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The Manila clam (Ruditapes philippinarum, Adam & Reeve 1850) is a non-indigenous species that was introduced in Europe (France) in the 1970s for commercial purposes, and reached Portugal in the 1980s. Currently, it occurs in several European coastal systems, from the Bay of Biscay to the north Mediterranean. In Portugal, it is present in estuarine systems and coastal lagoons from the north to south, such as Ria de Aveiro, Óbidos Lagoon and Sado estuary, but a sharp rise in the prevalence of this species in the largest Portuguese estuary, the Tagus, resulted in the exponential growth of the number of harvesters and, consequently, an increase in the illegal exploitation of this resource. At least 1700 harvesters were estimated in this system and an annual catch volume of between around 4,000 and 17,000 t which corresponds to an annual value around €10,000,000 to €23,000,000 of sales. There is a general failure to comply with current legislation, both in relation to harvesting and marketing, as well as constraints arising from spatial planning instruments in force on the estuary. The failure to comply with sanitary standards for the exploitation and trade of bivalve mollusks presents a risk to public health and a social-economic issue resulting from this activity. The goal of this study is to propose management models for this activity with the aim of contributing to create a legal framework in which sustainable harvesting can be achieved, in the different systems where exploitation occurs. In order to accomplish this goal, the current state play, legal framework, regulation for harvesting and trade and relevant spatial planning instruments in Portugal are analyzed. In order to ascertain an adequate national management strategy, a variety of case studies in France, Spain and Italy were studied. The outcome is a management model which includes a co-management strategy of concessions as well as a mixed regime with concession areas and free areas. The creation of specific regulations; implementation of a co-management model with the active participation of harvesters; science-based regulation of a closed season and maximum daily quotas and an improved surveillance of the activity are recommended.

Keywords: bivalve exploitation, Tagus estuary, legal framework, spatial planning instruments, management model


INTRODUCTION

The management of coastal areas and the exploitation of their renewable resources leads to the integration of biological, economic and social sciences and is recognized worldwide as an important and relevant issue (Pastres et al., 2001; Bald et al., 2009). The production and exploitation of the Manila clam (Ruditapes philippinarum, Adams & Reeve, 1850) has gained increasing importance worldwide in recent decades. This species is native to the Indo-Pacific area (Food and Agriculture Organization, 2020) and is characterized by high growth rates and an elevated tolerance to a wide range of environmental conditions European Union Regulation 1143/2014, sets rules to prevent and manage the introduction and spread of invasive alien species. However, Ruditapes philippinarum is included on a list found in Regulation 708/2007 which excludes it from the requirements outlined in Regulation 1143/2014, concerning the use of alien and locally absent species in aquaculture. Therefore, this species has no longer been considered as an invasive species but managed as a natural resource, requiring a group of measures that ensure sustainable exploitation, such as the definition of catch limitations based on estimates of fishing yields and the implementation of gear selectivity measures to ensure minimum landing sizes (Gorman et al., 2011).

Manila clam populations are usually highly abundant, easy to capture and purify and have strong market demand (Bidegain and Juanes, 2013). It became the preferred species for the clam production industry, which successfully boosted its introduction across the globe (Melià et al., 2004; Melià and Gatto, 2005; Bald et al., 2009). In Europe, overfishing and irregular yields of native clam species, like Ruditapes decussatus, resulted in the import of the Manila clam, which was first introduced in France (Bodoy et al., 1981) and its current European distribution ranges from the south coast of the British Isles to the northern Mediterranean (Garaulet, 2011). The species was also introduced in Ria Formosa, Portugal in the 1980s, and is currently distributed in several Portuguese coastal systems, including the Ria de Aveiro, Mondego estuary, Óbidos lagoon, Tagus and Sado estuaries and the Albufeira lagoon (Figure 1; Ruano and Sobral, 2000; Gaspar, 2010; Velez et al., 2015; Chiesa et al., 2016).
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FIGURE 1. Locations of estuaries and coastal lagoons where the Manila clam (Ruditapes philippinarum) has been recorded. From north to south of Portugal: Ria de Aveiro (A), Mondego Estuary, Óbidos Lagoon (B), Tagus Estuary (C), Albufeira Lagoon, Sado Estuary (D) and Ria Formosa. The letters mark the systems addressed in this manuscript.


The current state of the Manila clam fishery in Portugal as well as the legal framework and spatial planning instruments in force in the studied systems are portrayed in this study, as a baseline for the development and future implementation of a management model. A cross comparison of the Portuguese and other European coastal systems where different fisheries models were implemented is used to select the best approaches for each case study.

In the Tagus estuary, recent studies show that the Manila clam is well distributed, usually in areas of lower depth and low concentrations of dissolved oxygen (Carvalho, 2017). Compared to other species with commercial interest, it is the most abundant and has a wider distribution area, mainly in the middle area of the estuary and shallow bays (Carvalho, 2017).

The species is also abundant, but not dominant, in the Sado estuary and in the Ria de Aveiro, where its occurrence was first reported in 2009 and 2011 (Chainho, 2014; Maia and Gaspar, 2014). Since its introduction in these systems, there has been a rapid spatial dispersion, evidencing its preference for habitats in shallower areas (Maia and Gaspar, 2014).

In the Óbidos lagoon, a recent study revealed that, although it is already well established, it is still less abundant than the native species R. decussatus and presented a similar reproductive cycle (Duarte, 2018). Although R. decussatus is more abundant than the introduced species in this coastal lagoon, the co-occurrence of both species might represent a threat to the valuation of the native species due to the possibility of hybridization among the species, as was previously observed in the Ria de Vigo, Spain (Hurtado et al., 2011) and Ria de Aveiro, Portugal (Chiesa et al., 2014).

