
 

 

 
 

 

 

 

 

 

 

 

 

 
 

 

 

 

Project acronym: BIOTRAILS 

Title: Nexus Framework for biodiversity-relevant  

transformative change 

Grant Agreement number: 101082008 

 

 

DELIVERABLE 5.1 

 
Description: D5.1 Planning and setup handbook and operational management 

report (A) 

Lead beneficiary: CNR 

Document type: R- Document, Report 

 Due date of deliverable: 31-05-2024 

Actual submission date: 01-07-2024 

Dissemination level: Public 

Responsible Author(s): Stefania Santoro (CNR); Raffaele Giordano (CNR); Alessandro Pagano 

(CNR)  

Contributions from: Mohammed Armani (KNUST); Katerina Lytra (HAPO); Wendy 

Francesconi (CIAT) 

Project URL: www.biotrailsproject.eu  

 

http://www.biotrailsproject.eu/


D5.1 — Planning and setup handbook, and operational management report (A) 

 

2 

 

 

 

Revision history (including peer reviewing & quality control) 
 

Version Issue Date % Complete1 Changes Contributors 

V0.1 12.03.2024 10 
Initial deliverable 

structure and ToC 

Stefania Santoro (CNR)  

Raffaele Giordano (CNR),  

Alessandro Pagano (CNR) 

V0.2 31.03.2024 45 
Adding main 

sections and topics  

Stefania Santoro (CNR)  

Raffaele Giordano (CNR),  

Alessandro Pagano (CNR) 

V0.3 05.04.2024 50 QA Review Frini Lazarou (eBOS) 

V0.4 16.04.2024 80 

Addressing 

comments and 

adding content 

Stefania Santoro (CNR) 

 Raffaele Giordano (CNR),  

Alessandro Pagano (CNR) 

Mohammed Armani                   

(KNUST) 

Wendy Francesconi (CIAT) 

Katerina Lytra (HAPO) 

V0.5 14.05.2024 85 QA/Peer reviewing 

Johannes Stahl (ADEL) 

Jan Christian Polania Giese 

(ADEL) 

Frini Lazarou (eBOS) 

V0.6 31.05.2024 90 

Addressing peer 

reviewing/QA 

comments 

Stefania Santoro (CNR)  

Raffaele Giordano (CNR) 

V0.7 28.06.2024 100 Final adjustments 
Stefania Santoro (CNR)  

Raffaele Giordano (CNR) 

V0.8 01.07.2024 100 
Final version & 

Submission 
Raffaele Giordano (CNR) 

 

 

 

 

Copyright message 
 

© BIOTRAILS Consortium, 2022-2025. This Deliverable contains original unpublished work except where clearly 

indicated otherwise. Acknowledgement of previously published material and of the work of others has been made 

through appropriate citation, quotation or both. Reproduction is authorised, provided the source is acknowledged. 

 

 

Disclaimer 
 

This Project is funded by the European Union. Views and opinions expressed are however those of the author(s) 

only and do not necessarily reflect those of the European Union or the European Research Executive Agency. 

Neither the European Union nor the granting authority can be held responsible for them.  

 
1 According to BIOTRAILS’s Quality Assurance Process for reports:  

3 months before Deliverable’s Due Date: Table of Contents ready to be reviewed by WP leader/ Quality Manager  

2 months before Deliverable’s Due Date: 50% should be complete. Review by the Quality Manager. 

1 month before Deliverable’s Due Date:100% should be complete. Review by the Quality Manager and Peer Reviewers.  

M: Sent to PC for Submission to the EC after addressing all comments by Quality Manager and Peer Reviewers. 



D5.1 — Planning and setup handbook, and operational management report (A) 

 

3 

 

 

 

 

BIOTRAILS Partners 

CONSIGLIO NAZIONALE DELLE RICERCHE 

Piazzale aldo Moro 7, 00185 Roma, Italy 

 

CHAROKOPEIO PANEPISTIMIO 

Eleftheriou Venizelou 70, 176 71 Athens, Greece 
 

ADELPHI RESEARCH GEMEINNUTZIGE GMBH 

Alt-Moabit 91, 10559 Berlin, Germany 

 

WHITE RESEARCH SPRL 

Avenue de la Toison D’Or 67, 1060 Saint Gilles, Belgium 
 

STICHTING GLOBAL RESILIENT CITIES NETWORK 

Korte Hoogstraat 31, 3011 Rotterdam, Netherlands 

 

DRAXIS ENVIRONMENTAL SA 

Themistokli Sofouli Str. 54-56, 54655 Thessaloniki, Greece 
 

EBOS TECHNOLOGIES LIMITED 

Arch. Makariou III & Medaorias 1 Office 101, 2322 Nicosia, Cyprus 

 

CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL 

Kilometro 17 Recta Cali, 763537 Palmira, Colombia 

 

HELLENIC AQUACULTURE PRODUCERS ORGANIZATION 

Leoforos Lavriou 99B, 19002 Paiania, Greece 

 

KWAME NKRUMAH UNIVERSITY OF SCIENCE AND TECHNOLOGY 

KUMASI 

Private Mail Bag, University Post Office, Kumashi Ash, Ghana 

 

EIDGENOESSISCHE TECHNISCHE HOCHSCHULE ZUERICH 

Rämistr. 101, 8092 Zuerich, Switzerland  



D5.1 — Planning and setup handbook, and operational management report (A) 

 

4 

 

 

TABLE OF CONTENTS 
 

1 EXECUTIVE SUMMARY ..................................................................................................................................6 

2 INTRODUCTION ............................................................................................................................................7 

2.1 MAPPING BIOTRAILS OUTPUTS .................................................................................................................................................... 7 
2.2 DELIVERABLE OVERVIEW AND REPORT STRUCTURE ...................................................................................................................... 8 

3 CASE STUDIES BASELINE ..............................................................................................................................9 

3.1 FISHERY AND AQUACULTURE PRODUCTS SUPPLIED BY THE MEDITERRANEAN BASIN AND 

CONSUMED WITHIN THE MEDITERRANEAN AND EUROPEAN COUNTRIES .................................................................... 10 
3.1.1 Background information ............................................................................................................................................................................ 10 
3.1.2 Diagnosis of the current state of the value chain............................................................................................................................ 11 
3.1.3 Diagnosis of the main issues related to the Climate – Biodiversity – Society Nexus ....................................................... 13 
3.1.4 Policies relevant for all Nexus domain ................................................................................................................................................. 16 

3.2 GOLD MINED IN GHANA ....................................................................................................................................................... 17 
3.2.1 Background information ............................................................................................................................................................................ 17 
3.2.2 Diagnosis of the current state of the value chain............................................................................................................................ 18 
3.2.3 Diagnosis of the main issues related to the Climate – Biodiversity – Society Nexus ....................................................... 20 
3.2.4 Policies relevant for all Nexus domain ................................................................................................................................................. 23 

3.3 COCOA PRODUCED IN PERU ............................................................................................................................................... 25 
3.3.1 Background information ............................................................................................................................................................................ 25 
3.3.2 Diagnosis of the current state of the value chain............................................................................................................................ 26 
3.3.3 Diagnosis of the main issues related to the Climate – Biodiversity – Society Nexus ....................................................... 27 
3.3.4 Policies relevant for all Nexus domain ................................................................................................................................................. 30 

3.4 SUSTAINABLE FOREST-BASED CULTURAL PRODUCTS CREATED BY INDIGENOUS COMMUNITIES IN 

THE BRASILIAN AMAZON ..................................................................................................................................................................... 31 
3.4.1 Background information ............................................................................................................................................................................ 31 
3.4.2 Diagnosis of the current state of the value chain............................................................................................................................ 32 
3.4.3 Diagnosis of the main issues related to the Climate – Biodiversity – Society Nexus ....................................................... 34 
3.4.4 Policies relevant for all Nexus domain ................................................................................................................................................. 35 

4 BIOTRAILS CO-IMPLEMENTATION PLAN ................................................................................................ 38 

4.1 INTRODUCTION ............................................................................................................................................................................... 38 
4.2 THE TIMESTEPS OF THE BIOTRAILS’ CO-IMPLEMENTATION PLAN .......................................................................................... 40 

4.2.1 Stage 1: Co-defining the main challenges to be addressed ....................................................................................................... 42 
4.2.2 Stage 2: Co-defining the set of solutions for transformative changes ................................................................................... 43 
4.2.3 Stage 3: Testing and prioritising the BIOTRAILS’s solutions ....................................................................................................... 44 
4.2.4 Stage 4: Assessing the feasibility of the proposed solutions ..................................................................................................... 44 
4.2.5 Stage 5: Developing the Implementation plan for the BIOTRAILS’s solutions for transformative changes ........... 44 

5 BIOTRAILS CO-EVALUATION PLAN .......................................................................................................... 45 

6 CONCLUSIONS ............................................................................................................................................ 47 

7 REFERENCES ................................................................................................................................................ 48 

 

 

 

List of Tables 

Table 1: Adherence to BIOTRAILS’s GA Deliverable & Task Descriptions ................................................................................. 7 
Table 2: Aquaculture case study activities-related effects on biodiversity along the value chain ................................ 14 
Table 3: Aquaculture case study ecosystem services to be ensured along the value chain ........................................... 15 
Table 4: Gold mined case study activities-related effects on biodiversity along the value chain ................................. 21 
Table 5: Gold mined case study ecosystem services to be ensured along the value chain ............................................ 22 



D5.1 — Planning and setup handbook, and operational management report (A) 

 

5 

 

 

Table 6: Cocoa case study activities-related effects on biodiversity along the value chain ............................................ 28 
Table 7: Cocoa Case Study Ecosystem services ................................................................................................................................. 29 
 

 

List of Figures 

Figure 1: Timeline of the activities (Task 5.1) ........................................................................................................................................ 9 
Figure 2: Main species produced [4] ..................................................................................................................................................... 10 
Figure 3: Value chain of fisheries and aquaculture. Source: author's elaboration .............................................................. 11 
Figure 4: Localization of fish farm[4] ..................................................................................................................................................... 12 
Figure 5: Export from Greece of sea bream and sea bass [4] ...................................................................................................... 13 
Figure 6: Trend of gold demand. Source: ICE Benchmark Administration (last updated: 30 June, 2023) ................. 18 
Figure 7: Map of the value chain of gold mined in Ghana ........................................................................................................... 19 
Figure 8: Total Exports Value Growth (2020 – 2021) [16] .............................................................................................................. 20 
Figure 9: Cacao production trend (kg).................................................................................................................................................. 25 
Figure 10: Map of the cocoa value chain in Peru ............................................................................................................................. 26 
Figure 11: Countries of destination for Peru cocoa beans ........................................................................................................... 27 
Figure 12: Map of the sustainable forest-based cultural products value chain in the Brasilian Amazon .................. 33 
Figure 13: Illustration of Leverage Points for System Changes. Source: Fischer & Riechers (2019), adapted from 

Abson et al. (2017) ........................................................................................................................................................................................ 39 
Figure 14: The three spheres of transformation (source: O’Brien & Sygna, 2013). ............................................................. 39 
Figure 15: Timeline of the BIOTRAILS’s co-implementation plan. ............................................................................................. 41 
Figure 16: Conceptual framework for engaging stakeholders in co-designing transformative scenarios ................ 43 
Figure 17: Framework for monitoring and evaluating the BIOTRAILS’s solutions .............................................................. 45 
 

 

Glossary of terms and abbreviations  

 

Abbreviation / Term Description 
AGIR Association of Indigenous Warriors of Rondônia 

ASM Artisanal and Small-Scale Mining 

BCS Biodiversity- Climate- Society 

CBD Convention on Biological Diversity  

CLD Causal Loop Diagram 

ES Ecosystem services 

FUNAI National Foundation for Indigenous Peoples, Brazil 

GA Grant Agreement 

GDP Gross Domestic Product 

IBGE Brazilian Institute of Geography and Statistics 

IT Indigenous Territories 

LAA Learning and Action Alliance 

LSM Large-Scale Mining 

MEA Millennium Ecosystem Assessment  

NBS Nature Based Solution 

PAB Brazilian Handicrafts Program 

PNGATI National Policy for Territorial and Environmental Management of Indigenous Lands 

SICAB Brazilian Handicrafts Registration Information System database 

SSI Semi- structured interview 

WP Work package 

 

 

 

 

 

  

https://www.bing.com/ck/a?!&&p=03f1791ef294dbc0JmltdHM9MTcxMzc0NDAwMCZpZ3VpZD0yZDcyY2RhMi1kNzgzLTZmMjYtMjYxZS1kZTdhZDYyYzZlMzYmaW5zaWQ9NTIyMQ&ptn=3&ver=2&hsh=3&fclid=2d72cda2-d783-6f26-261e-de7ad62c6e36&psq=funai&u=a1aHR0cHM6Ly93d3cuZ292LmJyL2Z1bmFpL3B0LWJy&ntb=1


D5.1 — Planning and setup handbook, and operational management report (A) 

 

6 

 

 

1 EXECUTIVE SUMMARY 

This deliverable represents the starting point of the activities to be carried out within Work Package (WP) 5 

‘BIOTRAILS Pathways and Leverage Points’ (Task 5.1 ‘Setup Scene, Benchmarking Definition and Operational 

Management’). As mentioned in the Grant Agreement (GA), the overall aim of WP5 is to establish a robust 

framework for synchronising the different phases of the project’s implementation in the four BIOTRAILS’s value 

chains and, in doing so, enabling biodiversity-relevant transformative changes. To achieve these objectives, this 

deliverable aims at defining the initial conditions – i.e. baseline descriptions – of the case studies accounting for 

the existing literature and the knowledge of the case study leaders, whose involvement in this work is critical – 

e.g. they contributed to the definition of the common framework for the baseline descriptions.    

