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ABSTRACT

A review of the freshwater mussel collection housed at the
Museo Nacional de Ciencias Naturales of Madrid (Spain)
(MNCN) including complete specimen data for the 3,270 lots
is provided. The 10,009 specimens (single valves not included)
represent species from five continents and Oceania, with
342 species in 110 genera be l()ntrmtr to 6 Lm](nti\ recog-
nized families of the Order Unionida. This collection contains
429 % and 60.7 % of the total curre lltl\ ll'unfnllml unionoid
spec ies and genera respectively. There are 152 lots with 30 spe-
cies from \Ill(d 1.359 lots containing 245 species from the
Americas, 125 lots lndudmg 55 species from Asia, 1472 lots
representing 18 European species and 28 lots of 7 species from
Oceania. The Iberian Peninsula has the greatest representation
with 1,233 lots (114 Margaritiferidae and 1,119 Unionidae).
The alcohol-preserved collection includes 456 lots of European
and 39 lots of North African mussels, and represents a sig-
nificant contemporary collection of freshwater mussels from
these areas. We also present an historic description of the
collection, with special emphasis on the South and Central
American mussels collected by the Comision Cientifica del
Pacifico (1862-1866), and ll]]li(ltt'li data on the presence
of threatened and endangered species following the Endan-
gered Species Act (USA) and the Habitats Directive (Europe).

According to the International Union for the Conservation of

Nature [TUCN] Red List, there are 30 % of the Vulnerable
species, 36 % of the I".n(lmlgt'rt'(] species, 44.5 % of the Criti-
cally Endangered and the 34.5 % of today’s Extinct freshwater
mussels represented.
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INTRODUCTION

Biological specimen collections, conserved natural
history museums and other institutions, provide a rich
source (T}‘ (]Elta & ‘;ﬁ('nﬁill f‘(]]’ Nnumerous areas ()f‘ rese ‘(l!‘(']l
including biogeography to phenological or evolutionary
‘th(l][’\ T}l( 25E ()”l E t](]]l‘ﬁ {U]]Ip[l‘a(’ Sdlnl‘}]( S L()]]( scte ll
during the period of accelerated anthropogenic habitat
destruction, climate warming and freshwater habitat
destruction. These specimens and their associated data,
document baseline conditions before the major impact
of these factors (Nicholson, 1991; Allmon, 1994; Shaffer,
Fisher and Davidson, 1998: Lister et al., 2011 Sudrez
and Tsutsui, 2004). Museum collections are essential for
the future documentation of the abundance and dis-
tribution of species (Lips, 2011). In order to achieve this
goal, it is necessary to curate existing specimens and their
corresponding data in museums dml make sure this data
is well organized and available for scientists (Solem at al.,
1981) and others on the World Wide Web.

The objective of this paper is to update the data
associated with each lot (taxonomic, faunistic, storage,
number of specimens, etc.) in the freshwater mussel
collection (order Unionida) (Bouchet and Rocroi, 2010;
Carter et al., 2011) of the Museo Nacional de Ciencias
Naturales (Madrid, Spain) (MNCN), providing a com-
prehensive overview of this material, as well as docu-
menting the association of classic studies on taxonomy
and (llstnhntmn with the spt’umt ns. Dry sp(*um( ns may
be used for studies on shell ultrastructure, trace ele-
ment analyses, sclerochronology or climate change,
while alcohol- preserved specimens can be the source
of anatomical and molecular markers used in systematic,
phylogenetic or evolutionary research. We present an
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historical d(‘,‘i('riptiun of this collection, with sp('(:ial
emphasis on the freshwater mussels collected by the
“Comision Cientifica del Pacifico”, a natural history
expedition made between 1862 and 1866, and provide
updated data on the presence of Threatened, Endan-
gered and Extinct species following the ITUCN Red
List, the United States Endangered Species Act and
the Habitats Directive.

The mollusk collection of the MNCN houses
around 100,000 lots of the eight known mollusk
classes: Solenogastra, Caudofoveata, Polyplacophora,
Monoplump}mm, (Iustr()pndu? (I(\;)lmlulmda, Bivalvia,
and Scaphopoda. Although specimens have been col-
lected from around the world, the best represented
areas are the Iberian Peninsula, Philippines, Cuba,
F,rlmltnriu] Guinea, and South America. The terres-
trial mollusk collections from the Philippines, Cuba
and E(lllzlh)riall Guinea are pr()l)uhly among the best
in the world. There is an important historical repre-
sentation of the South and Central American fauna
coming from the Comisién Cientifica del Pacifico.

