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Abstract

Dysdera and Hogna are the most speciose spider genera of the Madeira archipelago. | have
extensively revised their taxonomy, describing a total of eleven new species, establishing five
synonyms and revalidating one name, using illustrations, SEM and stereomicroscope imaging for
descriptions. | tested their phylogenetic placement and their monophyly with a multi-locus
target gene phylogeny using both mitochondrial (cox1, 165+L1, ND1, 12S) and nuclear markers
(28S, H3, ITS-2), while at the same time running single gene (cox1) based species delimitation
methods, which, in turn, would be integrated with the morphological data to infer on species
boundaries. In the case of Hogna, | have generated haplotype networks for two genes (cox1 and
ITS-2) to show the structure of haplotypes across species. | performed time-calibrated

phylogenetic analyses for both genera using different frameworks.

Results indicate that Madeira was colonized by Dysdera at least twice, with a speciose
clade represented by ten species and another represented by a single species, in both cases with
Iberian or Moroccan ancestry. The single species lineage shares a common ancestor with
congenerics found in the remote archipelago of Azores, being adapted to coastal habitats, which
probably favoured oceanic long-distance dispersal by means of rafting. The Madeiran clade of
Hogna appears monophyletic, although methodological support is low. Species delimitation
methods did reveal geographic structure for several Dysdera species, but in general agreed with
morphological data to assess species boundaries. In Hogna, however, we have uncovered a
remarkable case of two species, H. insularum (Kulczynski, 1899) and H. maderiana (Walckenaer,
1837), which cannot be differentiated by either morphology or any molecular based species
delimitation method. | discuss the possibility of hybridization as reported in other members of
the genus, and we are developing a more thorough genomic approach to understand this

pattern.

Finally, building on the extensive sampling across the archipelago for most species, | delved
into conservation problems and possible protection measures for threatened species. Given the
restricted range of most species in these two genera and the multiple anthropogenic threats
they face, only targeted conservation programs can prevent future population extirpation and

species extinctions.
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General Introduction



General Introduction

Islands as models to understand the drivers of diversity on Earth

Islands have long fascinated naturalists, especially after Darwin’s voyage to the
Galapagos, where he found seemingly related, yet different species, occupying different
ecological settings (Darwin 1859). Following the publication of his theory of evolution through
natural selection, islands became renowned remote places where scholars could find endemic

species, occasionally with peculiar traits lacking in mainland relatives.

Later on, especially after the publication of The Theory of Island Biogeography
(MacArthur and Wilson 1967), islands stood as ideal natural laboratories to study the
intertwining of extinction and immigration as shapers of communities through time. Insular biotas
are usually depauperated compared with the mainland, and the absence of competition and
predation provides ecological opportunities for species ableto successfully colonize
islands to and adapt to novel ecological niches (Schluter 1988). It should bear in mind that the
island concept goes beyond the prototype of oceanic islands (e.g. the Hawaiian archipelago), but
to also include any area surrounded by a suboptimal border, i.e. ecological islands, such as lakes,

caves or mountain tops (Cartwright 2019) as similar settings.

Insular biotas are usually depauperated compared with the mainland, and the absence
of competition and predation often provides ecological opportunities for species to successfully

colonize islands and adapt to novel ecological niches (Schluter 1988).

Many examples of highly proliferated and diversified endemic taxa can be found in
insular systems, such as the Hawaiian honeycreepers (Lerner et al. 2011), Caribbean anoles
(Losos 2009), or the cichlids of the African Rift Lakes (lrisarri et al. 2018), to cite a few. With the
onset of molecular ecology, the study of these remarkable diversification events in islands in a
phylogenetic framework provided us with new insights into the drivers and temporal settings of
community assembly, either through processes of adaptive radiation with disruptive trait

displacement, diversification through non-adaptive radiation or a combination of both.



Adaptive radiation is a widely discussed phenomenon in island evolutionary biology. As
currently defined, it consists on adaptive phenotypic diversification in highly speciose
monophyletic lineages, often occurring in a short time span (Losos and Ricklefs 2009, Soulebeau
et al. 2015). Although traditionally all cases of species proliferation were referred as adaptive
radiation, the adaptive nature of the evolution of a certain group was usually not tested against
the alternative occurrence of non-adaptive speciation. This occurs when ecologically similar
species are segregated by allopatry, possibly due to competitive exclusion (Rundell and Price
2009). The latter, for instance, can be predominant in Orsonwelles spiders of the Hawaiian
archipelago (Hormiga et al. 2003), but, more often than not, a combination of both adaptive and
non-adaptive processes can be observed, such as in the spider genus Tetragnatha, where
multiple lineages show both highly differentiated sympatric species and similar allopatric
species, referred as ecomorphs (Gillespie 2004). The study of the interplay between these
sympatric interactions and allopatric shifts at the metapopulational level is termed landscape
dynamics (Keymer et al. 2000), and model-based studies suggest that it is the interplay between
these two dimensions that maximizes probability of speciation phenomena to occur (Aguilée et

al. 2013, Gascuel et al. 2015).

The evolutionary progress of island lineages through time creates pockets of endemicity
of high conservation concern. Due to their isolation and narrow range, endemic species are
prime case-studies for extinction processes (Cardoso et al. 2010, Triantis et al. 2010, Whittaker
et al. 2017, Figueiredo et al. 2019). These have always naturally occurred throughout geological
time as exemplified by the fossil records, but background rates of extinction have increased by
order of magnitudes with the onset of the Anthropocene, suggesting a direct implication of
human activities (Wood et al. 2017). The emergent field of Conservation Biogeography attempts
to understand the current state of community changes in islands and to use available knowledge
to inform and minimize the loss of diversity. Although pessimism is prevalent in this field
(Whittaker et al. 2005), hopeful examples of species and habitat recovery can be found (Copsey
et al. 2018).
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The Madeira Archipelago

Together with Azores, Selvagens, Canary Islands and Cabo Verde, the Madeira
archipelago is traditionally taken as part of the biogeographic region named Macaronesia (Fig.
1). These archipelagos are situated between 15° and 39° N latitude in the Atlantic Ocean, and
were historically clumped together due to the biogeographical affinities in their biota, which
supports high levels of endemism (see regional checklists of the referred archipelagos in
lzquierdo et al. 2004, Arechavaleta et al. 2005, Borges et al. 2008, 2010). The definition of
Macaronesia was recently revised using marine taxa data, and several new eco-regions were
proposed, allocating Madeira, together with the Canary Islands and Selvagens to the Webbnesia

(Freitas et al. 2019).

A
N
» Azores Europe
i
Madeira
Canary Is. .~ -
Africa

Cabo Verde

S
1
200 km .

Figure 1. Map of the Macaronesia. Source: Google.

The Madeira archipelago is located approximately 900km SW of the Iberian Peninsula
and 800 km W of North Africa. It is the southwestern tip of a chain of paleoislands (presently
seamounts) oriented in a NE to SW direction, originating from the SW tip of the Iberian Peninsula
roughly over 70 My (Geldmacher et al. 2000). The Madeira archipelago is composed of Porto
Santo and adjacent islets, Madeira island and Desertas islands. The Selvagens, although

politically part of Madeira, are geologically not considered as part of Madeira archipelago.
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Porto Santo (43 km?) is the oldest and more eroded island of the archipelago (14 My)
(Geldmacher et al. 2000), reaching a maximum altitude of 517m at Pico do Facho. It is a
predominantly flat island, with small mountain tops on its eastern half and, to a smaller extent,
at the western half. Porto Santo has suffered severe extirpation of native flora since human
colonization due to the conversion of land for cattle grazing and farming. Currently only the
mountain tops are forested, and are so mainly with exotic species i.e. Hesperocyparis
macrocarpa (Hartw., 1847). Several reforestation attempts were made by local authorities over
the years, all with limited success. Most of the island is arid, composed by grasslands, sand banks

and rocky cliffs.

Madeira (742 km?) is the largest island of the archipelago, with a maximum altitude of
1861m at Pico Ruivo. Its aerial parts are dated as far back as 7 My (Ramalho et al. 2015). It is a
rugged island, especially at its North coast, with many valleys and inaccessible mountains. A
central montane plateau, Paul da Serra, is the only flat area of the island. Due to this orography,
only the SE coast of the island presents semi-arid areas, especially so at the Ponta de Sao
Lourenco peninsula. The North coast is where the only large remains of laurel forest of the island
can be found, mainly composed by woodlands of Ocotea foetens (Aiton) Baill., Apollonias
barbujana (Cav.) Bornm., Laurus novocanariensis Rivas Mart., Lousdo, Fern. Prieto, E. Dias, J.C.
Costa & C. Aguiar and Persea indica (L.) Spreng. It was the ruggedness of Madeira that probably
saved the remaining patches of laurel forest from extensive deforestation caused by human
colonization. These forests are now protected through the UNESCO World Heritage program
(Unesco World Heritage Committee 1999). Yet, human pressure continues to threaten this

ecosystem, namely through urbanization and recreational tourism activities.

Desertas is a triad of small, barren islands SE of Madeira, dating back to 5 My (Schwarz
et al. 2005). The largest of which, Deserta Grande (10 km?), is a narrow, steep and elongate
island. At the North end one small valley dominates the landscape, otherwise composed of small
barren plateaus and steep slopes. No tree cover is present nowadays, due to the introduction of
feral herbivores, such as rabbits and goats, during the attempts of human colonization of the
island. Bugio is the second largest of this triad (3 km?), and is even steeper than Deserta Grande,
due to the practical absence of flat areas, with the exception of two small plateaus at North and
South, respectively. Ilhéu Ch3o is the smallest (0,5 km?) and flattest island, its landscape

dominated by a single plateau. A protected area covers these islands, mostly due to the marine
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biota that inhabits its surroundings, namely marine birds and a small population of the monk-

seal, Monachus monachus (Hermann, 1779).

The subject of a land connection between Madeira and Desertas before the last glacial
minimum is debatable, given that the submarine ridge between both does not exceed 140m
deep. The subaerial connection of both islands was suggested by a number of authors based on
biological affinities (Cook 1996, Cameron and Cook 1999, Brehm et al. 2003), but geological
evidence, such as the absence of erosion on the submarine ridge (Kliigel et al. 2009), argues

against this possibility.

The archipelago harbours a high endemic biota (e.g. 1419 endemic terrestrial species,
according to Borges et al. 2008a, including Selvagens), and several speciose arthropod taxa
greatly contribute to this. The most remarkable examples of local diversification include the
beetle genera Laparocerus Schoenherr, 1834 (Machado et al. 2017) and Sphaericus Wollaston,
1854 (Erber 2000) and the millipede genus Cylindroiulus Verhoeff, 1894 (Enghoff 1992), all with
approximately 30 species. Also notable is the species proliferation of several groups of land snails

(Cook 2008).

Spiders from Madeira

Before this work, the most speciose genus was the wolf spider Hogna Sundevall, 1833,
accounting for a total of seven species (Wunderlich 1992, 1995). These are medium to large-
sized generalist epigean predators with possible good ballooning and hence dispersal ability.
Ballooning is the ability of some spiders to navigate air currents to become part of the aerial

plankton and this way travel large distances with minimum effort.

Before our study, five Dysdera species were known from the Madeira archipelago,
seemingly unrelated with the geographically close Canarian congenerics (Arnedo et al. 2001,
Macias-Hernandez et al. 2008). This genus was, for some time, suspected to harbour many
endemic species due to previous sampling across islands within past projects (Crespo et al. 2013,
Boieiro et al. 2018). These are preferential predators of woodlice with lower but still medium

dispersal ability through rafting, i.e., using drifting wood or similar substrates to cross the ocean.
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With this in my mind, it was clear that focusing on Dysdera and Hogna from Madeira
could provide insights on the mechanisms of speciation in these islands. As these two genera
have very different life-histories and modes of dispersal, contrasting the patterns between both

groups could reveal the diversity of speciation histories occurring in Madeira.

e The Dysdera woodlouse hunter spiders

The Dysderidae are commonly known as six-eyed (Hormiga et al. 2020) or red-devil
spiders. Historically, Dysderidae was placed in the Haplogynae, which grouped those spider
families that lacked fertilization ducts in female reproductive systems. This group has received
criticism due to the uncertain placement of several taxa and the lack of synapomorphies and the
usually weak support in morphological phylogenetic analyses (Platnick et al. 1991, Griswold et
al. 2005). More recently, the term Synspermiata was proposed to include all those families that
share the presence of a synspermium, the fusion of several spermatids into one single structure
(Michalik and Ramirez 2014). This lineage has been recovered as monophyletic in all molecular
analyses conducted to date, including the major collaborative project of the Araneae Tree of Life
(Wheeler et al. 2017) and more recently using transcriptomic data (Bond et al. 2014, Garrison et

al. 2016, Fernandez et al. 2018, Kallal et al. 2020, Kulkarni et al. 2021).

The type genus of Dysderidae, Dysdera Latreille, 1804, is the most species-rich genus (287
species, according to World Spider Catalog 2021) of its family. The genus has a western Palearctic
distribution, but it is particularly diverse in the Mediterranean region, where it constitutes a
relevant and highly endemic component of the forest undergrowth. The genus undergone a
remarkable species diversification in the Canary Islands, where 47 endemic species have been
documented so far (Wunderlich 1987, 1992, Arnedo et al. 1996, 2000, 2007, Arnedo and Ribera
1997, 1999). Canarian Dysdera have been shown to constitute a monophyletic lineage, with a
single exception (Arnedo et al. 2001, 2007), providing one of the most extraordinary example of
island diversification in oceanic islands among spiders. Phylogeographical studies conducted on
the group revealed the involvement of both geological and ecological factors in shaping the
current diversity of the group (Bidegaray-Batista et al. 2007, Macias-Hernandez et al. 2008,

2013). On the other hand, the taxonomic study of the endemic species in an integrative
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framework, combining morphological and molecular data, has been proven fundamental to

unveil overlooked diversity within species complexes (Macias-Hernandez et al. 2010).

The lifestyle of Dysdera spiders involves hiding during daytime in cryptic retreats (either
in the underground or in bark) within silken cocoons and being active mostly at night, when they
wander to hunt for prey. They usually favour forested areas, humid but not damp. Some species
are prone to prey on woodlice, and possess unique mouthpart morphology to aid in subduing
prey through specialized behaviours (Rezac et al. 2008). These mouthparts are important
diagnostic characters for related species (Deeleman-Reinhold and Deeleman 1988). The
occurrence of long-distance aerial dispersal, known as ballooning, is unknown in Dysdera
(Duffey 1956, Blandenier and First 1998). The low dispersal abilities of Dysdera has probably
favoured high level of endemicity and narrow distributions that characterize most species in the

genus across its distribution.

Figure 2. Two species of Madeiran endemic Dysdera. A: D. dissimilis Crespo & Arnedo, 2020. B: D.
sandrae Crespo, 2020. Photo credits: Emidio Machado (A) & Pedro Cardoso (B).

e The Hogna wolf spiders

The Lycosidae, commonly known as wolf spiders, are one of the largest spider families
(2430 species, according to World Spider Catalog 2021) and constitute a major component of
open habitats worldwide. Most species are cursorial hunters and have abandoned any web-
building behaviour. Recent phylogenetic analyses revealed that the remarkable burst of
diversification in this family happened mostly synchronously with grassland expansion during

the Miocene (Piacentini and Ramirez 2019). Lycosids are usually able to perform ballooning, and
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thus are capable of transoceanic flights, turning them into formidable colonizers of remote
islands. Consequently, lycosids can be found even in most islands of the world, including remote
outposts such as Saint Helena (Tongiorgi 1977). Biogeographic patterns of the group, specially
at species level, are frequently blurred by its high dispersal ability, which may help to maintain
gene flow even among distantly located populations (Murphy et al. 2006, Piacentini and Ramirez

2019).

Lycosidae is a challenging group for taxonomists. Closely related species often have
similar looking secondary genitalia, the main source of diagnostic characters for species
identification among spiders. A possible explanation to the remarkable uniformity observed in
genitalic characters is the presence in the group of complex mating rituals, probably associated
to female sexual selection, which may replace the lock-and-key mechanisms as a prezygotic
barrier to interspecific gene flow (Uetz and Roberts 2002, Stratton 2005, Vaccaro et al. 2010).
The current taxonomic research on the group has also been hampered by former poor
taxonomic revisions. Specifically, the publications of Roewer (Roewer 1960) created major
problems, as a result of the erection and redefinition of genera based on invalid combinations
of somatic characters (Langlands and Framenau 2010). Even with the use of molecular data,
revising lycosid genera is a highly sensitive task, as species might be wrongly assigned, based on

old descriptions.

Hogna is a genus of medium to large sized wolf spiders composed of 235 species
distributed worldwide (World Spider Catalog 2021). As discussed above, the limits of the genus
are elusive and some of its species may be wrongly placed. A recent molecular phylogenetic
study by Piacentini & Ramirez (2019, 234: Fig. 4) revealed that Hogna is in fact paraphyletic, with

several species well apart from the genus type species, H. radiata (Latreille, 1807).

Although continental species usually have wide distribution ranges, a number of Hogna
lineages have diversified in small and remote islands, such as in the Galapagos archipelago (Baert
et al. 2008). The evolutionary pathways of Hogna in Galapagos have been the object of recent
studies. The seven endemic species seem to have diverged into coastal and montane habitats,
with instances of introgression. Interspecific gene flow seems to have played a major role in

driving parallel evolution in ecologically similar species (De Busschere et al. 2012, 2015).
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Among the seven species of Hogna in Madeira archipelago, some have striking
appearance, such as H. ingens (Blackwall, 1857), a giant species endemic to Deserta Grande.
With a threatened status of Critically Endangered (Cardoso 2014), it is a case-study of
conservation targeting invertebrate species (Crespo et al. 2014b). Unfortunately, poor
descriptions, unavailability of type material and partial revisions have left a record of unsolved
taxonomic problems in Madeiran Hogna (Wunderlich 1992, 1995), which has compromised

advances in the understanding of the evolutionary history of this remarkable group.

Figure 3. Two of the most striking species of Madeiran endemic Hogna. A: H. ingens (Blackwall,

1857). B: H. maderiana (Walckenaer, 1837). Photo credits: Pedro Cardoso.

Methodology fundamentals

e Anintroduction to phylogenetic inference

We can grossly say that phylogenetic inference is the attempt to reconstruct ancestry of
a target set of biological taxa. This is usually based on the mapping of derived homologous
characters, either morphological or molecular. Phylogenies allow us to understand the evolution
of traits, their loss or gain, and identify instances of convergent or divergent evolution occurring
across evolutionary time. Up until the 1970’s, attempt to reconstruct ancestry of living organisms
mostly a morphological endeavour (Telford and Budd 2003). These suffered from the
questionable homology of traits across deeply divergent taxa and the limited availability of
homologous characters for simple organisms, such as microorganisms (Delsuc et al. 2005). In the
subsequent decades, the technological advances in molecular biology opened the door to the

use of nucleotide and aminoacidic sequences as a source of massive number of homologous
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characters. Target sequencing approaches (i.e. Sanger sequencing) revolutionized modern
biological systematics and have been paramount to infer phylogenetic relationships among
organisms and genes. Although second and third generation sequencing methods have
somehow superseded target based approaches (Heather and Chain 2016), integrative
taxonomy, including molecular identification techniques and single marker discovery methods
such as DNA barcoding (Hebert et al. 2003), continue to strongly rely on Sanger sequencing.
Molecular information has been fundamental to reveal overlooked species, provide quantitative
phyletic surveys of environmental samples, or to inform conservation planning and forensic

diagnostics, among other applications.

Molecular phylogenetic inference methods include both algorithm approaches based on
genetic distances and those based on optimality criteria such as parsimony, maximum likelihood
and Bayesian inference. In turn, one can distinguish between those inference methods based on
explicit evolutionary models, from those that use an hypothetic-deductive approach based on
character congruence (i.e. parsimony). Distance methods, such as neighbour-joining (Saitou and
Nei 1987) or minimum evolution (Rzhetsky and Nei 1992), work on a distance matrix generated
by explicit evolutionary models. Maximum Parsimony (MP) uses a different approach, in which
it maps the history of mutations in a certain dataset and then generates a tree with the least
required character changes to explain the dataset. A common program to run MP is TNT
(Goloboff and Catalano 2016). This method has one disadvantage, which is the retrieval of solely
one evolutionary pathway, which obscures the totality of available pathways, and the inability
to account for convergent evolution in distantly related branches of the tree, the so-called “long-
branch attraction”, can cause distant branches to be closer under a parsimony framework
(Holder and Lewis 2003). Maximum likelihood (ML) is a method able to correct for the presence
of multiple mutational events at the same site. It generates the tree most likely to explain the
observed data using an evolutionary model able to explain the probability of different mutations.
Two widely used platforms to run ML analysis are RAXML (Stamatakis 2014) and IQTree (Minh
et al. 2020). The downside of using ML is that the computational effort needed is much higher
than any of the previous methods. Similar to ML, Bayesian inference (BI), uses an explicit
evolutionary model. Unlike the former methods, Bl relies on posterior distribution instead of
single parameter estimates, searching for those trees and parameters that optimize the

posterior probability given a set or informative and uninformative priors, using Markov Monte
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Carlo chains. The posterior probability of a tree search is the result of the maximum likelihood
multiplied by a prior probability. The major advantage of Bl over ML is that it performs better
when the number of parameters of the model is high and provides a measure of uncertainty
around the parameter estimates. A common platform to run Bl analyses is MrBayes (Ronquist

et al. 2012).

One of the cases where additional parameters might contribute to evolutionary
knowledge on a certain dataset is time estimation, which allow to contrast different
biogeographic hypotheses. When molecular data was first available, the theory of the molecular
clock emerged, which roughly dictated that the differences in homologous sequences is
proportional to their time of divergence (Zuckerlandl and Pauling 1965). However, initial studies
have resulted in extremely ancient divergence times for many lineages (Hedges et al. 1996, Wray
et al. 1996, Heckman et al. 2001). This strict molecular clock contradicted paleontological
evidences at first, but was the stepping stone for the development of better ways to estimate
time, such as the lognormal relaxed clock (Donoghue and Yang 2016). In this case, particular
branches of the tree must have an individual lognormal prior parameter, in the sense that the
evolution rate changes independently across branch. We can also add calibration points to a
certain node with either fossil or biogeographic information (taking care that the latter is not
taken from the source data system). In the first case, the fossil provides a minimum date for the
stem group, while in the second case the biogeographic events, such as emergence of islands or
any other vicariant events, provide a basal threshold for the appearance of certain endemic
lineages. This complex analysis can be implemented with the BEAST programme package

(Bouckaert et al. 2019).

We are now standing in the age of phylogenomics, an area that surpasses the limitation
of selecting target marker genes, by using a vast number of genes instead. The availability of
multiple markers has also revealed the existence of frequent cases of incongruence among gene
histories and between gene and species trees. This has in turn spurred the development of novel
phylogenetic inference methods that explicitly incorporate the multiple coalescent and gene
flow as additional sources of phylogenetic error, along with sampling and methodological ones.
The computational infrastructures needed to operate these studies are, correspondingly, of a
much greater magnitude, but it provides us with a powerful tool to advance in our goal of

uncovering the Tree of Life and understanding its major drivers.
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e  Methods of species delimitation

Species are the fundamental units of evolution and the natural world. Much debate has
occurred around the definition of the concept of species (Mayr 1982, de Queiroz 2005), due to
the incompatible differences underlined by diverse group of biologists (Mayden 1997). In most
cases, these differences are coupled to the definition of species boundaries, but all agree that a
species is an independently evolving lineage delimited by specific barriers. The unified species
concept includes the perception of a species as a metapopulational lineage, thus releasing the
species concept free of requirements such as a morphological diagnostic, monophyly,
reproductive isolation or ecological divergence (De Queiroz 2007), and uncoupling the definition

of the concept from its empirical delimitation.

Several methods for species delimitation are available, some of them based on a single
gene, which in the case of animals usually relies on the mitochondrial cox1 barcode, while others
are based on multilocus approaches. Model-based multilocus methods can explicitly account for
gene tree versus species tree incongruences when estimating a tree, but the use of these
methods in integrative taxonomic practise remains limited by the large amount of data required

and the computational burden associated (Yang and Rannala 2010, Satler et al. 2013).

| mostly focused on single marker approaches to inform our taxonomic decisions. Some
of the most widely used methods include the Automatic Barcode Gap Discovery (ABGD)
(Puillandre et al. 2012), the Barcode Index Number (BIN) (Ratnasingham and Hebert 2013) the
General Mixed Yule Coalescent model (GMYC) (Fujisawa and Barraclough 2013) and the
multirate Poisson Tree Processes (mPTP) (Kapli et al. 2017) (see Chapters 1 and 3). The ABGD
and BIN methods are distance-based methods that take pairwise differences and arrange those
in a distribution dataset, pointing hypothetical species whenever a barcode gap is found
between two distributions. The GMYC, is a method that tests if a particular branch in a tree
either as inter- or intraspecific by maximizing the likelihood of a GMYC evolution model, thus
testing for the onset of speciation versus coalescence. This method is one of the most popular,
and was used in numerous works (Barraclough et al. 2009, Monaghan et al. 2009, Hamilton et
al. 2011), with its robustness supported by several authors (Fujisawa and Barraclough 2013,

Talavera et al. 2013, Tang et al. 2014). Finally, mPTP is the multiple rate version of the PTP model,
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which seeks the transition in branch length between or within species (Zhang et al. 2013) given
a Poisson distribution of branch lengths. This is done by either assuming one exponential
distribution for speciation processes and another for coalescence, ignoring the stochastic
variation among species and demographic histories (Blair and Bryson 2017), a problem
overcome by the mPTP model (Kapli et al. 2017), which uses multiple independent distributions
for each species to accommodate the aforementioned parameters. An advantage of mPTP is that

unlike GMYC it does not require an ultrametric tree.
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Objectives

The main goal of this work is to catalogue the species diversity of two highly diverse
lineages in the Madeira archipelago, the spider genera Dysdera and Hogna, unravel their
colonization pathways and evolutionary history and identify their main drivers of diversification.

With that aim in mind, the following specific objectives are tackled:

1. To conduct an integrative taxonomic revision of the spider genera Dysdera and Hogna

in the Madeira archipelago and the Azores;

2. To infer their phylogenetic relationships and internal structure using a multi-locus

target gene approach;

3. To estimate a timeline for the diversification of the target genera to investigate their

colonization history and evolutionary drivers;

4. To evaluate the species conservation status of the target groups.
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Chapter 1

Luis C. Crespo, Isamberto Silva, Alba Enguidanos, Pedro Cardoso and Miquel A. Arnedo (2021)

Integrative taxonomic revision of the woodlouse-hunter spider genus Dysdera
(Araneae: Dysderidae) in the Madeira archipelago with notes on its

conservation status

published in: Zoological Journal of the Linnean Society, 192: 356—415.
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Dysdera is a highly speciose genus of mid-sized, nocturnal hunting spiders, mostly circumscribed to the Mediterranean.
The genus managed to colonize all Macaronesian archipelagos, and underwent major diversification in the Canary
Islands. Here, we report on an independent diversification event on the Madeira archipelago. Based on the integration
of morphological and molecular evidence, we describe 8 new species to science, Dysdera dissimilis sp. nov.,
Dysdera exigua sp. nov., Dysdera isambertoi sp. nov., Dysdera precaria sp. nov., Dysdera recondita sp.
nov., Dysdera sandrae sp. nov., Dysdera teixeirai sp. nov., Dysdera titanica sp. nov. and redescribe Dysdera
coiffaiti, Dysdera diversa and Dysdera portisancti. We synonymize Dysdera longibulbis and Dysdera vandeli under
D. coiffaiti and D. diversa, respectively. Additionally, we use a multilocus target gene phylogeny to support a single
colonization event of the archipelago followed by in situ diversification. We further discuss the discovered diversity
patterns and their drivers. We conclude to that many of the species inhabit disturbed or fragile habitats and should
be considered of high conservation concern.

ADDITIONAL KEYWORDS: Arachnida —biogeography — Desertas —island radiation — Macaronesia — phylogeny
— Porto Santo — species delimitation — Synspermiata — Taxonomy.

INTRODUCTION

Oceanic islands have attracted the curiosity of
naturalists and scholars for many centuries. As a newly
emerged area surrounded by an inhospitable matrix,
an oceanic island is subject to differential dynamic
processes of immigration, extinction and speciation,
and may additionally be impacted by volcanic activity
and quiescence, i.e. island ontogeny (Whittaker et al.,

2017). The joint effect of biological, environmental
and geological processes have, over evolutionary time,
generated a large number of remarkable arthropod
radiations in many archipelagos. Typical examples
are the radiation of the long-jawed orb weaver
spiders (Tetragnatha Latreille, 1804) in the Hawaiian
Archipelago (Gillespie, 2004) or the net-winged beetles
of the Indo-Pacific (Bocek & Bocak, 2019).

The genus Dysdera Latreille, 1804 provides one of the
most remarkable examples of local diversification on
oceanic islands within spiders. The genus is composed
of 284 species of nocturnal ground-dwelling hunters

*Corresponding author. E-mail: luiscarloscrespo@gmail.com
[Version of record, published online 30 November 2020;

http://zoobank.org/ urn:lsid:zoobank.org:pub:F2641F46-67A7-
4EBA-B306-4F2BF40550FC]

distributed in the Western Palaearctic, mostly around
the Mediterranean basin (World Spider Catalog, 2020).
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The westernmost limits of the genus are the Atlantic
archipelagos of Madeira, the Selvagens, the Azores,
the Canary Islands and Cabo Verde, collectively
referred to as Macaronesia. When Dysdera colonized
most of the Macaronesian archipelagos, it underwent
an unparalleled diversification process on the Canary
Islands, where 47 endemic Dysdera species are known
(Wunderlich, 1987, 1992; Arnedo et al., 1997, 2000,
2007; Arnedo & Ribera, 1997, 1999) and several more
still await formal description (Arnedo, unpublished
data). The remaining Macaronesian archipelagos
harbour more modest numbers of endemic species.
Cabo Verde and the Selvagens have one species each,
Dysdera vermicularis Berland, 1936 and Dysdera
aneris Macias-Herndndez & Arnedo, 2010, respectively,
and there is evidence in the Azores for an undescribed,
possibly extinct species (Cardoso et al., 2010).
Madeiraistheonlyarchipelago otherthanthe Canary
Islands to host several endemic Dysdera species. Prior
to this study, five endemic species had been recorded.
The first species of Dysdera described from Madeira
was Dysdera diversa Blackwall, 1862, from a batch of
spiders collected by Hamlet Clark. Almost a century
passed before the next endemics were discovered.
Jacques Denis, based on a study of material collected

on an expedition to Madeira led by Albert Vandel in
1957, described Dysdera vandeli Denis, 1962, Dysdera
coiffaiti Denis, 1962 and Dysdera longibulbis Denis,
1962. More recently, Jorg Wunderlich (1995) described
a species from Porto Santo island, Dysdera portisancti
Wunderlich, 1995, found among material collected by
K. Groh in 1985.

The Madeira archipelago (Fig. 1) is situated in the
Atlantic Ocean, 650 km south-west of the Iberian
Peninsula and 450 km north of the Canary Islands.
It is composed of Madeira island, Porto Santo island
and adjacent islets and the Desertas islands. All
islands originate from the same volcanic hotspot, with
Porto Santo dating back to approximately 14 Mya,
Madeira 7 Mya and the Desertas 5 Mya (Geldmacher
& Hoernle, 2000; Schwarz et al., 2005; Ramalho et al.,
2015). Several distinct habitats can be found in the
archipelago, ranging from montane shrubland and
laurel forest on Madeira island (Fig. 2A), secondary
forests on Madeira and Porto Santo island and
scrubland with sparse xerophytic plants in the
coastal areas of eastern Madeira island, Porto Santo
island and its neighbouring islets and the Desertas
islands (Fig. 2B). This diversity of habitats, tied to a
complex geomorphology and geologic history, allowed
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Figure 1. Map of the Macaronesia and the Madeira archipelago [adapted from Borges et al. (2008) with author’s permission].
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Figure 2. Landscapes. A, Faja da Nogueira, Madeira island. B, Planalto Sul, Deserta Grande. Photo credits: Pedro Cardoso.

several taxa to diversify locally, such as the beetles
Laparocerus Schonherr, 1834 and Tarphius Erichson,
1848 [see a regional checklist in Borges et al. (2008)].
In spiders, the most diverse taxa in the archipelago are
the wolf spider genus Hogna Simon, 1885, with seven
species, followed by the five aforementioned Dysdera
species.

Over the course of the past years, the study of
historical and newly collected material of Dysdera made
available through general inventories and specific
fieldwork campaigns led us to unravel a remarkable
number of taxonomic novelties, including the discovery
of new species and synonymies. Additionally, the
inclusion of DNA barcoding information has offered
us additional support for species delimitation and
insights into phylogeographic patterns. The combined
phylogenetic analyses of multiple loci from a sampling
of island and continental species, confirmed that
Madeiran species represent a diverse lineage that
colonized the archipelago most likely only once and
diversified in situ.

MATERIAL AND METHODS
FIELD WORK

The material studied here was made available through
collections from general inventory projects, and from
two expeditions specifically conducted to collect
Dysdera specimens in Madeira archipelago in spring
2017 and 2018. Sampling was carried out in a wide
variety of habitats, especially in areas where native
vegetation, or its surrogates, could be found. This
usually led us to the summits of the islands, because
the low-elevation areas are either subject to a high
levels of human disturbance, or are inaccessible (as is
the case in the Desertas). The sampling localities and
their coordinates are listed in Supporting Information

(Table S1). Sampling was done by manually lifting
stones and removing tree bark (only in Madeira island)
and retrieving Dysdera specimens manually or with
the aid of an entomological aspirator. Each specimen
was placed into a separate vial containing absolute
ethanol.