 

This deliverable describes BIOTRAILS’s co-implementation and co-evaluation plan. In particular, it focuses on the 

different stages that must be gone through to enable transformative change in the value chains. Two different 

levels of implementation are described in this report, namely the implementation of the project’s activities and 

the implementation of BIOTRAILS’s solutions for transformative changes. A timeline of the different stages of the 

Co-implementation plan has been agreed upon with the case study leaders and is described in this document. 

 

A similar approach was adopted to develop the Co-evaluation plan. This plan's structure is described as capable 

of supporting the evaluation of both the implementation of the project’s activities and the effectiveness of the 

selected transformative solutions.    

 

This report should be considered a living document that will be updated throughout the project’s implementation, 

referring to new evidence from the case studies. 
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2 INTRODUCTION 

2.1 MAPPING BIOTRAILS OUTPUTS 

This section presents the BIOTRAILS’ s Grant Agreement (GA) commitments, as extracted from the formal 

deliverable and task description, with respect to their outputs and work to be carried out.  

 

Table 1: Adherence to BIOTRAILS’s GA Deliverable & Task Descriptions 

BIOTRAILS GA 

Component Title 

BIOTRAILS GA Component 

Outline 

Respective 

Document 

Chapter(s) 

Justification 

DELIVERABLE 

D5.1 – Planning and setup handbook and operational management report (A)  

 

This deliverable refers to task 5.1. Version (A) of this deliverable will collect and structure baseline information 

from the case studies. To this aim, a common framework will be shared with the case studies responsible. This 

version will also contain the co-implementation plan for the activities in each case study, the co-

evaluation/validation plan, and a roadmap for the process. This version of the deliverable will be elaborated in 

strict interaction with the case study leaders. 

TASK 

T5.1 Setup Scene, 

Benchmarking 

Definition and 

Operational 

Management 

 

Task 5.1 will lay the foundations for the 

implementation of BIOTRAILS solutions 

in the selected value chains by 

developing the framework in close 

interaction with stakeholders in the LAAs 

communities. The implementation 

framework will cover the template for 

the baseline description, the co-

implementation plan, and the co-

evaluation/ validation plan, along with a 

roadmap for the process. This task will 

also assemble all value chain-relevant 

available information and data in a 

baseline description of each product, 

which also serves as the benchmarking 

reference for scenarios and solutions 

developed along with the project. This 

will include a) analysis of the system and 

threshold definition (system objectives 

and challenges), b) review of existing 

pathways, c) group options, assessment 

effectiveness and efficiency, and 

sequence over time (develop pathway 

alternatives), and d) prioritisation and 

ranking to be used for choosing the 

recommend pathway(s). There will be a 

constant interplay between the case 

studies' progress and the research 

developments. 

Chapters 3, 4, 

5, 6   

 

Chapter 3 provides an 

overview of the background 

information for each case 

study. The value chain 

mapping and diagnosis of 

the current state of the value 

chain are carried out with 

particular reference to the 

relationship with the 

climate—biodiversity—

society (BCS) Nexus. Finally, 

policies relevant to BCS 

Nexus domains are listed. 

 

Chapter 4 shows the results 

from the stakeholder 

workshops aimed at 

formulating the preliminary 

version of the Co-

implementation plan.  

 

Chapter 5 defines the 

structure of the Co-

evaluation plan that will be 

developed in D5.2. 

 

Chapter 6 outlines the 

conclusion.  
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2.2 DELIVERABLE OVERVIEW AND REPORT STRUCTURE 

The primary objective of D5.1 is to gather and organise data/information from the case studies (fishery and 

aquaculture products supplied from the Mediterranean basin and consumed in Mediterranean countries, gold 

mined in Ghana, cocoa produced in Peru, and handicrafts in the Amazon rainforest) to define the baseline 

description prior to the BIOTRAILS implementation.  

 

This report will be used to create the basis for the implementation of BIOTRAILS solutions in the case studies. 

Besides collecting and structuring existing data and information, this deliverable describes the different stages of 

the project’s co-implementation plan. As required by the GA, the structure of the co-implementation plan has 

been discussed and agreed upon with the case study leaders. Moreover, as further described in this report, 

stakeholders’ engagement is critical in several stages of the co-implementation plan – e.g. defining the challenges, 

developing the transformative scenarios, co-defining the set of feasible solutions, etc. The final stage of the co-

implementation plan concerns the development of the Action Plan, conceived as the project’s legacy in the case 

studies. The main scope of the Action plan is to enable the actual and effective implementation of BIOTRAILS’s 

transformative solutions.   

 

The report is divided into six sections:  

Following an executive summary and intro, chapter 3 describes the common framework for the baseline 

description and the process for developing it. It also contains an overview of background information, conducts 

value chain mapping, and diagnoses the current state of the value chain, emphasising its relationship with the 

climate – biodiversity – society (BCS) Nexus for each case study. Additionally, it lists policies relevant to BCS Nexus 

domains. Chapter 4 presents the results of stakeholder workshops aimed at shaping the preliminary Co-

implementation plan. By incorporating insights and feedback from stakeholders, the plan aims to be 

comprehensive and responsive to diverse perspectives and needs, aligning with project goals for each case study. 

Chapter 5 introduces the Co-evaluation plan, and the conclusion (chapter 6) closes the deliverable.  
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3 CASE STUDIES BASELINE 

This deliverable is developed as part of Task 5.1 activities and has a dual purpose. On the one hand, to define the 

baseline description, and on the other hand, lay the foundation for the implementation plan. The baseline 

represents a detailed description of the factual status of the four case studies with specific reference to the BCS 

Nexus, products, and processes in the different value chains. It serves as a benchmark for assessing future 

performance, monitoring changes over time, and guiding project objectives. It is useful as a basis for comparison 

with subsequent versions of the project, highlighting changes and improvements over time. 

 

The implementation plan will draw upon the findings of the analysis conducted during the initial stages of project 

implementation, as well as the primary issues and concerns identified during the initial round of stakeholders' 

workshops within the case studies. Serving as a linkage between BIOTRAILS and the case studies, this plan is 

designed to address any disparities between BIOTRAILS' scientific agenda and the specific needs and challenges 

encountered within the case studies. Figure 1 illustrates the various activities in Task 5.1 aimed at the dual purpose 

of this deliverable.  

 

 
 

Figure 1: Timeline of the activities (Task 5.1) 

Task 5.1 activities began at M04 by (i) defining the scope of intervention; in collaboration with the case study 

leaders, the boundaries and critical components to be addressed by the baseline have been defined for each case 

study (step 1, Figure 1).  Next, information gathering has been carried out according to the standards specified in 

Task 3.1, ‘Data Collection and Harmonisation’ (step 2, Figure 1). Information gathering was done through three 

main activities: a literature review, semi-structured interviews with stakeholders, and workshops in three case 

studies: handicrafts in the Amazon rainforest (M11), gold mining in Ghana (M12) and fishery and aquaculture 

products supplied from the Mediterranean basin and consumed in Mediterranean countries (M14). The workshop 

related to the Peru case study is currently being organised. The results will be addressed within deliverable 5.2. 

The analysis of the results from the analyses carried out under WP2 ‘Learning and Action Alliances’ (D2.1: LAA 

stakeholder engagement guidelines and BIOTRAILS Learning Platform) and WP3 ‘Impact of Indirect Drivers and 

Nexus Framework (D3.9: PSDM processes for Nexus understanding and management-A) allowed the first version 

of the baseline to be defined (step 3, Figure 1). 

 

The baseline description is divided into four main sections for each case study. After a description of the 

background (sub-section 1) aimed at motivating the role of BIOTRAILS analysis, a diagnosis of the current state of 

the value chain is carried out (sub-section 2). Sub-section 3 describes the significant issues related to the BCS 

Nexus. Furthermore, the section focuses on the effects of value chain activities on the functioning of Ecosystem 

Services (ES). Understanding the impact of each stage of the value chain on the provision of ES is essential to 
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identify where and how these services are used or affected. Such analysis enables the development of accurate 

and timely management strategies. In addition, the knowledge gained from these analyses can inform the 

formulation of policies that promote sustainable practices at all stages of the value chain, ensuring the continued 

preservation and support of ecosystem services throughout the production process. 

 

A systematic analysis of each case study was carried out to achieve this aim. The analysis began with a thorough 

review of existing literature, followed by conducting interviews and semi-structured interviews (SSIs). This process 

led to the identification of variables that were classified within the categories of ES defined by MEA. [1]. According 

to the Millennium Ecosystem Assessment (MEA) [1], these benefits are classified into four categories: (i) 

provisioning services (such as food and commodity production), (ii) regulating services (including climate control), 

(iii) cultural services (including climate control), (iv) support services (including nutrient cycling and primary 

productivity) and primary productivity) [2]. The concept of ES is thus understood as “a way” to link humans to 

nature and promote better accounting of human impacts on the environment [3].  Finally, the policies most 

relevant to the Nexus close the baseline (sub-section 4). Analysis of the results from the stakeholder workshops 

enabled the development of the implementation plan, which is included in this report (step 4, Figure 1). Steps 5 

and 6 will be developed in D5.2 ‘Planning and setup handbook, and operational management report (B)’ (due 

M35).  

3.1 FISHERY AND AQUACULTURE PRODUCTS SUPPLIED BY THE 

MEDITERRANEAN BASIN AND CONSUMED WITHIN THE 

MEDITERRANEAN AND EUROPEAN COUNTRIES  

3.1.1 Background information 

This section provides background information on the case study on fisheries and aquaculture in Greece. In recent 

decades, aquaculture farms have grown in Mediterranean countries due to strong demand in international 

markets for gilthead sea bream and European sea bass. In 2021, Sea bream accounted for 54% of the production 

volume and sea bass for 46% [4]. The future trend continues to rise [5].  

 
Figure 2: Main species produced [4]  

According to [6], Greece is the third largest aquaculture producer in the Mediterranean, contributing 14% of total 

aquaculture production by weight (126,400 tonnes) and 16% by value (561 million dollars). At the national level, 

aquaculture represents 65% of fish production. The remaining 35% comes from fishing [4]. These activities have 

contributed, on the one hand, to establishing Greece in the national and international fish market and, on the 

other hand, opened up new challenges from the perspective of process sustainability [7]. In fact, the high demand 

for seafood products on the market and consumption has led to the depletion of a large amount of fish stocks 

and severe degradation of the Mediterranean marine ecosystem. Aquaculture processes are subject to 

environmental concerns related to feed and energy consumption, water contamination, air emissions, etc [8]. 

Although there are policies aimed at regulating human activities, processes, and practices carried out by 

individuals or organisations involved in fish farm management, they fail to capture the Nexus of the entire marine 
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biodiversity supply chain and do not account for the broad impact of fish trade and consumption of their stocks 

or the pressures on aquaculture [9]. To this aim, the main contribution of BIOTRAILS is to explore the Nexus 

between the demand for seafood and the condition of the supplying and intermediate ecosystems. Analysing data 

on marine ecosystems and the state of biodiversity could help raise awareness of the value of biodiversity among 

citizens and businesses. Change could occur not only from a utilitarian perspective but also by emphasising 

myriads of invisible services that are compromised when marine biodiversity is threatened. 

3.1.2 Diagnosis of the current state of the value chain  

In this section, a representation of the different stakeholders and their interactions takes place to build a value 

chain mapping. To this aim, it refers to the results of the analysis carried out in WP2 and WP3.  According to 

BIOTRAILS_D2.3 ‘Framework of transitional pathways and leverage points (A)’ (submitted M06), the value chain of 

fisheries and aquaculture consists of the following phases: production/collection, transformation, export, 

importers/wholesale, and consumption (Figure 3).  

 

 

Figure 3: Value chain of fisheries and aquaculture. Source: author's elaboration  

In the production stage, the producer, i.e. aquaculture farms, represents the main actor. The supply chain 

structure of aquaculture in Greece comprises 73 farms and groups with 283 marine fish farms. More than half are 

small and medium-sized family farms [4]. Geographically, fish farms are located in three decentralised 

administrations: (i) Peloponnese - (ii) Western Greece and Ionian Sea, Thessaly - (iii) Central Greece and Aegean 

Sea. Regionally, farms are present in 11 of the country's 13 regional units, as shown in Figure 4.  
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Figure 4: Localization of fish farm[4] 

According to [4], aquaculture has increased over the past 20 years. In relation to aquaculture, the most cultivated 

species are sea bream and sea bass. The second most important category of aquaculture farms relates to shellfish 

farming. Aquaculture farmers operate both at marine sites and inland water areas, including lagoons, which serve 

as vital income sources for local residents. Specifically, according to the farming category, there are 283 marine 

fish farms for sea bream and sea bass, 460 shellfish farms, 87 inland farms, 72 breakwater farms, and 24 

Mediterranean fish hatcheries [4]. Figure 5 shows a summary table of the species farmed for each area, according 

to data available in 2020 [4]. 

 

The transformation stage is critical to ensuring that seafood products are market-ready and meet consumer 

needs. Activities at this stage can vary greatly depending on the type of product, market destination, and consumer 

preferences. Regardless, the typical activities definitely include preservation, preparation, quality control, and 

packaging. In this stage of the value chain, fish processors and certification companies are involved.   

 

Then, the products are distributed to domestic and international markets (export stage). In 2021, 58% of Greek 

aquaculture production (total of 131,250 tons or €636 million) was imported to Italy, Spain, and France, while 20% 

was dedicated to the local market [4]. Companies or individuals purchase large quantities of seafood products 

from producers or traders and distribute them to other intermediaries or retailers, such as restaurants, wholesale 

markets, supermarkets, and retail chains (traders, retailers’ stage).  

