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ABSTRACT. The study at a local scale of the fauna in a natural mountain landscape provides insights regarding
the patterns and the factors influencing distribution. We test if each type of natural forest and some open habitats
in the Muniellos Biosphere Reserve have their own unique harvestmen assemblages. We further investigate
the presence of groups of sites sharing harvestmen assemblages and the factors and indicator species involved.
Nineteen sites with well-known phytosociological association were sampled during nine surveys from late 2001
to 2002 by means of three sampling protocols. The quality of the inventories was assessed via the corresponding
species accumulation curves. The cluster analysis using the Bray Curtis similarity index showed the presence
of two main distinct groups of sites. One group consisted of seven lower forest sites, while the second group
contained samples from more open sites and lighter forests. IndVal analyses show the first group has six
characteristic species and the second group has one. ANOSIM analyses revealed that the harvestmen community
composition was significantly different between the two clusters. Orientation appears to be one main driver of
harvestmen assemblages on Mount Muniellos: a clear distinction between the two clusters appears along the
boundary of shady to sunny habitats. The vegetal associations that house the higher harvestmen species richness
have the higher soil richness. Seven rare and infrequent species were found in forests with richer soil.
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INTRODUCTION

There is a need to measure and describe
natural and disturbed landscapes in order to
relate distribution patterns to their causes and
consequences (RICKLEFS 1987). The level of
species diversity in a particular area represents
a balance between regional processes, such
as dispersal and species formation, and local
processes, such as biotic interactions and
stochasticity (RICKLEFS 1987, 2004; WIENS &
DONOGHUE 2004).

Determining landscape patterns at small
‘microlandscape’ scales can potentially serve
as a model for larger-scale landscape systems
(MILNE 1988). One of the advantages is that
measurements may be taken with a level of

detail that is difficult to attain at a broader scale.
Specific results can provide evidence of the
factors influencing distribution in addition to
suggestions regarding the mechanisms through
which patterns may arise.

CURTIS & MACHADO (2007) described the
ecology of harvestmen focusing on spatial
and temporal patterns in the occurrences of
harvestmen species and the assemblages of
species in natural environments. These can be
described and compared using simple parameters
such as species composition, species richness
and the relative abundance of each species. So
far, only one study on the Iberian Peninsula has
followed this approach (RAMBLA 1985). Some
recent papers on the ecology of Opiliones have
tested the type of distribution of particular species
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(LIPOVSEK et al. 1996; MITOV 1997), biotope
preferences (STOL 2003, 2004), ecological
profiles (MITOV & STOYANOV 2005), patterns of
distribution (KOMPOSCH 2000; MUSTER 2001;
ACOSTA & GUERRERO 2011), the study of natural
reserves (ZINGERLE 1997, 1999) and faunistic
similarity among different islands (TSURUSAKI
et al. 2005) and forests (PINTO-DA-ROCHA & DA
SILVA 2005), the relationship between elevation
and harvestmen species richness (KOMPOSCH &
GRUBER 1999; ALMEIDA-NETO et al. 2006), the
role of fragmentation (BRAGAGNOLO et al. 2007)
and the influence of grazing history in harvestmen
biodiversity (PASCHETTA et al. 2013).

The Muniellos Biosphere Reserve in Asturias,
Northern Spain, is mainly covered by forests
and has barely been exposed to human influence
due to its geographical isolation and rugged
landscape. It may be considered “near-natural”
(i.e. pristine) in the sense of PETERKEN (1993)
and is therefore considered a site of special
scientific interest. Sampling was carried out at
nineteen sites of a well-known vegetation type
at microscale resolution in order to elaborate the

Muniellos Inventory of Invertebrates (ANADON
et al. 2002). As the basic data on harvestmen
fauna are already known (MERINO SAINZ &
ANADON 2008, 2009) it is possible to study their
spatial patterns. All the sites in the lower altitudes
of Mount Muniellos are in close vicinity to each
other, composing a mosaic within one square
kilometer. So we studied their distribution at a
local microscale level.

Here, we tested if each type of natural forest and
some open habitats in the Muniellos Biosphere
Reserve have their own unique harvestmen
assemblages. We further investigated the
presence of groups of sites sharing harvestmen
assemblages and the factors and indicator species
involved.