MOLECULAR LABORATORY PROCEDURES

We used one leg III for DNA extractions, conducted
with the Speedtools® Tissue DNA Extraction Kit
(Biotools) or DNeasy® Blood & Tissue Kit (Qiagen)
with the tissue protocol suggested by the respective
manufacturer. Partial fragments of the mitochondrial
cytochrome ¢ oxidase subunit I (COI), i.e. the animal
DNA barcode (Hebert et al., 2003), 16S rRNA, tRNA
Leu (L1), NADH dehydrogenase subunit 1 (NAD1),
the nuclear large ribosomal subunit 28S rRNA (28S)
and histone 3 (H3) were amplified. The primers
used for amplification and sequencing, as well as the
PCR conditions for the loci are listed in Supporting
Information (Table S2). The final PCR product was
sequenced by Macrogen Inc. (Seoul, South Korea).
Sequences were edited and manipulated in Geneious
v.8.1.9 (Kearse et al., 2012).

MOLECULAR PHYLOGENETIC ANALYSIS

To test the monophyly and phylogenetic position of
Madeiran endemics, we included the two specimens with
the most divergent COI sequences of each Madeiran
species and combined them with representatives of the
spider family Dysderidae available in GenBank. The
latter were automatically retrieved with the help of the
R package phylotaR (Bennett et al., 2018). In the final
matrix we only included those Genbank species with
three or more genes available and up to a maximum
of two species per genus, except for Dysdera, where

© 2020 The Linnean Society of London, Zoological Journal of the Linnean Society, 2021, 192, 356415
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all species available with the right number of genes
were included. Ribosomal genes were aligned with the
plugin available in Geneious of the automatic aligner
MAFFT (Katoh, 2002; Katoh & Standley, 2013), using
the L-INS-i option (conserved domain with long gaps).
We treated gaps as missing data. Sequence edition,
manipulation and concatenation were conducted in
Geneious. We assessed sensitivity of the results to the
use of alternative methods of phylogenetic inference by
conducting analyses under three different approaches.
We ran a uniformly weighted parsimony (MP) analysis
as implemented in the computer program TNT v.1.5
(Goloboffet al.,2008) constructing 1000 Wagner trees with
random addition of taxa followed by Tree Bisection and
Reconnection (TBR) branch swapping. Branches where
minimum possible length in any most parsimonious
reconstructions was zero were collapsed. Clade support
was estimated by inferring the most parsimonious tree
of 1000 jack-knife resampled matrices, with probability
of character removal set to 0.33 (search strategy: mult
15 = TBR hold 20). Maximum likelihood (ML) inference
was implemented with the program IQ-TREE v.1.6.12
(Nguyen et al., 2015). We used IQ-TREE to first select
the best-fit partitioning scheme and corresponding
evolutionary models (Kalyaanamoorthy et al., 2017), and
then to infer the best tree and estimate clade support
by means of 1000 replicates of ultrafast bootstrapping
(Hoang et al., 2018). Finally, we conducted a Bayesian
inference (BI) analysis using the program MrBayes
v.3.2.3 (Ronquist et al., 2012). We first assessed the best
partition scheme and corresponding evolutionary model
with the help of the program PartitionFinder v.2.1.1
(Lanfear et al., 2017). The best partition and models were
defined in MrBayes and two Markov chain Monte Carlo
(McMC) runs of eight chains and 0.05 temperature each
were run for 10 million generations. We monitored the
chain convergence (i.e. overlapping posterior distribution
of key parameters), the chain mixing (ESS > 200) and the
number of generations to discard as burn-in (25%) with
Tracer v.1.7 (Rambaut et al., 2018).

MOLECULAR SPECIES DELIMITATION

Morphology based delimitation was corroborated by
conducting quantitative delimitation based on the
DNA barcodes (COI) (676 bp) of a thorough sampling
of specimens collected in all parts of the Madeiran
archipelago (194 specimens, Supporting Information,
Table S1). We implemented three different
approaches: (1) based on distances [the Automatic
Barcode Gap Discovery (ABGD) Puillandre et al.
(2012)]; (2) based on the relative branch length
estimated either from the best ML tree [the multirate
Poisson Tree Processes (mPTP) Kapli et al. (2017)];
and (3) based on an ultrametric Bayesian tree

[the Generalized Mixed Yule-Coalescent (GMYC)
Fujisawa & Barraclough (2013).

The ABGD method was conducted through the ABGD
website (https://bioinfo.mnhn.fr/abi/public/abgd/
abgdweb.html) using default options and uncorrected
genetic distances. The mPTP method has been shown
to outperform other delimitation methods by providing
more stable outputs without requiring the ultrametric
transformation of tree branches (Blair & Bryson,
2017). The mPTP model was implemented using a
McMC approach, allowing estimates of support values
on the delimitations, using the program available at
https://github.com/Pas-Kapli/mptp.git. We ran five
chains of 100 million generations each, removing the
first 2 million as burn-in and discarding all branches
with lengths smaller or equal to 0.0001. The mPTP
analysis was conducted on the best ML tree obtained
with IQ-TREE, using the same analyses settings
specified above. To conduct the GMYC delimitation
method, we first inferred an ultrametric tree using a
Bayesian approach, as implemented in the program
BEAST v.1.8.4 (Drummond et al., 2012). We selected a
coalescent tree prior (constant population size), which
has been suggested to provide a more rigorous test of
delimitation since the model assumes a single species
as the null option (Monaghan et al., 2009). We defined
the best partition schemes and evolutionary models
selected by PartitionFinder and assigned a single
relaxed lognormal clock prior to the whole COI with
the ucld.mean parameter arbitrarily set to 1 (relative
branch lengths). Three chains of 10 million generations
were run for each analysis. Correct mixing and burn-in
was assessed with TRACER. The accompanying
programs LOGCOMBINER and TREEANNOTATOR
were used to remove the burn-in generations, to
combine the results of three independent chains, and
select the optimal distribution of posterior parameters
and tree values. The GMYC cluster was identified with
the help of the R package SPLITS (Ezard et al., 2017).

We estimated inter- and intraspecific uncorrected
genetic distances (p-distances, summarized in Table 1)
with the program MEGA v.7.0.26 (Kumar et al.,
2016), using 500 iterations of bootstraps to estimate
standard errors.

MORPHOLOGICAL STUDY

Morphological observations were carried out using a
Leica MZ 16A stereomicroscope equipped with a Leica
DFC450 digital camera. Individual raw photos were
taken with the help of Leica Application Suite v.4.4
software and mounted with Helicon Focus software
(Helicon Soft, Ltd.). Further editions were done
with Paint Shop Pro v.21 (Corel Corporation). The
vulva was removed from female specimens with the
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aid of hypodermic needles and forceps. To clear the
membranous tissues surrounding the genitalic sclerites
we manually removed muscular and membranous
tissue with forceps and a needle, then immersed the
structure in 30% KOH for 15 to 30 min, after which we
cleaned the remaining patches of tissue. SEM images
of the male copulatory bulb were obtained with a
Q-200 (FEI Co.) scanning electron microscope (SEM).
For the SEM images, each male palp was excised at
the joint between the tarsus and the tibia. Samples
were sonicated for roughly 30 s with a Nahita ZCC001
ultrasonic bath, dehydrated through immersion in
increasing dilutions of ethanol, transferred to absolute
ethanol, air dried and carbon or gold sputter-coated.

When available, we used five males and five females of
each species to take somatic morphology measurements
with an ocular micrometre in the stereoscope. Length
of the cheliceral furrow was measured from the base
of the distal condyle to the tip of the cheliceral basal
lamina (Fig. 6C). All measurements are in millimetres
(mm). Scoring of leg chaetotaxy followed Arnedo et al.
(1996). The apical pair of ventral spines in the tibiae,
which are always present, as well as spineless leg
segments, are omitted from the spination description.
Genital homologies and nomenclature followed Arnedo
et al. (2000). Nevertheless, due to the complexity and
taxonomic relevance of these structures, we hereby
provide a general overview with a special focus on the
species described in this study.

Male palp

The tegulum (T) is an orange cylindrical sclerite
containing the coiled sperm duct, of which only the
outermost sections are visible through transparency.
The T bears at its distal retrolateral side, the posterior
apophysis (P) (Fig. 3). Throughout the genus, this
structure can have a wide array of shapes, some of
which are a good indicator of the species-group to which
a species belongs [see a compilation of male bulbs in
Le Peru (2011)]. In most other Dysdera lineages, P is
directed posteriorly. However, in the Madeiran lineage,
it is shifted roughly 90 ° anteriorly, thus appearing
directed retrolaterally. P is always short to moderately
elongated, sclerotized, claw-shaped and well separated
from other structures, with a sharp edge tilted dorsally
(the case for most species) or posteriorly (see the new
species D. recondita; Fig. 17A). The SEM photos show
small ridges in the dorsal surface of the P for most of
the species (Fig. 3B-D); however, these are difficult
to discern under the stereomicroscope, and as such
not included in the species diagnosis. The embolic or
distal division (DD) includes a membranous distal
hematodocha (DH) connected to internal and external
sclerites (IS and ES, respectively). The relative length of
the DD in relation to T varies across the genus; however,

in the Madeiran species the T is always clearly shorter
than the DD. The IS are usually straight, serving as
support for the DD, whereas the ES are variably curved,
probably acting as conductors for the sperm duct. Each
sclerite is differentially developed and can present
different structures distally, which are of relevance for
species diagnoses. In the Madeiran species, the tips of
the IS often presents an arch-like ridge (AR), which is
a membranous cavity opened to a variable extent [e.g.
in D. portisancti it is open, spoon-shaped (Figs 15C, 32)
whereas in D. dissimilis it is a fully encircled opening
(Figs 10B, 28)]. However, in some species the AR is
missing [e.g. D. diversa, D. exigua (Figs 12B, 13B, 29,
30) and D. sandrae (Figs 18A-B, 35)]. The crest (C) is
a variably sclerotized prolateral process that usually
forms the base of the AR. In some cases, the C ends
in a membranous tip [e.g. D. teixeirai (Figs 19B,
36)], while in others it ends in a highly sclerotized
process, hereafter referred to as internal sclerite distal
apophysis [ISDA, e.g. D. recondita (Figs 17B, 34) and
D. sandrae (Figs 18A-B, 35)]. Some species show an
additional process or ridge at the distal, retrolateral
margin of the IS: the lateral fold (LF). The opening of
the embolus (EO) is usually difficult to discern under
a normal stereomicroscope; however, observation of
the contour of the sperm duct by transparency, couple
to a detailed search of the opening on ventral view,
allowed us to find the opening in most species, often
being juxtaposed to the retrolateral margin of the tip of
the IS. The tip of the ES is simpler, because it usually
corresponds to the sclerotized edge of the medially
membranous lateral sheet (L), hence we hereby treat
it as an external side of the lateral sheet (eL). In the
species concerned, the aspect of the el ranges from
small and thin [e.g. D. precaria (Figs 16A, 33D)] to
massive and claw-shaped [e.g. D. sandrae (Figs 18A-B,
35)].

Female vulva

All copulatory structures of Dysdera females are internal.
The epigastric opening leads to two pouches, the anterior
diverticulum (AD) and the posterior diverticulum (PD),
which are locked by the bursal valve (not illustrated),
a thin sclerotized lamellar outgrowth of the transversal
bar (TB), a massive semicircular sclerotized structure
that constitutes the posterior margin of the AD and
acts as a muscular attachment. All the PD of the species
treated here are similar, oval or rounded, and are not
illustrated. In Dysdera, the AD bears most of the
diagnostic characters. This pouch is further subdivided
in two compartments, namely the ventral arch (VA) and
the dorsal arch (DA), which converge and fuse towards
the frontal part, while tilting dorsally. The DA presents
a small external fold, the dorsal fold (DF), which, in
combination with the bursal valve, provides a lock
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362 L.C.CRESPO ETAL.

Figure 3. A, male palp of D. diversa, frontal. B, posterior apophysis of D. isambertoi sp. nov., posterior. C, posterior
apophysis of D. recondita sp. nov., posterior. D, posterior apophysis of D. teixeirai, posterior. Scale bars: A = 0.5 mm;
B-D = 0.05 mm. Abbreviations: DD, distal division; P, posterior apophysis; T, tegulum.

system for the opening of the oviduct. The DA extends
laterally in a variable manner, sometimes with sulci
and folds visible in these extensions. The DA and VA are
generally fused but can be distinguished by the presence
of a lateral furrow separating both structures, the major
fold (MF), usually recognised by the observation of lateral
sclerotized lamellar outgrowths through transparency
of the VA [e.g. D. sandrae (Fig. 18F)]. The DA and VA
are readily apparent in some species, such as in the
new species D. precaria, because of a distinct separation
between the two structures (Fig. 16F), whereas in
others, such as in D. portisancti, it is not clear where
the border between the two structures lies (Fig. 15G).
The ventral side of the VA presents different levels of

sclerotization across species and, sometimes, it presents
additional folds, of which the degree of development
may make apparent the shape of an additional ventral
diverticulum (AVD). The membranous section of the
VA usually shows, by transparency, the outline of the
medial groove (MG), which is a membranous channel
connecting the anterior spermatheca sclerite (S) to the
VA. The S is usually a subtriangular sclerite, with more
or less elongated lateral arms, and tips that are often
tilted anteriorly or dorsally, and from which muscular
tissues are attached. In some of the present species, a
small dorsal diverticulum can be observed in the S [e.g.
D. coiffaiti (Fig. 6E-F), D. dissimilis (Fig. 10E, G) or
D. teixeirai (Fig. 19E-F, H-I)].
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ABBREVIATIONS

Somatic characters: AME — anterior median eyes. B
— basal tooth. CF — cheliceral furrow. D — distal tooth.
fe — femur. M — median tooth. me — metatarsus. pa —
patella. PLE — posterior lateral eyes. PME — posterior
median eyes. ta — tarsus. ti — tibia.

Male genitalia: AR — arch-like ridge. DD — distal
division. DH — distal hematodocha. elL — external
margin of lateral sheet. EO — embolus opening. ES —
external sclerite. IS — internal sclerite. ISDA — internal
sclerite distal apophysis. L — lateral sheet. LF — lateral
fold. P — posterior apophysis of tegulum. T — tegulum.

Female genitalia: AD — anterior diverticulum. AVD —
additional ventral diverticulum. DA — dorsal arch. DF
— dorsal fold. MG — medial groove. MF — major fold.
PD - posterior diverticulum. S — spermathecae. SD —
spermathecae diverticulum. TB — transversal bar. VA
—ventral arch

Collections: CRBA - Centre de Recursos de
Biodiversitat Animal, University of Barcelona,
Barcelona, Spain. FMNH — Finnish Museum of Natural
History, Helsinki, Finland. LCPC — Luis Crespo
Personal Collection, Barcelona, Spain. MIZ — Museum
and Institute of Zoology, Polish Academy of Sciences,
Warsaw, Poland. MMF — Museu Municipal do Funchal,
Funchal, Madeira, Portugal. MNHNP — Muséum
National d’Histoire Naturelle, Paris, France. MZB —
Museu de Ciéncies Naturals de Barcelona, Barcelona,
Spain. OUMNH - Oxford University Museum of
Natural History, Oxford, UK. SMF — Senckenberg
Research Institute, Frankfurt am Main, Germany.

RESULTS
PHYLOGENY

PCR amplification was generally successful, except
for samples of D. diversa collected in pitfall traps
with liquids unsuitable for DNA conservation. We
were unable to amplify large portions of the 28S gene
(maximum of 159 bp obtained) or the H3 gene of the last
specimens. In addition, because of the old age (probably
collected in the 19* century), we did not try to extract
DNA from the single specimen of the new species
D. titanica. All sequences newly obtained in this study
are listed in Supporting Information (Table S1).
Results of phylogenetic analyses are summarized in
Fig. 4. All analyses recover the monophyly of Madeiran
species with high support — hereafter referred to as
the Madeiran clade. Similarly, all analyses support
the sister group relationship of the Madeiran clade

to a clade exclusively composed of species from the
Iberian Peninsula and Morocco — hereafter referred as
the Ibero-Moroccan clade. Support for both the Ibero-
Moroccan clade and its internal structure is generally
low. Interestingly, the Madeiran clade is not closely
related to the endemic species of the Canary Islands,
which are also retrieved as monophyletic, albeit with
low support in the parsimony analysis, and a sister
clade to the combined Madeiran and Ibero-Moroccan
clades. The remaining Dysdera species, including
mostly species from the eastern Mediterranean (except
the Iberian Dysdera scabricula Simon, 1882) form a
grade leading to the western Mediterranean lineages,
within a well-supported monophyletic genus Dysdera.

Within the Madeiran clade, the four species of
Porto Santo island form a well-supported clade in
both model-based analyses, forming a sister clade
to a well-supported clade that included the Madeira
island and Desertas species. The parsimony analysis
instead recovers the Porto Santo species as a grade,
because D. portisancti is placed as a sister species to
the remaining Madeiran clade. The internal structure
of the Madeira-Desertas clade varied across analyses;
however, D. coiffaiti and the new species D. teixeirai
are always recovered as sister taxa with high support.

SPECIES DELIMITATION

Based on morphological traits traditionally used in
spider taxonomy (i.e. genitalia, cheliceral teeth, leg
spination) to delineate species, we distinguish ten
putative morphospecies. In addition, the D. coiffaiti
populations from Madeira island and Desertas present
subtle differences in male genitalia and body size. The
molecular species delimitation methods, on the other
hand, retrieve a variable number of putative species,
ranging from ten to 16 (Fig. 5). Of these, GMYC is the
method that split the most, generating 16 clusters,
followed by mPTP, which generate 13 clusters, while
ABGD hasten groups, providing a perfect match with the
morphological delimitation. In some cases, mPTP and
GMYC identify clusters that correspond to geographical
structure within morphologically diagnosable species,
such as populations of D. dissimilis from different
mountain ranges, or island populations from Madeira
island and the Desertas of D. coiffaiti (GMYC only).
However, in other cases GMYC and mPTP clusters did
not reflect any obvious geographical or morphological
features. We adopt a conservative approach and accept
the species boundaries inferred with morphology and
that are supported by the molecular ABGD approach.
The additional clusters revealed by the GMYC and
mPTP methods are interpreted as corresponding to
intraspecific variability and population structuring.
The inter- and intraspecific p-distances in COI are
summarized in Table 1. Interspecific genetic distances
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Figure 4. Bayesian majority rule consensus tree based on the multigene concatenate alignment. Nodes are split in three
sections, respectively representing each method (see diagram on left): top left: BI; top right: ML; bottom: MP. Black indicates
a supported node (Bayesian PP > 0.95, ML Bootstrap > 80% or MP Jackknife > 70%), grey an unsupported node (Bayesian
PP < 0.95, ML Bootstrap < 80% or MP Jackknife < 70%) and white an unrecovered node (only ML and MP). Terminal nodes
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Porto Santo; M: Madeira; D: Desertas.
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Figure 5. Bayesian majority rule consensus tree inferred from the mitochondrial cytochrome oxidase I locus (COI). Node
circles are split to represent posterior probability (left) and bootstrap support level (right), in which black indicates a supported
node (Bayesian PP > 0.95 or Bootstrap > 80%), grey an unsupported node (Bayesian PP < 0.95 or ML Bootstrap < 80%) and
white an unrecovered node (only ML). Sampling sites are shown beside each sample code. Bars indicate groupings according
to each method, namely GMYC, mPTP and ABGD. Icons besides species names refer to the distribution maps (Figs 8,9, 11).
Coloured boxes indicate the island of occurrence: yellow: Porto Santo; light blue: Deserta Grande; blue: Bugio; green: Madeira.
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were always higher (> 8%) than any of the intraspecific differences, was similar to the highest intraspecific
values. Interestingly, the average p-distance (6.9%) values observed (e.g. D. precaria 7.4%), yet below the
between island populations (Madeira and Desertas) lowest interspecific p-distance recovered (e.g. D. exigua
of D. coiffaiti, which display subtle morphological and D. sandrae 8%).

SYSTEMATICS
KEY TO THE DYSDERA SPECIES OF THE MADEIRA ARCHIPELAGO:

10

11

12

13

Males (male of D. titanica UNKNOWIL). ....cccuuiiiriiiieiiiiieeiiieeeiieeeeiiteeeiiee e st e e sibeeesabeeessbaeessbaeesnssaeesnnes 2
FEIMNALES. 1.ttt e ettt e e e bt e e e e tbee e e bbee e e bbeeeantbeeeanttaeeanbbaeeanraaeens 12
P separated from T, distally with bifid ridge and membranous base (Deeleman-Reinhold & Deeleman,
1988: P. 159, IS 23—24). .oiiieiiiieeiiie ettt ettt e ettt e et e e et e e et e e et e e e e baeeeanbaeeennbaeeenraeeannes D. crocata
P attached to T, distally with simple, sclerotized ridge (Figs 3, 6A-B, G-H, 10A-B, 12A-B, G-H,
13A-B, 14A-B, 15A-C, 16A-B, 17A-B, 18A-B, 19A-B)....cccctiiiiieiteieeeeeee ettt 3
Species from Porto SANTO. ..........ciiiiiiiiiii e e e e e e e e e e aaar e e e e e e atrraaaaaaans 4
Species from Madeira 0r DESEItaS........c.ciiiiiiiiiiiiieeciiiie ettt e e e e et e e e e e e eeaaaaeeeeeeeaaraeeeaaaanns 7
Prolateral bulge on well-developed base of IS (Figs 14B, 16B). Distal tooth in the distal half of
cheliceral furrow (Figs 14C, 16C). ......ciiiiiiiiiiiieeeiieeeeiteeeeiee e ettt e e et e e e eateesetaeeessbaeessnseeeesssaeeensseeesnnsees 5
Base of IS moderately or poorly developed (Figs 10B, 15B). Distal tooth at most in the midpoint of
cheliceral furrow (Figs 10C, 15C). ...uuiiiiiiiiieiiee et eeiee e etee e eretee e eate e e ettt e e saaeeessbeeeesaeeessaeeessseeeensneas 6
DD roughly as long as T. eL stout (Fig. 14A-B). D robust, slightly larger than B (Fig. 14C).
............................................................................................................................................... D. isambertoi
DD roughly twice as long as T. eL thin (Fig. 16A-B). D subequal or slightly smaller than B (Fig. 16C).
................................................................................................................................................... D. precaria
Tip of DD highly developed. elL massive and tilted dorsally (Fig. 10A-B). Cheliceral teeth poorly
developed (Fig. 10C). Patella ITI with abundant small stout spines. ........ccccccvvevieenennnnnnnn. D. dissimilis
Tip of DD poorly developed. eL. moderate and rotated retrolaterally (Fig. 15A—C). Cheliceral teeth
moderately developed (Fig. 15D). Patella III without spines.........cccccoeeevvviieeeeeniciiieeeeeenne D. portisancti
Tip of IS with an AR (Figs 6B, H, 19B). ....ccooiiiiiiiie et e aaaa e 8
Tip of IS without an AR (Figs 12B, H, 13B, 17B, 18B). ....coiiiiiiiiiiiiiieiieeeeee et 9
DD roughly twice as long as T. C digitiform (Fig. 6B, H). Species from Madeira or Desertas.
.................................................................................................................................................... D. coiffaiti
DD roughly 1.5 times longer than T. C slender. A sclerotized sickle-shaped ridge between the AR and
L (Fig. 19B). Species from DeSertas. ......cccviecviieeiiieeeiiieeeieeeeiteeeeeireeesereeesaaeeessaeeessaseeennnes D. teixeirai
IS with a massive ISDA. eL sclerotized, claw-shaped (Fig. 18A-B). D wide and blunt (Fig. 18C).
SPECies from DESEITAS. .....cccuviiieiii ettt e et e e et e e e e aa e e e ebteeeebaeeeensaeeeensaeeeennees D. sandrae
Tip of IS different, either with a pointed, thin ISDA (Fig. 17B) or a C. eL different (Figs 12A-B, G-H,
13A-B, 17A-B). D different (Figs 12C, I, 13C, 17C). Species from Desertas or Madeira.................... 10
IS with a pointed, thin ISDA. eL rod-shaped (Fig. 17A-B). Distal tooth trapezoidal (Fig. 17C). Species
FLOIM DIESETTAS. ..vveeiiiiieiitee ettt ettt e st e st e e st e e s e e e s areee s D. recondita
IS with a C and a LF. eL lanceolate (Figs 12A-B, G-H, 13A-B). Distal tooth triangular (Figs 12C, I,
13C). Species from Madeira or DeSertas.........ccccuuiiiiiiiiiiiiiiiee ettt e e e e e e e e e eserrreeeeeeeesnnnees 11
All teeth of similar size (Fig. 12C, I). Chelicerae without bulge (Fig. 22B, D). Species from Madeira.
..................................................................................................................................................... D. diversa
D smaller than B and M (Fig. 13C). Chelicerae with notorious bulge (Fig. 23B). Species from Desertas.
...................................................................................................................................................... D. exigua
S with arms directed posteriorly (Deeleman-Reinhold & Deeleman, 1988: p. 159, Figs 25-27).
..................................................................................................................................................... D. crocata
S with arms directed anteriorly, laterally or dorsally (Figs 6D-F, 10D-G, 12D-F, 13D-F, 14D-F, 15E—
G, 16D-F, 17D—F, 18D—=F, 19D—I, 20A—C).....eetitttitieitieeieeetteeitt ettt ettt sttt ettt e et eeaee e 13
Species from Porto SAnt0. ..........ciieiiiiiiie e e e e e e e e e e e e neraaaaaens 14
Species from Madeira 0r DESEIrtas..........iiiiiiiiiieieeiiiiiee et e e et e e e e e e e e e e e e e eebareeeeesenssaaaaaens 17
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TAXONOMIC REVISION OF MADEIRAN DYSDERA 367

14 S juxtaposed onto AVD (Figs 10D-G, 15E—G). D at most in the midpoint of cheliceral furrow (Figs 10C,
157 0 ) ORI 15
S inserted onto VA or AVD through a constricted sclerotized neck (Figs 14D-F, 16D-F). D in the distal
half of cheliceral furrow (Figs 14C, 16C).....c..ceiiiiiiieiieeiieeiie ettt et iee et e et e enseesneeesneeens 16
15 S with bilobed SD dorsally. DA without wing-shaped lateral projections (Fig. 10D-G). Cheliceral
teeth poorly developed (Fig. 10C). Patella IIT with abundant small stout spines............... D. dissimilis
S without lobed SD. DA with wing-shaped projections (Fig. 15E—G). Cheliceral teeth moderately
developed (Fig. 15D). Patella ITI without SpIines. ........cccceeeeciiiiiiee e D. portisancti
16 DA narrow. S compact, subtriangular, with tips projected dorsally (Fig. 14D-F). D robust, slightly
larger than B (Fig. 14C). ..ottt e e e et e e e e e e e araa e e e e e s sneaaaaaaeeeennes D. isambertot
DA wide. S transverse, oval, with tips projected laterally (Fig. 16 D—F). D subequal or slightly smaller
Than B (Fig. 16C). ...ttt e e e ettt e e e e e taa e e e e e esataaaeeeeaeensssseaeeeeannnsanes D. precaria
17 Prosoma length > 7 mm. D distinctly larger than M and B.............cccccoiiiiiiiiiiii, D. titanica
Prosoma length < 7 mm. D subequal or smaller than M and B. ..........ccccceieiiiiiiiiiiiiiee e, 18
18 AVD absent, or, at most, reduced to a small ventral triangular projection. S with a small slit-shaped
or oval SD (Figs 6D —F, 19D D). .....ccuutiiiiii ettt ettt e e e e e etate e e e e e e atra e e e e e eesnssaaeeeeessnssaaaaaens 19
AVD present. S without SD (Figs 12D—F, 13D—F, 17D—F, 18D—F)......cccccvviiiiiiiiiiieee e 20
19 AVD absent. S with a slit-shaped SD dorsally (Fig. 6D—F)........cccccceeirviiiiiiiieiiieeeeieee e D. coiffaiti
AVD reduced to a small ventral sclerotization, which may be hard to discern. S with an oval SD
dorsally (Fig. 19D =D). ....ooiiiiiieiiie ettt ettt e e e et e e e e abe e e eabeeeesbeeeessseeeensseaeennees D. teixeirai
20 VA triangular in ventral view (Fig. 17D). D trapezoidal (Fig. 17C). D. recondita
VA roughly quadrangular in ventral view (Fig. 12D, 13D, 18D). D triangular (Figs 12C, 13C) or wide,
DIUNE (FIZ. L8O ittt ettt st ettt e s et e et e bt eseteesaneesaneeseneenaneen 21
21 AVD clearly separated from VA (Fig. 18F). D wide, blunt (Fig. 18C). ....cccccceevvviieirniieennennn. D. sandrae
AVD juxtaposed to VA (Figs 12F, 13F). D triangular, small (Fig. 13C)....cccccceevviviiiiiieeiiiieeeiee e, 22
22 Juxtaposition of DA and VA without constriction (Fig. 12E). All teeth of similar size (Fig. 12C, I).
Chelicerae without bulge (Fig. 22B, D). Species from Madeira. ..........ccccceveevveeeeiieeencveeeennen. D. diversa
Juxtaposition of DA and VA with constriction (Fig. 13E). D smaller than B and M (Fig. 13C). Chelicerae
with notorious bulge (Fig. 23B). Species from Desertas..........cccccuveeeeuiieeriieeeniieeeeiieeeeieeeenne D. exigua
DESCRIPTIONS the sampling period between 25" and 29, we retain

FAMILY DYSDERIDAE C.L. KOCH, 1837
GENUS DYSDERA LATREILLE, 1804
DYSDERA COIFFAITI DENIS, 1962
(F1Gs 6, 21A-B, 27, 37A)

Dysdera longibulbis Denis, 1962: pp 24-25, figs 4-6.
Holotype J from Santo da Serra, Madeira; coll.
21.IV.1957, leg. Vandel et al., stored at MNHNP,
collection number AR5828. Examined (Fig. 6G-I). New
synonym.

Holotype: 1 & (left palp missing), 32.76642 °N
16.94775 °W, Caldeirdo do Inferno (Denis refers to
“Caldeira” do Inferno, while the vial label refers to
“Caldeiro Juferno”, respectively, therefore we find
it necessary to present the correct locality name),
Madeira, Portugal, coll. 25-30.1V.1957 (Denis refers to

the largest period, cited on the vial label), leg. Vandel
et al., stored at MNHNP, collection number AR5855.
Examined.

Paratypes: Madeira: Sdo Vicente, 2 9Q (MNHNP
AR3459, one with extracted vulva, used for
redescription), coll. 4.V.1957, (no collection method),
leg. Vandel et al. Examined.

Additional material examined: Bugio: Planalto
Sul, 2 29 (CRBA002500: pk100, CRBA002501:
pk101), 28.V1.2012, hand collecting, leg. I. Silva, 1
juvenile (CRBALCO0114: 1¢071), 13.1V.2017, hand
collecting, leg. L. Crespo; Deserta Grande: Pedregal,
2 Q9 (CRBA002562: pk678, CRBA002563: pk679),
16.1V.2015, hand collecting, leg. I. Silva & D. Teixeira,
Planalto Sul, 1 @ (CRBA002539: pk80), 18.1V.2011,
hand collecting, leg. L. Crespo, 1. Silva & P. Cardoso;
Rocha do Barbusano, 2 @9 (NMH001599: k525,
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368 L.C.CRESPO ETAL.

