Education 

programs 

focused on 

local 

biodiversity 

and 

conservation 

methods 

Finland Forest 

biodiversity 

conservation 

plans 

Agri-

environmental 

support for 

landscape 

preservation 

Protection of 

marine 

habitats in the 

Baltic Sea 

Biodiversity 

considerations 

in regional 

planning 

Nordic 

cooperation 

on 

biodiversity 

issues 

 

Research and 

citizen science 

projects on 

biodiversity 
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France National 

Biodiversity 

Plan, Natura 

2000 

management 

Agroecology 

practices 

promotion 

Marine 

biodiversity 

protection in 

the 

Mediterranean 

and Atlantic 

Biodiversity 

corridors in 

regional 

development 

plans 

International 

agreements on 

migratory 

species 

Educational 

reforms to 

include 

biodiversity 

studies 

Germany National 

Strategy on 

Biological 

Diversity 

Support for 

sustainable 

agricultural 

practices 

Marine 

protected 

areas and 

fishery 

management 

reforms 

Integration of 

biodiversity 

in urban and 

regional 

planning 

Active 

participation 

in EU and 

global 

biodiversity 

policies 

Extensive 

research 

funding for 

biodiversity 

projects 

Greece Implementation 

of the EU 

Habitats and 

Birds 

Directives 

Promotion of 

traditional 

farming that 

supports 

biodiversity 

Sustainable 

management 

of marine 

resources 

Integration of 

biodiversity 

into national 

spatial 

planning 

Bilateral 

cooperation 

on 

Mediterranean 

biodiversity 

Increased 

focus on 

biodiversity in 

educational 

curriculum 

Hungary Biodiversity 

action plans, 

protected area 

management 

Agri-

environment 

measures 

supporting 

biodiversity 

Conservation 

of Danube 

River 

biodiversity 

Biodiversity 

strategies in 

regional 

planning 

Partnerships 

in regional 

biodiversity 

projects 

Education and 

public 

awareness 

campaigns on 

biodiversity 

Ireland National 

Biodiversity 

Action Plan 

Promotion of 

low-intensity 

farming 

practices 

Marine 

biodiversity 

and fisheries 

management 

Green 

infrastructure 

in regional 

planning 

Collaboration 

on Atlantic 

Ocean 

biodiversity 

Biodiversity 

education and 

awareness 

programs 

Italy Biodiversity 

monitoring and 

protected areas 

network 

Support for 

traditional 

farming and 

agroforestry 

Marine 

biodiversity 

conservation 

in 

Mediterranean 

Incorporating 

biodiversity 

in urban 

planning 

policies 

Engagement 

in 

transnational 

biodiversity 

conservation 

efforts 

University-led 

biodiversity 

research 

initiatives 

Latvia Nature 

conservation 

policy, 

protected areas 

Support for 

diverse and 

sustainable 

agriculture 

Marine spatial 

planning for 

biodiversity 

Integration of 

biodiversity 

in 

development 

planning 

Cross-border 

conservation 

cooperation in 

the Baltic 

region 

Biodiversity-

focused 

courses in 

higher 

education 

Lithuania Management of 

Natura 2000 

network 

Agri-

environmental 

schemes for 

biodiversity 

Marine and 

coastal 

biodiversity 

initiatives 

Incorporation 

of 

biodiversity 

in land-use 

planning 

Regional 

cooperation 

on 

transboundary 

conservation 

Public 

involvement 

in biodiversity 

research 

projects 

Luxembourg National 

Nature 

Conservation 

Plan 

Promotion of 

biodiversity-

friendly 

agricultural 

practices 

Management 

of freshwater 

ecosystems 

Urban 

biodiversity 

enhancement 

projects 

Participation 

in EU 

biodiversity 

frameworks 

Programs 

linking 

biodiversity 

with 

educational 

activities 

Malta Conservation 

strategies for 

endemic 

species 

Support for 

sustainable 

agriculture 

Marine 

protected area 

management 

Biodiversity 

aspects in 

urban 

planning 

Cooperation 

on 

Mediterranean 

biodiversity 

issues 

Public 

awareness 

campaigns 

and 

educational 

programs 

Netherlands National 

Ecological 

Network 

(NEN) 