MATERIALS AND METHODS
Study area

The Muniellos Biosphere Reserve (Fig. 1) is
situated in Cangas del Narcea (Asturias, North-
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Fig. 1. — Map of Muniellos Biosphere Reserve with the sites studied. Main vegetation series are depicted in
different levels of shading. Degraded areas of shrub and meadows are embedded within them. m = plot;*:
transect; A = transect with pitfall trap. Birch trees predominate at high altitudes, sessile oaks in lower areas.
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Western Spain). It contains three drainage basins
with acid Palaeozoic Variscan rocks and a very
thin layer of soil. The basins surprisingly are
locally named mountains. The climate of the
reserve is temperate oceanic. Mount Muniellos
has an upper humid ombrotype, steep slopes and
three glacial lagoons and has been a protected
area since 1964. Mount La Viliella and Mount
Valdebois have a humid ombrotype, slighter
slopes and each one contains a very small village.
The climate belt is mainly montane (FERNANDEZ
PRIETO & BUENO SANCHEZ 1996).

Phytogeographically, the reserve belongs
to the Orocantabrian Province, Atlantic
Superprovince, within the Eurosiberian Region
(Diaz GONZALEZ & FERNANDEZ PRIETO 1994),
on the border with the Mediterranean Region.
Mature forests (Principado Asturias 2001) cover
67% of the reserve, with sessile oak (Quercus
petraea) forests (2,900 ha) predominating at
lower altitudes and birch (Betula celtiberica)
forests (507 ha) at higher altitudes. Beech (Fagus
sylvatica) forests in more humid areas, Pyrenean
oak (Quercus pyrenaica) forests in warmer
areas and two types of gallery forests complete
the mature woodlands, while different types of
shrubland occupy 18% of the surface. Erica
australis subsp. aragonensis, red heath shrubs,
cover 9% of the reserve. Mixed forests including
maples (Acer pseudoplatanus) and sessile oaks
cover particularly small territories with richer
soils originating from landslides.

Sampling sites and collecting methods

Eight plots and twelve transects were selected
based on their vegetation type to study the
invertebrates (OCHARAN et al. 2003) of the
reserve (Fig. 1, Table 1). The sites were situated
on a wide range of altitudes and included twelve
forests, four shrublands, two grasslands and a
peatbog. The nine sampling periods started at
the following time periods: 10th November in
2000; 29th April, 18th June, 6th August, and
25th October in 2001; and 18th February, 16th
April, 1st July and 26th September in 2002 (for

details, see ANADON et al. 2002). Each sampling
period lasted two weeks and was carried out by
at least five individuals with no specialization
in harvestmen. Each individual used the same
sampling method within all localities and periods.

Three sampling protocols were applied. Plots
(P) of 50 m x 50 m were sampled by four active
sampling methods, each method for one hour:
capture with entomological net, vegetation
sweeping with an entomological net, direct
capture and beating; and by three additional
passive methods: Malaise trap, seven pitfall
traps and soil extraction by Berlese funnels. The
protocol for each transect (T) included the first
three aforementioned sampling methods for one
hour. In addition, three transects (T*) were also
sampled with pitfall traps. The pitfall traps had
no bait, only water and sodium polyphosphate.
They were active for two days in 2000 and five
days in 2001 and 2002.

Data analyses

All specimens of harvestmen were identified
and catalogued, along with their localities,
date and sampling method (MERINO SAINZ
& ANADON 2008, 2009). This material is
deposited in the BOS-Opi 1-493 and BOS-
Opi 931 Arthropod Collections, Department of
Biology of Organisms and Systems, University
of Oviedo, Spain (MERINO-SAINZ et al. 2013).

The diversity was studied as species richness and
as true diversity, 2D= 1/ (HILL 1973; JOST 2007,
TuomisTO 2010) with 1 =2X'_ p?, pi being the
proportional abundance of the ith species. True
beta diversity is the quotient between the true
gamma diversity of a data set and the average
true alpha diversity of all the compositional
units; here, the sampling sites: *D = ZDV/ 2D_a.

PRIMER V6 program (CLARKE & GORLEY
2006) was used to obtain species accumulation
curves, hierarchical clustering (CLUSTER),
multidimensional scaling (MDS), analysis of
similarity (ANOSIM), and similarity percentage
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TABLE 1

Characteristics of sampling sites, identified by their two abbreviations. Geographical UTM coordinates, slope (high 50-65%; medium < 50%), orientation and

altitude (m above sea level).

