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A B S T R A C T

This paper reports the outcomes of the engagement between researchers, harvesters and other relevant stake
holders using participatory approaches for the purpose of the sustainable management of Manila clam fisheries in 
Portugal. Collaborative meetings were held between 2018 and 2023 in several coastal systems, framed by 
participatory action research principles. The goal was to identify problems, collect and analyse biologic and 
social information, and to discuss and co-construct potential solutions for the management of Manila clam 
fisheries, addressing the social, economic, biological and ecological dimensions. Throughout the process, a 
deeper understanding of the challenges facing Manila clam management was acquired, which demonstrated that 
success varies from system to system and “one size fits all” approach is not viable. Stakeholder meetings resulted 
in a functional network linking local and national actors. This collaboration influenced national and local reg
ulatory measures, though formal mechanisms for sustaining the network were not achieved. The establishment of 
local organisations enabled consensus at the local level that shaped governance outcomes; regions with orga
nized associations (Ria de Aveiro and Óbidos lagoon), achieved more effective management solutions compared 
to less cohesive communities (Tagus and Sado estuary). Participant perception assessments demonstrated that 
although they have an overall positive attitude towards the collaborative process, they are not certain about its 
potential to improve management. The Manila clam illegal fishing is perceived as a critical issue that undermines 
management solutions, that needs dedicated efforts and higher political support. This study highlights the 
importance of trust, social cohesion, and government support in building effective resource management 
systems.

1. Introduction

Portuguese coastal zones, lagoons, and estuaries have a high number 
of non-indigenous species (NIS) [7]. Most of the NIS identified in coastal 
systems are well-established populations, and some are considered 
invasive species, such as the Manila clam (Ruditapes philippinarum), since 
they are capable of fast dispersal and have caused negative impacts on 
locations where they have been introduced. This species has been 
introduced worldwide, often as a response to the overexploitation of 
native clam stocks [4,11]. The Manila clam is characterized by a high 
reproductive success, fast growth, and high tolerance to environmental 
variability [27], and the populations are usually highly abundant, which 

explains the invasive nature of the species and its relevance for com
mercial exploitation.

Biologic invasions in aquatic systems represent a major threat to 
freshwater and marine biodiversity and cause severe negative ecolog
ical, economic and social impacts [36]. Invasive species management 
can be costly and yield limited success, leading to stakeholder frustra
tion and deterring policy makers from future investments [13]. More
over, since the ecological trajectory of invaded ecosystems is hard to 
predict, managers face increasing challenges to deliver informed de
cisions. The resist-accept-direct (RAD) framework emerged from the 
recognition of these uncertain consequences of management decisions 
[37]. Within the RAD framework it is assumed that decision-makers i) 
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can actively resist (R) the ecological trajectory by restoring conditions of 
the invaded ecosystem, ii) can accept (A) the trajectory, allowing the 
ecosystem to drift into new conditions or iii) intervene in the trajectory 
(D) to guide the transformation of the ecosystem [37].

The Manila clam was introduced to Portugal in the 1980s and is 
currently distributed in several coastal systems where it represents an 
important resource to the bivalve fishery [35,16,43]. The exploitation of 
the species has been increasing in Portugal, however, it comes with 
undesired consequences. Overexploitation and Illegal, Unreported, and 
Unregulated (IUU) fishing of the Manila clam is currently a national 
problem that threatens ecosystems and sustainable fisheries [9], exac
erbated by the management challenges that resulted from the approval 
of European and Portuguese legislation concerning the NIS (EU Regu
lation nº 1143/2014 and Portuguese Decree-Law No. 92/2019), which 
prohibits their release in the wild and also its detention, cultivation and 
trade.

The unregulated nature of Manila clam harvesting and the current 
legislation concerning NIS resulted in a considerable effort to achieve a 
management solution that balances the ecosystems conservation and the 
exploitation of the resource. Several research projects have been con
ducted since 2011 to study the Manila clam populations in Portugal, the 
exploitation characteristics, and the socio-economic dimensions of 
harvesting [23,24,43,42,28,5,9,6]. These projects set the scientific basis 
for the management of the resource and for the elaboration of the Manila 
clam Action Plan (McAP) required by the Portuguese NIS legislation. 
The establishment of the McAP requires multi-institutional planning 
efforts and must involve a wide range of key stakeholders with recog
nized interests in the problem, namely administration institutions with 
competences on nature conservation, marine resources management, 
enforcement authorities and local authorities, harvesters, and local as
sociations, among others. The aim of the McAP is to define objectives, 
indicators, and goals that contribute to a compromise between the in
terests of different positions and needs of stakeholders.

The complexity of the underlying socio-ecological system in which 
the Manila clam fishery unfolds demands new management approaches, 
in which stakeholders can discuss the complexities of the issues, share 
information or insights, and learn collectively [14]. Stakeholders’ 
knowledge is essential to understand the problem, as well as considering 
the dynamic of interactions between individuals, institutions, social 
organizations, and cultural norms, to accomplish a successful manage
ment [2].

