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The Mediterranean endemic bivalve Pinna 

nobilis (commonly known as pen shell or fan 

mussel) is the largest bivalve of the 

Mediterranean Sea (more than 1 m of shell 

length). It is also one of the fastest growing 

bivalves (up to 15 cm in one year when young), 

and oldest (up to 50 years old). Fan mussels 

live in a vertical position with the anterior third 

of the shell buried in the sediment, and the 

broad posterior end exposed to the currents. 

The large shell becomes a microcosmos for 

hundreds of marine species. A single 

individual can filter thousands of litters of 

water per day, increasing water quality. Until 

late 2016, millions of individuals thrived in 

Mediterranean coasts, forming patchy 

populations. However, fan mussel populations 

have been devastated by a die-off very likely 

associated to the protozoan Haplosporidium 

pinnae, favoured by a subjacent picornavirus 

infection that has affected the entire 

Mediterranean Sea. Prevalence and subsequent 

mortality have reached almost 100% 

(>99.999%) in affected populations. This fact, 

together with the characteristic biology of fan 

mussels, could, eventually, lead to the 

extinction of the species, which would represent 

an unprecedented process in the 

Mediterranean Sea. 
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CONTEXT

P. nobilis is considered “in danger of 

extinction” in Spanish coasts (BOE-A-

2019-8317) and as “Critically 

Endangered” by International Union for 

Conservation of Nature (IUCN) Red List. 

https://www.iucnredlist.org/


LIFE PINNARCA PROJECT

PROJECT OBJETIVES:

The main objective of LIFE Pinnarca is 

preventing the extinction of Pinna nobilis at 

the short-medium term. The disease affecting 

the fan mussels has devastated nearly all 

populations, leaving only a few scattered 

potentially resistant individuals and a few 

populations of non-resistant individuals in 

reservoirs (e.g. coastal lagoons, deltas). Left 

alone, the few resistant individuals will perish 

without leaving any offspring, whereas the 

populations in reservoirs  will  slowly  decay, 

being unable to regenerate due to loss of 

connectivity among them. The present project 

proposes carrying out urgent measures within 

the framework of an international 

collaborative consortium of experts in the 

field that enables the application of coherent 

trans-boundary measures. 
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LIFE PINNARCA PROJECT

PROJECT OBJETIVES:

The project focus on three main objectives

Increasing awareness to a global scale, in order to reduce the possibility of vandalism and 

illegal collection of the remaining fan mussels, but also to call for broad public collaboration. 

Gathering all existing information on the remaining populations and resistant individuals 

and include it into a data-base integrated within the LIFE Pinnarca webpage. This will provide 

a more informed background to other countries planning mitigation and recovery actions, so 

their effectiveness can be fostered. 

Developing active recovery actions focused both on the resistant individuals and on the 

remaining non-resistant populations, in order to increase the probabilities of recovery of the 

species.
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The project is developed in selected areas that 

host habitats appropriate for Pinna nobilis 

populations, most of them included in Natura 

2000 Network, including from healthy 

Posidonia oceanica meadows to enclosed bays, 

coastal lagoons or deltas with gentle 

hydrodynamic conditions or deeper maërl beds, 

with optimum substrate and conditions for 

maintaining fan mussels. These areas also 

hosted dense fan mussel populations before the 

MME and had some permanent monitoring 

stations that were periodically surveyed. 

Using previous information increase the 

probability of finding resistant fan mussels.

ACTION AREAS

Shallow and deep census have been 

conducted to explore the presence of survivor 

fan mussels. 

Larvae collectors have been installed in key 

locations where the probability of transportation 

of larvae by the currents is higher.
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The project partners are:

•Universidad Católica de Valencia, Instituto de Investigación en Medio Ambiente y Ciencia Marina, 

Spain (Coordinator).

•Agencia Estatal Centro Superior de Investigaciones Científicas, Spain:

- Instituto Español de Oceanografía, Centre Oceanogràfic de Balears, Spain.

- Instituto Mediterráneo de Estudios Avanzados, Univesitat de les Illes Balears, Spain.