Plot/transect Valley name Vegetation type Phytosociological association UTM Slope Orientation Altitude
P9 (aldVi) La Viliella Alder gallery forest Valeriano pyrenaicae-Alnetum glutinosae 29TPHI161 Flat SE, sunny 540
T4 (oakVi) La Viliella Xerophilous sessile oak forest Linario triornithophorae-Quercetum petraeae 29TPH9160 Flat NE, shady 665
T7 (pasV) Valdebois Pasture Merendero-Cynosuretum cristati 29TPH8268 High S, sunny 660
T1 (brooV) Valdebois White broom shrubs Cytiso scop a\:-QmEhREw:.N a@.\%&w@ hyllae 29TPH8268 Medium SW, sunny 700

cysetosum multiflori

T9 (heaV) Valdebois Red heath Daboecio cantabricae-Ericetum aragonensis 29TPH8267 Medium SW, sunny 1,050

T6 (mdw) Tablizas Meadow Merendero-Cynosuretum cristati 29TPH8867 Flat N-S, sunny 660
T5* (ashT) Tablizas Ash gallery forest Festuco gigantae-Fraxinetum excelsioris 29TPH8866 Flat N-S, shady 700

P5 (ashP) Tablizas Ash gallery forest Festuco gigantae-Fraxinetum excelsioris 29TPH8867 Flat N-S, shady 650

P4 (bee) Tablizas Beech forest Blechno spicanti-Fagetum sylvaticae 29TPH8867 High N, shady 720

P3 (uoak) Tablizas Ombrophilous sessile oak forest Luzulo henriquesii-Quercetum petraeae 29TPH8867 High NE, shady 830
P2 (moak) Tablizas Mixed forest: maples & sessile oaks  Luzulo henriquesii-Aceretum pseudoplatani 29TPH8867 High NE, shady 850

P1 (xo0ak) Tablizas Xerophilous sessile oak forest Linario triornithophorae-Quercetum petraeae 29TPH8867 High SE, sunny 860
P8 (heaM) Tablizas Heath of red heather Daboecio cantabricae-Ericetum aragonensis 29TPH8867 High SE, sunny 900

P6 (birC) Connio Pass Birch wood Luzulo henriquesii-Betuletum celtibericae 29TPH8568 Medium NE, shady 1,280

. . L. L. X .. SW, windy,

T2 (gorC) Connio Pass Gorse with heather Halimio alyssoidis-Ulicetum cantabrici 29TPH8568 Flat sunny 1,320
T12 (birFo) Connio Pass (anthill) Open birch forest Luzulo henriquesii-Betuletum celtibericae 29TPH8567 Flat NE, sunny 1,450
P7 (birdLI) Lagoons (La Isla) Open birch tree forest Luzulo henriquesii-Betuletum celtibericae 29TPH8464 Flat N, sunny 1,340
T3* (pbog) Lagoons Peatbog with heather Calluno vulgaris-Sphagnetum capillifolii 29TPH8464 High NE, shady 1,350

luzuletosum enriquesii

T10* (birLH) Lagoons (Honda) Open birch forest Luzulo henriquesii-Betuletum celtibericae 29TPH8464 Flat N, sunny 1,410
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analysis (SIMPER). The species accumulation
curves assess the quality of the inventory. The
sampling dates (in the case of captures) were
taken as measures of sampling effort and were
randomized 999 times. The asymptotes of the
curves were estimated fitting the Clench function
to the smoothed curves by means of a Simplex
and Quasi-Newton method (HORTAL et al.
2004) using the Statistica v6 program (StatSoft
2001). The function provides a good fit when R?
approaches 1 (JIMENEZ-VALVERDE & HORTAL
2003). The asymptote of the curves, being the
point where the slope reaches 0 (HORTAL et al.
2004), predicts the estimated species richness
of each sufficiently well-sampled site. When
the value of the final slope is lower than 0.1
and the percentage of collected species is over
70, the inventory is considered reliable and the
community to be well sampled (HORTAL & LOBO
2005). Moreover, five non-parametric estimates
of total species richness: Jacknife 2, Jacknife 1,
Chao 1, Chao 2, and Bootstrap were obtained.

Although three different sampling protocols
were applied, no sites and data were discarded a
priori from the Basic Data table.