 



D5.1 — Planning and setup handbook, and operational management report (A) 

 

13 

 

 

The last stage of the value chain is represented by the market (consumption stage). Italy is the largest market in 

both value and volume (Figure 5), even though volumes of imported sea bass and sea bream from 2021 to 67,500 

tons in 2022 [4].  Volumes of sea bass in the same time period were down 9.1%, and sea bream was down 8.6%, 

with deficient demand for Turkish supplies [4]. Other markets appeared more positive, with Spanish imports 

increasing during 2022, 55,000 tons (+8.6% year-on-year), while French imports were 24,000 tons (+12% year-on-

year). Sea bass and sea bream are experiencing the highest growth in the United States, with imports increasing 

from 8,000 tons in 2020 to 14,000 tons in 2022, mainly due to imports of sea bass from Greece [4].  

 

  

 
Figure 5: Export from Greece of sea bream and sea bass [4] 

3.1.3 Diagnosis of the main issues related to the Climate – Biodiversity – Society 

Nexus  

3.1.3.1 Description of the main biodiversity-related issues  

According to the results of the analysis conducted by WP2 and WP3 and implemented by the literature review, 

the main biodiversity concerns related to aquaculture refer to the effect of human activities along the value chain 

and climate change.  The presence of aquaculture cages itself represents an alteration of the balance of the 

surrounding ecosystem. Specifically, evidence shows the effect of cages on the surrounding water column, 

sediments, and the biota, which is traceable at distances of 500–1000 m [10]. For instance, observed changes 

include a progressive rise in phosphorus and nitrogen concentrations attributed to anoxic sediment, deteriorating 

air quality due to greenhouse gas emissions linked to anoxic sediment, fluctuations in the populations and 

mortality rates of wild fish and marine organisms, and alterations in seawater flora concentrations; moreover, the 

aquaculture activities along the value chain sporadically may include aquaculture equipment and by-products 
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discarded in the marine environment. In addition, the abandonment or lack of maintenance of cages and 

eutrophication caused by fish feed or biological components. Moreover, the effects of climate change, e.g. rising 

seawater temperatures, generate an increase in pathogenic organisms. All these factors influence the behaviour 

of both benthic organisms and avifauna. The following sections describe the effects of climate change on 

biodiversity along the different phases of the value chain.    

3.1.3.2 Description of the main impact of the value chain on biodiversity  

Understanding biodiversity impacts associated with each value chain activity can lead to the development of 

accurate and timely management strategies. This is the result of organising the knowledge gained from the 

activities carried out under WP2 and WP3 and summarised in Table 2. 

 

Table 2: Aquaculture case study activities-related effects on biodiversity along the value chain 

Aquaculture value 

chain phases  

Main aquaculture 

 activities  

Main direct related effects on 

biodiversity and ecosystem 

Production phase  

Installation of cages  

Habitat Alteration 

Introduction of Non-native Species 

Pollution and Nutrient Enrichment 

Anoxic sediment  

Fish deaths 

Microplastic concentration (HDPE)  

Maintenance of cages   Noise and disturbance of habitats 

Fish food supply 

  

Fish feed and chemical products 

concentration in the water column  

Organic waste  

Pest and disease  

Transformation phase  

Refrigeration, freezing, canning, boiling, 

smoking, drying, salting, and packaging 

activities of fishery products  

GHG emissions 

Waste production due to plastic 

tank/packaging  

Export phase  Transport  GHG emissions 

Traders, wholesalers 

and retailers’ phase  
Packaging activities of fishery products Waste production 

Consumption phase  -  Waste production 

 

3.1.3.3 Description of the main impacts of climate change on biodiversity 

Climate change could have significant impacts on aquaculture in Greece and act on different stages of the value 

chain. Following are some of the main effects of climate change highlighted by the analysis of the interviews and 

implemented with the literature review:   

 

o Rising sea temperatures or acidification due to increased levels of carbon dioxide (CO2) in the 

atmosphere can affect the growth and reproduction of species and increase the spread of disease.  As 

water temperature changes, the distribution of marine species may also change. This may affect the 

availability of species suitable for aquaculture and may require adjustments in farming practices or the 

development of new aquaculture species.  

o There is an increasing number of extreme weather events (heat waves, storm risk, and flood risk), 

including storms and heavy rains. These events can cause damage to infrastructure, escape of farmed 

species, and contamination of aquaculture facilities.  

o Sea level rise is capable of threatening aquaculture systems located in low-lying coastal areas. Increased 

flooding can damage both infrastructure and aquaculture species.  
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3.1.3.4 Main human activities related to ecosystem services supply and flow  

Greece is a country well-known for its highly insular and coastal nature. It is estimated that Greece's coastline 

(both mainland and island) stretches over 15,000 km, making the country the second most coastal in Europe 

(approximately 30% of the entire Mediterranean coastline) [12]. In terms of maritime activities, Greece ranks 

among the top countries in fishing exports (free fishing and aquaculture) [4]. Various human activities such as 

maritime navigation, fishing, aquaculture, tourism, renewable energy production, extraction of raw materials, 

ecosystem and biodiversity conservation, and underwater cultural heritage create a high demand in terms of 

maritime space. The unplanned use of marine space over the past decades, in addition to the increasing 

competition between human activities at sea, has caused irreversible damage to the marine ecosystem [13]. The 

Greek marine ecosystem is home to over 3,500 animal species. Species found in coastal and marine ecosystems 

include (a) macrophytes, (b) marine mammals, (c) seabirds, (d) fish, and (e) zoobenthos [12]. Due to overfishing, 

many fish stocks in the Mediterranean Sea are rapidly depleting. There has been a steady deterioration in the 

biomass of 42 Mediterranean stocks over the period 1990-2010 [14]. Overfishing is causing the loss of biodiversity 

of target and dependent species, disrupting food webs and biomass (and energy) flows through the ecosystem 

with severe ecosystem, social, and economic consequences. In addition, free fishing and aquaculture activities also 

compromise bird, mammal, and turtle habitats. Flora is also highly endangered. The most common habitats in 

Greece are seagrass beds. Certain fishing techniques cause the destruction of seagrass meadow habitat, with their 

regression estimated at 34% over the last 50 years [15]. Pollution from fish-processing plants, the use of ozone-

depleting refrigerants, and the dumping of plastic debris from fishing into the sea are other processes that 

deteriorate marine habitats [15]. In this context, an analysis has been conducted to grasp the key activities linked 

to fisheries and aquaculture that could disrupt the natural provision of ES. This analysis connects different stages 

of the value chain to the threatened ES. Understanding how each stage of the value chain affects ES provision is 

essential for identifying where and how these services are utilised or impacted. Table 3 highlights the ES that could 

be disrupted by activities in each phase of the value chain. The ES function performed to be ensured in accordance 

with the MEA classification is also shown.  

  

Table 3: Aquaculture case study ecosystem services to be ensured along the value chain 

Aquaculture value  

chain phases  

Threatened  

ecosystem services 

Functions of  

ecosystem services  

Production  

Genetic resources Supporting 

 Renewable energy sources for farm activities Provisioning 

Fish stock Provisioning 

Vegetation stock Provisioning 

Food security Supporting 

Carbon storage Supporting 

Nutrient cycling Supporting 

Hydrological cycle and water flow regulation Regulating 

Waste breakdown and detoxification Regulating 

Sediment stabilisation Regulating 

Tourism and recreation Cultural  

Seascape Cultural  

Transformation - Export - Trade 

Climate and temperature regulation Regulating  

Community Employment Cultural  

Water cycling  Supporting 

Nutrient cycling  Supporting 

Waste management  Regulating 

Consumption  
Food security Supporting 

Community health and wellbeing Cultural  

 



D5.1 — Planning and setup handbook, and operational management report (A) 

 

16 

 

 

3.1.4 Policies relevant for all Nexus domain  

The environmental set of regulations governing the aquaculture sector and its supporting facilities consists mainly 

of:  

  

o Multi-annual National Strategic Plan for the development of sustainable aquaculture (MNSP) 2021-2030 

(MNSP) to pursue environmental and social sustainability goals.   

o Law No. 1650/1986 for the Protection of the Environment.  

o Presidential Decree No. 51/2-3-2007: “Establishment of measures and procedures for the integrated 

management and protection of water sources, in compliance with Directive No. 2000/60/EC establishing 

a framework for Community action in the field of water policy”.   

o Council Directive 2006/88/EC of 24 October 2006 on animal health requirements for aquaculture animals 

and products incorporated into the Greek legislative framework with Presidential Order No. 28 of 2009.  

o Ministerial Joint Decision No. 69269/5387 on the classification of projects into categories, contents of 

Environmental Impact Assessment Studies, determination of the content of Specific Environmental 

Assessments and other related, in compliance with Law No. 1650/1986.  

o Fisheries and Aquaculture Law (Law 4546/2018): This law regulates fishing and aquaculture activities in 

Greece, including fisheries conservation measures and sustainable practices.   

o Law No. 3010/2002 “harmonisation of Law No. 1650/1986 with the Directives 97/11/EC and 96/61/EC, 

procedure of delimitation and regulation of matters regarding water streams and other provisions”.  

 

Moreover, the basic legal framework governing the establishment and operation of projects on the seashore and 

the coastal zone contains the following:  

 

o Law No. 2971/2001, “Seashore, coastal zone and other provisions”, provides information about seashore 

and coastal zone ownership and defines the procedure for determining the borders and protecting the 

seashore and the coastal zone.  

o Ministerial Decision 109313/5914/130/2004 “Evaluation of facilities and installations which exist on the 

seashore and the coastal zone”.  

o Ministerial Decisions No. 414985/1985 and No. 33318/3028/1998, which were issued to conform the 

national legislation with the Directives 79/409/EC on the “Conservation of wild birds” and 92/43/EC on 

the “Conservation of natural habitats and of wild fauna and flora”, together with the above Law, constitute 

the basic legal framework for the determination of protected natural sites in Greece. Areas included in 

the Directive 92/43/EC are suggested as “Sites of Community Importance (SCI)”, while areas included in 

the Directive 79/409/EC are indicated as “Special Protection Areas (SPA)”. Until 2005, Greece had already 

composed a list of more than 350 sites that have been declared as “protected sites” and are candidates 

for the NATURA 2000 network.  

 

In the framework of OOC-9, the Greek government announced 21 commitments totalling more than 800 million 

dollars. The creation of two prominent national marine parks, one in the Aegean and one in the Ionian, increased 

the size of marine protected areas in the country by 80% and covered approximately 1/3 of Greece's territorial 

marine waters. Announcing yet another surveillance system, with drones, satellites and artificial intelligence, "to 

effectively patrol these areas, also, the launch of the Decarbonisation Fund for the Greek islands, financed by the 

rights of the European Emissions Trading System, has been announced Greece will remove plastic waste from 

water by 50% and microplastics by 30% by 2030, compared to 2019 trawling will be banned in national marine 

parks by 2026 and in all marine protected areas by 2030. Moreover, due to the rapid growth rate of the 

aquaculture sector in Greece over the past 20 years, another result arose: the competition for space between the 

developing industry and the traditional use of the coastal zone. Therefore, further sector development needs 
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spatial and environmental integration of aquaculture, as well as the formulation of a planning framework in the 

context of Integrated Coastal Zone Management (ICZM).  Subsequently, Areas for the Organised Development 

of Aquacultures (AODA) results from a European directive aimed at regulating the maritime spatial framework of 

aquaculture in Greece. To date, 25 requests have been submitted for the designation and demarcation of AODAs 

throughout the territory; of these, 7 AODAs have already been institutionalised. Greece’s commitment to food 

safety and quality has led to the certification of Greek Aquaculture products according to National Standards:  

  

o ISO 14000 (environmental management)  

o ISO 9001:2000 (quality management systems)  

o ISO 22000/HACCP (Food Safety)   

o ASC:  sets the standards for environmentally and socially responsible seabass, seabream and meagre 

farming.   
o GlobalGAP: global adoption of safer and more sustainable farming practices 

o  Fish from Greece Certification Standard: principles for minimising the environmental impact of the 

activity and for the protection and conservation of the natural environment and biodiversity. 

 

AGROCERT, as a national standardisation and certification authority in the sector of agricultural products, in 

cooperation with the country's scientific, research, and production bodies, developed the first optional sectorial 

standards. The main competencies of AGROCERT are the following:  

 

o Certification of agricultural production systems.  

o Certification of agricultural products.  

o Evaluation, approval and supervision of private control and certification bodies accredited by the National 

Accreditation System.  

o Preparation and publication of voluntary sector standards and development of specifications for quality 

assurance of agricultural products.  

3.2 GOLD MINED IN GHANA 

3.2.1 Background information 

This section explains the background of Ghana's case study to motivate the role of BIOTRAILS analysis along the 

gold mining value chain. The case study focuses on the Greater Accra Region, the administrative and economic 

core of Ghana. According to the World Bureau of Metal Statistics, 2022, Ghana is the leading producer of gold in 

Africa, with an increase of 50% between 2011 and 2021. Gold currently contributes 12% to Ghana's Gross Domestic 

Product (GDP). Gold is used in various industries, such as jewellery and technology, and by central banks and 

investors. The most recent and updated trend related to gold demand per year is recorded by the World Gold 

Council and represented in Figure 6.  
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Figure 6: Trend of gold demand. Source: ICE Benchmark Administration (last updated: 30 June, 2023) 

In 2021, Ghana exported a total of $14.1B, making it the number 84 exporter in the world. During the last five 

reported years, Ghana's exports have changed by $2.1B from $16.2B in 2016 to $14.1B in 2021 [16]. Two types of 

gold mining affect the environment and alter the ecosystem: Large-Scale Mining companies (LSM) with 

industrialised processes and small-scale/artisanal mining companies (ASM). These mining activities use different 

techniques, and the effects occur at different soil depths.  Specifically, ASM generates effects mainly at the surface, 

while LSM activities also record effects underground [17]. In Ghana, 65-70% of gold is mined from LSM mines, 

while the rest is mined from ASM. Most ASMs (with estimates ranging from 60% to 80%) operate without a license 

and often use low technology [18]. This estimate raises an additional "problem" that joins the environmental one 

and involves the social scale. This unregulated artisanal and small-scale gold mining is known locally as Galamsey.   

