Consejo Superior de investigaciones Cientificas A_ M Uu
MUSEQ NACIONAL DE CIENCIAS NATURALES

José Gutiérrez Abascal, 2. 28006 Madrid. Espana e WL
Tels. (91) 411 13 28-561 86 (7. Fax (91) 564 50 78 ‘ (C( (_E ({/ ;

Madrid, 2, Oct., 1998

Dear Dick,

here I'send you our manuscript for revision. Thank you very much for your time. The photographs are
paper copies of the slides (good slides) that 1 want to send to the journal in case you think that the
manuscript 18 worth publishing in Conservation Biology..

Other things: the trip to Kola Peninsula was fantastic. [ really enjoyed the taiga, the river, the canoes and
catamarans and the people. Fifteen nice days in the wild. The populations of salmons and mussels are
really big in these rivers. Easy to collect juveniles of Margaritifera margaritifera. During the trip Valert]
told me about your stay there. In several campaments T think I put my tent in the same place than you
did.

Best regards to your wife. And to Braven and Bill, what about their progress?
So, thank you very much again. T hope to see you soon.

Yours,

o .

Rafael Araujo
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Abstract: The dl&t@b&&egma;:@a, of the freshwater naiad Margariti
oAl
auricularia has declined alarmingly since the beoninmg of the century.
: Climtied

The last records of hvesgd&s«ué%s date from 1917}.0»:;}1% species is

considered to be one of the most threatened in the world.  Tharrks—to—the-

recent fmdmg of a live population in the basin of the Ebro @Wer (Spam)MU{M
Qf‘f\}w-i—% descnbe for the first t},me} seme~- characteristics of its habitat,

biology, breedmg cycle and host fish fﬁ*—ﬁ‘i—'}&f‘b’ﬂi—sﬁ}g&(ﬁiﬂe}gw
i o Dorid Tndnad (ertoti

MNDEI merphosed juveniles L@eeﬁﬁ'y—raars-ed from +he—branchia
_Qf_a.n,exeﬂé‘:{sé;@aes o sturoe(()"rglL%Ja;\m_rt_eg,wwfﬁch—hﬂmm
MWWaMhi&wﬁ%@sﬁi&anwqaw—fea{--i-ty. In this

paper we examine the history of the species and discuss national and

international efforts to conserve it and boost its numbers and those that

need to be urgently implemented now that this population, one of the

last in the world, has been discovered. 6‘(6“&. /\Qx’ﬁm WJW :

cu i fentode
Resumen: El area de distribucién de la ndyade perlifera gigante de
agua dulce Margaritifera auricularia ha disminuido de forma alarmante
desde ¢l principio de nuestro siglo, de forma que los Gltimos registros de
animales vivos datan de 1917. La especie estd considerada como uno de
los animales mds amenazados del mundo. Gracias al reciente
descubrimiento de una poblacién viva en la cuenca del Rio Ebro (Espafia)
podemos describir, por primera vez, las caracterfsticas de su hébitat,
biologia, ciclo reproductivo y pez hospedador de su fase larvaria
(gloquidio), conocimientos fundamentales a la hora de aplicar medidas
de conservacién para esta especie relicta. Se han obtenido por primera
vez ejemplares juveniles recién liberados de las branquias de una

especie exotica de esturién, lo que indica que el cultivo ¥ propagacidn



artificial de esta especie es ya una realidad. Ep este trabajo se examina
la historia de la especie y se discute sobre los esfuerzos nacionales e
internacionales para conservarla Y restaurar sus efectivos, asi como
sobre los que se deben ilevar a cabo con urgencia una vez que esta

poblacién, una de las dltimas del mundo, ha sido descubierta.

Introductlon Wﬂ

Margarzrzfera auricularia @beiongs to one of the oldest genera
auna-eng_Jhﬁ nalads)gsuperfamlly Umonmdea;, tre—trestTwWateT “Hilssels,
Historically, species of the genus Margaritifera, -Iféﬁegn——as pearl mussels,

have been the object of rather intensive exploitation for their nacre and

pearls. Three species are known to occur in Burope;, M. margaritifera

(Linnaeus 175\Wd M. durrovensis
8 dumpendi
Phillips 1928‘?k he specific or subspecific status of Gh;ﬁﬁ——(—am BOAL