There is no comprehensive management model for the Manila clam in Portugal, although legislation has been tailored to areas where harvesting pressure is higher (Carvalho, 2017). Currently there are serious challenges in managing the harvesting activities and sale of this species due to several factors, such as shortfall in the issuing of licenses, use of illegal gear, absence of designated transposition zones, and a lack of specific regulations for the Sado estuary, Ria de Aveiro and Óbidos lagoon, where the species is commercially exploited. This activity is recognized as having a high socio-economic importance, requiring the analysis of possible governance scenarios for the creation of a fisheries management model of marine bivalve mollusks. Governance scenarios are understood as alternative ways of managing an activity, resource or area, regarding the current state, and providing information for the elaboration of a different management approach (Kuzdas and Wiek, 2014).

The main objective of this study is to identify a possible management model for the sustainable exploitation of the Manila clam in Portugal. using four different coastal systems where this species is harvested as case studies. This model is based on the integration of information related to:

• The current state of the Manila clam exploitation in each of the studied system;

• The compatibility or adaptability of the legal framework and spatial planning instruments with the current exploitation practices;

• The adequacy of management models used in other European coastal systems for each Portuguese case study.



METHODOLOGY

This study addresses four Portuguese coastal systems with different characteristics and in which the introduction of the Manila clam resulted in different impacts on the exploitation of its living resources (Figure 1):

(A) Ria de Aveiro – a large coastal lagoon where the species is abundant but not dominant and the exploitation occurs at the same level as other bivalve species (Maia and Gaspar, 2014);

(B) Óbidos lagoon – a small coastal lagoon where the species is also abundant but not dominant and with a smaller fishing community compared with the other systems (Duarte, 2018);

(C) Tagus Estuary – the largest estuarine system in Portugal where the species is abundant and dominant and its exploitation is intensive with a large fishing community, that resort to illegal harvesting techniques (Ramajal et al., 2016; Carvalho, 2017);

(D) Sado Estuary – a large estuarine system where the species is also abundant but not dominant and its exploitation does not show much expression (Cabral et al., 2020).

In order to further explore the possible governance scenarios for the management of this resource we followed a four-step approach:

(i) Step 1 – Portrait of the Portuguese legal framework, based on a search conducted in the homepages of the Directorate General for Marine Resources (DGRM), the Portuguese Institute for Sea and Atmosphere (IPMA) and the Official Portuguese Republic Journal – Diário da República. That search included key words such as fishing regulation, bivalves harvesting and trade, Manila clam, and Ruditapes philippinarum. Specific regulation for the studied areas (Ria de Aveiro, Óbidos lagoon, Tagus and Sado estuaries) were also collated.

(ii) Step 2 – Collation of available information on the current state of the Manila clam exploitation in Portugal including not only published bibliography but also technical reports of projects developed in the studied systems, namely GEPETO (Maia and Gaspar, 2014), PROMAR (Chainho et al., 2016) and NIPOGES (Chainho et al., 2020), and other gray literature. These projects were developed within a framework of interaction between different stakeholders (harvesters, decision makers and researchers), which has provided support for the identification of management measures that were incorporated in the governance scenarios proposed in this study. These interactions included the collaboration between harvesters and researchers during sampling surveys, participatory meetings with all relevant stakeholders in each system and specific meetings between researchers and selected stakeholders;

The harvesting techniques and respective zonation, the abundance and spatial distribution of the Manila clam, the harvesting community characterization, the annual catches, the market value and product chain (harvesting, processing, transport and marketing) were characterized for each studied system. Detailed information for some aspects was only available for the Tagus estuary.

Problems identified in the of Manila clam exploitation in each case study system were summarized and classified according to different importance levels, with “+” corresponding to “low importance,” “++” to “high importance” and “+++” to “very high importance.”

(iii) Step 3 – Assessment of the compliance of the activity with the legal framework and spatial planning instruments in force in the case study areas. Spatial planning instruments include protected areas and Nature 2000 areas. These documents are available in the website of the national authority for nature conservation (ICNF). The assessment of compliance was based on the cross comparison between the zonation of current harvesting activities with the zonation of protected areas and conditioning factors in force in these areas, in particular restrictions to fishing and harvesting activities.

(iv) Step 4 – Analysis of management strategies applied to the Manila clam fishery in different EU countries with different management objectives as well as the management strategies proposed for the Tagus estuary (Chainho et al., 2016). The adequacy of management models used in other EU member states for the Portuguese scenarios were evaluated based on: the area of the exploited system, the abundance of Ruditapes philippinarum, the harvesting practices and the characteristics of the fishing community. Management strategies applied and/or proposed in each European case study were summarized and associated to the Portuguese systems for which their application could be more relevant. Different management models were defined for the Portuguese case study systems based on the results of this analysis and taking into account the legal framework and spatial planning instruments in force. The strategies proposed for each system and respective characterization were summarized, with the identification of the major and complementary management measures.



RESULTS


Assessment of the Portuguese Legal Framework (Step 1)


Harvesting Regulation

The Tagus estuary is the only system in Portugal where the harvesting of R. philippinarum is regulated by Ordinance 85/2011, which defines the technical requirements of the clam rake and establishes a maximum daily catch amount of 80 kg per harvester. The harvesting of R. philippinarum in the Tagus estuary is currently encompassed under the general umbrella of Ruditapes spp. in the list of “Marine animal species that may be harvested” published in Ordinance No. 1228/2010. The production and commercialization of live marine bivalve mollusks, echinoderms, tunicates and gastropods are regulated by Ordinance No. 1421/2006. The exploitation of marine bivalve species in Ria de Aveiro and Óbidos lagoon is regulated by Ordinance No. 563/90 and Ordinance No. 567/90, respectively, but the Manila clam is not included as an exploitable species in these documents. This activity is not regulated for the Sado estuary since no bivalve species are included in Ordinance No. 562/90, that regulates fishing activities in Sado estuary. Table 1 summarizes the main legal documents related to this activity.


TABLE 1. Summary of the main legal documents regulating Manila clam harvesting in Portugal.
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Recreational harvesting is also regulated by Ordinance No. 14/2014, which indicates the allowed harvesting techniques and establishes a maximum daily catch amount of 5 kg per harvester (Table 1).

