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Abstract
The scarce and biased knowledge about the diversity and distribution of Araneae species in the Iberian 
Peninsula is accentuated in poorly known habitats such as the Mesovoid Shallow Substratum (MSS). The 
aim of this study was to characterize the spiders inventory of the colluvial MSS of the Sierra de Guadar-
rama National Park, and to assess the importance of this habitat for the conservation of the taxon.

Thirty-three localities were selected across the high peaks of the Guadarrama mountain range and they 
were sampled for a year using subterranean traps specially designed to capture arthropods in the MSS. Spe-
cies accumulation curves were built both for the observed species richness and for the non-parametric rich-
ness estimators. The literature was reviewed in order to update the distributional maps of the rarest species.

Forty-two species were collected, of which four were species new to science. More than half were 
represented by one or two individuals which caused the accumulation curves to rise slowly and to end 
without reaching an asymptote. Almost half of the species showed significant increases in their Iberian 
distribution ranges. Two species were recorded for the first time in the Iberian Peninsula and 32 species 
were new additions to the spider checklist of the Sierra de Guadarrama National Park.
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Introduction

The Mesovoid Shallow Substratum (MSS) is a subterranean habitat originally described 
by Juberthie et al. (1980, 1981) and Uéno (1980, 1981) as the network of voids and 
interstices found just above the deep subterranean domain and immediately beneath 
the soil (if soil exists). The structure of the MSS is a direct consequence of the action of 
different lithological processes in diverse substrates; accordingly, various types of MSS 
have been categorised, including colluvial, alluvial, volcanic, and bedrock (see Mam-
mola et al. 2016). The absence of light, the usually high and constant relative humidity 
and the cushioned temperature fluctuations throughout the year are common abiotic 
conditions for any MSS (Mammola et al. 2016; Giachino and Vailati 2010; Pipan et al. 
2011; Mammola et al. 2017a). The shallow condition of the MSS typically results in a 
significant flow of material and energy from the upper layers (Gers 1998).

The phylum Arthropoda dominates in the MSS (Mammola et al. 2017a; Nitzu 
et al. 2010, 2014; Ortuño et al. 2013; Langourov et al. 2014; Jiménez-Valverde et al. 
2015). In general, the MSS assemblages are very rich and diverse and are formed both 
by hypogean species with different degrees of adaptation to the subterranean environ-
ment and by a notable contingent of epigean and endogean species which transit be-
tween the surface and the hypogean environment (Gers 1998; Pipan et al. 2011; Pipan 
and Culver 2012; Nitzu et al. 2014; Jiménez-Valverde et al. 2015; Rendoš et al. 2016; 
Mammola et al. 2017a). The MSS, by virtue of its biophysical characteristics, plays a 
fundamental ecological role as an ecotone between the surface and the deep subter-
ranean environment (Moseley 2010), as well as serving as a biogeographic corridor 
and climatic refuge (Ortuño et al. 2013; Moseley 2010; Růžička 1993; Hernando et 
al. 1999; Růžička et al. 2012). All of these roles have obvious important implications 
in conservation.

The study of the MSS is limited by logistical difficulties and requires substantial 
research effort. Consequently, knowledge about MSS biodiversity is scarce and tends to 
be geographically biased (Jiménez-Valverde et al. 2015; Mammola et al. 2016). How-
ever, when the sampling difficulties can be overcome, exploration of the MSS usually 
reveals taxonomic novelties and interesting species records (see Mammola et al. 2016, 
for an extensive list of references). In the Iberian Peninsula, for example, new species 
from different arthropod orders have been described from the MSS, including the Or-
thoptera (Barranco et al. 2013), Coleoptera (Toribio and Rodríguez 1997; Carabajal 
et al. 1999; Faille et al. 2012; Ortuño et al. 2014), Collembola (Baquero et al. 2017), 
Diplura (Sendra et al. 2017), and Diplopoda (Gilgado et al. 2015a, 2015b, 2017; 
Akkari et al. 2018). Therefore, the MSS is a habitat that hosts many rare and poorly 
known species (see, for instance, Ortuño 1996, 2002, 2004; Ortuño and Toribio 1994; 
Ortuño and Martínez-Pérez 2011; Ortuño et al. 2014; Gilgado et al. 2015a, 2015b, 
2015c; Jiménez-Valverde et al. 2015). However, the significance of the potential of the 
MSS to enhance our knowledge of biodiversity is not easy to evaluate because of the 
minimal number of comprehensive studies that have covered a broad spatial, temporal, 
and taxonomic scale.
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Araneae is a hyperdiverse taxon that includes more than 47200 accepted species 
distributed in 116 families and in more than 4000 genera (World Spider Catalog 
2018). Approximately 1000 spider species across 48 families occur in subterranean 
ecosystems (Mammola and Isaia 2017). Nevertheless, the taxonomic and chorologic 
knowledge on spiders is generally scarce and geographically biased, despite their high 
abundance and richness in almost all ecosystems, their key role in ecological net-
works, and their potential as biological indicators (New 1999). The Iberian-Balearic 
region harbours around 1382 species (Morano et al. 2014), although the true num-
ber is estimated to lie between 1500 and 2000 species (Melic et al. 2015). Given 
the current state of knowledge, around 19% of the species are considered Iberian 
endemics (Melic 2001).

The paucity of knowledge about Iberian spiders is illustrated by the fact that 20% 
of the species are known from just a single record and 50% of the species from fewer 
than 5 records (Cardoso and Morano 2010). The accumulated records also show a 
strong geographical bias, as illustrated by the fact that some provinces have fewer than 
30 recorded species (Morano et al. 2014). Approximately one hundred of the Iberian 
Peninsula spider species are considered troglobiont or troglophile (sensu Sket 2008, 
Mammola et al. 2017b) and most of this knowledge comes from captures made inside 
caves in karstic areas (Cardoso 2012), i.e., from natural subterranean spaces in the 
underground that are accessible to humans. However, the MSS is an important subter-
ranean habitat for spiders, and its study has the potential to reveal new and interesting 
catches, as the extensive work by the arachnologist Vlastimil Růžička in colluvial MSS 
(scree slopes) from the Czech Republic has shown (see Růžička 1990; Růžička and 
Dolanský 2016, and references therein), as well as other studies in different European 
regions (see, for instance, Nae 2008; Deltshev et al. 2011; Nae and Ilie 2004).

The Sierra de Guadarrama National Park, located in the Central System of the 
Iberian Peninsula, was recently established in order to protect the high-elevation areas 
and summits of the Guadarrama Mountains (BOE 2013). This mountain range has 
traditionally received considerable attention from scientists and naturalists, but only a 
few recent studies have focused on its shallow subterranean environment (see Baquero 
et al. 2017; Gilgado et al. 2017). The aim of the present study was to characterise, 
across an entire year, the diversity of spider species inhabiting the colluvial MSS pre-
sent throughout the National Park and to evaluate the importance of this habitat for 
the conservation of rare and poorly known species.

Materials and methods

Study area

Sierra de Guadarrama National Park is located in the Central System of the Iberian 
Peninsula, between the two provinces of Madrid and Segovia (Figure 1). It covers an 
expanse of 33960 hectares (BOE 2013) and is surrounded by a peripheral buffering 
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Figure 1. Location of the 33 scree slopes that were sampled in the Sierra de Guadarrama National Park. 
Each point corresponds to one subterranean sampling device (SSD). The innermost area of the map de-
limited by the thick black line delimits the National Park and the surrounding light gray area corresponds 
to the buffering zone (peripheral protection area).

zone of 62687 hectares (MAPAMA no year). The altitudinal gradient ranges from 
1200 to 2428 m a.s.l.; consequently, the climate and vegetation show the expected 
variability associated with this type of gradient. Globally, the climate of Sierra de Gua-
darrama National Park can be categorised as cold continental Mediterranean: it has a 
short, dry, and chilly summer season and a long cold winter (PNSG no year). Precipi-
tation in the highest elevations occurs mostly in the form of snow, forming a layer that 
lasts all winter and part of the spring season (Salazar Rincón and Vía García 2003). 
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The orthogneiss, rocks of metamorphic quartz-feldspathic origin, are the predominant 
rocks of the Park (Vialette et al. 1987). The fragmentation of these rocks, mainly as a 
direct consequence of past (pre)glacial events, is the origin of the typical moraines and 
colluvial deposits (Sanz 1986), the so-called scree slopes. Baquero et al. (2017) provide 
more details on the different bioclimatic levels present in Guadarrama and an extensive 
description of the study area.