Figure 6. D. coiffaiti. A-C, holotype male: (A) mirrored image of right palp, retrolateral; (B) mirrored image of right palp,
frontal; (C) mirrored image of right chelicera, ventral. D-F, female paratype (MNHNP AR3459); (D) vulva, ventral; (E) vulva,
dorsal; (F) vulva, lateral. G-1, D. longibulbis: (G) mirrored image of right palp, retrolateral; (H) mirrored image of right palp,
frontal; (I) mirrored image of right chelicera, ventral. Scale bars: A—C, G-I = 0.5 mm; D-F = 0.1 mm. Abbreviations, male
palp: AR, arch-like ridge; C, crest; CF, cheliceral furrow; eL,, external margin of lateral sheet; EO, embolus opening; L, lateral
sheet; P, posterior apophysis; T, tegulum. Abbreviations, female vulva: DA, dorsal arch; MG, medial groove; S, spermatheca;
SD, spermatheca diverticulum; TB, transversal bar; VA, ventral arch.
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NMHO001600: k527), 31.X.2009, leg. D. Hernandez,
1 g (CRBA002541: pk82), 1 @ (CRBA002540),
20.1V.2011, leg. L. Crespo, I. Silva & P. Cardoso, 1 &
(CRBALCO0210: 1¢129), 8.1V.2017, hand collecting,
leg. L. Crespo, 1 @ (CRBALCO0211: 1c130), 2 juveniles
(CRBALCO0112: 1¢c069, CRBALC0113: 1¢070),
9.IV.2017, hand collecting, leg. L. Crespo; Vale da
Castanheira (S), 1 @ (CRBALCO0584), 25.111.2018,
hand collecting, leg. L. Crespo; Rocha do Barbusano
(S), 4 33 (CRBALC0076: 1c048, CRBALC0106: 1c063,
CRBALCO0107: 1c064, CRBALCO0108: 1¢065), 1 @
(CRBALCO0109: 1c066), 8 juveniles (CRBALCO0078:
1c050, CRBALC0081: 1c053, CRBALC0082: 1c054,
CRBALCO0084: 1c056, CRBALC0101: 1¢058,
CRBALCO0102: 1c059, CRBALC0104: 1c061,
CRBALCO0105: 1c062), 10.1V.2017, hand collecting,
leg. L. Crespo & 1. Silva; Madeira: near water deposit
of Paul da Serra, 1 @ (CRBALC0737), 21.VIII1.2016,
hand collecting, leg. I. Silva; Caramujo, 1 juvenile
(CRBALCO0009), 23.VII1.2016, hand collecting, leg.
I Silva, 1 ¢ (CRBALCO0005: 1c005), 27.VII1.2016, hand
collecting, leg. L. Crespo & I. Silva, 1 & (CRBALCO0673),
1 @ (CRBALCO0621), 06.IV.2018, hand collecting, leg.
L. Crespo & A. Bellvert; Chéo da Ribeira, 1 g (MZB
2019-1961: pk88), 1 @ (CRBA002548: pk89), 1.V.2011,
hand collecting, leg. L. Crespo, I. Silva & P. Cardoso;
Chéao dos Louros, 1 & (MZB 2019-1960: k522), 1 @
(MZB 2019-1959: k530), 6.X1.2009, hand collecting,
leg. D. Hernandez, 2 g3 (CRBA002549: pk90, LCPC:
pk91), 12.11.2010, hand collecting, leg. 1. Silva; Faja da
Nogueira, 1 @ (CRBALCO0479: 1¢143), 5.IV.2017, hand
collecting, leg. L. Crespo; Fanal, 1 @ (FMNH KN.17855:
pk92), 11.XI1.2011, hand collecting, leg. I. Silva, 3 GG
(FMNH KN.17854: pk93, CRBA002553: pk94, MMF
47910: pk96), 1 @ (MZB 2019-1962: pk95), 1.V.2011,
hand collecting, leg. L. Crespo, I. Silva & P. Cardoso;
Fanal (I), 1 @ (CRBALC0478: 1c142), 3.IV.2017, leg.
P. Oromi; Fanal (II), 1 ¢ (CRBALCO0023: 1c023),
5 juveniles (CRBALCO0024: 1c024, CRBALC0025:
1c025, CRBALC0026: 1c026, CRBALC0027: 1c027,
CRBALCO0028: 1c028), 7-21.VII1.2016, pitfall
trapping, leg. P. Borges et al.; Fanal (III), 1 juvenile
(CRBALCO0029:1¢029), 7.VIII1.2016, hand collecting, leg.
J. Malumbres-Olarte; Fanal (IV), 1 g (CRBALC0030:
1c030), 1 juvenile (CRBALCO0031: 1¢031), 8-22.
VIII.2016, pitfall trapping, leg. P. Borges et al.; Fanal
(V), 15 (CRBA002508: pk225) and 2 2 Q (CRBA002504:
pk222, LCPC: pk226), 1.V.2012, hand collecting, leg.
A. Serrano et al.; Funduras (I), 3 g (CRBA3044:
1c149, CRBA3048: 1c152, CRBA3049: 1Ic151), 1 @
(CRBA3046: 1¢150), 2.1V.2017, hand collecting, leg.
M. Arnedo, L. Crespo & P. Oromi, 3 35 (CRBALC0611,
CRBALCO0612, CRBALCO0675), 4 2@ (CRBALC0624,
CRBALC0638, CRBALC0674, CRBALC0676),
6.IV.2018, hand collecting, leg. L. Crespo & A. Bellvert;

Funduras (II), 1 @ (CRBALC0032: 1c032), 5.VII1.2016,
hand collecting, leg. L. Crespo, 1 & (CRBALC0736),
2 QQ (CRBALCO0006: 1c006, CRBALCO0011: 1¢c011),
19.VII1.2016, hand collecting, leg. L. Crespo & I. Silva;
Galhano, 1 @ (CRBALCO0477: 1c141), 3.1V.2017,
hand collecting, leg. P. Oromi; Ginjas, 1 juvenile
(CRBALCO0735), 23.VII1.2016, hand collecting, leg.
L. Crespo; Levada dos Cedros (Fanal), 1 g (ZMUC),
8.1111994, leg. Bjgrn & Damgaard; Levada dos Tornos,
1 9 (MMF 47909: pk221), 2.V.2012, hand collecting,
leg. A. Serrano et al.; Montado dos Pessegueiros,
3 @9 (CRBALCO0222: 1¢138, CRBALC0484: 1c146,
CRBALC0485: 1¢147), 28.111.2017, hand collecting,
leg. L. Crespo & I. Silva, 1 @ (CRBA3061: 1¢156), 1
juvenile (CRBALC0457: 1¢139), 31.111.2017, hand
collecting, leg. L. Crespo, M. Arnedo & P. Oromi,
1 @ (CRBALC0625), 4 juveniles (CRBALCO0640,
CRBALCO0644, CRBALC0647, CRBALC0695),
4.1V.2018, hand collecting, leg. L. Crespo & A. Bellvert;
Pailda Serra,2 @@ (CRBA002556: pk97, CRBA002557:
pk98), 26.11.2012. hand collecting, leg. I. Silva, 1 @
(CRBALCO0482: 1¢145), 2 juveniles (CRBALC0475,
CRBA3043: 1¢148), 28.111.2017, hand collecting, leg.
L. Crespo & I. Silva; Queimadas, 1 & (CRBALC0033:
1c033), 3 2@ (CRBALCO0001: 1c001, CRBALCO0003:
1c003, CRBALC0004:1c004), 4 juveniles (CRBALCO0008:
1c008, CRBALC0034: 1c034, CRBALC0035: 1c035,
CRBALCO0036: 1c036), hand collecting, leg. L. Crespo;
Ribeiro Bonito (I), 1 juvenile (CRBALC0037:1c037),
4.VII1.2016, hand collecting, leg. L. Crespo; Ribeiro
Bonito (II), 1 juvenile (CRBALC0038: 1c038),
4.VII1.2016, hand collecting, leg. F. Pereira; Ribeiro
Bonito (III), 1 juvenile (CRBALC0039: 1c039), 4-18.
VIII.2016, pitfall trapping, leg. P. Borges et al.; Santo
da Serra, 1 @ (CRBALCO0002: 1c002), 1 juvenile
(CRBALCO0738), 19.VIII.2016, hand collecting, leg.
L. Crespo; trail from Patl da Serra to Montado dos
Pessegueiros, 3 53 (CRBA3058: 1c153, CRBA3059:
lc154, CRBA3060: 1c155), 2 @@ (CRBA3062: 1c157,
CRBA3063: 1¢c158), 31.IV.2017, hand collecting, leg.
L. Crespo, M. Arnedo & P. Oromi.

Diagnosis: D. coiffaiti males can be diagnosed from
all other Madeiran Dysdera by: the C, digitiform,
prolaterally projected (Figs 6B, 27A—C). Females are
distinguished from other Madeiran Dysdera, except
D. precaria and D. teixeirai, by: the AVD, absent
(Fig. 6D, F); it can be differentiated from D. precaria
and D. teixeirai by: the SD, small, slit-like (Fig. 6E).

Redescription — male holotype: (Figs 6A-C, 21A).
Carapace length 4.75; maximum width 4.08; minimum
width 3.13. Carapace reddish-brown, foveate at
borders, anteriorly slightly rugose, posteriorly
smoother. Frontal border roughly rounded, 3 wide;
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anterior lateral borders parallel; lateral borders
rounded; posterior margin straight, moderately wide.
AME 0.28, oval; PLE 0.28, oval; PME 0.23, rounded,;
AME separated from anterior border by less than
their diameter; AME separated from one another by
less than their diameter; AME touching PLE; PME
separated from PLE by roughly one-third of PME
diameter; PME touching. Labium trapezoid, with
base wider than distal part, as long as wide at base;
distal part concave. Sternum reddish-brown, wrinkled,
with scattered setae. Chelicerae (Fig. 6C) 2.72 long,
about half of carapace length in dorsal view, straight,
dorsolaterally and ventrally slightly wrinkled; dorsally
and prolaterally with lightly sclerotized piliferous
granulations; fang 2.35 long. Cheliceral furrow ~53%
of length of basal segment, armed with three teeth and
basal lamina, B = D > M, all teeth triangular, B close to
lamina, M closer to B than D, D situated in the distal
half of cheliceral furrow. Anterior legs and palp orange,
posterior legs yellow. Lengths: fel 4.08; pal 2.58; til
3.6; mel 3.56; tal 0.82; total 14.63; fe2 3.64; pa2 2.34;
ti2 3.22; me2 3.3; ta2 0.82; total 13.32; fe3 2.94; pa3
1.72;ti3 1.9; me3 2.66; ta3 0.74; total 9.95; fe4 3.64; pad
2.08; ti4 2.86; me4 3.4; tad 0.82; total 12.79; relative
length: 1 > 2 > 4 > 3; fe palp 2.46; pa palp 1.35; ti palp
1.04; ta palp 1.09; total 5.94. Spination: ti3d proximal
1.0.0, distal 1.0.0. Palpal coxae with lightly sclerotized
piliferous granulations. Legs covered with setae,
especially on tibiae, metatarsi and tarsi. Ventral setae
of anterior metatarsi with sclerotized base. Metatarsi
III and IV ventrally with dense tuft of setae in distal
section. Claws with nine to ten teeth. Abdomen 6.22
long, cream-coloured, cylindrical; abdominal dorsal
setae short, 0.02-0.03 long, thin, apically blunt,
uniformly distributed. Male copulatory bulbus
(Fig. 6A—B): T shorter than DD, external border sloped
backwards. DD bent anteriorly in lateral view, more
or less 30 °. IS longer and thicker than ES, uniformly
sclerotized. ES more sclerotized distally. C present,
digitiform, with tip projected prolaterally. AR present,
small. L present, with eL sclerotized, lanceolate. P
claw-shaped, fused to T through a wide sclerotized
base, directed to retrolateral side, lateral length one-
quarter of width of T in frontal view. Ridge present, not
expanded, parallel to T. Remark: a small undetermined
needle-shaped artifact is visible, emerging from DH
below P.

Female paratype (MNHNP AR3459): (Fig. 6D-F). All
characters as in male except: carapace length 5.19;
maximum width 4.28; minimum width 3.09; AME
separated from anterior border by half their diameter.
Chelicerae 2.78 long; fang 2.56 long. Leg lengths: fel
4.13; pal 2.69; til 3.56; mel 3.44; tal 0.86; total 14.67;
fe2 3.64; pa2 2.4;ti2 3.13; me2 3.2; ta2 0.84; total 13.21;
fe3 3.03; pa3 1.78; ti3 1.9; me3 2.64; ta3 0.78; total

10.13; fe4 3.84; pa4d 2.21; ti4 2.86; me4 3.44; ta4 0.88;
total 13.23; fe palp 2.48; pa palp 1.3; ti palp 0.95; ta palp
1.32; total 6.05. Abdomen 9 long. Vulva (Fig. 6D-F):
PD oval. DA separated from VA. DA roughly twice as
wide as long, anteriorly truncated. DF wide in dorsal
view. MF moderately developed, visible only slightly
ventrally or posteriorly. VA roughly as wide as long,
membranous except in its anterior section, which is
sclerotized and shaped as a quadrangle with rounded
corners. AVD absent. Insertion of S projected onto VA
through a short neck, S subtriangular in ventral view,
with arms short and tips projected dorsally, with a
slit-like diverticulum dorsally. Remark: two artefacts
with an apparent duct aspect are seen attached to the
insertion of the S.

Intraspecific variation: Male carapace varies from 4.1
to 5.63 in length and 3.06 to 4.48 in width, and female
carapace from 4.6 to 5.38 in length and 3.58 to 4.33 in
width. However, we observed that specimens found in
Deserta Grande and Bugio are distinctly smaller than
those found in Madeira (male and female prosoma
length respectively range from 4.1 to 4.85 and 4.6 to
4.88 against 4.75 to 5.34 and 5 to 5.38 in the Madeira
population), and that in addition male specimens
from Deserta Grande present a proportionally
longer DD in regard to the T. We substantiated
our observations with additional measurements
and a Mann-Whitney test for prosoma length (in
a universe of 34 observations, 17 from each island,
Ul =425 < U717 = 87, see also Fig. 7). Cheliceral
length varies from 2.13 to 3.52 in males, and 2.05 to
3.24 in females. Teeth can vary slightly in size, so that
all teeth are of equal size or B > M = D; after revising
part of the abundant materials of D. coiffaiti available

6.0

5.5

5.0 ¥

4.5

4.0

3.5
{em) Madeira Desertas

Figure 7. Box plot with the size distribution for the
populations of D. coiffaiti. The y axis represents prosoma
length measurements (N = 17, for both cases) and «x
separates the populations from Madeira island (left) and
Desertas (right). Whiskers: minimum and maximum;
boxes: limits of the first quartile, median and third quartile;
crosses: mean markers.
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for our study, we report that the left chelicera of the
holotype male presents an abnormal conformation of
teeth, with M juxtaposed to B. Spination variability:
ti3d proximal 1.0.0, distal 1.0.0; ti4d proximal 0.0.0-1,
distal 0-1.0.0-1; ti4v proximal 0-1.0.0, distal 0.0.0.
We removed additional vulvas from our materials, and
S can be found with more extended arms than those
illustrated (Fig. 6D-F).

Distribution: This species is known from many
locations in Madeira island, Deserta Grande and one
location in Bugio, a smaller islet south of Deserta
Grande (Figs 8-9).

Habitat: D. coiffaiti occurs in diverse habitats. In
Madeira island, it can be found in the bark of tree
trunks or under stones in habitats ranging from
humid laurel forest, to Erica scrubland, to secondary
forests. In Desertas, it can be found under stones or in
sandstone crevices in dry, arid slopes or plateaus with
few xerophytic herbs and shrubs.

Conservation: Given its observed range in Madeira
island, coupled with the presence of native forest
throughout the north coast of the island, we can
assume that as long as efforts are made to maintain
the patches of laurel forest, we will be able to find large
populations of D. coiffaiti [see detailed conservation
profile in Cardoso et al. (2017)]. The populations
that live in Deserta Grande and Bugio inhabit a
completely different habitat, devoid of any tree cover.

Chdo da

Ribeira Montado dos

Pessegueiros
Levada dos

Tornos

Pauil da Serra

Caramujo
Chao dos
Louros

The presence of exotic species in Deserta Grande may
have a two-fold effect. First, the introduction of the
synanthropic species Dysdera crocata C.L. Koch, 1838
might contribute through competitive interactions to
the ecological displacement of this endemic species
(Crespo et al., 2013), and second, vertebrate and plant
species introduced by humans (e.g. goats, rabbits,
Nicotiana glauca Graham, Phalaris aquatica L.) have
severely altered the native communities of Deserta
Grande and we can only speculate to which extent the
endemic species can be resilient to habitat change and
disturbance.

Remarks: D. coiffaiti and D. longibulbis were described
as distinct species in the same publication (Denis,
1962), both using the left palps, which are now missing
from the MNHNP vials. After comparing the types, it
was readily apparent that both specimens belong to
the same taxon. We here propose D. longibulbis as a
junior synonym of D. coiffaiti. Although both species
were described in the same publication, we selected
D. coiffaiti as the name with priority, because the type
locality of D. coiffaiti, Caldeirdo do Inferno, is a site
where native laurel forest can still be found and where
it is currently relatively easy to find populations of
this species. Conversely, no native forest is left at the
type locality of D. longibulbis, Santo da Serra, and
specimens of the latter population are not as easy
to find. In addition, the only available male palp for
D. longibulbis presents a broken tip of the IS (Fig. 6H),
obscuring its interpretation.

Caldeirdo do A

Inferno

Ribeiro Bonito

Queimadas

Funduras

Santo da Serra

5km

Figure 8. Map of Madeira island, with the sampling localities. D. coiffaiti = circle; D. diversa = triangle. Dotted areas
represent large sites from where several specimens were collected. Map provided by DROTA.
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Figure 9. Map of the Desertas islands, with the sampling
localities. D. coiffaiti = circle; D. exigua sp. nov. = square;
D. recondita sp. nov. = rhombus; D. sandrae sp. nov.
= pentagonal star; D. teixeirai sp. nov. = hexagon. Dotted
areas represent large sites from where several specimens
were collected. Map provided by DROTA.

DYSDERA DISSIMILIS CRESPO & ARNEDO, SP. NOV.
(Figs 10, 21C-D, 28, 37B)
urn:lsid:zoobank.org:act:176FB691-1D07-4A02-

ABBC-3AAAA5B1BBBC

Holotype: 1 &, 33.08518 °N 16.32364 °W, Pico do
Facho (N), Porto Santo, Portugal, coll. 22.1V.2017, hand
collecting, leg. L. Crespo, stored at MZB, collection
number 2019-1947, DNA code 1c134.

Paratypes: Porto Santo: Pico Ana Ferreira, 1 & (FMNH
KN.17861: 1c085), 2 @@ (MZB 2019-1950: 1c086,
CRBALCO0131: 1¢c088), 20.1V.2017, hand collecting,
leg. L. Crespo & I. Silva; Pico do Castelo, 1 g (MZB
2019-1949: 1c076) and 1 @ (MZB 2019-1948: 1c077),
17.IV.2017,hand collecting,leg. L. Crespo & I. Silva; Pico
do Facho, 1 g (CRBALC0146: 1¢100), 22.1V.2017, hand
collecting, leg. L. Crespo; Pico da Juliana, 1 ¢ (MMF
47916: pk243) and 1 @ (MMF 47917), 23.IV-7.V.2011,
pitfall trapping, leg. A. Serrano et al.; Terra-Cha (Pico
Branco), 1 @ (FMNH KN.17862: 1c135), 21.1V.2017,
hand collecting, leg. L. Crespo & I. Silva.

Additional material examined: Pico Ana Ferreira,
1 g (LCPC: 1c089) and 1 ¢ (CRBALC0130: 1c087)
and 7 juveniles (CRBALCO0138: 1c095, CRBALC0139:
1c096, CRBALC0140: 1c097, CRBALC0141: 1c098,
CRBALCO0142: 1¢c099, CRBALCO0166: 1¢c102,
CRBALCO0168: 1¢104), 20.IV.2017, hand collecting,
leg. L. Crespo & I. Silva; Pico do Castelo, 2 @9
(CRBA002529: pk307, LCPC: pk308), 1.VII1.2013,
hand collecting, leg. I. Silva, 1 juvenile (CRBALC0122:
1c079), 17.1V.2017, hand collecting, leg. L. Crespo &
1. Silva, 1 juvenile (CRBALCO0679), 8.1V.2018, hand
collecting, leg. L. Crespo & A. Bellvert; Pico do Facho, 1 &
(CRBALCO0145:1¢165), 2 juveniles (CRBALC0184:1c119,
CRBALCO0185: 1¢120), 22.IV.2017, hand collecting, leg.
L. Crespo, 1 juvenile (CRBALC0660), 9.1V.2018, hand
collecting, leg. L. Crespo & A. Bellvert; Pico do Facho (N),
3 juveniles (CRBALC0186: 1c121, CRBALCO0187: 1c122,
CRBALCO0189: 1c124), 22.1V.2017, hand collecting, leg.
L. Crespo; Pico da Juliana, 1 juvenile (CRBA002522:
pk240), 23.1V-7.V.2011, pitfall trapping, leg. A. Serrano
et al., 1 juvenile (CRBALC0619), 10.IV.2018, hand
collecting, leg. L. Crespo & A. Bellvert; Terra-Cha (Pico
Branco), 1 g (CRBALCO0169: 1¢105), 21.1V.2017, hand
collecting, leg. L. Crespo & I. Silva.

Etymology: The specific epithet, from the Latin
adjective dissimilis, unlike, different, refers to a
combination of traits, such as short and stout legs,
densely spinate posterior legs and strongly reduced
cheliceral teeth, that make this species different from
all others in Madeira.
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Figure 10. D. dissimilis sp. nov. A—C, holotype male: (A) left palp, retrolateral; (B) left palp, frontal; (C) left chelicera,
ventral. D-G, female paratype (MZB 2019-1948): (D) vulva, ventral; (E) vulva, dorsal; (F) vulva, lateral; (G) vulva, anterior.
Scale bars = 0.1 mm. Abbreviations, male palp: AR, arch-like ridge; C, crest; eL, external margin of lateral sheet; L, lateral
sheet; P, posterior apophysis; T, tegulum. Abbreviations, female vulva: AVD, additional ventral diverticulum; DA, dorsal
arch; MG, medial groove; S, spermatheca; SD, spermatheca diverticulum; TB, transversal bar; VA, ventral arch.
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Diagnosis: D. dissimilis can be diagnosed from all
other Madeiran species by the combination of the
following somatic characters: reduced size of cheliceral
teeth (Fig. 10C) and dense spination in posterior legs.
Additionally, males by: the well developed, bent, striate
eL and the C, bent (Fig. 10A-B); females by: the DA
and VA, well developed and the presence of a bilobed
SD (Fig. 10D-G).

Description — male holotype: (Figs 10A-C, 21C-D).
Carapace length 4; maximum width 3.48; minimum
width 2.38. Carapace blackish-brown, foveate at
borders, smooth, with several small depressions
radiating from the larger fovea. Frontal border roughly
rounded, 2.15 wide; anterior lateral borders slightly
divergent; lateral borders divergent, rounded around
maximum width point to posterior margin; posterior
margin straight, short. AME 0.18, rounded; PLE 0.2,
oval; PME 0.16, oval; AME separated from anterior
border by their diameter; AME separated from one
another by their diameter; AME touching PLE; PME
separated from PLE by roughly one-third of PME
diameter; PME almost touching. Labium trapezoid,
with base wider than distal part, longer than wide at
base; distal part concave. Sternum brown, anteriorly
darker, wrinkled, with setae. Chelicerae (Fig. 10C)
1.96 long, about two-fifths of carapace length in dorsal
view, straight, smooth; fang 1.28 long. Cheliceral
furrow ~51% of length of basal segment, armed
with three teeth and basal lamina, B = M > D; all
teeth triangular, B close to lamina, all teeth roughly
equidistant. Except for coxae and femora I, brown,
all legs greenish-brown. Lengths: fel 2.88; pal 1.97;
til 2.03; mel 2.09; tal 0.62; total 9.58; fe2 2.59; pa2
1.87; ti2 1.84; me2 2; ta2 0.59; total 8.89; fe3 2.35; pa3
1.36; ti3 1.28; me3 2.15; ta3 0.66; total 7.8; fe4 3; pad
1.75; ti4 1.94; me4 2.88; ta4 0.72; total 10.29; relative
length: 4 > 1 > 2 > 3; fe palp 2; pa palp 1.16; ti palp
0.9; ta palp 1.04; total 5.1. Spination: pa3d medial-
proximal 1.0.0, medial-distal 1.0.0, distal 2.2.1; pa3v
distal 1.0.0; ti3d proximal 2.2.1, medial-distal 1.2.0,
distal 1.0.1; ti3v proximal 1.1.0, medial-proximal 0.1.0,
distal 1.0.0; pa4d distal 1.0.1; ti4d proximal 1-2.2.1,
medial-distal 0.2.0-1, distal 1.0.1; ti4v proximal 1.2—
3.1, medial-distal 0.1-2.0, distal 0.0.1. Palpal coxae
with moderately sclerotized piliferous granulations.
Legs covered with setae, especially on tibiae, metatarsi
and tarsi. All tibiae with dorsal dense patch of short,
moderately thick, setae. All metatarsi with small
dorsal distal patch of setae, III and IV ventrally also
with dense tuft of setae in distal section. Claws with
six to eight teeth. Abdomen 3.6 long, cream-coloured,
cylindrical; abdominal dorsal setae short, 0.03-0.07
long, tapered, uniformly distributed. Male copulatory
bulbus (Fig. 10A-B): T roughly half length of DD,
external border sloped backwards. DD bent anteriorly

in lateral view, more or less 45 °. IS longer than ES,
basally and medially moderately developed, well
developed terminally. ES well developed only medially
and terminally. C present, sclerotized, bent ventrally.
LF absent. AR present, well developed. L present, with
eL sclerotized, massive, striated and tilted dorsally at
tip. P claw-shaped, fused to T, rotated to retrolateral
side, lateral length one-third of width of T in frontal
view. Ridge present, not expanded, parallel to T.

Female paratype (MZB 2019-1948): (Fig. 10D-G).
All characters as in male except: carapace length
3.92; maximum width 3.26; minimum width 2.13;
AME 0.17; PLE 0.16; PME 0.13; AME separated from
anterior border by less than their diameter; AME
almost touching PLE. Chelicerae 1.76 long; fang
1.56 long. All legs greenish-brown. Leg lengths: fel
2.38; pal 1.8;til 1.73; mel 1.82; tal 0.54; total 8.27;
fe2 2.25; pa2 1.72; ti2 1.58; me2 1.74; ta2 0.54; total
7.83; fe3 2.08; pa3 1.3; ti3 1.1; me3 1.9; ta3 0.6; total
6.98; fe4 2.75; pa4 1.6; ti4 1.82; me4 2.78; ta4 0.78;
total 9.73; fe palp 1.52; pa palp 0.9; ti palp 0.64; ta
palp 1.04; total 4.1. Spination: legl, leg2 spineless;
fe3 spineless, pa3d medial-proximal 1.0.0, medial-
distal 1.0.1, distal 1.0.0; pa3v distal 1.0.0; ti3d
proximal 3.2.1, medial-proximal 1.0.0, medial-distal
1.2.0, distal 1.0.1; ti3v proximal 1.2.0, distal 1.0.0;
fe4d spineless; pa4d distal 1.0.1; ti4dd proximal 1.2.2,
medial-proximal 0.0-1.0, medial-distal 0-1.2.1, distal
1.0.1; tidv proximal 1.2.1, medial-distal 0.1.0, distal
0-1.0.1. Claws with six to nine teeth. Abdomen 4.65
long; abdominal dorsal setae 0.07-1.2 long. Vulva
(Fig. 10D-G): PD oval. DA separated from VA. DA
roughly twice as wide as long, anteriorly domed and
excavated, with striae laterally. DF wide in dorsal
view. MF poorly developed, with no visible internal
sclerotized plates ventrally. VA slightly wider than
long, laterally well developed, projecting ventrally
(see lateral view, Fig. 10F), with striae, and a well-
defined membranous section leading to insertion of
S. AVD present, reduced, shaped as a neck of a shirt,
with triangular tips. Insertion of S projected onto
AVD. S subtriangular in ventral view, with arms
short, straight, tips projected dorsally, and a bilobed
diverticulum posteriorly (see anterior view, Fig. 10G).

Intraspecific variation: Male carapace varies from
3.32 to 4 in length and 2.8 to 3.48 in width, female
carapace from 3.76 to 4.55 in length and 2.91 to 3.72 in
width. Cheliceral length from 1.5 to 1.96 in males, 1.63
to 2.3 in females. Spination variability: pa3d proximal
0.0.0, medial-proximal 1.0-1.0, medial-distal 1-2.0—
1.0, distal 1-3.0-2.0-1; pa3v proximal 0.0.0, distal
1.0.0; ti3d proximal 1-3.0-3.0-1, medial-proximal
0-1.0-2.0-1, medial-distal 1.2.0-1, distal 1-2.0.0-1;
ti3v proximal 0-1.1-2.0, medial-proximal 0-1.0-1.0-1,
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distal 1.0.0; pa4d distal 1.0.1; ti4d proximal 1-2.1-  Distribution: This species is known from the summit
2.1-2, medial-proximal 0.0-1.0, medial-distal of all the highest peaks of Porto Santo island: Pico do
0-1.0-2.0-1, distal 1.0-2.0-1; ti4v proximal 1.2-3.1, Facho (517 m), Pico Branco (450 m), Pico do Castelo
medial-proximal 0.0-2.0-1, medial-distal 0.0-2.0, (437 m), Pico da Juliana (447 m) and Pico Ana Ferreira
distal 1.0.0-1. (283 m) (Fig. 11).
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Figure 11. Map of Porto Santo and neighbouring islets, with the sampling localities. D. dissimilis sp. nov. = dotted circle;
D. isambertoi sp. nov. = stripped triangle; D. precaria sp. nov. = four-pointed star; D. portisancti = patterned rounded
square. Dotted areas represent large sites from where several specimens were collected. Map provided by DROTA.
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Habitat: D. dissimilis occurs in the reduced areas of
secondary forest in Porto Santo (43 km?, maximum
elevation of 517 m), composed mainly of Cupressus
macrocarpa Hartw., Juniperus turbinata Guss., Pinus
Spp., occasionally with shrubland with dominant Erica
platycodon (Webb & Berthel.) Rivas Mart. et al. There,
it can be found under stones or in the bark of dead logs.

Conservation: Porto Santo has as an area of roughly
43 km?, but if we sum the areas corresponding to the
northern slopes of the mountains where D. dissimilis
was found, we reach an extrapolated range of 0.52
km?. This means that D. dissimilis and other endemics
of Porto Santo are subsisting in a mosaic of islands
within an island, threatened by both habitat loss and
fragmentation.

DYSDERA DIVERSA BLACKWALL, 1862
(F1Gs 12, 22, 29)

Dysdera vandeli Denis, 1962: pp 22-23, figs 1-3.
Holotype &, 32.76642 °N 16.94775 ° W, Caldeirao
do Inferno, Madeira (Denis refers to “Caldeira”
do Inferno, while the vial label refers to “Caldeiro
Juferno”, respectively, therefore we find it necessary to
present the correct locality name); coll. 25-29.1V.1957,
leg. A. Vandel et al., stored at MNHNP, collection
number AR5843. Examined (Figs 12G-I, 22C-D). New
synonym.

Holotype: 1 G (no location), Madeira, Portugal, (no
collection date), (no collection method), leg. H. Clark,
stored at OUMNH (no collection number). Examined.

Additional material examined: Madeira: Caramujo,
1 @ (MMF 47902: pk223), 25.V-8.V1.2012, pitfall
trapping, leg. A. Serrano et al.; Montado dos
Pessegueiros, 1 ¢ (MMF 47903: pk224), 2-19.V1.2012,
pitfall trapping, leg. A. Serrano et al.

Diagnosis: D. diversa differs from all other Madeiran
Dysdera, except D. exigua, in males by: LF, short
(Fig. 12B). D. diversa can be diagnosed from D. exigua
by: chelicera more gracile, with more widely separated,
equal teeth (Fig. 12C), in males, by: C, longer, LF,
shorter (Figs 12A-B, 29A-C), in females by: the AVD,
less developed (Fig. 12F).

Redescription — male holotype: (Figs 12A-C, 22A-B).
Carapace length 3.46; maximum width 2.77; minimum
width 1.8. Carapace dark brown, foveate at borders,
anteriorly slightly rugose, posteriorly smooth. Frontal
border roughly rounded, 1.74 wide; anterior lateral
borders slightly convergent; lateral border rounded;

posterior margin straight, short. AME 0.15, rounded;
PLE 0.17, oval; PME 0.15, rounded; AME separated
from anterior border by less than their diameter;
AME separated from one another by more than their
diameter; AME touching PLE; PME almost touching
PLE; PME almost touching. Labium trapezoid, with
base wider than distal part, longer than wide at
base; distal part concave. Sternum brown, wrinkled,
without setae. Chelicerae (Fig. 12C) 1.46 long, about
one-third of carapace length in dorsal view, slightly
concave dorsally, dorsally and prolaterally with sparse
sclerotized piliferous granulations; fang 1.16 long.
Cheliceral furrow ~48% of the length of basal segment,
armed with three teeth and basal lamina, B > M = D;
all teeth triangular, B close to lamina, M closer to B
than D, D situated in distal half of cheliceral furrow.
Anterior legs and palp orange, posterior legs yellow.
Lengths: fel 2.44; pal 1.62; til 2; mel 1.8; tal 0.56;
total 8.42; fe2 2.2; pa2 1.51; ti2 1.79; me2 1.76; ta2
0.54; total 7.8; fe3 1.8; pa3 1.1; ti3 1.12; me3 1.52; ta3
0.48; total 6.02; fe4 2.31; pad 1.32; ti4 1.66; me4 2.06;
ta4 0.56; total 7.92; relative length: 1 >4 > 2 > 3; fe
palp 1.61; pa palp 0.91; ti palp 0.82; ta palp 0.77; total
4.11. Spination: ti3d proximal 1.1.1, distal 1.0.1; ti3v
proximal 1.1.0, distal 1.0.0; fe4d 2—3 spines, 1-3 rows;
ti4dd proximal 1.0-1.1-2, medial-proximal 0.0-1.0,
medial-distal 0.0-1.0, distal 1.0-1.1; ti4v proximal 1.1—
2.1, medial-distal 0.0.0-1, distal 1.0.0-1. Palpal coxae
with moderately sclerotized piliferous granulations.
Legs covered with setae, especially tibiae, metatarsi
and tarsi. All metatarsi distally with small dorsal
patch of setae, III and IV also with dense tuft of
setae in distal ventral section. Claws with nine to ten
teeth. Abdomen 3.98 long, cream-coloured, cylindrical,
abdominal dorsal setae short, 0.01-0.02 long, thick,
apically blunt, uniformly distributed. Male copulatory
bulbus (Fig. 12A-B): T shorter than DD, external border
sloped backwards. DD bent anteriorly in lateral view,
more or less 45 °. IS roughly as long as ES, uniformly
sclerotized, with a small medial retrolateral extension.
ES more uniformly sclerotized. C present, its tip
projected frontally. LF present, moderately developed,
projected dorsally with a lightly sclerotized border.
AR absent. L present, with eL sclerotized, lanceolate.
P claw-shaped, fused to T, rotated to retrolateral side,
lateral length one-quarter of width of T in frontal view.
Ridge present, not expanded, parallel to T.