 

Although Ghana passed a law in 1989 known as the "Small-Scale Gold Mining Law" (PNDCL 218), followed by 

military intervention in 2006 to deal with all illegal miners, this has not been enough to stem the problem. 

Governments have taken ad hoc measures to combat Galamsey at individual sites. This intention to formalise the 

industry has had limited success.  Political indulgence and institutional corruption have given rise to a booming 

informal ASM sector that has become increasingly difficult to regulate [19]. Moreover, [20] explains the lack of 

enforcement due to a limited capacity of resources on the part of the state to control the phenomenon. Coupled 

with this is the growing presence of Chinese investors, which has contributed to the expansion of a conflicting and 

harmful environment, both from the perspective of human safety and mining processes characterised by 

earthmoving machinery and hazardous chemical applications that can alter entire ecosystems [21].  In this context, 

BIOTRAILS aims to investigate the connection between gold demand and the intricate social and environmental 

dynamics occurring throughout the value chain, with the objective of promoting transformative change. 

3.2.2 Diagnosis of the current state of the value chain  

In this section, a representation of the gold value chain is presented.  To this aim, it has been referred to the 

results of the analysis carried out in WP2.  According to BIOTRAILS D2.3, the value chain of gold mining is 

composed of the following phases: production/collection, transformation, export, importers/wholesale, and 

consumption (Figure 7).  

 

The production/collection stage consists of the activities of artisanal miners who work either individually or 

through cooperatives. They are directly connected with traders. The raw product, following extraction, is processed 

according to the needs required by the market by refineries and recyclers (transformation stage). Subsequently, 

the raw material or finished product is purchased and distributed to markets. At this stage, buyers and 

intermediaries buying gold from artisanal miners in local markets or mining sites and resell it (export stage). At 
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the import/wholesale stage are industries, investors, jewellery manufacturers, and banks. Finally, the value chain 

ends with the consumption stage by users all over the world (consumption stage).  According to a literature 

review, most consumers of gold products include Saudi Arabia, India, Switzerland, and Australia. Specifically, the 

percentage of products exported is broken down as follows: United Arab Emirates 32.2%, India 18.7 %, Switzerland 

44. 5% and for the remaining part of Australia [16] (Figure 8).  During the different stages of the value chain, civil 

society organisations, service providers, and research institutions work on various aspects (best practices, policy 

recommendations, studies, etc.) of artisanal extraction to improve socioeconomic positioning and reduce 

environmental impact.   

 

 

Figure 7: Map of the value chain of gold mined in Ghana  
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Figure 8: Total Exports Value Growth (2020 – 2021) [16] 

Latest consultation (09/10/23) 

https://oec.world/en/profile/country/gha?latestTrendsFlowSelectorNonSubnat=flow1#historical-data  

 

3.2.3 Diagnosis of the main issues related to the Climate – Biodiversity – Society 

Nexus  

3.2.3.1 Description of the main biodiversity-related issues  

According to the findings of the SSIs analysis conducted within WP2 and WP3 and deepened through a literature 

review, the main biodiversity concerns are related to water contamination due to harmful toxins from minerals 

release and accumulation in aquatic areas, habitat destruction and consequent fauna and flora species losses, land 

degradation and soil erosion, forest resources depletion and overall ecosystem degradation.  Specifically, mining 

activities generate effects at different scales (locally, regionally, and globally) and through other processes such as 

exploration, site preparation, mining, crushing and grinding, separation, refining, smelting and casting, and waste 

management. The processes within the phases may differ slightly, whether referring to LSM or ASM activities [22]. 

LSM companies with industrialised processes and ASM gold extraction are polluting water bodies, soils and the 

air with arsenic, mercury and sulfur contaminations, which lead to degraded environments containing acid rains 

and impacts on human health [22]. At the local scale, the effects are more visible as we observe the degradation 

of habitats and transformation of landscapes into "moonland landscapes." Many effects of the land cover change 

and its related impacts do not occur immediately but are visible after some years. Therefore, in-depth knowledge 

of the place is needed to understand the uncertain long-term outcome of gold mining. The local population 

reported long-term severe consequences of the mining expansion, such as diseases through polluted water bodies 

or food insecurity [23]. At the regional level, the impact of chemical and physical mining wastes discharged to air, 

soil, and groundwater can be seen. This is mercury contamination, or the cyanide used to mine gold and acids are 

released from oxidised ores when some ores are exposed to air [24].    

 

https://oec.world/en/profile/country/gha?latestTrendsFlowSelectorNonSubnat=flow1#historical-data
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In Ghana, gold mining is mainly located on the river Pra, which flows through the Western, Eastern and Ashanti 

regions. The water bodies inside this area contain high values of Hg (Mercury) and toxic heavy metals such as 

cadmium, copper, zinc, and lead [22].  On a larger scale, negative impacts occur through the presence of sediment 

along rivers [24]. Landscape and regional impacts on biodiversity also emerge through indirect/secondary and 

cumulative pathways. Indirect impacts are defined as all those processes intended to cause new threats to native 

populations, exacerbate pre-existing threats related to land use change for agriculture-related activities, etc. [25].    

Globally, mining directly emits carbon, as do associated mineral processing activities, negatively affecting 

biodiversity through anthropogenic climate change [24].  In the following sections, these effects are described in 

detail. 

3.2.3.2 Description of the main impact of the value chain on biodiversity  

Understanding the biodiversity impacts associated with each activity within the value chain is crucial for devising 

accurate and timely management strategies. This insight is derived from synthesising the knowledge gathered 

through activities conducted in WP2 and WP3, as summarised in Table 4. 

 

Table 4: Gold mined case study activities-related effects on biodiversity along the value chain 

Gold-mined value 

chain phases 

Main gold mined 

activities 

Main direct related effects on 

biodiversity and ecosystem 

Production phase  

Land use change  

Deforestation  

Soil erosion 

Avifauna species reduction  

Aquatic animal species reduction  

Terrestrial animal species reduction  

Reduction of soil fertility  

Plant species diversity reduction   

Excavation, blasting, sluicing and use of 

chemical products 

Water exploitation 

Groundwater quality degradation  

Soil erosion 

Landscape quality degradation  

Reduction of soil fertility  

Water contamination 

River baseflow reduction 

Riverbank erosion  

Transformation phase 

Crushing and grinding of raw materials 

Air quality degradation, water and soil 

contamination  

Smelting and casting 

Discharge of wastewater on water 

bodies 

Waste production (from refining 

activities) 

Export phase Transport 

Trade phase Waste production (from packaging)  
Consumption phase Waste production (from packaging) 

 

 

3.2.3.3 Description of the main impacts of climate change on biodiversity 

According to a Semi-structured interviews analysis carried out within WP2 and WP3, the main impacts of climate 

change on biodiversity relate to higher temperatures. It increases the likelihood of wildfires that go on to disturb 

diverse habitats and alter landscape quality.  The intensification of extreme events such as droughts and floods 

has led to maladaptation between crops and pollinators, altering ecosystem quality and increasing the spread of 

pests and diseases.  From a value chain impact perspective, according to the existing literature, climate effects can 
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impact the gold value chain from several perspectives. Increased extreme events due to climate change can result 

in more frequent occurrence of floods, which can damage infrastructure, sites, and mining activities. Effects can, 

therefore, occur in terms of raw material production and costs related to rarity and the sale and transportation of 

raw materials.  It can also result in longer-duration drought periods that jeopardise the water supply needed for 

mining activities. Scarcity of the resource can result in the costs associated with its use and treatment.  Due to 

climate change, many countries are introducing stringent regulations to reduce impacts on the environment. 

These may require operators to make greater efforts to adapt techniques and technologies. The main drivers of 

climate change are:  

 

o Flood risk   

o Drought risk   

o Rainfall intensity  

o Wildfires  

o Heatwaves  

o Landslides  

o Crops failure due to climate conditions 

3.2.3.4 Main human activities related to ecosystem services supply and flow  

Ghana's ecosystems are under pressure due to humans’ expansive utilisation and overexploitation of natural 

resources on a local or nationwide scale and due to threats like invasive species and climate change on a global 

scale [26].  As the main driver of ecosystem degradation, it was identified land cover change.  In Ghana, the main 

driver of land cover change is the agricultural expansion due to a growing population and crop plants [26]. In 

terms of ES preservation, land cover change by humans introduces diverse and complex changes in the 

hydrographic system. The land surface is an essential component of the water cycle because it determines the 

flow direction and the amount of water which seeps into the soil and finally into the groundwater [27]. 

Anthropogenic impacts are either a change in the water flow in shape and size or alterations of the water quality 

through pollution. Soil pollution is a result of anthropogenic activities such as industrial production, traffic or the 

use of crop fertiliser and pesticides. Especially in rural regions of developing countries, mining is one of the most 

9 important sources of soil pollution and, therefore as well of soil degradation [28]. The degradation caused by 

mining activities includes the destruction of the surface within the mining area, the production of often toxic waste 

as side products (tailings or drainage) and the emission of dust enriched with heavy metals into the atmosphere. 

The most problematic type of mining, even more so when it is illegal, is small-scale mining. These mines pose a 

severe threat to the health and the security of the population that lives close to them [28]. Consequences are 

changing livelihoods and land use conflicts [29].  Although protection and conservation should be an important 

interest for the population and their policymakers, generally, other economic interests have a higher priority [30].  

In this context, an analysis was undertaken to comprehend the fundamental activities associated with gold mining 

that could potentially disrupt the natural provision of ES. This analysis establishes connections between different 

stages of the value chain and endangered ES. Understanding the influence of each stage of the value chain on ES 

provision is essential for pinpointing where and how these services are utilised or impacted. Table 5 highlights the 

ES that may face disruption due to activities at each phase of the value chain. Additionally, it illustrates the ES 

function targeted for preservation based on the MEA classification. 

 

Table 5: Gold mined case study ecosystem services to be ensured along the value chain 

Gold-mined value chain phases          ES to be ensured ES variables 

Production phase  

Local temperature  Regulating 

Drought prevention Regulating  

Heatwave prevention Regulating  

Pra River flood prevention Regulating  

Erosion prevention Regulating  
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Carbon sequestration Regulating  

Clean air Regulating  

Purify water Regulating  

Phenological phases of plants (germination, flowering, 

pollination, etc) 
Regulating  

Nutrient soil sequestration Regulating  

Habitat quality Regulating  

Pest and disease Regulating  

Seeds and plants availability Regulating  

Water resource Regulating  

Terrestrial animal Provisioning 

Avifauna Provisioning 

Aquatic fauna Provisioning 

Nutrient cycling Supporting 

Soil characteristic Supporting 

Photosynthesis Supporting 

Social and economic benefits Cultural  

Landscape quality Cultural  

Populated area quality Cultural  

Transformation, export, trade and 

consumption phase 

Clean air Regulating  

Purify water Regulating  

Habitat quality Regulating  

Seeds and plants availability Regulating  

Water resource Regulating  

Terrestrial animal Provisioning 

Avifauna Provisioning 

Aquatic fauna Provisioning 

Nutrient cycling Supporting 

Soil characteristic Supporting 

Photosynthesis Supporting 

Social and economic benefits Cultural  

Landscape quality Cultural  

 

3.2.4 Policies relevant for all Nexus domain  

The key legislation regulating mining in Ghana is as follows: 

o The 1992 Constitution of Ghana; 

o The Minerals and Mining Act, 2006 (Act 703) as amended by the Minerals and Mining (Amendment) Act, 

2015 (Act 900) and the Minerals and Mining (Amendment) Act, 2019 (Act 995);  

o The Minerals Commission Act, 1993 (Act 450); 

o Minerals Development Fund Act, 2016 (Act 912) 

o Minerals Income Investment Fund Act, 2018 (Act 978) as amended by the Minerals Income Investment 

Fund (Amendment) Act, 2020 (Act 1024) 

o Kimberley Process Certificate Act, 2003 (Act 652) 

 

Other substantive enactments that regulate mining are: 

o Minerals and Mining (General) Regulations, 2012 (L.I. 2173) 

o Minerals and Mining (Support Services) Regulations, 2012 (L.I. 2174) 

o Minerals and Mining (Compensation and Resettlement) Regulations, 2012 (L.I. 2175) 

o Minerals and Mining (Licensing) Regulations, 2012 (L.I. 2176) 

o Minerals and Mining (Explosives) Regulations, 2012 (L.I. 2177) 

o Minerals and Mining (Health, Safety and Technical) Regulations, 2012 (L.I. 2182) 

o Minerals and Mining (Ground Rent) Regulations, 2018 (L.I. 2357) 
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o Minerals and Mining (Mineral Operations - Tracking of Earth Moving and Mining Equipment) Regulations, 

2020 (L.I. 2404) 

o Minerals and Mining (Local Content and Local Participation) Regulations, 2020 (L.I. 2431)  

o Income Tax (Minerals Income Investment Fund Exemptions) Regulations, 2020 (L.I. 2433) 

 

The mining industry in Ghana is also impacted by various other legal sources, including environmental laws like 

the Environmental Protection Act, 1994 (Act 490) and its subsidiary legislation, as well as natural resources-related 

laws such as the Forestry Commission Act, 1999 (Act 571), the Water Resources Commission Act, 1996 (Act 522), 

and the Ghana Geological Survey Authority Act, 2016 (Act 928) along with their respective subsidiary legislation. 