Sampling

After evaluating the amount of effort that could be spent in the time available for field 
work, 33 scree slopes were selected across the Sierra de Guadarrama National Park with 
the intention of covering most of the geographic area of the Park, while taking into ac-
count access possibilities (Figure 1). Of these, 31 sampling localities were placed in the 
National Park and the other 2 were located in the peripheral cushioning area. A subter-
ranean sampling device (SSD) was installed on each scree slope; a full description of 
these traps, which are designed to collect species inhabiting the MSS, can be found in 
Baquero et al. (2017). Briefly, each SSD is made up of a PVC cylinder one meter long 
and 11 cm in diameter that has numerous perforations (8 mm in diameter) from the 
middle to its base (50–90 cm). The cylinder is inserted vertically into an excavated hole, 
a pitfall baited with very smelly cheese and filled with 1,2-propanediol is placed at the 
bottom and the SSD is covered and made flush with the ground surface. The sampling 
period was from 20-V-2015 to 13-VII-2016. Sampling permits for the corresponding 
National Park were obtained from the following appropriate authorities: Ismael Hernán-
dez Fernández, Deputy Directorate General of Management and Planning of Protected 
Areas (2015) and José Lara Zabía, Head of Conservation Area of Flora and Fauna (2016) 
at the General Directorate of Environment of the Community of Madrid, and José Igna-
cio Quintanilla Rubio (2015), and Montserrat de Andrés Boal (2016), General Director 
of the Natural Environment by delegation of the Head of the Territorial Service of the 
Environment of the Junta de Castilla y León. Samples were taken to the laboratory and 
the spider specimens were separated from the rest of the material and stored in glass 
vials filled with 70% ethanol. All the samples were deposited in the collection of the 
University of Alcala. Adult specimens were identified to the species level using the keys 
and the compilation of identification work available in Nentwig et al. (2018). Species 
nomenclature in this study follows that of the World Spider Catalog (2018).

Assessment of inventory completeness

The accumulation of new species as a function of sampling effort was assessed by build-
ing a sample-based species accumulation curve by randomising the order of entrance 
of each SSD (sample) 100 times and calculating the mean species richness for each 
level of sampling effort (number of SSDs; Gotelli and Colwell 2001). The following 
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non-parametric species richness estimators were calculated: Chao1, Chao2, first-order 
Jackknife (Jack1), second-order Jackknife (Jack2), ICE, and ACE (Colwell and Cod-
dington 1994) The numbers of singletons (species with one specimen), doubletons 
(species with two specimens), unique species (those appearing in one SSD) and dupli-
cates (species that appear in two SSDs) were also determined. The expected number 
of species (Sest) for each level of sampling effort was calculated and extrapolated up 
to 66 samples (double the sampling effort) using the analytical approach based on the 
Bernoulli product moment proposed by Colwell et al. (2012). All calculations were 
done using EstimateS version 9.1.0 software (Colwell 2013).

Distribution and ecotype characterisation of the species

The chorotype classification proposed by Vigna Taglianti et al. (1992) was used to clas-
sify each species following the information of the World Spider Catalog (2018) and 
Nentwig et al. (2018). The Iberian Spider Catalogue (Morano et al. 2014) was used as 
a primary consulting source, and after a thorough search of the literature up to 2018, 
each species was evaluated as a possible new record for either the Segovia or Madrid 
provinces, for the Sierra de Guadarrama National Park or for the Iberian Peninsula. 
Except for the most common and widespread species (see Results), the presence re-
cords in the Iberian Peninsula for each species were compiled from the literature up to 
2018. All records were referred to a 10 × 10 km UTM grid; only a few records were 
discarded because the provided place name was insufficiently precise to be ascribed to a 
unique 10 × 10 km UTM cell. Distribution maps were built with QGIS version 2.16.3 
software (Quantum GIS Development Team 2016).

Troglobiont or troglophile species were classified as such, following Mammola et 
al. (2017b). Each species was characterised as newly or previously recorded from the 
MSS after a literature review.

Results

In total, 1388 spiders were collected, although only 665 specimens, belonging to 42 
species and 12 families, were adults (Figure 2 and Suppl. material 1: Table S1). The 
Linyphiidae was the most important family both in terms of species and specimens 
numbers. This was followed by the Theridiidae, Gnaphosidae, Dysderidae and Agele-
nidae (Figure 2). The accumulation curve ended while still rising (Figure 3A), as did 
the curves of most of the non-parametric estimators (Figure 3A and Suppl. material 2: 
Figure S1). The only exception was Chao1, whose curve started to stabilise at around 
27 SSDs (Suppl. material 2: Figure S1). The number of singletons, doubletons, and 
unique species continued to increase at the end of the inventory; only the number of 
duplicates started to decrease (Figure 3B). Overall, 23 of 42 species (54.8%) were rep-
resented by just one or two specimens (singletons = 16, doubletons = 7) or appeared 
in only one or two samples (uniques = 18, duplicates = 5). The estimated degree of 
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Figure 2. Number of specimens for each spider species. Pie charts represent the distribution of species 
(up) and specimens (down) into spider families in the inventory. Abbreviations: m = new species record for 
Madrid province; s = new species record for Segovia province; p = new species record for the Iberian Penin-
sula; g = new species record for the Sierra de Guadarrama National Park. Chorotypes based on the criteria 
proposed by Vigna Taglianti et al. (1992): (HOLA) = Holarctic; (PALE) = Palearctic; (WPAL) = West-
Palearctic; (ASER) = Asiatic-European; (CAE) = Centralasiatic-European; (TUER) = Turanian-European; 
(EURP) = European; (SOER) = South-European; (WEUR) = West-European. The chorotype Iberian End-
emism (IBER) follows the criteria of Novoa (1975) and Serrano et al. (2003). * = troglophile species (sensu 
Mammola et al. (2017b); ** = species introduced in other regions beyond its original range (following 
Nentwig et al. 2018). Records for species previously listed in the MSS are given in: 1Růžička (1989); 2Růžička 
(1990); 3Růžička and Zacharda (1994); 4Růžička et al. (1995); 5Růžička and Hajer (1996); 6Růžička and 
Thaler (2002); 7Růžička and Klimeš (2005); 8Nitzu, et al. (2006); 9Nitzu, et al. (2010); 10Růžička and 
Zacharda (2010); 11Deltshev et al. (2011); 12Laška et al. (2011); 13Barranco et al. (2013); 14Langourov et al. 
(2014); 15Jiménez-Valverde et al. (2015); 16Růžička and Dolanský (2016); 17Mammola et al. (2017a).
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Figure 3. Species accumulation curves for the complete inventory of the Sierra de Guadarrama National 
Park. A Sample-based species accumulation curve using subterranean sampling devices (SSDs) as effort 
units (empty circles); extrapolation curve for a sampling effort of 66 SSDs (thick black line); 95% con-
fidence interval as grey bands, and Chao2 curve (stripped line). Vertical line marks the realized sampling 
effort (33 SSDs) B Species accumulation curves of singleton, doubleton, unique and duplicate species.

completeness of the inventory ranged from 57.2% to 70.6% (estimated number of 
species [mean ± SD]: Chao2 = 73.42 ± 21.17, Jack2 = 71.81 ± 0.00, ICE = 68.19 ± 
0.03, ACE = 61.27 ± 0.00, Chao1 = 60.26 ± 12.22, Jack1 = 59.45 ± 4.42). Doubling 
the sampling effort (66 SSDs) predicted the addition of 14 species to the inventory 
(55.61 species; Figure 3A).

Four species represent previously undescribed species, five species were Iberian en-
demics, and the remainder of the species had wider ranges of distribution (Figure 2). 
Almost half of the spider species captured in this study (19 out of 42) showed moder-
ate to dramatic increases in their Iberian distribution ranges. Figure 4 illustrates two 
typical patterns. The first case corresponds to Centromerus dilutus (O. P.-Cambridge, 
1875), a species of Linyphiidae that was previously only known as a restricted species 
in the northern and western strips of the Iberian Peninsula (Cantabrian Mountains, 
extending through the Pyrenees and to the west and south of Portugal; Figure 4A). 
The second example corresponds to Improphantes improbulus (Simon, 1929), another 
Linyphiidae species that was only known from a locality in southern Spain (Figure 
4B). The other 19 species followed similar patterns (see Suppl. material 3: Figure S2). 
Without considering Sintula cf. iberica and the four new species, a total of 15 species 
are new records for the province of Madrid, 26 species are new records for Segovia, two 
species are recorded for the first time in the Iberian Peninsula, and 27 species are new 
additions to the spider checklist of the Sierra de Guadarrama National Park (Figure 2).

One noteworthy observation is that some of the most common species in this 
inventory were poorly known until now. For instance, I. improbulus was the most 
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Figure 4. Species distribution maps. (A) Centromerus dilutus and (B) Improphantes improbulus. Black circles 
represent records from the literature; triangles represent records from the present study. In cases where the 
symbol includes several 10 × 10 km UTM cells, and to improve legibility, their number is indicated (note 
that one 10 × 10 km UTM cell usually contains several sampling locations, see Suppl. material 1: Table S1).
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numerous species (246 specimens; Figure 2) and was widely distributed across the 
surveyed area (24 out of 33 SSDs; Suppl. material 1: Table S1), although it was previ-
ously only known from a record published in 1957 (Janetscheck 1957) (Figure 4B). 
Drassodex granja Hervé, Roberts & Murphy, 2009, with 34 specimens and also widely 
distributed across the surveyed area (15 out of 33 SSDs; Suppl. material 1: Table S1), 
was only known from a record dating back to 1914 (Simon 1914; Suppl. material 3: 
Figure S2). Two of the new species for science had 47 (Palliduphantes sp. nov.) and 18 
(Hahnia sp. nov.) specimens.