~

discussed in relation to M. margaritifera (Phillips 1928; Chesney, Oliver
& Davm 1993; Moorkens & Costello 1994). Therefore, only the first two
/,ame.s appear on the list of wildlife species under the Council of Europe's
Convention on the Conservation of European Wildlife and Natural
Habitats (Bern Convention 1979} &ﬁ? the BEuropean Union Directive on
the Conservation of Natural and Semi-Natural Habitats and of Wild
Fauna and Flora (Directive 92/43/EEC, Habitats D1rect1've) %—M
the International Union for the Conservation of Nature and Natural
Resources Red Data List (IUCN 1990}, M—-&Mulal_@‘—{fe giant European
—dreshywater pearl mussel(\ is considered to be one of the most threatened

animal species in the world.



1A 4 V\/:)
decline experienced by .maiad populations &ver the

&&-Wil_mi@resﬂng“ﬁcolﬁg}—aﬂd_hﬁe—eyek}q hdige

attracted much attention and concern_jn recent years +

~diverse: conservation Feromsg196 lLf?

)M margaritifera has-beeﬂmﬁﬁhw extens;ve

During this century, M
LA
‘% of Central Europe (Buddensick 1995y and IS now a priority subject -

Nyweigad S _
oy : s dealing with this

7z
le‘he extraordina

last fifty years!

for study in many countries.
ol , ,

species 8 now availablea(Bauer & Eicke 1986: Bauer 1986 and

references therein; Bauer & Yogel 1987; Bauer 1987ab: Hruska 1992;

Chesney et al. 1993; Ziuganov eDNal. 1994; Valovirta 19953&4&2@1‘%%

‘and—active-researshis_stll_in progresy V_ﬁ&m‘g‘«ﬁd ﬁ“Q JAE

Crud (@R%;:S rég»«élsfelﬁu of relsuauT y /1O
. gty the only published ata on M. aurzcularla
oot

An;@leayfe%g?e—fwm a Spanish population (Haas 1916a, b; 1917a). Since

then, no living specimens of this species have been reported, either from
Western Europe, the species’ former range (Iberian Peninsula, France,
7%
[taly, England, Germany) or from rivers in Morocco, where a local race !
probably occur% (Haas 1940). Only Azpeitia (1933) cited some
LA
specimens that were probably collected after 1917, atso—in the Ebro
: , : : % _ LL(“MﬂMQ
basin. He also cited one specimen from Toledo (Ta}o&u 1ver) that is stered
in th__g collection of the Museo Nacional de Ciencias Naturales (Madrid).
%:ﬁm > o “uo .
on the past distribution of thg' species in Europe {Czechoslovakia,
Germany and England) from the fossil record @e recorded in Preece et

"Tj Thanks to Haa ioned—papers, we know that the species was

very abundant in the Ebro (g;iver, where the nacre of the empty valves
was collected to manufacture knife hilts. At the beginning of this
century, there was a small factory in Séstago (Zaragoza, Spain), where

the shells were carefully cleaned and buried for months in a hole hathe



~ground.covered by wet sand. This was the usual way to keep them
useable for up to 40 years. The best nacre was obtained from the thick

5}& anterior part and middle part of the shell (Haas 1917a).

&, (% brief dBSCriptl n of the anatomy of M.
n reproductive strategy, breeding

S SCATCTprovd
N ’W(Haas 1924), but no
> 2 (1924) 4

scason and larval morph&woy was note“that specimens

were not gravid between mld -July and the beginning of September, and
eA

that they lived in the Ebro on a 70-120 mets-wide section of the river

between stones and boulders with a predilection for deep bottoms (5-7

m), as well as in the Imperial Channel ("Canal Imperial"), an ancient

channel of the Ebro (Haas 1916a, b; 1917a). He—also—mentioned—the

In 1990, Altaba reported the presence of a few empty valves of M.
auricularia in an irrigation channel of the Ebro Ptiver near the estuary in

