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The giant pearlmussel Margaritifera auricularia is a critically endangered species, sur-
viving in natural habitats only in the Jower Ebro (Catalonia, Spain). The viability of this
population was assessed by addressing whether the adults are producing larvae, if any
host fish exists in the area, and what recruitment is actually taking place. All adults
monitored released larvae during Spring, showing that they are fertile hermaphrodites.
Artificial infections of a wide array of fishes were performed under controlled condi-
tions, and it was found that the only host is the freshwater blenny Salaria fluviatilis,
which lives in the same habitat and is also endangered. Young individuals were located,
the smallest one with an age just above 2 years. It appears that this population is inde-
ed viable, although it needs urgent and effective conservation action.

Keywords: species interactions, limnology, conservation, Ebro, Margaritifera auricula-
ria, Salaria fluviatilis.

VIABILITAT DE LA NAIADE AMENACADA Margaritifera auricularia (BIVALVIA:
UNIONOIDA) AL SEU HABITAT NATURAL. La naiade Margaritifera auricularia és
una espécie que es troba en perill critic, i que sobreviu en habitats naturals inicament al
curs inferior de 1'Ebre (Catalunya, Espanya). La viabilitat d'aquesta poblacié ha estat
avaluada investigant si els adults estan produint larves, si hi ha cap peix hoste a l'area, i
si té lloc un reclutament efectiu. Tots els adults que foren objecte de seguiment allibe-
raren larves a la primavera, demostrant aixi que sén hermafrodites fértils. Es realitzaren
infeccions artificials d'un ampli vental} de peixos sota condicions controlades, i es deter-
mina que 'dnic hoste €s 1a bavosa de riu (Salaria fluviatilis), que viu al mateix habitat i
es troba igualment amenagada. Es localitzaren individus joves, el més petit dels quals
tenia una edat just per damunt dels dos anys. Aquesta poblacid, doncs, sembla del tot
viable, encara que necessita mesures de conservacié urgents i efectives.

Paraules clau: interacions entre espécies, limnologia, conservacid, Ebre, Margaritifera
auricularia, Salaria fluviatilis.
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Introduction

One of the most endangered species in
Europe is the giant pearlmussel Margaritifera
auricularia (Spengler, 1793), a very large fresh-
water mussel that lives only in big rivers. Its ori-
ginal range extended throughout Western Europe
and North Africa, but this species now survives
only in the Ebro river and adjacent channels in
Spain (Altaba, 1990; 1992; 1997; 2000; Primack,
1998). Initially, only recently dead specimens
were located (Altaba, 1990; 1993). Later on,
during public works in the lower Ebro in
Catalonia (Lordn, 1993), a sampling project of
freshwater bivalves allowed the finding of live
individuals and the assessment of their distribu-
tion (Altaba, 1996a).

The lower Ebro has experienced impor-
tant changes in hydrology as a consequence of
dam construction, water diversion, and pollu-
tion (Ibafiez et al., 1996). However, it still
keeps many of the features of a wild big river,
such as gravel shallows, and it harbors a thri-
ving native fauna. This is clearly shown by the
abundance of freshwater mussels belonging to
several species. As a result of a large-scale
intensive sampling, it was possible to evaluate
the size and distribution of their populations
(Altaba, 1997; 2000). In contrast, the fish fauna
of the lower Ebro, which originally was compo-
sed of only 14 species, has been enriched in
recent years through the introduction of at least
13 exotics, several of which have become exce-
edingly successful, displacing the native ones
(Sostoa & Lobdn-Cervia, 1989; Elvira, 1995;
1996; 1997).

However, the question remained of whet-
her the population of Margaritifera auricularia
in the lower Ebro is indeed viable. This is a
highly relevant issue, because outside of this
natural habitat there has been no recruitment for
decades. The relic demes living further upstream
and in adjacent channels in Aragon have suffered
from rampant pollution and massive siltation.
These factors may be responsible for those
demes being composed of only very old speci-
mens (Altaba, 1997; 2000; Alvarez Halc6n et al.,
2000y).