development 

Encouragement 

of sustainable 

farming 

practices 

Marine 

biodiversity 

action plans in 

the North Sea 

Urban 

planning with 

a focus on 

green spaces 

Participation 

in 

international 

biodiversity 

conventions 

Research and 

innovation in 

biodiversity 

conservation 

Poland National 

Biodiversity 

Strategy and 

Action Plan 

Promotion of 

biodiversity-

friendly 

agriculture 

Conservation 

efforts in the 

Baltic Sea 

Green 

infrastructure 

in urban 

planning 

Bilateral 

agreements on 

conservation 

with 

neighboring 

countries 

 

 

Educational 

programs on 

conservation 

in schools 
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Portugal Biodiversity 

conservation 

programs in 

protected areas 

Agroforestry 

and sustainable 

agriculture 

promotion 

Marine 

biodiversity 

initiatives in 

the Atlantic 

Biodiversity 

considerations 

in urban 

planning 

International 

cooperation 

on marine 

biodiversity 

Research 

projects on 

biodiversity 

conservation 

and climate 

change 

Romania Management of 

protected areas 

and Natura 

2000 sites 

Support for 

sustainable and 

traditional 

farming 

Biodiversity 

protection in 

the Danube 

Delta 

Integration of 

biodiversity 

into regional 

development 

plans 

Participation 

in EU and 

regional 

biodiversity 

programs 

University 

programs 

focused on 

conservation 

science 

Slovakia National 

Biodiversity 

Strategy 

Agri-

environment 

schemes 

promoting 

biodiversity 

Management 

of freshwater 

and mountain 

biodiversity 

Inclusion of 

biodiversity 

in land use 

planning 

Regional 

cooperation 

on Carpathian 

biodiversity 

Educational 

initiatives 

promoting 

biodiversity 

awareness 

Slovenia Protected area 

management 

and 

biodiversity 

monitoring 

Support for 

diverse and 

traditional 

farming 

systems 

Sustainable 

management 

of marine 

resources 

Green 

infrastructure 

planning and 

development 

Collaboration 

with 

neighboring 

countries on 

biodiversity 

projects 

Public 

involvement 

and 

educational 

programs on 

biodiversity 

Spain National 

Biodiversity 

Strategies, 

Natura 2000 

sites 

management 

Promotion of 

sustainable and 

organic 

farming 

Marine 

biodiversity 

conservation 

in Atlantic 

and 

Mediterranean 

Biodiversity 

integration in 

regional 

planning 

policies 

International 

agreements on 

migratory 

species 

conservation 

Biodiversity 

research and 

education 

initiatives 

Sweden National parks 

and nature 

reserves 

expansion 

Agri-

environmental 

support for 

sustainable 

farming 

Marine spatial 

planning for 

biodiversity 

conservation 

Integration of 

green 

infrastructure 

in regional 

planning 

Active 

participation 

in Arctic 

biodiversity 

conservation 

Educational 

programs and 

public 

engagement 

on 

biodiversity 

*Sources: This table is based on information sourced from the official government websites of all European Union 

member states, including Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, 

France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Poland, 

Portugal, Romania, Slovakia, Slovenia, Spain, and Sweden. Also official sites dedicated for biodiversity as: European 

Union, Biodiversa, Food and Agriculture Organization, World Wide Fund For Nature, Institute for European 

Environmental Policy, Europarc Federation. 
 

The analysis of Table 3 provides a 

detailed comparison of the use of smart 

solutions and nudges to enhance public 

involvement in biodiversity conservation 

across the European Union (EU). This research 

highlights how different countries employ a 

combination of regulatory measures (smart 

solutions) and behavioral interventions 

(nudges) to effectively conserve biodiversity, 

reflecting diverse ecological, social, and 

economic contexts. 
 