Tarragona (Spain), proposing several conservation measures )

wAAL @ o
she®Td" live specimens ever ,@ found. J%ﬁ?ﬁﬂ-l_y uring #g study
& L

carried out in 1996 to inventory some Habitats DH‘GCEIVE%’CI‘EBZ)}HK@S
living in Spain (Ramos 1998), a populatmria was "re-
discovered” in the Imperial Channel of the Ebro {ilver (Araujo & Ramos
1996a, b, 1998). Since then studies &fe—bé%gconducted on the ecology,
population size and age, and reproductive strategies of the species,
More recently, there has been news other M. auricularia
populations living in the main course of the Ebro @iver and in one of its
irrigation channels (Altaba 1997}, both in Catalonia. Other news oéﬂ 5
COmeesning M. auricularia populations in the Guadiana ﬁ;iver are %@s&wm"‘“%
__Plausible.  As regards an old record jor Umo sinuatus (= M. auricularia)
in the Guadalguivir ﬁzver no F%l»—daia- exzs{s beyond the "unknown
specimen” (Haas 1917b) cited by Bourguignat (1866). In fact, the



il
samph’ng& we @gp;i-sé--gut in both rivers detected sesse naiad populations
other than Margaritifera spp.

71 The dramatic decline of M. auricularia in Europe has run parallel to that
of %%North Americangrgwéis. Bogan (1993) described the reasons
forv%esh extinction as habitat alteration or destruction, decline or
extinction of host fishes, commercial exploitationj and introduced species.

ST ’f‘his paper\d@almh_bm% descrig&y@% the habitat of the recently
discovered population of M. auricularia in the Imperial Channel and with
the results obtained in an—indoer experimenton its biology and
reproductive cycle g avlicirare—essentialforthe-application—of—

L2
-GOTSETVANOH _Theastres. Ft—also summarizeg; the legal conservation status
of the specie} and—Spain's—efforts—to—implement—imternationat
recomerendabionss Rimattywe disenss—the national and international
efforts tmserve andfgestore the species, and(mos%%ﬁﬁéﬁg#%ﬁa}m

urgently Yekn fallowing ' the diseotenof zhié/tga%:ﬂation, whic 5
probably—one-of-thelast-ofthe—speetes—m—the—world.

International efforts to protect M. auricularia

In the background information on invertebrates of the Habitats Directive
and the Bern Convention, the status of M. quricularia is reported as: "at
least vulnerable, probably extinct throughout most of its range"
(Woodward 1996, Council of Europe). The species has been listed on
Appendix IV of the EEC Habitats Directive, which includes animal and
plant specigs of European interest requiring strict protection.

In the ttem on conservation, the same document (Woodward 1996)%
that "the biology of the species remains unknown until such time as any

surviving populations can be located. In the interim, every effort should



be made to ensure that any historical sites, such as the Ebro basin,
should undergo the least development or modification as possible untjl a
full survey of the area, has been undertaken”. This document also

(bl

recommends: 1) Hrsent distribution surveys to determine the location
and status of any surviving pOpula[iOHS)mg‘h@ﬁHMTWQﬂgt,\b&{\
particularly in France, Italy and Spain&OZ) easures to ensure that all
sites found te contain surviving populations P@ﬁﬂ? recerve immediate and
adequate protection/’ 3) A study of the lif&{cycie of M. auricularia ‘)’ and
4} To determine habitat requirements and to formulate a captive
breeding programue.

Following these recommendations endorsed by the Bern Convention

Standing Committee (Council of Europe 1996), Spain undertook a

AL
research project to mv stigate the presence. of live populations  #r—erdes
TRLESTL Wo—w . !
to contribute o710 ¢ distribution and biology as a

preliminary step toward% de%1gn1ng a compleje pidn for its conservation
Q f

and restoration.

! ML@MM the
species in a well-preserved channel of the Ebroﬁ(\}:iver. In the near
future, efforts « be/ directed at surveying the main course of the

river. Studies currenfly in progress are ing on seme bioclogical
s

aspects?ﬂmg&&;‘%ﬂm DEJM/M

Peculiar reproductive behaviour

c—gm\ u"%
All freshwater mussels share a complex it 3 requir
ML

a vertebrate host, usually a fish, during tﬁelr&arval Qtafre Thfésék

microscopic thin-shelled larvae(glochlgum) that the—m&&%e-}a brood and

eaqég“by the millions was i ed in the nineteenth century g

Ny
parasitg species of fishes (Glochidium parasiticum), ditferent from apsy




1o ol eoeq 1S Euy

/c&id
tRer-nrtssel—species. Thi-s—-l%&;ia RﬂMhas hooks apdlor teeth to

attach itself to the fish's body (fins or gills) where iE%%ulate({

spEmds several weeks as a temporary ecloparaszte,«f@@ﬂ%ﬁ%eﬂﬂg—u&%w_

~{1
W mpmid__beﬂ%mc juvenile.