In the lower Ebro there are sites where the
local density of M. auricularia is fairly high
(Altaba, 1997). This suggests that the limiting
factor must be in the larval stages of its complex
life history, which involves a parasitic stage on
the gills of certain fishes. Indeed, it has been
shown in other species of Margaritifera that the
local density of young and adult pearlmussels
depends mainly on’the density of available host
fishes (Johnson & Brown, 1998; Cunjak &
McGladdery, 1991). Thus, identifying the host
fishes for such a species has important conse-
quences for its conservation (Neves et al., 1985;
Neves & Widlak, 1987). Based on indirect evi-
dence, it was hypothesized that Acipenser sturio
(Common Sturgeon) could be the host of M. auri-
cularia (Altaba, 1990). However, most of the
living specimens in the Ebro were certainly not
carried by this fish, because its upstream migra-
tion was halted by the Xerta weir centuries ago.
Furthermore, overfishing caused its disappearan-
ce 30 years ago (Fernandez & Farnés, 1999).

In order to test the viability of M. auricu-
laria in the lower Ebro it was necessary to assess
whether the adults are producing larvae, if any
host fish exists in the area, and what recruitment
is actually taking place. The first question was
addressed by monitoring adults in the wild, the
second was tested through experimental infesta-
tions on a wide array of fishes, and the third
involved exhaustive searches in the field. A
detailed account of the laboratory work will be
published elsewhere (Lépez & Altaba, 2000, in
press), and only the relevant findings are reported
here together with the results of field work.

Material and methods

The live specimens that were found during
public works in the river were translocated into
trays filled with cobbles and suspended in the flo-
wing water from a stable surface. In this manner,
they could be monitored daily, independently of
water level. No further manipulation of the ani-
mals took place, and the release of glochidia larvae
was followed by visual inspection. The larvae used
in the following experiments were collected with a
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due to the construction of a power station at the
Xerta weir. Initially, all adult bivalves in this area
were recovered and translocated to safe sites, but
no young specimens were found. When this site
was dry a second, more thorough search was per-
formed.

Results

The production of glochidia larvae was
observed in all the adult individuals monitored.
They ‘were released, gradually but almost conti-
nuously, in dense masses, which became slowly
washed away through the dilution of the hyaline
mucus containing the larvae. The time of release
extended from March to June, and every indivi-
dual was productive for at least two months.

The glochidia adhered readily to the gills of
most fishes. However, after a few days they were
rejected by the vast majority of individual fishes.
Juveniles were recovered from only one potential
host species, the Freshwater Blenny, Salaria flu-
viatilis. The infection of this species was readily
effected, although not all attached glochidia beca-
me encysted by the host's epithelium. Later on,
numerous encysted larvae were visible on the gill
filaments. The cysts appear as pustules with a dia-
meter of 0.2 mm (Fig. 1a). Finally, juveniles were
recovered (Fig. 1b). The parasitic stage lasted
from over 40 to just 26 days

The juveniles of Margaritifera auricularia
are very small (175 um in diameter). Their shape
is almost spherical, with a long and almost straight
hinge. Their color is whitish, with a faint tinge of
golden in the hyaline shell. The shell surface is
rough, and the glochidial shell is clearly visible as
a hump at the apical part. The edge starts a fast
growth just after release, clearly visible as a sharp
protruding margin after a few hours. The foot is
cylindridoid club-shaped, clearly enlarged near
the tip. No cilia were visible, and there were no
signs of any ability to move reptating. However,
the movements of the foot were fast, suggesting
that these juveniles are able to burrow readily.

Young specimens were found in the field
only in the exposed area. They were already dead,
and the soft parts were rotten inside. The smallest

individual found measures only 5.74 mm in length
(Fig. 2). According to the annual rings present
(and the application of an unpublished growth
equation for the population), its age is just above 2
years. The shape of this specimen is reminiscent
of the adult's, although the umbos are conside-
rably more central, and the valves are quite flat.

Discussion

The results obtained point all in one direc-
tion: the studied population is a viable one. The
finding that all adults produce larvae strongly
suggests that they are hermaphroditic, a condi-
tion that has occasionally been reported in other
margaritiferids (Smith, 1976; Ziuganov et al.,
1994). It also shows that the precautions taken
during the handling of the pearlmussels were
adequate to mitigate the possible stress response
(Waller et al., 1995). Furthermore, together with
the activity demonstrated by the glochidia, it
indicates that these specimens are in good repro-
ductive condition.