Additionally, there are laws like the Lands Act, 2020 (Act 1036), the Local Governance Act, 2016 (Act 936), and the 

Land Use and Spatial Planning Act, 2016 (Act 925) that have an impact. The administrative aspects of mining 

operations are governed by the Companies Act, 2019 (Act 992), the Incorporated Partnership Act, 1962 (Act 152), 

the Ghana Investment Promotion Centre Act, 2013 (Act 865), the Income Tax Act, 2015 (Act 896), the Labour Act, 

2003 (Act 651), and the Workmen’s Compensation Act, 1987 (PNDCL 187). The mining industry is overseen and 

managed by the Ministry of Lands and Natural Resources as well as the Minerals Commission. The Minerals 

Commission was created in accordance with the Minerals Commission Act 1993 (Act 450), with the primary 

mandate of regulating and overseeing the utilisation of mineral resources and coordinating related policies. 

 

In addition, policies related to biodiversity conservation, such as: 

o Ghana Biodiversity Action Plan (GBAP) 

o Ghana's Forest and Wildlife Policy 

o Timber Resource Management 

o Legality Licensing Regulations 

Ghana is a member of the Convention on Biological Diversity (CBD), an international agreement aimed at 

promoting global biodiversity conservation and sustainable use. The CBD was adopted at the Earth Summit in Rio 

de Janeiro in 1992 and has three main objectives: the preservation of biological diversity, the sustainable use of 

its components, and the fair and equitable sharing of benefits arising from genetic resources. As a member, Ghana 

is committed to implementing the objectives of the CBD and has developed various policies and initiatives to 

protect its biodiversity and promote sustainable development. 
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3.3 COCOA PRODUCED IN PERU 

3.3.1 Background information 

This section explains the background of the Peru case study. It is being developed by the case study leaders and 

will be updated in the next version of this report (D5.2) once the stakeholders’ engagement process will start. The 

case study focuses on cacao produced in Peru's Ucayali rainforest area. Cocoa beans are an important agricultural 

commodity with a global export value of almost US$ 10 billion in 2019 [31]. Peru is the second largest producer 

of organic cocoa worldwide and within Peru the department of Ucayali is one of the largest cocoa-producing 

regions with an export value of US$ 2.7 million in 2017 [32].   

 

According to [32], Ucayali region Cacao is the second most important export crop in the department, with US$2.7 

million exported in 2017 (10% of exports), after the wood sector, which represents 81% of exports—according to 

Faostat, cocoa bean production reached 160,222 tonnes in 2021 in Peru (Figure 9). 

 

Figure 9: Cacao production trend (kg) 

Source: Faostat, last updated: July 23, 2023 

https://www.helgilibrary.com/indicators/cocoa-bean-production/peru/ 

 

Cocoa production and the area cultivated with cocoa have substantially increased in Peru from 2014 onwards, yet 

yields per hectare have decreased [32].  The increase in production is thus due to the expansion of cultivation and 

not to an improvement in productivity. The expansion of cultivation occurs on agricultural land where crops other 

than cocoa had previously been planted, as well as in forested areas, thus driving deforestation. Cocoa production 

significantly contributes to Peru’s GDP, but it has also been associated with negative social and environmental 

impacts such as deforestation, soil erosion and contamination, and pesticide exposure [31].  Based on this context, 

the BIOTRAILS project will attempt to structure alternative pathways for transformative change through an 

integrated approach that considers the social dynamics related to land transformation, the formulation of 

strategies that can help catalyse the development of new markets, private sector investment, the marketing and 

trade of environmentally friendly cocoa beans and derivatives, and consumer trends toward ethically and 

https://www.helgilibrary.com/indicators/cocoa-bean-production/peru/
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ecologically sourced chocolate.  

 

3.3.2 Diagnosis of the current state of the value chain  

In this section, a representation of the different stakeholders and their interactions take place to build a value 

chain mapping. To this aim, it has been referred to the results of the analysis carried out in WP2. According to 

BIOTRAILS_D2.3, the value chain of cocoa produced in Peru is composed of the following phases: 

production/collection, transformation, export, traders/wholesalers/ retailers and consumption (Figure 10). 

 

 

 
 

Figure 10: Map of the cocoa value chain in Peru 

Source: author's elaboration 

 

At the production stage of the value chain, the main actors are farmers who produce and sell cocoa beans and 

plant material suppliers who provide the necessary raw materials and services to sow and grow cocoa. The cocoa 

supply structure is composed of structured supply chains with an important number of players involved. There are 

small and medium-sized farmers and international players (huge trading and first and second processing 

companies) who control global distribution and processing, followed by thousands of other small and medium-

sized chocolate companies, traders and artisans, and billions of end consumers [33].  Given the complexity of this 

network and the large number of actors involved, the control of processes related to cocoa production is very 

complicated. Indeed, the adoption of unauthorised practices is usual, such as illegal cultivation within protected 

areas or national parks by small farmers, which only increase soil degradation and distort the market [34].  

Subsequently, local artisanal and small-scale processors, as well as large industries, transform the raw materials 

into final products (transformation phase). The raw material or finished product is distributed for placing on the 

international market (export -traders and retailers phases). The market is also highly imbalanced in revenue 

sharing. According to the World Economic Forum, globally, more than 80% of cocoa revenues go to large 

producers and traders. At the same time, small farmers, who make up most supply chain actors, receive no more 

than 6.6% of the total revenue [34].  The majority of consumers came from the Netherlands (26% of cocoa demand) 
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and Belgium (25%), followed by Indonesia (21%) (consumption phases). Other countries, with smaller 

percentages, were also involved, as shown in Figure 11. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 11: Countries of destination for Peru cocoa beans 

Source: Statista 2023 

https://www.statista.com/statistics/1190933/peru-cocoa-beans-export-value-destination/ 

 

3.3.3 Diagnosis of the main issues related to the Climate – Biodiversity – Society 

Nexus  

3.3.3.1 Description of the main biodiversity-related issues  

In the cocoa case study, insights from interviews with 9 stakeholders have shed light on urgent biodiversity 

concerns. Foremost among these is the rampant deforestation driven primarily by cocoa production expansion, 

compounded by activities like logging and illicit coca leaf cultivation. This widespread clearing of forests not only 

threatens numerous species but also disrupts delicate ecological balances crucial for biodiversity conservation. 

Furthermore, the heavy use of agrochemicals in cocoa farming poses dual threats: it damages biodiversity directly 

and jeopardises human health while contributing to soil degradation and erosion. These chemicals diminish soil 

fertility over time, undermining the long-term stability of agricultural landscapes. Monoculture farming practices 

exacerbate biodiversity loss by promoting the growth of a single crop at the expense of diverse plant species. This 

practice reduces ecosystem resilience, leaving agricultural landscapes vulnerable to pests, diseases, and the 

escalating impacts of climate change.  Beyond these primary concerns, the cocoa case study highlights additional 

nuanced impacts on biodiversity and ecosystem health. Deforestation not only reduces forest cover but also 

fragments habitats, threatening wildlife populations and disrupting crucial migratory patterns. Water pollution 

from agrochemical runoff further imperils aquatic biodiversity and compromises water quality essential for both 

wildlife and human communities. 

 

https://www.statista.com/statistics/1190933/peru-cocoa-beans-export-value-destination/
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Cocoa-producing regions often coincide with biodiversity hotspots, areas rich in endemic species and unique 

ecosystems. Unsustainable agricultural practices in these regions accelerate species loss and diminish the 

resilience of these critical ecological zones. Moreover, the social repercussions of biodiversity loss and ecosystem 

degradation linked to cocoa production are profound, affecting indigenous and local communities reliant on 

forests for their livelihoods, cultural practices, and traditional knowledge. In the following sections, these effects 

are described in detail. 

3.3.3.2 Description of the main impact of the value chain on biodiversity  

Recognising the biodiversity effects linked to each stage of the cocoa value chain is essential for developing 

precise and timely conservation strategies. This understanding stems from synthesising the findings obtained 

during activities conducted in WP2 and WP3, as outlined in Table 6. 

 
Table 6: Cocoa case study activities-related effects on biodiversity along the value chain 

Cocoa value 

chain phases 

Main cocoa 

activities 

Main direct-related effects 

 on biodiversity and ecosystem 

Production phase Land use change 

Deforestation 

Landscape quality 

Avifauna species 

Aquatic animal species  

Terrestrial animal species 

Groundwater quality 

Soil degradation 

Soil erosion 

Plant species diversity 

Alternation of plants' phenological phases 

Agricultural product diversity  

Seed and plants availability 

Transformation phase  
Water exploitation 

Riverbank erosion  

Water quality 

River baseflow 

Soil degradation 

Waste production 

Air quality degradation, water and soil contamination  
Export phase Transport 

Trade phase 
Waste production 

Consumption phase 

 

3.3.3.3 Description of the main impacts of climate change on biodiversity 

The impact of climate change on Peru's resources or commodities affects the entire value chain, starting from 

supply to political relations, thus damaging the country's economic growth [32]. In fact, the intensification of 

extreme events such as droughts, floods, and heat waves has affected water availability, production, and food 

quality, promoting the spread of pests, diseases, and farm animal mortality. These factors have led to the loss of 

productivity of cultivated areas and pastoral activities, compromising food security on the one hand and farmers' 

incomes on the other [32].  

 

3.3.3.4 Main human activities related to ecosystem services supply and flow 

According to [31], cocoa production can adversely affect ecosystem status and ES provisioning capacity. In fact, 

the various steps relating to cocoa production increase deforestation activities. The results affect water regimes 

and increase fragmentation (habitat loss), contamination and soil erosion. Surrounded by rainforest, the Ucayali 

region is a hotspot for local biodiversity [35]; numerous species are affected by fragmentation and habitat loss, 

some of which are considered vulnerable, endangered, or threatened with extinction under national regulations, 



D5.1 — Planning and setup handbook, and operational management report (A) 

 

29 

 

 

legislation and the International Union for Conservation of Nature (IUCN). For example, plant species that provide 

food for wildlife such as wild pacae (e.g., Inga feuilleei), palm species (Astrocaryum, Attalea, Euterpe) or milk trees 

(Sapium glandulosum). In addition, Ucayali is home to insects of multiple orders, e.g., beetles (Coleoptera), bees, 

flies, wasps and ants (Hymenoptera), locusts, grasshoppers, crickets (Orthoptera), aphids, cicadas, mealybugs 

(Homoptera), and mantids and termites (Dictyoptera), which together total several hundred species [36]. 

Numerous species of bats, including the dwarf dog-faced bat (Molossops temminckii), more than 600 species of 

birds, including the golden-collared toucan (Selenidera reinwardtii) and Castelnau's shrike (Thamnophilus 

cryptoleucus), as well as the carunculate hocco (Crax globulosa). Mammals, such as jaguars (Panthera onca), tapirs 

(Tapirus terrestris), friar or howler monkeys (Saimiri bolivianus and Alouatta seniculus) (Wust, n.d.) or Hoffman's 

sloth (Choloepus hoffmanni) are potentially affected by deforestation and habitat loss (Schipper, nd). The same 

goes for Schneider's dwarf caiman (Paleosuchus trigonatus) and the yellow-footed turtle (Chelonoides 

denticulatus). In this context, an investigation was conducted to grasp the core operations linked to the cocoa 

value chain that might disrupt the natural supply of ES. This study establishes links between various stages of the 

value chain and endangered ES. Appreciating the impact of each stage of the value chain on ES provision is crucial 

for identifying the specific locations and methods through which these services are utilised or affected. Table 7 

emphasises the ES potentially threatened by activities at each phase of the value chain. It also highlights the ES 

functions prioritised for conservation according to the classification by the Millennium Ecosystem Assessment 

(MEA). Bused on the classification of MEA, the ES to be ensured is shown in Table 7.  