To address these challenges, Participatory Action Research (PAR) 
[33] was used as a methodological framework to understand and 
improve the Manila clam fisheries governance, defined here as the 
design of the governing systems (which institutions and actors are 
involved and how they interact). The goal was to increase stakeholders 
participation in fisheries management, which is recognized as essential 
for identifying and developing optimal management solutions [38]. 
Therefore, stakeholders were brought together during the 
research-action process to address their common issues of interest, using 
a cyclic pattern of planning, action, evaluation, and reflection. The 
theoretical framework underpinning the PAR process followed the 
rationale of Habermas’ Theory of Communicative Action [18,34]. This 
theory emphasizes the role of genuine dialogue, where every participant 
is free to express their views without fear of retribution or marginali
zation, i.e. free from coercion, to achieve mutual understanding and 
consensus. The principles of Collaborative Planning Theory were also 
applied, emphasizing that the legitimacy of a decision relies on the 
integrity of the process that produced it. Consensus is achievable when 
individuals actively listen to one another and adapt their perspectives 
based on newly gained insights [34,30].

This paper documents the outcomes of the participatory action 
research process to the Manila clam management and addresses two 
main objectives: (1) to describe the dynamics of Manila Clam harvesting 
in four study sites in Portugal and (2) to explore the potential for 
consensus-based clam management approaches. By engaging 

researchers, fishers and other relevant stakeholders, this study provides 
insights into the adapting management of Manila clam fisheries and 
discusses how participatory processes can support the sustainable 
exploitation of the resource.

2. Participatory action research framework

A consensus-based clam management required an alternative 
research approach, method, and application, to achieve social change. 
The PAR framework, guided by the rationale of Habermas’ Theory of 
Communicative Action, recognized research as a communicative act, 
and was used for the construction of collective knowledge, considered 
essential to support a Manila clam joint management solution. PAR is a 
collaborative process of research, education, and action [17], that em
phasizes the participation and action of community members targeted 
by a research process. It aims to achieve social transformation [26], by 
fostering a collaborative understanding of the world and encouraging 
reflective action for effective change [33]. In a PAR process the com
munity plays the role of co-researchers, either participating in the 
identification of the problems, collecting, and analysing the informa
tion, or in the identification of potential solutions [32], operating as a 
“community organizing and problem-solving tool” [38], pp.8).

The key aspects of PAR outlined by McTaggart [26] are: i) emphasis 
on participation - engage the community and promote their involvement 
as co-researchers, allowing them to shape research questions, experi
mental design, methods, and analysis; ii) collective inquiry and experi
mentation - emphasize collective inquiry based on experience and social 
history, encouraging communities to evolve and collaboratively address 
significant questions and issues; iii) integration of participation, action 
and research. Since PAR embraces a pluralistic approach, it moves 
beyond a single, uniform set of ideas and methods. Instead of relying on 
detached, passive observation, PAR focuses on creating knowledge that 
is grounded in real experiences and actively contributes to social 
change.

3. Methods

3.1. Study area characterization

The Manila clam is currently distributed in the Ria de Aveiro, Óbidos 
and Albufeira coastal lagoons and Tagus, Sado and Mondego estuaries 
[16,35,43,42], and represents an important fishery in most of these 
coastal systems, except in the Mondego estuary and Albufeira coastal 
lagoon, where it has a residual occurrence. The state of the Manila Clam 
exploitation in Portugal was addressed by Coelho et al. [9], showing that 
there are significant differences between the abundance and distribution 
of the resource and between the structure of the fishing communities. In 
Ria de Aveiro (83 km²) and Óbidos coastal lagoon (7 km²) the Manila 
clam is abundant but not the dominant species, and it is harvested 
alongside other bivalves, while in the Tagus estuary (325 km²) it is the 
dominant species and intensively harvested. In the Sado estuary 
(180 km²), although abundant, the exploitation of Manila clams has low 
expression [9]. In fact, Coelho et al. [9] report the Tagus estuary as the 
most important system for the Manila clam harvesting, with higher 
resource abundance and where a drastic transformation of the dynamics 
of the clam fishery occurred in the past ten years. Currently, in the Tagus 
estuary, the Manila clam is the main target species, with high number of 
fishers engaged in IUU fishing, while in Ria de Aveiro and Óbidos coastal 
lagoon most harvesters are licensed and catch also other species (cockles 
and European native clams). This study was conducted in the four 
Portuguese systems where the Manila clam fishery is relevant: the Ria de 
Aveiro, Óbidos coastal lagoon, and Tagus and Sado estuaries.
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3.2. Characterization of Manila clam harvesting

