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Collecting mussels 

Achilles looking  
for mussels  
in the river. 

Rubens (1577-1640) 



Historiae Conchyliorum. Lister, 1685-1692Knorr, G. W., 1757-1772 

Magnus, 1555

Hortus sanitatis. Anonymous, 1491



Elizabeth I of England 1533-1603

1736. Warning at the Schwienau River 
(Saxony, Germany) 

“Preserve your hands”



The story of Billie Button 
 

Wisconsin Pearl Button Co.
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-  Nouvelle École: Bourguignat, Locard, Servain (XIX Century) 
-  Superfamilia Unionacea. Haas (1969) 
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Biology	Anatomy 
 



Reproduction 











Margaritifera auricularia 



Margaritifera margaritifera 



Margaritifera marocana 



Time estimations of Potomida lineages  

Araujo R, Buckley D, Nagel KO & Machordom A. 2017. Potomida littoralis (Bivalvia, 
Unionidae) evolutionary history. Slow evolution or recent speciation? Zoological 

Journal of the Linnean Society 179(2): 277-290. doi: 10.1111/zoj.12470 



Potomida littoralis 



Potomida acarnanica 



Potomida semirugata 



Microcondylaea bonellii 



Time estimations of Unio lineages  

Araujo R, Buckley D, Nagel KO, García-Jiménez R & Machordom A. 2018. Species boundaries, geographic 
distribution and evolutionary history of the Western Palaeartic freshwater mussels Unio (Bivalvia, 

Unionidae). Zoological Journal of the Linnean Society 182: 275-299. doi.org/10.1093/zoolinnean/zlx039 



Unio delphinus 



Unio foucauldianus 



Unio mancus 



Unio ravoisieri 



Unio gibbus 



Unio tumidiformis 



Unio durieui 



Unio tumidus 



Unio elongatulus 



Unio pictorum 



		
Unio crassus 



Unio bruguierianus 



Unio ionicus 



Unio tigridis 



Anodonta anatina 



Anodonta cygnea 



Pseudanodonta complanata 



Sinanodonta woodiana 



24 ssp in Europe  
and  

North Africa 





Water detraction 

Unsustainable urbanistic development 

Habitat fragmentation 

Fire and mining 

Channeling of natural rivers 

Polution and overexploitation of aquifers and rivers 

Extinction of native fish 

Exotic and invasive species 

Main threats 



The threatened extinction in the upper Mississippi River and its more 
important tributaries of those species of the Unionidae whose shells 
have been taken in enormous numbers in recent years, both for the 
manufacture of pearl buttoms and for the pearls which they 
occasionally contain, has led the United States Bureau of Fisheries to 
undertake an extensive investigation of the possibility of artificially 
propagating the commercial species … and restocking deplected 
waters ... 

Lefevre G & Curtis WC. 1912. Studies on the reproduction and artificial 
 

 propagation of freshwater mussels. Bull. Bur. Fish. 30: 105-201 



LIFE Projects involving freshwater mussels 2015 

LIFE13 NAT/FR/000506 
LIFE13 NAT/SE/000116 
LIFE11 NAT/UK/000383 
LIFE10 NAT/SE/000045 
LIFE09 NAT/ES/000514 
LIFE09 NAT/IE/000220 
LIFE10 NAT/PT/000073   PT 

FR 
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UK 
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LIFE13 NAT/PL/000009 
LIFE11 NAT/PL/000431 
LIFE10 NAT/AT/000015 
LIFE10 NAT/SE/000046 
LIFE11 NAT/LU/000857 	

LIFE13 BIO/FR/001162  FR	

LU	

 
LIFE12 NAT/ES/001091  ES	

Margaritifera margaritifera 

Unio crassus 

Margaritifera auricularia 

Unio ravoisieri and U. mancus  
(elongatulus) 

LIFE10 NAT/PT/000073   PT 



1. Fish maintenance (in vitro culture) 

2. Source of glochidia (gravid naiads) 

3. Fish infectation 

4. Juvenile collecting 

5. Juvenile rearing 

6. Restocking in the wild 

CAPTIVE BREEDING 



- Stocked previously to infectation (one month) 

- Free of glochidia 

- Free of diseases and parasites 

1. Fish maintenance 



2. Source of the glochidia. Gravid naiads 

-  At the lab during reproductive season 

-  River water 



3. Fish infectation 

At the river banks 

- releasing to the (restored) wild 
 

At the lab 

- raceways, tanks or aquaria 

- controlled cages 

- releasing to the (restored) wild 



- Natural channels 

- Artificial channels 

- Raceways 

- Laboratory with aquaria and tanks 

3. Fish infectation and metamorphosis  
     
  Facilities 



Degree/days is the relation between the temperature  
(number of degrees)  

and the number of days for the metamorphosis 

Unio ravoisieri: 8-26 days at 17-23º 
 
Unio mancus: 7-26 days at 15-22º 
 
Unio tumidiformis: 6-14 days at 22-26º 
 
Unio crassus: 26-53 days at 12º 
 
Margaritifera auricularia: 30- 60 days at 16-24º 
 
Margaritifera margaritifera: 6-11 months 
 
 



Degree/days 

4. Juvenile collecting 



5. Juvenile rearing 

Artificial 
 
 
 
Seminatural 
 
 
 
Natural 

  

Diet !!!! 
 
 
 

  

Water !!! 

Sediment ! 



All unionids from both the river and lake 
used bacterial carbons, not algal carbons, 

as their main dietary source. 
Bacteria, not algae, were the main dietary 

item for unionids. 