 

Table 7: Cocoa Case Study Ecosystem services 

Cocoa value chain phases          
Threatened 

 ecosystem services 

Functions of Ecosystem 

Services 

Production phase 

Local temperature  Regulating 

Drought prevention Regulating 

Heatwave prevention Regulating  

Pra River flood prevention Regulating  

Erosion prevention Regulating  

Carbon sequestration Regulating  

Clean air Regulating  

Purify water Regulating  

Phenological phases of plants 

(germination, flowering, pollination, etc) 
Regulating  

Nutrient soil sequestration Regulating  

Habitat quality Regulating  

Pest and disease Regulating  

Seeds and plants availability Regulating  

Water resource Regulating  

Terrestrial animal Provisioning 

Avifauna Provisioning 

Aquatic fauna Provisioning 

Nutrient cycling Supporting 

Soil characteristic Supporting 

Photosynthesis Supporting 

Social and economic benefits Cultural  

Landscape quality Cultural  

Populated area quality Cultural  

Transformation, export, trade and 

consumption phase 

Clean air Regulating  

Purify water Regulating  

Habitat quality Regulating  

Seeds and plants availability Regulating  

Water resource Regulating  

Terrestrial animal Provisioning 
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Avifauna Provisioning 

Aquatic fauna Provisioning 

Nutrient cycling Supporting 

Soil characteristic Supporting 

Photosynthesis Supporting 

Social and economic benefits Cultural  

Landscape quality Cultural  

 

3.3.4 Policies relevant for all Nexus domain  

Some of the main national and regional, including the Ucayali region, laws and regulations related to the Nexus 

domain in Peru, subdivided by areas of interest:  

 

Protected Areas and Wildlife Management: 

o Law on Protected Natural Areas (Law No. 26834) 

o Law on Forest and Wildlife Regulation (Supreme Decree No. 014-2001-AG) 

o Law on Wildlife Management and Conservation (Law No. 29763) 

o National Strategy for Biodiversity Conservation (Supreme Decree No. 043-2011-MINAM) 

o Ucayli Regional Plan for Concerted Development for 2021 

o Ecological-Economic Zoning (EEZ) approved by Regional Bylaws OR No. 015-2017-GRU-CR in Ucayali 

Environmental Impact Assessment and Regulation: 

o Environmental Impact Assessment Law (Law No. 27446) 

o Law on Environmental Impact Assessment for Hydrocarbon Activities (Law No. 30230) 

Indigenous Rights and Community Engagement: 

o Law on Native Communities (Law No. 28171) 

o Law on Indigenous Peoples' Right to Prior Consultation (Law No. 29785) 

o Regulations on Child Labor (Supreme Decree No. 008-2002-TR) 

Sustainable Forest Management and Logging Practices: 

o Law on the Promotion of Sustainable Forest Management (Law No. 29763) 

Climate Change Adaptation and Mitigation: 

o Law on Climate Change (Law No. 30754) 

Genetic Resources and Biodiversity Access: 

o Law on Genetic Resources (Law No. 27811) 

Water Resource Management and Protection: 

o Law on Water Resources (Law No. 29338) 

Environmental Quality Standards and Pollution Control: 
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o Environmental Quality Standards Regulation (Supreme Decree No. 002-2008-MINAM) 

Forest and Wildlife Offenses and Penalties: 

o Law on Forest and Wildlife Offenses (Law No. 29763) 

Some additional laws and regulations relevant to cocoa production in Perù:  

o General Law on Agrarian Promotion (Law No. 27360) 

o National Agrarian Policy (Supreme Decree No. 003-2013-MINAGRI) 

o Organic Agriculture Law (Law No. 28157)  

o Quality Standards for Cocoa Beans (MINCETUR Resolution No. 067-2008-ITINCI) 

o Export Regulations for Agricultural Products (Supreme Decree No. 001-2009-AG) 

o The Ucayali Cacao Regional Competitiveness Plan for 2019-2030 approved by Regional Bylaws OR No. 

007-2019-GRU-CR 

o National Cocoa and Chocolate Development Plan 2020-2030  

o Cocoa certification programs such as Fair Trade and Rainforest Alliance 

3.4 SUSTAINABLE FOREST-BASED CULTURAL PRODUCTS 

CREATED BY INDIGENOUS COMMUNITIES IN THE 

BRASILIAN AMAZON 

3.4.1 Background information 

TThis section explains the context of the case study of the Brazilian Amazon and highlights the role of the 

BIOTRAILS analysis in the development of sustainable forest-based cultural products created by indigenous 

communities in the Amazon (Rondonia region). This case study differs from others analysed so far. In previous 

studies, the focus was on the effects of the value chain on biodiversity loss, ecosystem degradation, and ecosystem 

service functions. In this case study, the relationships between these elements and the indigenous communities' 

ability to carry out their activities are examined. The impacts of these cultural products themselves do not threaten 

biodiversity and ecosystem health. On the contrary, indigenous lands make up 24% of the Brazilian Amazon’s legal 

territory but, as of 2022, accounted for only 7% of deforestation. This low rate is due to the active defence of their 

territories by Indigenous peoples and the stricter protection provided by the state, which prevents the legalisation 

of occupations within these areas. Deforestation in Indigenous lands reached an area of 1,708 square kilometres, 

equating to 2.38% of all deforestation in the Brazilian Amazon in 2022 [37]. However, indigenous peoples face 

numerous threats and challenges in safeguarding their territorial integrity and controlling access to their lands. 

This occurs in the context of changes in traditional governance, adapting their livelihoods by incorporating the 

market economy, increasing the production of goods, and adopting new consumption habits and social, political, 

cultural arrangements, and decision-making processes. 

 

The protection of indigenous territories contrasts with the agro-business development model implemented in 

Rondônia. This model has led to the highest rates of deforestation and aggression against indigenous populations 

in the entire Brazilian Amazon. For decades, the indigenous peoples of Rondônia have actively opposed this model 

and developed strategies to protect their territories and way of life [38]. One such strategy is using traditional 

knowledge and practices to manage natural resources sustainably. Indigenous peoples possess a deep 

understanding of their environment and have developed complex systems to manage it. They use agroforestry 

techniques that combine crops with trees and other vegetation to create diverse and resilient ecosystems. They 
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also practice selective logging, harvesting only mature trees and allowing younger ones to grow and regenerate. 

Despite these efforts, the indigenous territories of Rondônia still face significant threats from agro-industrial 

development. The expansion of cattle ranching, soy cultivation, and logging continues to pressure their lands and 

livelihoods. Furthermore, Brazilian government policies pose a threat by prioritising economic growth over 

environmental protection and the rights and activities of indigenous communities [39]. 

 

The economy of these communities is closely linked to artisanal production. Over the centuries, Indigenous villages 

have built a collection of artefacts recognised for their breadth and diversity in types, techniques, forms, raw 

materials, and functions. This collection includes braided items (baskets, tipiti, hammocks, etc.), feather and plume 

ornaments (headdresses, earrings, anklets), wooden items (paddles, arrows, canoes, miniature animals), seeds 

(necklaces and bracelets), ceramics (pots, jars, sculptures), stone (arrowheads and axes), among many other 

materials extracted from nature and creatively manipulated by Indigenous people. These indigenous objects have 

made significant contributions to the material culture of Brazilian colonial society formed after the arrival of the 

Portuguese in 1500 [40]. 

 

The case study focuses on the production chain of indigenous women's crafts from the Association of Indigenous 

Warriors of Rondônia (AGIR). Founded in 2015, AGIR aims to strengthen the organisation of indigenous women 

in the state of Rondônia. Today, AGIR unites more than 500 women working on behalf of 54 groups. Through 

various actions such as seminars, meetings, events, and mobilisations in defence of indigenous causes, AGIR 

promotes the visibility and appreciation of the cultures of its member peoples, contributing to the empowerment 

of indigenous women within and outside the villages. To strengthen the association and generate income for 

these women, AGIR created the TECÊ group in 2018 to enhance the work of indigenous women as income 

generators for their families and as guardians and transmitters of their ancestors' knowledge and practices. The 

TECÊ shop currently sells handcrafted products made by artisans from eight indigenous lands. Using a wide variety 

of natural materials such as coconut shells, straws, fibres, and seeds, TECÊ offers handmade bracelets, earrings, 

necklaces, and other ornaments, with each collection innovating and creating pieces based on the knowledge of 

their people. Recently, the TECÊ group has been established as an association linked to AGIR to facilitate the 

growth and commercial management of indigenous crafts. Based on this context, the BIOTRAILS project will 

attempt to structure alternative pathways for transformative change through a Nexus approach, considering the 

complex challenges in developing value chains based on Indigenous women's crafts and other impacting factors. 

Through the Nexus BCS, it will be possible to develop a better understanding of the impacts of the production 

and value chain of cultural products on biodiversity to promote transformative change. 

 

3.4.2 Diagnosis of the current state of the value chain  

This section presents a mapping of the various stakeholders and their interactions to build a value chain flow. This 

effort draws on the analysis conducted in WP2. According to BIOTRAILS_D2.3, the value chain of sustainable forest-

based cultural products created by Indigenous communities is composed of i) production/collection and ii) trade 

/wholesale /retail and consumption phases (Figure 12). 
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Figure 12: Map of the sustainable forest-based cultural products value chain in the Brasilian Amazon 

Source: author's elaboration 

 

Forest-based cultural products include various artisanal items (handmade, non-industrialized works made from 

natural, recycled, and residual raw materials) created by indigenous communities in the Brazilian Amazon. This 

value chain generates over USD 10 billion annually in Brazil [41]. The value chain begins with the procurement of 

raw materials (production/collection phase). Suppliers are members of Indigenous communities who provide 

artisans with essential materials such as seeds, beads, plant fibres, feathers, shells, fabrics, and synthetic materials. 

The artisans, primarily indigenous women, create these forest-based cultural products either independently or 

through women’s associations. They handle the collection and processing of materials, which can be natural (such 

as plant fibres, feathers, and shells) or industrialised (such as fabrics and synthetic materials). These artisans often 

organise into groups for commercial purposes, ranging from informal collectives to formal organisations like 

associations, cooperatives, and family or community groups. The products they create are often marked by 

iconographic symbols reflecting ancestral practices and knowledge, representing a people, community, or 

territory. Promotion can be carried out by these groups, highlighting both collective and individual craftsmanship 

skills. 

 

The second phase of the chain involves distributors (wholesale/retail phase). These are often local organisations 

that prepare artisanal products for the market, managing transportation and shipping. Indigenous women’s 

organisations, for example, purchase wholesale from the associated artisans and their groups to sell to retailers 

and directly to consumers. TECÊ, a store created by the Association of Indigenous Warriors of Rondônia (AGIR), 

supports indigenous women by generating income for their families and preserving ancestral knowledge. The 

store sells handcrafted products made by women from eight indigenous lands [42]. Wholesalers, retailers, and 

exhibitors are involved in selling forest-based cultural products to consumers, often focusing on the care of these 

artefacts. Retailers can operate broadly, like Loja Paiol, or specialise in products from specific forest peoples, such 

as Urucuna, CANOA, and TUCUM, which focus on indigenous crafts. 

 

Consumers are the final agents in this artisanal chain (consumption phase), purchasing products for personal use 
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or for organisations and institutions such as museums. 

 

Service providers, both public and private, support the entire value chain by offering operational and development 

assistance. These include governance agencies like the Brazilian Institute for the Environment and Renewable 

Natural Resources, the National Foundation for Indigenous Peoples, and the National Center for Folklore and 

Popular Culture, which regulate the value chain. Civil society organisations and NGOs, such as the Artisan Sectoral 

Collective, Instituto Amazonas, and Forest Trends NGO, focus on training, income generation, food security, and 

sustainability for indigenous communities. Research organisations study the socioeconomic impacts, 

environmental consequences, best practices, and policy recommendations related to cultural products and crafts 

created by indigenous and local communities in Brazil. 

 

3.4.3 Diagnosis of the main issues related to the Climate – Biodiversity – Society 

Nexus  

Deforestation continues to be one of the main causes of land degradation in the region. Deforestation rates are 

lower in indigenous territories, which is why indigenous peoples are often regarded as "guardians of the forest" 

[43]. The leading causes of deforestation in the indigenous lands of Rondônia are land grabbing, illegal logging, 

mining, and the expansion of livestock farming. These activities are carried out by criminal groups that exploit the 

lack of state control and protection. In addition to destroying environmental heritage, these groups also generate 

violence and conflicts in the area, endangering the lives of indigenous populations and forest defenders. In 2020, 

Rondônia had the highest number of land conflict-related murders in Brazil, with 11 deaths recorded by the 

Pastoral Land Commission. Furthermore, the impact of climate change on the Amazon rainforest is strongly 

associated with the state of the forest. Climate is directly linked to forest formation in the Amazon biome, 

depending semi-integrally on it for its variations. Land use change activities and deforestation cause irreversible 

changes in local and global climate. This is due to the impact of deforestation on local precipitation and thermal 

conditions and the fact that the hydrological control of forests depends on evapotranspiration for about 50%. The 

intensification of extreme events linked to climate change, such as droughts, floods, and heat waves, alters 

habitats, promotes the spread of pests, diseases, and mortality among plant and animal species, reduces water 

availability, and changes soil characteristics. This results in the emergence of new species and affects food 

productivity. Moreover, the impact of climate change on the Amazon rainforest is strongly associated with the 

state of the forest. Climate is directly linked to forest formation in the Amazon biome, depending semi-integrally 

on it for its variations. Land use change activities and deforestation cause irreversible changes in local and global 

climate [44]. This assertion is due to the impact of deforestation on local precipitation and thermal conditions and 

the fact that the hydrological control of forests depends on evapotranspiration for about 50% [44]. In any case, 

the intensification of extreme events linked to climate change, such as droughts, floods and heat waves, generates 

the alteration of habitats, favouring the spread of pests, diseases and mortality among plant and animal species, 

reduces water availability and changes soil characteristics, which translates into species emergence and food 

productivity.  

3.4.3.1 Main human activities related to ecosystem services supply and flow  

The ecosystems in Rondonia are sources of diverse ecosystem services that benefit the local and regional 

populations. Among these services are provisioning services, such as food, fibre, and timber production; regulating 

services, such as carbon sequestration, water purification, and climate moderation; supporting services, such as 

soil formation, nutrient cycling, and biodiversity maintenance; and cultural services, such as ecological tourism, 

environmental education, and cultural identity enhancement. This region has a great diversity of ecosystems, such 

as forests, cerrados, grasslands and savannas, in which successive Protected Areas are interconnected and form 

ecological corridors that generate several ecosystem services, such as genetic flow and the movement of biota, 

facilitating the dispersion of life, the recolonisation of degraded areas as large islands of vegetation in the area of 

greatest pressure from deforestation and fires in the Amazon region [45].  
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However, these ecosystems face several threats that compromise their condition and their ability to provide 

ecosystem services. It is confronted with severe challenges to the preservation of its biodiversity, such as 

deforestation, illegal exploitation of natural resources, encroachment on indigenous lands, and the expansion of 

agriculture and cattle ranching.  The main environmental impacts in these pressure areas are the decrease in 

biodiversity and ecosystem services, such as pollination and water regulation, soil degradation, and degradation 

of water quality through erosion and silting. The risks to human and animal health from emerging diseases. Some 

of the main issues related to the state of the ecosystems and the provision of ecosystem services in Rondonia are:  

o The conversion of natural areas for agricultural or urban use, which reduces native vegetation cover and 

alters ecosystem functioning;  

o The fragmentation of natural habitats, which hinders gene flow among wild populations and increases 

the risk of species extinction;  

o The excessive or illegal exploitation of natural resources, which compromises the sustainability of 

provisioning services;  

o The pollution of surface and ground waters by solid or liquid wastes from human activities, affecting the 

quality of water for human consumption and aquatic ecosystems;  

o Global climate change can alter precipitation and temperature patterns in the region and affect 

ecosystem processes.  