The core historical material of the collection is
from three Spanish malacologists: Paz (P. M. Paz y
Membiela, 1808-1874) with 40,000 specimens represent-
ing 12,000 species and subspecies, Hidalgo (]J. Gonzilez
Hidalgo, 1839-1923) with 8,000 species, and Azpeitia
(F. Azpeitia, 1859-1934) with 80,000 specimens of
8,171 species (6,594 gastropods and 1,577 bivalves)
(Barreiro, 1992). Other historical material comes
from the founder of the Museum, P. Franco Divila
(1711-1786). and from M. Graells (1809-1898), who
was director of the museum between 1845 and 1867.
More recently, the collections have grown with the
additions of A. Ortiz de Zarate (1887-1964) with

4 500 lots. A. Cobos (1922-1998) with 4.390 lots, and
J. Conde with dppr()\mmtel\ 20,000 lots. The type
collection including primary and secondary types, con-
tains 1,192 lots wrrmpt)ndmgs to 946 taxa, all are com-
puterized, arranged in taxonomic order, and housed
in all steel cabinets with metal drawers that meet con-
servation standards and are locked (Templado et al..
1993; Villena et al., 1997). Currently, only 50% of the
general collection is computerized.

The Comision Cientifica del Pacifico (the Comisién)
collected 38,755 specimens belonging to 816 different
species (Almagro, 1866). Most of them were collected by
the President of the Comision, (P. M. Paz y Membiel: a),
and l)}-’ F. P. Martinez y Saez, but other me smbers of the
expedition like Jiménez de la Espada, Isern and Almagro
also collected mollusks. Zameron, Barreiros, Philippi
and Richardson donated 767 specimens of 43 sp(’ci(*s,
and 37 specimens of 19 species were purchased (Almagro,
1866). All of the Comision specimens were studled by
Martinez y Saez, who was responsible for mollusks
during the expedition, and by J. Gonzilez Hidalgo
(Hidalgo, 1900; Calvo, 1994). Martinez y Saez and
Hidalgo wrote the three volumes set Moluscos del viaje
al Pacifico, which included marine bivalves (Martinez,
1869), terrestrial gastropods (Hidalgo, 1872) and marine

gastropods (Hidalgo, 1879). The freshwater bivalves
were studied by Isaac Lea (1792-1886) (Lea, 1866a. b,
1867, 1869a, b) and Fritz Haas (Haas, 1886-1969), who
published “Nayades del viaje al Pacifico” (Haas, 1916).

Of the 60 new mollusk H])((I{ s de strlln(i from the
material collected by the Comision, 18 were freshwater
bivalves: 2 were described !)\ Hidalgo (Calvo, 1994),
14 by Lea (1866a, b, 1867, 18694, h 111(1 2 h}‘ Haas
(1916). The 14 species described by Lea (1866a, b,
1867, 1869a, b) lacked exact locality data, reporting
only South or Central America, but were probably
collected by Paz in the Uruguay River (Salto Oriental,
Uruguay) and were sent to Lea at the end of the expe-
dition (Haas, 1916). It was uncertain if Lea’s types
were included in the MNCN or in the Lea collection
at the USNM (Smithsonian Institution, Washington, DC)
(Haas, 1916).

