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1
intRoduCtion and suMMaRy
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- every so often, you have to unlearn what you thought you already knew, 
and replace it by something more subtle. 

this process is what science is all about, and it never stops. -
- Terry Pratchett et al., The Science of Discworld -
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Chapter 1 - introduction and summary    17

introduction and summary

land snails are most suitable creatures to study biogeographical patterns. theirproverbial inertness, implying a lack of active dispersal,  results in a relatively highdegree of local endemism and thus species diversity. some species are found in highdensities, facilitating their easy collecting, at least as empty shells. gastropod shellsfossilize relatively easily, so that their morphological evolution can be followed dur-ing geological time. therefore, land snails are ideal model organisms for a holisticapproach to macro-evolutionary studies. Fossils may open a window to the evolu-tionary past, and shell-morphometrical, molecular, ecological and detailed distribu-tional data, which become readily available for a growing number of  species, canbe used for phylogeny reconstructions.the diverse land snail family Chondrinidae, with ca. 70 extant species, is partic-ularly well suited to serve as a model for evolutionary studies. all species are oblig-atory associated with limestone. the strict connection with calcareous soils androcks results in island-like distributional patterns and contributes to the high levelsof endemism found in this family. the snails usually occur in high densities. Manyfossils are known that can unambiguously be assigned to the Chondrinidae.however, since the species occurring on bare rockfaces do not fossilize as easily asthe ground dwelling ones, there is an over-representation of the latter group in thefossil record (Chapter 2). the Chondrinidae show interesting distributional patterns and an intriguingshell morphology. a better understanding of these phenomena may improve ourunderstanding of the historical biogeography and evolutionary history of the west-ern mediterranean fauna and evolutionary processes in general. 
ChaPteR 2

this chapter deals with the genus level relations within the Chondrinidae. thefamily is restricted to the (western) Palaearctic. Contrary to a long held opinion, itdoes not include the gastrocoptinae, hypselostomatinae and aulacospirinae. thereare six genera in the family, viz. Granopupa, Granaria, Solatopupa, Chondrina, Abidaand Rupestrella, which can be classified in two subgroups of three genera each.these two taxa are given the status of subfamily, i.e. the Chondrininae with
Chondrina, Abida and Rupestrella, and the granariinae, including Granopupa, Granariaand Solatopupa. the genetic distances suggest that the diversification of the generaoccurred in about the same time-span in both subfamilies. however, the results ofthe molecular clock analyses cannot easily be translated into a biogeographical sce-nario. neither of the two scenario’s that are discussed can objectively be preferred. three different cladograms for the genus Solatopupa are tested after data in theliterature. the deeper nodes in the genus are poorly supported in either scenario
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18 Resolving Riddles and Presenting new Puzzles in Chondrinidae Phylogenetics

and no significant difference between the three alternative possibilities was found.obviously, additional data on the deeper phylogeny of the Chondrinidae are need-ed. this applies especially to the granariinae, for which a more robust phylogenyreconstruction is needed. the genus Granaria shows up as paraphyletic.the Chondrininae are the most diverse group, with 82% of the entire speciesdiversity in the Chondrinidae. Partly because of this fact, the main focus of this the-sis is on the Chondrininae. 
ChaPteR 3

this chapter contributes to a better understanding of the historical biogeographyof the genus Chondrina Reichenbach, 1828. Representatives of this genus occur oncalcareous rocks, in particular on  vertical, exposed rockfaces. Currently 37 speciesare recognized, with about 25 subspecific taxa. they are widely distributed in thewestern and central Palaearctic, from Portugal and Morocco in the southwest to iranin the east. the genus shows high levels of narrow-range endemics, most notably inthe Pyrenees and the iberian peninsula and to a lesser extent in the southern alps.on the basis of a molecular phylogeny reconstruction, it may be concluded thatonly vicariance events cannot explain the actual situation. apparently, severalwaves of dispersal and subsequent speciation occurred, starting from the south-western part of the present generic range. until recently, this was obscured by repet-itive cases of parallel or convergent evolution in shell characters, which becameclear with the use of molecular data. these data also revealed that Chondrina farine-
sii, as defined by gittenberger (1973), is not even a species complex, but a combina-tion of more or less closely related taxa, united on the basis of similarities in shellcharacters, that have originated by convergent evolution.