Female (MMF 47902): (Fig. 12D-F). All characters as
in male except: carapace length 3.64; maximum width
2.89; minimum width 2.84; AME 0.18, oval; PLE 0.2;
AME separated from anterior border by more than their
diameter; PME separated from PLE by roughly one-
third the diameter of the former. Chelicerae 1.69 long;
fang 1.24 long; sclerotized piliferous granulations almost
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Figure 12. D. diversa. A-C, holotype male: (A) left palp, retrolateral; (B) left palp, frontal; (C) left chelicera, ventral. D-F,
female (MMF 47902): (D) vulva, ventral; (E) vulva, dorsal; (F) vulva, lateral. G-I, D. vandeli: (G) left palp, retrolateral; (H)
left palp, frontal; (I) left chelicera, ventral. Scale bars = 0.1 mm. Abbreviations, male palp: C, crest; eL, external margin
of lateral sheet; L, lateral sheet; LF, lateral fold; P, posterior apophysis; T, tegulum. Abbreviations, female vulva: AVD,
additional ventral diverticulum; DA, dorsal arch; MG, medial groove; S, spermatheca; TB, transversal bar; VA, ventral arch.
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absent. Teeth conformation as in male, but shape of teeth
trapezoid. Legs orange, anterior pair and palp darker
than posterior pair. Leg lengths: fel 2.38; pal 1.62;ti1 1.8;
mel 1.68; tal 0.55; total 8.03; fe2 2.16; pa2 1.51; ti2 1.63;
me2 1.57; ta2 0.56; total 7.43; fe3 1.73; pa3 1.1; ti3 1.03;
me3 1.38; ta3 0.52; total 5.76; fe4 2.25; pa4 1.35; ti4 1.58;
me4 1.97; ta4 0.59; total 7.74; fe palp 1.47; pa palp 0.82; ti
palp 0.63;ta palp 0.72; total 3.64. Spination: ti3d proximal
1.2.1, distal 1.0.1; ti3v proximal 1.1.0, distal 1.0.0; fe4d 2
spines, 2 rows; ti4d proximal 1.0-1.1-2, medio-proximal
0.0-1.0, medio-distal 0.0-1.0, distal 1.0—1.1; ti4v proximal
1.2.1, medio-proximal 0.0.0-1, medio-distal 0.0.0-1,
distal 0-1.0.1. Abdomen 3.88 long; abdominal dorsal
setae long, 0.05-0.1 long, unmodified, with tapered tip.
Vulva (Fig. 12D-F): PD oval. DA separated from VA. DA
roughly twice as wide as long, anteriorly domed. DF wide
in dorsal view. MF moderately developed, visible only
slightly ventrally or posteriorly. VA roughly as wide as
long, membranous except in its anterior section, which
is sclerotized and shaped as a quadrangle with rounded
corners. AVD present, as wide neck reaching base of
S, with folds visible by transparency in ventral view.
Insertion of S projected onto AVD through sclerotized
protuberant neck, S subtriangular in ventral view, with
arms short and tips blunt.

Intraspecific variation: Male carapace varies from 3.46
to 3.6in length and from 2.66 to 2.77 in width. AME vary
from 0.15 to 0.2; PLE from 0.17 to 0.2; AME separated
from one another by more or less than their diameter;
PME almost touching PLE or separated by roughly
one-third the diameter of the former; PME almost
touching or touching. Cheliceral length from 1.3 to 1.62
in males. The trapezoid shape of the teeth of the single
available female present a remarkable discrepancy
from the males, which generally have triangular teeth
(but not exclusively, i.e. the D of the right chelicera
in the holotype male is, likewise, trapezoid), but we
attribute this variation to individual life history of each
specimen. Spination variability: ti3d proximal 1.0-2.1,
distal 1.0.1; ti3v proximal 1.1.0, distal 1.0.0; fe4d 1-3
spines, 1-3 rows; ti4d proximal 1.0-1.1-2, medial-
proximal 0.0-1.0, medial-distal 0.0-1.0, distal 1.0-1.1;
ti4v proximal 1.1-2.1-2, medial-proximal 0-1.0.0-1,
medial-distal 0.0.0-1, distal 0-1.0.0-1.

Distribution: This species is known from three
locations in Madeira island, spanning a maximum
length of 14.7 km (Fig. 8) and an elevational range
from 1000 m (Montado dos Pessegueiros and Caldeirao
do Inferno) to 1270 m (Caramujo).

Habitat: The known distribution of this species
corresponds to locations within laurel forest patches
on the northern and central mountainous areas of
Madeira island.

Conservation: The last two specimens collected,
dating from 2012, were collected by pitfall traps,
which suggests a secluded lifestyle, compared with
its ubiquitous sympatric congener, D. coiffaiti. The
data is too sparse to provide accurate insights on the
actual range of the species; however, we can assume
that as long as efforts to maintain the patches of laurel
forest are made, we will be able to find specimens of
D. diversa. See detailed conservation profile in Cardoso
et al. (2017).

Remarks: The holotype specimen of D. diversa and
that of its new junior synonym D. vandeli show some
differences, both in the male genitalia, such as the
slightly more dorsally pronounced LF in D. vandeli
(Fig. 12G) and the more aculeate eL in D. diversa
(Fig. 12A), and also somatically, such as a more
granulated carapace and chelicerae in D. vandeli
(Fig. 22C-D). At the same time, both are similar in size,
leg spination and teeth arrangement. Denis described
D. vandeli after revising Blackwall’s holotype of
D. diversa (Denis, 1962), but provided no reliable
characters to diagnose one from the other, except for
a small inference on leg spination of a female cited by
Kulczynski (1899), which he believed to be D. vandeli.
Leg spination can be of use to diagnose certain species
with a peculiar spine conformation, but it is not of
any use if the spine conformation is overall similar
between the species for which a diagnosis is needed.
This is especially so when, in addition, the available
specimens are few, such as the case with the specimens
cited as D. diversa or D. vandeli. We required a loan
to the MIZ, in order to revise the females cited as
D. diversa by Kulczynski (1899: pp 340 “Madera;
feminae adultae duae”) and were astonished to find
a surprisingly strange large specimen instead of the
expected D. diversa (see below D. titanica), which is
even stranger due to the fact that Kulczynski reported
prosoma length of 3.5 mm and prosoma width of
2.9 mm (Kulezynski, 1899: pp 341), which is consistent
with all D. diversa specimens we found.

The only specimens of D. diversa found in the last
decades in Madeira island were a male and a female
collected by pitfall trapping in two locations separated
by approximately 4 km. The male palp is similar to
either D. diversa or D. vandeli, as well as size, leg
spination or teeth arrangement, therefore we propose
the synonymization of these two species, and provide
the first illustrated description of the female.

DYSDERA EXIGUA CRESPO & CARDOSO, SP. NOV.

(Figs 13, 23A-B, 30, 37C)
urn:lsid:zoobank.org:act:D5D3CFA3-8564-
4C0B-AAE5-BFD3719557D9
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Holotype: 1 &, 32.53168 °N 16.51471 °W, Rocha
do Barbusano (S), Deserta Grande, Portugal, coll.
27.111.2018, hand collecting, leg. L. Crespo, stored at
MZB, collection number 2019-1936.

Paratypes: Bugio: Planalto Sul, 1 g (MZB 2019-1939:
pk675),4.X1.2014, hand collecting,leg. 1. Silva. Deserta
Grande: Rocha do Barbusano, 1 ¢ (CRBA002542),
20.IV.2011, hand collecting, leg. L. Crespo, I. Silva
& P. Cardoso; Rocha do Barbusano (S), 2 3¢ (FMNH
KN.17856: 1c045, MMF 47914), 4 Q@ (MZB 2019-
1937:1c043, MZB 2019-1938:1c044, FMNH KN.17857:
1c046, MMF 47915), 10.1V.2017, hand collecting, leg.
L. Crespo & I. Silva; Ponta Sul, 1 @ (CRBALC0212:
Ic131), 11.IV.2017, hand collecting, L. Crespo &
1. Silva col.

Additional material examined: Deserta Grande:
Rocha do Barbusano (S), 4 o (CRBALC0072 — dried
prosoma only, CRBALC0196, CRBALC0213, LCPC:
1c047), 1 @ (LCPC) and 5 juveniles (CRBALC0079:
1c051, CRBALC0080: 1052, CRBALC0085: 1¢057,
CRBALC0202, CRBALC0205: 1¢128), 10.IV.2017, hand
collecting, leg. L. Crespo & I. Silva, 1 & (CRBALCO0582),
1 @ (CRBALCO0589), 1 juvenile (CRBALC0580),
27.111.2018, hand collecting, leg. L. Crespo; Ponta Sul,
1 juvenile (CRBALCO0203: 1¢162), 11.I1V.2017, hand
collecting, leg. L. Crespo & 1. Silva.

Etymology: The specific epithet, from the Latin
adjective exiguus, small, short or meager, refers to its
small size.

Diagnosis: It is the smallest Dysdera in the Madeira
archipelago. It differs from all other Madeiran Dysdera,
except D. diversa, by male C combined with LF, short.
D. exigua can be diagnosed from D. diversa by bulgier
chelicera; teeth clumped together, D smallest; in males
by C, shorter; LF, longer; in females by well-developed
AVD (Fig. 13F).

Description — male holotype (MZB 2019-
1936): (Figs 13A-C, 23A—-B). Carapace length 2.94;
maximum width 2.22; minimum width 1.58. Carapace
blackish, foveate at borders, anteriorly slightly rugose
while posteriorly smooth, with two small circular
depressions, one behind cephalic region, other near
posterior margin. Frontal border roughly rounded,
1.4 wide; anterior lateral borders parallel; lateral
borders divergent, rounded around maximum width
point, after converging to posterior margin; posterior
margin straight, short. AME 0.15, oval; PLE 0.12, oval;
PME 0.12, oval; AME separated from anterior border
by less than their diameter; AME separated from one
another by their diameter; AME touching PLE; PME

separated from PLE by roughly less than half PME
diameter; PME almost touching. Labium trapezoid,
with base wider than distal part, longer than wide
at base; distal part slightly concave, with some setae.
Sternum brown, darkened anteriorly, wrinkled, with
scattered setae. Chelicerae (Fig. 13C) 1.2 long, about
one-third of carapace length in dorsal view, slightly
concave dorsally, dorsally and ventrally with abundant
sclerotized piliferous granulations; fang 0.92 long.
Cheliceral furrow ~38% of the length of basal segment,
armed with three teeth and basal lamina, B> M > D;
all teeth triangular, B close to lamina, M closer to B
than D, D situated roughly at groove midpoint. Legs
orange, coxae and femora of anterior pairs slightly
darker. Lengths: fel 1.94; pal 1.29; til 1.59; mel 1.54;
tal 0.48; total 6.84;fe2 1.76; pa2 1.2;ti2 1.45; me2 1.43;
ta2 0.46; total 6.3; fe3 1.4; pa3 0.87; ti3 0.87; me3 1.23,;
ta3 0.4;total 4.77; fe4 1.76; pad 1.04;ti4 1.31; me4 1.62;
tad 0.47; total 6.2; relative length: 1 > 2 > 4 > 3; fe
palp 1.3; pa palp 0.72; ti palp 0.64; ta palp 0.67; total
3.33. Spination: ti3d proximal 1.0.1, distal 1.0.0; ti3v
proximal 1.1.0, distal 0.0.0; ti4dd proximal 1.0.1, distal
1.0.1; ti4dv proximal 1.1.0, distal 0.0.0. Palpal coxae
with slightly sclerotized piliferous granulations. Legs
covered with setae, especially on tibiae, metatarsi and
tarsi. Anterior metatarsi ventrally with sclerotized
piliferous granulations. Metatarsi III and IV with
dense tuft of setae in distal ventral section. Claws
with seven to eight teeth. Abdomen 2.92 long, salmon-
coloured, cylindrical; abdominal dorsal setae short,
0.04-0.07 long, simple, uniformly distributed. Male
copulatory bulbus (Fig. 13A-B): T shorter than DD,
external border sloped backwards. DD bent anteriorly
in lateral view, more or less 30 °. IS roughly as long as
ES, differentially sclerotized, poorly so at base, with
medial sclerotized section extending retrolaterally, ES
more uniformly sclerotized. C present, tip membranous
and projected prolaterally. LF present, moderately
developed, with sclerotized border. AR absent. L
present, with eL sclerotized, lanceolate. P claw-shaped,
fused to T, rotated to retrolateral side, lateral length
one-third of width of T in frontal view. Ridge present,
not expanded, parallel to T.

Female paratype (MZB 2019-1937): (Fig. 13D-F).
All characters as in male except: carapace length 3;
maximum width 2.35; minimum width 1.7; AME 0.16;
PME 0.14; AME separated from one another by more
than their diameter. Chelicerae 1.3; fang 1.08. Leg
lengths:fel 2.1;pal 1.4;ti1 1.67;mel 1.57;tal 0.43; total
7.17; fe2 1.9; pa2 1.31; ti2 1.53; me2 1.48; ta2 0.42; total
6.64; fe3 1.55; pa3 0.96; ti3 0.97; me3 1.34; ta3 0.4; total
5.22; fed 2; pa4 1.16; ti4 1.48; me4 1.8; ta4 0.46; total 6.9;
fe palp 1.28; pa palp 0.68; ti palp 0.52; ta palp 0.67; total
3.15. Spination: ti3v proximal 1.0.0, distal 0.0.0; fe4d
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A,B C D,EF —

Figure 13. D. exigua sp. nov. A—C, holotype male: (A) left palp, retrolateral; (B) left palp, frontal; (C) left chelicera,
ventral. D-F, female paratype (MZB 2019-1937): (D) vulva, ventral; (E) vulva, dorsal; (F) vulva, lateral. Scale bars = 0.1 mm.
Abbreviations, male palp: C, crest; e, external margin of lateral sheet; L, lateral sheet; LF, lateral fold; P, posterior apophysis;
T, tegulum. Abbreviations, female vulva: AVD, additional ventral diverticulum; DA, dorsal arch; MG, medial groove; S,
spermatheca; TB, transversal bar; VA, ventral arch.
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spineless; ti4d proximal 0.0.1, distal 0.0.1; ti4v proximal
0.1.0, distal 0.0.0. Abdomen 3.68 long; abdominal dorsal
setae long, 0.05-0.1. Vulva (Fig. 13D-F): PD oval. DA
separated from VA. DA roughly twice as wide as long,
anteriorly truncated, with central small elevation. DF
wide in dorsal view. MF moderately developed, visible
in ventral and lateral views. VA roughly as wide as long,
membranous except in anterior sclerotized section. AVD
present, well developed. Insertion of S as sclerotized
neck projected onto AVD, S subtriangular in ventral
view, with arms moderately elongated and tips slightly
extended dorsally.

Intraspecific variation: Male carapace varies from
2.81 to 2.95 in length and 2.22 to 2.31 in width,
female carapace from 2.72 to 3.24 in length and 2.08
to 2.5 in width. Cheliceral length from 1.2 to 1.29 in
males, 1.2 to 1.3 in females. The position of D in the
cheliceral furrow is slightly variable, most often being
separated from M by its width at base, more rarely
closer to M. The female vulva varies in shape, namely
in the shape of the DA (from anteriorly truncated to
triangular, in dorsal view) and the development of
the AVD. Spination variability: ti3d proximal 1.0.1,
distal 1.0.0; ti3v proximal 0-1.0-1.0, distal 0.0.0;
ti4d proximal 0-1.0.1-2, distal 0-1.0.1; ti4v proximal
0-1.0-2.0, medial-proximal 0.0-1.0, distal 0.0.0.

Distribution: This species is known from several
localities along the entire length of Deserta Grande
and from one locality in Bugio (Fig. 9), spanning an
elevational range of roughly 300 m to 450 m.

Habitat: On both islands the habitats are similar,
mainly composed of rocky scarps practically devoid
of vegetation, except for a few xerophytic herbs and
shrubs. There, D. exigua can be found under stones or
in sandstone crevices.

Conservation: The extrapolated range of the species is
11 km?, with a maximum elevation in Deserta Grande
of 479 m and of 388 m in Bugio. The conservation
concerns are similar to those reported for the population
of D. coiffaiti present in Deserta Grande and Bugio.

DYSDERA ISAMBERTOI CRESPO & CARDOSO, SP. NOV.
(Figs 14, 23C-D, 31)
urn:lsid:zoobank.org:act:B786FE57-BFC1-

47B5-B90E-C9F54EFF4028

Holotype: 1 @, 33.09270 °N 16.32186 °W, Pico da
Juliana, Porto Santo, Portugal, coll. 24.1V.2017, hand
collecting, leg. L. Crespo, stored at MZB, collection
number 2019-1951.

Paratypes: Porto Santo: Pico do Castelo, 2 33 (MZB
2019-1953: 1073, FMNH KN.17863: 1c075) and 2 @9
(FMNH KN.17864, MZB 2019-1954:1c074), 17.1V.2017,
hand collecting, leg. L. Crespo & I. Silva, 1 dJ&
(CRBALCO0614) and 1 @ (CRBALC0636), 8.1V.2018,
hand collecting, leg. L. Crespo & A. Bellvert; Pico
da Juliana, 1 @ (MZB 2019-1952: 1¢126), 24.1V.2017,
hand collecting, leg. L. Crespo, 1 & (MMF 47920),
23.IV-7.V.2011, pitfall trapping, A. Serrano et al. col.;
Pico do Facho, 1 g (CRBALC0683) and 1 @ (MMF
47921), IV.2018, hand collecting, leg. I. Silva.

Additional material examined: Porto Santo: Pico
do Castelo, 2 dd (CRBALC0143, CRBALCO0163)
and 5 juveniles (CRBALC0121, CRBALC0123:
1c080, CRBALCO0124: 1c081, CRBALC0125: 1c082,
CRBALCO0126: 1c083), 17.1V.2017, hand collecting,
leg. L. Crespo & 1. Silva, 2 & (CRBALC0693, LCPC),
8.IV.2018, hand collecting, leg. L. Crespo & A. Bellvert;
Pico da Juliana, 1 juvenile (CRBALC0190: 1¢125),
24.1V.2017, hand collecting, leg. L. Crespo; Pico do
Facho, 1 @ (LCPC:1c116) and 1 juvenile (CRBALC0183:
1¢118), 22.1V.2017, hand collecting, leg. L. Crespo;
Pico do Facho (N), 1 juvenile (CRBALC0188: 1¢123),
22.1V.2017, hand collecting, L. Crespo col.

Etymology: The specific epithet is a patronym in
honour of Isamberto Silva, who for the past decades
has provided researchers with biological material
and information concerning the endemic biota of the
Madeira archipelago. His support in the field was
pivotal for the discovery of the hidden diversity of
Dysdera in the Desertas.

Diagnosis: D. isambertoi can be diagnosed from all
other Madeiran Dysdera by D, larger, distal (Fig. 14C);
males by eL, stout, conical (Fig. 14A—-B); females by VA
with radial spine-like sclerotizations (Fig. 14D).

Description — male holotype: (Figs 14A-C, 23C).
Carapace length 5.16; maximum width 4.1; minimum
width 2.88. Carapace blackish-brown, foveate at borders,
smooth, with several small depressions at the margin of
the cephalic area, larger depression at fovea center and
just anteriorly of the posterior margin. Frontal border
roughly rounded, 2.66 wide; anterior lateral borders
parallel; lateral borders divergent, rounded around
maximum width point to posterior margin; posterior
margin straight, wide. AME 0.26, rounded; PLE 0.23,
oval; PME 0.23, oval; AME separated from anterior
border by less than their diameter; AME separated
from one another by roughly half their diameter; AME
touching PLE; PME separated from PLE by roughly one-
third PME diameter; PME touching. Labium trapezoid,
with base wider than distal part, longer than wide at
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Figure 14. D. isambertoi sp. nov. A-C, holotype male: (A) left palp, retrolateral; (B) left palp, frontal; (C) mirrored image
of right chelicera, ventral. D-F, female paratype (MZB 2019-1952): D, vulva, ventral; E, vulva, dorsal; F, vulva, lateral. Scale
bars = 0.1 mm. Abbreviations, male palp: AR, arch-like ridge; eL,, external margin of lateral sheet; L, lateral sheet; LF, lateral
fold; P, posterior apophysis; T, tegulum. Abbreviations, female vulva: AVD, additional ventral diverticulum; DA, dorsal arch;
MG, medial groove; S, spermatheca; SD, spermatheca diverticulum; TB, transversal bar; VA, ventral arch.
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base; distal part concave. Sternum brown, anteriorly
darker, wrinkled, without setae. Chelicerae (Fig. 14C)
2.2 long, about one-quarter of carapace length in dorsal
view, slightly concave, dorsally and prolaterally with
sclerotized piliferous granulations; fang 1.68 long.
Cheliceral furrow ~44% of length of basal segment,
armed with three teeth and basal lamina, D > B > M; all
teeth triangular, B close to lamina, M closer to B than D,
D massive, situated in distal half of cheliceral furrow. All
legs and palp orange, anterior pairs and palp darker than
posterior pairs. Lengths: fel 4.05; pal 2.53; til 3.18; mel
3.24;tal 0.78; total 13.78; fe2 3.72; pa2 2.38; ti2 2.98; me2
3.03; ta2 0.78; total 12.89; fe3 2.97; pa3 1.71; ti3 1.8; me3
2.66; ta3 0.71; total 9.85; fe4 3.84; pa4 2.18; ti4 2.75; me4
3.52; ta4 0.82; total 13.11; relative length: 1 >4 > 2 > 3;
fe palp 2.29; pa palp 1.31; ti palp 1.18; ta palp 1.08; total
5.86. Spination: leg1, leg2 spineless; fe3, pa3 spineless;
ti3d proximal 1.0.1, distal 1.0.1; ti3v proximal 1.1.0,
distal 1.0.0; fe4d 2 spines, 1-2 rows; tidd proximal 1.0.1,
distal 1.0.1; ti4v proximal 1.1.1, distal 1.0.1. Palpal coxae
with moderately sclerotized piliferous granulations. Legs
covered with setae, especially on tibiae, metatarsi and
tarsi. Anterior tibiae distally with a dorsal dense patch of
short setae. Ventral setae of anterior tibiae and metatarsi
with sclerotized base. All metatarsi with a small dorsal
distal patch of setae, III and IV ventrally also with dense
tuft of setae in distal section. Claws with eight to nine
teeth. Abdomen 5.53 long, cream-coloured, cylindrical;
abdominal dorsal setae short, 0.01-0.02, thick, apically
blunt, uniformly distributed. Male copulatory bulbus
(Fig. 14A-B): T roughly as long as DD, external border
slightly sloped backwards. DD bent anteriorly in lateral
view, more or less 30 °. IS roughly as long as ES, but
thicker, especially basally, with a prolateral sclerotized
outgrowth. ES more uniformly sclerotized. C absent. LF
present, small. AR present, well developed. L present,
with eL sclerotized, stout, conical. P claw-shaped, fused
to T, rotated to retrolateral side, lateral length one-
quarter of the width of T in frontal view. Ridge present,
not expanded, parallel to T.

Female paratype (MZB 2019-1952): (Fig. 14D-F). All
characters as in male except: carapace length 5.25;
maximum width 3.88; minimum width 2.63; AME 0.24,
oval; PLE 0.24; PME 0.2, rounded; AME separated
from anterior border by roughly half their diameter;
AME separated from one another by less than their
diameter; PME almost touching. Chelicerae 2 long; fang
1.58 long. Legs greenish-orange, anterior pairs and palp
darker than posterior pairs. Leg lengths: fel 3.78; pal
2.48; til 3.02; mel 3.05; tal 0.82; total 13.14; fe2 3.42;
pa2 2.31; ti2 2.78; me2 2.92; ta2 0.78; total 12.22; fe3
2.91; pa3 1.73; ti3 1.8; me3 2.66; ta3 0.78; total 9.87; fed
3.84; pa4 2.2; ti4 2.91; me4 3.56; ta4 0.92; total 13.43; fe
palp 2.09; pa palp 1.16; ti palp 0.97; ta palp 1.36; total
5.58. Spination: legl, leg2 spineless; fe3, pa3 spineless;

ti3d proximal 1.0.1, distal 1.0.1; ti3v proximal 1.1.0,
distal 1.0.0; fe4d 2—3 spines, 2 rows; ti4d proximal 1.0.1,
distal 1.0.1; ti4v proximal 1.1.1, medio-distal 1.0.0-1,
distal 0.0.0-1. Abdomen 5.88 long; abdominal dorsal
setae short, 0.03—0.07 long. Vulva (Fig. 14D-F): PD
oval. DA well separated from VA. DA roughly twice as
wide as long, anteriorly domed. DF wide in dorsal view.
MF poorly developed, indistinct. VA roughly as wide
as long, poorly developed, membranous except in its
anterolateral section, which is sclerotized and striate.
AVD present, rebordered anteriorly by two sclerotized
lanceolate projections. S projected onto AVD through a
wrinkled sclerotized neck, S triangular in ventral view,
with arms short and tips extended dorsally.

Intraspecific variation: Male carapace varies from
4.55 to 5.16 in length and 3.58 to 4.1 in width, female
carapace from 4.65 to 5.31 in length and 3.86 to 4.3
in width. Cheliceral length from 1.84 to 2.2 in males,
1.87 to 2.15 in females. Spination variability: fe3d 0-1
spine, 0—1 rows; ti3d proximal 1.0.1, distal 1.0.1; ti3v
proximal 1.1.0-1,distal 1.0.0;fe4d 0—3 spines, 0—2 rows;
ti4d proximal 0-1.0.1, medial-proximal 0-1.0.0, distal
1.0.1; tidv proximal 1-2.1-2.1-2, medial-proximal 0.0—
1.0, medial-distal 0-1.0.0-1, distal 0-1.0.0-1.

Distribution: This species is known from the summits
of the central peaks of Porto Santo island: Pico do
Castelo (437 m), Pico do Facho (517 m) and Pico da
Juliana (447 m) (Fig. 11).

Habitat: The same as that of D. dissimilis (see above).
Likewise, D. isambertoi can be found under stones or
in the bark of dead logs.

Conservation: The extrapolated range is of 0.38
km?2. The conservation concerns are the same as
those reported for D. dissimilis (e.g. habitat loss,
fragmentation).

DYSDERA PORTISANCTI WUNDERLICH, 1995
(FiGs 15, 24A-B, 32, 37D)

Holotype: 1 3,33.09428 °N 16.30137 °W, Pico Branco,
Porto Santo, Portugal, coll. 14.VIII.1985, (no collection
method), leg. K. Groh, stored at SMF, collection number
37633. Examined.

Additional material examined: Porto Santo: Pico
Branco, 1 @ (CRBA002546: pk87), 6.1V.2011, hand
collecting, leg.I. Silva, 4 g (MMF 47906: pk228, LCPC:
pk233, MMF 47904: pk235, FMNH KN.17865: pk238)
and 4 Q@ (MMF 47907, LCPC: pk233, MMF 47908:
pk239, MMF 47905: pk241), 23.1V-7.V.2011, pitfall
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trapping, leg. A. Serrano et al., 2 Q (CRBALC0204,
CRBALCO0215), 21.1V.2017, hand collecting, leg.
L. Crespo & I. Silva; Terra-Chéa (Pico Branco), 4 GG
(MZB 2019-1955: 1¢109, MZB 2019-1957: 1¢110,
CRBALCO0175, CRBALC0214) and 3 2@ (FMNH
KN.17866: 1c106, MZB 2019-1958: 1¢107, MZB 2019-
1956:1¢108), 21.1V.2017, hand collecting, leg. L.. Crespo
& I. Silva, 4 g (CRBALC0641, CRBALC0646,
CRBALCO0649, CRBALCO0650), 4 2@ (CRBALC0626,
CRBALC0643, CRBALC0669, CRBALCO0672)
and 4 juveniles (CRBALC0652, CRBALCO0655,
CRBALCO0656, CRBALC0686), 10.1V.2018, hand
collecting, leg. L. Crespo & A. Bellvert; Pico do
Facho, 1 juvenile (CRBALC0179: 1c114), 22.1V.2017,
hand collecting, leg. L. Crespo, 3 33 (CRBALC0613,
CRBALCO0617, CRBALCO0677), 7 22 (CRBALC0620,
CRBALCO0623, CRBALC0634, CRBALC0635,
CRBALC0639, CRBALC0668, CRBALCO0671),
9.IV.2018, hand collecting, leg. L. Crespo & A. Bellvert.

Diagnosis: D. portisancti can be diagnosed from all
other Madeiran Dysdera in males by: the distally
narrow DD, with a spoon-shaped AR (Figs 15A-C, 32),
and in females by: the AVD, the DA, with lateral wing-
shaped projections (Fig. 15E-G).

Redescription — male holotype: (Figs 15A-D, 24A).
Carapace length 3.6; maximum width 2.89; minimum
width 2.05. Carapace brown, foveate at borders,
anteriorly slightly rugose, posteriorly smooth. Frontal
border roughly rounded, 2.03 wide; anterior lateral
borders slightly convergent; lateral borders rounded,
posterior margin straight, wide. AME 0.22, oval;
PLE 0.17, oval; PME 0.16, rounded; AME separated
from anterior border by less than their diameter;
AME separated from one another by more than their
diameter; AME touching PLE; PME separated from PLE
by roughly one-third of PME diameter; PME touching.
Labium trapezoid, with base wider than distal part,
longer than wide at base; distal part concave. Sternum
orange, wrinkled, with abundant setae. Chelicerae
(Fig. 15D) 1.72 long, about two-fifths of carapace length
in dorsal view, slightly concave especially ventrally,
smooth, without sclerotized piliferous granulations;
fang 1.28 long. Cheliceral furrow ~44% of length of
basal segment, armed with three teeth and basal
lamina (remark: left chelicera presents an abnormal
teeth conformation with two distal teeth instead of one,
visible on Fig. 24A), B = D > M; all teeth triangular,
B close to lamina, M closer to B than D, D situated at
midpoint of cheliceral furrow. First pair of legs orange,
second pair light orange, posterior pairs yellow. Lengths:
fel 2.63; pal 1.62; til 1.8; mel 1.5; tal 0.44; total 7.99;
fe2 2.33; pa2 1.47; ti2 1.69; me2 1.48; ta2 0.48; total
7.45; fe3 1.9; pa3 1.11; ti3 1.21; me3 1.47; ta3 0.42; total

6.11; fe4 2.38; pa4 1.34;ti4 1.72; me4 1.92; ta4 0.5; total
7.86; relative length: 1 > 4 > 2 > 3; fe palp 1.57; pa palp
0.74; ti palp 0.64; ta palp 0.68; total 3.63. Spination:
ti3d proximal 0.0.0, distal 1.0.0; ti3v proximal 0.1.0,
distal 0.0.0; ti4v proximal 0.1.0, distal 0.0.0. Palpal
coxae with non-sclerotized piliferous granulations.
Legs covered with setae, especially on tibiae, metatarsi
and tarsi. All metatarsi with a small dorsal distal patch
of setae (setae lost in first pair of legs), in addition
to the dense tuft of setae in distal ventral section.
Six to seven teeth in each claw. Abdomen 4.08 long,
cream-coloured, cylindrical; abdominal dorsal setae
short, 0.03-0.07, slender, apically blunt, uniformly
distributed. Male copulatory bulbus (Fig. 15A-C): T
shorter than DD, external border sloped backwards.
DD narrowing apically, bent anteriorly in lateral view,
more or less 30 °, and rotated retrolaterally. IS roughly
as long as ES, although much less developed, thin and
lightly sclerotized. Both sclerites descending through
DD juxtaposed to each other. ES thicker, uniformly
sclerotized. C absent. LF absent. AR present, spoon-
shaped. L present, with el sclerotized, lanceolate. P
claw-shaped, fused to T, rotated to retrolateral side,
lateral length one-third of the width of T in frontal
view. Ridge present, not expanded, parallel to T.

Female (MZB 2019-1956): (Fig. 15E-G). All characters
as in male except: carapace length 3.28; maximum
width 2.75; minimum width 1.82. Frontal border 1.78.
AME 0.15, oval; PLE 0.14, oval; PME 0.14, rounded,;
PME separated from PLE by almost half the diameter
of the former. Chelicerae 1.4; fang 1.25. Cheliceral
furrow ~52% of the length of basal segment. Legs
greenish-orange, anterior pair darker than others. Leg
lengths: fel 2.25; pal 1.42; til 1.43; mel 1.26;tal 0.43;
total 6.79; fe2 2.08; pa2 1.32; ti2 1.43; me2 1.22; ta2
0.41; total 6.46; fe3 1.74; pa3 1.05; ti3 1.06; me3 1.28;
ta3 0.4;total 5.53; fe4 2.16; pad 1.24;ti4 1.53; me4 1.74;
ta4 0.44; total 7.11; relative length: 4 > 1 > 2 > 3; fe palp
1.38; pa palp 0.62; ti palp 0.48; ta palp 0.7; total 3.18.
Spination: legl, leg2 spineless; fe3, pa3 spineless; ti3d
proximal 1.0.0, distal 1.0.0; ti3v proximal 1.0.0, distal
0.0.0; fe4d spineless; ti4d proximal 0.0.1, distal 0.0.0;
tidv proximal 0.1.0, distal 0.0.0. Abdomen 3.6 long;
abdominal dorsal setae 0.04—0.08. Vulva (Fig. 15E-G):
PD oval. DA separated from VA. DA more than twice
as wide as long, anteriorly domed, in ventral view
with lateral wing-shaped outgrowths. DF wide in
dorsal view. MF poorly developed, indistinct in ventral
view. VA wider than long, membranous except in
anterior, sclerotized section, quadrangle shaped with
rounded corners. AVD present, strongly reduced, with
triangular tips surrounding insertion of S (in ventral
view). S subtriangular in ventral view, with arms
moderately elongated and tips extended laterally.
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ABC— D— EFG——
Figure 15. D. portisancti. A-D, holotype male: (A) left palp, retrolateral; (B) left palp, frontal; (C) left palp, prolateral; (D)
mirrored image of right chelicera, ventral. E-G, female (MZB 2019-1956): (E) vulva, ventral; (F) vulva, dorsal; (G) vulva,
lateral. Scale bars = 0.1 mm. Abbreviations, male palp: AR, arch-like ridge; eL,, external margin of lateral sheet; L, lateral
sheet; P, posterior apophysis; T, tegulum. Abbreviations, female vulva: AVD, additional ventral diverticulum; DA, dorsal
arch; MG, medial groove; S, spermatheca; TB, transversal bar; VA, ventral arch.
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Intraspecific variation: Male carapace varies from
2.88 to 3.6 in length and 2.34 to 2.89 in width, female
carapace from 3.06 to 3.4 in length and 2.56 to 2.88
in width. Cheliceral length from 1.24 to 1.72 in males,
1.24 to 1.55 in females. Cheliceral basal tooth can
vary slightly in relative size, so that in addition to the
holotype teeth conformation we can have D > M = B.
Spination variability: ti3d proximal 0-1.0.0, medial-
proximal 0-1.0.0, medial-distal 0-1.0.0, distal 1.0.0;
ti3v proximal 0-1.0-1.0, distal 0.0.0; ti4d proximal
0.0.0-1, distal 0.0.0-1; ti4v proximal 0-1.1-3.0,
medial-proximal 0.0-1.0, distal 0-1.0.0.