RESULTS

Detailed locality, taxonomic and historical on all the
freshwater mussel (Unionida) lots in the MNCN collec-
tion can be found at the Global Biodiversity Information
r‘uilit\ (GBIF). There are 10,009 specimens smtfl(
valves not included) in 3,270 lots representing 342 spe-
cies of 110 genera belonging to the currently recognized
6 families: Mdr;_,.mhf( I"I(Li( Unionidae, M\L{ h)p()duldt
(= Mulleriidae), Etheriidae, Iridinidae and Hyriidae
(Bouchet and Rocroi, 2010: Carter et al., 2011). The
collection contains re presvntdtlw lots and t,pc(nnvns
of 60.7 % and 42.9 % of the total number of described
unionoid genera and species t'vspvcti\'(-l_\' (Grat and
Cummings, 2007; Bogan, 2008) (Table 1). There are
587 d]t()]]()l prese T‘\Lll lots and 2,683 dry lots. Among
th( se specimens are glochidia, optical microscopic .11
slides of soft parts and shell thin sections.
Summarizing the geographical information on speci-
mens in the unionoid collection (Table 2), there are
134 lots without locality information, including the
continent of origin. The area represented by the most
specimens is Fnr()p(. with 18 species (111(]11(]1110 the
exotic Sinanodonta woodiana (Lea, 1834)) in 1,472 lots,
and 29 lots without country identification. The largest
number of lots comes from the Iberian Peninsula, \\1(]1
1,233 lots (114 Margaritiferidae and 1,119 Unionidae):
1,131 fmm Spain and 102 from Portugal. During the
past 12 years (Soriano et al., 2001), the Iberian material
in the family Unionidae in the collection has grown by
754 lots. Other European lots by country are: Albania
(3), Austria (7), B('Igmm (1) an_,i and (14), Croatia (6),
Czech Republic (1), Denmark (1), Estonia (2), France
(69), Finland (1), Germany (37), Greece (32), Hungary
(7), Treland (5), Ttaly (58), Latvia (2), Netherlands (1)
Poland (11), Romania (2), Russia ( l71 Slovakia (10),
Slovenia (4) and Switzerland (3). Of the 152 African
lots, 42 come from Morocco, 19 fmzn Egypt, 18 from
Senegal and 18 from Tunisia; the rest come from Algeria
(1), Burkina Faso (3), Burundi (7), Democratic Republic
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Table 1.

(2007). (2) Bogan (2008),

Total number of genera and species in families of freshwater mussels in the MNCN collection in comparison with the
whole deseribed taxa. * We consider all the living Margaritiferidae belonging to the genus Margaritifera.

(1) Graf & Cummings

Species Genera Described Described Described

MNCN MNCN species (1) species (2) genera (2)
Etheriidae 1 1 4 1 |
Hyriidae 34 9 71 83 17
Iridinidae 12 6 43 41 6
Margaritiferidae 1 1* 12 12 3
Mycetopodidae 24 7 36 39 12
Unionidae 264 56 674 621 142
TOTAL 342 110 840 797 151

of the Congo (6), Ethiopia (1), Gabon (1), Guinea (1),
Ivory Coast (2), Libya (2), Mauritania (1), Niger (1),
Nigeria (1) and South Africa (6). The alcohol-preserved
collection, with 456 European and 39 lots of North
African naiads is one of the most significant contempo-
rary collections of freshwater mussels for these areas.
There are 1,358 American lots, which include 973 from
the United States of America, and 53 lots from Cuba,
44 collected by Poey already included in the Paz y
Membiela collection (Barre im 1992), and the aforemen-
tioned specimens collected by the Comision Cientifica al
Pacifico (see below). The number of lots by country
is: Argentina (14), Bolivia (4), Brazil (60), Canada (2),
Chile (17), Colombia (2), Ecuador (18), Guatemala
(1), Mexico (10), Nicaragua (8), Paraguay (1), Peru (3),
Uruguay (103) and Venezuela (1). There are 78 North
American lots without a country listed. The best repre-
sented Asiatic countries, with a total of 125 lots, are
Japan with 33 and China with 21. Other Asiatic lots
by country are: Cambodia (1), Philippines (8), India (15),

Indonesia (5), lr.u] (6), Israel (2), Laos (3), I\Lllu_\-'siu
(1), Myanmar (2 ) Singapore (2), Sri Lanka (2), Taiwan
1), Thailand (7), Turkey (9) and Vietnam (7). There

are 28 lots from ()(‘t‘;l]lial, 8 from Australia and 20 from
New Zealand.

HISTORICAL OVERVIEW

Among the freshwater mussel historical material, it is
important to document the presence of mid-nineteenth
century sp{‘tim('ns collected in South America h_\'

Table 2.

number of species.

the Comision Cientifica al Pacifico (1862-1866), which
included the Parani and Amazon basins, Chile and
the Pacific coast of Ecuador. The information about
thvsv specimens comes from three different sources:

) Almagro (1866, page 162) published the list of the
fl( shwater mussels collected in the Comision, de t{u]m},
the localities (15), number of species (44), number of
specimens (300) and the name of the collectors. (This
information was based on specimens exhibited after the
Comision Fxl)(’diti()n): (2) Lea (18664, b: 1867, 1869a,
b) described 14 new species from South America, pro-
Cure (l I)\ I)d/ (]ll]]]l?_‘ tll( ( []]]Il‘ﬁl()]l l]”t i(l]l( ({ tl) ll](.['l]d(
any reference as to the origin of the specimens. Fol-
l{mmg Lea (1866a), some lJf the material sent by Paz
was preserve :d in alcohol: (3) Haas (1916), who, dnrirl?_,
his obliged stay in Spain due to the unfavorable politi-
cal (]mmt(’ in Germany (Haas, 1915), was invited to
the MNCN where he studied the mussels collected
during the Comisién. Haas (1916) listed 32 different
taxa from the Comision collection, two he described as
new species (Diplodon hidalgoi and Mycetopoda bolivari).
He added a summary organizing the species by river basin
and included some hl()lrmgmplnt remarks and observa-
tions. Most of this material is in the MNCN collection
and has the original Haas label (Fig. 1). In his paper,
Haas mentioned that some specimens were sent by Paz
to Lea, who published several new species based on this
material (Lea, 1866a, b, 1867, 15869a, b) and Lea did not
return part of it. This included four types of species
Lea described, and Haas supposed they were in the
Lea collection at the United States National Museum,
Washington, DC (Haas, 1916).

Number of lots in families of freshwater mussels at the MNCN mollusc collection. In brackets the C(lrresponding

Africa America Asia Europe Oceania Unassignt'd

Etheriidae 6(1) 1
Hyriidae 142 (26) 28 (7) 4
Iridinidae 41 (12) 1L

Margaritiferidae A 4 (2) 3(2) 136 (3) 4
f\[}'(’t'tt;ptlditlm' 148 (23)

Unionidae 102 (16) 1,064 (193) 122 (53) 1,336 (15) 125
TOTAL 152 (30) 1,359 (245) 125 (55) 1,472 (18) 28 (7) 134
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Figure 1. Handwriting of Fritz Haas on the labels of the
Comision specimens.

We located 51 lots of mussels collected by the
Comisiéon (Table 3. Freshwater mussels from the
Comision Cientifica al Pacifico in the MNCN mollusk
collection. Posted online at http: //nduti[us shellmuseum
.org); they include 223 specimens of 2 2 species be [(mﬂ-
ing to 2 different families. We verified that the specimens
sent to Lea by Paz were indeed absent; at least those

C()rr(?sp()nding to the ﬁ)H()\\*i]];_r, seven spt'cit‘s described h_\'

Lea (1866a, 1869) are not in the MNCN., We have found
them at the mollusk collection of the Smithsonian Institu-
tion, National Museum of Natural History (Washington,
USA): Unio ampullaceus Lea, 1866. Type: USNM 85614
(=Diplodon wymanii (Lea, 1860)), Unio locellus Lea,
1866. Type: USNM 85189 (= Iﬂnpz(fnrhmm variabilis
(Maton, 1811)), Unio parcus lLea, 1866. Type: USNM
85198 (=Rhipidodonta charruana (Orbigny, 1835)), Unio
acutirostris Lea, 1866. Type: USNM 85930 (=Diplodon
parallelopipedon (Lea, 1834)), Unio apprimus Lea, 1866.
Type: USNM 85167 (=Diplodon wymanii (Lea, 1860)),
Unio rugososulcatus Lea, 1866. Type: USNM 84392
(=Pachynaias nwusnsm’mm (Lea, 1866)), and Unio
rufofuscus Lea, 1863 Type: USNM 84101 (=Rhipidodonta
grata (Lea, 1860)). Another part of the Paz material
is separated between the Smithsonian and the MNCN
(Table 3. Freshwater mussels from the Comisién
Cientifica al Pacifico in the MNCN mollusk collec-
tion, posted online at http:/nautilus.shellmuseum.org):
Unio paraguayensis Lea, 1866. Type: USNM 85068
(=Diplodon delodontus (Lamarck, 1819)), Unio pecullaris
Lea, 1866. Type: USNM 85190 (= Diplodon wymanii
(Lea, 1860)), Unio firmus Lea, 1866. Type: USNM 85113
(= Drp!udrm delodontus (Lamarck, 1819)), Monocondylaea
lentiformis 1ea, 1866. Type: USNM 86335 (=Monocondylaea
corrientesensis (Orbigny, 1835)), Monocondylaea pazii
Lea, 1866. Type: USNM 86342 (=Monocondylaea
minuana (Orbigny, 1835)) and Anodonta pazii Lea,
1866. Type: USNM 86703 (=Anodontites trapezea (Spix
and Wagner, 1827)). Haas (1916), cited S Simpson (1914),
noting the type of Anodonta napoensis Lea, 1868 was

also sent h\ Paz to Lea and it was present in the Lea
collections in the Smithsonian Institution, \\‘L‘\[l]””‘t(lll
DC. This was an error 1)\ Haas (1916) because Smlpmn
(1914) did not cite Paz as donor but the name of Prof.
Orton; therefore, the type specimen of this species at
the Smithsonian (USNM 25429) did not come from Paz
but from Dr. G. Strebel (Graf and Cummings, 2013).
Other material from the Comision can be found at the
Senckenberg Museum of Frankfurt (Haas, 1916; Zilch,
1967; Graf and Cummings, 2013).