•Ecologistas en Acción Región de Murcia, Spain.

•Institut Océanographique Paul Ricard, France.

•Institut de Recerca i Tecnologia Agroalimentàries, la Ràpita, Spain.

•Panepistimio Aigaiou, University of The Aegean – Research Unit, Greece.

•Universidad de Alicante, Spain.

•Università degli Studi di Napoli Federico II – Dipartimento di Biologia, Italy.

PARTNERS
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Planning correction measures 

Report with suggested correction measures that 

could be implemented Spain, France, Italy and 

Greece. The report includes the current situation of 

the species and recommendations about specific 

actions that can improve the conservation of 

individuals in the long-term.

Location of optimum sites 

The identification of optimal sites to perform 

conservation actions is of high importance to reach 

successful reintroductions/reinforcements in Pinna 

nobilis populations. Two kinds of situations for P. 

nobilis have been taken into account: reservoir 

areas (free of pathogen), and areas in the 

Mediterranean open sea (ideal for resistant 

individuals). In the first case, and based in updated 

knowledge, optimal sites have been explored taking 

into account environmental conditions that prevent 

the spread of the pathogen (e.g. salinity) but that are 

compatible with the survival of P. nobilis (dissolved 

oxygen, temperature, additional impacts,…). On the 

other hand, further optimal sites have been also 

prospected in the Mediterranean open sea aiming to 

find suitable places to host P. nobilis resistant 

individuals (previous knowledge of high densities, 

MPAs). 

PREPARATORY ACTIONS
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Installation of larvae collectors

The objective of this action was to place larval 

collectors designed to collect fan mussel 

larvae that settle directly from the pelagic stage 

unto the mesh of the collectors, which will 

indicate larval availability and potential 

recruitment in the benthos. When recruits are 

obtained, it was possible to work with them in 

captivity maintenance (Action C7) and 

repopulation of study areas which are free of 

the parasite and considered as adequate for 

reintroduction.  

 

The collectors were installed before the 

breeding season (April-May) and collected after 

the breeding season (October-November). 

Exhaustive shallow and deep area 

census

In areas where the die-off has already 

decimated the populations, it is of utmost 

interest to search for possible survivors, 

which could be resistant to the disease. The 

partners conducted underwater census of 

shallow (<30 m depth) and deep (between 30 

and 50 m) areas to evaluate the prevalence of 

mortality episodes and the occurrence of 

resistant survivors or hybrids (P. nobilis/P. 

rudis). 

ACTIONS (I)
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Translocation of individuals

In areas affected by H. pinnae, the few 

survivors are scattered hundreds of km 

among them, which prevents their reproduction. 

Additionally, many individuals live at risk in the 

reservoirs, and their longevity could be more 

than doubled just by translocating them to 

nearby safer areas. The slow decay of the 

populations in the reservoirs without the 

possibility of natural repopulation in the 

following years and decades, would extinguish 

them at medium term. 

We propose an alternative connectivity 

mechanism, through the translocation of 

individuals, until new options (e.g. artificial 

reproduction of resistant individuals) are put into 

play. Also, some individuals could be 

reimplanted in areas optimal for the survival of 

fan mussels, but that had not been colonized by 

the species before the occurrence of the MME, 

increasing the number of reservoirs.

ACTIONS (II)
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ACTIONS (III)

Comparative genomics

Samples of fan mussel tissues have been treated for 

subsequent DNA analyses. This concerns tissues 

obtained from individuals of different Mediterranean 

locations, the close-related and resistant, P. rudis, 

and few resistant hybrids of nobilis-rudis that have 

been detected since the epizootie. Genotyping of P. 

nobilis individuals gives clues on the genetic 

structure of populations for further conservation 

actions such as to ensure the genetic diversity of the 

species.