— IS IS USSel s tispersal—method:

Knowledge of the relationship between mussel and host fish is essential

TN
/Lef any attempt to preserve endangered freshwater biw ies.

Altaba (1990) hypothesi?c-:d about the possible specificity between the
glochidium of M. auricularia and the Western European sturgeon
Acipenser sturio (Linnaeus 1758), a relict fish in European rivers and
practically extinct in Spain (Elvira et al. 1991; Blanco & Gonzilez 1992).
Both species occur together in Pleistocene deposits (Preece 1988), and
both have been declining since the first half of this century.

The glochidium of M. auricularia was recently described by Araujo &
Ramos (1998).

Material and dethods

/

The study area

The Imperial Channel of Aragén was built in the eighteenth century and

runs parallel to the Ebro @\iver through the Spanish provinces of Navarra

01 Vo ¢ auy

and Zaragoza (Fig. 2). 1t belongs to the Ebro river basin and flows across

a qualernary bed over 115 km, the last 25 km being a narrow concrete

e o T

ditch 1-2 m wide. Thzsw regularly dredged and cleaned. The main
part of the channel is 10 m width and about 3.5 m depth when it is _full.

When empty, the water a‘%@r 18 arounq\ 40-100 om ‘: Twm
S OGﬁQ m/sec. H—-has no shore‘ vegetation except some Irees and

Toug &




scattered patches of Typha sp. No aquatic vegetation Tﬂ—femﬂ‘a‘lmrg the

channel.

Method

The Imperial Channel (Fig. 2) was surveyed ﬁf'eﬂ‘l—%&—%e-@;yé—wh@g_g
Auas-_gaaﬁ.y—@mp{%ngth special emphasis e whose bed has

not been W Mussel sampling was -made by looking for
tracks and 32 s, using a gthiségpe in deeper areas. Samples taken
wzthu% ‘when the channel was full of water did not collect
specimens in areas ﬂﬁhm?/ﬁ UL WWM
In order to estimate thecggédand den31ty of the M. auricularia
population, collected specimens were measured (length, width and
height), marked, released at the site and recaptured | (the—exact—sites
~where—tire Species currently~Hues_cannot be_published—for—obvious—
TEARONE |-

Six areas in the channel were successfully sampled:

- Area 1: a 100 m transect was surveyed on 28 Feb.1997 and on 24 Nov.
1997.

- Area 2: a 2 km transect was surveyed on 20 Feb. 98§.

- Area 3: 12 transects of known length were made along 150 m on 4.
Dec. 1996. These transects were sampled again on 26 Feb. 1997,

- Area 4: a 200 m transect was sampled on 14 Feb.1996 and on 4
Dec.1996.

- Area 5: a 200 m transect was surveyed on 3 Dec. 1996,

- Area 6: a 1 Yomesr ransect was sampled on 28 Nov. 1997,



The simple Lincoln index (meoln 1930) was used to estimate

Sfebli_ D 5
population densities, m%mg%mwm

MWMMW According to this index,

Nn/Ne=Nm/Np, where Nm= number of specimens marked, Nc= number

of specimens collected, Nn= number of specimens marked at Nec, and Np=
total population

Specimen track width of the four Unionoid species living in the channel

was also measured between the peaks of the track, the section of which

is more or less triangular. KVZ{?{L CQMWMC% P% OWM“W[V ;3

c
A S

In order to discover specimen age, we used the technique of thin-

sectioning of valves, which is -highly recommended,by Neves & Moyer

Us " )
(1988) nionoids.) Three old empty  valves representing three

Yo (e, .
specimen sizes (,%*bg-ggest, thg—uﬁeed{uun and 52 smallest found) and

one recently dead specimen were sectioned and the annuli counted. In

order to validate age estimates, complementary valves of those thrat~had

—beerr thin-sectioned were submerged in aqueous KOH solution and the

external shell rings were compared with those observed in thin=sections.

With these data}we tred—to exkrapolate&the age of living speczln/l\;as

according to their lengthS (M MW’Q
The algag species in the channel water column and in sediment sample M‘

taken when the water level was low in Area 3 (the richest in M.

auricularia) were studied. Samples were studied both in vive and fixed

in lugol and formol.

