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INTRODUCTION 

Molluscs are the second largest animal phylum in terms of the global number of described species, 
and they have the largest known diversity of any marine group. We currently know about 82,000 
valid described mollusc species (53,000 marine), with a yearly increment of about 580 new species 
descriptions (350 marine) (Bouchet 2006). Marine molluscs account for a quarter of ail described 
marine biota. Gastropods make up roughly 85% of these and, specifically, the caenogastropods 
(comprising the vast majority of what people cali "seashells") account for around two-thirds of 
total marine molluscan diversity. Seashells have attracted theointerest of naturalists, amateurs, and 
collectors since weil before Linnaeus, and the result has been both a blessing and a curse for biodi­
versity exploration. This chapter is mainly concerned with the impediments of historical and cur­
rent taxonomic practices in documenting marine shelled gastropod diversity, and exploring ways 
to move forward in view of the daunting diversity that remains to be described. Other groups of 
molluscs (e.g., marine slugs) and certainly several other phyla of marine invertebrates suffer from 
similar types of problems, and would probably also benefit from the solutions explored here. 

Linnaeus knew of roughly 870 species (H. Dekker, pers. corn.) of "Vermes Testacea," a higher 
category that included the shells of molluscs and brachiopods, the tubes of serpulid polychaetes, and 
the plates of goose barnacles, while the shell-less molluscs (e.g., nudibranchs) were classified under 
"Vermes Mollusca," together with holothurians and annelid polychaetes. Leaving aside the phylo­
genetic rearrangements that have taken place since Systema Naturae, the significance of Linnaeus's 
classification is that species of "Testacea" were described and named exclusively based on their 
shells. This dichotomy between shell and animal was pursued to nomenclatural absurdity by sev­
erallate I8th-century/early 19th-century zoologists. For example, Giuseppe Poli (1746-1825) used 
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a parallei nomenclature for the shells and for the animais that occupied them. An example would 
be the animal Callista Poli, 1791 living in the shell Callistoderma Poli, 1795 (Bivalvia, Veneridae). 
Analogous systems have been developed in taxa with complex life cycles (e.g., hydroid and medusa 
stages of Hydrozoa), but Poli's approach differed in that different names were applied to different 
(and coexisting) parts of the same animal. 

Although, very early on, authors such as Georges Cuvier (1769-1832), John Edward Gray (1800­
1875), Franz Hermann Troschel (1810-1862), Otto March (1828-1878), Paul Fischer (1835-1893), 
and Eugène Louis Bouvier (1856-1944) used anatomical characters as a basis for classification, and 
the radula and digestive tract anatomy, respiratory and excretory organs, nervous and circulatory 
systems are considered to be essential for the recognition of families, superfamilies, orders, and 
subclasses, by contrast the shell alone was considered adequate for species identification. The nam­
ing of shelled molluscs based exclusively on their shells has remained standard practice to this day, 
and over 80% of new descriptions of shelled marine gastropod species published in 2006 contained 
a description of the shell only. However, this time-honored system is compromised by the poor qual­
ity of much type material, and the resulting complexity poses a significant impediment to modern 
biodiversity studies. 

MOLLUSCAN SHELLS IN BIODIVERSITY STUDIES 

The shells of molluscs are a significant asset for biodiversity exploration because they make 
robust post mortem remains that potentially persist for a long time after the death of the animais 
that secreted them. This, of course, facilitates fossilization, and the fossil record of molluscs is 
exceptionally good. It also facilitates sampling and conservation of specimens; shells of mol­
luscs do not require sophisticated preservation protocols, and sailors, missionaries, explorers, and 
travelers historically returned to their native countries with natural history collections, of which 
shells and corals, because of their hard parts, made up a significant proportion. In museum col­
lections, the conservation of shells barely requires any maintenance at all and, except for Byne's 
disease (de Prins 2005) and-in the case of microshells-"glass disease" (Geiger et al. 2007), 
shells remain for centuries in museum drawers unaltered, whereas herbaria and insect collections 
require constant attention to prevent fungal and insect damage. Another advantage of the shells 
of molluscs is that they provide an important window on actual molluscan diversity, even if liv­
ing animais are so rare, seasonal, or e1usive that they are rarely or never sampled. After 25 years 
of intensive exploration in New Caledonia, as many as 73% of ail 1,409 turrid gastropod species 
documented are represented only by empty shells, and 34% by a single empty shell (Bouchet et 
al. 2009). 