3.2.1. Harvester surveys
Surveys were conducted in the Ria de Aveiro, Óbidos coastal lagoon, 

and Tagus and Sado estuaries between 2019 and 2022 to characterize 
Manila clam fishers’, through face-to-face interviews conducted during 
low tide in periods of full or new moon (spring tides), in areas previously 
identified for bivalve harvesting. Respondent sampling was based on a 
modification of the snowball sampling approach [3], to guarantee that it 
is representative of the fisher population. The sample used initial in
dividuals’ social network to access the group, who were randomly 
selected from the different fishing zones in each system. Due to the 
COVID pandemic, telephone surveys were also conducted using the 
contacts provided by local fishers associations. To cope with the 
pandemic limitation, an online version of the survey was also made 
available and disseminated through associations, local authorities, 
representatives of relevant stakeholders, and social media. The survey 
consisted of 18 questions, both quantitative and fixed choice and 
open-ended short-answer questions, covering the following purposes: i) 
characterization of harvesters (licensed and unlicensed); ii) fishing effort 
determination; iii) identification of fishing techniques; and iv) knowl
edge about harvesting regulations. Answers to the questionnaires were 
subject to descriptive statistics based on their relative percentages. A 
total of 234 surveys were carried out in the studied systems (Tagus - 134, 
Sado - 21, Aveiro - 36, Óbidos - 43), numbers that were proportional to 
the importance of the harvesting activity in each system. Face-to-face 
interviews were the main method to collect fishers’ answers (78 %), 
with only 51 surveys performed online.

3.2.2. Fishing effort and yield estimation
Manila clam fishing effort and yield in 2019 was estimated in the 

scope of the NIPOGES project, developed by the Faculty of Sciences at 
the University of Lisbon [6]. The project evaluated the status of the 
Manila clam populations, characterized the harvesting community and 
the resource value. Aerial (videos recorded during a gyroscope’s flight) 
and terrestrial surveys (observations registered using binoculars) were 
performed in four coastal systems during NIPOGES to count the number 
of harvesters and estimate fishing effort. This method was combined 
with the answers concerning fishing effort obtained from the surveys 
(4.1.1), to estimate in each system the total Manila clam fishing effort 
(details in [6]. These results were compared with official statistics data 
from landings and licenses in 2019, delivered by the Portuguese General 
Fisheries Directorate (DGRM) of the Portuguese Government.

3.3. Collaborative governance - participatory action research 
methodology

The principles of PAR were used to develop a collaborative gover
nance process with an effective, expanded, and active engagement of 
stakeholders, aiming for the development of joint solutions for Manila 
clam management. The process was developed through a series of 
collaborative meetings, which aimed to: (1) improve common under
standing of the problems associated with Manila clam management; (2) 
establish collaborative networks for the future; (3) promote the transfer 
of knowledge and contribute to the individual and social learning of 
stakeholders; and (4) collectively support the development of proposals 
for the Manila clam management. The collaborative meetings were 
designed to increase knowledge sharing between stakeholders and re
searchers, and to co-build collective understanding and social capital 
[46]. Between 2018 and 2022 the meetings were organized in the scope 
of the NIPOGES project and held in three coastal systems – ria de Aveiro, 
Óbidos coastal lagoon and Tagus estuary – and in 2023 expanded to the 
Sado estuary, taking advantage of the collaborative governance process 
developed so far.

In practice, the process included three main phases: 1) preparation 
period, identification and mapping of stakeholders; 2) structure and 

design of the collaborative meetings; 3) implementation of the collab
orative meetings for the development of management proposals. In the 
preparatory phase (Phase 1), preliminary meetings were held within the 
NIPOGES research team and with members of the target fishing com
munities where stakeholder mapping started to take place. Stakeholders 
mapping was developed to include actors directly and indirectly affected 
by the Manila clam management, to guarantee the mobilization and 
involvement of all potentially interested and/or impacted by the process 
results. A set of key questions based on ISO 26000 – Guide to Social 
Responsibility was used to support the identification of the actors (e.g. 
who can positively or negatively be affected? Who are the actors most 
affected by the outcome? who is responsible for the management 
decision-making?), which were directly contacted by email and/or 
telephone and inviting to attend the meetings. Harvesters’ surveys also 
provided individual contacts. The mapping was continuously updated 
throughout the project whenever considered necessary. Subsequently, 
the meetings were structured and designed to adjust to the expected 
outputs in each cycle of the collaborative governance process (Phase 2), 
and materialised into three sessions, each with specific objectives (Phase 
3) (Fig. 1). Due to the COVID-19 pandemic three meetings were held 
online, using ZOOM conferencing software.