The finding of a natural host is crucial.
Remarkably, Salaria fluviatilis is found in the
same microhabitat as Margaritifera auricularia:
sites with swift current passing over a bottom of
coarse (decimetric) consolidated gravels (Altaba,
1997). Other species of Margaritifera live in
similar habitats (Stober, 1972; Vanotte &
Minshall, 1982). Moreover, only from this fish
could juveniles reach such a microhabitat in a big
river before being carried away by the current.
Indeed, S. fluviatilis is an ambush predator living
in burrows, and lays and takes care of the eggs on
the underside of boulders (Co6té et al., 1999,
Perdices et al., 2000).

The attached glochidia were often shed
quite fast by non-hosts, suggesting that a strong
immune response is involved (Fustish &
Millemann, 1978; Meyers et al., 1980; Bauer,
1987). No sign of such a response was obser-
ved in the host species, even if the number of
larvae on the gills decreased with time, as hap-
pens in related bivalve species (Young &
Williams, 1984). Several workers have repor-
ted a narrow host specificity for margaritiferids
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(Bauer, 1987: Zjuganov er al., 1990: Nezlin et
al., 1994: Johnson & Brown, 1998), although
in rivers harboring a rich fish fauna there seems
to be a wider variation in resistance across lish
species  (Murphy,  1942: Awakura, 1968
Mevers & Millemann, 1977). The fairly large
number of tested fish species supports the
hypothesis that M. auricularia is host-specific
on 8. fluviatilis.

Live young individuals of Margaritifera
auricularia had not been reported anywhere for
decades. The carly and only records were from
channels adjacent to the Ebro in Aragon. where
they have not been found again (Haas, 1917,
Ciria, 1920: Alvarez Haleon er al.. 20000, This
new finding shows that recruitment is not only
possible, but that it is actualy taking place.

As in the case of many other freshwater
bivalves (Bogan, 1993), the decline and near
extinction of Margaritifera auricularia was cau-
sed by a combination of factors (Altaba, 1990;
2000: Primack, 1998), Its host fish is an endang-
ered species (Elvira, 1996; Perdices er al., 2000).
Considering the host-specific relationship repor-
ted here, the original distribution ol Salaria flu-
viatilis may have been considerably larger that at
present. Thus, the disappearance of both interac-
ting species would have occurred through the
building of weirs and dams, by the destruction of

shoals by agriculture and settlements along river
banks. and finally by pollution. In addition. the
freshwater  molluscan  faunas  of  the
Mediterranean region as a whole are endangered
due 1o widespread habitat destruction (Altaba,
1996b).

The knowledge obtained on the viability of
the Margaritifera auricularia population in the
lower Ebro should be used to promote its conser-
vation urgently and efficiently. It should be
incorporated into a sound recovery program
(e.g.. Beasley & Roberts, 1999). which should be
focused both on the strict protection of its habi-
tats, and on rearing juvenile pearlmussels in cap-
tivity for reintroduction to the wild. Clearly. the
survival of this species is now intimately linked
with preservation of the lower Ebro.
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Fig. 2. Young specimen of Margaritifera auricularia found recently dead in an exposed gravel bar. The scale bar
equals 50 mm.
Fig. 2. Espécimen jove de Margaritifera auricularia trobat mort de poc en wna barra de graves emergida, Lescala
equival a 50 mm.



20 Boll. Soc. Hist. Nat. Balears, 44 (2001)

Bibliography

Altaba, C.R. 1990. The last known population of
Margaritifera auricularia: a conservation priority.
Biol. Cons., 52: 271-286.

Altaba, C.R. 1992. Les naiades (Bivalvia: Unionoida)
dels Paisos Catalans. Butll. Inst. Cat. His. Nat., 60:
23-44.

Altaba, C.R. 1993. El problema de la extinci6n de espe-
cies. Fauna fluvial ibérica. Obra Piblica, 26: 86-
95.

Altaba, C.R. 1996a. News about Margaritifera auricu-
laria. Triann. Unionid Rep., 9: 14.

Altaba, C.R. 1996b. Counting species names. Nature,
380: 488-489.