Only six of 42 species were categorised as troglophile species; one of them, I. 
improbulus, was the most abundant species of the inventory (Figure 2). Four of these 
species plus another 12 species from the whole species list had been previously reported 
in other MSS studies (Figure 2).

Discussion

The order Araneae is one of the dominant taxa in the MSS (Mammola et al. 2016), 
especially when the number of species is considered. On the contrary, when the num-
ber of specimens is taken into account the relevance of the taxon decreases (e.g., Jimé-
nez-Valverde et al. 2015). This occurs because spider assemblages in the MSS tend 
to be very uneven and are mostly represented by only a few abundant species and a 
high number of extremely rare species. This pattern is confirmed in the present study, 
where more than half the species are represented by one or two specimens (38.1% and 
16.7%, respectively). Although making comparisons is difficult due to methodological 
differences among studies, this number of rare species is similar to those reported in 
other studies across Europe; for instance, 48.6% and 11.4% in Růžička (1989), 39.1% 
and 13% in Růžička and Zacharda (1994), 20.8% and 14.6% in Laška et al. (1995), 
46.4% and 14.3% in Růžička et al. (1995), 34.2% and 31.6% in Růžička (1996), 
25.9% and 16.7% in Růžička and Hajer (1996), 52% and 12% in Růžička and Thaler 
(2002), 51.9% and 13.5% in Růžička and Zacharda (2010), 55% and 5% in Jiménez-
Valverde et al. (2015), 42.4% and 9.1% in Růžička and Dolanský (2016) and 50% 
and 5.6% in Mammola et al. (2017a) (the percentage values correspond to singletons 
and doubletons, respectively, calculated from the data provided in the tables by the 
aforementioned authors).

This high component of rare species makes each sample very different from the 
others in terms of species composition (high percentages of uniques and duplicates; 
Jiménez-Valverde et al. 2015); therefore, the addition of species to the inventory is slow 
and constant, as the species accumulation curve of the present study shows. The species 
accumulation curve ends while it is still rising, as do the curves of almost all the non-
parametric estimators (Fig. 3 Suppl. material 2: Figure S1), indicating that still more 
species are expected to be found in the colluvial MSS of the Sierra de Guadarrama 
National Park. If these curves are far from stabilising, then caution is mandatory when 
interpreting richness estimations (Melo and Froehlich 2001; Thompson et al. 2003; 
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Thompson and Thompson 2007; Gotelli and Colwell 2001). Thus, as a conservative 
score, at least 18 more spider species could be expected to be found in this area. Four-
teen species could be added to the inventory by doubling the number of sampled scree 
slopes, which would imply a significant increase in terms of monetary and work effort.

A low degree of inventory completeness is typical of hyperdiverse taxa such as spi-
ders (Colwell and Coddington 1994; Coddington et al. 1996; Dobyns 1997; Toti et al. 
2000; Sørensen et al. 2002; Scharff et al. 2003; Cardoso et al. 2008), and is even mag-
nified in a habitat like the MSS, as the current study and other studies (e.g., Jiménez-
Valverde et al. 2015) have shown. In fact, the proportion of singletons in this and other 
MSS studies is comparable to the percentages frequently found in spider inventories 
from tropical forests (see Coddington et al. 2009). As Coddington et al. (2009) sug-
gested for tropical arthropod surveys, undersampling is probably the main cause of the 
high number of species represented by just one specimen in the MSS, and this is further 
exacerbated by the generally low densities attained in the subterranean realm (Růžička 
and Hajer 1996; Růžička and Klimeš 2005; Mammola et al. 2016). However, a second 
factor may provide an equally important explanation for the presence of low-prevalence 
species in the MSS. As already pointed out by Jiménez-Valverde et al. (2015), delimit-
ing the sampling universe is extremely challenging due to the closeness to the surface 
and because of the ecotone role of the MSS (Moseley 2010). Thus, an unknown pro-
portion of the rare species encountered in the present study is likely to represent simply 
occasional visitors, such as Xysticus cristatus (Clerck, 1757), Zodarion gregua (Bosmans, 
1994) or Pyrenecosa rupicola (Dufour, 1821). These are, however, important elements 
(or they are at least as important as other equally rare troglophile/troglobiont species) of 
the interaction network in the MSS (Gers 1998; Pipan et al. 2011; Nitzu et al. 2014), 
and this is a good reason to consider them as part of the inventory. The high proportion 
of low-prevalence species in the MSS makes obtaining complete and reliable arthropod 
inventories a challenge, which, in turn, hampers the understanding of biodiversity and 
ecological patterns in the MSS (Jiménez-Valverde et al. 2015).

The presence of an important number of exogenous species in the MSS is the rule 
rather than the exception, and this presence will depend on the characteristics of the MSS 
and on the depth at which the traps are placed (Medina and Oromí 1990; Mammola et 
al. 2016). However, this number is difficult to estimate due to the lack of basic auteco-
logical knowledge for most of the species (the Hutchinsonian shortfall; see (Cardoso et 
al. 2011; Hortal et al. 2015). Following the classification proposed by Mammola et al. 
(2017b), which is mostly based on morphological traits, only 14.3% of the species col-
lected in the present study can be considered troglophiles, and no troglobite species were 
captured. However, 28.6% of the species have been reported previously from the MSS 
in other studies but have not been classified as troglophiles by Mammola et al. (2017b), 
so their ecological preferences should probably be re-evaluated and some of them be 
classified as troglophiles as well. The original description of D. granja did not comment 
on any aspect of its biology and did not highlight any morphological adaptation to the 
subterranean environment (Simon 1914). However, the density and the extent of its oc-
currence in Guadarrama reported in the present study suggest a substantial affinity for 
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the underground realm, which leads us to consider D. granja to be a troglophile species. 
The four new species also need to be classified as troglophiles. Adaptation to the subterra-
nean environment can take many forms besides morphology (Sket 2008), and the study 
of the MSS will increase the knowledge about the ecological preferences of many species 
and will help in establishing a better ecotype classification for many of them.

Four species collected in this study were new to science. The Linnaean shortfall (i.e., 
the discrepancy between the number of already described species and the number of 
species that actually exist) manifests particularly in poorly studied habitats (Lomolino 
2004; Hortal et al. 2015), as is the case for the MSS (Jiménez-Valverde et al. 2015; 
Mammola et al. 2016). Three of these four new species were Linyphiidae, which is the 
dominant spider family in subterranean habitats (Bellés 1987; Růžička 1989; Ribera 
and Juberthie 1994; Mammola et al. 2017a) and one of the most poorly known families 
(Melic et al. 2015), probably due to its small size, high diversity and difficult taxonomy.

Liocranum apertum Denis, 1960 and Walckenaeria capito (Westring, 1861) are new 
species for the Iberian Peninsula. Whereas the first one has only been recorded in 
France, the second has a West-Palearctic distribution (World Spider Catalog 2018). 
More than half of the species (31 out of 42 species, 73.8%) are new records for the 
province of Segovia, Madrid or for both. Many of these species have wide distribution 
ranges (Figure 2). For instance, I. improbulus, with 246 specimens collected in this 
study, is found from Spain to China (World Spider Catalog 2018), although the single 
record from Spain dates back more than half a century (Janetscheck 1957). The records 
of most of all these species imply not only new provincial records but also significant 
increases in their extent of occurrence (sensu IUCN 2001) in the Iberian Peninsula. 
All these results evidence the scarce arachnological knowledge in the Iberian Peninsula 
(Melic 2001; Morano 2004; Cardoso and Morano 2010), and this significant lack of 
chorological information hinders not only the accurate delimitation of distributional 
ranges but also the accurate prediction of ranges through statistical techniques such 
as species distribution models (Lobo 2008). Moreover, the impossibility to precisely 
estimate the distribution of the species (the Wallacean shortfall; see Lomolino 2004; 
Hortal et al. 2015) hampers the proper application of certain criteria that are used to 
categorize species into different grades of vulnerability (IUCN 2001).