 

3.4.4 Policies relevant for all Nexus domain  

Some of the main national laws and regulations related to the Nexus domain in the Brasilian Amazon Forest are 

subdivided by areas of interest:  

 

Indigenous Rights 

 

The rights of indigenous peoples in Brazil are recognised by the Federal Constitution of 1988, which guarantees 

them rights over the lands they traditionally occupy, as well as respect for their social organisation, customs, 

languages, beliefs and traditions. In addition, there are other legal frameworks that mark the rights of Indigenous 

people in Brazil, such as:  

 

o Convention 169 of the International Labor Organization (ILO), ratified by Brazil in 2002, establishes the 

right of indigenous peoples to prior, free and informed consultation on any legislative or administrative 

measure that directly affects them.  

o The United Nations Declaration on the Rights of Indigenous Peoples, adopted by the UN General 

Assembly in 2007, reaffirms the collective and individual rights of Indigenous peoples, including the right 

to self-determination, political participation, intercultural and bilingual education, differentiated health 

and the protection of their traditional knowledge.  

o Law 6.001/1973, known as the Indian Statute, regulates the legal situation of indigenous people and 

indigenous communities in Brazil, defining the principles of guardianship and State assistance to 

indigenous peoples.  

o Law 11.645/2008, which amends the Law of Guidelines and Bases of National Education (LDB), to include 

in the official curriculum of the education network the mandatory theme "Afro-Brazilian and Indigenous 

History and Culture".  

o Law 13.123/2015, which provides for access to genetic heritage, protection and access to associated 

traditional knowledge and benefit sharing for the conservation and sustainable use of biodiversity.  

 

Thus, the Brazilian legal framework for Indigenous rights is one of the most advanced in the world and is extremely 

relevant for recognising Indigenous peoples as an active and relevant agent in the conservation of Amazonian 

biodiversity. However, there are still legal loopholes that threaten Indigenous people and their territories:  

o The 1988 Federal Constitution recognised the ethnic and cultural diversity of indigenous peoples but also 

established a five-year deadline for the demarcation of all indigenous lands, which has not been met by 
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the Brazilian State. In addition, the Constitution conditioned the usufruct of natural resources on 

indigenous lands to the authorisation of the National Congress and the participation of indigenous 

people in the results of exploitation, allowing the intervention of economic and political interests over 

indigenous areas.  

o The most recent law 14.701/2023 (Called “Marco Temporal” Law) represents a huge backlash to 

indigenous rights recognised in the Constitution. Among the most drastic consequences – but not the 

only ones – of the law approved in the Senate is the permission for the construction of highways, 

hydroelectric plants and other works with high socio-environmental impact in indigenous territories.  The 

law changed indigenous originary right to land recognition (prior to the creation of the Brazilian State 

itself) in the Constitution, to the right to claim their land, only if they were already occupying it when the 

Federal Constitution was promulgated in 1988. If there is no proof, indigenous peoples could lose their 

right to these lands and be expelled from them. In addition, Article 5 deals with the effective participation 

of States and Municipalities in all phases of the demarcation procedure, which can delay land 

demarcations. Article 26 regulates cooperation between indigenous and non-indigenous people for the 

exploration of economic activities and may increase harassment of non-indigenous third parties on ILs 

for the purposes of “cooperation” or economic exploitation. And article 20 provides that the right of 

exclusive usufruct cannot override the interest of national defence and sovereignty policy. This last section 

is dangerous because it can also open the door to violating exclusive usufruct, given the generic concept 

of “defence policy interest”. All of this can occur without free, prior and informed consultation with the 

affected communities, a right provided for in convention 169 of the International Labor Organization 

(ILO) and transformed into law in Brazil.  

o The 1967 Mining Law, which allows mineral exploration on indigenous lands upon authorisation by the 

president of the republic, without prior consultation with the affected peoples. The Law also does not 

provide compensation or benefits to indigenous peoples for mining activities on their lands.  

The recognition of indigenous peoples’ rights over their territories is key to the conservation and management 

of the Amazon forest and biodiversity conservation. Any type of formal indigenous territory recognition 

consistently inhibits deforestation throughout the Brazilian Amazon compared to unprotected areas [46]. In 

addition, Indigenous lands in the Legal Amazon store 55 billion tons of carbon, the equivalent of 26 years of 

Brazilian gross emissions. With the illegal activities and infrastructure projects advancing in these areas, this stock 

would be compromised, as well as the country's climate goals [47]. The increase in deforestation and degradation 

in the Amazon forest and socio-environmental impacts would cause changes in the rainfall regime and in the 

aridity of the air, disrupting the water security of the Amazon and the country [47].   

  

Environmental Protection  

 

Besides the specific indigenous framework, Brazil has a highly advanced environmental legislation compared to 

other tropical countries. It has a National and State System of Protected Areas, which includes categories for 

direct use by traditional populations, which prohibits hunting and regulates the trade of biodiversity products. 

Below, we highlight some of the most relevant laws for this case study.  

 

o Law No. 9.605/98 (Environmental Crimes Law) establishes the penalties for criminal and administrative 

conduct and activities that cause harm to the environment. It provides penalties for those who cause 

pollution or degradation in indigenous lands, as well as for those who exploit natural resources in these 

areas without authorisation.  

o Law No. 6,938/81 establishes the National Environmental Policy. This law aims to guarantee the rational 

use of natural resources and the preservation of the environment. It also provides for the participation of 

society in environmental management, which includes indigenous peoples.  

o Law No. 5,197/67 establishes the Fauna Law. This law provided protection measures for wildlife. It 

classifies the use, pursuit, capture of wild animals, professional hunting, trade in species of wildlife and 

products originating from their hunting as a crime, in addition to prohibiting the import of exotic species 
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and amateur hunting without authorization from the environmental agency. This legislation has been 

criticised for restricting management and use by indigenous populations.  

o Law No. 9,433/97 establishes the National Water Resources Policy. It defines water as a limited natural 

resource provided with economic value, which can have various uses, such as human consumption, 

energy production, transportation, sewage disposal, and others. Its implementation is based on the 

collective decisions of basin committees, which are mostly not implemented and, in many cases, have 

neglected indigenous rights in decision-making.  

o Law No. 13,123/15 establishes the Biodiversity Protection Law that regulates access to genetic heritage 

and traditional knowledge associated with biodiversity. The law establishes that indigenous peoples have 

the right to a fair and equitable share of the benefits obtained from the use of these resources.  

 

Rondônia State Legislations  

 

Being a country under a federal pact, each federated entity in Brazil may have specific regulatory frameworks, but 

they cannot be contradictory or less restrictive than the federal framework. Rondônia has some frameworks that 

directly impact the relations and use in the territories of the case study.  

One of these laws is State Law No. 1,097, of 2002, which establishes guidelines for environmental management 

in Rondônia. The law provides for the creation of Protected areas, such as Conservation Units and Extractive 

Reserves, to protect the region's biodiversity and natural resources.  

Another important legislation is State Law No. 2,731, of 2012, which established the State Policy for Sustainable 

Development of Indigenous Peoples of Rondônia. This law recognises the rights of indigenous peoples to land, 

culture, and self-determination, as well as establishes measures to protect their lands and natural resources.  

The state also has the Socioeconomic-Ecological Zoning Framework of the State of Rondônia - ZSEE (STATE LAW 

No. 233/00), which defines priority policies for specific regions of the state, including indigenous territories.  

 

Climate Change Adaptation 

 

Within the scope of the case study, much has been discussed about the impact of climate change, particularly the 

mechanisms for mitigating climate change based on reducing emissions. Indigenous territories are the targets in 

the Amazon for reducing emissions and developing Nature-Based Solutions (NBS). Brazil has a well-established 

framework that requires regulation in carbon credit markets, but a large number of voluntary projects are being 

developed, including in indigenous territories. In the state of Rondônia, the Surui people from the Sete de 

Setembro Indigenous Land had a problematic experience with a carbon project, the first of its kind in Brazil. Some 

legal frameworks in Brazil regulate the climate agenda.  

 

o Law 12.187/2009 creates the Climate Change National Policy, which establishes goals to reduce 

greenhouse gas emissions in the country. The policy also provides for the creation of adaptation 

measures to climate change  

o Decree 7.390/2010 National Plan for Climate Change: Several actions and public policies that aim to 

mitigate the impacts of climate change in the country. The Plan describes specific measures for 

Indigenous Territories, marking them as central to the plan. 

o Decree 6.527/2008 creates the Amazon Fund, whose objective is to finance projects that help reduce 

deforestation and promote sustainable development in the Amazon region.  

o Law 4.437/2018 Establishes the state policy for Climate Governance and Environmental Services and 

creates the State System for Climate Governance and Environmental Services within the scope of the 

State of Rondônia. Subnational jurisdictional system to access resources to reduce emissions from 

deforestation and forest degradation. Indigenous peoples have representation but with little political 

influence on the system.  
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4 BIOTRAILS CO-IMPLEMENTATION PLAN 

4.1 INTRODUCTION 

The co-development of the BIOTRAILS implementation plan is one of the pillars of this deliverable, and it is meant 

to lay the foundation for the implementation of BIOTRAILS solutions in the selected value chains. As explicitly 

described in the Grant Agreement, the plan for implementing the project and its solutions for enabling and 

accelerating the biodiversity-related transformative changes should be based on the active engagement of 

stakeholders and case study leaders in the four BIOTRAILS selected value chains. A key goal of this section is to 

define the roadmap for the implementation of the project and the BIOTRAILS solutions. Before proceeding with 

the description of the different phases of the co-implementation plan, it is worth mentioning that, in BIOTRAILS, 

two different layers of implementation will be accounted for. I.e. the first one concerns the implementation of the 

project activities in the case studies, while the second layer concerns the implementation of the BIOTRAILS 

solutions for the Transformative change. The latter will be based on an Action Plan that, in our intention, will last 

longer than the project implementation. As described further in this section, the Action Plan is conceived as the 

BIOTRAILS’s legacy in the case studies.  

 

Concerning the first layer of the project’s co-implementation plan, it is worth emphasising that the different steps 

mentioned in this plan are meant to facilitate the selection, prioritisation, and implementation of the solutions. 

Therefore, as discussed further in this section, efforts will be required to fill the gaps between science and policy 

for biodiversity-related transformative change. Through the synthesis of the project’s scientific findings and their 

communication with the case study leaders and stakeholders, BIOTRAILS aims to foster the convergence between 

knowledge and actions, paving the way for a sustainable, transformative future. Concerning the second layer of 

implementation, clarification is needed on the term “solution” to be implemented in the case studies. To this aim, 

we could refer to the description contained in the GA. In BIOTRAILS, transformative solutions are defined as 

interventions capable of activating transformative change towards sustainability. Examples of potential solutions 

are innovative production practices, interventions for changing consumers’ behaviour, enabling the adoption of 

innovations in the transportation/logistic part of the value chains, supporting the implementation of climate-smart 

and biodiversity-oriented production practices (specifically for fish farming and cocoa production), introduce 

innovative and biodiversity-oriented legislations and regulations, increasing institutional cooperation, engaging 

stakeholders in the policy design, enhance the enforcement of existing regulations, etc. 

 

To guide the definition of the BIOTRAILS transformative solutions, in this work, we refer to two important theories 

related to systemic and transformative changes, i.e. the leverage points and the sphere of transformation. 

Concerning the former, as pointed out by Meadows in her seminal work [47] and further elaborated by [48], the 

leverage points can be hierarchically clustered according to the system characteristics on which policy 

interventions can be focused, i.e. i) shallow leverage points, capable of changing the system parameters and the 

feedbacks; ii) deep leverage points, focused on changing the design and the intent of the system [49]. On the one 

hand, the shallow leverage points are easier to activate but could provoke limited change in the system. On the 

other hand, greater efforts are required to activate the deep leverage points, but they have great potential to 

bring about transformative changes [51]. The following figure shows the different levels of the leverage points. 

  



D5.1 — Planning and setup handbook, and operational management report (A) 

 

39 

 

 

 
 

 

Figure 13: Illustration of Leverage Points for System Changes. Source: Fischer & Riechers (2019), adapted from Abson et al. 

(2017) 

The theory of the “three spheres of transformation” was described by [52]. Describing this methodological 

approach is out of the scope of this deliverable. However, it is worth mentioning that it describes transformation 

as a complex process that entails changes at different levels, ranging from personal to institutional and 

organisational. This approach conceptualises a transformative change process as characterised by three 

interacting spheres of transformation, as shown in the following figure. 

 
  

Figure 14: The three spheres of transformation (source: O’Brien & Sygna, 2013). 

The practical sphere represents both behaviours and technical solutions to biodiversity losses. These include 

behavioural changes, social and technological innovations, and institutional and managerial reforms. The political 

sphere includes the social and ecological systems and structures that create the conditions for transformations in 

the practical sphere. Finally, the personal sphere includes individual and collective beliefs, values and worldviews 

that shape the ways that the systems and structures (i.e., the political sphere) are viewed and influence what types 

of solutions (e.g., the practical sphere) are considered “possible”. 
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Notwithstanding the differences, these two theoretical approaches can help us in understanding that enabling 

biodiversity-related transformative changes require the implementation of measures belonging to different levels 

of leverage and spheres of transformation. In BIOTRAILS, we will combine these two theories to support 

stakeholders, case study leaders and scientists in co-defining BIOTRAILS’s solutions for transformative changes. 