The European Union has established a classification system for bivalve molluscs in coastal lagoon zones according to the levels of microbiological contamination in the bivalves by analyzing the “Escherichia coli/100 g level,” presented in EU Regulation (EC) No 854/2004 of the European Parliament and of the Council of 29 April 2004:

• A – ≤ 230 – Bivalves can be harvested and marketed for direct human consumption;

• B – > 230 e ≤ 4600 – Bivalves can be harvested and transport to purification, transposition or transformation in an industrial unit;

• C – > 4600 e ≤ 46000 – Bivalves can be harvested and transport to long time transposition or transformation in an industrial unit;

• Harvesting forbidden –> 46000 – Bivalves cannot be harvested.

The classification of estuarine and coastal lagoon zones addressed in this manuscript for Manila clam exploitation, regarding the levels of microbiological contamination, according to Order No. 2102/2019, March 1, were (at the time of this study – 2019):

• Ria de Aveiro – zones B and C;

• Óbidos lagoon – B;

• Tagus estuary – C;

• Sado estuary – zones B and C.



Spatial Planning

Spatial planning is a fundamental instrument for the conservation of nature and biodiversity, and can be used to help regulators organize land use by taking into account ecologically sensitive areas, both for habitats as well as protected species within national Protected Areas and Nature 2000 Network.

In Portugal, within the current legal framework for National Spatial Planning, Special Spatial Plans (SSP’s) were developed which supersede any other territorial spatial plan, protecting natural values. Special Spatial Plans range include Protected Areas, coastal areas and estuaries.

The Spatial Planning Instruments (SPI’s) in force in the areas addressed in this study are:

• Coastal Spatial Plans (CSP):

◦ Ovar – Marinha Grande (Ria de Aveiro) (Resolution of the Ministers Council No.o 142/2000, October 20);

◦ Alcobaça – Mafra (Óbidos Lagoon) (Resolution of the Ministers Council No. o 11/2002, January 17);

◦ Sintra – Sado (Tagus and Sado estuaries) (Resolution of the Ministers Council No. 86/2003, June 25);

• Protected Areas Spatial Plans (PASP):

◦ Tagus estuary Nature Reserve Spatial Plan (TENRSP) (Resolution of the Ministers Council No. 177/2008, November 24);

◦ Sado estuary Nature Reserve Spatial Plan (SENRSP) (Resolution of the Ministers Council No. 182/2008, November 24);

• Natura 2000 Network Sectoral Plan (N2000NSP) (Resolution of the Ministers Council No. 115-A/2008, July 21).

The CSP’s and PASP’s are integrated into the SSP’s, as signed by Law No. 48/98, August 11, which established the “Bases of spatial planning and urbanism policy.” The N2000NSP was approved by Resolution of the Ministers Council No. 115-A/2008.



Coastal Spatial Plans

Of the estuarine and coastal lagoon systems addressed in this study, only a part of the Óbidos lagoon, in which there is no Manila clam exploration, is referenced in the zoning map of the CSP Alcobaça – Mafra (Resolution of the Ministers Council No. 11/2002). This is due to the fact that the range of CSP’s is from bathymetry of −30 m to inland areas up to 500 m from the coast, which means that none of the other addressed systems are indicated in these documents.



Protected Areas Spatial Plans

The PASP relevant to this study are the Tagus Estuary Nature Reserve Spatial Plan (TENRSP) (Resolution of the Ministers Council No. 177/2008) and the Sado Estuary Nature Reserve Spatial Plan (SENRSP) (Resolution of the Ministers Council No. 182/2008).

According to these documents, both estuarine areas of the nature reserves were divided and classified according to the following zonation system:

• Total Protection;

• Partial Protection Type I;

• Partial Protection Type II;

• Complementary Protection.

These areas correspond to progressively less restrictive protection levels, with the highest level (Total Protection) attributed to areas with higher value and sensitivity, while the lowest level of protection (Complementary) is attributed to areas with reduced value or sensitivity. Critical areas for species and habitats of community importance were largely classified with the highest levels of protection.



Natura 2000 Network Sectoral Plan

The N2000NSP encompasses Sites of Community Importance (SCI’s) and Special Protection Areas (SPA’s), establishing guidelines for the management of these areas. Manila clam harvesting is not permitted with gears that re-suspend the sediment in the SPA’s – Ria de Aveiro, SCI – Tagus Estuary and SCI – Sado Estuary (Resolution of the Ministers Council No. 115-A/2008, July 21).




Current State of the Manila Clam Exploitation in Portugal (Step 2)

In the Tagus estuary, the abundance of Manila clams and their accessibility, particularly in the middle estuary, coupled with the fact that it has become an economically appealing activity (Garaulet, 2011), has fundamentally altered the dynamics of this estuarine system’s clam fishery. Most licensed harvesters changed their target species to the Manila clam and started using new harvesting techniques (Ramajal et al., 2016). Moreover, there was a significant increase of the number of unlicensed harvesters. Project PROMAR estimated around 1700 harvesters operating in the Tagus estuary in 2014–2015, although less than 200 had been attribute (Chainho et al., 2016). These “new harvesters” included unemployed people, professionals from fields unrelated to seafood, and recreational harvesters, the majority of whom are engaged in illegal, unregulated, and unreported (IUU) fishing activities (Ramajal et al., 2016).

Recent survey flights performed in the scope of the NIPOGES project over the Ria de Aveiro and the Sado and Tagus estuaries have confirmed that the Tagus estuary is still the most important system for the Manila clam harvesting. Preliminary, and yet unpublished, aerial observations indicate that there are approximately 4 to 5 time more manual, rake and snorkel harvesters operating in the Tagus estuary (approximately 600 harvesters observed daily) in comparison to the Sado estuary (approximately 130 harvesters observed daily). It is important to note that these counts do not include techniques which are known to occur in the Tagus but are not possible to identify from the air such as diving and dredging.

The Ria de Aveiro has similar amounts of manual, rake and snorkel harvesters operating in the system as the Sado (approximately 120 harvesters observed daily), however, landing data from DGRM and interviews with these harvesters indicate that the target species are cockles and that clams make up a small amount of the daily catch (Figure 2).
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FIGURE 2. Annual landings of the bivalve species in Ria de Aveiro, Óbidos lagoon, Tagus estuary and Sado estuary between 1990 and 2019 (Source: DGRM, 2020).