This action also aims at identifying loci putatively 

involved in the disease resistance by (1) comparing 

a group of healthy/resistant individuals with a group 

of a posteriori sick/dead individuals and (2) 

comparing the genome of P. nobilis with the 

phylogenetically related mussel, which is known to 

be resistant to the parasite.
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ACTIONS (IV)

Actions for environmental 

improvement in fan mussel sanctuary 

areas

The objective of this action is increasing the 

survival and reducing the threats of fan 

mussel populations in the remaining 

reservoirs where P. nobilis survive. The 

reservoirs occupy areas heavily subjected to 

anthropogenic impacts such as pollution, 

fishing, recreational activities, etc. Different 

actions will be implemented in each country in 

the main sanctuaries observed. 
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Tank maintenance of healthy 

individuals

Two replicate actions have been carried out at 

the marine station of IMEDMAR-UCV and the 

installations of Murcia Aquarium. The 

individuals were be maintained during the entire 

project in captivity. The objective of the action 

was to develop culture protocols to maximize 

the possibilities of captive reproduction, 

while ensuring the long-term survival of stabled 

individuals. Once reproduction in captivity is 

achieved, it will be possible to apply the same 

methodologies learned, to the few resistant 

individuals, to produce seed with a higher 

potential of being resistant to the disease. 



ACTIONS (V)

Treatment assays and analysis

The individuals were be analyzed for the 

tolerance to environmental variables and also 

for their response to the infection and treatment 

of the disease. This action will help to save 

individuals from affected populations. It has 

been observed that cold temperatures <14ºC 

slow down the infection and dispersion capacity 

of H. pinnae and that extreme salinities (as 

those observed in coastal lagoons and Deltas) 

could prevent infection by the protozoan. 

Furthermore, some haplosporidians do not 

withstand extreme low temperatures, which 

eventually kill them. Treatments of low 

temperatures and extreme salinities will be 

assayed in infected individuals to try to cure 

them in indoor facilities. 
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MONITORING OF THE IMPACT OF THE PROJECT 
ACTIONS

This action aims to periodically assess the impact of 

the project's activities, particularly the conservation 

actions and the communication strategy, to ensure 

that the objectives are being met. To achieve this, 

the following tasks will be carried out:

1. Monitoring Indicators: Environmental, 

technical, and dissemination indicators as 

outlined in the "LIFE 2020 Key Project Level 

Indicators" table.

2. Verification References: Monitoring based 

on regular status reports from partners, direct 

contact, and visits to the project sites.

3. Reports: Periodic monitoring reports and a 

final conclusions report, accompanied by the 

final version of the indicators table.

Regarding the economic impact, the project 

evaluates how its actions contribute to socio-

economic development through conservation efforts 

and stakeholder collaboration. The Social Return on 

Investment (SROI) method was applied to measure 

the social, environmental, and economic value 

generated per euro invested. Indicators include 

increased conservation proposals, stakeholder 

engagement, and funding opportunities. Evidence is 

collected to distinguish project-driven outcomes from 

unrelated changes.
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PUBLIC AWARENESS AND DISSEMINATION OF RESULTS

Transferability of the project results 

Establish a "specific strategy for the transfer of 

results" that goes beyond the dissemination 

action proposed in the project Action E1 and 

that will ensure the impact of the project, at the 

European level, specifically in Mediterranean 

Sea.

 

Dissemination actions

The activities included in this action aim at 

providing information about the project and its 

results at European level.



This section includes the implementation of the conservation actions and their monitoring (including 

the Follow up of juvenile and resistant individuals, the Follow up of Mar Menor sanctuary population, 

the Follow up of the effectiveness of sediment fences, the Monitoring and evaluation of the impact of 

the project actions and the Development of a socioeconomic impact study).

LIFE PINNARCA project has found that despite the situation of Pinna nobilis is critical, there are still 

reservoirs in coastal lagoons in Spain, France, Italy and Greece. Some of them show recruitment 

(e.g. Thau Lagoon, Kaloni and Amvrakikos Gulfs) adding up to more than 5000 identified alive 

individuals.  

However, these are the most impacted areas due to anthropic actions and global change, and 

concrete conservation and protection measures must be implemented.