4.2 THE TIMESTEPS OF THE BIOTRAILS’ CO-IMPLEMENTATION 

PLAN 

As discussed previously, the main scope of BIOTRAILS’s co-implementation plan is to define the different steps 

for enabling the implementation of the project’s activities in the four value chains and, in doing so, facilitate the 

co-design and co-implementation of solutions for the transformative changes. The following figure shows the 

different phases and the timesteps of the project co-implementation plan. It is worth mentioning here that the 

structure of the co-implementation plan was discussed with the case study leaders. 
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Figure 15: Timeline of the BIOTRAILS’s co-implementation plan.
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The following subsections describe the different phases. 

4.2.1 Stage 1: Co-defining the main challenges to be addressed 

This phase aims at engaging stakeholders, case study leaders and scientists in co-defining the main challenges 

to be addressed through the co-implementation plan. In BIOTRAILS, this phase is based on four main sub-phases, 

as described below. 

 

4.2.1.1 Implementing analytical the BIOTRAILS’s analytical methods 

This phase aims to describe the initial conditions of the four BIOTRAILS value chains through the implementation 

of analytical methods. Specifically, four main analytical methods have been implemented in the early phases of 

the project implementation: 

 

1. Climate projections analysis: Efforts were carried out to assess how climate change could affect the 

BIOTRAILS value chains. Based on the obtained climate projections, a climate risk assessment is being 

conducted to evaluate the exposure and vulnerability of each pilot area to climate-related hazards.  

2. EEMRIO/LCA analysis: BIOTRAILS aims at implementing and enhancing state-of-the-art methodological 

approaches to analyse impacts on biodiversity due to the activities and processes in the value chains.  

3. Structural Equation Models: this approach was adopted in the value chains to unravel the aspects of the 

human dimensions that can drive transformative changes in biodiversity. To this aim, data were collected in 

the case studies through semi-structured interviews, whose main scope was to explore the factors that drive 

the adoption of sustainable practices to safeguard biodiversity by different actors that emerge across the 

supply chains.  

4. Participatory System Dynamic Modelling: This method, based on both the analysis of the existing literature 

review and the stakeholders’ engagement, aims at mapping the complex web of interactions affecting the 

dynamic evolution of the Biodiversity – Climate Changes – Society (BCS) nexus. In the early stages of the 

project implementation, a Causal Loop Diagram (CLD)– i.e. a Qualitative System Dynamic Model – is developed 

in each case study. Please refer to BIOTRAILS’s deliverable D3.9 for further explanation of the CLD 

development process. The analysis carried out referring to the graph theory allows us to identify the key BCS 

nexus challenges. The result of this analysis contributes to the definition of the main challenges. 

 

4.2.1.2 First round of stakeholders’ workshop 

The definition of the main biodiversity-related challenges is finalised during the first round of stakeholders’ 

workshops held in the different case studies.  Participatory problem structuring methods are used to facilitate the 

discussion among the participants. 

 

4.2.1.3 Synthesising and communicating the analytical findings 

Most of the analytical findings are written using the scientific jargon, which is difficult to be communicated and 

understood by local stakeholders. Moreover, those findings are currently included in technical reports, i.e. the 

project’s deliverables. Therefore, efforts must be carried out to synthesise the analytical findings and to translate 

them into an easily understandable language. On the one hand, this will contribute to enhancing the stakeholders’ 

awareness concerning the biodiversity losses and the impacts of the value chains’ activities and processes. On the 

other hand, it will contribute to creating a common knowledge base to be used for the definition of the set of 

BIOTRAILS’ solutions for biodiversity-related transformative changes. This phase of the co-implementation plan 

aims to enable the transformative power of the scientific knowledge used in the early phases of the project’s 

implementation [54].  

 

To this aim, a series of knowledge exchange workshops will be organised involving scientific partners responsible 
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for the analytical findings and the case study leaders, whose long-lasting experience with the local stakeholders 

can help us in enhancing the communication of the scientific findings towards the case studies. Specifically, the 

scientific partners will be required to present the analytical findings to each case study leader. Then, a knowledge 

exchange process will be facilitated, aiming to discuss how we can better present the results at a case study level. 

 

4.2.2 Stage 2: Co-defining the set of solutions for transformative changes 

As already stated, the implementation of BIOTRAILS’s methods and tools in the four value chains aims to support 

the co-definition of solutions to enable biodiversity-related transformative changes. To this aim, this stage is 

composed of two phases, i.e. i) the participatory definition of transformative scenarios and ii) the co-definition of 

a set of suitable transformative solutions. Concerning the first phase, starting from the communication of the 

analytical findings to the case study leaders and stakeholders, exercises for participatory transformative scenario 

building will be organised in the four value chains. To this aim, a second round of stakeholders’ workshops will be 

organised. The framework adopted in other EU-funded projects – e.g. LENSES (https://www.lenses-prima.eu/) – 

will be accounted for in this phase. The following figure presents the approach [55].  

 

 
Figure 16: Conceptual framework for engaging stakeholders in co-designing transformative scenarios 

As shown in the previous figure, the definition of actions to be implemented is based on the comparison between 

the current conditions, as defined by the analytical findings and by the stakeholders during the first round of 

workshops in the case studies. The first part of the second round of stakeholders’ workshops will be dedicated to 

collecting individual and group perceptions about the system situation in a transformative scenario. To facilitate 

the stakeholders’ dialogue, examples of biodiversity-related transformative changes will be provided. The 

comparison between the business-as-usual scenario – i.e. what will happen to the system without the 

implementation of solutions? – and the transformative scenario (in the figure, it is mentioned as a “sustainable 

scenario”) allows stakeholders to identify the solutions (“action” in the figure).      

 

Besides the collection of stakeholders’ inputs during the second round of workshops, a second phase of 

knowledge gathering will concern the case study leaders’ understanding. To this aim, brainstorming meetings will 

be organised within the BIOTRAILS’s consortium. To facilitate the discussion and raise the case study leaders’ 

awareness about the set of potential solutions for transformative changes, a literature review will be carried out, 
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and a preliminary set of feasible solutions will be defined, accounting for previous experiences. The literature 

review and the definition of the set of feasible solutions will be based on the active engagement of all scientific 

partners within the BIOTRAILS consortium. If needed, knowledge from external experts will be gathered to 

complete the list of solutions.  

 

4.2.3 Stage 3: Testing and prioritising the BIOTRAILS’s solutions 

The next step of the project co-implementation plan concerns the testing of the selected solutions and their 

prioritisations accounting for the expected impacts on the different value chains. Since BIOTRAILS does not have 

the economic resources to implement the selected options and the time to assess fully operative solutions, testing 

and prioritisation will be carried out to account for the modelling tools developed/adopted in BIOTRAILS. 

Specifically, the PSDM will allow the simulation of what-if scenarios, that is, what will happen in the value chains if 

a specific solution (or combination of solutions) is implemented. To this aim, the qualitative SDM – i.e. the Causal 

Loop Diagrams – developed in the early stages of the project implementation in the different cases will be 

transformed into quantitative SDM – i.e. Stock-and-Flow models. These models will allow us to compare the 

effectiveness of the different solutions accounting for their capability to address the main biodiversity-related 

challenges. This will allow the creation of a priority ranking among the selected solutions. The BIOTRAILS 

visualisation tool will be adopted to visualise the intervention scenarios and facilitate the discussion with the 

stakeholders. The visualisation tool will account for the stakeholders’ information needs. The main scope of this 

tool is to facilitate the communication between the project and the stakeholders. 

 

4.2.4 Stage 4: Assessing the feasibility of the proposed solutions 

The prioritisation phase will allow us to focus on a limited number of solutions. The next phase will concern the 

feasibility analysis of the selected solutions. To this aim, barriers and enabling factors affect the implementation 

and effectiveness of BIOTRAILS’s solutions. Two different analyses will be carried out to achieve this aim. On the 

one hand, the System Dynamic Model will be used to identify the so-called “policy resistance mechanisms” [56], 

i.e. elements in the system that can hamper/delay the implementation of the selected solutions. On the other 

hand, stakeholders in the value chains will be engaged to complement the list of barriers/enabling factors and to 

identify actions needed to overcome the detected barriers and activate the enabling factors.  

 

4.2.5 Stage 5: Developing the Implementation plan for the BIOTRAILS’s solutions 

for transformative changes 

The main scope of BIOTRAILS is to support policymakers, companies, and stakeholders in the four value chains in 

co-designing, co-implementing, and co-evaluating solutions to enable and accelerate biodiversity-related 

transformative changes. Therefore, the final step in the BIOTRAILS co-implementation plan is to provide policy 

guidance on how to implement transformative change solutions. This final product will be based on the results of 

the analysis of the what-if scenarios and the discussion with the stakeholders and policymakers related to the 

feasibility of the selected solutions. A third round of workshops will be organised in all case studies to co-define 

the actions to be implemented together with the BIOTRAILS’s solutions to activate the enabling elements and 

overcome the detected barriers. The main scope of the third round of workshops will be to co-define the Action 

Plan that will represent the project’s legacy in the case studies. Besides, capacity building and training initiatives 

will be organised in the case studies with the support of the case study leaders. The overall objective of these 

initiatives will be to enhance the capabilities of policymakers, production companies, retailers and all other 

stakeholders in the four value chains to effectively implement the selected solutions.      
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5 BIOTRAILS CO-EVALUATION PLAN 

As already described in the previous sections, two levels of the co-evaluation process are accounted for in 

BIOTRAILS, i.e. i) the co-evaluation of the project’s implementation and ii) the co-evaluation of the implementation 

of the BIOTRAILS’s solutions. Concerning the latter, the co-evaluation plan will be integrated with the Action Plan 

and will represent BIOTRAILS’s legacy in the case studies. On the one hand, the co-evaluation of the project’s 

implementation aims to monitor and evaluate the capability of the project to meet the main needs and 

requirements of case studies and stakeholders. To this aim, continuous feedback and effective communication 

between the responsible for the different tasks and the case study leaders will be enabled and facilitated. This is 

still an ongoing process since most of the activities in the case studies are on the verge of starting. On the other 

hand, the co-evaluation of the BIOTRAILS’s solution entails the engagement of the stakeholders in the co-

development of a set of indicators for continuously monitoring and evaluating the effectiveness of the selected 

solutions. From the BIOTRAILS perspective, the monitoring and evaluation process can be described as a cycle 

(Figure 17). 

 

Figure 17: Framework for monitoring and evaluating the BIOTRAILS’s solutions 

1. Establish goals: as discussed in the previous sections, the selection of BIOTRAILS’s solutions aims at enabling 

and accelerating biodiversity-related transformative changes. Therefore, the goals to be achieved through the 

implementation of the solutions ought to relate to the definition of the transformative change scenarios in 

each case study. This phase is already included in stage 2 of the co-implementation plan. 

2. Developing indicators: stakeholders and scientists will be engaged to define a set of indicators that will have 

a twofold role. On the one hand, indicators will be defined to assess the degree of achievement of the above-

mentioned goals. On the other hand, indicators will be defined to assess the degree of implementation of the 

selected solutions. Both sets of indicators will contribute to identifying issues related to the implementation 

of the solutions and their effectiveness and, in doing so, to define adjustments. 

3. Collecting data: data needs to be collected to populate the two sets of indicators. Participatory methods for 

defining the indicators will be adopted during the second round of workshops. 

4. Analysing and sharing the results: making the data available for the stakeholders is key for enhancing 

stakeholders’ understanding about the effectiveness of the proposed solutions. The information to be 

provided through the analysis of the collected data should be capable to meet the stakeholders’ information 

needs.  

5. Taking action to revise: this step is added to the framework referring to the Adaptive Management 

framework [53]. This framework was first introduced to account for the uncertainty related to the effectiveness 

of the implemented solutions. When an action is implemented, it enters a universe of interactions that could 
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lead to different results compared to those planned. Adaptation actions will be needed to reduce the deviation 

of the system from the desired/planned pathways. Different methods are available in the scientific literature 

to support this phase. Efforts will be carried out to integrate these approaches with specific references to the 

Dynamic Adaptive Policy Pathways2 in the BIOTRAILS’s Action Plan.  

   

 
2 see: https://www.deltares.nl/en/expertise/areas-of-expertise/sea-level-rise/dynamic-adaptive-policy-pathways.  

https://www.deltares.nl/en/expertise/areas-of-expertise/sea-level-rise/dynamic-adaptive-policy-pathways
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6 CONCLUSIONS 

This report should be considered a living document whose main scope is twofold. On the one hand, it aims to set 

the baseline conditions in the case studies to be used as a benchmark for assessing the impacts of BIOTRAILS’s 

implementation. On the other hand, it aims to describe how the different BIOTRAILS activities and tasks could be 

implemented to enable biodiversity-related transformative changes. Concerning the former, a common 

framework was adopted to describe the initial conditions in all case studies. This framework was co-developed 

with the Case Study Leaders. This allowed us to create a shared narrative, compare the different initial conditions 

and assess the BIOTRAILS’s impacts in different socio-technical and institutional contexts.  Concerning the latter, 

the different phases of a co-implementation plan were described in this report. What is more, Case study leaders 

were involved in the definition of the different phases of the co-implementation plan. Some of the stages were 

already gone by through before the writing of this report. The other stages are extensively described in the 

previous sections.   

 

As already stated, this report will be continuously updated and integrated till the end of the project (M36). 

Specifically, the detection of the potential barriers hampering the effective implementation of BIOTRAILS’s 

activities will be based on the analysis of the first stakeholders’ workshop – still ongoing – and discussed during 

the second round of the workshops. Moreover, stakeholders will be involved in the definition of the set of 

indicators to be used to monitor the BIOTRAILS’s implementation and assess its effectiveness.  
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