1. Environment or Ecology 

Across the EU, most countries have 

implemented national biodiversity strategies 

and plans that align with EU directives, such as 

the Habitats Directive and Birds Directive. 

These strategies represent a form of smart 

solutions aimed at creating a robust regulatory 

framework for biodiversity conservation. For 

example, Germany's “National Strategy on 

Biological Diversity” and France's “National 

Biodiversity Plan” illustrate strong national 

commitments to achieving conservation goals 

through structured policy frameworks. 

In addition to these broad regulatory 

measures, many countries, including Austria, 

Croatia, and Latvia, have focused on 

expanding protected areas and managing 

existing Natura 2000 sites, indicating a shared 

strategy of habitat preservation as a 

cornerstone of biodiversity conservation. Such 

smart solutions are often complemented by 

nudges, such as public awareness campaigns 

that inform citizens about the importance of 

protected areas and encourage voluntary 
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support for conservation efforts. 

Countries like Denmark and Estonia 

have further invested in expanding their 

national parks and enhancing wetland 

restoration, highlighting the importance of 

maintaining diverse habitats. The creation of 

green corridors, as seen in Finland and the 

Netherlands, aims to connect fragmented 

habitats, which is critical for maintaining 

viable populations of various species. These 

efforts reflect an integrated approach, 

combining smart solutions with nudges to 

foster both regulatory compliance and 

voluntary public engagement. 
 

2. Agriculture 

Agricultural practices significantly 

impact biodiversity, making sustainable 

farming a key focus area for conservation 

efforts in Europe. Many EU countries, such as 

Belgium, Italy, and Ireland, have introduced 

agri-environmental schemes and subsidies to 

promote organic farming and biodiversity-

friendly practices. These smart solutions 

involve regulatory frameworks that reduce 

pesticide use, encourage crop diversification, 

and support traditional farming practices 

beneficial to local ecosystems. 

The emphasis on agroecology, as seen in 

France, or the promotion of traditional farming 

methods, highlighted by Greece and Italy, 

indicates a growing recognition of sustainable 

agriculture's role in preserving biodiversity. 

These strategies are often supported by 

nudges, such as eco-labeling and consumer 

awareness campaigns that encourage the 

purchase of organic and sustainably produced 

food products. This dual approach helps 

enhance soil health and water quality while 

supporting local species, contributing to 

overall ecosystem resilience. 
 

3. Fisheries and Maritime 

The conservation of marine biodiversity 

is another critical focus across the EU, with 

many countries establishing Marine Protected 

Areas (MPAs) and adopting sustainable 

fisheries management practices. Smart 

solutions like these provide a strong regulatory 

foundation for conserving marine resources. 

For instance, Spain and Portugal have 

developed marine biodiversity initiatives in the 

Atlantic, while countries like Sweden and 

Denmark have focused on marine spatial 

planning to safeguard coastal waters. 

Complementing these regulatory efforts, 

countries employ nudges such as public 

education campaigns and community-led 

initiatives to reduce bycatch and promote 

sustainable fishing practices. Fishing quotas 

and sustainable coastal management, as 

practiced in Bulgaria and Belgium, reflect an 

integrated approach to marine conservation 

that combines mandatory regulations with 

behavioral nudges. This strategy helps protect 

marine habitats and ensure the long-term 

sustainability of fish stocks, which are vital for 

both biodiversity and the fishing industry. 
 

4. Planning or Regional Development 

The integration of biodiversity into 

urban and regional planning is manifest in 

numerous EU nations, reflecting a 

comprehensive approach to conservation. 

Nations such as Belgium, Croatia, and 

Slovenia have formulated strategies to 

incorporate green infrastructure into urban 

planning, exemplified by the establishment of 

urban green spaces and the integration of 

nature-based solutions within city 

development. These initiatives epitomize 

intelligent solutions designed to alleviate the 

adverse effects of urbanization on biodiversity. 