The two species described by Hidalgo, Castalia
crosseana Hidalgo, 1865 and Castalia pazi Hidalgo,
1868, have l)((n synonvmized under Castalia mnhwrm
Lamarck, 1819 and thmfu.f."mtm hylaea ()1!11;_{:1).
1835) by Bonnetto (1965) and Simone (2006), respec-
tively. One specimen of each was sent by Hidalgo to the
S('mk(nhuﬂ Museum (Frankfurt am Main, Ge ‘rmany)
(Haas, IL}](“J) Svnonyvmized by Haas (1969) are the two
species de scribed by himself (Haas, 1916), Diplodon
hidalgoi and Mycetopoda buht ari, as Rhipidodonta
charmana (Orbigny, 1835) and Mycetopodella falcata
(Higgins, 1568).

It is worth noting the presence of some spltim[ ns
from the Comisién preserved in fluids (currently
70% ethanol) at the MNCN collection that were
pr()lm!)]_\' overlooked I)_\-‘ Haas (1916): 7 specimens of
Anodontites trapesialis (Lamarck, 1819), 6 specimens
of Anodontites trapezea (Spix and Wagner, 1827) and
2 specimens of Diplodon delodontus (Lamarck, 1819).
The remaining 208 specimens are all dry.

We note some differences in the number of speci-
mens recorded by Almagro (1866), Haas (1916) and this
paper. For instance, n’gm‘ding Anodontites patagonica
(Lamarck, 1819), Haas (1916) cited two lots at the
MNCN, one lot of 3 specimens from Rio de la Plata
and another lot with 2 specimens from Miguelete River,
and we have found only one lot, labelled as Rio de la
Plata, but with 6 specimens, four of them with “Rio de
la Plata” written inside the shell. This maybe explained
because some material may have been lost or mixed
during the last 150 years, or because the data from
'\[nmmo (1866) nntrht not l)( accurate. Almagro’s book
was writtvn in the last year of the Comision, so the
historical number of species and corresponding number
of specimens may be inexact. Another reason could be
the loaning or gifting of specimens between different
collections and/or the loss of old labels, as occurred
among the Paz, Hidalgo, and Azpeitia collections. We
have not found the specimens from Montevideo, Negro
River. Aguano and Otavalo (Almagro. 1866).

Some years after the end of the Comision, Paz sent
Lea his collection of North American freshwater mollusks
for expert identification (ACN0252/002; ACN0259/013).
Lea returned the identified specimens (451 gastropods
and 287 bivalves) in 6 parcels to La Habana (Cuba),
where they were shipped again to Cadiz (Spain) arriving
on 12 Jn]\, 1872. On 22 \ug_,mt 1872 thev were moved
by train to Md(l]‘l{l where they arrived on 4 September.
One year later, in 1873, the Paz mollusk collection,
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Tahle 4. Number of freshwater mussels species included in the IUCN in the MNCN collection. Number total of species included

in each category in brackets.

Near threatened Vulnerable Endangered Critically endangered Extinet
America 35 (40) 7(14) 10 (34) 24 (50) 10 (27)
Africa O(1) 0(9) 3(5) 2(4) 0(2)
Asia 0(2) 0(6) 3(9) 1(8)
Europe 15 (6L5) 3 (4) 2(2) 1(1)
Oceania
TOTAL 36 (44) 10 (33) 8 (50) 28 (63) 10 (29)

including this material, was sold to the Museo Nacional
de Ciencias Naturales (Barreiro, 1992).