For more details, the documents developed within the framework of the project can be consulted at: 

https://www.lifepinnarca.com/ 

 

LIFE PINNARCA PROJECT

RESULTS OF IMPLEMENTED ACTIONS (I):
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Report with suggested correction 

measures and location of optimum 

sites 

During this action several reports were 

developed by all participants in the action 

related to the presence and status of Pinna 

nobilis populations in the different locations 

around the Mediterranean Sea and a report with 

the areas in the Spanish Mediterranean waters 

where survivors are alive. At the end of the 

action, the result was the development of a 

report with suggested correction measures.

Regarding to optimal sites for resistant P. 

nobilis individuals, in Spain, Cabrera National 

Park has been selected as the most optimal site 

to host resistant specimens.

LIFE PINNARCA PROJECT

RESULTS OF IMPLEMENTED ACTIONS (II):
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In France, Brusc lagoon and the surrounding 

area of Les Embiez and the private basins with 

dense Cymodocea seagrass meadow could 

serve as a sentinel area for translocation. The 

Côte Agathoise MPA (Gulf of Lion) can also be 

considered an optimal site for the open sea, 

which is historically known to have hosted 

dense P. nobilis population. 

Regarding the reservoirs, at Ebro Delta Fangar 

Bay display the lowest salinities and confer the 

highest protection to remaining individuals. 

However, in the monitored sites from Alfacs Bay 

a gradient of mortality has been observed with 

lower rates close to the Trabucador Sand Bar. 

In the Mar Menor lagoon, eighteen different 

variables have been used to model potential 

survival zones in collaboration with INUAMA 

and the Aquarium of the University of Murcia. 

Estany des Ponts (Balearic Islands) has been 

found to have the conditions to become a new 

reservoir and is the only area found as potential 

new reservoir to introduce fan mussels so far. In 

France, Diana pond (Corsica) and Thau lagoon 

(Occitan Coast) can be considered optimal 

sites. Alive populations have been found also in 

Urbinu lagoon (Corsica) and Grazel lagoon 

(Occitan coast) which can be considered 

potentially optimal sites too. In the Lagoon of 

Venice while up to 30% survival rate was 

observed inside the lagoon where H. pinnae 

was detected. Two (Gulfs of Amvrakikos and 

Kalloni in Lesvos Island) of the eleven 

surveyed sites in Greece can be considered 

“optimal” although only Amvrakikos is 

considered “pathogen free”. Both gulfs host 

alive and recruiting P. nobilis populations.

LIFE PINNARCA PROJECT

RESULTS OF IMPLEMENTED ACTIONS (III):
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Thau lagoon : P. nobilis recruits in oysters farming areas

Up: November 2022

Down: October 2024

Installation of larvae collectors

 

Very few juveniles (27) have been found in 

larvae collectors, most of them correspond to 

local recruitment within the reservoirs such as 

Amvrakikos Gulf and Thau Lagoon. Only a few 

have recruited in open waters, probably coming 

from the reservoirs. This suggest the absence 

of “hidden” open water populations in the 

Mediterranean Sea and that the future 

conservation efforts have to be focused on 

the populations surviving in the reservoirs.

Oyster farms from Thau lagoon 

have been found to be an 

excellent substrate for the 

recruitment of P. nobilis 

juveniles and numerous 

individuals are being found every 

year. 
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Exhaustive shallow and deep area 

census

5.487 new individuals have been found alive 

and living in reservoirs that were previously 

undetected in Spain, France Italy and Greece. 

Models indicate the presence of 107.487 alive 

individuals living mostly concentrated in three 

reservoirs: Ebro Delta (2.827 individuals), Thau 

Lagoon (22.805 individuals) and Amvrakikos 

Gulf (80.549 individuals). No surviving 

population has been found either in shallow 

or deep areas (up to 50 m depth) in open 

waters. 
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RESULTS OF IMPLEMENTED ACTIONS (V)

Amvrakikos Gulf (Greece)



Translocation of individuals

The success of translocations has been 

constrained by accelerating impacts derived 

from climate change and anthropic actions, 

such as excessive warming of sea water, killing 

both translocated and untranslocated 

individuals in kalloni Gulf (Greece), drought 

enabling the entry and survival of H. pinnae in 

Delta del Ebro and vandalism in Amvrakikos 

Gulf. 