Nichols SJ & Garling D. 2000. Food-web dynamics and trophic-level 
interactions in a multispecies comunity of freshwater unionids. Canadian 

Journal of Zoology 78: 871-882 

Algae diet 

5. Juvenile rearing 



Algae provide key nutrients such vitamins 
and phytosterols (Nichols & Garlin, 2000) 

Juveniles of M. margaritifera and other 
species are successfully reared with algae 

diet 

If it is possible, seminatural and natural 
conditions are better. They provide “the 

unknown natural food” 



Newly emerged juveniles of both M. margaritifera and Unio mancus 
first feed by pedal feeding using the cilia of the foot and of the mantle 

margin  

M. margaritifera 0 days U. mancus 0 days 

Araujo R, Campos M, Feo C, Varela C, Soler J. & Ondina P. 2018. Who wins in the weaning process? 
Juvenile feeding morphology of two freshwater mussel species. Journal of Morphology 279(1): 4-16.  

DOI: 10.1002/jmor.20748  



basket 
basket	

Initiation of suspension feeding begins when the cilia of the posterior 
parts of the inner gill filaments join to form a virtual hole for water 
current.  
 
The gill filaments build a basket with a dorsal and a ventral chamber 
with a ciliated posterior opening. This opening allows water to enter, 
facilitated by the mantle and gill cilia, similar to the ulterior inhalant 
aperture in the adult.  



Days of appearance of feeding structures in juvenile freshwater 
mussels 

Starting of the filter feeding 

Definitive filter feeding 



Hyriopsis myersiana is the fastest growing species, 
reaching 1.8 mm in 60 days, 24 mm in 150 days and 
85 mm in one year. The feeding organs of this 
species also develop more rapidly, having well-
developed gills and siphons by 50 days post-
emergence  
 
 
For the other Unionidae species mentioned, these 
organs develop at similar times  
 
 
 
In the case of M. margaritifera, these organs develop 
much more slowly  



Early juvenile mortality can be due to the 
inability to successfully transition feeding 

modes 
 

The transition from pedal feeding to filter 
feeding occurs around 150-200 days post-
emergence in M. margaritifera and around 
70 days in U. mancus, after juveniles are 

greater than 1 mm in length, which 
coincides with the timing of reported high 

mortality  
 

Once this feeding metamorphosis is 
complete, juvenile mortality decreases  



5. Seminatural and natural rearing 
 



5. Seminatural and natural juvenile rearing. Facilities 
  

Virginia Tech 

Gordon & Brady 2004 
Lampsilis higgisnsii 

LIFE M. margaritifera 
Luxembourg 



Juveniles of Unio mancus and Unio ravoisieri in 
pools and trays 

Natural water and sediment 

Lab at Banyoles Lake (Girona, Spain) 



Araujo R, Feo C, Pou Q & Campos M. 2015. Conservation of two endangered European 
freshwater mussels. A three year semi-natural breeding experiment. The Nautilus 129(3): 

126-135. 





Survival 50-60 % 

1 cm 



6. Minimum size for juvenile mussel release 

In the case of Unio mancus: 3-4 cm 

Eaten by carps  



1.  Patterson MA, Mair RA, Eckert NL, Gatenby CM, Brady T, Jones JW, Simmons BR & 
Devers J. 2018. Eds. Freshwater mussel propagation for restoration. Cambridge 
University Press, Cambridge. 320 pp. 

2.  Hanshue S, Rathbun J, Badra P, Bettaso J, Hosler B, Pruden J & Grabarkiewicz J. 
2018. Michigan Freshwater Mussel Survey Protocols and Relocation Procedures. 

 

Any plan to propagate and 
release juvenile freshwater 

mussels 
must include a plan for long-term 

monitoring 

Essential premise 

6. Juvenile mussel release and monitoring 



Release juvenile freshwater mussels to 
the wild is the most important step in 

the entire propagation mussel 
  

(Simmons, Patterson & Jones, 2018)  
 
 
 
 
 

6. Juvenile mussel release and 
monitoring 



The general goals of mussel  
relocation efforts  

 
 
• Maximize survival and fitness of the relocated 
individuals, including genetic diversity  
 
 
• Minimize risk to the resident mussel fauna at the 
relocation site. Invasive species!!!  
 
 
• Document relocation outcomes to inform future 
relocation efforts  



Site Selection  

 

Selecting an appropriate relocation 
site is the most important decision in 
any mussel relocation project. Careful 
consideration must be given to the 
location of the relocation site in the 
landscape  
 



  
 
1. Within the same watershed (same of different reach). Select 

more than one relocation site 
 
2. Habitat conditions should be as similar as possible to the 

project site (sediment composition and stability, water 
quality, water depth, flow regime, distribution of habitat) 

3. Presence of a diverse mussel community reflective of the 
community from which the individual was moved and that 
has evidence of recruitment (survey performed at least 5 
years before)  

4. The relocation site survey may need to be repeated if an 
event or impact (e.g. a chemical spill) has occurred during 
the time between the original survey and the proposed 
relocation 

5. Appropriate fish host species must be present 
 
  
 

A hierarchy of preferred destinations (modified from 
the U. S. Fish and Wildlife Service, 2008) 



 
1.  Tagging (glue, pit tags, dremel,….) 

-  To differentiate between propagated mussels and natural  
recruitment 

-  Tagged mussels are models for ecological, evolutionary and  
toxicological studies 
 
 
 
 
 
 
 
 
2. Transport 
 
3. Release techniques. Record information and inform the public 
 
4. Include long term monitoring. Select key areas. Schedule: prior to 
 release juveniles, 3 months, 1-2 years and 4-6 years post release 

6. Juvenile release 



Good luck with your research and thank  
you very much for your attention 