Nudges complement these strategies by 

actively involving local communities in the 

planning process and enhancing awareness 

regarding the advantages of urban biodiversity. 

For instance, public campaigns and 

educational initiatives in Denmark and Finland 

underscore the significance of green 

infrastructure, motivating citizens to engage in 

conservation endeavors and embrace 

sustainable urban practices. This 

amalgamation of intelligent solutions and 

nudges contributes to the enhancement of 

urban biodiversity, the improvement of 

residents' quality of life, and the mitigation of 

climate change impacts. 

International cooperation and adherence 

to global biodiversity agreements are 

imperative for effective conservation. 

Numerous EU nations, including Germany and  
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France, actively engage in EU and global 

biodiversity policies, exemplifying a 

commitment to international collaboration. 

Intelligent solutions in this context encompass 

cross-border conservation projects and 

transboundary ecosystem management, which 

address ecological challenges that extend 

beyond national frontiers. 

Nudges assume a crucial role in 

cultivating a culture of international 

cooperation. For example, public awareness 

campaigns regarding the significance of 

transnational conservation efforts foster 

support for international agreements and 

stimulate public engagement in cross-border 

initiatives. The Nordic collaboration on 

biodiversity issues led by Finland illustrates 

the necessity for collective action in tackling 

shared ecological challenges, such as those 

impacting the Baltic Sea and the Danube 

River. 
 

 

 

 

 

5. Education and Research 
 

Education and research are integral 

components of biodiversity conservation 

strategies across the EU, serving as both smart 

solutions and nudges. Countries like Austria, 

Spain, and Portugal have invested in 

educational programs and public awareness 

campaigns to foster a culture of conservation 

among citizens. Universities and research 

institutions in Germany, France, and Italy lead 

biodiversity monitoring and research, 

contributing to scientific knowledge and 

informing policy decisions. 

Nudges in this domain include citizen 

science projects and the integration of 

biodiversity studies into school curricula, as 

seen in Estonia and Sweden. These initiatives 

engage the public directly in conservation 

efforts, building a more informed and active 

citizenry. By promoting public understanding 

of biodiversity issues and encouraging 

sustainable behaviors, these strategies help 

ensure long-term support for conservation 

efforts. 

 

Table 4. Aspects of smart solutions and nudges for enhancing public involvement in 

biodiversity conservation across the European Union 
 

Aspect Solutions Nudges 

Examples Specific to 

Biodiversity 

Conservation 

Protected area designations (e.g., Natura 

2000 sites), enforcement of fishing 

quotas, national biodiversity strategies, 

marine spatial planning. 

Eco-labeling for biodiversity-friendly 

products, public awareness campaigns, 

citizen science projects, educational 

programs. 

Implementation 

Challenges 

Requires significant government 

coordination, funding, and enforcement. 

May face resistance from stakeholders 

affected by regulations. 

May require continuous engagement efforts 

and can be influenced by cultural, social, and 

economic factors affecting public perception 

and participation. 

Effectiveness in 

Different Contexts 

Highly effective in regions with strong 

governance and regulatory frameworks. 

Impact may vary in areas with limited 

enforcement capacity. 

Effective in regions with high public 

awareness and environmental education. 

Impactful when combined with local cultural 

practices and community values. 
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The table provides a comprehensive 

overview of the use of smart solutions and 

nudges to enhance public involvement in 

biodiversity conservation across the European 

Union (EU). These strategies are categorized 

based on their nature, degree of compulsion, 

and psychological mechanisms, highlighting 

how they contribute differently yet 

complementarily to conservation efforts. 