The survival of translocated individuals 

ranged between 0% (due to heatwaves and 

vandalism in Kalloni and Amvrakikos Gulfs 

respectively) and 94% in Amvrakikos Gulf. 

Actions are now focused in reducing vandalism 

and increase the resilience of the populations in 

the reservoirs by working with the managers to 

reduce external impacts (specially those from 

direct anthropic origin. 
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RESULTS OF IMPLEMENTED ACTIONS (VI)

Delta del Ebro



Comparative genomics

Genomic analysis and pathogen detection. 

Following the discovery of viral infection (PnPV) 

in the immune cells of Individuals of Catalonia 

(Alfacs Bay), same diagnostic was performed in 

Fangar Bay, Venice Lagoon and Faro Lake 

(Sicily). All the areas and individuals resulted 

100% positive to the infection.

Samples of individuals of Pinna nobilis 

resistant, non resistant and hybrids have been 

analysed for resistance. Analyses on 

sampled« resistant » and « sensitive » P. 

nobilis, P. rudis and hybrids P. nobilis x P. 

rudis have shown to exist potential SNP 

biomarkers in TLR genes to distinguish 

between resistant and sensitive individuals.

Analysis of introgression of 

P. rudis into P. nobilis at the 

genome scale has shown 

that hybridization between 

the two species occurred in 

the past and that they share 

some genes.
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RESULTS OF IMPLEMENTED ACTIONS (VII)

Left: Catanese et al. 2024

Down: Analysis of introgression of P. rudis into P. nobilis at the 

genome scale



Actions for environmental 

improvement in fan mussel sanctuary 

areas

In Ebro Delta, fences were installed near two of 

the channels discharging towards a natural 

population to improve its habitat and water 

quality and favor the local recruitment. The 

fences are able to filter the irrigation water 

coming from the canal, reducing sediment 

accretion. When irrigation canals are open (April 

to November), differences in turbidity values 

between interior and exterior side can be seen, 

especially at Madalenes fence. The fence 

seems effective in buffer changes in salinity due 

to freshwater discharges.

At the moment, a first exclusion area was 

approved in April 2024 by the Spanish 

Government (MITECO) (of ca. 40 ha), and a 

second area is also being negotiated in Alfacs 

Bay of Delta del Ebro.
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RESULTS OF IMPLEMENTED ACTIONS (VIII)



During the project, 13 new MPAs have been 

proposed in Greece, 6 in Kalloni Gulf and 7 in 

Amvrakikos Gulf. 

 

In Diana Lagoon, shoreline cleaning actions, 

including the removal of ancient, dislodged 

floating aquaculture farms stranded on the 

banks (especially in the southern part of the 

lagoon) is being implemented. 
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RESULTS OF IMPLEMENTED ACTIONS (IX)

Left: Kalloni Gulf

Right: Amvrakikos Gulf



Tank maintenance of healthy 

individuals 

A protocol has been written to describe the 

best conditions to maintain fan mussels in 

captivity, both in open and closed circuits. The 

conditions enable maintenance of individuals for 

longer periods expanding to more than 3 years. 

Juveniles have been grown from 3.5 cm to 

more than 20 cm after two years in tanks for 

the first time. 
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RESULTS OF IMPLEMENTED ACTIONS (X)
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Treatment assays and analysis

A treatment was applied to 10 juvenile Pinna 

nobilis individuals. They were placed in 700L 

closed-circuit aquaria with known initial salinity 

and temperature conditions (18°C and 37 psu). 

The treatment focused on gradually reducing 

these parameters in the tanks. Separate phases 

of low salinity (34 psu) and low temperature 

(8°C) were conducted over several consecutive 

weeks. The concentration of the parasite 

decreased, but once the individuals were re-

exposed to higher temperatures (18°C), the 

concentration of the disease returned to 

initial values. 

Therapeutic treatment including phytotherapy in 

individuals that had been previously subjected 

to the low-temperature treatments was 

conducted. Herbal medicine products contain 

bioactive compounds with various biological 

effects, such as immunostimulants, growth 

promoters, and curative agents for several 

pathogens like protozoa, bacteria, and viruses. 