We conducted an ANalysis Of SIMilarity
(ANOSIM) (CLARKE & GORLEY 2006) to test for
significantdifferencesinharvestmenassemblages
between each pair of sites and between the two
main clusters of sites based on a permutation test.
To estimate beta diversity, the distance between
two sites based on the Bray-Curtis coefficient
of similarity was calculated on the square root
transformed abundance data. Triangular matrices
of the distances across sampling sites (according
to their species assemblages) were used in the
hierarchical clustering (CLUSTER), carried
out with average group linkage, and in a non-
metric multidimensional scaling (MDS), which
represents the distances among the sites in a
geometric space.

The similarity percentage analysis (SIMPER)
identifies the species primarily providing the
discrimination of similarity or dissimilarity
between two observed sample clusters.

Specificity and fidelity of each harvestmen
species within the groups of sites were explored
via the indicator value index (IndVal) (DUFRENE
& LEGENDRE 1997; DE CACERES & LEGENDRE
2009), which measure the association of a species
for a given clustering of sites. Indicator species
are defined as the most characteristic species
for a cluster of sites and it is most frequent in
this cluster and present in the majority of sites
belonging to that cluster (DUFRENE & LEGENDRE
1997). Indicator species analyses were run using
the package “indicspecies” 1.7.32014-07-10 (DE
CACERES & JANSEN 2014) in R (R Development
Core Team 2012).

Species richness in terms of vegetation was
studied qualitatively (see CURTIS & MACHADO
2007), scoring the richness and abundance
present in forested versus open areas and the
different types of forests and their situation on
the mountain: gallery, mountainside, sunny,
shady, low, medium or high.

RESULTS

A total of 765 individual Opiliones were
sampled in the Muniellos Biosphere Reserve,
belonging to 19 different species, with a true
diversity of 8.34 effective species (Table 2).
Average number of species per site was 7 species.
True B diversity is 8.34/4.0 = 2.09 compositional
units in the dataset. The estimation of global
species richness with non-parametric estimators
ranged between 20.6 using Bootstrap (q = 0.92)
and 24.9 using Jacknife 2 (Fig. 2).

Pitfall traps, sweeping, hand picking and
beating resulted in 40%, 34.9%, 18.7% and 5.8%
of the specimens.

The overall inventory is sufficiently reliable
(Table 3).

However, the asymptotes at each particular
site are generally far from the observed richness
value, and suggest that <70% of the species were
captured.
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TABLE 2

Harvestmen species distribution in Muniellos Reserve. Abundance, true diversity 1/A. P = plot; T = transect, T* = transects with pitfall trap.

Vegetation types aldVi | ashP | mdw | pasV | oakVi | ashT |brooV | bee | uoak | moak | xoak | heaM | heaV | birC | gorC | birLI | pbog |birLH | birFo | Total | Sites
Plots and transects P9 P5 T6 T7 T4 T*5 T1 P4 P3 P2 P1 P8 T9 P6 T2 P7 T*3 | T*10 | TI12
altitude m.a.s.l. 540 650 660 660 665 700 700 720 830 850 860 900 | 1050 | 1280 | 1320 | 1340 | 1350 | 1410 | 1450
Paroligolophus agrestis 43 12 11 34 44 6 2 16 4 6 178 10
Oligolophus hansenii 7 2 4 1 4 7 3 2 13 7 6 56 11
Leiobunum blackwalli 19 10 3 1 7 25 3 6 11 2 3 90 11
Leiobunum rotundum 5 13 1 9 11 1 13 13 10 76 9
Ischyropsalis hispanica 3 2 1 8 3 3 1 2 3 1 27 10
Homalenotus laranderas 23 2 2 11 6 1 1 2 9 1 56 9
Trogulus nepaeformis 22 4 11 2 7 1 3 1 51 8
Phalangium opilio 11 2 2 3 1 28 15 2 5 21 5 11 2 1 109 14
Odiellus seoanei 6 1 2 1 2 5 4 1 3 25 9
Odiellus simplicipes 8 1 1 3 1 4 2 22 3 6 51 10
Nemastoma hankiewiczii 11 1 6 2 20 4
Dicranopalpus sp. 1 1 2 2
Anelasmocephalus cambridgei 2 2 4 2
Gyas titanus 3 3 1
Sabacon franzi 2 3 2 7 3
Nemastomella dentipatellae 4 4 1
Hadziana clavigera 2 2 1
Paramiopsalis sp. 1 1 1
Megabunus diadema 1 1 1
Total abundance 153 55 6 3 36 113 7 94 42 34 41 32 2 62 26 18 21 12 8 765
Species richness 11 11 3 2 8 13 4 11 7 11 6 5 1 6 4 4 4 4 3 19
True diversity °D_, 1/A 6.50 | 6.14 | 257 | 1.80 | 480 | 575 | 3.27 | 3.82 | 457 | 696 | 2.05 | 3.05 1 4.03 1.50 | 3.45 | 2.64 | 288 | 1.68 | 8.34
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TABLE 3