Usually, protected natural areas, especially those easily accessible and close to big 
urban areas, are highly attractive for recorders (Dennis et al. 1999; Boakes et al. 2010). 
Yet, the general lack of spider records for Iberian protected natural areas has been re-
peatedly recognized (Barriga et al. 2006; Pérez Sánchez and Méndez Iglesias 2013; 
Morano 2018). When it comes to National Parks, the maximum protection status, 
the scenario is still disheartening; despite the existence of 12 National Parks in the 
Iberian Peninsula, only three of them have been submitted to a relatively intense sam-
pling effort: the Picos de Europa National Park (Méndez 1998; Pérez Sánchez and 
Méndez Iglesias 2013; Mardomingo Vargas et al. 2016; Jiménez Segura et al. 2017), 
the Cabañeros National Park (Barriga et al. 2006, 2010) and the Tablas de Daimiel 
National Park (Morano 2018). In the case of the Sierra de Guadarrama National Park, 
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there is no published catalog for the area and the citations of spider species are scattered 
through the literature. The literature survey provided a preliminary checklist of the Park 
spider species and revealed that 32 (27 plus the four new species plus S. cf. iberica) out 
of the 42 species were new additions, which increased the list of species from 120 to 
153 species. This lack of information about spiders in protected natural spaces neces-
sarily excludes these organisms from their protection plans (Skerl and Gilliespie 1999).

Acknowledgments

This study was funded by the Autonomous Organism of National Parks of 
Spain (1143/2014). E.L. was supported by the Program for Young Researchers “Con-
tratos Predoctorales de Personal Investigador en Formación” of the University of Alcalá 
(30400M000.541.A 640.06). AJ-V was supported by the MINECO Ramón y Cajal 
Program (RYC-2013-14441). We are grateful to all the staff of the National Park that 
kindly helped us to obtain the permits and fieldwork. We would also like to thank 
the other members of the research team: Gonzalo Pérez-Suárez, Alberto Sendra, Pablo 
Barranco, Enrique Baquero, Rafael Jordana, Alberto Tinaut, Luis Subías, and Juan José 
Hererro-Borgoñón. Finally, we thank to José D. Gilgado, Joaquín Calatayud, Javier 
Ledesma, Daniel Méndez, Douglas Zeppelini, David Cabanillas, and Sara de Lope for 
their help with the laboratory and fieldwork.

References

Akkari N, Gilgado JD, Ortuño VM, Enghoff H (2018) Out of the dark void: Ommatoiulus longi-
cornis n. sp., a new julid from Spain (Diplopoda, Julida) with notes on some troglobiomorphic 
traits in millipedes. Zootaxa 4420: 415–429. https://doi.org/10.11646/zootaxa.4420.3.7

Baquero E, Ledesma E, Gilgado JD, Ortuño VM, Jordana R (2017) Distinctive Collembola 
communities in the Mesovoid Shallow Substratum: First data for the Sierra de Guadarrama 
National Park (Central Spain) and a description of two new species of Orchesella (Entomo-
bryidae). PLoS ONE 12: e0189205. https://doi.org/10.1371/journal.pone.0189205

Barranco P, Gilgado JD, Ortuño VM (2013) A new mute species of the genus Nemobius Ser-
ville (Orthoptera, Gryllidae, Nemobiinae) discovered in colluvial, stony debris in the Ibe-
rian Peninsula: A biological, phenological and biometric study. Zootaxa 3691: 201–219. 
https://doi.org/10.11646/zootaxa.3691.2.1

Barriga JC, Jiménez-Valverde A, Morano E, Moreno AG, Melic A (2006) Arañas de la provin-
cia de Ciudad Real (Arachnida: Araneae) (Castilla la Mancha, España). Revista Ibérica de 
Aracnología 13: 125–142.

Barriga JC, Lassaletta L, Moreno AG (2010) Ground-living spider assemblages from Medi-
terranean habitats under different management conditions. Journal of Arachnology 38: 
258–269. https://doi.org/10.1636/p09-40.1

https://doi.org/10.11646/zootaxa.4420.3.7
https://doi.org/10.1371/journal.pone.0189205
https://doi.org/10.11646/zootaxa.3691.2.1
https://doi.org/10.1636/p09-40.1


Enrique Ledesma et al.  /  ZooKeys 841: 39–59 (2019)52

Bellés X (1987) Fauna cavernícola I intersticial de la Península Ibèrica i les Illes Balears. CSIC, 
Madrid, 208 pp.

Boakes EH, McGowan PJK, Fuller RA, Chang-qing D, Clark NE, O´Connor K, Mace GM 
(2010) Distorted views of biodiversity: spatial and temporal bias in species occurrence 
data. PLoS Biol. 8: e100385. https://doi.org/10.1371/journal.pbio.1000385

BOE (2013) Ley 7/2013, de 25 de junio, de declaración del Parque Nacional de la Sierra de 
Guadarrama. Boletín Oficial del Estado. https://doi.org/10.1016/s0041-8633(13)71134-7

Carabajal E, García J, Rodríguez F (1999) Descripción de un nuevo género y una nueva especie 
de Trechini (Coleoptera: Caraboidea: Trechidae) de la cordillera cantábrica. Elytron 13: 
123–131. https://doi.org/10.3989/graellsia.2012.v68.060

Cardoso P, Morano E (2010) The Iberian spider checklist (Araneae). Zootaxa 2495: 1–52. 
https://doi.org/10.11646/zootaxa.2495.1.1

Cardoso P (2012) Diversity and community assembly patterns of epigean vs. troglobiont spi-
ders in the Iberian Peninsula. International Journal of Speleology 41: 83–94. https://doi.
org/10.5038/1827-806x.41.1.9

Cardoso P, Erwin TL, Borges PA, New TR (2011) The seven impediments in invertebrate con-
servation and how to overcome them. Biological Conservation 144: 2647–2655. https://
doi.org/10.1016/j.biocon.2011.07.024

Cardoso P, Scharff N, Gaspar C, Henriques SS, Carvalho R, Castro PH, Schmidt JB, Silva I, 
Szüts T, de Castro A, Crespo LC (2008) Rapid biodiversity assessment of spiders (Araneae) 
using semi-quantitative sampling: a case study in a Mediterranean forest. Insect Conserva-
tion and Diversity 1: 71–84. https://doi.org/10.1111/j.1752-4598.2007.00008.x

Coddington JA, Agnarsson I, Miller JA, Kuntner M, Hormiga, G (2009) Undersampling bias: 
the null hypothesis for singleton species in tropical arthropod surveys. Journal of Animal 
Ecology 78: 573–584. https://doi.org/10.1111/j.1365-2656.2009.01525.x

Coddington JA, Young LH, Coyle FA (1996) Estimating spider species richness in a southern 
Appalachian cove hardwood forest. Journal of Arachnology 24: 111–128.

Colwell RK (2013) EstimateS: Statistical Estimation of Species Richness and Shared Species from 
Samples. Version 9. User’s Guide and application. http://viceroy.eeb.uconn.edu/estimates

Colwell RK, Chao A, Gotelli NJ, Lin SY, Mao CX, Chazdon RL, Longino JT (2012) Models and 
estimators linking individual-based and sample-based rarefaction, extrapolation and compar-
ison of assemblages. Journal of Plant Ecology 5: 3–21. https://doi.org/10.1093/jpe/rtr044

Colwell RK, Coddington JA (1994) Estimating terrestrial biodiversity through extrapolation. 
Philosophical Transactions of the Royal Society of London. Series B: Biological Sciences 
345: 101–118. https://doi.org/10.1098/rstb.1994.0091

Deltshev C, Lazarov S, Naumova M, Stoev P (2011) A survey of spiders (Araneae) inhabit-
ing the euedaphic soil stratum and the superficial underground compartment in Bulgaria. 
Arachnologische Mitteilungen 40: 33–46. https://doi.org/10.5431/aramit4005

Dennis RLH, Sparks TH, Hardy PB (1999) Bias in butterfly distribution maps: the effects of 
sampling effort. Journal of Insect Conservation 3: 33–42.

Dobyns JR (1997) Effects of sampling intensity on the collection of spider (Araneae) species 
and the estimation of species richness. Environ Entomol. 26: 150–162.

https://doi.org/10.1371/journal.pbio.1000385
https://doi.org/10.1016/s0041-8633(13)71134-7
https://doi.org/10.3989/graellsia.2012.v68.060
https://doi.org/10.11646/zootaxa.2495.1.1
https://doi.org/10.5038/1827-806x.41.1.9
https://doi.org/10.5038/1827-806x.41.1.9
https://doi.org/10.1016/j.biocon.2011.07.024
https://doi.org/10.1016/j.biocon.2011.07.024
https://doi.org/10.1111/j.1752-4598.2007.00008.x
https://doi.org/10.1111/j.1365-2656.2009.01525.x
http://viceroy.eeb.uconn.edu/estimates
https://doi.org/10.1093/jpe/rtr044
https://doi.org/10.1098/rstb.1994.0091
https://doi.org/10.5431/aramit4005


The study of hidden habitats sheds light on poorly known taxa... 53

Faille A, Bourdeau C, Fresneda J (2012) Molecular phylogeny of the Trechus brucki group, with de-
scription of two new species from the Pyreneo-Cantabrian area (France, Spain) (Coleoptera, 
Carabidae, Trechinae). Zookeys 217: 11–51. https://doi.org/10.3897/zookeys.217.3136

Gers C (1998) Diversity of energy fluxes and interactions between arthropod communi-
ties: from Soil to Cave. Acta Oecologica 19: 205–213. https://doi.org/10.1016/s1146-
609x(98)80025-8

Giachino PM, Vailati D (2010) The subterranean environment. Hypogean life, concepts and 
collecting techniques. WBA Handbooks, Verona, 132 pp.