But the shells of molluscs also have significant limitations. These external exoskeletons are sus­
ceptible to erosion after death, and even during the life of the animal. Shells are gradually eroded 
biologically (by the attack of boring and encrusting organisms), physically (by the mechanical 
movements of the waves), and chemically (by dissolution or diagenetic alteration of the miner­
ais). But how these processes affect individual specimens is not uniform in space and time and 
there is no direct equivalence between the age of a shell and the quality of its preservation. Even 
ancient fossils hundreds of millions of years old may be exquisitely preserved, complete with the 
microsculpture of their protoconch (Bandel et al. 2002, Yoo 1994, Fryda 1999). By contrast, many 
shells collected on seashores may be (severely) worn-collectors use the expression "beach worn" 
to qualify seashells polished by sand and wave action so that details of sculpture and color are lost. 
However, such shells have been and occasionally still are described as new species (1urton [1932], 
for instance, did so on a massive scale). 

The role of name-bearing types is to provide an anchor for the virtual world of names in the 
real world of animais. In cornmon with many-perhaps most-other animal taxa, the historical 
descriptions of new recent shelled molluscs lack many characters that are today considered essen­
tial for proper (super) family assignment and species discrimination. But as progress is made in the 
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understanding of characters and character-states, entomologists can still return to name-bearing 
types to, for example, mount sclerotised pieces from the internai genital anatomy, acarologists can 
examine the position of setae with the scanning electron microscope (SEM), ichthyologists can do 
meristic counts from x-rays of preserved specimens, etc. Ali this is feasible because name-bearing 
types of insects, mites, or fish were (with a few rare, exceptions) alive when they were collected. 
By contrast, the name-bearing types of shelled molluscs were mostly empty shells at the time they 
were collected. In such cases it is not only impossible to examine standard anatomical characters, 
including the radula, but very often the shell itself lacks important diagnostic features such as the 
protoconch, color, and microsculpture. 

THE PROTOCONCH REVOLUTION 

With their accretionary growth, gastropod shells typically exhibit at their apex a protoconch 
secreted by the embryo or veliger larva before hatching or metamorphosis, whereas the rest of 
the shell (the teleoconch) is secreted by the post-metamorphic snail. The morphology of the pro­
toconch reflects the larval ecology of the animal that secreted it (Jablonski and Lutz 1980, 1983). 
A protoconch with a large initial nucleus, consisting of 1-2 whorls (i.e., "paucispiral"), and a 
single protoconch/teleoconch discontinuity, is characteristic of species with non-planktotrophic 
larval development (also calied lecithotrophic or (improperly) direct development). A protoconch 
with a small initial nucleus and two distinct accretionary stages, including protoconch 1 (typi­
cally comprising less than one-haIf whorl secreted by the embryo in the egg-case) and protoconch 
II (secreted by the swimming veliger typically consisting of 3-5 whorls, i.e., "multispiral"), is 
characteristic of species with planktotrophic larval development. Protoconch II is also frequently 
adorned with complex sculpture patterns that provide additional morphological characters. The 
size of protoconchs is usually in the range of 0.5-2 mm, and they are thinner-thus less solid­
than subadult and adult teleoconch whorls. These characteristics mean that the protoconch is the 
most vulnerable part of the shell and is often the first to become damaged or corroded, even during 
the lifetime of the animal. 

The value of the protoconch as a taxonomic character was first highlighted by Dall (1924), 
and Powell (1942) even attributed genus-Ievel importance to the paucispiral vs. multispiral proto­
conchs of Turridae (but see Bouchet 1990). With the advent of SEM, malacologists were prompt to 
understand its potential for examining and illustrating protoconchs (e.g., Robertson 1971, Thiriot­
Quiévreux 1972). Indeed, protoconchs are so essential in the systematics of certain shelled gastro­
pod families that Marshall (1983) wrote: 

1cannot emphasize too strongly that under absolutely no circumstances should further new species [of 
Triphoridae] be proposed unless a complete, unworn protoconch can be illustrated. Protoconchs should 
always be illustrated by scanning electron micrographs. 