Following the principles of PAR, the implementation of the NIPOGES 
governance process resulted in a total of 9 collaborative meetings held 
between 2018 and 2022 (3 online), and four meetings held in the scope 
of the McAP, in 2023. The collaborative meetings were structured and 
facilitated by mediation professionals, with expertise in engagement and 
participation techniques. Interactive methodologies were used to favour 
the creation of dialogue, encourage mutual learning, and the effective 
involvement of all the participants [41]. Dynamics, flexibility and 
adaptability were ensured, to align the process with the specificities of 
each coastal systems (Ria de Aveiro, Óbidos coastal lagoon and Tagus 
estuary), and respond to the needs of each region and its stakeholders. 
The diversity of stakeholders and the differences between regions 
required adjustments in the meetings, namely in the sessions scheduling, 
the digital options, or to ensure the integration of illiterate participants. 
The results of each meeting were analysed by the NIPOGES project team 
through content analysis of the notes captured, which were grouped in 
different topics. Meeting minutes were prepared and shared with par
ticipants to ensure that all views and concerns were captured. This local 
and scientific knowledge was progressively integrated into the prepa
ration of the following meetings, following Luyet et al. [22] principles 
for successful participation. The NIPOGES governance process ended 
with the development of proposals for the management of the Manila 
clam, which were discussed with stakeholders in 2023 in a final round of 
meetings. These meetings were organized to address the need to develop 
the McAP, as required by the legislation regarding the introduction of 
alien species into nature (Decree-Law No. 92/2019).

3.4. Assessment of stakeholder’s engagement

A survey on a 5-point Likers scale [21] was developed to assess 
stakeholders’ perception about the participatory process developed in 
the scope of NIPOGES project and during the development of the McAP. 
The survey asked respondents about their (i) perceptions concerning the 
participatory process, and (ii) perceptions towards fishery regulations. 
An online questionnaire comprising fourteen questions was sent by 
email and/or WhatsApp to all the participants in the meetings (n = 94). 
The questionnaire used in the survey was tested with two representa
tives of fishers, two researchers, and two administration technicians in 
order to: ensure reliability and validity, identify potentially confusion 
items, and elicit improvement suggestions. The questionnaire items 
were revised accordingly. Forty-four valid questionnaires were analysed 
to assess stakeholders’ perception about the collaborative process. An
swers to the questionnaires were subject to descriptive statistics based 
on their relative percentages.
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4. Results

4.1. Characterization of Manila clam harvesting

4.1.1. Harvester surveys
The mean age of harvesters surveyed (86 % male) was 45 years 

(range between 14 and 76 years old, with no significant differences 
between systems) with more than 60 % of the harvesters younger than 
50 years. The fishery targeting Manila clam greatly increased after 2010, 
when 75 % of the interviewed harvesters started to catch the species. 
Manila clam is the exclusive target to half the respondents (with dif
ferences between systems), with the other half targeting also other 
species (e.g other clam species, cockles, cuttlefish). Across the four 
studied systems, most of the harvesters have alternative professional 
occupations besides fishing (57 %), and no professional license (58 %) 
(Fig. 2), although they indicated that the catch frequency is, on average, 
5–7 days a week. Half of the respondents collect clams by hand, but the 
fishing techniques (Table S1) are variable between systems (Fig. 2), and 
therefore, the average daily yield ranges between 0.5 kg and 10 kg.

The Manila clam market chain is highly variable in the four studied 
systems. Although personal consumption was commonly mentioned as 

the final destination of Manila clams’ catches, the answers may mask the 
illegal activity, either of the recreational fishery or of non-licensed 
harvesters. In the four studied systems, there are harvesters with rec
reational licenses that sell their catches either to intermediaries or 
directly to restaurants to avoid the fiscal costs of entering the formal 
economy. This occurred predominantly in the Tagus and the Sado es
tuaries. Typically, sales occur via illegal intermediaries in the Tagus 
estuary, where direct cash payments were observed during field in
terviews. Therefore, it is possible that some of the respondents have 
omitted the fact that the harvest is for commercial purposes and indicate 
personal consumption for precaution. In the Óbidos coastal lagoon and 
Ria de Aveiro the Manila clam first-sale occurs via registered buyers: 
DOCAPESCA auctions, the public service organising the first sale of sea 
products or the shellfish industry, both representing a guarantee of the 
application of national and European shellfish control regulations [31].

4.1.2. Fishing effort and yield estimation
Manila clam harvesters and yield in 2019 were estimated in each 

studied system based on harvesters counts and survey results, showing 
great inconsistences between estimates and official landings data 
(Fig. 3). Hand collection was the catch technique used by most fishers, 

Fig. 1. The three cycles of the collaborative governance process, and correspondent objectives of the sessions.