Gilgado JD, Enghoff H, Tinaut A, Mauries JP, Ortuño VM (2015a) Sierra Nevada (Granada, 
Spain): a high-altitude biogeographical crossroads for millipedes (Diplopoda), with first 
data on its MSS fauna and description of a new species of the genus Ceratosphys Rib-
aut, 1920 (Chordeumatida: Opisthocheiridae). Zootaxa 4044: 391–410. https://doi.
org/10.11646/zootaxa.4044.3.4

Gilgado JD, Enghoff H, Tinaut A, Ortuño VM (2015b) Hidden biodiversity in the Iberian 
Mesovoid Shallow Substratum (MSS): New and poorly known species of the millipede 
genus Archipolydesmus Attems, 1898 (Diplopoda, Polydesmidae). Zoologischer Anzeiger 
258: 13–38. https://doi.org/10.1016/j.jcz.2015.06.001

Gilgado JD, Ledesma E, Cuesta E, Arrechea E, Zapata de la Vega JL, Sánchez-Ruiz A, Or-
tuño VM (2015c) Dima assoi Pérez Arcas 1872 (Coleoptera: Elateridae): from montane 
to hypogean life. An example of exaptations to the subterranean environment? Annales 
de la Société entomologique de France 50: 264–271. https://doi.org/10.1080/0037927
1.2014.981421

Gilgado JD, Ledesma E, Enghoff E, Mauriès J-P, Ortuño VM (2017) A new genus and species 
of Haplobainosomatidae (Diplopoda: Chordeumatida) from the MSS of the Sierra de Gua-
darrama National Park, central Spain. Zootaxa 4347: 492–510. https://doi.org/10.11646/
zootaxa.4347.3.4

Gotelli NJ, Colwell RK (2001) Quantifying biodiversity: procedures and pitfalls in the meas-
urement and comparison of species richness. Ecology Letters 4(4): 379–391. https://doi.
org/10.1046/j.1461-0248.2001.00230.x

Hernando C, Ribera I, Vogler AP (1999) Alpine and cave or endogean habitats as postglacial 
refugia: examples from palearctic ground beetles, with comments on their possible origins 
(Coleoptera: Carabidae). Coleopterist Bulletin 53: 31–39.

Hortal J, de Bello F, Diniz-Filho JAF, Lewinsohn TM, Lobo JM, Ladle RJ (2015) Seven short-
falls that beset large-scale knowledge of biodiversity. Annual Review of Ecology, Evolution, 
and Systematics 46: 523–549. https://doi.org/10.1146/annurev-ecolsys-112414-054400

IUCN (2001) IUCN Red List Categories. Version 3.1. International Union for the Conserva-
tion of Nature, Species Survival Commission, Gland.

Janetscheck J (1957) Zoologische Ergebnisse einer Studienreise in die spanische Sierra Nevada 
(Vorlaunge Mitteilung). Publicaciones del Instituto de Biología Aplicada 26: 135–153.

Jiménez Segura MM, Morano E, Méndez Iglesias M (2017) Arañas epigeas (Araneae) de ma-
torrales y roquedos del antiguo Parque Nacional de la Montaña de Covadonga (norte de 
España). Revista Ibérica de Aracnología 31: 97–105.

https://doi.org/10.3897/zookeys.217.3136
https://doi.org/10.1016/s1146-609x(98)80025-8
https://doi.org/10.1016/s1146-609x(98)80025-8
https://doi.org/10.11646/zootaxa.4044.3.4
https://doi.org/10.11646/zootaxa.4044.3.4
https://doi.org/10.1016/j.jcz.2015.06.001
https://doi.org/10.1080/00379271.2014.981421
https://doi.org/10.1080/00379271.2014.981421
https://doi.org/10.11646/zootaxa.4347.3.4
https://doi.org/10.11646/zootaxa.4347.3.4
https://doi.org/10.1046/j.1461-0248.2001.00230.x
https://doi.org/10.1046/j.1461-0248.2001.00230.x
https://doi.org/10.1146/annurev-ecolsys-112414-054400


Enrique Ledesma et al.  /  ZooKeys 841: 39–59 (2019)54

Jiménez-Valverde A, Gilgado JD, Sendra A, Pérez-Suárez G, Herrero-Borgoñón JJ, Ortuño VM 
(2015) Exceptional Invertebrate Diversity in a Scree Slope in Eastern Spain. Journal of 
Insect Conservation 19: 713–728. https://doi.org/10.1007/s10841-015-9794-1

Juberthie C, Delay B, Bouillon M (1980) Extension du milieu souterrain en zone non-calcaire: 
description d’un nouveau milieu et de son peuplement par les coléoptères troglobies. Mé-
moires de Biospéologie 7: 19–52.

Juberthie C, Bouillon M, Delay B (1981) Sur l’existence du milieu souterrain superficiel en 
zone calcaire. Mémoires de Biospéologie 8: 77–93.

Langourov M, Lazarov S, Stoev P, Guéorguiev B, Deltshev C, Petrov B, Andreev S, Simov N, 
Bekchiev R, Antonova V, Ljubomirov T, Dedov I, Georgiev D (2014) New and interesting 
records of the MSS and cave fauna of Vitosha Mt., Bulgaria. Proceedings of Balkan Speleo-
logical Conference “Sofia 2014”, 66–76.

Laška V, Kopecký O, Růžička V, Mikula J, Véle A, Šarapatka B, Tuf IH (2011) Vertical distri-
bution of spiders in soil. Journal of Arachnology 39: 393–398. https://doi.org/10.1636/
p09-75.1

Lobo JM (2008) More complex distribution models or more representative data? Biodiversity 
Informatics 5: 14–19. https://doi.org/10.17161/bi.v5i0.40

Lomolino MV (2004) Conservation biogeography. In: Lomolino MV, Heaney LR (Eds) 
Frontiers of Biogeography: New Directions in the Geography of Nature. Sinauer As-
sociates Inc, Sunderland, Massachusetts, 293–296. https://doi.org/10.2980/1195-
6860(2006)13[424:fobndi]2.0.co;2

Mammola S, Cardoso P, Ribera C, Pavlek M, Isaia M (2017b) A synthesis on cave-dwelling 
spiders in Europe. Journal of Zoological Systematics and Evolutionary Research 1–16. 
https://doi.org/10.1111/jzs.12201

Mammola S, Giachino PM, Piano E, Jones A, Barberis M, Badino G, Isaia M (2016) Ecol-
ogy and sampling techniques of an understudied subterranean habitat: the Milieu Souter-
rain Superficiel (MSS). The Science of Nature 103(11–12): 88. https://doi.org/10.1007/
s00114-016-1413-9

Mammola S, Isaia M (2017) Spiders in caves. Proceedings of the Royal Society B: Biological 
Sciences 284: 20170193. https://doi.org/10.1098/rspb.2017.0193

Mammola S, Piano E, Giachino PM, Isaia M (2017a) An ecological survey of the invertebrate 
community at the epigean/hypogean interface. Subterranean Biology 24: 27–52. https://
doi.org/10.3897/subtbiol.24.21585

MAPAMA (no year) Red de Parques Nacionales. Sierra de Guadarrama: Ficha técnica. https://
doi.org/10.4016/11481.01

Mardomingo Vargas N, Morano E, Méndez Iglesias M (2016) Arañas epígeas (Araneae) en tres 
tipos de bosque en el antiguo Parque Nacional de la Montaña de Covadonga (Norte de 
España). Revista Ibérica de Aracnología 29: 18–26. https://doi.org/10.18257/raccefyn.631

Medina AL, Oromí P (1990) First data on the superficial underground compartment on La 
Gomera (Canary islands). Mémoires de Biospéologie 17: 87–91.