ChaPteR 4
inequality is a basic characteristic of the evolutionary process. the commonancestor of the chordates, for instance, has developed into sea squirts (ascidians) inone lineage and hominids in another, showing that differentiation may take place atquite different rates. Comparably inequal may be the amount of speciation and/orextinction in sister-groups, which may additionally show extreme differences in thesize of their ranges. all this became increasingly obvious with the rise of phyloge-netic systematics. among species of gastropod molluscs there are conspicuousexamples of both ‘remnant’ species, representing single lineages, with speciose sis-ter-groups, and ‘prime’ species, which largely and sometimes misleadingly deter-mine the image of a higher taxon. some molluscan examples of both kinds of speciesare mentioned and a striking, newly discovered, remnant Chondrina species isreported.
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ChaPteR 5
Chapters 6 and 7, and partly chapter 8, deal with the genus Abida, and more par-ticularly with the strikingly polytypic species Abida secale. the center of morpholog-ical diversity in this species is situated in northeastern spain. this chapter presentssome general information on the geology, climate and topography of ne spain,andorra and s France. this background information should be helpful in under-standing the patterns and processes described in the following chapters.

ChaPteR 6
Abida secale occurs throughout europe, from england in the west, Belgium andsouthern germany in the north and slovakia in the east. the southern part of its dis-tribution includes n. italy, France and ne. spain. the morphological differentiationis small over the largest part of its range. an intriguing exception to this uniformi-ty is found in the extreme southwestern part of the species’ range. in se. France andne. spain A. secale shows an extreme morphological differentiation, which is con-sistent with the detailed geography of the area. this has led to the description ofthree subspecies from the French side of the Pyrenees, one from andorra and anastonishing eleven from the province of Catalonia, spain. dna studies using both nuclear (its-1) and mitochondrial dna (Coi) do notsimply support the current classification, based on shell morphology and distribu-tion. the molecular data suggest a recent hybridization event between A. attenuataand A. secale. the assumed ‘attenuata’ mitochondrial Coi shows a pattern of intro-gression into A. secale, which is consistent with the geographical structure of thearea. the distribution of the hypothesized original ‘secale’ mitochondrial dna isassociated with other valleys in northern spain. this pattern differs from that of theranges of the subspecies of A. secale. without being identical, both geographical pat-terns make sense when the position of limestone, mountains and valleys is takeninto account. 

ChaPteR 7
adaptation to high-altitude habitats is well known to cause morphologicalchanges in many kinds of organisms, from bacteria to plants and humans. theextreme morphological diversity in Abida secale in ne spain is partly caused by alti-tudinal variation in shell morphology, which is restricted to only this small part ofthe eastern Pyrenees, however. nowhere else in its vast range A. secale shows a com-parably conspicuous altitudinal variation. 
Abida secale offers an interesting case study about the subspecies concept and thecorresponding nomenclature. two subspecies have been described from the sierradel Cadí, viz. A. s. cadiensis and A. s. cadica, clearly representing high-altitude forms.Material collected during this project showed that additional high-altitude forms
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occur in at least five different mountain ranges in the area. these forms differ fromeach other in several characters. since they are derived from populations of differ-ent subspecies at the foot of these mountains, they have an independent evolution-ary history. we describe the unique high-altitude populations of A. secale as separatesubspecies instead of  relegating these remarkable local forms to oblivion in syn-onymy.
ChaPteR 8

Based on newly acquired molecular as well as morphometric and distributionaldata, some cryptic species were revealed. these new taxa are described in this chap-ter. some revisions in the currently accepted nomenclature of the Chondrinidae arealso made and an annotated checklist is provided for the genus Rupestrella. the vari-ation in shell morphology in Chondrina and the intraspecific variation in Abida secaleare illustrated with 14 plates.
gittenberger (1973) has suggested that Abida secale forms a ring species aroundthe sierra del Cadí. the high-altitude Abida s. cadiensis at one end was supposed tobe connected via A. s. brongermai, A. s. andorrensis, A. s. tuxensis and A. s. brauniopsisto A. s. cadica at the other end. Both A. s. cadiensis and A. s. cadica were supposed tooccur sympatrically on the Coll de tancalaporta, high up in the sierra del Cadí.during fieldwork we could not find a truly sympatric occurrence of the two taxa,however, but their ranges are only hundreds of meters apart at the Coll detancalaporta. intermediate specimens were not found, but genetically A. s. cadicaand A. s. cadiensis are very close. on the one hand we have to conclude that there isno gradual increase in genetic distance in the series of subspecies from A. s. cadien-

sis to A. s. cadica, whereas, on the other hand, intermediate specimens indicative ofhybridization were not found.
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