ENDANGERED SPECIES

Freshwater bivalves are among the most imperiled
animal groups on the planet, declining due to pollution,
modified or disturbed habitat and reduced numbers
of host fish (Lydeard et al., 2004; Strayer et al., 2004).
In cases of imperiled fauna, the role of natural history
collections is essential, being the last repositories where
scientists can study extinct or endangered species
(Nicholson, 1991; Shaffer, Fisher and Davidson, 1998).
The MNCN collection has 82 % of all the Near Threat-
ened freshwater bivalve species, 30 % of the Vulnerable
species, 36 % of the Endangered species, 44.5 % of the
Critically Endangered and 34.5 % of the today’s Extinct
naiads recognized by the International Union for the
Conservation of Nature (IUCN) (Table 4). It also has
nearly 60 % of the North American Endangered species
(Pm]anrr( red Species Act) and numerous lots of all
the European species protected under the Habitats
Directive: Margaritifera margaritifera, M. auricularia,
U. elongatulus, and U. crassus (Tables 5, 6; Table 6.
Freshwater bivalve species in the MNCN collection
included in the TUCN, the Endamgered Species Act and
the Habitats Directive. Posted online at http:/nautilus
shellmuseum.org).

Margaritiferidae represents one of the most imperiled
naiad families. The MNCN mollusk collection contains

Table 5. Number of freshwater mussels species included
in the Endangered Species Act and in the Habitats Directive
in the MNCN collection. Number total of species included
in each category in brackets. * We consider Unio mancus
and U. ravoisieri under the same Annex (III and IV) as
U. elongatulus, and U. tumidiformis under the same Annex (11
and IV) as U. crassus (Araujo et al., 2009).

America Europe
Endangered 43 (73) -
Threatened 1(10) =
Annex I1 - 4 (3)*
Annex IV = 2 ()
Annex V 5 4 (2)*

169 specimens of M auricularia in 68 lots, 67 from Spain
and 1 from France, probably the larg_,es{ collection of
this sp(uu in the world (Araujo and Ramos, 2000),
69 lots of M. margaritifera, 3 lots of the North African
M. marocana, 3 of M. monodonta, 1 of M. dahurica,
2 of M. laevis and 1 lot of the Asiatic M. laosensis.
Margaritifera laosensis is quite rare in collections and
has only recently been collected alive in the northern
region of the Lao Peoples Democratic Republic
(S. Schneider, Personal Communication).

ACKNOWLEDGMENTS

Bogan, ]. Smith, H. Leslie, A. Garcia-Valdecasas,
and K.S. Cummings reviewed earlier drafts of the
nmnuscript_

LITERATURE CITED

ACN0252/002. 1872. Archivo del Museo Nacional de Ciencias
Naturales, 16 pp-

ACN0259/013. 1872-1873. Archivo del Museo Nacional de
Ciencias Naturales. Expediente relativo a la confusion
surgida en el envio de Rafael Arango al Museo de Ciencias
de una coleccion de conchas y caracoles, reclamada por
Patricio Marfa Paz como suya, y posterior compra de la
misma para dicho establecimiento, 66 pp-

Allmon, W.D. 1994. The value of natural history collections.
Curator 37: 83—-89.

Almagro, M. 1866. Breve descripcion de los viajes hechos en
América por la Comisién Cientifica enviada por el
Gobierno de §. M. C. Durante los afios 1862 a 1866.
Mairena de Aljarafe, Sevilla, 174 pp.

Araujo, R., ]. Reis, A. Machordom, C. Toledo, M.]. Madeira, 1.
Gomez, |.C. Velasco, J. Morales, ].M. Barea, P. Ondina,
and 1. Avala. 2009. Las ndyades de la peninsula Ibérica.
Iberus 27: 7-72.

Araujo, R. and M.A. Ramos. 2000. A critical revision of the
historical distribution of the endangered Margaritifera
auricularia (Spengler, 1782) (Mollusca: Margaritiferidae)
based on musewn specimens. Journal of Conchology 37:
49-59.

Barreiro, A.J. 1992. El Museo Nacional de Ciencias Naturales
(1771719.3.)). El Museo Nacional de Ciencias Naturales,
CSIC. Doce Calles, Aranjuez, 509 pp.

Bogan, A.E. 2008. Global diversity of freshwater mussels
(\Iol]usm Bivalvia) in freshwater. Hydrobiologia 595
139-147.




M.D. Bragado et al., 2014

Page 27

Bonetto, A.A. 1965. Las almejas Sudamericanas de la tribu
Castaliini. Physis 25(69): 187-196.

Boucliet, P. and ].P. Rocroi. 2010. Nomenclator of Bivalvia
Families: with a classification of bivalve families by
R. Bieler, . G. Carter, and E. V. Coan. Malacologia 52: 1-184.

Calvo, M. 1994. Informe sobre el material malacologico
recogido durante la “Expedicion al Pacifico (1862-1865)”.
In: M.A. Calatayud. Diario de Don Francisco de Paula
Martinez y Siez. Miembro de la Comisién Cientifica al
Pacifico 1862-1865. Edicién critica, transcripcion del
original, biografia, notas, itinerario e indices. Consejo
Superior de Investigaciones Cientificas. Instituto Juan
Sebastian Elcano, Madrid, pp. 283-287.