Fig. 2. Frequency of answers to the survey conducted in Ria de Aveiro, Óbidos coastal lagoon, Tagus and Sado estuary between 2019 and 2022, targeting Manila 
clam harvesters.
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although higher clam volumes are captured using other fishing tech
niques. In the Tagus estuary the number of harvesters estimates were the 
highest, and where inconsistences with assigned licenses are greater. In 
the four studied systems the total Manila clam yield in 2019 was esti
mated to be 7491 tons (≈ 24 million euros at first sale), which is seven 
times higher than the official statistics in that year for the entire country 
(1024 tons). The Tagus estuary is also the system were inconsistences 
between estimated values (80 % of the catch in the four systems) and 
official landings is higher. Manila clam first-sale is officially 

concentrated in ports located in the Sado estuary (912 tons), which is the 
only system where yield estimates are lower than data of official 
landings.

4.2. Collaborative governance process through PAR

The stakeholders mapped in the Tagus and Sado estuaries, in Ria de 
Aveiro and in the Óbidos coastal Lagoon included harvesters (of Manila 
clams and other bivalve species), NGOs, local, regional and national 

Fig. 3. Estimates (grey) and official landings data (black) of the Manila clam catch (left) and the number of harvesting licenses and number of estimated harvesters 
(right) in Ria de Aveiro, Óbidos lagoon, Tagus and Sado estuary in 2019.

Fig. 4. Number of participants per stakeholder group present in the Manila clam regional meetings occurred between 2018 and 2023 in Ria de Aveiro, Óbidos coastal 
lagoon, Tagus and Sado estuaries. Meetings held online signed with an asterisk.
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administration, enforcement agencies, private companies, and aca
demics. The collaborative meetings held between 2018 and 2022 were 
attended by 71 stakeholders, with a significant increase in the partici
pants numbers in 2023. This was accompanied by an increase in 
stakeholders’ diversity, particularly with the regular participation of law 
enforcement agencies. In total, the thirteen meetings brought together 
94 representatives of public and private institutions, regional and na
tional administration, including the project members, guaranteeing the 
presence of diverse interests in the Manila clam management. Partici
pants were relatively equally distributed among stakeholders’ groups, 
although harvesters and researchers had higher representation and were 
the only groups present in all the meetings (Fig. 4).

The engagement, mobilization, and participation of stakeholders in 
the meetings varied across the coastal systems. Although it was in the 
Tagus estuary that harvesters were present at higher numbers, particu
larly in the February 2019 meeting (Fig. 4), the participants did not 
represent most of the Manila clam harvesters. Since most have no license 
to harvest (Fig. 3), they are not engaged in any of the three fishers’ 
organizations that exist in the Tagus estuary, which were the ones 
enrolled in the process. In the Sado estuary, there is no organization that 
represents the Manila clam harvesters, and the participants in the 
meeting were involved on an individual basis. Therefore, the low levels 
of organization of both systems prevented adequate representativity of 
harvesters in the meetings held in the Tagus and Sado estuaries. This 
contrasts with the fishing communities in Ria de Aveiro and Óbidos 
coastal Lagoon, where most harvesters are engaged with the local as
sociations, showing that a strong self-organization is present in these 
systems, i.e. harvesters organize themselves towards common goals. 
Therefore, in Ria de Aveiro and Óbidos coastal Lagoon, the local fishers 
association were the main mobilizers of participants and the key in
formants during the collaborative meetings.

To increase stakeholders’ participation, particularly the harvesters, 
the meetings were scheduled after 5 pm in locations close to the fishing 
areas. However, their participation was negatively impacted by diffi
culties in accessing and using technology when meetings were held 
exclusive online, and to a lesser extent when a hybrid format (online and 
face to face) was adopted. The participants in the online meetings were 
mainly those who had been working with researchers and were aware 

about the research projects on the Manila clam for a longer time.
There was a fruitful exchange of views on topics related to Manila 

clam management during the collaborative meetings, with an emphasis 
on fishery regulations and surveillance (Fig. 5). Stakeholders widely 
agreed that illegal fishing is a major problem for the fisheries sustain
ability and several infringements were identified: illegal fishing gear, 
non-licensed harvesters, unreported catches, and misleading catch 
origin. Illegal activity also occurs in the commercialization chain and 
therefore this topic was also frequently discussed in all the meetings. 
However, throughout the collaborative governance processes, it was 
possible to identify topics and concerns that were specific to a particular 
system. For instance, the conflict between harvesting and aquaculture 
activities is highly relevant only in Ria de Aveiro, the area-based man
agement concern emerged frequently in the Óbidos coastal lagoon 
meetings, and the degradation of the social system is a major concern 
specific of the Tagus estuary, where undocumented immigrant labour 
and human trafficking networks connect directly with the local Manila 
clam harvesting (Fig. 5).

The implementation of the collaborative meetings and the identifi
cation of the various themes and concerns made it possible to incorpo
rate local knowledge into the decision-making process and to co- 
construct a total of 39 proposals/recommendations for the manage
ment of Manila clam (Tagus Estuary - 17; Sado estuary - 4, Ria de Aveiro 
- 11 and Óbidos costal Lagoon - 7) (details in [9]. These proposals were a 
substantial support base for the consolidation of the governance model 
adapted to each system, and framed the McAP meetings that took place 
in 2023, when the Sado estuary was added to the collaborative process. 
In the Sado meeting the harvesters recognized the importance of col
lective action and regretted the fact that there is no local organization to 
represent their interests.