The number of harvesters in the Óbidos lagoon, the smallest case study system, was also assessed by the NIPOGES project, using land-based observation points over a period of 7 months. An average of 37 harvesters/day was counted and these harvesters were using hand collection, rake, and snorkel. No SCUBA diving or clam dredging are known to having ever been used in this system.

The study previously conducted in the Tagus estuary indicated that 90 percent of Manila clam catches are exported to Spain, with reported annual landings ranging from 4,000 to 17,000 t, corresponding to a business value of €10 million to €23 million (Ramajal et al., 2016). Nevertheless, only an average of 52 t was reported as the Tagus estuary landings between 2014 and 2018, while in the Sado estuary the Manila clam average landing was 573 t for the same period (Figure 2). The absence of specific regulation for other systems where the species occur makes it easy for criminals to mislabel the catches origin. Specimens collected in the Tagus estuary are frequently transported and landed in the area of jurisdiction of Setúbal maritime authority, where they are erroneously indicated as having origin in the Sado estuary (Ramajal et al., 2016; Table 2). This system has areas classified as zone B, and there is no daily catch limit or any other type of limitations. Landings records from 1990 to 2019 show an increase in the amount of bivalves captured in the Sado estuary after 2010 mainly related to R. philippinarum landings, corresponding exactly to the period when the Manila clam started to be intensively explored in the Tagus estuary (Figure 2). However, recent scientific results indicate that the quantity of landings recorded as coming from that system is extremely unlikely (Cabral et al., 2020), which leads to the conclusion that the true origin of a large part of the catches is the Tagus estuary. The Tagus estuary was classified as zone C in 2015, requiring the transposition or industrial processing of the Manila clam specimens before being marketed. The current lack of designated transposition zones and the inability to industrially process the catches mean that the consumption of Manila clam captured in the Tagus estuary incurs a risk to public health (Carvalho, 2017). That was shown by the unconformities found during the inspections conducted by the Portuguese Food and Economic Safety Authority, which reported a high number of unsatisfactory results for microbiological analysis conducted in Manila clam specimens collected at restaurants in the areas of Lisbon and Setúbal (Oliveira, 2018).


TABLE 2. Summary and classification of major problems identified in the harvesting of Manila clam in Ria de Aveiro, Óbidos lagoon, Tagus estuary and Sado estuary.
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The vast majority of first transactions of the Manila clam in the Tagus are made to illegal intermediaries (Ramajal et al., 2016) and although this activity involves a large and complex value chain, this parallel market devaluates the resource introduces a market imbalance (Carvalho, 2017).

Observations conducted during the development of the PROMAR and NIPOGES projects and issues raised by different stakeholders during participatory and other specific meetings list several situations that make it difficult to manage the harvesting and trade of R. philippinarum in Portugal (Ramajal et al., 2016; Carvalho, 2017; Chainho et al., 2020). These problems have distinct importance levels in the different case study systems, as shown by the classifications attributed in Table 2.



Assessment of the Compliance of the Activity With the Legal Framework and Spatial Planning (Step 3)


Legal Non-conformities Practiced in Harvesting and Trade

The Manila clam harvesting includes activities incorporate Illegal, Unreported and Unregulated (IUU) fishing activities. Most active harvesters in the Tagus estuary in 2014/2015 were unlicensed (90%) and most of the licensed harvesters used illegal fishing gears such as clam dredges and SCUBA diving (Ramajal et al., 2016; Figure 3) (Illegal fishery). Most harvesters in Ria de Aveiro and Óbidos lagoon are licensed for bivalve harvesting, although there is no specific regulation for the Manila clam harvesting in these systems (Tables 1, 2) (Unregulated fishery).
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FIGURE 3. Manila clam harvesting techniques depending on the depth (adapted from Ramajal et al., 2016).


All harvesting devices not included in Ordinance no 1102-B/2000 and Ordinance no 14/2014 used in the Sado estuary are illegal since the general harvesting regulation and recreational bivalve harvesting apply to this activity in the absence of specific regulation. All harvesters observed in Ria de Aveiro and Óbidos lagoon were using tools permitted in those systems.

More than 80% of the catches of the Tagus estuary were not reported to the competent authority (DOCAPESCA), based on the landing data (Figure 2) and observation-based estimates of the Manila clam landings (Ramajal et al., 2016; Carvalho, 2017) (Unreported fishery). Using clam dredge, a harvester can expect to land around 350 kg/day (Carvalho, 2017). Since the maximum daily catches regulated for the Tagus estuary are 80 Kg/day/harvester, most catches of this system are unreported or reported as collected in the Sado estuary since maximum daily catches are not regulated in that system (Unregulated fishery).

Direct sales by harvesters in illegal markets, restaurants and coffee houses and not writing receipts of the Manila clam sales are other examples of Unreported fisheries.

The majority of primary and secondary intermediaries are not licensed to sell bivalve mollusks (particularly in the Tagus estuary). The transport of batches with false labels is done without a certificate, not respecting the basic rules of food safety or customs laws (particularly in the Tagus estuary) and, as already indicated, non-compliances with the food safety requirements were verified in restaurants and other commercial entities with direct sale to the consumer (Oliveira, 2018).



Conditions Not Respected by the Exploitation of R. philippinarum

Ramajal et al. (2016) (Figure 4) mapped the areas under exploitation in the Tagus Natural Reserve, which indicated that Manila clam harvesting occurs in the Areas of Partial Protection Type II and Complementary Protection. – In the subtidal zone there is harvesting using clam rake, SCUBA diving and clam dredge; in the intertidal zone there is manual harvesting.
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FIGURE 4. Zonation of Manila clam harvesting techniques used in the Tagus (Source: Ramajal et al., 2016).


Harvesting using a telescopic clam rake and snorkeling in the subtidal zone occurs in very specific areas of the estuary that are not incorporated in the Tagus Estuary Nature Reserve. The Manila clam harvesting is less significant in the Sado Estuary Nature Reserve, occurring in specific areas with Partial Protection Type II or Complementary Protection and using techniques allowed for recreational harvesting (unpublished data).