Repeated physico-chemical measurements of the water were miﬁiil%:e}d_

in Area 3 % low and full water levels. Other water quality analyses
were made at the—zerer klametre and 30 km downstream of Area 3. Al]

0 Kua



Yolbo s g dpad, and wells s P@MWO@%VL
Y;?TM ¢ Dl oot Vhouy . WA &@{&M

these analyses were kindly p10\nded by the Confederacién

Hidrografica
oo, Wl God St 1t W 2 @;im?“‘g“
w,ﬁ, ?ﬁwﬁ,Wi

Eight specimens of M. auricularia were maintained in an aguarium

containing 120 4t€% of water and 10 ¢m of sediment, both from Area 4.

C M
Several days later, 11 specimens of the stuweon species Acipenser cf. ﬁm
1020 U Wi, ; y
baeri Brandt 1869 were ¥ :

)

the aquarium. Water temperature ranged between 16 and 20 °C} and pH
from 7.5 to 7.7. The mussels were fed with dissolved egg yolk and
nuiritional diet for fine-filter ieders ()Advanced Invertebrate 1
Formula. Marine Enterprlseg Inc.). The fiShE‘,S were fed \«? Tetra Diskus )

{acs
Futter (Tetra) and red mosquitd larvae. After infection with glochidia,” '/

‘f{,&. sturgeon§ Were&e%ul?gy removed from the aquarium and anaesthetised

ey
with 8222. iiaw were excised and observed under a SZH10

Olympus steteomicroscope.

In a second experiment, five sturgeon\{;{ infected with M. auricularia
glochidia were isolated in an aquarium (water temperature between 23-
24 °C) without sediment and with a 5 mm mesh plastic net on the

bottom. One month after infection, the bottom water layer was pumped

through a 60 pum mesh every two days in order to recaver mua@;ﬁ({g
juveniles. s kaes/

Observations on the Spanish population of M. auricularia

Natural habitat
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wﬁb{k‘% Y C&h%

Cthitid

Specimens of M. auricularia were enly deteeted m Six transects of,,the

channel, being absent from all @areag with @allﬁ@beds

and many e areas with natural beds. The species coexists with a
WArtad
very rich community of P. litroralis (Lamarck), U. elongatulus C. Pfeiffer

and A. cygnea (Linnaeus), which inhabit most of the channel at differenr—

Vo-igeend
densities.

M. auricularia lives partially buried in clay-sand and gravel beds,

sometimesg (especially in the breeding season) nearly vertical with the

o tion exposed and sometimes horzzontal showing only the
dordad bapAosuy O , |
wrrborrat—ard uvamcni—fﬂ”@‘&* The tracks . (Flgure 3)

in the sediment are very wide (X=7.97 cm; sd=1.12; n=123) and easily

n=17), although the largest specimens of A. cygnea can leaye snmlar

tracks to those of M. auricularia. Wz&é’w&w (
K\»MI@‘\number of live M. auri

transects is shown in # is not the total

tlaria

—-Specimens because the species probably z%?l exists in other unexplored
P

areas. _Jadezd, Ehe selected transects do not represent the whole area 9

occupied by the mussels. faw MMWMQ '
In Area 3, wmnd one specimen w iCh,_witheutany deubt, came from

Area 4, pwa kilometres downstream.” All the collected specimens were

above 13 cm except one measuring 10 cm. ThinSectioning and reading
, . . . F o

the rings in valves did not yield accurate results—sbout agi as 1t was

impossible to correlate a specific length with age. The population

structure, based on length measuremen{s Isreprosenied-—in (Fxgure 4\

U{L{S&s}w&ww wWySM

\.ﬁa [n}m.r\mnAdi
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The algae species identified, ip the Imperial Channel are sKown in Table
oAl
1. In both &% water”and sediment Samples) the main peaﬁies Alg.

diatoms, which were much more abundant in the sediment. All Bf""thtm—?%?m(

are benth&%nc algae bﬁmlkahne and mineralized waters.