4.3. Assessment of stakeholder’s engagement

The response rate of the perception survey was 47 % (11 responses 
from Ria de Aveiro, 13 from Óbidos lagoon, 14 from Tagus estuary, 6 
from Sado estuary), with the representativeness of respondents highly 
balanced: 9 % NGOs, 21 % Central administration, 11 % Local admin
istration, 18 % Harvesters, 14 % Private companies, 9 % Researchers, 

Fig. 5. Topics and concerns covered in the Manila clam regional meetings that occurred between 2018 and 2023 in Ria de Aveiro, Óbidos lagoon, Tagus and Sado 
estuary. The values on the axis indicate the number meetings in which the topic/concern was mentioned.
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16 % Law enforcement agencies, 2 % Other participants. The differences 
in the response rate between systems and/or stakeholders’ groups is 
highly related with the rate of participation, except in the case of re
searchers and harvesters, which had a low rate of response compared 
with the numbers of participants in the meetings.

Most stakeholders showed a positive perception regarding the 
participation in the meetings and considered that the relevant interests 
concerning the Manila clam fisheries were present in the discussion 
(Table 1). Administration (central and local) and law enforcement 
agencies were the stakeholders that mostly disagreed with the repre
sentativeness of all relevant actors, particularly in the Tagus estuary. 
Respondents felt they had the opportunity to voice their concerns, ask 
questions, and discuss management strategies, however, perceptions 
regarding regulation changes were neutral. When asked if meetings 
changed regulation for the better, most stakeholders did not notice 
significant improvements in Manila clam management, especially in the 
Tagus estuary, although the majority stated that the situation did not get 
worse. The knowledge increase (in biology, Manila clam fishery, fishing 
regulation and enforcement) and the opportunity to meet with different 
stakeholders were pointed out as the major positive aspects of the 
collaborative meetings, although almost 50 % of participants considered 
that information exchange should be improved (Table 1). Participants 
suggested more regular communication and feedback, since they 
perceive little impact of the meetings outputs on the management de
cisions. Therefore, perception analysis shows that stakeholders, 
although recognising the efforts to update Manila clam management in 
recent years, particularly in terms of regulating the fishing effort and the 
allowable catches, they are still unsatisfied with the lack of measures to 
reduce IUU catches. This is particularly evident in the comments 
collected in the perception survey: “I would like a solution to be found for 
more control over harvesting” and “I honestly believe that the Manila clam 
issue needs a multidisciplinary working group, dedicated and funded by a 
political initiative. By this way, it can be objectively determined whether the 
legal norms that regulate the activity serve the interests of the rule of law and 
what measures should be taken to ensure effective compliance or whether, on 
the contrary, they should be changed/reformulated”.

4.4. Impact of participatory research in Manila clam governance

A general overview of the Manila clam exploitation in Portugal be
tween 2009 and 2024, the research developed to assess the status of the 
populations, the collaborative meetings, and the regulation changes in 
the same period are summarized in Fig. 6.

The Portuguese General Fisheries Directorate (DGRM) oversees clam 
fisheries management. It has legal authority over coastal waters and 
jurisdiction over activities related to the capture of shellfish. The 
recorded regulation of bivalve fisheries in the studied systems dates to 
the 1990’s, when Manila clam populations where not yet established in 
Portugal. Therefore, when the fishery started to increase in 2009, there 
were no specific measures to regulate the Manila clam fishery or even 
the knowledge to support decision-making. Research projects started to 
gather knowledge about the distribution, abundance, and fisheries of the 
species in 2011, first in the Tagus estuary, and in the following years 
expanded to other Portuguese coastal systems. Stakeholder meetings in 
the scope of those projects started in 2015, to discuss the data gathered 
by researchers and the harvesters’ knowledge about the resource 
exploitation, which set up the basis for the decision-making concerning 
specific management measures. The engagement of researchers with the 
communities lasted around six years, before Manila clam specific reg
ulations were adopted. In-depth discussions around each theme, anal
ysis of biological, ecological and social data, and the results of 
questionnaires, culminated in several recommendations.

The 39 proposals/recommendations for the sustainable management 
of Manila clam co-construct by stakeholders (details in [9]) were dis
cussed in the meetings held in 2022 and 2023, when there was a 
consensus about the need to update the system-specific regulations to 
include the species. The maximum daily quantities of Manila clam catch 
in each system, the harvesting techniques, criteria for closure periods or 
the need to increase the number of harvesters licenses in the Tagus es
tuary, were agreed between stakeholders (regional Ordinances 51/2022 
and 238/2022, regional Dispatches 24/DG/2022, 46/DG/2023 and 
26/DG/2024) (Fig. 6). These specific measures were based on data on 
Manila clam productivity and fishing effort estimations (research and 
local knowledge), however, the legal instruments under which the Ma
nila clam harvesting was framed do not address the resource specific
ities, namely its non-indigenous and invasive nature.