Smart Solutions are direct interventions 

aimed at solving biodiversity conservation 

problems through mandatory actions, policies, 

and regulations. Examples include National 

Biodiversity Strategies and Action Plans (e.g., 

Austria, Germany, Romania), Marine 

Protected Areas (MPAs) (e.g., Belgium, Spain, 

Portugal), and the integration of biodiversity in 

urban planning (e.g., Croatia, Denmark, 

Slovenia). These solutions are government-

led, involve a high degree of compulsion, and 

typically require adherence to specific 

guidelines or rules. Their broad scope and 

significant impact are achieved through 

structured policy frameworks and regulatory 

enforcement, ensuring the protection of critical 

areas and species. However, these strategies 

also require substantial resources, 

coordination, and enforcement capabilities. 

Nudges are subtler interventions that 

encourage public involvement without 

imposing mandatory actions. They leverage 

behavioral economics and psychology to 

influence decisions through subtle cues, 

reminders, or default settings, maintaining 

individual autonomy while guiding behaviors 

toward conservation goals. Examples include 

public awareness campaigns and educational 

programs (e.g., Belgium, Estonia, Sweden), 

eco-labeling for biodiversity-friendly products 

(e.g., Belgium, France), and support for 

sustainable agricultural practices (e.g., Italy, 

Hungary). Nudges are flexible, less resource-

intensive, and can be quickly adapted to 

changing circumstances. They effectively 

engage the public by appealing to values, 

norms, or convenience, fostering a sense of 

stewardship and voluntary participation in 

conservation efforts. 

The table highlights that many EU 

countries effectively integrate both smart 

solutions and nudges to achieve a balanced 

strategy for biodiversity conservation. This 

integrated approach ensures comprehensive 

coverage by providing a regulatory backbone 

through smart solutions while enhancing 

public engagement through nudges. The 

combination allows for adaptive management, 

where regulatory mandates are complemented 

by behavioral incentives, fostering a culture of 

conservation and promoting sustainable 

behaviors essential for long-term biodiversity 

goals. The data underscores the importance of 

leveraging the strengths of both approaches to 

foster greater public involvement and achieve 

more effective and sustainable conservation 

outcomes across Europe. 

The comparative analysis of biodiversity 

conservation strategies across EU countries 

reveals the importance of integrating both 

smart solutions and nudges to maximize 

conservation effectiveness. Smart solutions, 

such as national biodiversity strategies, 

protected areas, and marine protected areas 

(MPAs), are widely implemented and provide 

a strong regulatory framework that directly 

regulates human activities to protect 

ecosystems. These measures are consistent 

across EU countries, reflecting a coordinated 

effort to meet international biodiversity goals.            

In contrast, nudges—including public 

awareness campaigns, educational programs, 

eco-labeling, and incentives for sustainable 

practices—are more localized and flexible. 

They are tailored to specific cultural, social, 

and economic contexts, enabling a diverse 

range of approaches to enhance public 

involvement. Countries like Germany, France, 

and the Netherlands, which employ a balanced 

mix of both strategies, show high levels of 

public engagement and achieve more positive 

biodiversity outcomes. This integrated 

approach promotes ecological resilience by 

combining regulatory enforcement with 

voluntary public participation. 

However, countries that rely primarily 

on smart solutions without significant public 

engagement, such as Bulgaria and Romania, 

often face challenges in achieving long-term 

conservation goals. The analysis emphasizes 

the need for context-specific strategies and  
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enhanced public involvement through 

community engagement, education, and citizen 

science. 

To enhance the robustness of the 

comparative analysis, future studies could 

incorporate quantitative data from surveys, 

national reports, and databases to provide 

precise measures of both implementation and 

public involvement. By using specific metrics 

such as participation rates, funding levels, and 

policy coverage, researchers can more 

accurately assess the effectiveness of 

biodiversity conservation strategies and the 

role of public engagement across different 

contexts. 

Future efforts should focus on 

strengthening policy frameworks, expanding 

the range of nudges, and promoting inclusive, 

participatory approaches. Enhancing cross-

border cooperation and investing in 

community-led initiatives will also be crucial. 

Further research should explore the use of 

emerging technologies and conduct cost-

benefit analyses to optimize the effectiveness 

of conservation strategies and enhance public 

involvement in preserving biodiversity. 
 