Species richness (S): raw data and accumulation curves. N = sampling units; R* = curves coefficient of
determination; ES = estimated species richness; %, S/ES = % species collected; p = final slope of the species
accumulation curve (0 indicates a perfect inventory).

Plots & transects N S Abundance R? ES %S/ES p
P1 xoak 20 5 39 0.997 6.38 78.4 0.05
P2 moak 16 11 33 0.999 18.84 58.4 0.28
P3 uoak 15 7 42 0.999 9.07 77.2 0.1

P4 bee 16 11 94 0.999 16.2 67.9 0.22
PS5 ashP 14 11 55 0.999 17.69 62.2 0.298
P6 birC 13 6 62 0.989 7.3 82.2 0.07
P7 birLL 9 4 18 0.998 5.45 73.4 0.12
P8 heaM 16 5 32 0.996 6.8 73.5 0.08
P9 aldVi 17 11 153 0.989 13.5 81.5 0.1
T1 brooV 4 7 0.998 11.18 35.78 0.85
T2 gorC 4 26 0.999 7.33 54.57 0.36
T*3 pbog 8 4 21 0.999 5.25 76.19 0.12
T4 oakVi 12 8 36 0.998 11.9 67.23 0.21
T*S ashT 21 13 113 0.998 17.06 76.2 0.15
T6 mdw 4 3 6 0.99 5.48 54.74 0.34
T*10 birLH 5 4 12 0.998 6.02 66.44 0.27
All plots 136 17 528 0.976 17.5 97.1 0.009
All transects 63 15 234 0.995 16.54 90.69 0.03
All plots & transects 199 19 762 0.956 19.46 97.64 0.006
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Fig. 2. — Species accumulation curve for observed (Sobs) Opiliones of all plots and transects together, and for 5
different non-parametric estimators of species richness: Bootstrap, Chao 1, Chao 2, Jacknife 1 and Jacknife 2.
Sobs is closest to Chao 2 and Bootstrap estimator.
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Cluster analyses, MDSs and ANOSIM and
SIMPER of the sites

The cluster analysis of the sites based on
their species composition returned two distinct
groups (Al and A2; Fig. 3). Al includes seven
low-altitude forest sites: ash gallery forest, alder
gallery forest, beech forest, mixed forest of
maples and sessile oaks, ombrophilous sessile
oak forest, and “xerophilous” sessile oak forest
of La Viliella. These forests are shady to different
degrees and have higher harvestmen species
richness (7-13 species/site), as well as higher
average true alpha diversity 5.5 (3.82-6.96
effective species/site). Only the alder gallery
forest is sunnier due to the width of the river.

Cluster A2 contained seven sites: the
xerophilous sessile oak forest of Muniellos, two
shrublands (heather and gorse) and one birch
forest (subcluster A2.1) and two other birch
forests and the peatbog (subcluster A2.2). All
are higher-altitude sunny sites with 4-6 species
richness with a lower average true diversity of
2.8 (1.50-4.03) species per site.

Clusters D1 and D2 contained pasture T7,
heathland T9 and high birch forest T12. Cluster
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Fig. 3. — Cluster analysis of sites attending their
harvestmen assemblages. Groups of sites Al and
A2 are supported by ANOSIM values and indicator
species.

C contained a meadow and a shrub with brooms.
The meadow T6 in the core of the reserve
appeared very poor in harvestmen and yielded
very few specimens represented by only three
species. All these sites of the last three clusters
had in common few harvestmen specimens
sampled and only 1-4 species.

MDS of Fig. 4 show the vegetation structure
and the groups of sites. Forest sites are spread
along the space and distributed in different
clusters.