Therefore, Manila clam harvesting collides with the constraints imposed by TENRSP, regarding the gear and equipment used in the activity (SCUBA diving and clam dredge), as well as in the practice of these techniques in areas of Partial Protection Type II.

In the other systems addressed in this study, there is no occurrence of infractions of the regulations of Spatial Plans S in force in these systems. However, this is probably due to constraints imposed in these systems not being as restrictive as for the Tagus estuary.




Case Studies in the European Union (Step 4)

The Manila clam is distributed throughout Europe and the management of this resource has been the subject of study in several countries such as France, Spain and Italy.

In the Arcachon Bay, France, this species colonized most of the system (Bald et al., 2009). A study to evaluate which management measures were the most appropriate for sustainable exploitation of thissystem’s resource concluded that the most important measure is to increase the legal minimum catch size, as it allows a considerable increase in population and, consequently in long term, an increase in annual catches and fishers income. Other proposed measures are to reduce the capture season and increase no-take zones (Bald et al., 2009). A co-management Manila clam process between fishermen, scientists and administration has also been in place since 2003 (Caill-Milly et al., 2021). This collaborative process takes the form of various collective actions such as co-organized monitoring surveys, research programs that have been intensified since 2006 and working groups to have discussion and make decisions (Caill-Milly et al., 2021). The questioning mainly concerned the capability of the Manila clam stock renewal, the establishment of closed areas and reseeding (Caill-Milly et al., 2021). This work (Caill-Milly et al., 2021) also highlighted some difficulties such as the available funds to schedule regular surveys (with a financial contribution supported by the professionals which is the structure carrying out the campaign from funders) and available funds for research programs applied to local issues. All the actions implemented in Arcachon to ensure the sustainability of the Manila clam stock illustrate that this species is not perceived as invasive (Caill-Milly et al., 2021), which is not the case in other countries where this species occurs such as Portugal (Ramajal et al., 2016; Carvalho, 2017), Spain (Juanes et al., 2012; Bidegain et al., 2013) and Italy (Pellizzato and Da Ros, 2005; Vincenzi et al., 2006, 2011; Brusà et al., 2013).

In Spain, in Plentzia and Mundaka estuaries (Basque Country), the species R. decussatus has been exploited by both professional and illegal fishers (Bald and Borja, 2002). Different alternatives for the exploitation of this species in these systems were simulated by Bald and Borja (2002). In this study, three management measures were proposed: to halve the current number of harvesters, limit the capture season to 1 month per year and to establish a sustainable minimum limit for the species’ biomass.

The Santander Bay and the Marismas de Santoña (Basque Country) are considerably productive estuaries in terms of R. decussatus and R. philippinarum permanent stock (Bidegain et al., 2013). The clam fishing management in these estuaries has been based on the establishment of a minimum catch size and no-take areas through annual regional regulations (Bidegain et al., 2013).

In Santander Bay, the estuarine populations of these two species have been largely exploited by illegal and professional fishers (Juanes et al., 2012). Juanes et al. (2012) carried out a study on mollusk harvesting in this system and the following management measures focusing on the conservation of native species were proposed:

• strict control over the legal minimum catch size;

• establish specific no-take zones in areas where population densities and recruitment of native mollusks are high;

• increased control of the spread and density of cultivated bivalves and/or dispersal of cultivation areas to reduce the potential effects of high densities on natural surrounding populations of native clams;

• incorporation of the fishers into a harvesting co-management system.

The fishers’ participation in management is not yet considered in this region, contrasting with the policy practiced in the neighboring region of Galicia for the exploitation of the goose barnacle (Pollicipes pollicipes). The Galician government regulations promote a cooperative management system between fishers’ organizations (“cofradías”) and the fishing authority (Molares and Freire, 2003).

Access to natural areas of this resource is granted only to licensed fishers belonging to “cofradías” which develop an annual exploitation plan. This plan defines all the components and conditions for the practice of the activity and is evaluated by biologists and technicians of the public administration responsible for fisheries management. Some of the “cofradías” have their own inspection system and therefore impose individual catch limits. Thus, they collaborate with the government’s fishing inspection service to prevent harvesting by illegal fishers. In addition, they can also market the catches by managing first-sale markets (Molares and Freire, 2003).

Currently, virtually all available natural areas are included in the exploitation plans accepted by the fishing authorities. The performance of community-managed fisheries using the plans is generally positive, proven by the fact that production (both in biomass and in economic value) has shown an increasing trend since the implementation of this cooperative management system (Molares and Freire, 2003).

A different model has been implemented in Italy, where the Manila clam was introduced and spread to coastal lagoons of the northern Adriatic Sea such as the Venice lagoon (Pellizzato, 1990) and Sacca di Goro (Rossi, 1989).

In Sacca di Goro, the species found favorable environmental conditions for growth and reproduction, replacing the native species R. decussatus (Paesanti and Pellizzato, 2000). Currently 10 km2 of the 26 km2 of the lagoon are strongly exploited for the production of R. philippinarum (Vincenzi et al., 2006).

A management system defined as a “culture-based fishery” has been practiced in this lagoon. This strategy is based on the division of production areas by the regulatory agency into several concessions, each managed by local clam fisher with a strict set of rules on access limitation and exploitation effort (Vincenzi et al., 2006). Concessions are divided into areas of culture, where mollusks are produced, and fishing areas, where mollusks are exploited (Vincenzi et al., 2011).

This model resulted in the rational management of this resource exploitation (Brusà et al., 2013). The concessions granting process could still be improved upon by evaluating the productivity potential of different locations in the lagoon and thus improving the transparency of decision-making and the sustainability of the activity (Vincenzi et al., 2011).

Further north, Venice lagoon has become the largest annual production site of Manila clam in Italy with an income of 85 to 100 million euros (Melaku et al., 2011), which corresponds to 60% of the country’s total production (Zentilin et al., 2007). It also is the estuarine system with the most people (900) engaged in this economic activity, although initially no regulation was defined for the activity (Solidoro et al., 2003).