Conclusions 
 

This study has explored the application 

of smart solutions and behavioral nudges to 

enhance public involvement in biodiversity 

conservation across the European Union. The 

analysis underscores the importance of 

integrating both approaches to maximize 

conservation effectiveness. Smart solutions, 

such as protected areas, national biodiversity 

strategies, and regulatory frameworks, provide 

a strong foundation for biodiversity 

conservation by setting clear policies and 

mandates. These measures are crucial for 

large-scale impact and ensure compliance with 

biodiversity goals. However, they often 

require substantial governmental resources, 

coordination, and enforcement capabilities. 

Conversely, nudges — subtle 

interventions designed to influence public 

behavior without mandating actions — play a 

vital role in fostering community engagement    

 

and voluntary participation. Strategies like 

public awareness campaigns, eco-labeling, and 

citizen science projects empower individuals 

and communities to take ownership of 

conservation efforts. Nudges are particularly 

effective when tailored to local cultural and 

socio-economic contexts, where they can build 

a culture of conservation and enhance the 

sustainability of biodiversity initiatives. 

The study finds that the most successful 

biodiversity conservation outcomes are 

achieved when smart solutions are 

complemented by nudges, creating a balanced 

and adaptive strategy that addresses both 

policy goals and behavioral change. This 

integrated approach not only enhances 

ecological resilience but also promotes a more 

inclusive and participatory conservation 

process. 

Moving forward, it is imperative for 

policymakers and conservation practitioners to 

investigate innovative methodologies for the 

synergistic integration of these strategies. 

Subsequent research endeavors should 

prioritize the assessment of the long-term 

ramifications of these approaches, elucidating 

their efficacy in varied contexts, and 

ascertaining exemplary practices for their 

execution. Furthermore, enhancing 

transnational collaboration and promoting 

augmented public-private alliances may 

effectively bolster biodiversity conservation 

initiatives throughout Europe. By capitalizing 

on the advantages inherent in both intelligent 

solutions and behavioral nudges, EU member 

states can guarantee more holistic, sustainable, 

and efficacious conservation outcomes, 

thereby making substantial contributions to 

global biodiversity objectives. 
 

Recommendations 
 

To enhance biodiversity conservation, 

the study recommends integrating smart 

solutions with nudges to create a more 

effective and comprehensive approach. 

Policymakers should combine regulatory 

measures, such as protected area management, 

with behavioral interventions like public 
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awareness campaigns to foster a culture of 

conservation and increase compliance. 

Public awareness and education should 

be prioritized, with investments in educational 

programs and digital campaigns to reach 

diverse demographics and build long-term 

support for conservation initiatives. Tailoring 

nudges to local cultural, social, and economic 

contexts will also enhance their effectiveness. 

Engaging communities in designing these 

interventions ensures they are relevant and 

impactful. Enhancing intersectoral 

collaboration is imperative for harmonizing 

policies among the domains of environmental 

management, agriculture, fisheries, and urban 

development. The establishment of 

intersectoral working groups has the potential 

to optimize resource allocation and mitigate 

conflicts. Comprehensive monitoring and 

evaluation frameworks are indispensable for 

gauging the efficacy of conservation 

initiatives, employing tools such as 

Geographic Information Systems (GIS) to 

augment data analysis. 

Facilitating cross-border and 

international collaboration is essential for 

addressing conservation challenges that 

transcend national boundaries and for 

disseminating exemplary practices. Creative 

funding mechanisms, such as biodiversity 

bonds and public-private partnerships, warrant 

exploration to ensure the sustainability of 

conservation initiatives. Fostering 

collaborations among governmental entities, 

private enterprises, and civil society 

organizations can effectively mobilize 

supplementary resources and expertise. 

Further research on behavioral insights 

will help design more effective nudges, while 

adapting conservation strategies to address 

climate change challenges will enhance 

ecosystem resilience and mitigate future risk
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