The similarity analyses (ANOSIM) between
pairs of sites of the main clusters are summarized
in Table 4. Differences were consistently found
between sites belonging to the different clusters
Al and A2, but not between sites within one
cluster. Hence, the assemblages in one cluster
of sites differ from the assemblages in the
other cluster of sites, but do not differ among
themselves. Some exceptions can be found
in P6 and P7, and P9. An ANOSIM test that
evaluated all possible permutations (1716)
between clusters A1 and A2, each with seven
sites, revealed that the correlation in species
composition within clusters equaled r = 0.766,
which was significantly different from a random
distribution (P < 0.001). These results prove the
existence in Muniellos Biosphere Reserve of two
major clusters of sites with different harvestmen
assemblages. Similarity percentage analyses
(SIMPER) (Table 5) gives the contribution of the
species to internal similarity of the main clusters.
The ANOSIM results table does not include T1,
T6*, T7, T9 and T12 (with < 8 specimens): no
differences between them and any other site
were detected.

The study of indicator species values (IndVal)
of the groups of sites (Table 6) gave six indicator
species for cluster A1 and one indicator species
for cluster A2. The values of specificity and
fidelity were very high. Cluster D1, D2 and
C had no species associated. No species was
simultaneously associated to two, three of four
clusters of sites.
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TABLE 4

ANOSIM analysis of differences in species composition: * = differences p< 0.05; ** = differences p< 0.01;

ik = differences p< 0.001.

Cllnsiar Site Al Al Al Al Al A2 A2 A2 A2 A2 A2
P5 P2 P4 P3 P9 P6 P7 P1 P8 T3* T*10
Veg. ashP  moak  bee uoak aldVi birC birLI xoak heaM pbog birLH
Al P5 ashP 1 0 0 0 0 * *3k sk *kk % o
Al P2 moak 0 1 0 0 0 sk * sk sk * ko
Al P4 bee 0 0 1 0 ok ke ok ok Hokok Hk ok *k ke
Al P3 uoak 0 0 0 1 Kk *k * ek k $ok ok Kk sk
Al P9 aldVi 0 0 sk *k I * ok sesksk sk *ok sk
A2 P6 birC * Hok Heoksk ok * I 0 * * * 0
A2 P7 birLI Hx * ok * ok 0 I 0 0 0 *
A2 P1 xoak kg ok ok ook Hokok Hkok * 0 I 0 0 0
A2 P8 heaM sk Heokok Heoksk Heoksk ok * 0 0 I 0 0
A2 T*10 birLH Hok deoksk etk Aok ook 0 * 0 0 0 1
A2 T2 gorC kg kg seksk Heksk sk 0 * 0 0 * 0
A2 T*3 pbog Hook * ok ok ok * 0 0 1 0
Al T4 oakVi 0 0 ok ok Hsk 0
Al T*5 ashT 0 B *% sk T s ok

Four frequent species and eight rare species
have low IndVal values and were not indicator
species of the main groups of sites. The frequent
species were Oligolophus hansenii (KRAEPELIN,
1896), Nemastoma hankiewiczii (KULCZYNSKI,
1909), Odiellus simplicipes (SIMON, 1879) and
Odiellus seoanei (SIMON, 1878). O. simplicipes
is the actual name of O. ruentalis (KRAUS, 1961).
O. seoanei is the new identification of specimens

previously attributed to O. spinosus (BOSC,
1792) (MERINO SAINZ & ANADON 2008).

DISCUSSION

The first important result is that each
phytosociological association does not have a
specific harvestmen fauna: a different botanical
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Fig. 4. — MDS of'sites showing the vegetation structure and the groups of sites obtained with the cluster analysis.
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TABLE 5

Species contribution to the internal similarity of the clusters of sites (SIMPER). Distribution: Hol = holarctic;

Eur = European; [E = Iberian endemic.