Data on water quality in the channel at %@ro km and 30 km downstream

frea 3 j:im3 N w%w NI ol ?gmwﬁ%% /

Aaquarium__ results

of Area 3 are given in Table 2.  Physico-chemical values of the water iﬁh

ploedl

As soon as the M. auricularia specimens were,pat' into the aquarium,
they began to release white masses of eggs and developmg embryos,
starting the true emission of mature gioch1d1j 7 daysﬂﬁef-%h&‘mmggig
~had beer—placed and 4 days after the fish wexe introduced. The masses
of glochidia were strongly expelled through the exhalant aperture, and
subsequently remained either on the aquarium bottom, or «k}m over
thﬁnﬁel stret- (Figure 5) until they were ingested arrd—Trmhated- by ‘tha“sf’(("‘kg’éd\(i
/fl.s—:r\es One day after emission of the glochidia, they were observed
attached to e—fistres™ gill filaments. lochidie{é;pulsionﬁand et
immature ‘ 1 stages lasted approximately 35 days, with a
lapse of«-ﬁ%days without emission jn the middle of the spawﬁing period
and with a marked peak of glochidia}\release on the 28th day.  The
spawning of the eight specimens was synchromf; ¢
Four infected fishes were removed from the aquarium, anaesthetized,
ana examined 5, 13, 34 and 60 days after infection, respectively.
The first three had gill filaments packed with glochidia , but glochidia

were absent fromr—thre—letier.
ot teg dﬁcm(S .



Two other parasitized fishes were removed 8 days after infection and
transferred to a small 3<Hire aquarium withous sedément/-i-ﬁ*—ﬁfée; to
monitor giochidia development and recover th-@jp’;ujslhls juvenile
mussels released. After six days in these conditions (\”fgmpe:ature 18-

o ... m . L I~ 3 e LA
19°C), no glochidia were observed in the fshmz gills. A regular Surved
of the bottom of this aquarium with a suction pump revealed several

empty glochidial shells. These t%g fishes were reintroduced into the

aquarium with the mussels beinglreinfected over a period of seven days.

s ‘ e glochidiadencapsulated ¢in all gé gill filaments and over their entire

1 - (Fig. 6A).  Thirty=four days after infection, encapsulated glochidia

became spherical in shape (Fig. 6B) when compared with those from the

two former fishes (5 and 13 days, respectively), but they did not

: . T
increase in 11 oy

Sol MK s
Ten days after the last sturgeon was ., the remaining fishes were
removed from the aquarium. S , several bottom samples have

éﬁﬁe‘h examined and some empty glochidial shells were found, but no
juvenile mussels were detected even after all the aquarium sediment
was examined.
Exactly one month after the five sturgeonff were infested in the second
experiment, we found 15 live juveniles (Fig. 7A) and many empty
juvenile shells (Fig. 7B) in%&rium bottom  without substrate. Only a
few empty juvenile shells were found in the following 2 1 days, and
no encysted glochidia were found §in the surviving sturgeong.  Shell
measurements of the /B-ew-bﬁm- were: length  190um; height 187 Lm;
and width 225 um.

e 4re \currently study-'{ig sa/mples fixed either in_ bouin's fluid (V
histologyor in glutaraldé“hidum (for scanning 'elect}@z}_..-microsc \

opy) of



g lochtdia and of the—juveniles in /
/
€ mu SGIM\ / {

Discussion

™

M‘ﬁ =
_ The relict population ﬁ‘eﬁbﬁé—aw is a particularly healthy and

'\' one]wnh mussels that are probably survivors of a &éﬁi_b],g)/f}*f"e—

*

community thriving in the main W_bed ol the Ebro. That explains
A e

Natural History

why the channel probably does not represent the natural (ancient)
habitat of the species in all its distribution range.

M. auricularia in the Imperial Channel seems to be a very sedentary
species, as suggested by sa—comparisem—et~the results of our capture-
recapture experiment in the different areas where the species lives. We
assume that the panmictic area for these mussels is very reduced
because adults have very poor locomotion or migration capacity, as
reported by Coker et al. (1921) for heavy-shelled mussels and, more
recently, by Amyot & Downing (1997) for Elliptio complanata
(Lightfoot). The case of the only specimen recaptured o ilometres ™ ~
upstream of the site where it was released might be explained by an [MU{ /
artificial translocation.