It has been demonstrated that the mode of larval development (i.e., planktotrophic vs. non­
planktotrophic), is a species-specific character of shelled molluscs (Hoagland and Robertson 1988, 
Bouchet 1989). The two modes of larval development often coexist in the same genus, and there are 
numerous examples of species pairs/complexes, with very similar or even indistinguishable teleo­
conchs, but distinct-multispiral vs. paucispiral-protoconchs (e.g. Boisselier-Dubayle and Gofas 
1999, Véliz et al. 2004) (Figure 6.1). Historically, such species pairs/complexes were considered to 
be one species. When two species are recognized, the question that arises is to which of the two spe­
cies the name in current use should be applied. In principle, the answer should be straightforward: 
examine the name-bearing type, and confirm its protoconch type. Many times, however, the name­
bearing types of shelled molluscs, especially those described before the 1970s, lack protoconchs, 
are fragmentary, or lack both the tip of the shell and its base, obliterating characters now considered 
important or essential. 
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buccal bulb of a gastropod; it consists of a chitinous membrane carrying rows of minute mineralized 
or sclerotised teeth, each measuring a few microns to several tens or even hundred microns, com­
ing in ail sorts of shapes and numbers depending on the taxon considered. Radulae provide superb 
taxonomical characters at family, genus, or even species level. 

Not infrequently, species or genera with featureless shells that are indecisively attributable to one 
of several possible families can be unambiguously classified in the correct family based on their 
radula (e.g. Onoba bassiana Hedley, 1921, the type species of Botelloides Strand, 1928, originally 
described as a rissoid, and transferred to Trochidae by Ponder [1985]; Daphnellopsis lamellosus 
Schepman, 1913, originally described as a turrid, and transfered to Muricidae by Houart [1986]). 
Species of Triphoridae with indistinguishable sheHs can have strikingly different radulae, indicative 
not only of species-level, but also of genus-level differences. For instance, Marshallora adversa 
(Montagu, 1803) and Similiphora similior (Bouchet and Guillemot, 1978) have virtually indistin­
guishable protoconchs and teleoconchs, but very different radulae (Bouchet 1985) (Figure 6.3). 
When name-bearing types are empty shells, even with well-preserved protoconchs, none of these 
characters are available for scrutiny. This is another situation where name-bearing types fail to 
fulfill their taxonomical and nomenclatural function. 

Finally, there is the issue of molecular characters. Historical sea-fan, insect, or crustacean types 
may have faded colors, broken legs or branches, yet they were alive (or at least freshly dead) at the 
time they were collected or preserved, and in principle their preserved or dried remains contain 
genetic material. Similarly, types of vertebrates often contain useable DNA in the bones and teeth, 
although not necessarily alive when originally collected. The DNA may be degraded and techni­
cally difficult to extract and sequence with current routine techniques (e.g., Hajibabaei et al., 2006), 
but the fact is that name-bearing types of octocorals, insects, or crabs do contain tissues with poten­
tially sequenceable DNA (e.g., Berntson and France, 2001; Hylis et al., 2005; Fisher and Smith, 
2008; Zhang et al., 2008). By contrast, classical molluscan types do not contain any DNA, and no 
technological advance will improve the situation. As molecular sequencing, especially cor, is just 
becoming a routine taxonomic character in marine molluscs (e.g., Kelly et al., 2007; Mikkelsen et 

FIGURE 6.3 Marshallora adversa (Montagu, 1803) (A-D) and Similiphora simi/ior(Bouchet and Guillemot, 
1978) (E-H). Note the indistinguishable teleoconchs (A, E, scale 1 mm) and protoconchs (C, G, scale 100 flm) 
(the very minor differences between the two specimens are of the same magnitude and nature as differences 
between two conspecific specimens), but very different head-foot pigmentation and radulae (D, H, scale JO 
flm). The name Murex adversus Montagu, 1803, was resurrected from the synonymy of Trochus perversus 
Linnaeus, 1758, and, in the absence of extant type material, a live-taken neotype was designated. Triphora 
similior was described as a new species, and a Iive-taken holotype was designated. After Bouchet (1985). 
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al., 2007; Johnson et al., 2008), we are already facing cases of barely distinguishable shells that can 
be recognized as distinct species only by molecular and radular characters (Kantor et al., 2008) 
(Figure 6.3). 