Distribution: This species is known from the summit
of the two highest peaks of Porto Santo island, Pico do
Facho (517 m) and Pico Branco (450 m) (Fig. 11).

Habitat: The same as that of D. dissimilis (see above).
D. portisancti can be found under stones, pine needles
or under the bark of dead logs.

Conservation: The conservation concerns are the
same as those reported for D. dissimilis. (see above)
with the increased risk factor of an even smaller known
distribution, because D. portisancti is only known from
two mountains, the range not surpassing 0.30 km?2. See
detailed conservation profile in Cardoso et al. (2017).

DYSDERA PRECARIA CRESPO, SP. NOV.
(Figs 16, 24C-D, 33, 37E)
urn:lsid:zoobank.org:act:92ADD5AA-52E9-49D4-
B5B6-92DA3E97BB31

Holotype: 1 3, 33.09447 °N 16.29839 °W, Terra-Cha
(Pico Branco), Porto Santo, Portugal, coll. 21.1V.2017,
hand collecting, leg. L. Crespo & I. Silva, stored at
MZB, collection number 2019-1940, DNA code lc111.

Paratypes: Porto Santo: Pico Ana Ferreira, 3 5 (MZB
2019-1942, FMNH KN.17858: 1c092, MMF 47918),
1 @ (MZB 2019-1943), 20.1V.2017, hand collecting,
leg. L. Crespo & I. Silva, 1 ¢ (CRBALC0632), 1 Q
(CRBALCO0633), 9.1V.2018, hand collecting, leg.
L. Crespo & A. Bellvert; Pico Branco, 1 @ (FMNH
KN.17859: 1¢136), 21.1V.2017, hand collecting, leg.
L. Crespo & I. Silva; Pico da Juliana, 1 @ (MMF
47919: pk244), 23.1V-7.V.2011, pitfall trapping, leg.
A. Serrano et al.; Terra-Cha (Pico Branco), 1 @ (MZB
2019-1941: 1c112), 21.IV.2017, hand collecting, leg.
L. Crespo & I. Silva.

Additional material examined: Porto Santo: Pico Ana
Ferreira, 2 g3 (CRBALC0137, CRBALC0164), 1 @
(CRBALCO0165) and 2 juveniles (CRBALC0162: 1c101,
CRBALCO0167: 1c103), 20.1V.2017, hand collecting,

leg. L. Crespo & I. Silva, 4 gg (CRBALC0616,
CRBALC0637, CRBALC0645, LCPC) and 2 juveniles
(CRBALCO0658, CRBALC0681), 9.1V.2018, hand
collecting, leg. L. Crespo & A. Bellvert; Pico Branco,
1 @ (LCPC: pk242) and 1 juvenile (CRBA002513:
pk231), 23.1V-7.V.2011, pitfall trapping, A. Serrano
et al. col., 1 & (CRBALCO0144), 21.1V.2017, hand
collecting, leg. L. Crespo & I. Silva; Pico da Juliana, 2
juveniles (CRBALCO0195: 1¢316, CRBALC0199: 1¢317),
24.1V.2017, hand collecting, leg. L. Crespo, 1 juvenile
(CRBALCO0648), 10.IV.2018, hand collecting, leg.
L. Crespo & A. Bellvert; Terra-Cha (Pico Branco), 1 &
(CRBALCO0221) and 1 juvenile (CRBALC0178: 1¢113),
21.IV.2017, hand collecting, leg. L. Crespo & I. Silva,
2 dd (CRBALCO0615, CRBALC0642) and 5 juveniles
(CRBALCO0657, CRBALC0663, CRBALCO0667,
CRBALC0682, CRBALC0687), 10.IV.2018, hand
collecting, leg. L. Crespo & A. Bellvert.

Etymology: The specific epithet, from the Latin
adjective precarius, obtained from entreaty, referring
to the precarious state of the habitat of this species. It is
also a hint to call attention to the current employment
situation of many taxonomists.

Diagnosis: D. precaria can be diagnosed from all other
Madeiran Dysdera in males by: the well-developed,
membranous LF and the thin, poorly developed eL
(Fig. 16A-B); females by: the wide and short VA
(Fig. 16D-F).

Description — male holotype: (Figs 16A-C, 24C).
Carapace length 4.88; maximum width 3.84; minimum
width 2.39. Carapace blackish-brown, foveate at
borders, smooth, in lateral view flattened. Frontal
border roughly rounded, 2.38 wide; anterior lateral
borders parallel; lateral borders divergent, rounded
around maximum width point, after converging to
posterior margin; posterior margin straight, wide.
AME 0.25, oval; PLE 0.23, oval; PME 0.19, rounded,;
AME separated from anterior border by roughly half
their diameter; AME separated from one another by
roughly half their diameter; AME touching PLE; PME
separated from PLE by roughly one-third of PME;
PME touching. Labium trapezoid, with base wider
than distal part, longer than wide at base; distal part
concave. Sternum brown, anteriorly darker, wrinkled,
with setae. Chelicerae (Fig. 16C) 1.9 long, about one-
quarter of carapace length in dorsal view, straight,
dorsally and prolaterally with sclerotized piliferous
granulations; fang 1.56 long. Cheliceral furrow ~46%
of length of basal segment, armed with three teeth
and basal lamina, B = D > M; all teeth triangular, B
close to lamina, M closer to B than D, D situated in the
distal half of cheliceral furrow. First pair of legs and
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TAXONOMIC REVISION OF MADEIRAN DYSDERA 387

Figure 16. D. precaria sp. nov. A—C, holotype male: (A) left palp, retrolateral; (B) left palp, frontal; (C) mirrored image of
right chelicera, ventral. D-F, female paratype (MZB 2019-1941): (D) vulva, ventral; (E) vulva, dorsal; (F) vulva, lateral. Scale
bars = 0.1 mm. Abbreviations, male palp: AR, arch-like ridge; e, external margin of lateral sheet; L, lateral sheet; LF, lateral
fold; P, posterior apophysis; T, tegulum. Abbreviations, female vulva: DA, dorsal arch; MG, medial groove; S, spermatheca;
SD, spermatheca diverticulum; TB, transversal bar; VA, ventral arch.

palp orange, other legs yellow. Lengths: fel 3.98; pal pa3 1.66; ti3 1.76; me3 2.39; ta3 0.58; total 9.17; fe4
2.56; til 3.44; mel 3.28; tal 0.78; total 14.04; fe2 3.52; 3.66; pad 1.69; ti4 2.84; me4 3.24; ta4 0.76; total 12.19;
pa2 2.31;ti2 3; me2 2.97; ta2 0.74; total 12.54; fe3 2.78; relative length: 1 > 2 > 4 > 3; fe palp 1.57; pa palp
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0.74; ti palp 0.64; ta palp 0.68; total 3.63. Spination:
ti3d proximal 1.1.1, distal 1.0.1; ti3v proximal 1.1.1,
distal 1.0.0; fe4d 3 spines, 2—3 rows; ti4dd proximal
1.0.1-2, distal 1.0.1; ti4v proximal 1-2.1-2.1, medial-
proximal 0.1.0, medial-distal 1.0.0, distal 1.0.1.
Palpal coxae with moderately sclerotized piliferous
granulations. Legs covered with setae, especially on
tibiae, metatarsi and tarsi. Ventral setae of anterior
metatarsi with sclerotized base. All metatarsi with
small dorsal distal patch of setae, III and IV also with
dense tuft of setae in distal ventral section. Claws
with six to eight teeth. Abdomen 5.53 long, cream-
coloured, cylindrical; abdominal dorsal setae short,
0.02-0.05, thick, apically blunt, uniformly distributed.
Male copulatory bulbus (Fig. 16A-B): T shorter than
DD, external border sloped backwards. DD bent
anteriorly in lateral view, more or less 30 °. IS roughly
as long as ES, but differentially developed, more so
basally, showing a prolateral sclerotized outgrowth.
ES more developed medially. C absent. LF present,
emerging from prolateral margin of AR, leading to
base of eL. AR present, well developed. L present, with
eL thin, sclerotized, lanceolate. P claw-shaped, fused
to T, rotated to retrolateral side, lateral length one-
quarter of width of T in frontal view. Ridge present,
not expanded, parallel to T.

Female paratype (MZB 2019-1941): (Fig. 16D-F). All
characters as in male except: carapace length 5.13;
maximum width 3.96; minimum width 2.66; AME
0.23; PLE 0.21; PME 0.18; AME separated from one
another by roughly their diameter; PME separated
from PLE by roughly half PME diameter. Chelicerae
2 long; piliferous granulations only prolaterally;
fang 1.63 long. Legs orange, anterior pairs and palp
darker than posterior pairs. Leg lengths: fel 3.8;
pal 2.52; til 3.16; mel 3.05; tal 0.77; total 13.29;
fe2 3.48; pa2 2.35; ti2 2.84; me2 2.91; ta2 0.76; total
12.34; fe3 2.86; pa3 1.74; ti3 1.84; me3 2.45; ta3 0.64;
total 9.53; fe4 3.84; pa4 2.28; ti4 3.03; me4 3.4; tad
0.88; total 13.43; fe palp 1.96; pa palp 1.15; ti palp
0.96; ta palp 1.3; total 5.37. Spination: ti3d proximal
1.0.1, distal 1.0.1; ti3v proximal 1.1.0, distal 0.0.0;
fe4d 2 spines, 1-2 rows; ti4d proximal 1.0.1, distal
1.0.1; ti4v proximal 1.1.1, distal 1.0.1. Abdomen
6.6 long; abdominal dorsal setae 0.03-0.06. Vulva
(Fig. 16D-F): PD oval. DA separated from VA. DA
roughly twice as wide as long, anteriorly domed. DF
wide in dorsal view. MF poorly developed, visible only
ventrally and posteriorly. VA roughly twice as wide
as long, membranous except in anterolateral section,
sclerotized and domed. AVD absent. Insertion of S
projected onto VA through sclerotized neck, S oval in
ventral view, with arms of moderate length and tips
extended dorsolaterally.

Intraspecific variation: Male carapace varies from
4.15 to 4.97 in length and 3.2 to 3.84 in width,
female carapace from 4.3 to 5.13 in length and 3.34
to 3.96 in width. Cheliceral length from 1.65 to 1.9 in
males, 1.57 to 2.05 in females. Spination variability:
ti3d proximal 1.0-1.1, distal 1.0.0-1; ti3v proximal
1.1.0-1, distal 0-1.0.0; fe4d 2—3 spines, 1-3 rows; ti4d
proximal 1.0.1-2, distal 1.0.1; ti4v proximal 1-2.1-2.1,
medial-proximal 0.0-1.0, medial-distal 0-1.0.0, distal
0-1.0-1.1.

Distribution: This species is known from the summit
of the following peaks of Porto Santo island: Pico
Branco (450 m), Pico da Juliana (447 m) and Pico Ana
Ferreira (283 m) (Fig. 11).

Habitat: The same as that of D. dissimilis. D. precaria
can be found under stones or beneath the bark of dead
logs.

Conservation: The predicted geographical range of
this species is 0.15 km? The conservation concerns
are the same as those reported for D. dissimilis (e.g.
habitat loss, fragmentation).

DYSDERA RECONDITA CRESPO & ARNEDO, SP. NOV.
(Figs 17, 25A-B, 34)
urn:lsid:zoobank.org:act:0533F035-A285-416E-8BOE-

4F5CF5CBD822

Holotype: 1 3, 32.52571 °N 16.51131 °W, Vereda do
Risco (N), Deserta Grande, Portugal, coll. 21.X.2016,
hand collecting, leg. I. Silva, stored at MZB, collection
number 2019-1944, DNA code 1c144.

Paratypes: Deserta Grande: Rocha do Barbusano, 1 &
(MZB 2019-1946:k529), 31.X.2009, hand collecting, leg.
P. Oromi & I. Silva; Vereda do Risco (N), 1 g (FMNH
KN.17860: pk677), 16.1V.2015, hand collecting, leg.
I. Silva & D. Teixeira, 1 @, (MZB 2019-1945: 1¢334),
27.111.2018, hand collecting, leg. L. Crespo.

Additional material examined: Deserta Grande:
Rocha do Barbusano, one juvenile (CRBA002538:
pk79), 20.IV.2011, hand collecting, leg. L. Crespo,
I. Silva & P. Cardoso.

Etymology: The specific epithet, from the Latin
adjective reconditus, hidden, abstruse or secluded,
refers to the restricted distribution of this species.

Diagnosis: D. recondita can be diagnosed from all
other Madeiran Dysdera by: the D, trapezoidal, in
both sexes (Fig. 17C). Males are further recognized
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Figure 17. D. recondita sp. nov. A-C, holotype male: (A) left palp, retrolateral; (B) left palp, frontal; (C) left chelicera,
ventral. D-F, female paratype (MZB 2019-1945): (D) vulva, ventral; (E) vulva, dorsal; (F) vulva, lateral. Scale bars = 0.1 mm.
Abbreviations, male palp: eL, external margin of lateral sheet; ISDA, internal sclerite distal apophysis; L, lateral sheet; P,
posterior apophysis; T, tegulum. Abbreviations, female vulva: AVD, additional ventral diverticulum; DA, dorsal arch; MG,
medial groove; S, spermatheca; TB, transversal bar; VA, ventral arch.
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by: the eL, rod-shaped (Fig. 17A-B) and females by:
the VA, constricted, triangular and the AVD markedly
constricted (Fig. 17D-F).

Description — male holotype (MZB 2019-
1944): (Fig. 17A-C). Carapace length 3; maximum
width 2.4; minimum width 1.6. Carapace brown,
foveate at borders, with scanty dark grains scattered
through its otherwise smooth surface. Frontal border
roughly rounded, 1.46 wide; anterior lateral borders
parallel; lateral borders divergent, rounded around
maximum width point, after converging to posterior
margin; posterior margin straight, wide. AME 0.15,
oval; PLE 0.15, oval; PME 0.13, oval; AME separated
from anterior border by less than their diameter; AME
separated from one another by less than their diameter;
AME touching PLE; PME separated from PLE by
roughly one-third of PME diameter; PME touching.
Labium trapezoid, with base wider than distal part,
longer than wide at base; distal part concave. Sternum
brown, wrinkled, with scattered setae. Chelicerae
(Fig. 17C) 1.35 long, about one-third of carapace length
in dorsal view, straight, dorsally and prolaterally with
sclerotized piliferous granulations, their degree of
sclerotization increasing towards prolateral side; fang
1.07 long. Cheliceral furrow ~44% of length of basal
segment, armed with three teeth and basal lamina,
D > B > M; B close to lamina, triangular, M closer to
B than D, triangular, D situated in the distal half of
cheliceral furrow, trapezoid. Legs greenish-yellow,
coxae I slightly darker. Lengths: fel 2.25; pal 1.44; til
1.66; mel 1.63; tal 0.5; total 7.48; fe2 2.09; pa2 1.46;
ti2 1.64; me2 1.65; ta2 0.49; total 7.33; fe3 1.76; pa3
1.01; ti3 1; me3 1.46; ta3 0.46; total 5.69; fe4 1.89;
pa4 1.3; ti4 1.7, me4 2.21; ta4 0.54; total 7.64; relative
length: 4 > 1 > 2 > 3; fe palp 1.4; pa palp 0.8; ti palp
0.7; ta palp 0.62; total 3.52. Spination: ti3d proximal
1.1.1, distal 1.0.1; ti38v proximal 1.1.0, medial-distal
1.0.0, distal 0.0.0; fe4d 0-1 spine; ti4d proximal
1.1.1, distal 1.0-1.1; ti4v proximal 1.1.1, distal 1.0.1.
Palpal coxae with moderately sclerotized piliferous
granulations. Legs covered with setae, especially on
tibiae, metatarsi and tarsi. Metatarsi III and IV with
dense tuft of setae in distal ventral section. Claws with
nine teeth. Abdomen 3.26 long, cream-coloured with
dark irregular spots, cylindrical; abdominal dorsal
setae short, 0.02—0.04, thick, apically blunt, uniformly
distributed. Male copulatory bulbus (Fig. 17A-B):
T slightly shorter than DD, external border sloped
backwards. DD bent anteriorly in lateral view, more
or less 30 °. IS longer and wider than ES, uniformly
sclerotized, ES slightly sclerotized. ISDA present, as
sclerotized pointed ridge supporting small opening at
level of EO. AR hardly recognizable. L present, with
eL sclerotized, rod-shaped. P claw-shaped, fused to T,

rotated retrolaterally and posteriorly, lateral length
one-quarter of width of T in frontal view. Ridge present,
small, perpendicular to T.

Female paratype (MZB 2019-1945): (Fig. 17D-F).
All characters as in male except: carapace length
3.44; maximum width 2.78; minimum width 2.66;
carapace dark brown. AME 0.18; PLE 0.15; PME
0.14. Chelicerae 1.5 long; fang 1.25 long; sclerotized
piliferous granulations almost absent. Legs greenish-
orange. Leg lengths: fel 2.33; pal 1.6; til 1.74; mel
1.74; tal 0.52; total 7.93; fe2 2.23; pa2 1.52; ti2 1.64;
me2 1.68; ta2 0.52; total 7.59; fe3 1.92; pa3 1.14; ti3
1.1; me3 1.65; ta3 0.5; total 6.31; fe4 2.63; pa4d 1.5;
ti4 1.92; me4 2.44; ta4 0.6; total 9.08; fe palp 1.36; pa
palp 0.76; ti palp 0.58; ta palp 0.9; total 3.6. Spination:
ti3d proximal 1.1.1, distal 1.0.1; ti3v proximal 1.1.1,
distal 1.0.0; fe4d 0—1 spine; ti4d proximal 1.1.1, medio-
proximal 0.0-1.1, distal 1.1.1; ti4v proximal 1.2.1,
distal 1.0.1. Abdomen 3.74 long; abdominal dorsal
setae long, 0.08-0.14, unmodified, with tapered tip.
Vulva (Fig. 17D-F): PD oval. DA separated from VA.
DA roughly twice as wide as long, anteriorly domed,
dorsolaterally with 4 to 5 small inner ridges visible by
transparency. DF wide in dorsal view. MF moderately
developed, visible only slightly ventrally or posteriorly.
VA roughly as wide as long, membranous except in its
anterior section, which is sclerotized and domed. AVD
present, a tubular neck reaching base of S, with poorly
developed folds. Insertion of S projected onto AVD
through sclerotized neck, S triangular in ventral view,
with arms short and tips extended anteriorly.

Intraspecific variation: Male carapace varies from 3.0
to 3.4 in length and from 2.4 to 2.78 in width. Cheliceral
length from 1.32 to 1.48 in males. Colour of carapace
can vary from brown to blackish-purple. Colour of legs
can vary from dark orange to pale brown. Spination
variability: ti3d proximal 1.1-2.1, distal 1.0.1; ti3v
1.1-2.0-1, medial-distal 0-1.0.0, distal 0-1.0.0; fe4d
0-1 spines, 0—1 rows; t4d proximal 1.1.1, medial-
proximal 0.0-1.0-1, distal 1.0-1.1; ti4v proximal 1.1—
2.1, medial-proximal 0.0.0-1, distal 1.0.1.

Distribution: This species is known from the central
region of Deserta Grande (Fig. 9).

Habitat: The same as that of D. exigua, but restricted
to the island of Deserta Grande. There, it can be found
under stones or in sandstone crevices.

Conservation: The conservation concerns are the
same as those reported for D. exigua (invasive species,
habitat loss, fragmentation) with the increased risk
factor of an even smaller known distribution. So far
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only five specimens have been found in an area of no
more than 3 km?.

DYSDERA SANDRAE CRESPO, SP. NOV.

(FiGs 18, 25C-D, 35, 37F)

urn:lsid:zoobank.org:act:CCAA1A02-5EF7-
4B3A-9828-B838CD90BD69

Holotype: 1 3, 32.50596 °N 16.49986 °W, Planalto
Sul, Deserta Grande, Portugal, coll. 18.1V.2012, hand
collecting, leg. L. Crespo, I. Silva & P. Cardoso, stored
at MZB, collection number 2019-1929.

Paratypes: Deserta Grande: Eira, 1 ¢ (MZB 2019-
1930: pk72), 17.1V.2011, hand collecting, leg. L. Crespo,
I. Silva & P. Cardoso, 1 ¢ (MMF 47911: pk220),
9-23.V.2012, hand collecting, leg. A. Serrano et al.;
Planalto Sul, 1 @ (MZB 2019-1931), 18.1V.2012, hand
collecting, leg. L. Crespo, I. Silva & P. Cardoso; Vale
da Castanheira (S), 1 @ (FMNH KN.17851: 1¢335),
25.111.2018, hand collecting, leg. L. Crespo; Vereda
do Risco, 1 ¢ (NMHO001593: k523), 1 @ (MZB 2019-
1932: k528), 31.X.2009, hand collecting, leg. I. Silva &
P. Oromi, 1 @ (MMF 47912: pk72), 19.1V.2011, hand
collecting, leg. L. Crespo, I. Silva & P. Cardoso, 1 &
(FMNH KN.17850: pk77), 11.IV.2012, hand collecting,
leg. L. Crespo, 1. Silva & P. Cardoso.

Additional material examined: Deserta Grande: Pogo
da Faja Grande, 1 g (LCPC: pk75), 10.I1V.2012, hand
collecting, leg. L. Crespo, 1. Silva & P. Cardoso.

Etymology: The specific epithet is a patronym in
honour of Sandra Videira, partner of the first author,
for the unconditional help, support and kindness given
throughout the years.

Diagnosis: D. sandrae can be diagnosed from all other
Madeiran Dysdera by: the D, short, blunt, in both sexes
(Fig. 18C). Males are further recognized by: eL, claw-
shaped, ISDA, massive (Fig. 18A-B) and females by:
the AD, highly constricted and AVD, well developed
(Fig. 18D-F).

Description — male holotype (MZB 2019-
1930): (Figs 18A-C, 25C-D). Carapace length 3.36;
maximum width 2.56; minimum width 1.74. Reddish-
brown; foveate at borders, with scanty dark grains
scattered through its otherwise smooth surface.
Frontal border roughly rounded, 1.6 wide; anterior
lateral borders slightly divergent; lateral borders
rounded; posterior margin straight, short. AME 0.16,
nearly rounded; PLE 0.15, oval; PME 0.13, rounded;
AME separated from anterior border by slightly less

than their diameter; AME separated from one another
by less than their diameter; AME touching PLE; PME
separated from PLE by roughly one-third of PME
diameter; PME almost touching. Labium trapezoid,
with base wider than distal part, longer than wide
at base; distal part slightly concave, with some setae.
Sternum dark orange, darkened on lateral borders,
wrinkled, with scattered straight setae. Chelicerae
(Fig. 18C) 1.24 long, about one fifth of carapace
length in dorsal view; fang 0.9 long; basal segment
basally protuberant, straight, dorsally and ventrally
with abundant sclerotized piliferous granulations.
Cheliceral furrow ~35% of length of basal segment,
armed with three teeth and basal lamina, B > M > D;
B close to lamina, triangular, M close to B, triangular,
D situated at groove midpoint, wide and short. Legs
orange, anterior pairs slightly darker than posterior
pairs. Lengths: fel 2.66;pal 1.62;ti1 2.15; mel 2.20;tal
0.52; total 9.15; fe2 2.43; pa2 1.56; ti2 1.97; me2 2.13;
ta2 0.5; total 8.58; fe3 2; pa3 1.14; ti3 1.28; me3 1.86;
ta3 0.48; total 6.76; fe4 2.63; pad 1.48; ti4 2.08; me4
2.66; ta4 0.58; total 9.42; relative length: 4 >1>2 > 3;
fe palp 1.59; pa palp 0.9; ti palp 0.74; ta palp 0.85; total
4.08. Spination: ti3d proximal 1.0.1, distal 1.0.1; ti3v
proximal 1.1.0, distal 0.0.0; fedd 1-2 spines, 1 row; tidd
proximal 1.0.1, distal 1.0.1; tidv proximal 1.1.1, distal
1.0.1. Palpal coxae with lightly sclerotized piliferous
granulations. Legs covered with setae, especially on
tibiae, metatarsi and tarsi. Metatarsi IIT and IV with
dense tuft of setae in distal ventral section. Claws with
eight to nine teeth. Abdomen 3.88 long, greyish yellow,
cylindrical; abdominal dorsal setae short, 0.01-0.02,
thick, apically blunt, uniformly distributed. Male
copulatory bulbus (Fig. 18A-B): T shorter than DD,
external border sloped backwards. DD bent anteriorly
in lateral view, more or less 30 °. IS as long as ES, both
sclerites distally more sclerotized than basally. ISDA
present, as massive laminar outgrowth. AR absent.
L present, with external margin heavily sclerotized,
claw-shaped. P claw-shaped, fused to T, directed to
retrolateral side, lateral length one-quarter of width
of T in frontal view. Ridge present, not expanded,
parallel to T.

Female paratype (MZB 2019-1931): (Fig. 18D-F). All
characters as in male except: carapace length 4.2;
maximum width 3.22; minimum width 2.13; AME 0.2,
PME and PLE 0.1; AME separated from one another
by more than their diameter. Chelicerae 1.5 long; fang
1.1 long. Leg lengths: fel 2.75; pal 1.8; til 2.25; mel
2.24; tal 0.62; total 9.66; fe2 2.63; pa2 1.68; ti2 2.1;
me?2 2.1; ta2 0.62; total 9.13; fe3 2.19; pa3 1.28; ti3 1.4;
me3 1.96; ta3 0.52; total 7.35; fe4 3; pa4d 1.68; ti4 2.35;
me4 2.75; tad4 0.68; total 10.46; fe palp 1.46; pa palp
0.84; ti palp 0.66; ta palp 0.96; total 3.92. Spination:
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AVD VA MF

ABDEF— C—

Figure 18. D. sandrae sp. nov. A-C, holotype male: (A) left palp, retrolateral; (B) left palp, frontal; (C) left chelicera,
ventral. D-F, female paratype (MZB 2019-1931): (D) vulva, ventral; (E) vulva, dorsal; (F) vulva, lateral. Scale bars = 0.1 mm.
Abbreviations, male palp: eL, external margin of lateral sheet; ISDA, internal sclerite distal apophysis; L, lateral sheet; P,
posterior apophysis; T, tegulum. Abbreviations, female vulva: AVD, additional ventral diverticulum; DA, dorsal arch; MG,
medial groove; S, spermatheca; TB, transversal bar; VA, ventral arch.

ti3v proximal 1.1.0, distal 1.0.0; fe4d 3 spines, 2 4.45 long; abdominal dorsal setae short, 0.03-0.07.
rows; ti4dd proximal 1.1.1, distal 1.0.1; ti4dv proximal Vulva (Fig. 18D-F): PD oval. DA separated from VA.
1.1.1-2, medial-proximal 0.0.1, distal 1.0.1. Abdomen DA roughly twice as wide as long. DF wide in dorsal
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view. MF well developed, sclerotized, well visible in
ventral and lateral views. VA roughly as wide as long,
membranous except in its anterior section, sclerotized.
AVD present, sclerotized. Insertion of S projected onto
AVD, S ventrally subtriangular, dorsally concave both
anteriorly and posteriorly, with arms short and tips
slightly curved anteriorly.

Intraspecific variation: Male carapace varies from
3.2 to 3.8 in length and 2.47 to 2.97 in width, female
carapace from 3.48 to 4.2 in length and 2.72 to 3.22
in width. Cheliceral length from 1.18 to 1.44 in males,
and 1.2 to 1.5 in females. Carapace coloration ranges
from reddish-brown to dark-brown. Female vulva
from specimen FMNH KN.17851 (the single specimen
collected from the northern half of Deserta Grande
island) presents an AVD slightly more extended
ventrally than the illustrated specimen. Spination
variability: ti3d proximal 1.0-1.1, medial-proximal
0.0-1.0-1, distal 1.0.1; ti38v proximal 1.1.0, distal
0-1.0.0; fe4d 1-4 spines, 1-3 rows; ti4d proximal 1.0—
2.1-2, medial-proximal 0.0-1.0, distal 0-1.0-1.0-1;
ti4v proximal 1.1-3.0-2, medial-proximal 0.0-1.0-1,
medial-distal 0-1.0.0, distal 0-1.0.0-1.

Distribution: This species is known from several
locations along the entire length of the island of
Deserta Grande.

Habitat: The same as that of D. exigua (see above),
but restricted to the island of Deserta Grande. There,
it can be found under stones or in sandstone crevices.

Conservation: The predicted geographical range of
the species is 8 km?2. The conservation concerns are
the same as those reported for D. coiffaiti (invasive
species, habitat loss, fragmentation), but the species is
restricted to the island of Deserta Grande.

DYSDERA TEIXEIRAI CRESPO & CARDOSO, SP. NOV.
(Figs 19, 26A-B, 36)
urn:lsid:zoobank.org:act:6CB21C01-112F-4815-

BD06-F597EC8BD11B

Holotype: 1 J&, 32.53168 °N 16.51471 °W, Rocha
do Barbusano (S), Deserta Grande, Portugal, coll.
10.IV.2017, hand collecting, leg. L. Crespo & I. Silva,
stored at MZB, collection number 2019-1933, DNA
code 1c049.

Paratypes: Deserta Grande: Vereda do Risco, 1 &
(NMHO001596: k526), 31.X.2009, hand collecting,
leg. I. Silva & P. Oromi; Rocha do Barbusano, 1 &
(MMF 47913: pk78), 20.1V.2011, hand collecting, leg.

L. Crespo, I. Silva & P. Cardoso; Rocha do Barbusano
(S),1 @ (MZB 2019-1934), 27.111.2018, hand collecting,
leg. L. Crespo; Pedregal (E), 1 ¢ (MZB 2019-1935:
pk676), 16.1V.2015, hand collecting, leg. I. Silva &
D. Teixeira, 1 g (FMNH KN.17852: 1c068), 8.1V.2017,
hand collecting, leg. I. Silva, 1 @ (FMNH KN.17853:
1¢301), 9.1V.2017 (reared in captivity, found adult,
dried, on 14.VII1.2017), hand collecting, leg. L. Crespo.

Additional material examined: Deserta Grande: Rocha
doBarbusano, 1juvenile (CRBALC0110:1¢067),8.1V.2017,
hand collecting, leg. L. Crespo; Rocha do Barbusano (S),
3 juveniles (CRBALC0083: 1c055, CRBALC0103: 1c060,
CRBALCO0198: 1¢132), 10.1V.2017, hand collecting,
leg. L. Crespo & I. Silva, 1 g (LCPC) and 3 juveniles
(CRBALCO0583, CRBALCO0588: 1¢333, CRBALC0685),
27.111.2018, hand collecting, leg. L. Crespo.

Etymology: The specific epithet is a patronym in
honour of Dinarte Teixeira, malacologist at Madeira’s
Instituto das Florestas e Conservacdo da Natureza
(IFCN), who called our attention to the existence of a
great number of new species of Dysdera in the Madeira
archipelago.

Diagnosis: D. teixeirai can be diagnosed from all other
Madeiran Dysdera in males by: eL, sickle-shaped, C,
membranous, thin (Fig. 19A-B), in females by: AVD,
reduced, SD, oval (Fig. 19D-I).

