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Ecological role of freshwater bivalves

1- Nutrient dynamics of the aquatic systems removing phytoplancton, bacteria
and organic material from water and sediments

- Food (filtration and suspension)

- Excretion and biodeposicion

2- Biomodification of sediments increasing their oxygen levels

¢ 50 liters water/day
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- Strayer DL et al 1999. Transformation of freshwater ecosystems by bivalves. BioScience 49.

- Vaughn CC & Hakenkamp CC. 2001. The functional role of burrowing bivalves in freshwater
ecosystems. Freshwater Biology 46.
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Hortus sanitatis. Anonymous, 1491

Magnus, 1555

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



1736. Warning at the Schwienau River
(Saxony, Germany)
“Preserve your hands”

Elizabeth | of England 1533-1603
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Lefevre G & Curtis WC. 1912. Studies on the reproduction and

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



Coker RE, Shira AF, Walton H & Howard AD. 1921. Natural history and propagation of
fresh-water mussel. Bulletin of the United States Bureau of Fisheries 37:79-180

Claassen C. 1994. Washboards, pigtoes and muckets: historic musseling in the Mississippi
watershed. Historical Archaeology 28(2): 1-145



C. T. Simpson A. E. Ortmann
(1846-1932) (1863-1927)



Locard Bourguignat Fritz Haas

- Nouvelle Ecole: Bourguignat, Locard, Servain (XIX Century)

- Superfamilia Unionacea. Haas (1969)






Anatomy Biology



Reproduction










Mitochondrial and nuclear DNA

Molecular tools
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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/z0j.12470



Potomida littoralis










Microcondylaea bonellil




Time estimations of Unio lineages

Araujo R, Buckley D, Nagel KO, Garcia-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/zIx039




Unio delphinus







Unio mancus




Unio ravoisieri




Unio gibbus




Unio tumidiformis
-




Unio durieul







Unio elongatulus




Unio pictorum













IS5

@Trlpoll

Bengasn©

LIBIA

-—
)

o

15

~
-

CHAD

E2009 Mictosor Cotp.

< "HJ ® Microsoft*
Budap }egrado MapPoint’
7 Unio tlgrldls ]
gUMHl‘llHﬂ - Bﬂfoderado
Krasnddﬁ‘ oCherkessk yc arldo
& Yladikavkaz Bt A %
- O AL o

T‘blliéi '

SF!T‘SL;.“

=]
Ankara Bakua Ashjabad

SO
TURQ 14 - &0
i Mepo £ [ (=] hi’ -
\ ? ® v
ISIRIA ;. Sapandar”
bc-rut,_f P Cdlido y seco
= ,x S vazd®
J Mahallah o bl . IRAQ ' Ahv3z o 30°
.o m ~a-Kubra,” ammén ~ Basorad IRAN
Alejandria © i N T~ o L
J | Cai oo “ _ Shiraz
: 2L L -7 A5 T A 7T .- Bdshehr
I Al-Miny3
; O y
I 25:
| G)S e Manama = =
EGIPTO =°Ma9 Abu Dhabi® ¢
sy Riad S
Calido Trdpica de Cancer : N
y muj _______ . ¥4 | ARABIA SAUDI .
. Seco, —— = EIJlddah - L
A\ 'R I C A v 4
SUDAN .-~ T YOMAN
[ 25 20° 25 40 45¢ 7 sne N




Anodonta anatina




Anodonta cyghea




Pseudanodonta complanata




Sinanodonta woodiana




24 ssp In Europe
and
North Africa



One of the mest threatened animals groups




Main threats

Habitat frao

Fire and mining

Channeling of natural rivers

Polution and overexploitation of aquifers and rivers

Extinction of native fish

Exotic and invasive species



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

Margaritifera margaritifera Margaritifera auricularia

LIFE13 NAT/FR/000506 FR
LIFE13 NAT/SE/000116 SE
LIFE11 NAT/UK/000383 UK

LIFE13 BIO/FR/001162 FR

LIFE10 NAT/SE/000045 SE Unio ravoisieri and U. mancus
LIFEO9 NAT/ES/000514 ES (elongatulus)

LIFEO9 NAT/IE/000220 |E

LIFE10 NAT/PT/000073 PT LIFE12 NAT/ES/001091 ES

Unio crassus

LIFE13 NAT/PL/0O00009 PL
LIFE11 NAT/PL/000431 PL
LIFE10 NAT/AT/000015 AT
LIFE10 NAT/SE/000046 SE

LIFE11 NAT/LU/000857 LU
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



1. Fish maintenance

- Stocked previously to infectation (one month)
- Free of glochidia

- Free of diseases and parasites



2. Source of the glochidia. Gravid naiads

- At the lab during reproductive season

- River water



3. Fish infectation

- raceways, tanks or aquaria

- controlled cages

- releasing to the (restored) wild



3. Fish infectation and metamorphosis
Facilities
- Natural channels
- Artificial channels

- Raceways

- Laboratory with aquaria and tanks



Unio ravoisieri: 8-26 days at 17-23°

Unio mancus: 7-26 days at 15-22°

Unio tumidiformis: 6-14 days at 22-26°

Unio crassus: 26-53 days at 12°

Margaritifera auricularia: 30- 60 days at 16-24°

Margaritifera margaritifera: 6-11 months



4. Juvenile collecting

Degree/days



5. Juvenile rearing

Artificial

Seminatural

Natural




5. Juvenile rearing

Algae diet

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






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 O days U. mancus O days



/ 7/

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.












5. Seminatural and natural rearing



5. Seminatural and natural juvenile rearing. Facilities

Gordon & Brady 2004
Lampsilis higgisnsii




k/Lab at Banyoles Lake (Girona, Spain)
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1 cm

Survival 50-60 %



6. Minimum size for juvenile mussel release



6. Juvenile mussel release and monitoring

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.

Essential premise

Any plan to propagate and
release juvenile freshwater
mussels
must include a plan for long-term
monitoring




6. Juvenile mussel release and
monitoring









A hierarchy of preferred destinations (modified from

the U. S. Fish and Wildlife Service, 2008)

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



6. Juvenile release

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