Freshly collected specimens can, with sorne difficulty, be attributed to one of the species, based on 
subtle characters of the teleoconch, but older, beach-worn specimens-including name-bearing types­
remain in limbo. In the example discussed by Kantor et al. (2008) (Figure 6.4), the authors stated: 

The syntypes of PLeurotoma cinguLifera Lamarck, 1822 are badly-worn specimens that render their 
identification difficult. (00'] Although sorne ambiguity persists, we apply the name cingulifera to 
the form with "semi-enrolled" marginal radular teeth. We are of the opinion that this is nomen­
c1aturally more stable than leaving cinguLifera as a nomen dubium and describing the form with 
"semi-enrolled" marginal radular teeth as a new species. Ideally, the current name-bearing types of 
PLeurotoma cinguLifera Lamarck, 1822 and Xenuroturris Legitima Iredale, 1929 should be replaced 
by live-taken neotypes with known radular and molecular characteristics. This can be done only by 
a decision of the International Commission on Zoological Nomenclature, but we are of the opinion 
that this is unnecessary as long as the systematic and nomenclatural conclusions of this paper are 
accepted by zoologists. 

As molecular barcoding becornes routine in marine molluscan taxonomy, such cases are bound to 
become more and more common, and this will be yet another situation where name-bearing types 
fail to fulfill their nomenclature stabilizing function. 

In this chapter we have focused on those situations where species are distinguishable by trivial 
differences in teleoconchs, but significant differences in protoconchs, radulae, living animal fea­
tures, or molecular characters, a situation particularly profound among the multitudes of similar 
species of gastropods in the five most diverse molluscan families-Cerithiopsidae, Triphoridae, 
Pyramidellidae, Turridae, and Eulimidae. Sorne may argue that ail marine molluscs do not fall 
into this situation, and that there are many instances of clear-cut species with highly distinct 
teleoconch characters. In these cases, the name-bearing types are unambiguous and hence the 
taxonomy is also unambiguous and uncontroversial. In such cases, the existence of types may 

Xenuroturris Legitima lredale, 1929 

1 MNHN 17683/
MNHN20015� 

1 MNHN 17686� 
MNHN 17685� 

1 MNHN 17682~0.52 MNHN 17681� 
MNHN20014� 

'------MNHN 17� 

f------ MNHN 17756 Lophiowma a/bina 

f------MNHN 17754 Turris crispa 

'-------- MNHN 17755 Crassispira 

FIGURE 6.4 Xenuroturris Legitima Iredale, 1929 (above) and PLeurotoma cinguLifera Lamarck, 1822 [now 
lotyrris cingulifera] (below). Closely resembling turrid species distinguished by molecular and radular char­
acters, but with almost identical teleoconchs (the minor differences apparent between the two specimens are 
mainly due to size). The badly worn syntypes of P. cinguLifera are not attributable with absolute certainty to 
one of the two biological species, and remain in limbo. After Kantor et al. (2008). 
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not be absolutely essential for the stability of nomenclature. For example, we may not need to 
have a name-bearing type for the dogwhelk Nucella lapillus (Linnaeus, 1758) as long asnobody 
suspects it hides a species complex. But even the ieonic common cowrie Cypraea tigris Linnaeus, 
1758 has been shown to harbor cryptic diversity based on molecular characters (Meyer, 2003), 
and taxonomic ambiguity of nomenclatural types may be more widespread than we currently are 
prepared to accept. 