Coordinated efforts between the fishery and the conservation gov
ernment agencies were established following the approval of the Na
tional law listing the Manila clam as an invasive NIS of concern (Annex II 
of the Portuguese NIS law, Decree-Law No. 92/2019), acknowledging 
the need to adapt regulations and management tools. Since Article 16 
introduced legal constraints to Manila clam harvesting (prohibition of 
holding and trade of the species included in the List of Invasive Species), 
inconsistences with fishing regulations arose, and the elaboration of the 
McAP to ensure the control, containment, or eradication of the species, 
mandatory by the NIS law, emerged as an important instrument to 
manage the Manila clam populations and its fisheries. The dialogue 
between the Portuguese competent authorities resulted in the assump
tion that Manila clam population control should be carried out through 
sustainable fishing, since the current state of the populations does not 
allow for its eradication. Therefore, the knowledge network established 
between 2011 and 2022 was recognized as relevant to address Manila 
clam conservation concerns and motivated a new round of meetings 
with stakeholders in 2023, in the scope of the preparation of the McAP. 
In turn, these meetings strengthened the network, evidenced by par
ticipants’ comments like “These processes are very important to improve 
understanding and help management to make more conscious decisions”, and 
by their availability to answer the online perception questionnaire.

Although the fishery regulation adaptations followed the recom
mendations that emerged from the participatory action research pro
cess, the specific models proposed to manage this fishery in the Óbidos 
lagoon (co-management) and in the Tagus estuary (concession areas and 
free-access areas) (details in [9]), were questioned, mainly by har
vesters. In the Óbidos lagoon it was argued that an area-based 
co-management model would be more suitable to address the inter
connected nature of the fishery problems, and in the Tagus estuary 
stakeholders stated that the illegal fishing dissemination in this system 
could compromise the concession model.

Table 1 
Descriptive statistics to Likert-type statements designed to quantify stake
holders’ perceptions regarding the Manila clam regional meetings organized 
between 2018 and 2023 in Ria de Aveiro, Óbidos coastal lagoon, Tagus and Sado 
estuaries. Statements were measured in a five-point Likert-scale, subsequently 
dropped to a three-point Likert-scale: disagree (=1), neutral = neither agree nor 
disagree (=2), agree (=3); ± SD - standard deviation.

Likert-scale items Responses Mean ( 
± SD)

Disagree Neutral Agree

Participation in meetings
“The relevant stakeholders were 

all represented”
10 3 31 2.48 (0.84)

“Meetings promote dialogue 
between stakeholders”

5 2 37 2.73 (0.65)

“Stakeholders active 
participation was guaranteed”

4 2 38 2.78 (0.60)

“Meeting expectations were 
fulfilled”

4 5 35 2.71 (0.62)

Outputs
“Meetings changed the 

regulations for the better”
11 18 15 2,10 (0.76)

“Meetings changed the 
regulations for the worse”

21 15 8 1.71 (0.76)
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5. Discussion

The establishment of the Manila clam in Portuguese estuaries and 
coastal lagoons introduced significant socio-ecological changes in the 
systems that require adaptations in the natural resources management. 
The significant increase in abundance of Manila clams, particularly in 
the upstream areas of the Tagus estuary after the strong reduction of the 
native congeneric species Ruditapes decussatus in downstream areas [8], 
caused relevant changes in the commercial harvesting of bivalves, and 
triggered intense Illegal, Unreported and Unregulated (IUU) fishing 
activities.

The participatory action research (PAR) framework implemented in 
this study provided key knowledge to understand how the Manila clam 
fishery, the institutions and the actors respond to, and learn from, this 
driver of change. Collective reasoning and collective management pro
posals were constructed during the Manila clam governance process, 
based on the dialogue between stakeholders and on the integration of 
scientific and local knowledge, known to be a valuable tool for effective 
management [39,15,1]. Through this process, the social and economic 
importance of the Manila clam was ascertained and consequently used 
to design policies that contribute to the resilience of fishing 
communities.

The fact that Manila clam is on the list of invasive species in the scope 

of the Portuguese NIS regulation, introduced additional challenges to 
the species governance process. Since the current state of the pop
ulations in the studied aquatic systems does not allow eradication, and 
the new benthic communities are significantly altered in relation to the 
state before introduction, the decision to adopt a management strategy 
towards sustainable fishing was consensual between the stakeholders. It 
is in line with the Direct option under the RAD paradigm for managing 
ecological transformations [37] and with the fisheries certification 
standards concerning NIS, advocated by the Marine Stewardship 
Council [25]. Managing invasive species through fishing is an 
accept-type strategy, which recognizes that the commercial value of the 
species might be a practical and cost-efficient complementary solution 
for population control [13]. The option to promote sustainable fishing is 
a trade-off between maintaining Manila clam populations at levels that 
minimises negative impacts on native species, and reducing the impacts 
caused by IUU fishing.