Melo AS, Froehlich CG (2001) Evaluation of methods for estimating macroinvertebrate spe-
cies richness using individual stones in tropical streams. Freshwater Biology 46: 711–721. 
https://doi.org/10.1046/j.1365-2427.2001.00709.x

https://doi.org/10.1007/s10841-015-9794-1
https://doi.org/10.1636/p09-75.1
https://doi.org/10.1636/p09-75.1
https://doi.org/10.17161/bi.v5i0.40
https://doi.org/10.2980/1195-6860(2006)13%5B424:fobndi%5D2.0.co;2
https://doi.org/10.2980/1195-6860(2006)13%5B424:fobndi%5D2.0.co;2
https://doi.org/10.1111/jzs.12201
https://doi.org/10.1007/s00114-016-1413-9
https://doi.org/10.1007/s00114-016-1413-9
https://doi.org/10.1098/rspb.2017.0193
https://doi.org/10.3897/subtbiol.24.21585
https://doi.org/10.3897/subtbiol.24.21585
https://doi.org/10.4016/11481.01
https://doi.org/10.4016/11481.01
https://doi.org/10.18257/raccefyn.631
https://doi.org/10.1046/j.1365-2427.2001.00709.x


The study of hidden habitats sheds light on poorly known taxa... 55

Melic A (2001) Arañas endémicas de la Península Ibérica e islas Baleares (Arachnida: Araneae). 
Revista Ibérica de Aracnología 4: 35–92. https://doi.org/10.3989/graellsia.1995.v51.i0.397

Melic A, Barrientos JA, Morano E, Urones C (2015) Orden Araneae. Revista IDE@-SEA 11: 
1–13. http://sea-entomologia.org/IDE@/revista_11.pdf

Méndez M (1998) Sobre algunos Araneidae y Tetragnathidae (Araneae) del Parque Nacional 
de la Montaña de Covadonga (NO España). Boletín de la Asociación española de Ento-
mología 22: 139–148.

Morano E (2004) Introducción a la diversidad de las arañas Iberobaleares. Munibe 21: 92–137.
Morano E (2018) Las arañas del Parque Nacional de las Tablas de Daimiel. Organismo Au-

tónomo Parques Nacionales, Ministerio de Agricultura y Pesca, alimentación y Medio Am-
biente, Spain, 200 pp. https://doi.org/10.15366/suelosdaimiel2014

Morano E, Carrillo J, Cardoso P (2014) Iberian Spider Catalogue (v4). http://www.biodiver-
sityresearch.org/iberia

Moseley M (2010) Are all caves ecotones? Cave and karst science 36(2009): 53–58.
Nae A (2008) Data concerning the Araneae fauna from the Aninei Mountains Karsik Area 

(Banat, Romania). Travaux de l’Institut de Speologie “Emile Racovitza” 47: 53–63.
Nae A, Ilie V (2004) Data concerning the spider diversity (Arachnida: Aranenae) from the 

Closani karstic area (Oltenia, Romania), with special reference to the superfcial subter-
ranean environment. Travaux du Museum National d’Histoire Naturelle “Grigore Antipa” 
47: 31–41. https://doi.org/10.2478/v10191-011-0008-0

Nentwig W, Blick T, Gloor D, Hänggi A, Kropf C (2018) Spiders of Europe, version 6, 2018. 
https://doi.org/10.5431/aramit4107

New TR (1999) Untangling the web: spiders and the challenges of invertebrate conservation. 
Journal of Insect Conservation 3: 251–256.

Nitzu E, Nae A, Băncilă R, Popa I, Giurginca A, Plăiaşu R (2014) Scree habitats: ecological 
function, species conservation and spatial-temporal variation in the arthropod community. 
Systematics and Biodiversity 12: 65–75. https://doi.org/10.1080/14772000.2013.878766

Nitzu E, Nae A, Giurginca A, Popa I (2010) Invertebrate communities from the Mesovoid 
Shallow Substratum of the Carpatho-Euxinic Area: Eco-Faunistic and Zoogeographic 
Analysis. Travaux de l’Institut de Spéologie “Émile Racovitza” 49: 41–79.

Nitzu E, Nae A, Popa I (2006) Eco-faunistic study on the invertebrate fauna (Araneae, Collem-
bola and Coleoptera) from the Vârghiş Gorge Natural Reserve (Eastern Carpathians, Ro-
mania), with special note on the micro-refugial role of the subterranean habitats. Travaux 
de l’Institut de Spéologie “Émile Racovitza” 45: 31–50.

Novoa F (1975) Los Carabidae de la Sierra de Guadarrama. I. Inventario de especies y biogeo-
grafía. Boletín de la Real Sociedad Española de Historia Natural. Sección Biológica 73: 
99–147. https://doi.org/10.3989/arbor.2005.i714.434

Ortuño VM (1996) Nuevos datos sobre Caraboidea de la Península Ibérica (2 nota). Boletín 
de la Asociación española de Entomología 20: 193–200. https://doi.org/10.3989/tp.2001.
v58.i1.234

Ortuño VM (2002) Estado del conocimiento de los artrópodos de España. In: Pineda FD, de 
Miguel JM, Casado MA, Montalvo J (Eds) La diversidad biológica de España. Prentice 
Hall, Madrid, 209–234. https://doi.org/10.1086/ahr/85.5.1212

https://doi.org/10.3989/graellsia.1995.v51.i0.397
http://sea-entomologia.org/IDE@/revista_11.pdf
https://doi.org/10.15366/suelosdaimiel2014
http://www.biodiversityresearch.org/iberia
http://www.biodiversityresearch.org/iberia
https://doi.org/10.2478/v10191-011-0008-0
https://doi.org/10.5431/aramit4107
https://doi.org/10.1080/14772000.2013.878766
https://doi.org/10.3989/arbor.2005.i714.434
https://doi.org/10.3989/tp.2001.v58.i1.234
https://doi.org/10.3989/tp.2001.v58.i1.234
https://doi.org/10.1086/ahr/85.5.1212


Enrique Ledesma et al.  /  ZooKeys 841: 39–59 (2019)56

Ortuño VM (2004) An enigmatic cave-dwelling ground beetle: Trechus barratxinai. Revue Sui-
sse de Zoologie 111(3): 551–562. https://doi.org/10.5962/bhl.part.80251

Ortuño VM, Cuesta E, Gilgado JD, Ledesma E (2014) A new hypogean Trechus Clairville 
(Coleoptera, Carabidae, Trechini) discovered in a non-calcareous Superficial Subterrane-
an Habitat of the Iberian System (Central Spain). Zootaxa 3802: 359–372. https://doi.
org/10.11646/zootaxa.3802.3.5

Ortuño VM, Gilgado JD, Jiménez-Valverde A, Sendra A, Pérez-Suárez G, Herrero-Borgoñón 
JJ (2013) The “Alluvial Mesovoid Shallow Substratum”, a new subterranean habitat. PLoS 
ONE 8(10): e76311. https://doi.org/10.1371/journal.pone.0076311

Ortuño VM, Gilgado JD, Tinaut A (2014) Subterranean ants: the case of the Iberian Aphaeno-
gaster cardenai Espadaler 1981. Journal of Insect Science 14: 1–7. https://doi.org/10.1093/
jisesa/ieu074

Ortuño VM, Martínez-Pérez FD (2011) Diversidad de Artrópodos en España. Memorias de la 
Real Sociedad Española de Historia Natural 2ª época 9: 235–284.

Ortuño VM, Toribio M (1994) Nuevos datos sobre la distribución y ecología de Nebria vuille-
froyi Chaudoir, 1866 (Col., Nebriidae). Boletín de la Asociación española de Entomología 
18: 204–205.

Pérez Sánchez D, Méndez Iglesias M (2013) Arañas epígeas (Araneae) de los hayedos del Parque 
Nacional de la Montaña de Covadonga (Norte de España). Revista Ibérica de Aracnología 
23: 83–89.

Pipan T, Culver DC (2012) Convergence and divergence in the subterranean realm: a reas-
sessment. Biological journal of the Linnean Society 107: 1–14. https://doi.org/10.1111/
j.1095-8312.2012.01964.x

Pipan T, López H, Oromí P, Polak S, Culver, DC (2011) Temperature variation and the pres-
ence of troglobionts in terrestrial shallow subterranean habitats. Journal of Natural History 
45: 253–273. https://doi.org/10.1080/00222933.2010.523797

PNSG (no year) Clima de la Sierra de Guadarrama. Sierra de Guadarrama. Parque Nacional. 
Ministerio de Agricultura y Pesca, Alimentación y Medio Ambiente, Comunidad de Ma-
drid, Junta de Castilla y León. https://doi.org/10.14350/rig.48033

Quantum GIS Development Team (2016) Quantum GIS Geographic Information System. 
Open Source Geospatial Foundation Project. http://qgis.osgeo.org

Rendoš M, Raschmanová N, Kovác K, Miklisová D, Mock A, Ľuptáčik P (2016) Organic 
carbon content and temperature as substantial factors affecting diversity and vertical dis-
tribution of Collembola on forested scree slopes. European Journal of Soil Biology 75: 
180–187. https://doi.org/10.1016/j.ejsobi.2016.06.001

Ribera C, Juberthie C (1994) Araneae. In: Juberthie C, Decu V (Eds) Encyclopaedia Biospeo-
logica, vol I. Société de Biospéologie, Moulis and Bucharest, 197–214.

Růžička V (1989) Spider (Araneae) communities of rock debris on a typical hillside in the 
Ceske-Stredohori Mts (North Bohemia). Acta Entomologica Bohemoslovaca 86: 419–431.