Carter, ].G., C.R. Altaba, L.C. Anderson, R. Araujo, A.S.
Biakov, A.E. Bogan, D.C. Campbell, M. Campbell, Chen
J-h., J.C.W. Cope, G. Delvene, H.H. Dijkstra, Fang
Z.-j., R.N. Gardner, VA. Gavrilova, 1.A. Goncharova,
P.]J. Harries, ].H. Hartman, M. Hautmann, W.R. Hoeh,
]. Hylleberg, Jiang B.-y., P. Johnston, L. Kirkendale, K.
Kleemann, J. Koppka, J. Kfiz, D. Machado, N. Maichus,
A. Mirquez-Aliaga, ].-P. Masse, C.A. McRoberts, PU.
Middelfart, S. Mitchell, L.A. Nevesskaja, S. Ozer, |. Pojeta,
Jr., LV. Polubotko, J.M. Pons, S. Popov, T. Sanchez, A.F.
Sartori, R.W. Scott, L1. Sey, J.H. Signorelli, V.V. Silantiev,
P'W. Skelton, T. Steuber, J. B. Waterhouse, G. L. Wingard,
and T Yancey 2011. A Synoptical chmlhmhnn of the
Bivalvia (Mollusca). Paleontological Institute, University
of Kansas, Paleontological Contributions No. 4, 47 pp.

Graf, D. L. dl]d K.S. Lummmgq 2007. Review of the system-
atics and global diversity of freshwater mussel species
(Bivalvia: Unionoida). Journal of Molluscan Studies 73(4):
291-314.

Graf, D.L. and K.S. Cummings. 2013. The Mussel Project. Home
Page http//www.mussel-project.net/ [accessed 7 May 2013].

Haas, F. 1915. Spanischer Brief II. Nachrichtsblatt der
Deutschen Malakozoologischen Gesellschaft 1: 76-83.

Haas, F. 1916. Nayades del viaje al Pacifico verificado de 1862
a 1865 por una comisién de naturalistas enviada por el
Gobierno espariol. Trabajos del Museoc Nacional de
Ciencias Naturales, Serie Zoologica 25: 1-63.

Hidalgo, ].G. 1872. Moluscos del viaje al Pacifico verificado de
1862 a 1865 por una comision de naturalistas enviada por
el gobierno espaniol. Parte primera: Univalvos terrestres.
Imprenta de Miguel Ginesta, Madrid, 152 pp.

Hidalgo, J.G. 1879. Moluscos del Viaje al Pacifico, verificado
de 1862 a 1865 por una comisién de naturalistas enviada
por el gobierno espafiol. Parte tercera: Univalvos marinos.
Imprenta de Miguel Ginesta, Madrid, 144 pp.

Hidalgo, ].G. 1900. Obras MalacolGgicas. Parte tercera.
Descripcién de los moluscos rvcogidos por la Comision
cientifica enviada por el Gobierno Espafiol a la América
Meridional. Imprenta de Luis Aguado, Madrid, 608 pp-

Lea, 1. 1866a. Description of twelve new species of Unionidae
from South America. Proceedings of the Academy of
Natural Sciences of Philadelphia, 18: 33-35.

Lea, 1. 1866b. New Unionidae, Melanidae, etc., chiefly of the
United States. Journal of the Academy of Natural Sciences
of Philadelphia 6 (Second Series): 5-65.

Lea, I. 1867. New Unionidae, Melanidae, etc., chiefly of the
United States. Journal of the Academy of Natural Sciences
of Philadelphia 6 (Second Series): 113-187.

Lea, I. 1869a. New Unionidae, Melanidae, etc., chiefly of the
United States. Jmmm] of the ,'\ca(lmn}' of Natural Sciences
of Philadelphia 6 (Second Series): 249-302.

Lea, I. 1869b. New Unionidae, Melanidae, etc., chiefly of the
United States. Journal of the Academy of Natural Sciences
of Philadelphia 6 (Second Series): 303-343.

Lips, K.R. 2011. Museum Collections: mmmg_, the past to
manage the future. Proceedings of the National Academy
of Sciences 108(23): 9323 ‘~)'394

Lister, A.M. and Climate Change Research Group. 2011.
Natural history collections as sources of long-term
datasets. Trends in Ecology and Evolution 26(4): 153-154.