This lack of policy led to negative outcomes from both an ecological and economic point of view (Pellizzato and Da Ros, 2005; Melaku et al., 2011; Brusà et al., 2013), such as:

• indiscriminate exploitation of the natural areas;

• use of illegal and/or high impact harvesting techniques with consequent harmful effects on sediments and water;

• conflicts between fishers and other activities carried out in the lagoon;

• inadequate management of nursery areas;

• reduction of the resource’s price and high social cost, which cannot be internalized;

• health risks due to harvesting in industrial effluents and polluted areas.

The Province of Venice has begun a gradual shift to a concession regime under the control of GRAL (“Gestione Risorse Alieutiche Lagunari”) (Vincenzi et al., 2011) with the aim of restoring the social, environmental and economic sustainability of this activity (Brusà et al., 2013). A total of 3500 ha was licensed, in which mollusks could be cultured and/or harvested (Pellizzato and Da Ros, 2005). Free access exploitation continued to be allowed in specific areas, but only using a clam rake and respecting a daily catch limit per fisher (Pellizzato and Da Ros, 2005).

Some of the government’s most recent proposals were: reducing the number of harvesters operating in the lagoon and remodeling and reducing the areas granted to fishers (Vincenzi et al., 2011). These measures had the purpose of (Pranovi et al., 2004); (Sfriso et al., 2005); (Molinaroli et al., 2007); (Vincenzi et al., 2011):

• reducing risks associated with public health due to industrial pollutants or municipal waste;

• minimize the environmental impacts of clam dredges, such as sediment loss, increased water turbidity and the movement of nutrients and pollutants;

• protect habitats with conservation interest, such as seagrass prairies;

• maximize production to minimize fishing effort, both in space and time.

Another issue related to Manila clam culture is this activity’s dependence on the collection of natural juveniles seed from the environment (Brusà et al., 2013). The availability of seed is one of the major barriers to the industrialization of the clam production sector (Brusà et al., 2013). Consequently, the management of wild seed and the protection of natural nursery areas were considered priority tasks in order to achieve the sustainability for the current strategy in force (Brusà et al., 2013).

In Sacca di Goro, nursery areas were identified, georeferenced and declared as “no-take” areas (Brusà et al., 2013). Their management was shared among all fishers’ associations under a regional committee (“Servizio Economia Itálica, Regione Emilia Romagna”), with the support of a scientific institute (“Istituto Delta Ecologia Applicata”) (Brusà et al., 2013). Local fishers directly manage these areas to optimize their capacity and preserve the resource (removal of macroalgae and bioclasts, addition of sediments, prevention of illegal extraction) (Brusà et al., 2013). Field work is regularly carried out to estimate the available stocks and thus allow for the correct timing of seed collection campaigns, which are regulated by strict access controls (Brusà et al., 2013).

Brusà et al. (2013) proposes the classification of the Venice lagoon nursery areas as “no take” zones, with strict controls to prevent illegal harvesting. This measure would contribute to the restoration and protection of juvenile biomass and would favor the development of mollusk populations in neighboring areas.

Most of the case studies presented in this chapter are management measure proposals that are not yet evaluated regarding their success. The exceptions are the models implemented in Galicia and Italy. In Galicia, as mentioned before, all available natural areas are included in the exploitation plans accepted by the fishing authorities and the production has shown an increasing trend since the implementation of this cooperative management system (Molares and Freire, 2003). In Sacca di Goro, the “culture-based fishery” resulted in the reasonable management of the Manila exploitation (Brusà et al., 2013). On the other hand, in Venice lagoon this system solved some of this activity’s problems, but it has not yet been reached the sustainable practice due to the greater complexity it presents (Pellizzato and Da Ros, 2005; Vincenzi et al., 2006, 2011; Brusà et al., 2013).

In Portugal, management strategies for the harvesting of the Manila clam have been also proposed within the scope of the project PROMAR (Chainho et al., 2016). The result was a management proposal, based on the distribution, abundance, growth rate and reproductive cycle of the species, framed by the knowledge of the fishing community and the socio-economic context of the activity. The management proposal consisted of three alternative strategies and complementary recommendations; these are:

Strategy 1 – A system with concession and free access areas:

• Allocation of concession areas, with the number of licenses to be allocated in each defined, dependant on the ecosystem capacity;

• Zoning – two concession areas to be defined in the area with the greatest Manila clam abundance, with the remaining production area allocated as free access zones.

• Harvesting techniques:

◦ In concession areas – snorkeling or SCUBA diving if allowed, clam rake and telescopic clam rake;

◦ In free access areas – manual methods only;

• Licensed fishers for the concession area may exercise their activity only within that area, except for harvesters using SCUBA gear. Non-concessionary harvesters can carry out their activity throughout the remaining authorized area.

Strategy 2 – Free access system:

• Continuation of the Manila clam exploitation management in the Tagus estuary in free access system, with the implementation of the complementary management measures and recommendations indicated below.

Strategy 3 – Harvesting techniques zoning system:

• Organization of harvesting areas according to the techniques used, with the implementation of complementary management measures and recommendations indicated below.

These complementary measures should be implemented regardless of the strategy adopted:

• Increase of the number of licenses for Manila clam harvesting in the Tagus estuary;

• Implementation of a “no take” season;

• Amendments to the recreational fishing regulation (Ordinance No. 14/2014) to reduce the daily catch limits per fishers to 2 kg;

• Regulation of Manila clam harvesting in all systems where it occurs;

• Regulated authorization to use SCUBA diving equipment;

• Prohibition of professional fishing in the vicinity of effluents from Wastewater Treatment Plants.

Other recommended measures:

• Creation of local warehouses for registering the catches in the most frequented zones, simplifying the documentation to be filled in on the spot and carrying out an awareness campaign on the new format and specific regulations;

• Carrying out regular monitoring campaigns that should include the measurement of environmental conditions;

• Conducting awareness campaigns for the bivalve harvesting and marketing sectors, and for consumers, regarding food safety;

• Professionalization of the sector through incentives to foster associations and entrepreneurship.