Description — male holotype (MZB 2019-
1933): (Figs 19A-C, 26 A-B). Carapace length 3.76;
maximum width 3.06; minimum width 2.15. Carapace
blackish, foveate at borders, with scanty dark grains
scattered through its otherwise smooth surface, with
two small circular depressions, one behind cephalic
region, the other near the posterior margin. Frontal
border roughly rounded, 2.1 wide; anterior lateral
borders parallel; lateral borders divergent, rounded
around maximum width point, after converging to
posterior margin; posterior margin straight, wide.
AME 0.21, oval; PLE 0.19, oval; PME 0.16, rounded,;
AME separated from anterior border by less than
their diameter; AME separated from one another by
less than their diameter; AME touching PLE; PME
separated from PLE by roughly one-third of PME
diameter; PME almost touching. Labium trapezoid,
with base wider than distal part, longer than wide
at base; distal part slightly concave, with some setae.
Sternum brown, darkened on lateral borders, wrinkled,
with scattered straight setae. Chelicerae (Fig. 19C)
1.76 long, about one-third of carapace length in dorsal
view, straight, dorsally with sclerotized piliferous
granulations and abundantly wrinkled; fang 1.5 long.
Cheliceral furrow ~51% of length of basal segment,
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A

Figure 19. D. teixeirai sp. nov. A-C, holotype male: (A) left palp, retrolateral; (B) left palp, frontal; (C) left chelicera,
ventral. D-F, female paratype (MZB 2019-1934): (D) vulva, ventral; (E) vulva, dorsal; (F) vulva, lateral. G-I, female paratype
(FMNH KN.17853): (G) vulva, ventral; (H) vulva, dorsal; (I) vulva, lateral. Scale bars = 0.1 mm. Abbreviations, male palp:
AR, arch-like ridge; C, crest; eL,, external margin of lateral sheet; L, lateral sheet; P, posterior apophysis; T, tegulum.
Abbreviations, female vulva: AVD, additional ventral diverticulum; DA, dorsal arch; MG, medial groove; S, spermatheca;
SD, spermatheca diverticulum; TB, transversal bar; VA, ventral arch.

armed with three teeth and basal lamina, B=M = D;
all teeth triangular, B close to lamina, M closer to B
than D, D situated in distal half of cheliceral furrow.
Legs greenish-yellow, coxae and femora of anterior
pairs slightly darker. Lengths: fel 2.75; pal 1.8; til 2.2;

mel 2.23; tal 0.57; total 9.55; fe2 2.48; pa2 1.66; ti2
1.96; me2 2.08; ta2 0.56; total 8.73; fe3 2.13; pa3 1.24;
ti3 1.24; me3 1.76; ta3 0.51; total 6.88; fe4 2.66; pad
1.58; ti4 1.94; me4 2.45; ta4 0.59; total 9.22; relative
length: 1 >4 > 2 > 3; fe palp 1.74; pa palp 1; ti palp 0.88;
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ta palp 0.86; total 4.48. Spination: ti3d proximal 1.1.1,
distal 1.0.1; ti3v proximal 1.1.0, distal 1.0.0; fe4d 1-3
spines, 1-2 rows; ti4dd proximal 1.0.1, distal 1.0.1; tidv
proximal 1.1.1, medial-distal 1.0.0, distal 0.0.0. Palpal
coxae with sclerotized piliferous granulations. Legs
covered with setae, especially on tibiae, metatarsi and
tarsi; anterior metatarsi with sclerotized piliferous
granulations ventrally. Metatarsi III and IV with
dense tuft of setae in distal ventral section. Claws
with seven to eight teeth. Abdomen 4.25 long, greyish,
cylindrical; abdominal dorsal setae short, 0.01-0.03,
thick, apically blunt, uniformly distributed. Male
copulatory bulbus (Fig. 19A-B): T shorter than DD,
external border sloped backwards. DD bent anteriorly
in lateral view, more or less 45 °. IS as long as ES,
wider, more sclerotized than ES. C present, thin. AR
present, small. Sickle-shaped ridge present roughly
medially. L present, with eL sclerotized, sickle-shaped.
P claw-shaped, fused to T, rotated to retrolateral side,

lateral length one fifth of width of T in frontal view.
Ridge present, not expanded, parallel to T.

Female paratype (MZB 2019-1934): (Fig. 19D-F). All
characters as in male except: carapace length 3.36;
maximum width 2.69; minimum width 1.84; AME
0.19. Chelicerae 1.65; fang 1.39. Leg lengths: fel 2.38;
pal 1.6; til 1.88; mel 1.9; tal 0.52; total 8.28; fe2
2.2; pa2 1.46; ti2 1.7; me2 1.78; ta2 0.54; total 7.68;
fe3 1.86; pa3 1.1; ti3 1.08; me3 1.56; ta3 0.5; total 6.1,
fed4 2.52; pad 1.45; ti4 1.85; me4 2.29; tad 0.56; total
8.66; fe palp 1.37; pa palp 0.77; ti palp 0.61; ta palp
0.9; total 3.65. Spination: fe3 1 spine; ti3d proximal
1.0.1, distal 1.0.1; ti3v proximal 1.1.0, distal 0-1.0.0;
fe4d 3—4 spines, 1-3 rows; ti4v proximal 1.1.1, medial-
proximal 0.0-1.0, distal 1.0.0. Abdomen 4.58 long;
abdominal dorsal setae variable, 0.04-0.15. Vulva
(Fig. 19D-F): PD rounded. DA separated from VA. DA
roughly twice as wide as long, anteriorly truncated. DF

Figure 20. D. titanica sp. nov. A-D, holotype female: (A) vulva, ventral; (B) vulva, dorsal; (C) vulva, lateral; (D) mirrored
image of right chelicera, ventral. Scale bars = 0.1 mm. Abbreviations: AVD, additional ventral diverticulum; DA, dorsal arch;
MG, medial groove; S, spermatheca; SD, spermatheca diverticulum; TB, transversal bar; VA, ventral arch.
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Figure 21. A-B, D. coiffaiti: (A) holotype male MNHNP AR5855), prosoma, dorsal; (B) male (MZB 2019-1959), prosoma,
lateral; C-D, D. dissimilis sp. nov., holotype male (MZB 2019-1947): (C) prosoma, dorsal; (D) prosoma, lateral. Scale
bars = 1 mm.
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Figure 22. A-D, D. diversa. A-B, holotype male (OUMNH): (A) prosoma, dorsal; (B) prosoma, lateral; C-D, D. vandeli, male
(MNHNP AR5843): (C) prosoma, dorsal; (D) prosoma, lateral. Scale bars = 1 mm.

wide in dorsal view. MF moderately developed, lightly
sclerotized. VA slightly wider than long, membranous
except in its anterior section, which is sclerotized.
AVD present, small. Insertion of S projected onto AVD
through sclerotized neck, S triangular in ventral view,
with arms short and tips slightly extended laterally,
with small ovoid diverticulum dorsally.

Intraspecific variation: Male carapace varies from
3.48 to 3.76 in length, from 2.72 to 3.06 in width,

female from 3.36 to 3.4 in length and 2.66 to 2.69 in
width. Cheliceral length from 1.6 to 1.76 in males,
and 1.52 to 1.65 in females. The vulva of the only two
females available varies considerably in sclerotization
and shape, namely in the shape of the DA, which can
be anteriorly truncated to triangular (in dorsal view)
and can have variable differentiation of lateral sulci
(in lateral and anterior view, the latter not illustrated)
and the small diverticulum present in the S, which can
be ovoid to slit-shaped (see vulva of paratype FMNH
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Figure 23. A-B, D. exigua sp. nov., holotype male (MZB 2019-1936): (A) prosoma, dorsal; B, prosoma, lateral. C-D,
D. isambertoi sp. nov.: (C) holotype male (MZB 2019-1951), prosoma, dorsal; (D) male (CRBALC0693), prosoma, lateral.
Scale bars = 1 mm.

KN.17853, Fig. 19G-I). Spination variability: fe3d 0-1 Distribution: This species is known from several
spines, 1 row; ti3d proximal 1.0-1.1-2, distal 1.0.1; locations across the entire length of the island of
ti3v proximal 0-1.0-1.0-1, medial-distal 0-1.0.0, Deserta Grande (Fig. 9).

distal 0-1.0-1.0; fe4dd 1-4 spines, 1-3 rows; ti4d

proximal 1.0.1-2, distal 1.0.1; ti4v proximal 1.1-2.1, Habitat: The same as that of D. exigua (see above),
medial-proximal 0.0-1.0, medial-distal 0-1.0.0, distal but restricted to the island of Deserta Grande. There,
0-1.0.0-1. it can be found under stones or in sandstone crevices.
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[

Figure 24. A-B, D. portisancti: (A) holotype male (SMF 37633), prosoma, dorsal; (B) male (MZB 2019-1957), prosoma,
lateral. C-D, D. precaria sp. nov.: (C) holotype male (MZB 2019-1940), prosoma, dorsal; (D) paratype male (MMF 47918),
prosoma, lateral. Scale bars = 1 mm.

Conservation: The predicted geographical range (invasive species, habitat loss, fragmentation), but

of the species is 5 km?2. The conservation concerns the species is restricted to the island of Deserta
are the same as those reported for D. coiffaiti Grande.
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Figure 25. A-B, D. recondita sp. nov., paratype male (FMNH KN.17860): (A) prosoma, dorsal; (B) prosoma, lateral. C-D,
D. sandrae sp. nov., holotype male (MZB 2019-1929): (C) prosoma, dorsal; (D) prosoma, lateral. Scale bars = 1 mm.

DYSDERA TITANICA CRESPO & ARNEDO, SP. NOV. Etymology: The specific epithet is derived from
(Figs 20, 26C-D) Ancient Greek Titdv, a race of giant sun gods, and the
urn:lsid:zoobank.org:act:F588C592-F367-4159- Greek suffix, -ikdog, pertaining to. Combined, this forms
9EB3-EDGGAAEDE2A9 the adjective titanic, which in English usually refers to

something large, in this case the large size of the species.

Holotype: 1 @ (with detached vulva), (no location),

Madeira (the vial label refers to “Madera”), Portugal, Diagnosis: .This species can be differentiat.ed from all
(no collection information), stored at MIZ, collection other Madeiran Dysdera by its lar:ge body size and the
number 144509, determined by W. Kulezynski. D, clearly larger than B and M (Fig. 20D).
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Figure 26. A-B, D. teixeirai sp. nov., holotype male (MZB 2019-1933): (A) prosoma, dorsal; (B) prosoma, lateral. C-D,
D. titanica sp. nov., holotype female (MIZ 144509): (C) prosoma, dorsal; (D) prosoma, lateral. Scale bars = 1 mm.

Description — female holotype (MIZ 144509): (Figs 20,
26C-D). Carapace length 8.3; maximum width 6.56;
minimum width 4. Carapace brown, foveate at borders,
smooth. Frontal border roughly rounded, 4 wide;
anterior lateral borders slightly convergent; lateral
borders divergent until maximum width point, then
converging to posterior margin, around maximum
width point carapace surpasses lateral fovea (best
seen in dorsal view); posterior margin straight, wide.
AME 0.31, oval; PLE 0.29, oval; PME 0.26, rounded,;

AME separated from anterior border by more than
their diameter; AME separated from one another by
more than their diameter; AME touching PLE; PME
separated from PLE by roughly one-third of PME
diameter; PME touching. Labium trapezoid, with
base wider than distal part, longer than wide at base;
distal part concave. Sternum brown, wrinkled, with
setae. Chelicerae (Fig. 20D) 3.68 long, about one-third
of carapace length in dorsal view, straight, dorsally
and ventrally with abundant sclerotized piliferous
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Figure 27. A-D, SEM mirrored images of distal left palp of D. coiffaiti, male: (A) ventral detail, 800x; (B) apical, 200x; (C)
frontal, 150x; (D) anterior retrolateral detail, 400x. Scale bars: A = 0.05 mm; B, C, D = 0.1 mm. Abbreviations: AR, arch-like
ridge; C, crest; e, external margin of lateral sheet; EO, embolus opening; L, lateral sheet.

granulations; fang 3.05 long. Cheliceral furrow ~46%
of length of basal segment, armed with three teeth and
basal lamina, D > B > M, all teeth triangular, B close
to lamina, M slightly closer to B than D, D situated
at groove midpoint. Anterior legs and palp orange,
posterior legs light orange. Lengths: fel 7.52; pal 5.25;
til 6.88; mel 6.64; tal 1.22; total 27.51; fe2 6.92; pa2
4.55; ti2 6.13; me2 6.13; ta2 1.2; total 24.92; fe3 5.63;
pa3 3.32; ti3 4.1; me3 5.38; ta3 1.24; total 19.66; fe4
7.28; pad 3.96; ti4 5.69; me4 7.2; ta4 1.34; total 25.47;
relative length: 1 > 4 > 2 > 3; fe palp 4.7; pa palp 2.38;
ti palp 2.28; ta palp 2.43; total 11.78. Spination: fe3
1-2 spines, 1-2 rows; ti3d proximal 1.0.1-2, medial-
proximal 1.0.1, medial-distal 0-1.0.0, distal 1.0.1;
ti3v proximal 0-1.1.0, medial-proximal 1-2.1.1,

medial-distal 0-1.1-2.0, distal 0-1.0.1; fe4d 7-8
spines, 67 rows; ti4d proximal 1.0.2, medial-proximal
1.0.1, medial-distal 0.0.0, distal 1.0.1; ti4v proximal
1-2.1-3.1, medial-proximal 1.1-3.1-2, medial-distal
2.2-3.1-2, distal 2-3.0-1.0-1. Palpal coxae with few
moderately sclerotized piliferous granulations. Legs
covered with setae, especially on tibiae, metatarsi
and tarsi. All tibiae with dorsal dense patch of short,
moderately thick, setae. All metatarsi with small
dorsal distal patch of setae, III and IV also with dense
tuft of setae in distal ventral section. Claws with seven
to nine teeth. Abdomen 10.88 long, yellow, cylindrical,
abdominal dorsal setae (most are torn off, only a small
patch is present), 0.1-0.15, of intermediate thickness,
tapered, uniformly distributed. Vulva (Fig. 20A-C): PD
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Figure 28. A-D, SEM images of distal right palp of D. dissimilis sp. nov., paratype male (MZB 2019-1949): (A) ventral
detail, 696x; (B) prolateral, 388x; (C) frontal, 486x; (D) retrolateral, 428x. Scale bars = 0.1 mm. Abbreviations: AR, arch-like
ridge; C, crest; e, external margin of lateral sheet; EO, embolus opening; L, lateral sheet.

oval. DA separated from VA. DA more than twice as
wide as long, anteriorly domed. DF narrow in dorsal
view. MF well developed, with sclerotized ventral
outgrowth visible by transparency surpassing the
edge of VA. VA wider than long, membranous except
its anterior section, sclerotized and quadrangle
shaped with rounded corners. AVD present, as tubular
compartment with unapparent folds, visible by
transparency in ventral and lateral view. Insertion
of S projected directly onto AVD, S as rod-shaped
transverse bar in ventral view, with arms as long as
DA and tips projected anteriorly.

Distribution: This species is reported from Madeira
island, but without any information on its exact
locality.

Habitat: Unknown, none provided together with the
single known specimen.

Remarks: The single specimen of D. titanica was
discovered through a loan to the MIZ, requesting all
specimens of the genus present in the Kulczynski
collection, especially because two females of D. diversa
were cited by Kulczynski (1899: pp 340). Although the
cited females were not accounted for, we were surprised
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Figure 29. A-D, SEM images of distal right palp of D. diversa, male (MMF 47903): (A) prolateral detail, 1074x; (B)
prolateral, 500x; (C) frontal, 557x; (D) retrolateral, 200x. Scale bar: A = 0.05 mm; B, C, D = 0.1 mm. Abbreviations: C, crest;
eL, external margin of lateral sheet; EO, embolus opening; L, lateral sheet; LF, lateral fold.

to see this large single specimen of D. titanica. This
discovery is remarkable, because the new species more
closely resembles similarly large species from the Canary
Islands (e.g. Dysdera ambulotenta Ribera, Ferrandez &
Blasco, 1985, Dysdera gibbifera Wunderlich, 1991 or
Dysdera labradaensis Wunderlich, 1992) than any of
the remaining Madeiran species. No precise locality is
given in the vial label other than “Madera”.

DISCUSSION

ORIGINS OF THE MADEIRAN CLADE

Our phylogenetic analyses suggest that the Madeira
archipelago was colonized once, most likely from the

mainland. We can only speculate about the actual
colonization pathway, but it is worth mentioning that
present day seamounts of Ormonde, Ampere, Coral
Patch and Seine were once emerged islands (Geldmacher
& Hoernle, 2000), which could have provided a stepping
stone pathway facilitating colonization of, at least, Porto
Santo, from the Iberian Peninsula. The use of rafting
and floating islands, on the other hand, has been put
forward to explain the colonization of the Canary
Islands, which are much closer to the continent, and
could have also facilitated arrival from the continent
to Madeira archipelago (Arnedo et al., 2001). The closer
relationships of the species of Madeira island and
Desertas can be easily explained by their geographic
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TAXONOMIC REVISION OF MADEIRAN DYSDERA 405

Figure 30. A-D, SEM images of distal right palp of D. exigua sp. nov., paratype male (CRBA002542): (A) ventral detail,
929x; (B) prolateral, 887x; (C) frontal, 1173x; (D) retrolateral, 636x. Scale bars = 0.1 mm. Abbreviations: C, crest; eL,
external margin of lateral sheet; EO, embolus opening; L, lateral sheet; LF, lateral fold.

proximity. Although the Desertas ridge represents a
discrete volcanic system (Schwarz et al., 2005), it is
likely that the submarine ridge connecting the eastern
side of Madeira island to IThéu Ch&o was exposed during
Pleistocene eustatic sea level changes or that a more
substantial connection was broken by landslide erosion
(Cameron & Cook, 1999).

Regarding the actual source of colonization, the
sparse sampling of continental species and the low
support recovered for some of the deeper relationships
preclude identification of the actual mainland sister
group of the Madeiran lineage. Interestingly, the
parsimony analyses pinpointed the Portuguese species
Dysdera lusitanica (Kulezynski, 1915) as the closest

relative of the Madeiran clade albeit with low support
and not recovered in the model-based analyses. We
revised the descriptions of Iberian and Moroccan
Dysdera species scouting for morphological affinities
to the Madeiran clade. The main morphological
synapomorphies of the Madeiran clade appear to be
the retrolaterally oriented, claw-shaped P, and the well
separated sclerites of the DD (ES and IS, respectively).
We identified several Iberian species that share the
short, well sclerotized, retrolaterally oriented, claw-
shaped P, including Dysdera alentejana Ferrandez,
1996 or Dysdera bicornis Fage, 1931. However, unlike
the Madeiran clade, the Iberian species present
palpal sclerites with fused bases. Future phylogenetic
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Figure 31. A-D, SEM images of distal right palp of D. isambertoi sp. nov., paratype male (MZB 2019-1953): (A) ventral
detail, 1463x; (B) prolateral, 605x; (C) frontal, 933x; (D) retrolateral, 757x. Scale bars = 0.1 mm. Abbreviations: AR, arch-like
ridge; eL, external margin of lateral sheet; EO, embolus opening; L, lateral sheet; LF, lateral fold.

analyses will have to include Iberian species with male
bulb similarities to the Madeiran clade to confirm their
putative shared ancestry.

One additional loose end remains in our hypothesis
of the colonization of Madeira archipelago by
Dysdera. The enigmatic species D. titanica found
in the Kulczynski collection, is more similar in
appearance to some of the larger species found in the
Canary Islands. If this overall similarity reflected
phylogenetic relatedness, it could be indicative of an
independent colonization event, most likely from the
Canary Islands to Madeira, as the former are richer in
species, geologically older and closer to the continent
(Fernandez-Palacios et al., 2011). Unfortunately, we

lack any information about this specimen other than
collected in “Madera” and its old age (over a century)
precludes molecular analyses using Sanger sequencing
techniques. The implementation of high throughput
sequencing approach to the Madeiran species may
allow in the future to include Kulczynski’s specimen
and resolve this conundrum.

A CASE OF ADAPTIVE RADIATION?

Adaptive radiation is usually defined as the rapid
proliferation of species involving ecophenotypic change
in sibling species (Soulebeau et al., 2015), commonly
referred as ecomorphs (Gillespie, 2004). Oceanic
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Figure 32. A-D, SEM images of distal right palp of D. portisancti, male (MZB 2019-1955): (A) ventral detail, 1870x; (B)
prolateral, 2302x; (C) frontal, 1467x; (D) posterior, 1873x. Scale bars = 0.05 mm. Abbreviations: AR, arch-like ridge; eL,
external margin of lateral sheet; EO, embolus opening; L, lateral sheet.

archipelagos provide some of the most renowned
examples of adaptive radiations (Grant, 1998). Several
lines of evidence suggest that the Madeiran clade
may constitute a case of adaptive radiation. At least
nine of the endemic species of Madeiran Dysdera
share a common ancestor and are the result of local
diversification. Although the emergence date of the
oldest island (Porto Santo, 14 Mya), could limit the
time window for the diversification of the lineage,
the existence nearby of much older once emerged
submarine volcanoes prevents ruling out a much older
age for the diversification of Madeiran Dysdera. Within
each island, almost all species show overlapping
distributions, which may hint to a differentiation in
the ecological niche among species. This pattern is

most remarkable in Deserta Grande, an elongate
outcrop of 11 km? that harbours five Dysdera species.
Some phenotypic differences are evident among
co-occurring species. In spiders, like other generalist
hunters, predator size limits the size range of potential
prey (Nentwig & Wissel, 1986) and hence differences in
predator size may ultimately reflect dietary differences
(Nyffeler, 1999). Additionally, it has been shown that
the size and morphology of the chelicera in Dysdera
is related to both the level of trophic specialization,
namely generalist vs. oniscophagous species, and the
prey capture strategy used to subdue prey (Rezacet al.,
2008). In Porto Santo, for instance, where four species
co-occur in the remaining summits of the island,
D. portisancti is clearly smaller, whereas D. isambertoi
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Figure 33. A-D, SEM images of distal right palp of D. precaria sp. nov., paratype male (MZB 2019-1942): (A) ventral
detail, 1034x; (B) prolateral, 878x; (C) frontal, 559x; (D) retrolateral, 756x. Scale bars = 0.1 mm. Abbreviations: AR, arch-like
ridge; e, external margin of lateral sheet; EO, embolus opening; L, lateral sheet; LF, lateral fold.

and D. precaria are large species. Interestingly, the
mid-sized D. dissimilis bears long chelicerae, which
presumably indicates a trophic specialization to prey
on woodlice. Although these former evidences hint at
the involvement of competition in the diversification
of Madeiran Dysdera, quantitative measurement of
the phenotypic differences and a comparative analysis
of those differences in a phylogenetic framework will
be required to properly assess the adaptive nature of
the diversification processes undergone by Dysdera in
Madeira archipelago.

HABITAT LOSS AND THREATS TO BIODIVERSITY

Each community of Dysdera species in the Madeira
archipelago is subject to different pressures,
depending on its range and preferred habitat. Porto
Santo, the older island, is under an advanced stage of
its geological ontogeny, with small hills surrounded by
an unhospitable (for Dysdera) matrix of dry habitats.
Human colonization caused massive deforestation
throughout the entire island, degrading native
habitats to a point where later attempts to reforest
the mountains could only be done with surrogate
tree species. The remarkably small ranges of the
four species found in Porto Santo suggest that local
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Figure 34. A-D, SEM images of distal right palp of D. recondita sp. nov., paratype male (MZB 2019-1946): (A) ventral
detail, 1234x; (B) prolateral, 851x; (C) frontal, 1012x; (D) retrolateral, 777x. Scale bar: A = 0.05 mm; B, C, D = 0.1 mm.
Abbreviations: eL,, external margin of lateral sheet; EO, embolus opening; ISDA, internal sclerite distal apophysis; L, lateral
sheet.

extinctions, driven by dwindling suitable habitats,
have already occurred and are likely to continue.
Similarly, the five species from the Desertas show
small ranges, and are only found at the top of the
islands, where the high aridity is buffered by regular
fog and where only few herbs and xerophytic shrubs
can be found. According to malacological fossil fauna
surveys (Cameron & Cook, 1999), it is suggested that,
in the past, the vegetation was probably taller and
microclimates were wetter. Given the small size and
steep topography of the Desertas, we believe that the
greatest threats to these species are the introduction
of exotic species (goats, rabbits, rodents, exotic plants),
coupled with habitat loss by erosion and landslides,

which probably contribute to the increasing aridity
of the Desertas. In the particular case of Bugio, the
ecological restoration efforts due to the conservation
of the Desertas petrel, Pterodroma deserta Mathews,
1934, led to the successful eradication of goats, rabbits
and rodents, by which ecological restoration processes
might take place at a quicker pace than on its
neighbouring islands. However, it is also possible that,
as in Deserta Grande, the impacts of the introduction
of exotic species during attempts of colonization by
humans have caused irreversible changes in the native
communities of Bugio.

Surprisingly, only two species occur in Madeira
island, a much larger and forested island. Although
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Figure 35. A-D, SEM images of distal right palp of D. sandrae sp. nov., paratype male (MZB 2019-1930): (A) ventral
detail, 675x%; (B) prolateral, 473x; (C) frontal, 640x; (D) retrolateral, 488x. Scale bars = 0.1 mm. Abbreviations: eL, external
margin of lateral sheet; EO, embolus opening; ISDA, internal sclerite distal apophysis; L, lateral sheet.

D. coiffaiti is found ubiquitously across Madeiran
forest patches, the other species is difficult to find.
In fact, we have made thorough efforts (twice) to find
specimens of D. diversa at both localities where each
of the two known specimens were found in pitfall
traps in 2012 and did not find any Dysdera apart from
D. coiffaiti. The rugged and steep geomorphology also
creates a physical impediment for a good inventory
of Madeira island, with many inaccessible slopes and
secluded valleys left to sample. Both species mainly
occur in the area inside the Madeira laurel forest
Unesco World Heritage Site (Unesco World Heritage
Committee, 1999), a conservation rank which should
safe keep the native habitats where both species are
found (Cardoso et al., 2017).

For those species facing major threats (i.e.
showing smaller ranges, inhabiting highly
perturbated habitats), a recovery programme of
native vegetation combined with ex situ conservation
attempts could be implemented to guarantee their
future survival. Joint in situ and ex situ conservation
efforts were already successful for the survival of
the Desertas wolf spider (Hogna ingens Blackwall,
1857; Crespo et al., 2014), and a similar approach
could be tested for the Dysdera from Porto Santo and
Desertas.
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Figure 36. A-D, SEM images of distal right palp of D. teixeirai sp. nov., paratype male (NMHO001596): (A) prolateral
detail, 1579x; (B) prolateral, 732x; (C) frontal, 565x; (D) retrolateral, 497x. Scale bars = 0.1 mm. Abbreviations: AR, arch-like
ridge; C, crest; e, external margin of lateral sheet; EO, embolus opening; L, lateral sheet.

CONCLUSION

Dysdera is now the most species-rich spider genus
in the Madeira archipelago. A successful lineage,
composed mostly of species new to science, colonized
the archipelago from the mainland. Although basal
resolution of the Madeiran clade is equivocal, because
of its older age it is possible that an ancestral
colonizer arrived first to Porto Santo. Subsequently,
Dysdera would have hopped to and diversified on the
remaining islands, according through some lines of
evidence undergoing an adaptive radiation process.
An enigmatic specimen discovered in the Kulczynski

collection might represent an independent colonization
event from a distinct source, the Canary Islands.
Species-richness patterns in Madeiran Dysdera
are exceptional in the fact the largest and second
oldest island harbours the lowest number of species.
Conversely, in the small, steep and highly eroded
Desertas, five species occur sympatrically. Finally, the
species from Porto Santo and Desertas represent cases
worthy of attention for conservation biologists and
competent authorities, since they are either found in
small, surrogate woodlands, or in steep, narrow islands
that lost native vegetation and are subject to high
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Figure 37. A, Dysdera coiffaiti, female (CRBA002548). B, D. dissimilis sp. nov., holotype male (MZB 2019-1947). C,
D. exigua sp. nov., paratype female (CRBALCO0212). D, D. portisancti, female (CRBALC0215). E, D. precaria sp. nov.,
male (CRBALCO0221). F, D. sandrae sp. nov., undetermined male specimen. Photo credits: A and F, by Pedro Cardoso. B, C,
D and E, by courtesy of Emidio Machado.

erosion. The discovery of hidden diversity in highly
perturbed habitats should serve to put more efforts and
funding into the management and conservation of the
remaining wild habitats of the Madeira archipelago.
A consequent effort should also be made to list most
species of Madeiran Dysdera in regional protected
species legislation and international agreements such
as the European Habitats Directive.
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Abstract

The woodlouse hunter Dysdera spiders have colonized all Macaronesian archipelagos.
We report here for the first time an evolutionary connection between the Iberian Peninsula,
Madeira, and the remote archipelago of Azores. Based on museum specimens from the
1950’s, we describe the first endemic Dysdera species from the Azores. Additionally, we
report the recent collection of immature individuals related yet probably not conspecific to
the new species, rejecting previous suggestions that the endemic lineage had gone extinct. A
multi-locus target phylogeny revealed that an undescribed species from Madeira was the
closest relative to the Azores lineage, and that both island taxa were in turn sister to an Iberian
endemic species, within a mostly Iberian clade. Interestingly, the Madeiran relative was not
closely related to the remaining endemic species reported in the archipelago, suggesting an
independent colonization. A divergence time estimation analyses unravelled that Dysdera
colonised both archipelagos early after their emergence. The colonisation pathway remains
ambiguous, but the Iberian Peninsula acted as the ultimate source of the ancestral colonisers.
Finally, we describe the new species Dysdera cetophonorum Crespo & Arnedo sp. nov. from
Pico and Dysdera citauca Crespo & Arnedo, sp. nov. from Ilhéu de Cima (Porto Santo) and
redescribe and illustrate the female genitalia for the first time of their poorly known closest

relative, Dysdera flavitarsis Simon, 1882 from north-western Iberian Peninsula.

Keywords

colonisation, divergence time, endemism, long distance dispersal, Macaronesia, systematics
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Introduction

Community assembly in oceanic islands is largely dependent on the interplay between

colonisation and extinction processes (MacArthur & Wilson, 1967). The relative contribution
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of both factors may vary along geologic and evolutionary time (Whittaker, Fernandez-
Palacios, Matthews, Borregaard, & Triantis, 2017; Whittaker, Triantis, & Ladle, 2008) and are,
in turn, intrinsically linked to the differential dispersal ability of species (Carvalho & Cardoso,
2014). Species with greater dispersal ability are expected to colonize islands more frequently,
but the continuation of gene flow with the mainland source will hamper differentiation of the
island populations. Conversely, species with poor dispersal abilities will have slim chances of
reaching an island. Both empirical and theoretical studies (Agnarsson, Cheng, & Kuntner,
2014; Ashby, Shaw, & Kokko, 2020; Claramunt, Derryberry, Remsen, & Brumfield, 2012) have
confirmed that high levels of endemism in insular systems are often associated with
organisms showing intermediate dispersal ability. In this case, colonization events are rare
enough to prevent high levels of gene flow with the source populations yet allow, from time
to time, long distance dispersal events that grant access to the exploitation of new resources,

driving to local speciation and diversification processes.

Active airborne transport is the most obvious mechanism for long distance dispersal
across marine barriers for terrestrial organisms. Alternatively, organisms may reach oceanic
islands passively, transported by ocean drift, on the wind, or by transport on or in a flying
animal. In spite of the accidental nature of passive dispersal, it has been suggested that
biogeographic patterns and evolutionary outcomes following colonisation events can be
predicted from the knowledge on the dispersal vector, their geographical and biological

drivers, and the ability of the organisms to use them (Gillespie et al., 2012).

Macaronesia comprises several archipelagos of volcanic origin, located in the north-
eastern Atlantic Ocean, spanning approximately 3,000 km (Fig. 1A). The wide latitudinal range
covered (14.8° N to 39.7° N) reflects in a strong climatic gradient, ranging from temperate to
warm arid climates (Fernandez-Palacios et al., 2011), which partly explains its high species
richness and levels of endemism. The validity of the region as a biogeographic unit has been
repeatedly questioned. Plants and several arthropod groups from the Cape Verde islands
suggest stronger affinities of this archipelago with sub-Saharan Africa, while marine
organisms further support the separation of the Azores from the remaining archipelagos,

namely the Canary Islands, Madeira and the Selvagens (Freitas et al., 2019).
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Madeira

o
v, 1

Canary Islands

Figure 1. A, map of the Macaronesia (adapted from Borges et al., 2008, with author’s
permission, Cape Verde omitted). B, map of Terceira. C, map of Pico. D, map of Porto
Santo. Scale bars: A =200 km; B, C =5 km; D = 2 km. Shapes: Full circles, locations where
specimens of “SPJ” were found; dotted circle, location where a moult attributed to the
former species was found; square, location where D. citauca sp. nov. was found; black
triangles, locations where D. flavitarsis was found; grey triangles, previous citations of D.

flavitarsis, taken from literature.

The Madeira archipelago is situated roughly 500 km North from the Canary Islands,
600 km West from Africa and 1000 km from the Iberian Peninsula. It is composed by Porto
Santo island (and neighbouring islets), Madeira and Desertas. The Madeira archipelago is
currently in an intermediate stage of island ontogeny, with subaerial geologic ages spanning
from 14 to 11 million years (my) of Porto Santo to 5 to 7 my of Desertas and Madeira,

respectively (Geldmacher & Hoernle, 2000; Ramalho et al., 2015; Schwarz, Kligel, van den
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Bogaard, & Geldmacher, 2005). The Azores is the most isolated archipelago of the
Macaronesia. It lays roughly 1,600 km west from Europe and 1,000 km from Madeira. Its
westernmost island, Flores, is roughly located at the midpoint between Europe and the
Americas (Newfoundland). The Azores is also the youngest Macaronesian archipelago. Santa
Maria, the oldest island, has been dated approximately at 6 Mya (Ramalho et al., 2017). The
islands have been extensively depauperated of their native forests since humans settled in
the 15™ century. The laurel forest that once covered almost all islands and where most
endemic species are concentrated, currently only represents 3% of the total area of the

archipelago (Gaspar, Gaston, Borges, & Cardoso, 2011).

Dysdera Latreille, 1804 is a genus of nocturnal, ground-dwelling wandering hunter
spiders, which occurs throughout the Mediterranean region. It successfully colonized the
Macaronesian archipelagos and underwent remarkable local diversification in the Canary
Islands and Madeira. To date, 47 and 11 endemic species have been documented in the
Canary Islands and Madeira, respectively (Arnedo, Oromi, Murria, Macias-Hernandez, &
Ribera, 2007; Arnedo, Oromi, & Ribera, 2001; Bidegaray-Batista, Macias-Hernandez, Oromi,
& Arnedo, 2007; Crespo, Silva, Enguidanos, Cardoso, & Arnedo, 2020; Macias-Hernandez,
Bidegaray-Batista, Emerson, Oromi, & Arnedo, 2013; Macias-Hernandez, Bidegaray-Batista,
Oromi, & Arnedo, 2013; Macias-Hernandez, Oromi, & Arnedo, 2008, 2010). Single endemic
species have been reported in Cabo Verde, D. vermicularis Berland, 1936, and in the

Selvagens, D. aneris Macias-Hernandez & Arnedo, 2010.