Růžička V (1990) The spiders of stony debris. Acta Zoologica Fennica 190: 333–337.
Růžička V (1993) Stone debris ecosystems–sources of landscape diversity. Ekológia 12: 291–298.
Růžička V (1996) Species composition and site distribution of spiders (Araneae) in a gneiss 

massif in the Dyje river valley. Revue Suisse de Zoologie 2: 561–569.

https://doi.org/10.5962/bhl.part.80251
https://doi.org/10.11646/zootaxa.3802.3.5
https://doi.org/10.11646/zootaxa.3802.3.5
https://doi.org/10.1371/journal.pone.0076311
https://doi.org/10.1093/jisesa/ieu074
https://doi.org/10.1093/jisesa/ieu074
https://doi.org/10.1111/j.1095-8312.2012.01964.x
https://doi.org/10.1111/j.1095-8312.2012.01964.x
https://doi.org/10.1080/00222933.2010.523797
https://doi.org/10.14350/rig.48033
http://qgis.osgeo.org
https://doi.org/10.1016/j.ejsobi.2016.06.001


The study of hidden habitats sheds light on poorly known taxa... 57

Růžička V, Dolanský J (2016) Catching of spiders in shallow subterranean habitats in the Czech 
Republic. Arachnologische Mitteilungen 51: 43–48. https://doi.org/10.5431/aramit5106

Růžička V, Hajer J (1996) Spiders (Araneae) of stony debris in North Bohemia. Arachnologis-
che Mitteilungen 12: 46–56. https://doi.org/10.5431/aramit1202

Růžička V, Hajer J, Zacharda M (1995) Arachnid population patterns in underground cavities 
of a stony debris held (Araneae, Opiliones, Pseudoscorpionidea, Acari: Prostigmata, Rha-
gidiidae). Pedobiologia 39: 42–51.

Růžička V, Klimeš L (2005) Spider (Araneae) communities of scree slopes in the Czech Repub-
lic. Journal of Arachnology 33: 280–289. https://doi.org/10.1636/04-44.1

Růžička V, Thaler K (2002) Spiders (Araneae) from deep screes in the Northern Alps (Tyrol, Aus-
tria). Berichte Des Naturwissenschaftlich-Medizinischer Verein in Innsbruck 89: 137–141.

Růžička V, Zacharda M (1994) Arthropods of stony debris in the Krkonoše Mountains, 
Czech Republic. Arctic, Antarctic and Alpine Research 26: 332–338. https://doi.
org/10.2307/1551794

Růžička V, Zacharda M (2010) Variation and diversity of spider assemblages along a thermal 
gradient in scree slopes and adjacent cliffs. Polish Journal of Ecology 58: 361–369.

Růžička V, Zacharda M, Nemcova L, Šmilauer P, Nekola JC (2012) Periglacial microclimate in 
low-altitude scree slopes supports relict biodiversity. Journal of Natural History 46: 2145–
2157. https://doi.org/10.1080/00222933.2012.707248

Salazar Rincón A, Vía García M (2003) Características climáticas de la vertiente madrileña 
de la Sierra de Guadarrama. Centro de Investigaciones Ambientales de la Comunidad de 
Madrid “Fernando González Bernáldez”. Soto del Real, Madrid, Informe Nº 1758. https://
doi.org/10.3989/egeol.86424-5765

Sanz C (1986) Periglaciarismo en montaña: la Sierra de Guadarrama. In: Martínez de Pisón E, 
(Eds) Atlas de Geomorfología. Alianza editorial, Madrid, 239–254.

Scharff N, Coddington JA, Griswold CE, Hormiga G, Bjørn PDP (2003) When to quit? Esti-
mating spider species richness in a northern European deciduous forest. Journal of Arach-
nology 31: 246–273. https://doi.org/10.1636/0161-8202(2003)031[0246:wtqess]2.0.co;2

Sendra A, Jiménez-Valverde A, Gilgado JD, Ledesma E, Baquero E, Pérez-Suárez G, Cuesta E, 
Herrero-Borgoñón JJ, Jordana R, Tinaut A, Barranco P, Ortuño VM (2017) Diplurans of 
subsurface terrestrial habitats in the Iberian Peninsula, with a new species description (Diplu-
ra: Campodeidae). Zootaxa 4291: 61–80. https://doi.org/10.11646/zootaxa.4291.1.4

Serrano J, Lencina JL, Andújar A (2003) Distribution patterns of Iberian Carabidae (Insecta, 
Coleoptera). Graellsia 59: 129–153. https://doi.org/10.3989/graellsia.2003.v59.i2-3.239

Simon E (1914) Les arachnides de France. Tome 6, Première parte. Librairie Encyclopédique 
de Roret, Paris, 308 pp.

Skerl KL, Gilliespie RG (1999) Spiders in conservation-tools, targets and other topics. Journal 
of Insect Conservation 3: 249–250.

Sket B (2008) Can we agree on an ecological classification of subterranean animals? Journal of 
Natural History 42(21): 1549–1563. https://doi.org/10.1080/00222930801995762

Sørensen LL, Coddington JA, Scharff N (2002) Inventorying and estimating subcanopy spider 
diversity using semiquantitative sampling methods in an Afromontane forest. Environ-
mental Entomology 31: 319–330. https://doi.org/10.1603/0046-225x-31.2.319

https://doi.org/10.5431/aramit5106
https://doi.org/10.5431/aramit1202
https://doi.org/10.1636/04-44.1
https://doi.org/10.2307/1551794
https://doi.org/10.2307/1551794
https://doi.org/10.1080/00222933.2012.707248
https://doi.org/10.3989/egeol.86424-5765
https://doi.org/10.3989/egeol.86424-5765
https://doi.org/10.1636/0161-8202(2003)031%5B0246:wtqess%5D2.0.co;2
https://doi.org/10.11646/zootaxa.4291.1.4
https://doi.org/10.3989/graellsia.2003.v59.i2-3.239
https://doi.org/10.1080/00222930801995762
https://doi.org/10.1603/0046-225x-31.2.319


Enrique Ledesma et al.  /  ZooKeys 841: 39–59 (2019)58

Thompson GG, Thompson SA (2007) Using species accumulation curves to estimate trapping 
effort in fauna surveys and species richness. Austral Ecology 32: 564–569. https://doi.
org/10.1111/j.1442-9993.2007.01728.x

Thompson GG, Withers PC, Pianka ER, Thompson SA (2003) Assessing biodiversity with spe-
cies accumulation curves; inventories of small reptiles by pit-trapping in Western Australia. 
Austral Ecology 28: 361–383. https://doi.org/10.1111/j.1442-9993.2003.tb00261.x

Toribio M, Rodríguez F (1997) Un nuevo Trechus Clairville, 1806 de Cantabria, Norte de 
España (Coleoptera: Carabidae: Trechinae). Zapateri Revista aragonesa de entomología 7: 
281–286. https://doi.org/10.3989/graellsia.2005.v61.i1.10

Toti DS, Coyle FA, Miller JA (2000) A structured inventory of Appalachian grass bald and 
heath bald spider assemblages and a test of species richness estimator performance. Journal 
of Arachnology 28: 329–345. https://doi.org/10.1636/0161-8202(2000)028[0329:asioag
]2.0.co;2

Uéno S-I (1980) The anophthalmic trechine beetles of the group of Trechiama ohshimai. Bul-
letin of the National Museum of Nature and Science. Series A, Zoology 6: 195–274.

Uéno S-I (1981) New anophthalmic Trechiama (Coleoptera, Trechinae) from northern Shi-
koku, Japan. Journal of the Speleological Society of Japan 6: 11–18.

Vialette Y, Casquet C, Fúster JM, Ibarrola E, Navidad M, Peinado M, Villaseca C (1987) 
Geochronological study of orthogneisses from the Sierra de Guadarrama (Spanish Central 
System). Neues Jahrbuch für Mineralogie – Monatshefte 10: 465–479.

Vigna Taglianti A, Audisio PA, Belfiore C, Biondi M, Bologna MA, Carpaneto GM, de Biase A, 
de Felici S, Piattella E, Racheli T, Zapparoli M, Zoia S (1992) Riflessioni di gruppo sui coro-
tipi fondamentali della fauna W-paleartica ed in particolare italiana. Biogeographia – The 
Journal of Integrative Biogeography 16: 159–179. https://doi.org/10.21426/b616110375

World Spider Catalog (2018) World Spider Catalog. Natural History Museum Bern, version 
19.0. http://wsc.nmbe.ch

Supplementary material 1

Table S1. Araneae species captured and their distribution in the MSS of the Sierra 
de Guadarrama National Park
Authors: Enrique Ledesma, Alberto Jiménez-Valverde, Alberto de Castro, Pablo Agua-
do-Aranda, Vicente M. Ortuño
Data type: species data
Explanation note: UTM 1 × 1 km cells are provided and the corresponding SSD 

numbers (see Fig 1) are indicated into parentheses. Note that some SSDs lay in the 
same UTM cell.