Altaba, C.R. 1997. Al limit de I'extincié: Margaritifera
auricularia (Bivalvia: Unionoida). Butll. Inst. Cat.
Hist. Nat., 65: 137-148.

Altaba, C.R. 2000. La dltima oportunidad de
Margaritifera auricularia. Quercus, 170: 16-23.

Alvarez Halcén, R. M., Aradjo, R. & Delvene, G. 2000.
Margaritifera auricularia, un bivalvo de agua
dulce amenazado en Aragén. Naturaleza
Aragonesa, 5: 29-37.

" Awakura, T, 1968. The ecology of parasitic glochidia of
the fresh-water pearl mussel, Margaritifera laevis
(Haas). Sci. Rep. Hokkaido Fish Hatchery, 23: 1-
17.

Bauer, G. 1987. The parasitic stage of the freshwater
pearl mussel (Margaritifera margaritifera L.) 111
Host relationships. Arch. Hydrobiol., 104: 413-423.

Beasley, C.R. & Roberts, D. 1999. Towards a strategy
for the conservation of the freshwater pearl mussel
Margaritifera margaritifera in County Donegal,
Treland. Biol. Cons., 89: 275-284.

Bogan, AE. 1993. Freshwater bivalve extinctions
(Mollusca: Unionoida): A search for causes. Amer.
Zool., 33: 599-609.

Ciria, J. 1920. Moluscos de los alrededores de
Zaragoza. Bol. Soc. Ibérica Cienc. Nat., 19: 106-
107.

Cotg, I. M, Vinyoles, D., Reynolds, J.D., Doadrio, L. &
Perdices, A. 1999. Potential impacts of gravel
extraction on Spanish populations of river blennies
Salaria fluviatilis (Pisces, Blenniidae). Biol.
Cons., 87: 359-367.

Cunjak, R.A. & McGladdery, S. E., 1991. The parasi-
te-host relationship of glochidia (Mollusca:
Margaritiferidae) on the gills of young-of-the-year
Atlantic salmon (Salmo salar). Can. J. Zool., 69:
353-358.

Elvira, B. 1995. Native and exotic freshwater fishes in
Spanish river basins. Freshw. Biol., 33: 103-108.

Elvira, B. 1996. Endangered freshwater fish of Spain.
In: Kirchhofer, A. & Hefti, D. eds. Conservation of
endangered freshwater fish in Europe: 55-61.
Birkhéduser Verlag. Basel.

Elvira, B. 1997. El declive de los peces fluviales en
Espaiia. Ecosistemas, 22: 66-71.

Ferndndez i Colomé, J.V. & Farnés i Bel, A. (eds.)
1999. Els esturions (el cas del riu Ebre).
Departament d'Agricultura, Ramaderia i Pesca,
Generalitat de Catalunya. Barcelona. 127 pp.

Fustish, C.A. & Millemann, R E. 1978. Glochidiosis of
salmonid fishes. II. Comparison of tissue response
of coho and chinook salmon to experimental infec-
tion with Margaritifera margaritifera (L..)
(Pelecypoda: Margaritanidae). J. Parasitol., 64:
155-157.

Haas, F. 1917. Estudios sobre las ndyades del Ebro.
Bol. Soc. Aragonesa Cienc. Nat., 16: 71-82.

Ibafiez, C., Prat, N. & Canicio, A. 1996. Changes in the
hydrology and sediment transport produced by
large dams on the lower Ebro river and its estuary.
Reg. riv. res. manag., 12: 51-62.

Johnson, P. D. & Brown, K. M. 1998. Intraspecific life
history variation in the threatened Louisiana
pearlshell mussel, Margaritifera hembeli. Freshw.
Biol., 40: 317-329.

Loépez, M.A. & Altaba, C.R. 2000. Fish host determi-
nation for Margaritifera auricularia: results and
implications. In: Sabelli B., Brunetti M. & Cirone,
G. eds.: 33. Abstracts, 1 Congresso Congiunto
delle Societa Malacologiche del Mediterranco.
Societa Italiana di Malacologia. Genova.

Lopez, M.A. & Altaba, C.R. In press. Fish host deter-
mination for Margaritifera auricularia: results and
implications. Bollettino Malacologico.