DOCUMENTING AND DESCRIBING THE MOllUSCAN FAUNA OF THE WORlD 

The description of marine molluscs currently continues unabatedly at the pace of roughly 350 new 
species per year. Not only is there no sign of leveling off, but there was, in faet, a steady increase of 
68% in the naming of new marine molluscs between the 1960s and the 1990s (Bouchet 1997), and 
this trend is sustained. Even in European seas, where the shallow-water molluse fauna was reputed 
to be completely inventoried since the beginning of the 20th century, in the late 1960s new spe­
cies started again to be named and described, as a result of attention given to micromolluscs and 
nudibranchs. However, the main reservoirs of undescribed marine molluscs are in the tropics and 
the deep sea. Inspired by the work of entomologists in the canopies of tropical rainforests, recent 
large-scale marine expeditions are returning from the field with fantastic collections of molluscan 
specimens-with postlarvae, juvenile, subadult, and adult-live-taken, with digital images of living 
animaIs and clips of tissue for sequencing. Whereas "seashell" families (cowries, cones, volutes, 
miters, etc.) are fairly weil known, with few new shallow-water species remaining to be discovered, 
the percentage of new speeies in hyper-diverse families of mieromolluscs can be as high as 80-90% 
(Anders Warén, pers. corn. cited by Bouchet et al. 2002). In deeper water, the Turridae (s.!.) is rep­
resented in New Caledonia alone by 1,409 morphospecies, with estimates that over 80% of these 
are undescribed (Alexander Sysoev, pers. corn.). Preliminary examination of collections from other 
South Pacifie island groups suggests that an estimate of 5,000, mostly undescribed, deep-water spe­
cies of turrids is not beyond the realm of possibility (Bouchet et al. 2009). 

A bottleneck shared by entomology and malacology is the assignment of names to the mor­
phospecies or operational taxonomic units (OTUs) generated by such massive sampling exercises. 
There is justifiable eoneern for the broadening gap between diseovering and documenting the 
diversity of the world and backing this exercise with sound nomenclature (Thompson 1997). 
Admittedly, molluscan systematics is not the only branch of zoology that suffers from the instabil­
ity of names in taxonomie limbo, but with taxonomie inflation fueled by shell collecting, the mag­
nitude of the problem is certainly unique to malacology. No one has ever evaluated the magnitude 
of the bank of nomenclaturally available names for Recent molluscs, but we believe that it is on 
the order of 300,000-500,000 species-group names; of these, 82,000 designate species currently 
considered valid, with an estimated 150,000-250,000 that have been evaluated as synonyms, 
and possibly another 100,000 in taxonomic purgatory (not evaluated, not in use, nomina dubia, 
etc.). How many are based on an existing name-bearing type in a publicly accessible institution? 
How many of these are based on specimens that defy modern standards as acceptable biological 
vouehers? Nobody knows. Without question, there is a eritieal need to evaluate the qua lity and 
quantity of names in the existing "name bank." Gittenberger (1993) used the expression "digging 
in the graveyard of synonymy" to describe the unrewarding task of confronting modern taxo­
nomic hypotheses to nominal species currently considered invalid. We can extend the notion of a 
"graveyard" to encompass not only the names that are currently considered synonyms but also the 
taxonomic purgatory of names that have yet to be assessed. There are probably 100,000-150,000 
molluscan species still to be named, and although we respect the history of our discipline and 
the work of our predecessors, too much is at stake in the face of a sixth extinction to waste our 
efforts digging in the graveyard of synonymy and matching modern live-taken specimens with 
ineffective name-bearing types. 
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DO WE NEED A MALACOLOCICAL "REVOLUTION"? 

Biodiversity studies gain nothing by trying to resurrect or preserve ambiguous nominal species. 
Given this burden, the artisanal pace of the documentation and description of molluscan diversity 
can never hope to keep up with the industrial scale at which new species are discovered based on 
gene sequences alone. Not surprisingly, sorne researchers are advocating the development of name­
free taxonomy for molecular OTUs (Klee et al., 2007), and molluscan systematics is effectively 
rooted in quicksand if (tens of) thousands of names in current use are backed by name-bearing 
types that do not fulfil their nomenclature stabilizing function. 