Sites cluster Al A2.1 A2.2 Distrib
Average similarity 61.59 63.60 51.46
Spp. contribution % % %

Leiobunum rotundum (LATREILLE, 1798) 21.01 Eur
Paroligolophus agrestis (MEADE, 1855) 19.53 9.87 Hol
Leiobunum blackwalli MEADE, 1861 16.81 Eur
Oligolophus hansenii (KRAEPELIN, 1896) 9.56 43.96 Eur
Homalenotus laranderas GRASSHOFF, 1959 9.16 8.06 1IE
Trogulus nepaeformis (SCOPOLI, 1763) 7.8 Eur
Ischyropsalis hispanica ROEWER, 1953 6.68 IE
Phalangium opilio LINNAEUS, 1758 42.34 39.24 Hol
Odiellus simplicipes (SIMON, 1879) 26.39 IE
Odiellus seoanei (SIMON, 1878) 20.32 IE
Homalenotus laranderas GRASSHOFF, 1959 8.06 IE

characterization of the studied sites alone does not
imply a differentiated harvestmen assemblage.
The assemblages of forested areas are neither
similar among them nor different to those of
open habitats. Rather, there are two main clusters
of sites, both including different forest sites:
each cluster of sites shares different indicator
species. Species richness and abundance vary
according to the type of forest. Muniellos forests
had 8.27+3.07 harvestmen species on average,
while open habitats including different types
of shrubland and a meadow had a much lower
diversity of 4.0 £ 0.72. Abundance was highest
in the gallery forests, the beech forest and the
lowest altitude birch forest. Sessile oak forests
and the mixed forest had medium abundances.

CURTIS & MACHADO (2007) compiled data
from different studies and showed that the
average species richness of harvestmen in
forested habitats is 2.8 times higher than in
open habitats. They explain this on the basis
of seasonal variations in abiotic factors in open
habitats, mainly temperature and humidity, which
may restrict the occurrence of many harvestmen
species in this habitat, and the more complex
structure of forested habitats, which may provide
a greater diversity of suitable micro-habitats. The
diversity of micro-habitats and food (Collembola

and Acari) is also greater in forest habitats (see
Mitov 2007).

Discontinuities: changes in harvestmen
fauna and vegetation

Which factors are responsible for the variation?
Orientation seems to have a decisive influence on
harvestmen assemblages. An abrupt border was
found between the two main clusters of sites.
The abrupt change in southern versus northern
orientation in the wedged valleys on Mount
Muniellos results in a variation in xerophilous
versus ombrophilous sessile oak forests, which
was also reflected in the harvestmen fauna.

There is a border in the corner, between the
shady (P2 and P3) and sunny (P8 and P1) slopes,
along the path to the Mount Muniellos lagoons
(Fig. 1). The vegetation changes abruptly
there, though sessile oaks (Quercus petraea)
cover P1, P2 and P3. The sessile oaks at P1
are shorter and sparser than at P3 and P2. The
floristic composition of P1 is also substantially
different from P2 and P3. Plot P1 and the heath
P8 belong to the same series of vegetation
(FERNANDEZ PRIETO & BUENO SANCHEZ 1996);
the xerophilous sessile oak forest series.
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TABLE 6

Indicator species of cluster A1 and A2 with their specificity and fidelity values. P=significance level. Distribution:

Hol = holarctic; Eur = European; IE = Iberian endemic.

Cluster A1 Specificity  Fidelity I““,';ﬁte‘” p Distrib
Leiobunum rotundum (LATREILLE, 1798) 0.9737 1.000 0.987 0.001 *** Eur
Leiobunum blackwalli MEADE, 1861 0.8889 1.000 0.943 0.001 *** Eur
Paroligolophus agrestis (MEADE, 1855) 0.8539 1.000 0.924 0.001 *** Hol
Trogulus nepaeformis (SCOPOLI, 1763) 0.9412 0.8571 0.898 0.001 *** Eur
Homalenotus laranderas GRASSHOFF, 1959 0.7931 1.000 0.891 0.003 ** 1E
Ischyropsalis hispanica ROEWER, 1953 0.7407 0.8571 0.797 0.017 * IE

Cluster A2

Phalangium opilio Linnaeus, 1758 0.7885 0.8571 0.822 0.015 * Hol

The change in faunal composition in this
border is supported by three different analyses:
(a) the cluster analyses (Figs 3-4) separates the
harvestmen assemblages of shady plots (P3 and
P2,in A1) from those of sunny plots (P1 and P8, in
A2); (b) the ANOSIM analyses (Table 4) yielded
significant pairwise differences (***) between
P3 and P2, relative to P1 and P8; and between the
cluster A1 and A2; (c) the six indicator species of
Al are different from the only indicator species
of A2. So the local hard boundary (FORMAN
2006) between the faunas must be located along
the confluence of the sunny and the shady slopes.