M. auricularia can be defined as a short-term brooder (tachytictic)

(Araujo, Bragado & Ramos submitted). Our results are supported by

those of Haas (1917a), who demonstrated that the species does not

incubate between mid-July and :Q ~of September.  Although

NM\
MJLydeard Mulvey & Daws (1996) p@%t the Margaritiferidae
m‘_/a:h“‘-—‘“" . A




T foua wa pekalty Yo 5cgoutl 1

species are reported as bradytictic‘é all known species of the genus
Margaritifera are short-term brooders (Heard 1970; Smith 1979; Bauer
1994). We do not know when 5? fertilization of the ova occurs, but
specimens collected in the wild in mid-February 1996 had their four
gills full of embryos which developed in glochidia released _in—the.
aquaram one week later and until March ZZA”tmﬁl‘a{beak on March 14)

As >ga~rQs the sex ratio

is a high pi;\fipor\t\ion

this population, our results suggest that there

hermaphrodites. This idea_gerives from the fact

that all aquarium~spSoigens released glochidia. /ﬂsto}’c{gical st S
the\ go % zcj&a p@@}&(x&\l sw&(thw% tmrj

///ac C %/Z:Zl

o4
ore Uwﬁ% (i,

[l 2

regards—tarvat leli results sbow that the sturgeon is a
%@M.nmm,ate_ag_spee—iﬁc host g{'the UIOChidIﬁe@é} of M. auricularia, as
_ &S previously sugge%ted%{AItaba 1990), - ~ In

our experiments, glochidia wadesteent metamorphos# ¢n the gills of Cﬁt@{
gq‘ﬂ_ﬁm in the aquarium, and juveniles were released after 30 days at 23-

24 °C (690 {day Glegm:eg> Live juveniles move rapidly when observed

under the stereomicroscope, with retraction and protraction of the finely
ciliated foot. s regard shell changes during metamorphosis, the
juveniles%@a nea erical shape produced by the addition of a
very thin edge of shel(\material @ around the old giechidiai%ﬁ.i
Acipenser sturio, probably the only species of & = uMoccurr_ing_g
naturally in Spain, was exploited until the mid-1960s in the Ebro {@\iver,

but catches declined following the construction of reservoirs (Sostoa &

Lobon-Cervid 1989). The absence of A. sturio specimens in Spain, and

especially in the Ebro basin for many vears zmm 16:513031;P
for the decline of M. auricularia. A oa
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Our results indicate that A. cf. baeri is a good species to be used as amer—
s fish host if a recovery plan for the species Mﬁm& Moreover,

it seems that reinfected fish specimens do not develop acquired

The unexpected discovery of this M. auricularia population in Spain and

Tesults ef—this-paper revive interest in the species and pose new
and puzzling questxom abewt=t¢: On the one hando%"’m“‘fme-—ﬂaﬂ{.,._

immunity against glochidial infection. Uy o

QJY

Conservation Measures

- —ecompared-to_adultss  unionoid juveniles are

L

collected because of
mﬂmr}d different habitaf ¢

(Isely 1911; Hudson &
Isom 1984; Neves & Widlak 1987; Miller & Payne 1988; Buddensiek

1995; Richardson & Yokley 1996)6,4%@?@%—%}@*%%
i ' _particularly- th dtiterids. Only Buddensiek
et al. (1990) and Buddensiek & Ratzbor (1995)%&(1 the chemisiry of

interstitial water of bivalve habitats, with emphasis on the juvenile
stages of M. margaritifera. Data a&% feeding and burrowing behaviour
of juvenile unionids reported by Yeager, Cherry & Neves (1994) suggest
that this stage is the most susceptible to environmental alterations. The
fact that neither juveniles nor middle-aged specimens were found in the
study channel suggests ‘:% that 1) the specific host fish has not lived
in the(abannel or in the river for many years ggggbr 2) features like
or water quality do not allow juveniles to settle and survive.
Nevertheless, the -luxu%ﬁ%; abundance Pf thehother three species of
mussels in the channel, mainly in 1t5i__f£s_tihalf c]early suggests that the

special conditions of this old channel (mainly water quality and bottom

composition) are among the best for a healthy naiad community. In sim



observations suggest that the species should be more common, as are
the other related ?ﬁ&%ﬁm Eheﬁygﬂzj\dy area.
Evaluation of the possibility of, fish species -other—thanr Those 5
A M
&_@@ being parasitized by its glochidia, and of the—sueeessof—this—uausugln.
__LxER in the wild 1s pendmg/ Ithough experiments with local fishes in
e aquarim and electric-fishing in the Imperial Channel are mﬂf

: S :
in.process.  These Jeswlts are essential for subsequent application of

spectes  reintroduction policies.