The diversity of issues and concerns identified during the collabo
rative meetings highlight the diversity in the socio-ecological systems 
engaged in Manila clam management, although there are problems that 
cut across systems and require similar solutions. Therefore, the process 
was conceived knowing that meetings in which stakeholder participa
tion is inclusive, creative and based on genuine dialogue [40,44], are 
crucial to the development of consensual solutions [10]. The resulting 

Fig. 6. Schematic representation of Manila clam history in Portugal since 2009 through landing statistics (top plot), research topics and related actions (box 1), and 
management framework at regional (box 2) and national level (box 3). Colours represent actions in respective systems: , , 

, Ria de Aveiro. Regulations in the management framework boxes shows in parenthesis, when appropriate, the related 
measures for the Manila clam fisheries: fishing gear, minimum landing size and maximum daily catch. Red oval signs legislation concerning the non-indigenous 
species. Non-available data signed with an asterisk.
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network of stakeholders included the relevant local and national actors, 
provided the necessary linkage between levels of action, and influenced 
the harvesting measures approved in 2023 at national level (Ordinance 
229/2023). This achievement is highly relevant in the Manila clam 
fishery governance and demonstrates that a functional network with 
capacity to influence political decisions was built through the collabo
rative process. However, formal mechanisms to maintain structured or 
frequent interactions among stakeholders were not created, and the 
sustainability of the network is uncertain.

The history of local cooperation, expressed through harvesters self- 
organisation, had a strong impact on the fishery governance out
comes. In the Ria de Aveiro and Óbidos coastal lagoon, where strong 
fisher’s associations exist, regional Ordinances (51/2022 and 238/ 
2022) to regulate the Manila clam harvesting in each system were 
approved in 2022, while at Sado estuary specific management measures 
were delayed (Sado estuary Dispatch 26/DG/2024 was released only in 
August 2024) and in the Tagus estuary management measures date back 
to 2011. Those approved regulations were discussed during the gover
nance process and achieved a consensus between stakeholders (namely 
the national administration and the local fishers organisations), 
demonstrating the importance of well-functioning communities to the 
resources management. According to Jentoft [19] and Jentoft et al. [20]
trust and social cohesion in fishing communities are key factors for 
effective management systems. Moreover, government agencies that 
support the economic and social sustainability of communities 
contribute to the effectiveness and efficiency of the fisheries’ gover
nance systems. In the Ria de Aveiro and Óbidos coastal lagoon, direct 
contact between national agencies and local associations has strength
ened the sense of community and bolstered collective action, while in 
the Tagus and Sado estuaries the capacity for collective action is 
significantly weakened, and consequently, the Manila clam fishery still 
lacks a specific regulation in the Tagus estuary. In fact, harvesters in the 
Sado estuary have acknowledged that more organised communities 
have greater opportunities to participate in fisheries management, 
thereby contributing to the development of more effective management 
solutions.

The response rate of the online survey to access perception about the 
participatory process (47 %) is in line with average response rates in 
other fields of research [45]. Although harvesters and researchers 
showed lower response rate, considering the higher number of these 
actors in the participatory process, this balanced the responses between 
stakeholders’ group, avoiding response bias towards a specific interest 
group. The researchers did not respond as their participation in the study 
could have presented a conflict of interest. The harvesters, on the other 
hand, might have face difficulties in answering due to their internet 
proficiency. Future planning of surveys targeting Manila clam harvesters 
should keep in mind that alternative modes to the online should be 
considered.

The stakeholders’ positive feedback about the collaborative meetings 
was not followed by satisfaction about its impacts on the management of 
Manila clam. Although participants expressed some level of dissatis
faction on both the process (i.e. allocated time and continuity) and the 
outputs (i.e. management measures changes, information exchange), the 
incapacity of the governance process to address the illegal activities in 
the Manila clam fisheries was pointed out as the major problem. Several 
stakeholders highlighted how illegal fishing and organised crime un
dermines fishing regulatory efforts to promote sustainable management 
in Manila clam fisheries. Therefore, if stakeholders do not perceive their 
participation as meaningful to find a solution to the fishery core prob
lems, they might get frustrated with the cooperative management efforts 
and decrease their trust in future initiatives [12]. Since illegal fishing 
compromises the success of the participatory processes [29], confront
ing its detrimental impact on the sustainable management of Manila 
clam fisheries is key for the collaborative governance. To address this 
problem, one suggestion was the formation of a dedicated multidisci
plinary group supported by a political initiative, to combat illegal 

activities and reinforce the integrity of collaborative governance.
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