Despite extensive sampling efforts, the only species of Dysdera known from the
Azorean forests is the synanthropic and most likely introduced D. crocata C. L. Koch, 1838.
Interestingly, the presence of an undescribed, endemic Dysdera species presumably extinct
was reported by Cardoso et al (Cardoso, Arnedo, Triantis, & Borges, 2010), based on a series
of 2 male and 1 female specimens from the island of Pico collected in the 1950’s, stored at

the Natural History Museum in London (NHMUK).

In recent collecting campaigns conducted in the context of a taxonomic revision of
Dysdera in the Madeira archipelago (Crespo et al., 2021), we found a new species in the spray
zone of coastal areas on Ilhéu de Cima (an islet of Porto Santo), with clear morphological
affinities to the Azorean specimens stored at BMNH. A new collection trip to the Azores

specifically aimed at search for the supposedly endemic species in similar habitats to those
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reported in Madeira, yielded some juvenile specimens in the Islands of Terceira and Pico, with

clear morphological similarities to both former species.

In the present study we use a multilocus target gene approach to confirm that the
littoral Azorean and Madeiran specimens are each other’s closest relatives. Additionally, we
formally describe the two new endemic species from Azores and Madeira, respectively, and
redescribe the Iberian species D. flavitarsis Simon, 1882, which is supported in our analyses
as their sister species. We further discuss the colonization pathways and evolutionary history
of this newly discovered Atlantic faunal connection under the light of a divergence time

estimation analysis.

Materials and methods

Field work

We collected Madeiran specimens in Ilhéu de Cima, a small islet (30 Ha, 120m high)
400 meters off the east coast of Porto Santo Island in 2017, by manually lifting stones and
retrieving specimens manually or with the aid of an entomological aspirator. We conducted
an expedition to Terceira and Pico islands, in the Azores archipelago, in 2018, where Dysdera
specimens were collected following the same protocol as mentioned above. Each specimen
was placed into a separate vial. We obtained specimens of D. flavitarsis from a former study
(Carvalho et al., 2020; Crespo et al., 2018; Doménech, Crespo, Enguidanos, & Arnedo, 2020;
Malumbres-Olarte et al., 2020).

Molecular lab procedures

We generated sequences of partial fragments of the mitochondrial cytochrome ¢
oxidase subunit | (COl), i.e. the animal DNA barcode (Hebert, Cywinska, Ball, & DeWaard,
2003), 16S rRNA, tRNA Leu (L1), NADH dehydrogenase subunit 1 (NAD1), the nuclear large
ribosomal subunit 28S rRNA (28S) and histone 3 (H3) for D. citauca sp. nov., D. flavitarsis and
D. sp. ‘SPJ’ (listed in Supplementary Materials A), and added these to the Dysderidae samples
published by Crespo et al. (C. et al., 2021). Outgroup taxa were grabbed from the Spider Tree
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of Life project (Wheeler et al., 2017). Methods for extraction, DNA amplification, sequencing

and sequence edition followed Crespo et al (C. et al., 2021).

Phylogenetic analyses

We combined the DNA sequences newly generated in the present study with the data
matrix available for Madeiran Dysdera in Crespo et al (C. et al., 2021). Additional outgroup
species within the superfamily Dysderoidea available in Genbank from former studies were
also included to provide fossil calibration points for divergence time estimation analysis (see

Supplementary Materials A).

The ribosomal genes were automatically aligned using the Geneious Prime® 2021.0.3

(https://www.geneious.com) plugin of the alignment program MAFFT v. 1.4.0 (Katoh,

Misawa, Kuma, & Miyata, 2002), using the G-INS-i algorithm with default options. Protein
coding genes were aligned using the Translation Align option in Geneious also with the MAFFT
alignment program and the G-INS-i algorithm, using the BLOSUM®62 scoring matrix. All genes
were concatenated in a super matrix for subsequent phylogenetic analyses with the help of

the program Sequence Matrix (Vaidya, Lohman, & Meier, 2011).

Parsimony analysis of the concatenated matrix was conducted with the program TNT
v1.5 (Goloboff & Catalano, 2016). For parsimony analyses gaps were recoded as
absence/presence characters using the simple coding method proposed by Simmons &
Ocheterena (Simmons & Ochoterena, 2000) implemented in the computer program SeqState
(Mdller, 2005). Following Soto et al. (S. et al., 2017), we use a combination of the ‘New
Technologies’ search strategies in TNT, namely sectorial searches, tree fusing, drift and
ratchet. Tree searches were driven to hit independently 10 times the optimal scoring,
followed by TBR branch swapping. Support values were estimated by jackknifing frequencies
derived from 1000 resampled matrices using 15 random addition sequences, retaining 20
trees per replication, followed by TBR, and TBR collapsing to calculate the consensus. The best
maximum likelihood tree was inferred with IQ-TREE v. 2.1.2 (Minh et al., 2020). We used
ModelFinder to first select the best-fit partitioning scheme and corresponding evolutionary
models (Kalyaanamoorthy, Minh, Wong, Von Haeseler, & Jermiin, 2017), and then to infer the

best tree and estimate clade support by means of 1000 replicates of standard non-parametric
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bootstrapping. For Bayesian analyses, the best partition scheme and evolutionary model was
first selected with help of the computer program Partition Finder v2.1.1 (Lanfear, Frandsen,
Wright, Senfeld, & Calcott, 2017). Bayesian inference was implemented with MrBayes v3.2.6
(Ronquist et al., 2012). The analysis was run for 10 million generations, sampling every 1000,
with eight simultaneous Markov Chain Monte Carlo (MCMC) chains, ‘heating temperature’ of
0.15, and a relative initial burn-in of 25%. Support values were calculated as posterior
probabilities. Convergence of the chains, correct mixing and the number of burn in
generations were monitored with Tracer v. 1.7 (Rambaut, Drummond, Xie, Baele, & Suchard,
2018). Model based analyses were run remotely at the CIPRES Science Gateway (Miller,
Pfeiffer, & Schwartz, 2010). The phylogenetic tree was edited using FIGTREE
(http://tree.bio.ed.ac.uk/software/figtree/).

Divergence time estimation

A timeframe for the diversification of focal taxa was inferred in a Bayesian framework
using non-correlated relaxed clocks as implemented in Beast 2.6.3 (Bouckaert et al., 2019).
We use a scheme partition by gene to reduce the parameter space, with the corresponding
unlinked evolutionary models as selected by PartitionFinder 2. We assigned the Birth-Death
model as tree prior and defined individual relaxed lognormal clocks for each gene partition.
We selected uniform distributions with a (0.0001 to 1.0) as prior for the ucld.mean
parameters. A monophyly constraint for relationships within Dysderoidea were defined
following results of a recent transcriptomic analysis of spiders (Kallal et al., 2020), such as
Segestriidae, Oonopidae, Orsolobiidae and Dysderidae form a clade, and Segestriidae was
sister to all other families. Absolute divergence time were inferred based on fossil calibration
points. We followed the interpretation of relevant fossil taxa provided by Magalhaes et al
(Magalhaes, Azevedo, Michalik, & Ramirez, 2020). The fossil Dasumiana emicans Wunderlich,
2004 from Baltic Amber, age estimated at a minimum of 43 my old was considered a crown
Harpacteinae, and thus provided a minimum age of 43 my to the crown group. Similarly,
Ariadna parva Wunderlich, 2008 and Vetsegestria quinquespinosa Wunderlich, 2004, also
from Baltic Amber, considered stem species of the two main subfamilies within Segestriidae,

provided a minimum age of 43 my to the crown age of the family. Several fossil species from
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Mesozoic amber inclusions have been assigned to the oonopid subfamily Orchestininae (see
Dunlop, JA, Penney, D & Jekel, 2018), suggesting that the family had already diversified by the
Cretaceous (minimum age of 98.17 my). Since Orchestininae is presumably the sister lineage
to the remaining Oonopidae, but was not included in the present study, we played safe and
assigned these fossils to the stem Oonopidae. We incorporated fossil calibration information
as lognormal distributed priors on specific target nodes. Values for Harpacteinae and
Segestriidae crowns were as follows: mean in real space=15, standard deviation=0.75,
offset=43.0 (Median 54.3, 97.5% HPD=45.6-92.2), and for Oonopidae stem: mean in real
space=15, standard deviation=0.75, offset=98.17 (Median 109, 97.5% HPD=101-147). We
included three additional biogeographic calibration points. The divergence time between the
two Parachtes Alicata, 1964 has been shown to correspond to a vicariant event as a result of
the Hercynian belt opening, which has been dated at 33—25 Myr (Bidegaray-Batista & Arnedo,
2011). Consequently, we constrained a normal prior distribution on the corresponding node
with mean 29 Myr and standard deviation 2.5 (Median 29, 97.5% HPD=24.1-33.9). The oldest
age of the Western Canary Island and the Eastern Canary Islands, respectively, provided
maximum ages for the diversification of the endemic species on each island group as they
were found to form well supported exclusive clades (see results). Therefore, we defined a
uniformly distributed prior to the crown of the Western Canary Islands and the Eastern Canary
Island clades, ranging from 1 my to 15 or 22 my, based on the oldest evidence for emerged
land in the Western and Eastern island groups, respectively (Fernandez-Palacios et al., 2011).
Finally, we constrained the root of the complete tree by assigning a uniform prior ranging
from 125 to 270 my, based on recent estimates of the timeline of spider evolution (Kallal et
al., 2020; Magalhaes et al., 2020). We ran three independent runs of 100,000,000 generations
each, saving parameters and trees every 10,000 generations, remotely on CIPRES Science
Gateway. Convergence and correct mixing were assessed with Tracer, results for each chain
combined after burn in of 10% of the generations with LogCombiner and the maximum clade

credibility tree estimated with TreeAnnotator using median heights for the nodes.

Morphological study

We carried morphological observations through a stereomicroscope Leica MZ 16A

equipped with a digital camera Leica DFC450. We took individual raw photos with the help
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of the software Leica Application Suite v4.4 and mounted with the software Helicon Focus
(Helicon Soft, Ltd.). Further editions were done with Paint Shop Pro v21 (Corel Corporation).
We removed Female vulva from specimens with the aid of hypodermic needles and forceps.
To clear the membranous tissues surrounding the sclerites of genitalia, we manually removed
muscular and membranous tissue with forceps and a needle, then also immersed the
structure in KOH 30% for 15 to 30 minutes, after which we cleaned the remaining patches of
tissue. SEM images of the male copulatory bulb were obtained with a Q-200 (FEI Co.) scanning
electron microscope (SEM). For the SEM images, each male palp was excised at the joint
between tarsus and tibia. Samples were sonicated for roughly 30 seconds with ultrasonic bath
Nahita ZCC0O01, dehydrated through immersion in increasing dilutions of ethanol, transferred

to absolute ethanol and carbon or gold sputter coated.

We took measurements using an ocular micrometre in the stereoscope. We measured
length of the cheliceral furrow from the base of the distal condyle to the tip of cheliceral basal
lamina. All measurements are in millimetres (mm). We followed Arnedo, Oromi, & Ribera,
1996 for scoring leg chaetotaxy, and Arnedo, Oromi, & Ribera, 2000 for establishing genital
homologies and nomenclature. We added an additional character, the prolateral lateral sheet

(pL), @ membranous fin-like outgrowth, bordering the tip of the IS (Fig. 9C).

Abbreviations

AME - anterior median eyes
PLE - posterior lateral eyes
PME - posterior median eyes
B - basal tooth

M - median tooth

D - distal tooth

T - tegulum

ES - external sclerite
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IS - internal sclerite

pL - prolateral lateral sheet

el - external margin of lateral sheet
L - lateral sheet

P - posterior apophysis of tegulum
AD - anterior diverticle

PD - posterior diverticle

DA - dorsal anterior diverticle

VA - ventral anterior diverticle

S - spermathecae

TB - transversal bar

Collections

NHMUK - British Museum of Natural History, London, UK

CRBA - Centre de Recursos de Biodiversitat Animal, University of Barcelona, Barcelona
FMNH - Finnish Museum of Natural History, Helsinki

MZB - Museu de Ciencies Naturals de Barcelona, Barcelona

MMF - Museu Municipal do Funchal, Funchal

RESULTS

Phylogenetic analyses

The concatenated matrix included 107 terminals and 2,913 characters corresponding to 676

bp of the COI, 414 bp of the nad1, 658 aligned positions of the 165+L1, 328 bp of the H3, 837
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bp of the 28S. Parsimony analyses of the concatenated matrix with gaps coded and
absence/presence characters yielded 8 trees of 15,105 steps. Results of the parsimony and
model-based analyses are summarized in Fig. 2. The Iberian Dysdera flavitarsis, the Azorean
Dysdera sp. ‘SPJ’ and the Madeiran D. citauca sp. nov. formed a well-supported clade and the
island species were supported as sister taxa. The species D. citauca sp. nov. was never inferred

as closely related to the remaining Madeiran endemics, which form a well-supported clade.
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Figure 2. Bayesian majority rule consensus tree based on the multigene concatenate
alignment. Nodes are split in three sections, respectively representing each method (see
diagram on left): top left: Bl; top right: ML; bottom: MP. Black indicates a supported node
(Bayesian PP > 0.95, ML ultrafast Bootstrap = 95% or MP Jackknife = 75%), grey an
unsupported node (Bayesian PP < 0.95, ML ultrafast Bootstrap < 95% or MP Jackknife <
75%) and white an unrecovered node (only ML and MP). Coloured boxes signal the main
groups of treated species in the genus Dysdera. Dashed boxes indicate major taxonomic

divisions within Dysderidae.

Results of the time estimation analyses are illustrated in Fig. 3 (non Dysdera
outgroups were removed, full tree available in Supplementary Materials B). The Azores and
Madeira sister species split form their Iberian closest relative, D. flavitarsis, in the early to
middle Miocene (18.5 my, 95% HPD 13.9-23.3), and the insular species diverged from one
another during in the late Miocene (8.1 my, 4.9-12). Our analysis also provided the first time
estimates for the origin and diversification of the Madeiran-clade (Crespo et al. 2021), which
diverged from its mainland relatives during the Oligocene (31.2 my, 28.4-36.2) and extant
species started diversifying in the early Miocene (18.7 my, 15.5-22.2). In this clade, endemic
species from Porto Santo (D. dissimilis Crespo & Arnedo, 2021, D. isambertoi Crespo &
Cardoso, 2021, D. portisancti Wunderlich, 1995 and D. precaria Crespo, 2021) are among the
earliest to have diverged from their most recent common ancestor up to the mid-Miocene.
From here on, the remaining diversification events occurred in species from Madeira and
Desertas, with most species diverging in the Pliocene. Overall, for the Madeiran clade
divergence time estimated slightly predated the age of the subaerial stages of the islands

reported in the literature.
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Figure 3. Maximum clade credibility tree retrieved with time estimation analysis in a
Bayesian framework using BEAST. Black indicates a supported node (Bayesian PP 2
0.95), grey an unsupported node (Bayesian PP < 0.95). Colored boxes signal the main
groups of treated species in the genus Dysdera. Dashed lines indicate the emergence
of Porto Santo (PS) and Santa Maria (SM) islands. Geological eras are shown below

(abbreviations: Pli — Pliocene, Q — Quaternary).

Taxonomy
FAMILY DYSDERIDAE C.L. KOCH, 1837
GENUS DYSDERA LATREILLE, 1804
Dysdera cetophonorum Crespo & Arnedo, sp. nov.
urn:lsid:zoobank.org:act:C67C9924-F941-4BEO-A1A7-117CEE79FFF8
(Figs 4-6)
HOLOTYPE: 1 @, stored at NHMUK, collection number 010305619.

PARATYPES: Pico: 1 @¢f and 1 2 (collection number the same as holotype, female with

extracted vulva).
TYPE LOCALITY: (undetermined location), Pico, 300-1000 m, Azores Archipelago, Portugal.

ETYMOLOGY: The specific epithet, is a latinized genitive plural from the Greek ‘keto-phonos’,
which means ‘killing sea monsters’, refers to the historical relevance of whaling for both the
cultural identity and the economy of the Azores, which lasted until 1987. Today the islands

are renowned as world-class spot for whale watching.

DIAGNOQOSIS: D. cetophonorum sp. nov. can be diagnosed from both its closely related species,
D. citauca sp. nov. and D. flavitarsis, and the sympatric D. crocata by presence of a well
projected P with a dorsal toothed ridge in the male palp (Figs 4A, 6A), the more developed
anteroventral sclerotization of the female vulva VA (Fig. 4D), and its cheliceral dentition,

presenting 4 teeth instead of 2 or 3 in the other species (Fig. 4C).

DESCRIPTION:
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MALE HOLOTYPE (Figs 4A—C, 5-6):

CARAPACE: length 4.35; maximum width 3.56; minimum width 2.48. Brownish orange,
foveate at borders, smooth, inclined (Fig. 5). Frontal border roughly rounded, 4.95 wide;
anterior lateral borders slightly convergent; lateral borders divergent, rounded after

maximum width point while converging to back margin; back margin bilobed, wide.

EYES: AME 0.24, oval; PLE 0.24, oval; PME 0.22, oval; AME separated from anterior border by
less than their diameter; AME separated by one another by roughly their diameter; AME
touching PLE; PME separated by PLE by roughly a third of PME diameter; PME touching.

LABIUM: trapezoid, with base wider than distal part, longer than wide at base; distal part

concave.
STERNUM: orange, smooth, with setae.

CHELICERAE (Fig. 4C): 2.35 long, about one third of carapace length in dorsal view, dorsally
and prolaterally with sparse sclerotized piliferous granulations; fang 1.9. Cheliceral furrow
approximately 45% of the length of basal segment, armed with 4 teeth and basal lamina, D >
B = M1 = M2; all teeth triangular, B close to lamina, M1 closer to B than M2, M2 situated

roughly in the midpoint of D situated in the distal half of cheliceral furrow.

LEGS: orange, the first pair darker. Lengths: Leg |: 12.24 (3.64, 2.19, 2.88, 2.81, 0.72); Leg Il
11.54 (3.34, 2.09, 2.69, 2.69, 0.74); Leg 1119.09 (2.73, 1.55, 1.72, 2.35,0.74); Leg IV 11.81 (3.48,
1.92, 2.52, 3.11, 0.78); relative length: 1 >4 > 2 > 3; palp 5.35 (2.13, 1.16, 1, 1.06, 5.35). Legs
covered with hairs, especially so in tibiae, metatarsi and tarsi. Metatarsi lll and IV with dense

tuft of hairs in distal ventral section. Eight to nine teeth in each claw.
SPINATION: ti3d proximal 1.0.0.

ABDOMEN: 6 long, cream colored, cylindrical; abdominal dorsal hairs very short, 0.01, apically

blunt.

MALE GENITALIA (Figs 4A-B, 6): T shorter than DD, external border sloped backwards. DD
bent anteriorly in lateral view, more or less 30°. IS shorter and thicker than ES. ES poorly
developed. C present, short. pL present. LF absent. AR absent. L present, without sclerotized

external margin. LA absent. F absent. AL absent. P unfused to T, rotated posteriorly, lateral
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length roughly half of the width of T in retrolateral view. Ridge present, perpendicular to T,

showing 4 teeth, not projected.

FEMALE PARATYPE (CRBALCO045) (Figs 4D—F):

All characters as in male except:

CARAPACE: length 5; maximum width 4.08; minimum width 2.65.
EYES: AME 0.27; PLE, 0.25; PME, 0.24.

CHELICERAE: 2.72; fang 2.04.

LEGS: Leg |: 13.45 (4, 2.44, 3.24, 3.03, 0.74); Leg 11: 12.67 (3.72, 2.25, 2.97, 2.97, 0.76); Leg lIl:
10.17 (2.91, 1.74, 2, 2.72, 0.8); Leg IV: 13.59 (3.88, 2.19, 3, 3.6, 0.92); ; relative length: 4 > 1
>2>3;palp5.73(2.24, 1.19, 0.98, 1.32).

SPINATION: legl, leg 2 spineless; fe3, pa3 spineless; ti3d proximal 1.0.0, distal 1.0.0; ti3v

spineless; leg4 spineless.

ABDOMEN: 8.1 long; abdominal dorsal hairs short, 0.03—0.06 in length, slender, uniformly
distributed.

FEMALE GENITALIA (Figs 4D—F): PD oval. DA in close contact to VA. DA more than twice as
wide as long, anteriorly with a small hump. DF wide in dorsal view. MF hard to discern,
apparently small. VA roughly twice as wide as long, membranous except in its sclerotized
anterolateral section, shaped as a quadrangle with rounded corners. Insertion of S projected
onto VA through a sclerotized neck, S roughly oval in ventral view, with arms of moderate

length and tips short, dorsally with irregularly shaped tubercles.

INTRASPECIFIC VARIATION: Male carapace varies from 4.35 to 5.72 in length, from 3.56 to
4.25 in width. Cheliceral length from 2.43 to 2.81 in males.

DISTRIBUTION AND ECOLOGY: This species is known from an undetermined locality

comprised between 300 and 900 m of elevation, in the island of Pico, in the Azores (Fig. 1C).

CONSERVATION: The species was mentioned as presumably extinct in Cardoso et al. (Cardoso

et al., 2010). In spite of intense biological surveys conducted in the Azorean forests in the last
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70 years, following the collection of the specimens here described, no more specimens were

found.

AB— C— DE— F—

Figure 4. D. cetophonorum Crespo & Arnedo, sp. nov. A—C, holotype male; A, left palp,

retrolateral; B, left palp, anterior; C, left chelicera, ventral; D — F, female paratype

103



(NHMUK 010305619); D, vulva, ventral; E, vulva, dorsal; F, vulva, lateral. Scale bars =

0.1 mm.

Figure 5. A — B, D. cetophonorum Crespo & Arnedo, sp. nov., holotype male (NHMUK

010305619): A, prosoma, dorsal; B, prosoma, lateral. Scale bars = 1 mm.
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Figure 6. A— D, SEM mirrored images of distal left palp of D. cetophonorum Crespo
& Arnedo, sp. nov., paratype male (NHMUK 010305619): A, retrolateral detail of
the P, showing the toothed ridge; B, prolateral; C, anterior; D, retrolateral. Scale

bars=0.1 mm.

Dysdera citauca Crespo & Arnedo, sp. nov.
urn:lsid:zoobank.org:act:2CC697A6-F09D-49AD-8BCE-A5D5CA128264
(Figs 7-10)
HOLOTYPE: 1 G, MZB, collection number 2020-0755.

PARATYPES: Ilhéu de Cima (Porto Santo): erosion cave at NE side of islet, 1 & (MMF 48021)
and 3 2 ® (CRBALC0053, MZB 2020-0757, CRBALC0056), 19.IV.2017, direct hand sampling,
leg. L. Crespo & . Silva, 2 @ © (CRBA002543, MMF 48022), 17.X.2011, direct hand sampling,

leg. 1. Silva; pebble beach at NE side of islet, 1 @&# (FMNH KN.20930), 2 &  (MZB 2020-0756,
FMNH KN.20931), 19.1V.2017, direct hand sampling, leg. L. Crespo & I. Silva.

ADDITIONAL MATERIAL: IIhéu de Cima (Porto Santo): erosion cave at NE side of islet, 1
juvenile (CRBALC0054), 19.IV.2017, direct hand sampling, leg. L. Crespo & I. Silva, 1
(CRBA002545), 17.X.2011, direct hand sampling, leg. I. Silva; pebble beach at NE side of islet,
1 juvenile (CRBALC0052), 19.1V.2017, direct hand sampling, leg. L. Crespo & I. Silva.

TYPE LOCALITY: N33.05698° W16.2865°, erosion cave at NE side of islet, Ilhéu de Cima (Porto
Santo), Madeira Archipelago, Portugal, coll. 19.1V.2017, direct hand sampling, leg. L. Crespo
& I. Silva,

ETYMOLOGY: The species name in apposition refers to the fictional sea creature race that
marauded at night the shores of a forsaken rocky island, portrayed in the novel Cold Skin by

Catalan writer Albert Sanchez Pifol.

DIAGNOSIS: D. citauca sp. nov. can be diagnosed from its closely related species, D.
cetophonorum sp. nov. and D. flavitarsis, by the presence of a P in close apposition to the
base of the T (Fig. 7A) in the male palp, the combination of a reduced anteroventral

sclerotization and a large length of the female vulva VA (Fig. 7D), and from D. cetophonorum
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sp. nov. by its cheliceral dentition, presenting 3 teeth instead of 4 (Fig. 7C). Additionally, it can
be diagnosed from other Madeira archipelago congeners by its flattened carapace and robust

chelicerae (Fig. 8).
DESCRIPTION:
MALE HOLOTYPE (Figs 7A—C, 8-9):

CARAPACE: length 4.3; maximum width 3.38; minimum width 2.3. Brown, foveate at borders,
smooth, with a posterior central depression, in lateral view flattened (Fig. 8). Frontal border
roughly rounded, 2.4 wide; anterior lateral borders convergent; lateral borders divergent,
rounded after maximum width point while converging to back margin; back margin slightly

raised, wide.

EYES: AME 0.24, oval; PLE 0.2, oval; PME 0.18, oval; AME separated from anterior border by
less than half their diameter; AME separated by one another by roughly their diameter; AME

touching PLE; PME separated by PLE by roughly a third of PME diameter; PME touching.

LABIUM: trapezoid, with base wider than distal part, longer than wide at base; distal part

concave.
STERNUM: orange, wrinkled.

CHELICERAE (Fig. 7C): 2.35 long, about two fifths of carapace length in dorsal view, robust
(see lateral view), dorsally and prolaterally with sclerotized piliferous granulations; fang 1.77.
Cheliceral furrow approx. 45% of the length of basal segment, armed with 3 teeth and basal
lamina, D > B = M; all teeth triangular, B close to lamina, M closer to B than D, D situated in

the distal half of cheliceral furrow.

LEGS: Posterior legs yellow, anterior legs orange, the first pair darker. Lengths: Leg I: 14.16
(3.88, 2.38, 3.6, 3.46, 0.84); Leg Il: 13.1 (3.56, 2.24, 3.24, 3.24, 0.82); Leg 111: 9.94 (2.81, 1.68,
2.04, 2.59, 0.82); Leg IV: 12.98 (3.64, 2.06, 3, 3.3, 0.98, 12.98); relative length: 1 >2 >4 > 3;
palp 5.38 (2.18, 1.16, 1, 1.04). Legs covered with hairs, especially so in tibiae, metatarsi and
tarsi. Metatarsi lll and IV with dense tuft of hairs in distal ventral section. Six to seven teeth

in each claw.

SPINATION: all legs spineless.
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ABDOMEN: 5.19 long, cream coloured, cylindrical; abdominal dorsal hairs very short, 0.01—
0.03, apically blunt, smaller hairs concentrated above cardiac region. MALE GENITALIA (Figs
7A-B, 9): T shorter than DD, external border sloped backwards. DD bent anteriorly in lateral
view, more or less 30°. IS shorter and thicker than ES. ES basally poorly developed, apically
well developed. C present, short. pL present. LF present. AR absent. L present, without
sclerotized external margin. LA absent. F absent. AL absent. P unfused to T, rotated
posteriorly, lateral length roughly half of the width of T in retrolateral view. Ridge present,

perpendicular to T, showing 4 to 5 teeth, not projected.

FEMALE PARATYPE (MZB 2020-0756) (Figs 7D—F):

All characters as in male except:

CARAPACE: length 4.25; maximum width 3.52; minimum width 2.4.
EYES: AME 0.22.

CHELICERAE: 2.35; fang 1.73.

LEGS: Leg I: 14.48 (3.96, 2.5, 3.64, 3.54, 0.84); Leg II: 13.18 (3.68, 2.3, 3.2, 3.24, 0.76); Leg Ill:
10.53 (3.03, 1.8, 2.13, 2.73, 0.84); Leg IV: 13.89 (3.84, 2.19, 3.4, 3.5, 0.96); relative length: 1 >
4>2>3;palp: 5.7 (2.21, 1.17, 1.02, 1.3).

SPINATION: all legs spineless.

ABDOMEN: 7.72 long; a small patch of longer abdominal dorsal hairs with tapered tips can be
found anterodorsally, 0.08—0.18 in length.

FEMALE GENITALIA (Figs 7D—F): PD oval. DA clearly separated from VA. DA roughly twice as
wide as long, anteriorly with a small hump. DF wide in dorsal view. MF elongated posteriorly.
VA roughly twice as wide as long, membranous except in its sclerotized anterolateral section,
shaped as a quadrangle with rounded corners. Insertion of S projected onto VA through a
membranous neck, with several sclerotized interior plaques, S trapezoidal in ventral view,

with arms of moderate length and tips extended dorsolaterally.

INTRASPECIFIC VARIATION: Male carapace varies from 4.25 to 4.75 in length, from 3.34 to
3.64 in width, female from 3.8 to 4.65 in length and 2.89 to 3.64 in width. Cheliceral length

from 2.35to 2.72 in males, 1.86 to 2.48 in females.
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DISTRIBUTION AND ECOLOGY: This species is known solely from the NE rocky shore of Ilhéu
de Cima, an islet of Porto Santo (Fig. 1D). Interestingly, the species was collected in the spray
zone. This is an infrequent habitat for Dysdera, but the presence in the intertidal and spray
zone has also been reported in the Canarian endemics D. curvisetae Wunderlich, 1987 and D.

mahan Macias-Hernandez & Arnedo, 2010 (Macias-Hernandez et al. 2016).

CONSERVATION: Extremely limited distribution probably diminishing due to the invasive D.

crocata that occupies most of the island.
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AB— C— DE— F—
Figure 7. D. citauca Crespo & Arnedo, sp. nov. A — C, holotype male; A, left palp,
retrolateral; B, left palp, anterior; C, left chelicera, ventral; D — F, female paratype (MZB

2020-0756); D, vulva, ventral; E, vulva, dorsal; F, vulva, lateral. Scale bars = 0.1 mm.
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Figure 8. A — B, D. citauca Crespo & Arnedo, sp. nov., holotype male: A, prosoma,

dorsal; B, prosoma, lateral. Scale bars =1 mm.

Figure 9. A — D, SEM images of distal right palp of D. citauca Crespo & Arnedo, sp.
nov., paratype male (FMNH KN.20930): A, apical detail; B, prolateral; C, anterior; D,

retrolateral. Scale bars = 0.1 mm.
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Figure 10. A, D. citauca Crespo & Arnedo, sp. nov., paratype female (FMNH

KN.20931). Photo credits: by courtesy of Emidio Machado.

Dysdera flavitarsis Simon, 1882
(Figs 11-13)

HOLOTYPE: 1 @#, stored at MNHNP, collection number, 1167 jar 542 (according to Ferrandez,

unpublished information). Not examined.

ADDITIONAL MATERIAL: Portugal: Mata de Albergaria, Terras de Bouro, 1 @, 4-11.VI.2005,
pitfall trapping, 1 ¢# and 2 @ & (ZMUC), 15.VI.2005, direct hand sampling, leg. P. Cardoso et
al.; Ponte de S3o Miguel, Terras de Bouro, 1 @# (CRBA), 7.V.2008, direct hand sampling, leg.
G. Giribet; Spain: Joyoguelas, Leon, 8 @& @¢f and 2 2 (CRBA), 7-22.VI1.2013, pitfall trapping,
leg. M. Arnedo et al.; Las Arroyas, Leon, 2 @@ and 3 2 (CRBA), 8-23.VI.2013, pitfall

trapping, leg. M. Arnedo et al.
TYPE LOCALITY: Pajares, Oviedo, Asturias, Spain, (no collection date).

DIAGNOSIS: D. flavitarsis can be diagnosed from its closely related species D. cetophonorum
sp. nov. and D. citauca sp. nov., as well as its sympatric Iberian congeners by presenting a P

with large blades in the male palp (Fig. 11A), the combination of a reduced anteroventral
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sclerotization and a reduced length of the VA in the female vulva (Fig. 11D), and its cheliceral

dentition, presenting 2 teeth instead of 3 or 4 in the other species (Fig. 11C).
REDESCRIPTION:
MALE (CRBA2131) (Figs 11A-B, 12—13):

CARAPACE: length 2.63; maximum width 2.14; minimum width 1.36. Brown, foveate at
borders, rugose, inclined (Fig. 12). Frontal border roughly rounded, 1.38 wide; anterior lateral
borders slightly convergent; lateral borders divergent, rounded after maximum width point

while converging to back margin; back margin slightly raised, narrow.

EYES: AME 0.16, oval; PLE 0.15, oval; PME 0.13, rounded; AME separated from anterior border
by less than their diameter; AME separated by one another by less than their diameter; AME
touching PLE; PME almost touching PLE; PME touching.

LABIUM: trapezoid, with base wider than distal part, longer than wide at base; distal part

concave.
STERNUM: orange, smooth.

CHELICERAE (Fig. 11C): 1.3 long, about one third of carapace length in dorsal view, concave-
shaped in lateral view, without sclerotized piliferous granulations; fang 1.09 long. Cheliceral
furrow approx. 48% of the length of basal segment, armed with 2 teeth and basal lamina, B =

M; all teeth triangular, B close to lamina, M close to B.

LEGS: yellow, except anterior femora and til, orange. Lengths: Leg|: 7.3 (2.13, 1.3, 1.67, 1.62,
0.58); Leg 1l: 6.86 (2.13, 1.3, 1.67, 1.62, 0.58); Leg Ill: 5.18 (1.6, 0.9, 0.96, 1.26, 0.46); Leg IV:
7.07 (2.08, 1.1, 1.5, 1.86, 0.53); relative length: 1 >4 > 2 > 3; palp 3.44 (1.3, 0.72, 0.68, 0.74).
Legs covered with hairs, especially so in tibiae, metatarsi and tarsi. All metatarsi with tuft of

hairs in distal ventral section, posterior tufts dense. Five to eleven teeth in each claw.
SPINATION: ti3d proximal 1.0.0, distal 1.0.0; ti4d proximal 1.0.0.