After the dead specimens of M. auricularia were found near the Ebro
estuary in 1990, a s-égof recommendations for the effective
protection of M. auricularia and other unionoids in the Ebro Delta
Natural Park were proposed (Altaba 1990) fas—fotowss: 1) Restricted
coliectmg/ 2)}{esea1c}y 3)/5rotect10n of fish hosts. 4) Protection of key

habitats S)ﬁucat on/ 6)/Estabhshment of captive breeding colome?
7y Repopul at10n[4 8) Water quality contro

Points 6 and 7 are of primary importance, but as the %Mthor
/
@we need to increase our knowledgse of M. awricularia ecology

. W e W
prior to carrying out these actions. NG%Fh-&{—we«%me\minaved 1o
—aeguiFe—tiny knowledge, it is time to .mﬁr%mi%wqw

/]
Firstl@:ﬁrﬁi‘, the newly discovered breeding population, threatened by ZLQU(‘
plans to cover the channel bed where it lives, needs to be protected. Its
habitat is threatened because the channel, like many others in Spain, is
included in government restoration plans to avoid water wastage. The
dredging of the Ebro €‘r\iver bottom near the estuary to make the river
navigable and the construction of several dams are %0 pending threats

to the Catalonian population (Altaba 1997).



In the case of the/\ annel fiETpestion, the bestm

—recreational-and _cultural. peints i 1§ to stop the proposed work and

rAdh
maintain the channel i an_"orgdnic” state

N

5 1 : B /
—Hrany—ease, fit is -secessary to increase Y%efforts 5 survey the main course
. . . . . . . AT

of the river with—thearm—of discoverfijg new breeding colonies or stocks

of juveniles Ze~erder to—COMTITIT WHETHET the—species—conserves the

Jﬁpmdum-—ﬁ@eeﬂ{;ai_to_cﬂmpl&%%&ﬁ%ﬂ—m&ﬁm&eﬂqﬂ_nawral

'conditions. This is not an easy task due to the river's characteristics! amd

it would prebably be necessary for scuba divers to survey different

transects and to employ special dredging methods.

Simultaneously, and with the available information on the breeding

season and reproductive strategies under study, av\mexperiment

close to the natural habitat of the species ﬁe‘é‘gr?:gééae designed to
investigate different kinds of substrates suitable for adults and
juvenilesg ﬁ"—m%@spemes that are likely to host the para31t1c
larval stage in order to carry out "in sita” and "ex sim" breedm

experiments, including artificial infestation of host fishe fhis (‘{W
&_W

information is pLehmmary step to any plans for specms recovery or

restocking of former habitats. Similar experiments on artificial

propagation of freshwater mussels were carried out successfully many

years ago in the Mississippi River (Lefevre & Curtis 1921} and currently

in several North American rivers (Neves pers. com.).

After the rediscovery of M. auricularia and the corresponding report to

Zle I.)Nl'rfaccmn ‘General de COB%C}{'V&ClOH de la Naturaleza'of Spain, t?w MM@

omisién Nacional de Proteccién de la Naturaleza has included thed W

/qp%,z% on the National Endangered Species List (Royal Decree 439/90)

in the category of "threatened with extmcﬂon heing the first .

WF&%’WMM&L Furthermore, the presentation of this
s et -




discovery at the "Colloquium on Conservation, Management and
Restoration of Habitats for Invertebrates" and at the "Meeting of the
Group of Experts on Invertebrate Conservation" of the Bern Convention
(Killarney, Ireland, 26-29 May, 1996) (Araujo & Ramos 1996a) led to
new recommendations approved by the Standing Committee of the
Convention, including most of the measures listed above and also the
suggestion to include the species on Appendix II of the Habitats
Directive among the species group for which the designation of special
conservation areas in the European Community is needed (Council of
Europe 1996).

Old reports like that of Coker et al. (1921) and more recent research on
endangered unionids (Bruenderman & Neves 1993, Hove & Neves 1994;
Vaughn & Pyron 1995) are essential to an Pndersta ding of the natural
history of freshwater mussels, but essentialm&eding habits,
bottom, depth, #Eit=mmd current of the water bodies suitable for these

molluscs, especially species of the genus Margaritifera, are still

unknown. This is further proof of the contingencies prevailing through

out the life of naiads, particularly due to their parasitic stage on the

body of an extremely active host like fishes. M
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