Copyright notice: This dataset is made available under the Open Database License 
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/zookeys.841.33271.suppl1

https://doi.org/10.1111/j.1442-9993.2007.01728.x
https://doi.org/10.1111/j.1442-9993.2007.01728.x
https://doi.org/10.1111/j.1442-9993.2003.tb00261.x
https://doi.org/10.3989/graellsia.2005.v61.i1.10
https://doi.org/10.1636/0161-8202(2000)028%5B0329:asioag%5D2.0.co;2
https://doi.org/10.1636/0161-8202(2000)028%5B0329:asioag%5D2.0.co;2
https://doi.org/10.21426/b616110375
http://wsc.nmbe.ch
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/zookeys.841.33271.suppl1


The study of hidden habitats sheds light on poorly known taxa... 59

Supplementary material 2

Figure S1. Non-parametric species richness estimators
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Figure S2. Species distribution maps
Authors: Enrique Ledesma, Alberto Jiménez-Valverde, Alberto de Castro, Pablo Agua-
do-Aranda, Vicente M. Ortuño
Data type: occurrence
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S1). A) Centromerus pabulator; B) Drassodes pubescens; C) Episinus theridioides; D) 
Ero tuberculata; E) Mansuphantes fragilis; F) Micrargus herbigradus; G) Pholcomma 
gibbum; H) Poecilochroa variana; I) Pyrenecosa rupicola; J) Rugathodes bellicosus; K) 
Saaristoa abnormis; L) Tapinocyba mitis; M) Tegenaria ferruginea; N) Tenuiphantes 
flavipes; O) Theonoe minutissima; P) Typhochrestus digitatus; Q) Walckenaeria incisa.
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Family Species UTM 1 × 1 km

Agelenidae

Eratigena atrica 30TVL2127 (21)

Eratigena bucculenta 30TVL0518 (4)

Eratigena picta 30TVL2440 (25)

Tegenaria ferruginea 30TVL1615 (5); 30TVL2818 (33)

Textrix pinicola 30TVL2116 (29); 30TVL2230 (19)

Corinnidae Phrurolithus festivus 30TVL2127 (21); 30TVL2440 (25)

Dysderidae
Harpactea fageli 30TVL1016 (11)

Harpactocrates gurdus
30TVL0518 (4); 30TVL0619 (3); 30TVL1016 (2,11); 30TVL1713 (13); 30TVL1822 (7); 30TVL1916 (28); 30TVL1923 
(8); 30TVL2230 (19); 30TVL2233 (20); 30TVL2440 (25); 30TVL2818 (33); 30TVL2836 (23); 30TVL3018 (26); 
30TVL3338 (16); 30TVL3743 (18)

Gnaphosidae

Drassodes pubescens 30TVL1713 (13)

Drassodex granja
30TVL1016 (2); 30TVL1615 (5); 30TVL1813 (12); 30TVL2116 (29); 30TVL2127 (21); 30TVL2217 (30); 30TVL2718 
(27); 30TVL2818 (5,6); 30TVL2230 (19); 30TVL2233 (20); 30TVL3018 (26); 30TVL3037 (22); 30TVL3338 (16); 
30TVL3743 (18)

Poecilochroa variana 30TVL0619 (3)

Hahniidae Hahnia n. sp.
30TVL0518 (4); 30TVL0619 (3); 30TVL1615 (5); 30TVL1718 (6); 30TVL2217 (30); 30TVL2440 (25); 30TVL2718 
(27); 30TVL2818 (31,33); 30TVL3018 (26)

Linyphiidae

Centromerus dilutus 30TVL0518 (4); 30TVL0619 (3); 30TVL0820 (1); 30TVL1016 (1); 30TVL1923 (8); 30TVL3338 (16)

Centromerus pabulator 30TVL2440 (25)

Centromerus prudens 30TVL2127 (21); 30TVL2722 (4); 30TVL2818 (6); 30TVL3441 (17)

Improphantes improbulus

30TVL0518 (4); 30TVL0619 (3); 30TVL1016 (11); 30TVL1615 (5); 30TVL1713 (13); 30TVL1813 (12); 30TVL1821 
(9); 30TVL1822 (7); 30TVL1916 (28); 30TVL1923 (8); 30TVL2116 (29); 30TVL2217 (30); 30TVL2230 (19); 
30TVL2233 (20); 30TVL2718 (27); 30TVL2722 (14,15); 30TVL2818 (31,33); 
30TVL2836 (23); 30TVL3037 (22); 30TVL3338 (16); 30TVL3441 (17); 30TVL3743 (18)

Lepthyphantes (sensu lato) n. sp. 30TVL0820 (1); 30TVL1016(2); 30TVL2440 (25)

Mansuphantes fragilis 30TVL1718 (6)

Megalepthiphantes n. sp. 30TVL0619 (3)

Micrargus herbigradus 30TVL0518 (4); 30TVL0820 (1); 30TVL1016(2); 30TVL2217 (30); 30TVL3441 (17); 30TVL3743 (18)

Palliduphantes stygius 30TVL2836 (23)

Palliduphantes n. sp.
30TVL0518 (4); 30TVL0619 (3); 30TVL1016(2,11); 30TVL2440 (25); 30TVL2836 (23); 30TVL3018 (26); 30TVL3037 
(22); 30TVL3338 (16)

Porrhomma pygmaeum 30TVL2836 (23)

Saaristoa abnormis 30TVL3743 (18)

Sintula cf. iberica 30TVL0619 (3); 30TVL0820 (1); 30TVL1718 (6)

Tapinocyba mitis 30TVL1718 (6)

Tenuiphantes flavipes 30TVL0518 (4); 30TVL1813 (12); 30TVL1821 (9); 30TVL2440 (25)

Tenuiphantes tenuis
30TVL0518 (4); 30TVL0619 (3); 30TVL1016 (2); 30TVL1615 (5); 30TVL1713 (13); 30TVL1813 (12); 30TVL1822 (7); 
30TVL1916 (28); 30TVL1923 (8); 30TVL2116 (29); 30TVL2217 (30); 30TVL2233 (20); 30TVL2440 (25); 30TVL2722 
(15); 30TVL2818 (31,33); 30TVL3037 (22); 30TVL3743 (18)

Typhochrestus digitatus 30TVL3338 (16)

Walckenaeria capito 30TVL3441 (17); 30TVL3743 (18)

Walckenaeria corniculans
30TVL0518 (4); 30TVL0619 (3); 30TVL0820 (1); 30TVL1713 (13); 30TVL1718 (6); 30TVL1813 (12); 30TVL1821 (9); 
30TVL1822 (7); 30TVL1916 (28); 30TVL1923 (8); 30TVL2116 (29); 30TVL2230 (19); 30TVL2718 (27); 30TVL2818 
(31,33); 30TVL2836 (23); 30TVL3018 (26); 30TVL3037 (22); 30TVL3441 (17); 30TVL3743 (18)

Walckenaeria incisa 30TVL1016 (2); 30TVL1718 (6)

Liocranidae Liocranum apertum 30TVL0518 (4); 30TVL1822 (7); 30TVL2440 (25)

Lycosidae Pyrenecosa rupicola 30TVL0518 (4); 30TVL2217 (30); 30TVL2230 (19); 30TVL3018 (26)

Mimetidae Ero furcata 30TVL0820 (1); 30TVL1615 (5); 30TVL3441 (17); 30TVL3743 (18)

Ero tuberculata 30TVL0518 (4)

Theridiidae

Episinus theridioides 30TVL1615 (5); 30TVL1813 (12); 30TVL1921 (10); 30TVL2818 (31)

Pholcomma gibbum 30TVL1016 (11); 30TVL1822 (7); 30TVL2440 (25)

Rugathodes bellicosus 30TVL2233 (20)

Theonoe minutissima
30TVL0518 (4); 30TVL0619 (3); 30TVL0820 (1); 30TVL1016 (1,2); 30TVL1615 (5); 30TVL2230 (19); 30TVL2440 
(25); 30TVL2722 (15); 30TVL2818 (31); 30TVL3018 (26); 30TVL3338 (16)

Thomisidae Xysticus cristatus 30TVL3441 (17)

Zodariidae Zodarion gregua 30TVL2127 (21)
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UTM cell.
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Figure S1. Non-parametric species richness estimators
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Figure S2. Species distribution maps 

A) Centromerus pabulator; B) Drassodes pubescens; C) Episinus theridioides; 
D) Ero tuberculata; E) Mansuphantes fragilis; F) Micrargus herbigradus.
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Figure S2. Species distribution maps 

G) Pholcomma gibbum; H) Poecilochroa variana; I) Pyrenecosa rupicola;
J) Rugathodes bellicosus; K) Saaristoa abnormis; L) Tapinocyba mitis.
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Figure S2. Species distribution maps 

M) Tegenaria ferruginea; N) Tenuiphantes flavipes; O) Theonoe minutissima; 
P) Typhochrestus digitatus; Q) Walckenaeria incisa.
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