None of these strategies have been implemented yet, which does not provide evidence on their adequacy for the management of the Manila clam in Portugal.




DISCUSSION

The introduction and marked growth of Manila clam populations have caused significant ecological, social and economic changes, creating the need to implement new management models, adapted to the new reality. The Manila clam currently occurs in several estuarine and lagoon systems on the Portuguese coast, but there are marked differences in relation to the abundance and distribution of populations established in the different coastal systems. These differences are directly associated with the changes observed at the level of the fishing communities, with the most profound changes observed in dedicated harvesters collecting Manila clams in the Tagus estuary. These changes have occurred in the last decade and have not yet been accompanied by the necessary adaptation of regulations and management tools. The results of the detailed analysis of the current situation of the activity of Manila clam harvesting in Portugal and of the current planning and management instruments are used as a basis to propose management models inspired by those adopted in other European systems where this species has been occurring for a longer time.


Analysis of Management Models and Application to the Portuguese Case Studies

Several strategies for managing the exploitation of marine bivalve mollusks in coastal systems that have been applied or proposed in France, Spain, Italy and Portugal are summarized in Table 3, with the identification of the Portuguese case studies for which those strategies seem to be more appropriate.


TABLE 3. Summary of management measures applied to different case studies, the strategies applied and/or proposed in each one and assigns a classification according to the Portuguese addressed system in which their application could be more relevant, if applied in Portuguese estuarine systems.
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The proposed measures for Arcachon bay, in France by Bald et al. (2009), and for the Plentzia and Mundaka estuaries, in Spain (Bald and Borja, 2002), were limited as a management model, since they aim only to protect the resource. These measures do not present solutions to combat the illegalities practiced in the activity. In the case of Portuguese systems, this type of approach could be more suitable for the Sado estuary, considering that Manila clam harvesting is less significant (unpublished data), and for the Ria de Aveiro, where harvesting of this species is less representative than the exploitation of other species (Figure 2; Maia and Gaspar, 2014). In Ria de Aveiro, it is also pertinent to implement species-specific regulations for the harvesting of bivalve mollusks in order to protect the exploited species.

In Santander Bay and Marismas de Santoña in Spain (Juanes et al., 2012; Bidegain et al., 2013), in addition to resource protection measures, there is also a proposal to incorporate the fishers in a co-management system similar to the one practiced in Galicia region. This measure is relevant to the Óbidos lagoon, where most of the harvesters are legal and there is a reasonable level of association, as well as some stability in the number of harvesters over time.

In Galicia, also in Spain (Molares and Freire, 2003), the most efficient model for the management of a fishing resource was implemented, as it involves the entire community in the decision making, based on government guidelines. However, this model is only applicable to small fishing communities, such as the case of Óbidos lagoon, and is not, most likely, an effective model when applied to a large and less organized community such as the Tagus Estuary.

The co-management process between fishermen, scientists and administration recently put in place at Arcachon Bay (Caill-Milly et al., 2021) presents a solution to establish working groups in these systems with the aim of organizing surveys and research programs to monitor the annual stock of the exploited species and its capability of stock renewal, therefore supporting the decision-making process. This highly organized approach requires the availability of stakeholders aiming to collaborate and a very good communication network to coordinate the inputs of the fishing community, the scientists and administrators. A well organized and empowered fishing community is needed to ensure their commitment in the Manila clam population monitoring surveys in collaboration with researchers. In turn, these must be able to focus their research to meet the needs of a sustainable management of the bivalve stocks, such as investigating causes of high mortalities, to better support management decisions. The success of this co-management processes also depends on having a streamlined administration, capable of providing quick decisions and regulatory/management changes, as a response to new information provided by the fishing and researcher communities. Ideally, this model would be the best to ensure the efficient management of the highly abundant Manila clam population at the Tagus estuary. Nevertheless, the complete lack of organization and association within the fishing community is still a strong barrier to implement this type of approach, as well as the slowness of decision makers in making and implementing decisions and regulatory changes. The more advanced level of organization of the fishing communities and the experience of working in partnership with researchers and decision makers in Ria de Aveiro and Óbidos lagoon makes these case studies best suited for a first try of co-management solutions.

The “culture based fishing” strategy applied by the Italian authorities in Sacca di Goro and in the Venice lagoon, (Pellizzato and Da Ros, 2005; Vincenzi et al., 2011, 2006; Brusà et al., 2013), appears, in our opinion, to be the one with greatest probability of success in the Tagus estuary. This case study has several similarities with the case of the Venice lagoon, in relation to the size and difficulties of managing the activity. By giving local entrepreneurs ownership of concessions this could greatly reduce the burden on local authorities to police illegal harvesting activities, therefore allowing resources to be re-allocated to other problematic areas of the supply chain and create incentives for legal business practices as a condition to retain licenses.

The management proposal outlined for the Tagus estuary (Chainho et al., 2016) included three possible different scenarios. but strategy 1 consisting on the attribution of concession and free access areas seemed to be the most adequate for an experimental pilot study in the Tagus estuary. This system would promote a co-management process between stakeholders, a decrease of illegal harvesting, an increase in licensing and more efficient monitoring of the activity. The other two Chainho et al. (2016) strategies do not present a solution to address illegal harvesting and therefore are more appropriate for the other case study systems, where IUU is much less significant.



Management Model Proposal

The crossover of information on the management models adopted in other places where this species is exploited (Table 3) with the strategies and measures proposed by Chainho et al. (2016), allowed for the elaboration of proposals for the systems addressed in this case study (Table 4). These proposals were based on previous knowledge on the exploitation of this species in the different locations, considering the abundance and distribution of the species, the harvesting techniques used in each system, the characteristics of the harvesters’ communities, the volume of catches and the value chain (harvesting, processing, transport and marketing).