The experimental phase was carried out at the 

IMEDMAR-UCV facilities during April and May 

2024.
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RESULTS OF IMPLEMENTED ACTIONS (XI)

Salinity and temperatura treatment



Follow up of Mar Menor sanctuary 

population

Plots were monitored from September 2022 to 

September 2024 to obtain information on

population trends (density, development and 

growth, mortality rates, etc.) and epibionts

description. In each plot, we also collected data 

on some environmental variables (temperature,

salinity, dissolved oxygen, etc.), sediment 

characteristics (granulometry, redox potential, 

pH, etc.) and the main benthic macrophytes, 

obtaining information on the number of species, 

cover, canopy height and density of the 

seagrass Cymodocea nodosa.
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RESULTS OF IMPLEMENTED ACTIONS (XII)

Cleaning of individuals and measurements used to study sizes to study growth rates. Maximum width (MW), 

base width (BW) and maximum length (ML). 

Density of living individuals (living individuals/100 m2) in each locality at the different sampling times.



The final SROI value was 1,2196. This indicates 

that for every euro invested in the LIFE 

PINNARCA project, a social return of 1,2196 

has been generated in terms of social, 

economic, and environmental benefits 

(2.745.968€ in total). Additionally, it is important 

to highlight that the economic quantification of 

the actions and objectives achieved within the 

framework of the LIFE PINNARCA project is a 

complex process, as the monetization of certain 

ecological goods and services presents 

significant challenges. The benefits provided by 

healthy ecosystems, where populations of Pinna 

nobilis are thriving, are far broader than those 

captured in this report. These benefits not only 

have a positive impact during the duration of 

the project, but they also extend into the 

distant future, exponentially increasing both 

ecological and monetary gains. In this sense, 

the true magnitude and scope of the actions 

carried out by this project far exceed any 

investment made, further reinforcing the need to 

continue these conservation efforts to ensure 

the future of the species and its preservation.

LIFE PINNARCA PROJECT

SROI RESULTS

Input Total investment 2.249.322 €

Economic impact of the project 

actions

Scientific Publications 119.045 €

Filtration of Individuals 909.475 €

Funding Obtained thanks to the LIFE 

PINNARCA
47.100 €

Protected Areas 22.054 €

Employment 650.000 €

Volunteers 24.300 €

Media Coverage 8.360 €

Awareness and Sensitization 962.946 €

SROI ratio 1,2196
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Dissemination actions and Transferability of the project 
results

During the project, numerous transfer and dissemination activities have been carried out:



LIFE PINNARCA PROJECT

PUBLIC AWARENESS AND DISSEMINATION 

OF RESULTS

16 scientific 

publications in 

JCR Q1 and Q2 

journals
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More than 48000 humans directly 

influenced by the project thanks 

to 75 newspaper/magazine 

publications, 8 videos/broadcast, 

5 poster/information boards, 5 

events (including 2 international 

workshops and an international 

congress).

LIFE PINNARCA PROJECT

PUBLIC AWARENESS AND DISSEMINATION 

OF RESULTS
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LIFE PINNARCA PROJECT

PUBLIC AWARENESS AND DISSEMINATION 

OF RESULTS
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For effective conservation of Pinna nobilis, the main 
challenges are:

•Improve conservation status of reservoirs to preserve the remaining populations. 

•Increase awareness and reduce direct impacts and vandalism.

•Improve the legislation and creation of protocols to transport fan mussels within and among 

countries. Creation of an international Biosecurity Program to ensure the security of 

translocation of individuals among the remaining reservoirs to speed up the process.

•Monitoring and further experimentation on the disease and genetic associated factors.

•Improvement of the conditions of the individuals maintained in indoor facilities (nutritional 

and environmental aspects), it is necessary to complete a treatment to facilitate the 

reproduction of the individuals that reduces the load of the pathogens and enables the 

development of safe maturation and spawning procedures.

•Close the reproductive cycle of P. nobilis in captivity.

LIFE PINNARCA PROJECT

FUTURE CHALLENGES
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