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the sierra del cadí

in the chapters 6, 7 and 8 new data on the land snail species Abida secale(draparnaud, 1801) are presented. in chapter 6 the phylogenetic relations betweenthe populations of the morphologically defined subspecies of A. secale are dealtwith. Chapter 7 describes the morphological variation in the species in relation toaltitude. a hypothesis on the processes responsible for the observed incongruencebetween the distributional patterns of the subspecies on the one hand and somedna markers on the other hand, is presented in chapter 8 (pp. 123-124). 
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Figure 1. landsat-5 satellite imagery of northeastern spain derived from nasa’s geoCover dataset,
available through http://zulu.ssc.nasa.gov/mrsid/. this is a short-wavelength infrared (swiR) RgB
image using band 2 (visible green light, shown in blue), band 4 (near-infrared, in green) and band 7 (mid-
infrared, in red). the resulting image shows water in dark blue, while snow is bright blue. green is veg-
etation, where dark green are forests and shrubs and light green grasses or crops. the pink to magenta
or lavender and reddish and brownish colors are bare rocks or soil or urban area’s. the white area’s in
the image are clouds.
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Abida secale shows very complex, incongruent patterns in both shell morphologyand geographical distribution in a small part of its range, i.e. ne spain, andorra andsouthern France. the centre of this area is situated in the spanish part of thePyrenees, in and around the serra del Cadí. therefore, some basic information ongeology, climate and topography of the area is provided, which may contribute to abetter understanding of the patterns that are observed and the processes we subse-quently inferred.
Abida secale is a lithotrophic species that is always found associated with rockswith a high calcium content. in most cases this is limestone but the species has alsobeen found on conglomerate rocks, as well as with rocks of vulcanic origin withvery little free calcium. this rather strict habitat preference may have caused itspatchy distribution throughout its range. the species may be present in one lime-stone ‘island’ but be absent from the next. Calcium rich rock types are abundant inthe eastern Pyrenees, the area with the highest diversity in A. secale forms, thoughnot only in that part of europe. according to hartevelt (1970), from whom the following information about thegeological history was taken, the Pyrenees were uplifted during the alpine oroge-ny, which ended for the Pyrenees in the late eocene (middle alpine), c. 37 Mya. theuplift was caused by the collision of the african and the european continentalplates. the uplift of the Cadí, Moixeró and Pedraforca mountains can only roughlybe dated as occurring later on, during the oligocene-Pliocene (1.8 – 33.7 Mya). theCadí and Moixeró mountain ranges consist of nearly continuous limestones ofupper Cretaceous (southern unit) and Carboniferous – triassic (northern unit) age.the conglomerates south of the area are somewhat younger, dating back to theupper eocene – oligocene (saura & teixell, 2006, and references therein). our mapshowing the distribution of calcareous rocks (fig. 2) was derived from the institutogeologico y Minero de españa (igMe) geological map no. 24 (Berga, 1:200,000). thesame basic map is used to plot the provenance of all individuals that weresequenced (chapter 6, p. 88).
Figure 1 is an infrared satellite image of the area. it shows landcover and landusein different colors (see figure caption). in combination with fig. 3 this gives animpression of the elevation and location of the major mountain ranges. the distri-bution of the subspecies of A. secale (Chapter 8, p. 126, fig. 2) appears to be mainlycorrelated with the geomorphology of the area.
Figure 4 gives the main climatological conditions. Both the average annual tem-peratures (4a) and the total amount of annual precipitation (4d) are mapped with 1 
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Figure 2. distribution of limestone (light grey) and other possibly calcium rich soils (conglomerates, dark
grey) in northeastern spain and andorra.
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Figure 3. digital altitude data mapped for northeastern spain. data were derived from the CgiaR-Csi /
nasa shuttle Radar topography Mission (sRtM) and have a spatial resolution of 3 arcseconds (app. 90
m). the vertical error is 16 m. Jarvis a., h.i. Reuter, a. nelson, e. guevara, 2006, hole-filled seamless sRtM
data v3, international Centre for tropical agriculture (Ciat), available from http://srtm.csi.cgiar.org.

Figure 4. Climate data mapped for northeastern spain. data were derived from the worldClim database
(data description: hijmans, R.J., s.e. Cameron, J.l. Parra, P.g. Jones and a. Jarvis, 2005. very high reso-
lution interpolated climate surfaces for global land areas. international Journal of Climatology 25: 1965-
1978). data have a spatial resolution of 1 km. 4 a; average annual temperature, 4 B; Maximum temper-
ature in the warmest month, 4 C; Minimum temperature in the coldest month, 4 d; total annual precip-
itation, 4 e; Precipitation in the wettest month, 4 F; Precipitation in the driest month. temperatures are
in degrees Celcius, precipitation in mm.
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square kilometer resolution. these values are flanked by the maximum (4b) andminimum (4c) temperatures and the precipitation in the wettest (4e) and dryest (4f)month. these conditions are of course strongly influenced by the terrain elevation(compare with fig. 3). the differences are closely related with the location of the var-ious mountain ranges and altitudes. Both the fluctuations in temperature and pre-cipitation, as well as the average temperature and total annual precipitation do notdiffer strongly between the northern segre valley (where A. s. brongersmai and A. s.
margaridae occur) and the area south of the Cadí / Moixeró mountains (where A. s.
tuxensis, A. s. brauniopsis and A. s. lilietensis are found). Furthermore, the distribu-tional range of A. s. tuxensis spans a range of climatic differences, from the relative-ly dry and hot southern segre valley to more average local conditions. it may beconcluded that the observed temperature or precipitation patterns, do not corre-spond with the distribution of the A. secale subspecies.
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