The mixed forest of maples and sessile oaks
(P2) and the ombrophilous sessile oak forest
(P3) represent two different mature forests very
close to each other belonging to cluster A1 with
the same indicator species (Table 6).

Sites with a richer soil harboured a higher
species richness. The mixed forest, the gallery
forests, -ash tree forest and alder tree forest-
and the beech forest, which all share a rich soil,
showed the highest harvestmen species richness
(11-13 species/site). Higher soil richness is
indicated by the presence of the tree species
ash, maple, lime (Zilia platyphyllos) and elm
(Ulmus glabra), which are known to prefer rich
soils. These sites also have higher harvestmen
species richness and higher true diversity (Table
2). Those tree species grow at the bottom of
valleys and over landslides, where there is high

soil aeration and humidity, facilitating good
decomposition of organic matter and producing
mull humus (FERNANDEZ PRIETO & BUENO
SANCHEZ 1996). The influence of soil factors
on the species richness of scorpions has already
been documented (POLIS 1990).

Gallery forests, due to their special position in
the valleys, have a richer soil since they usually
accumulate particulate matter and mineral
nutrients carried overland by the surface flow
of water (FORMAN 2006). They are especially
important in nutrient-poor locations more
typical of uplands, as is the case in Muniellos.
Also the sampled beech forest was situated at
lower altitudes in the Muniellos valley. The high
species richness of the mixed forest is related to
its richer soil over a landslide. This woodland
constitutes an island of abundant maples
surrounded by ombrophilous sessile oak forest,
with poorer soils.

The mixed forest P2 hosts four endemic
rare species Sabacon franzi (ROEWER, 1953),
Nemastomella dentipatellae (DRESCO, 1967),
Paramiopsalis sp. and Hadziana clavigera
(SIMON, 1879), all endemic to the north of the
Iberian Peninsula. H. clavigera is the actual
name of Peltonychia clavigera (SIMON, 1879)
(KURY & MENDES 2007). The presence of
stenotopic taxa at P2 noticeably increases the
species richness of this site with respect to P3.
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Three European species considered to be rare in
this landscape were found in the ash tree forest:
Anelasmocephalus cambridgei (WESTWOOD,
1874), Gyas titanus (SIMON, 1879), and
Dicranopalpus sp. Another European species
Megabunus diadema (FABRICIUS, 1779) was
found over the highest sampled site in an open
birch forest.

Comparison with other faunas

The harvestmen fauna of Muniellos has
six species in common with the fauna of San
Juan de la Pefa in the Pyrenees Mountains
(RAMBLA 1985), where eleven species have
been found. There, Oligolophus hansenii is the
most abundant species. In the Pyrenees Quercus
ilex forest and Quercus faginea forest, both
typical of the Mediterranean climate, have fewer
species than the other forests and their dominant
species differ. In Muniellos, the species richness
was higher (6-13) at low and medium altitude
woodlands, maximal (10-13) in gallery, mixed
and beech forests; xerophilous sessile oak forests
as well as the birch forests (which grow at higher
altitude) have medium (6-8) species richness;
fewer species, < 5, were found in open high-
altitude birch forests (above 1,340 m) and in all
open habitats (Table 2). In Muniellos O. hansenii
was present in most of the forests and it was not
an indicator species of any cluster.

Studies of some heath-gorse shrublands (ROSA
GARCIA et al. 2009a, b) in Illano (Asturias), 40
km north of Muniellos, have found nine species
also present in Muniellos. Thus, there is a basic
pool of species in the area, though with different
relative frequencies in the two territories.

Mitov & STOYANOV (2005) studied and
modelled ecological profiles of harvestmen
species on the Vitosha Mountain, Bulgaria, and
concluded that altitude contributes the most
to explaining the ecological requirements of
harvestmen, followed by soil type, vegetation
belt (both presenting a very similar structure
to that of the altitude zone) and exposure.

Vegetation belt, habitat type, soil type and light
conditions are more strongly associated with
the second ordination axis. The similar patterns
of soil type, altitude zone and vegetation belt
are due to strong interdependence between
these factors (MITOV & STOYANOV 2005).
Geographical exposition and soil richness in
Vitosha were hence important, as it was found in
Muniellos. The aforementioned study found two
main groups of species: species with regional-
wide distribution and species virtually restricted
to low-altitude areas. In Muniellos the frequent
species are either holarctic, European or Iberian
endemic, and rare species are European, or
Iberian endemic.
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