TABLE 4. Summary of the management models proposed for the Portuguese estuarine and lagoon systems and respective characterization and additional measures.
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• Tagus Estuary – A concession and free-access areas system with similarities to Strategy 1 proposed by Chainho et al. (2016) and the strategy of “culture based fishing” (concessions with nursery areas) in practice in Italy (Pellizzato and Da Ros, 2005; Vincenzi et al., 2011, 2006; Brusà et al., 2013), is recognized by the authors as the most promising for the management of the Manila clam harvesting in this system. This model is characterized by:

◦ Definition of concession exploitation areas that would include commercial exploitation and nursery areas, and non-concession areas, where harvesting would be allowed under a free access system to which the Tagus estuary harvesting regulations apply;

◦ Additional measures:

▪ Close monitoring of illegal exploitation located in the Tagus Estuary Nature Reserve areas classified as partial protection type I, partial protection type II or total protection;

▪ Creation of purification facilities, transposition areas and processing industries for specimens captured in systems with a C classification according to EU Regulation (EC) No 854/2004;

▪; Creation of “no take” areas, for the development of natural juveniles (nursery zones);

▪ Creation of ambulatory markets, in which the Manila clam trade would be exclusive, to minimize Unreported Fshery;

▪ Restricting the bivalve landings only at the area of jurisdiction of the harvester’s license.

• Sado Estuary – Regulation measures with the definition of maximum daily quantities, such as those mentioned in the cases of Arcachon Bay, France (Bald et al., 2009) and the Plentzia and Mundaka estuaries in Spain (Bald and Borja, 2002), are sufficient as there is currently no significant presence of Manila clam in this system, which results in a residual practice of the exploitation of this species;

• Óbidos Lagoon – In this system, most fishers are licensed and use harvesting techniques in accordance with current legislation (Duarte, 2018), which means that a co-management model with the active participation of the fishers, such as the one practiced in Galicia, Spain (Molares and Freire, 2003), could be the most advantageous for promoting sustainable exploitation of this species;

• Ria de Aveiro – In this systems bivalve mollusk harvesting targets different species depending on the time of year (Maia and Gaspar, 2014). Therefore, it may justify regulations measure that include maximum daily quantities and mechanisms of monitoring the activity.

The inclusion of this species in the system-specific harvesting regulations is also proposed for the Sado Estuary, Óbidos Lagoon and Ria de Aveiro.

Additional measures should be implemented at a national level since many of the activities of IUU fishing are facilitated by differences in regulation and practices in different coastal systems. The definition of seasonal closures to shellfish harvesting associated to the reproductive cycle is used as a management measure to ensure the replenishment of bivalve stocks. The Manila clam has an extensive spawning period, as was confirmed for the populations in the Ria de Aveiro (Maia et al., 2021) and the Tagus estuary (Moura et al., 2018), starting at the end of spring and extending until autumn. Nevertheless, this type of measure must be comprehensive, in order to protect the various exploitable species that co-occur in the same systems. This might be achieved by setting the closure season during a common breeding season between different species, which in Portugal occurs in June-July. This type of measure would be applicable to all Portuguese coastal systems, as well as any changes of the minimum landing size (MLS), to ensure consistent management across areas. The MLS currently in force in Portugal is 40 mm (Table 2), similarly to what has been applied to Atlantic waters (Moura et al., 2017). However the fishing community claims that the Mediterranean waters MLS of 35 mm should be used in Portugal. A study conducted on the growth of the Tagus estuary population concluded that R. philippinarum sexual maturation close to 30 mm (Moura et al., 2017). These results reinforced by the increase in the abundance of the Manila clam in the Tagus estuary during the last 5 years in spite of intensive exploitation seem corroborate with the fishing communities’ expectations.

The implementation of the proposed management models also requires starting to mobilize the relevant stakeholders that have been identified within the development of projects such as PROMAR, GEPETO and NIPOGES. These measures include:

• Constitution of stakeholders working groups at each case study system to start working on the proposed management models, define a collaborative working structure and identify major problems and possible solutions;

• Professionalization of the sector through incentives to foster associations and entrepreneurship amongst harvesters and other relevant stakeholders;

• Carrying out regular monitoring campaigns to assess the Manila clam population status and adjust the regulatory and management measures accordingly;

• Conducting awareness campaigns for the bivalve harvesting and marketing sectors, and for consumers, regarding food safety.




CONCLUSION

Manila clam harvesting has become an integral part of life for many in Portugal who rely on coastal ecosystems to survive. This phenomenon is predominantly felt in the Tagus estuary, due to the large number of people involved and the biomass of Manila clam in the system. The expansion of this activity led to practices that do not respect current legislation, both in relation to harvesting and marketing, as well as constraints arising from spatial planning instruments in force in this system. This situation, coupled with the lack of specific legislation for other systems where this species occurs and is exploited, such as the Ria de Aveiro, the Óbidos lagoon and the Sado estuary, have made the need to develop a management model for the exploitation of this species a relevant topic to explore.

The analysis carried out in this study has demonstrated that the most promising management model for the Tagus estuary, where the exploitation of this resource is particularly strained, is the combination of “culture based fishing” strategy, such as the one in practice in Italy, with a system with concession areas and free access areas, as well as the implementation of several complementary measures aimed at nurturing the creation of infrastructures and legal framework changes. As for the other systems where the exploitation of Manila clam is less intense: creation of specific regulations directed to these systems and implementation of a co-management model with the active participation of all stakeholders, mainly in the Óbidos lagoon, science-based regulation of a closed season, maximum daily quantities, monitoring of the exploited species annual stocks and improved surveillance of the activity, are the management proposals recommended.

This activity deregulation is untenable due to the illegalities and criminality involved resulting in public health risks. Thus, a sustainable management has to incorporate: (i) legislation and regulations entities; (ii) a stock exploitation organizational model; (iii) effective communication between stakeholders, researchers and public administration; (iv) safeguard of public health; and (v) monitoring plans integrated with the scientific community.

This study addressed different scenarios for the exploitation of an invasive marine bivalve species in different types of Portuguese coastal systems. By comparing these cases with similar ones across Europe, management models and measures specific for each one were proposed. It’s an important step toward the sustainable exploitation of this invasive species and furthermore, establishes a foundation for future management approaches and studies about the exploitation of marine bivalve species in estuarine coastal ecosystems.
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