Lorén Benavent, G. 1993. El medio ambiente y la nave-
gacién fluvial por el bajo Ebro. Obra Publica, 26:
74-83.

Meyers, T.R. & Millemann, R.E. 1977. Glochidiosis of
salmonid fishes. I. Comparative susceptibility to
experimental infection with Margaritifera marga-
ritifera (L..) (Pelecypoda: Margaritanidae). J.
Parasitol., 63: 728-733.

Meyers, T.R., Millemann, R.E. & Fustish, C.A. 1980.
Glochidiosis of salmonid fishes. IV. Humoral and
tissue response of coho and chinook salmon to
experimental infection with Margaritifera marga-
ritifera (L.) (Pelecypoda: Margaritanidae). J.
Parasitol., 66: 274-281.

Murphy, G. 1942. Relationship of the freshwater mus-
sel to trout in the Truckee River. Calif. Fish Game,
28 (2): 89-102.

Neves, R. J., Weaver, L. R. & Zale, A. V. 1985. An eva-
luation of host fish suitability for glochidia of



C.R. Altaba and M.A. Ldpez, Viability of Margaritifera auricularia in its natural habitar 21

Villosa vanuxemi and V. nebulosa (Pelecypoda:
Unionidae). Amer. Midl. Natur., 113: 13-19.

Neves, R. J. & Widlak, J. C. 1987. Habitat ecology of
freshwater mussels (Bivalvia: Unionidae) in a
headwater stream in Virginia. Amer. Malacol.
Bull., 5: 1-7.

Nezlin, L.P,, Cunjak, R.A., Zotin, A.A. & Ziuganov,
V.V. 1994. Glochidium morphology of the fresh-
water pearl mussel (Margaritifera margaritifera)
and glochidiosis of Atlantic salmon (Salmo salar):
a study by scanning electron microscopy. Can. J.
Zool., 712: 15-21.

Perdices, A., Doadrio, 1., C6té, .M., Machordom, A.,
Economidis, P. & Reynolds, J.D. 2000. Genetic
divergence and origin of Mediterranean popula-
tions of the river blenny Salaria fluviatilis
(Teleostei: Belnniidae). Copeia, 2000: 723-731.

Primack, R.B. 1998. Essentials of Conservation
Biology, 2nd ed. Sinauer Associates. Sunderland,
Massachusetts. xii + 660 pp.

Smith, D.G. 1976. Notes on the biology of
Margaritifera margaritifera margaritifera (Lin.) in
Central Massachusetts. Amer. Midl. Natur, 96:
252-256.

Sostoa, A. de & Lobén-Cervid, J. 1989. Fish and fishe-
ries in the river Ebro: actual state and recent his-
tory. In: Historical Changes of Large Alluvial

Rivers in Western Europe: 233-247. John Wiley &
Sons. London.

Stober, Q.J. 1972, Distribution and age of
Margaritifera margaritifera (L.) in a Madison
River (Montana, U.S.A.)) mussel bed.
Malacologia, 11: 343-350.

Vanotte, R.L. & Minshall, G.W. 1982. Fluvial proces-
ses and local lithology controlling abundance,
structure, and composition of mussel beds. Proc.
Nat. Acad. Sci. USA, 79: 4103-4107.

Waller, D.L., Rach, J.J. & Cope, W.G. 1995. Effects of
handling and aerial exposure on the survival of
unionid mussels. J. Freshw. Ecol., 10: 199-210.

Young, M. & Williams, J. 1984. The reproductive bio-
logy of the freshwater pearl mussel Margaritifera
margaritifera (Linn.) in Scotland. II. Laboratory -
studies. Arch. Hydrobiol., 100: 29-43.

Zjuganov, V.V., Nezlin, L.P,, Zotin, A.A. & Rozanov,
A.S. 1990. Host-parasite relationships between
glochidia of Margaritifera  margaritifera
(Margaritiferidae, Bivalvia) and mass species of
fishes from the European North of the USSR.
Parasitologia, 24: 315-321.

Ziuganov, V., Zotin, A., Nezlin, L. & Tretiakov, V.
1994. The Freshwater Pearl Mussels and their
Relationships with Salmonid Fishes. VNIRO.
Moscow. 104 pp.