In 250 years of morphology-based nomenclature, taxonomists have had time to accept that tax­
onomy is fallible and open to disputes and mistakes. But through reference to name-bearing types 
deposited in publicly accessible collections, the rules of nomenclature that have been in place since 
the latter half of the 19th century have permitted the correction of such mistakes and have brought 
remarkable stability. By contrast, much of molecular sequencing is effected by individuals who 
have no background in species identification, and who tend to view the historical heritage of taxon­
orny, including nomenclature, as a burden and a thing of the pasto However, there is a growing body 
of literature (e.g., Vilgalys 2003) that documents the unreliability of many identifications associated 
with sequences deposited in public DNA databases. Before we declare traditional specimen-based 
nomenclature obsolete, modern sequence-based taxonomy must accept binding nomenclatural rules 
that guarantee stability and permit the correction of errors. The molecular systematists of today 
must develop a culture of vouchering specimens in long-term publicly accessible collections. Only 
then will there be a verifiable Iink between a specimen, a sequence, and a name. We praise the 
Data Submission Protocol for the Barcode of Life Database(BOLD), which requires vouchers and 
voucher information for aIl submissions of new molecular sequences (http://www.barcodinglife. 
org/docsIBOLD%20Data%20Submission.pdf), and we advocate that this should be mandatory 
practice in other molecular databases and for publication of research papers in molecular systemat­
ics journals. 

A malacological revolution could take valu able lessons from other fields of biodiversity, namely 
bacteriology and botany, that have faced these challenges and already implemented solutions. In 
the 19th century and first half of the 20th century, bacteriologists tried to follow the provisions of 
the Botanical Code of Nomenclature, because bacteria had traditionally been considered fungi, 
the Schizomycetes. Methods of study were, however, very different. AIso, much emphasis was 
placed on cultural characteristics, so that type cultures were of critical importance. In the 1960s 
and 1970s, bacteriological systematics was making fantastic progress thanks to new molecular 
approaches that facilitated discrimination between species and less ambiguous species definitions, 
while at the same time bacteriological nomenclature was being hampered by a very large percent­
age of published names that could not be used, due to lack of good descriptions and type cultures. 
A decision was then made to make a completely new start for nomenclature of bacteria on January 
l, 1980. Lists were made of names that could be satisfactorily associated with known bacteria, and 
these formed the foundation document, the Approved Lists of Bacterial Names (1980). Names not 
on these lists lost standing in nomenclature (although provisions were made to revive old names 
subject to certain safeguards). 

In botany, the concept of epitype (initially termed "protypus"), was proposed by Barrie et al. (1991) 
with words that could be applied almost without change to the situation we have described above: 

Inadequate type material is frequently encountered when working with older names. Ali too often the 
surviving original material consists of poorly preserved or poorly collected specimens, vague drawings 
or sketches lacking the characters crucial to precise identification. The [Botanical] Code requires that a 
name be typified by original material if it exists, but if the obligate elernent is arnbiguous the resulting 
typification does little to prornote nornenclatural stability. 
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This new category of type, adopted in the Tokyo Code (1994) of Botanical Nomenclature, is intended 
to provide the necessary diagnostic characters to unambiguously fix the identity of the primary 
type. The epitype does not displace the primary type it is to interpret, but rather supplements il. 

Just as the Approved Lists ofBacterial Names laid new foundations for the modern era of prokary­
ote taxonomy, an ideal hypothetical ''Approved List ofMolluscan Names" would contain all 82,000 
molluscan names in current use, backed by name-bearing types that can be confronted to modern 
morphological and molecular screening; this would necessitate the establishment of thousands of 
neotypes/epitypes. Such an ideal approved list would have no sympathy for wobbly nominal species 
backed by beach-worn empty shells. 

If molluscs were birds, mammals, or frogs, such a revolution might perhaps not be completely 
unrealistic, but the level of scientific effort devoted to the systematics of molluscs and other inver­
tebrates is two orders of magnitude less than that devoted to tetrapod vertebrates and one order of 
magnitude less than that devoted to plants (Gaston and May 1992). The vast purgatory of nominal 
species is undoubtedly the main reason preventing a world register of mollusc species. Most of the 
hyper-diverse and most taxonomically challenging molluscan families are essentially without a 
single expert, and there simply is not the workforce to build an approved list of molluscan names 
that would stand the test of time, let alone to evaluate the contents of the "name bank." Rather than 
being elevated by the fantastic opportunities made possible by SEM, digital photography, and the 
molecular revolution, it is unacceptable that species-level systematics in the most diversified marine 
phylum is progressing at a snail's pace because of the burden of this historicallegacy. 
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