I\dedrdL R.H. Cowie, W.F. Ponder, A.E. Bogan, P. Bouchet,

S.A. Clark, K.S. Cummings, T.]. Frest, O. Gargominy, D.G.
Hi.‘!‘h(ﬂ R. Hershler, K E. Perez, B. Roth, M. Seddon,
E.E. gtr(\ntr, and F.G. Thompson. 2004. The global
decline of nonmarine molluses. BioScience 54: 321-330.

Martinez y Siez, F. (1869). Moluscos del Viaje al Pacifico,
verificado de 1862 a 1865 por una comisién de naturalistas
enviada por el gobierno espafiol. Parte segunda: Bivalvos
marinos. Imprenta de Mig.’l!t‘] Ginesta, Madrid, 78 PpP-

Nicholson, T.D. 1991. Preserving the earth’s biological diver-
sity: the role of museums. Curator 34: 85-108.

Shaffer, H.B., R.N. Fisher, and C. Davidson. 1998. The role
of natural history collections in documenting species
declines. Trends in Ecology and Evolution 13(1): 27-30.

Simone, L.R.L. 2006. Land and freshwater molluscs of Brazil:
An illustrated inventory of the Brazilian malacofauna,
including neighboring regions of South America, respect
to the terrestrial and freshwater ecosystems. EGB,
Fapesp, Sao Paulo, 390 pp.

Simpson, C.T. 1914. A descriptive catalogue of the naiades,
or pearly fresh-water mussels. Part [II. Unionidae,
Harmandia-Diplodon. Mutelidae. Bryant Walker, Detroit,
1540 pp.

Solem, A., WK. Emerson, B. Roth, and F.G. Thompson.
1981. Standards for malacological collections. Curator
24: 19-28.

Soriano, O., M. Villena, and M.S_ Alonso. 2001. Catdlogo de los
Unidnidos (Mollusca, Unionidae) de la Peninsul Ibérica
conservados en el Museo Nacional de Ciencias Naturales
(CSIC). Graellsia 57(1): 133-152.

Strayer, D.L., J.A. I)nu]ing W.R. Haag, T.L. King, ].B. Layzer,
e Newtﬂn and S. Nichols. 2004. C,hdnmmf perspectives
on pearly mussels, North America’s most imperilled
animals. Bioscience 54: 425-439.

Sudrez, A.V. and N.D. Tsutsui. 2004. Collections for research
and society. BioScience 54: 66-74.

Templado, J., L. Baratech, M. (,a.l\o, M. Villena and M.T.
Aparicio. 1993. Los “Ejemplares tipo” de las colecciones
malacoldgicas del Museo Nacional de Ciencias Naturales.
Monograffas. Museo Nacional de Ciencias Naturales
(CSIC). Vol. 9, 328 pp.

Villena, M., M.T. Aparicio, L. Baratech and J. Templado. 1997.
Los “Ejemplares tipo” de las colecciones malacologicas
del Museo Nacional de Ciencias Naturales. Volumen 2
Monografias. Museo Nacional de Ciencias Naturales
(CSIC/AECI). Vol. 13, 170 pp.

Zilch, A. 1967. Die Typen und Typoide des Natur-Museums
Senckenberg, 39. Archiv fiir Molluskenkunde 97(1-6):
45-154.




ImEE BHL

Biodiversity Heritage Library

Bragado, Maria Dolores et al. 2014. "The freshwater mussel collection
(Bivalvia: Unionida) of the Museo Nacional de Ciencias Naturales (Madrid,
Spain)." The Nautilus 128(1), 22-27.

View This Item Online: https://www.biodiversitylibrary.org/item/220793
Permalink: https://www.biodiversitylibrary.org/partpdf/291638

Holding Institution
Smithsonian Libraries and Archives

Sponsored by
Biodiversity Heritage Library

Copyright & Reuse

Copyright Status: In Copyright. Digitized with the permission of the rights holder
Rights Holder: Bailey-Matthews National Shell Museum

License: https://creativecommons.org/licenses/by-nc-sa/4.0/

Rights: https://www.biodiversitylibrary.org/permissions/

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at
https://www.biodiversitylibrary.org.

This file was generated 22 September 2023 at 08:58 UTC


https://www.biodiversitylibrary.org/item/220793
https://www.biodiversitylibrary.org/partpdf/291638
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://www.biodiversitylibrary.org/permissions/
https://www.biodiversitylibrary.org