ABDOMEN: 3.08 long, cream colored with gray spots, cylindrical; abdominal dorsal hairs short,

0.04-0.06, tapered, uniformly distributed.

MALE GENITALIA (Figs 11A-B, 13): T shorter than DD, external border sloped backwards. DD

bent anteriorly in lateral view, more or less 30°. IS longer and thicker than ES. ES basally not
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sclerotized. C present, its base separated from medial part of IS by a small fissure. LF present,
with tip ending in small apophysis. AR absent. L present, with sclerotized elL. P unfused to T,
rotated posteriorly, lateral length roughly half of the width of T in retrolateral view. Ridge

present, perpendicular to T, showing 3 juxtaposed sclerotized sulci, projected dorsally.
FEMALE (CRBALC0045) (Figs 11D—F):

All characters as in male except:

CARAPACE: length 3.28; maximum width 2.66; minimum width 1.69. Dark brown.
EYES: AME 0.22.

CHELICERAE: 1.52; fang 1.36.

LEGS: Leg I: 7.94 (2.34, 1.48, 1.78, 1.74, 0.6); Leg II: 7.44 (2.34, 1.48, 1.78, 1.74, 0.6); Leg Ill:
5.85 (1.76, 1.02, 1.08, 1.48, 0.51); Leg IV: 7.98 (2.33, 1.3, 1.68, 2.05, 0.62); relative length: 4 >
1>2>3; palp 3.55 (1.37, 0.7, 0.62, 0.86, 3.55).

ABDOMEN: 4.13 long.

FEMALE GENITALIA (Figs 13D—F): PD oval. DA clearly separated from VA. DA three times as
wide as long, anteriorly domed. DF wide in dorsal view. MF short. VA roughly twice as wide
as long, membranous except in its sclerotized anterolateral section, wide, rounded. Insertion
of S projected onto VA through a short, lightly sclerotized neck, S trapezoidal in ventral view,

with arms of moderate length and tips extended laterally, dorsal SD present, bilobed.

INTRASPECIFIC VARIATION: Male carapace varies from 2.63 to 3.02 in length, from 2.14 to
2.49 in width, female from 2.97 to 3.52 in length and 2.4 to 2.97 in width. Cheliceral length
from 1.2 to 1.38 in males, 1.32 to 1.7 in females. Spination variability: ti3d proximal 1.0.0,
medial-proximal 0-1.0.0, distal 1.0.0; ti4d proximal 0-2.0-1.0, distal 0-1.0.0; ti4v proximal
0.0-1.0.

REMARKS: Part of the additional materials collected in Spain cited above correspond to those
of an unidentified Dysdera cited as ‘Dysdera sp08’ in Crespo et al., 2018 (C. et al., 2018).
Although we did not see Simon’s holotype, we identified our materials based on the

unpublished redescription of Ferrandez, who had seen the holotype.

113



DISTRIBUTION AND ECOLOGY: This species is known from the NW of the Iberian Peninsula
(Fig. 1A). Recent projects have found it in oak woodlands (Quercus spp.) (Cardoso et al., 2008;

Crespo et al., 2018).
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(previous page) Figure 11. D. flavitarsis Simon, 1882. A — C, male (CRBA2131); A, left
palp, retrolateral; B, left palp, anterior; C, left chelicera, ventral; D — F, female

(CRBALCO0045); D, vulva, ventral; E, vulva, dorsal; F, vulva, lateral. Scale bars = 0.1 mm.

Figure 12. A— B, D. flavitarsis Simon, 1882, male (CRBA2131): A, prosoma, dorsal; B,

prosoma, lateral. Scale bars =1 mm.
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(previous page) Figure 13. A — D, SEM images of distal right palp of D. flavitarsis
Simon, 1882, male (CRBA2131): A, apical detail; B, prolateral; C, anteroventral; D,

retrolateral. Scale bars = 0.1 mm.
Dysdera sp. ‘SPJ’
(Fig 14)

MATERIAL EXAMINED: Portugal: Azores archipelago: Pico Island: Praia do Caminho de Cima,
Madalena do Pico, 7 juveniles (CRBALCO721, CRBALC0722, CRBALC0723, CRBALCO0724,
CRBALC0725, CRBALC0728, CRBALC0729), 30.VII.2018, 2 juveniles (CRBALCO0726,
CRBALCO0727), direct hand sampling, leg. L. Crespo & S. Videira; Terceira Island: Sdo Mateus
da Calheta, Angra do Heroismo, 1 juvenile (CRBALC0598), 26.VI.2018, 1 juvenile
(CRBALCO0720), direct hand sampling, leg. L. Crespo.

REMARKS: These specimens closely resemble D. cetophonorum sp. nov. by their overall
appearance, the unique presence of four cheliceral teeth (instead of the canonical three teeth
in Dysdera) and the extremely reduced leg chaetotaxy (only 1 small tibial spine presentin leg
[l1). However, the prosoma of D. sp. ‘SPJ’ is seemingly longer and more flattened than that of
D. cetophonorum sp. nov., and the chelicerae of the latter species are more robust and
projected than that of the former (Figs. 5, 14). Despite these differences, the lack of adult
material prevented us from describing the littoral specimens as a new species. Future surveys
in this underexplored habitat in the Azores will provide information the necessary information

on the genital traits to determine if the littoral specimens belong to a different species.

DISTRIBUTION AND ECOLOGY: Like Madeiran D. citauca sp. nov., specimens tentatively
referred as Dysdera sp. ‘SPJ’ were found on the spray zones of rocky beaches in both Pico and
Terceira Islands. After removing the initial layer of rocks exposed to the sun, we found the
typical silken cocoons of Dysdera attached to fragments of dried algae near the humid ground.

One subadult male specimen was found in a much more densely woven cocoon.

CONSERVATION: Extremely limited distribution probably diminishing due to the invasive D.
crocata that occupies most of both islands, which was found by the authors in the same areas

where Dysdera sp. ‘SPJ)’ was collected.
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Figure 14. A— B, D. sp. ‘SPJ’ (CRBALC0720): A, prosoma, dorsal; B, prosoma, lateral.

Scale bars =1 mm.

Discussion

Here we report for the first time a direct evolutionary connection between the spider
fauna of the Azores and Madeira and confirm the presence of endemic species of Dysdera in

the former archipelago.

Long distance dispersal

The presence of native Dysdera species in the Azores further corroborate the ability
of the genus to disperse by way of a sea crossing, already evident by the presence of endemic
species in all the remaining Macaronesian archipelagos, as well as in all the main
Mediterranean islands. Unlike many other spiders, Dysdera has rarely been observed to
conduct ballooning, a form or airborne dispersal using silk. For example, Blandenier
(Blandenier, 2009) reported 1 immature specimen of Dysderidae among 15,000 spiders
collectin 10-year survey of ballooning spiders in Switzerland. Alternatively, island colonization

by Dysdera has been suggested to be most likely mediated by rafting on plant and soil debris
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(Arnedo et al., 2001). Similarly, oceanic drifting was invoked to explain the Gondwanan
distribution of Amaurobioides (Anyphaenidae) ghost spiders, which would have been
favoured by the coastal habitat and the ability for immersion of these spiders, and the
presence of the Antarctic Circumpolar Current and the West Wind Drift (Ceccarelli et al.,
2016). Interestingly, the new species here described inhabit the spray zone of their respective
islands. Moreover, experimental evidence suggest that Dysdera species can remain active
after 10 days if submerged while in their silk nests, which act as a physical gill and most likely
represent an adaptation to regular flooding of their soil habitats (Rovner, 1986). The
prevailing currents in the Azorean islands flow eastward and south-eastward, with little
changes through the year or even during glacial maxima (Freitas et al., 2019). While the main
North Atlantic circulation system further aided by the north-eastern trade winds most likely
facilitated the colonisation of Madeira from the continent, or even the Azores, they may have
represented an impediment for reaching the Azores. It has been estimated that at the current
velocity and direction of the slow and generally southward-flowing Portugal Current, the main
oceanic drift system between continental Portugal and the Azores, oceanic drift between
Europe and the archipelago would require at least 18 months, with little variation during past
glacial cycles (Esteves et al., 2015). Dispersal by birds, as suggested for fleshy fruited plants
(Esteves et al., 2015), could provide an alternative. Tenebrionid beetles, for example, have
been shown to endure consumption and regurgitation by sea gulls, and population genetic
analyses suggest that may have used this vector to disperse between islands (Nogales, Lopez,
& Emerson, 2019). However, this possibility seems highly improbable in the case of Dysdera.
Although spiders are an important component of bird’s diet, the main target groups include
web building and diurnal wandering spiders (Gunnarsson, 2007). In addition, spiders are less
protected than beetles to survive digestive enzymes. On the other hand, molecular studies
have revealed the possibility for recurrent counter current migration (Foighil et al., 2001).
Recent studies conducted in the Canaries, have also revealed the important role of massive
landslides in driving between island colonization (Garcia-Olivares et al., 2017), although

dispersal events were mostly limited to nearby islands.

Colonization pathways
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Our best supported trees are compatible with both the independent colonisation of
Azores and Madeira from the mainland, or with a steppingstone model, with either Azores or
Madeira acting as a source for the next archipelago. The divergence time estimates do not
offer any additional insight since they were mostly compatible with the time of emergence of

the islands.

The island species closely resemble each other both in morphology and habitat. Unlike
the concave chelicera observed in their continental relative, D. flavitarsis, which has been
suggested being related with dietary specialisation to feed on woodlouse, the island taxa bore
unmodified chelicera, which suggest a generalised diet. The sister clade to D. flavitarsis and
the island taxa, which includes D. inermis and D. fuscipes, also shows cheliceral modifications
for catching woodlice, but instead of concave, the chelicera are short, and stout and the fang
is flat and wide. These observations may hint at a derived state of the presumed generalist
diet of the island taxa, which, along with its preference for coastal habitats, instead of the
forest and woodlands preferred by their mainland relatives, would have facilitated overseas
dispersal. In this regard, it is interesting to note that Dysdera lata Reuss, 1834, and other
members of the lata group (Deeleman-Reinhold & Deeleman, 1988), which includes species
typically inhabiting littoral and low land habitats, show wide distribution ranges throughout
the Mediterranean coastal areas and islands, suggesting that this type of habitat would

facilitate dispersal.

Diversification patterns

Surprisingly, D. citauca sp. nov., found in a single secluded location, the splash zone of
an erosion cave in an islet 400 m off the east coast of Porto Santo, was not related to the
eleven endemic Dysdera species that inhabit higher elevations across the rest of the
archipelago (Crespo et al., 2021). Our time estimates suggest that the arrival of the ancestor
of D. citauca sp. nov. to Madeira post-dated the colonization of the highly diversified clade.
Consequently, the presence of congeneric endemics occupying the inland habitats may have
prevented the subsequent diversification of the littoral lineage. The situation is different for
the Azorean Dysdera endemics. The specimens inhabiting the spray zone were collected in

two different islands, eastern Pico and southern Terceira, about 230 km apart, while the new
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species here described was collected more than 70 years ago in an undetermined location
above 300m in Pico. Although we have tentatively rendered the coastal and forest specimens
as non-conspecific, they all clearly belong to the same evolutionary lineage. The only other
Dysdera species present in the archipelago is the synanthropic D. crocata, which has been
introduced all over the world by man from its native range in the western Mediterranean,

and probably reached the Azores not earlier that the first settlers in the 15 century.

The spider fauna of the Azores is highly depauperated, even compared with other
Macaronesian archipelagos, and many species are introduced. Approximately 132 spider
species have been reported in the Azores, only 30% of which are native and 19% endemic,
compared with 218 species, 71% native and 27% endemic, from the much smaller Madeira
(800 square km vs. 2,350 square km) (Borges & Cardoso, pers. comm.,) or the 526 from the
Canary Islands (7,490  square km), 62% of  which are endemic
(http//:www.biodiversidadcanarias.es\biota, visited on March 2", 2021). Several hypotheses
have been put forward to explain the low terrestrial species richness and level of endemism
of the Azores, namely their remoteness, relatively young age, or the prevalence of recent
unrecorded extinctions (both because of higher rate of natural disappearance and human
driven) (Cardoso et al., 2010). Additionally, comparative analyses in plants have revealed that
the stable climatic conditions in the Azores further reduced the opportunities for
diversification (Carine & Schaefer, 2010). However, molecular studies on Tarphius beetles
(Amorim et al., 2012) and Pseudoniphargus subterranean amphipods (Stokkan et al., 2018)
have uncovered the occurrence of incipient allopatric speciation mostly associated to inter-
island colonization events in absence of clear morphological divergences. The uncorrected
genetic distances in COIl between the coastal populations of the D. sp. ‘SPJ’ (3%) fell within
the average intraspecific divergence reported in Madeiran endemics (Crespo et al., 2021),
which in combination with the absence of clear morphological differences, although no adult
specimens were available for comparison, would suggest they are conspecific. However, the
estimated divergence between the Terceira and Pico populations (~1.5 my) is in the range
reported for different species of Tarphius bettles in the same islands. Unfortunately, no fresh
material for molecular analyses was available for D. cetophonorum sp. nov., which shows
differences both in habitat (mid to high elevation) and in morphology (see diagnosis). If D.

cetophonorum sp. nov. is confirmed extinct (Cardoso et al., 2010), the only chances to retrieve
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molecular information will be the use of high-throughput sequencing approaches effectively
streamlined for their use in ethanol preserved museum material (Derkarabetian, Benavides,
& Giribet, 2019). New collections in the largely unexplored coastal habitat in the Azores may
also uncover additional population of endemic Dysdera in other islands and locations and

provide adult material from additional morphological discrimination.

Conservation status

All the insular species here described seem to be both extremely restricted in range,
probably extinct in the case of D. cetophonorum sp. nov., and may be threatened by the
introduction on all islands of the currently widespread mainland species D. crocata. Being
asynanthropic species which has been introduced worldwide, D. crocata most probably is
outcompeting the endemic species from their native range, both in coastal areas of Ilhéu de
Cima, Terceira and Pico and the middle to high elevation forests of Pico. Given that the
invasive species is spread across each island we estimate one location sensu the International
Union for the Conservation of Nature (IUCN) for D. citauca, two for D. sp. ‘SPJ’ and none for
D. cetophonorum. This would result in IUCN assessments of Extinct for the later, Critically

Endangered for D. citauca sp. nov. and Endangered for D. sp. ‘SPJ’.

Conclusions

We add an important piece to complete the evolutionary jigsaw posed by the
colonization and diversification of Dysdera species in the Macaronesia. We confirm the
presence of endemic species in the Azores and report their presence in at least two islands,
Terceira and Pico. In addition, we discovered and describe a new endemic species in Madeira,
not related to the highly diversified lineage already documented in this archipelago. The new
species described are each other closest relatives, and we were able to trace their origins back
to the Iberian Peninsula, where their closest relatives currently dwell. The colonization
pathways remain inconclusive, but the uncommon spray zone habitat of the species probably
favoured their overseas dispersal, in some cases against prevailing wind and marine currents.

Unfortunately, their highly localized distribution and the ecological pressure exerted by
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introduced synanthropic species may have already brought the new species to the verge of

extinction.
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Abstract

Because of their ability for aerial dispersal using silk and preference for open habitats,
wolf spiders are formidable colonisers. Pioneering arachnologists were already aware of the
existence of large and colourful wolf spiders in the Madeira archipelago, currently included in
the genus Hogna Simon, 1885. We investigated the origins and examined species boundaries
of Madeiran Hogna by integrating target-gene and morphological information. A multi-locus
phylogenetic analyses of a thorough sampling across wolf-spider diversity, suggested a single
origin of Madeiran endemics, albeit with low support. Divergence time estimation traced back
their origin to the late Miocene, a time of major global cooling that drove the expansion of
grasslands and the associated fauna. Morphological examination of type and newly collected
material revealed a new species, hereby described as H. isambertoi sp. nov. Additionally, we
revalidated H. blackwalli sp. reval. and proposed three new synonymies, namely H. biscoitoi
Wunderlich, 1992, junior synonym of H. insularum Kulczynski, 1899, H. schmitzi Wunderlich,
1992, junior synonym of H. maderiana (Walckenaer, 1837) and Arctosa maderana Roewer,
1960 junior synonym of H. ferox (Lucas, 1838). Species delimitation analyses of mitochondrial
and nuclear markers, provided additional support for morphological delineations. The species
pair H. insularum and H. maderiana, however, constituted an exception. The lack of exclusive
haplotypes in the examined markers, along with the discovery of intermediate forms pointed
to hybridization between these two species, as reported in other congeneric species on
islands. Finally, we discuss the conservation status of the species and identify candidates for

immediate conservation efforts.

Keywords: Lycosinae, Macaronesia, morphological polymorphism, species delimitation,

island radiation, endangered species

Introduction

Wolf spiders (Lycosidae) are ground-dwelling cursorial hunters. They are among the
most abundant and ubiquitous spiders in open terrestrial habitats, such as grass- or

shrublands. It has been suggested that lycosids underwent major global diversification
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concomitantly with grassland expansion during the Miocene (Jocqué and Alderweireldt 2005;
Piacentini and Ramirez 2019). Wolf spiders are among the families that more frequently use
ballooning, a form of passive airborne transport mediated by silk (Bell et al. 2005). The ability
for long-distance dispersal combined with their preference for open and disturbed habitats,
makes them formidable colonisers of oceanic islands, including the world's most remote
island chain, the Hawaiian Archipelago (Suman 1964). The genus Hogna Sundevall, 1833
includes medium to large size spiders and a has a worldwide distribution. Despite of its size,
it has managed to colonize and diversify on many oceanic islands, including the Galdpagos
(Baert et al. 2008) in the Pacific Ocean or Saint Helena, in the South Atlantic (Tongiorgi 1977).
Similarly, the Madeira archipelago also harbours several endemic species of Hogna. Among
spiders, Hogna is second only to the genus Dysdera Latreille, 1804 in number of endemic
species present in the Madeira archipelago (Crespo et al. 2020), and some of its species rank

among the most emblematic organisms of the islands.

Madeira is situated in the North Atlantic Ocean, roughly 500km north of the Canary
Islands, 900km west from Morocco, and 1000km southwest from the Iberian Peninsula (Fig.
1). It is composed of a small number of islands and islets aligned in a southwestern direction
as a result of their sequential formation from a volcanic hotspot on the oceanic crust. Among
the larger islands, Porto Santo is a small and relatively flat island (maximum altitude 516m at
Pico do Facho), surrounded by several islets, in a later stage of the island ontogeny, its
subaerial stage dating back to 14 million years ago (my). The emergence of the two other
larger islands, Madeira and Deserta Grande, dates back to 7 and 5 my, respectively
(Geldmacher and Hoernle 2000; Ramalho et al. 2015; Schwarz et al. 2005). Although both
islands are in an intermediate stage of the island ontogeny, they show substantial differential
geomorphology. Madeira is larger with a rugged, steep orography, especially in its northern
side, reaching a maximum altitude of 1861m at Pico Ruivo. This stands at a sharp contrast
with the aspect of the Deserta Grande, which together with the islets of Ilhéu Chao and Bugio
constitute the Desertas islands, with a maximum altitude of only 479m (Rocha do Barbusano),
yet displaying a dramatic topographic relief, also observed in Bugio. The Madeira islands
exhibit a wide variety of habitats, ranging from the humid subtropical laurel forest of Madeira
to the Erica shrublands, high-elevation and coastal grasslands, or rocky scarps across all

islands and islets. Madeiran Hogna spiders occur throughout all the referred habitats, mostly
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on montane or coastal grasslands and rocky scarps, as it is common for the family, but also in

closed canopy laurel forest.

MACARONESIA
A
Azores
0 200 Km C o
Madeira
’ o
— S
MADEIRA ARCHIPELAGO ’
"¢ Canary Islands
Porto
B Santo
Madeira
Ilhéu Chdo e
N b G d ‘\ o &
t
A eserta Brande Cabo Verde
0 10Km k Bugio

Figure 1. Map of the Macaronesia and the Madeira archipelago (adapted from Borges et al.,

2008, with author’s permission).

Due to their large size, restricted distribution and striking appearance of some species,
either in size or distinctive leg coloration, local Hogna spiders were known to naturalists since
the early 19th century. The largest and colourful species were the first to be described,
namely H. maderiana (Walckenaer 1837) and H. ingens (Blackwall 1857). By the end of the
19th century, two smaller species, H. heeri (Thorell 1875) and H. insularum (Kulczynski 1899),
were added to the checklist. The report of new endemic Hogna species had to wait for almost
a century, until the description of H. biscoitoi Wunderlich, 1992, H. schmitzi Wunderlich, 1992

and H. nonannulata Wunderlich, 1995.

Although no other taxonomic work on Madeiran Hogna has been published for over
25 years, a number of taxonomic problems remained to be tackled, including nomenclatural

issues and the interpretation of intraspecific variability in the context of intermediate forms
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(Wunderlich 1992, 1995). In addition, recent studies suggest that species delimitation in wolf
spiders may be hampered by either the recent origin of some species (lvanov et al. 2021) or
introgression events among close relatives (De Busschere et al. 2015). On the other hand, the
genus Hogna is in much need of a though revision (Logunov 2020). It is ill-defined and has
traditionally served as a dumping ground for large lycosids of uncertain placement in the
Lycosinae. Description of the old species are usually unspecific and poorly illustrated and, in
some cases, the type material has been lost. The lack of a clear circumscription of the genus
poses a burden in terms of identifying the putative source of colonizers of the Madeiran

species.

Some of the Madeira Hogna species are also of conservation concern. The Desertas
giant wolf Spider, H. ingens, is listed as Critically Endangered on the IUCN Red List of
Threatened Species due to its narrow distribution range and the fact that the native
vegetation of the small valley it inhabits has been mostly displaced by an invasive grass
(Crespo et al. 2014c). Conservation efforts involving an ex-situ breeding program and

management control of the grasses are underway.

In the present study, we integrate morphological and natural history information with
molecular data to (1) test the monophyly of the Madeiran Hogna to resolve the number and
timeline of colonization events, (2) delimitate species boundaries and (3) conduct a taxonomic

revision of these iconic endemic species.

Methods

Field work

The material studied here was made available through collections from expeditions to
Madeira, Porto Santo and the Desertas in springs of 2017 and 2018. Additional specimens
were provided by occasional collecting from one of us (IS). Sampling was done in a wide
variety of habitats, especially in open areas surrounding native vegetation patches, by lifting
stones and retrieving Hogna specimens manually. Each specimen was placed into a separate
cryovial containing 96% molecular grade ethanol and stored in a freezer at -20°C until further

study. Specimens for morphological analyses were later transferred to glass vials containing
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75% ethanol. The sampling localities and coordinates are listed in Supplementary Materials

1.

Molecular lab procedures

We extracted DNA from one leg Ill using commercial kits (Speedtools® Tissue DNA
Extraction Kit, Biotools; or DNeasy® Blood & Tissue Kit, Qiagen) following the tissue protocol
suggested by the respective manufacturer. We amplified partial fragments of the
mitochondrial cytochrome c oxidase subunit | (COI), i.e. the animal DNA barcode (Hebert et
al., 2003), the small ribosomal subunit 12S rRNA (12S), large ribosomal subunit 16S rRNA
(16S), the tRNA Leu (L1), the NADH dehydrogenase subunit 1 (nad1), and the nuclear large
ribosomal subunit 28S rRNA (28S), the internal transcribed spacer 2 (ITS-2) and the histone 3
(H3) genes. The primers used for amplification and sequencing, as well as the PCR conditions
for the loci are listed in Table 1. The final PCR product was sequenced by Macrogen Inc. (Seoul,
South Korea). Sequences were edited and managed in GENEIOUS Prime® 2021.0.3

(https://www.geneious.com).

Phylogenetic analyses

To test the monophyly and phylogenetic structure of Madeiran Hogna, we combined
our newly generated sequences with the data matrix of Piacentini and Ramirez (Piacentini
and Ramirez 2019) designed to infer phylogenetic relationships for the family Lycosidae using
a target gene approach. Additional sequences of Hogna species were retrieved from
Genbank. We aligned sequence fragments of COI, 12S, 16S-L1, nad1, 28S and H3 individually
per gene using the GENEIOUS plugin of the alignment program MAFFT v. 1.4.0 (Katoh and
Standley 2013), using the G-INS-I algorithm with default options. We concatenated all genes
in a super matrix for subsequent phylogenetic analyses with the help of the program

SEQUENCE MATRIX (Vaidya et al. 2011).

Parsimony analysis of the matrix was conducted with the program TNT v1.5 (Goloboff
and Catalano 2016). We first recoded gaps as absence/presence characters using the simple

coding method proposed by Simmons & Ocheterena (Simmons and Ochoterena 2000) with
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the help of the computer program SEQSTATE (Mdller 2005). Search strategy for shortest trees
combined sectorial searches, tree fusing, drift and ratchet. Tree searches were driven to hit
independently 10 times the optimal scoring, followed by TBR branch swapping, saving up to
1000 trees (Soto et al. 2017). We estimated support values by jackknifing frequencies derived
from 1000 resampled matrices using 15 random addition sequences, retaining 20 trees per
replication, followed by TBR, and TBR collapsing to calculate the consensus. We inferred the
best maximum likelihood trees with IQ-TREE v. 2.1.2 (Minh et al. 2020). We used
MODELFINDER to first select the best-fit partitioning scheme and corresponding evolutionary
models (Kalyaanamoorthy et al. 2017), and then to infer the best tree and estimate clade
support by means of 1000 replicates of ultrafast bootstrapping (Hoang et al. 2018). For
Bayesian analyses, the best partition scheme and evolutionary model was first selected with
help of the computer program PARTITIONFINDER v2.1.1 (Lanfearet al. 2017). We
implemented Bayesian inference with MRBAYES v3.2.6 (Ronquist et al. 2012). The analysis
was run for 10 million generations, sampling every 1000, with eight simultaneous Markov
Chain Monte Carlo (MCMC) chains, ‘heating temperature’ of 0.15. Support values were
calculated as posterior probabilities. We assessed convergence of the chains, correct mixing
and the number of burn-in generations with TRACER v. 1.7 (Rambaut et al. 2018). We ran
model based analyses remotely at the CIPRES Science Gateway (Miller et al. 2010). The
phylogenetic tree was edited for aesthetic purposes using  FIGTREE

(http://tree.bio.ed.ac.uk/software/figtree/).

Species delimitation

We used COIl and ITS-2 sequences of a larger sample of Madeiran Hogna to explore
species boundaries using single marker molecular based approaches. We investigate three
alternative methods for species delineation using COIl sequences, namely a distance based
algorithmic method (Barcode identification number, BIN) (Ratnasingham and Hebert 2013)
and two character-explicit methods, one requiring ultrametric trees (General Mixed Yule
Coalescent model with single threshold, GMYC) (Fujisawa et al. 2016) and one that does not
(multi-rate Poisson tree processes, mPTP) (Kapli et al. 2017). The BIN system was

implemented on-line through the BOLD v4 platform (Ratnasingham and Hebert 2007). We
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inferred gene trees using maximum likelihood following the same strategy specified in the
previous section. In addition, we inferred an ultrametric tree using the Bayesian framework
for divergence time estimation implemented in BEAST v2.6.3. We assumed a coalescent tree
prior (constant population size), which has been suggested to provide a more rigorous test of
delimitation since the GMYC model assumes a single species as the null option (Monaghan et
al. 2009). We defined the best partition scheme and evolutionary model inferred with
PARTITIONFINDER, defined a lognormal relaxed clock and used an informative prior on the
ucld.mean parameter derived from the literature (mean=0.0199, sd. dev.=0.05) (Bidegaray-
Batista and Arnedo 2011). Convergence and mixing of MCMC chains were assessed with
TRACER v.1.7 (Rambaut et al. 2018). Independent runs were combined with LOGCOMBINER
(10% burn-in), and TREEANNOTATOR was used to summarize the information from the
sampled trees. The m-PTP model was implemented using a mcmc approach, which allows
estimates of support values on the delimitations, on the COl matrix. The analyses were
conducted on the best IQ-TREE. We ran 5 chains of 100 million generations each, removing
the first 2 million as burn-in, and discarding all branches with lengths smaller or equal to
0.0012708187. We used the R package ‘SPLITS’ (Ezard et al. 2017) to fit the GMYC model.
Additionally, we estimated haplotype/allele networks for the COI and ITS-2 matrices
independently using the statistical parsimony method (Clement et al. 2000; Templeton et al.
1992), with a confidence limit of 95% implemented in the R package ‘HAPLOTYPES’ (Aktas
2015). The ITS-2 sequences were aligned using the phylogeny-aware algorithm implemented
in WEBPRANK (Loytynoja and Goldman 2010), specially recommended for aligning closely
related sequences. We determined the number of alleles in the ITS-2 matrix considering the
gaps as absence/presence data. Uncorrected pairwise genetic distances were calculated in

MEGA X (Kumar et al. 2018).

Divergence time estimation

In the absence of fossil evidence and to avoid using circular reasoning by using
information on the island age, we estimated divergence time using published information on
substitution rates in spiders (Bidegaray-Batista and Arnedo 2011). We restricted our
estimates to the more exhaustively sampled COI gene. Since the COI sequences include both

intra and inter-specific relationships, we used a multispecies coalescent (MSC) approach as
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implemented in STARBEAST2 (Ogilvie et al. 2017), which allows combining coalescent and
species (Yule) tree priors. Haplotypes were assigned to species according to the results of the
molecular and morphological delimitations (see results). We included sequences of H. radiata
and H. ferox as putative outgroups but did not enforce the root. We assigned unlinked
evolutionary models to each codon position, as suggested by PARTITIONFINDER and defined
a relaxed lognormal clock with prior rates for the ucld.mean rate as follows: mean = 0.0119
substitutions/my and Stdev = 0.5. Three independent runs of 50 million generations were
performed, sampling every 5000 generations. We assessed convergence and mixing of each

MCMC chain and combined them as described above.

Morphological analyses

We identified our specimens as belonging to the genus Hogna, by following either the
generic description given by Dondale & Redner (Dondale and Redner 1990) or the

identification key provided by the Araneae — Spiders of Europe portal (Nentwig et al. 2020).

Morphological observations were carried out using a stereomicroscope Leica MZ 16A
equipped with a digital camera Leica DFC450. Individual raw photos were taken with the help
of the software Leica Application Suite v4.4 and mounted with the software HELICON FOCUS
(Helicon Soft, Ltd.). Further editions were done with PAINT SHOP PRO v21 (Corel Corporation).
The epigyne was removed from female specimens with the aid of hypodermic needles and
forceps. To clear the membranous tissues surrounding the spermathecae and copulatory
ducts, we manually removed muscular and membranous tissue with forceps and a needle.
This process accidentally led to the breakage of some copulatory ducts (usually delicate in the
Lycosidae) and cracking of the median septum in some specimens (e.g., Figs 16E, 26B). SEM
images of the male copulatory bulb were obtained with a Q-200 (FEI Co.) scanning electron
microscope (SEM). For the SEM images, each male palp was excised at the joint between
tarsus and tibia. Samples were sonicated for roughly 30 seconds with ultrasonic bath Nahita
ZCC001, air dried and carbon or gold sputter-coated. In most cases, the position of the
embolus of the SEM samples appears slightly altered (usually directed more anteriorly, closer
to the tip of the terminal apophysis) relative to the normal resting position from specimens

stored in ethanol.
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We measured all adult specimens with an ocular micrometre in the stereoscope. All
measurements are in millimetres (mm). Description format and nomenclature followed Baert

et al. (2008).

Abbreviations

Male genitalia:

C — cymbium

E —embolus

MA — median apophysis
T —tegulum

TA — terminal apophysis

P — palea

Female genitalia:

H —hoods

MS — median septum
S — spermatheca

D — diverticulum

Collections:

BM — British Museum of Natural History, London, UK

CRBA — Centre de Recursos de Biodiversitat Animal, University of Barcelona, Barcelona, Spain
FMNH — Finnish Museum of Natural History, Helsinki, Finland

LCPC — Luis Crespo personal collection
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MIZ — Museum and Institute of Zoology, Polish Academy of Sciences, Warsaw, Poland
MMUE — Manchester Museum University England, Manchester, UK

OUMNH — Oxford University Museum of Natural History, Oxford, UK

SMF — Senckenberg Research Institute, Frankfurt am Main, Germany

NHRS — Swedish Museum of Natural History, Stockholm, Sweden

Results

Phylogenetic analyses

The concatenated matrix included 2641 characters, 657 bp of the COIl, 302 bp H3 and
554 bp of the nad1, and 300 and 828 aligned position for the 12S and 28S, respectively, and
173 terminals including outgroups (see Piacentini and Ramirez, 2019). Inferred relationships
of the concatenated data matrix are summarized in Fig. 2 (See Supplementary Materials 2 for
full trees for each inference methods). Parsimony analysis of the concatenated data matrix
with gaps scored as absence/presence characters resulted in 1,000 trees (overflow) of 16,865
steps. Bayesian maximum clade credibility tree was obtained after removing 40% of the first
generations as burn-in. Preferred partition schemes differed between IQTREE2 and
PARTITIONFINDER in that the first joined COIl and H3 second positions, while the second split
by gene and codon position in all cases. Madeiran Hogna were recovered as two well-
supported clades, one including the species H. maderiana and H. insularum, hereafter
referred as the maderiana clade, and the other one including the remaining species, hereafter
referred as the ingens clade. Model-based analyses inferred the two clades as sister groups,
albeit with low support (Fig. 2). Conversely, parsimony inferred the ingens clade to be sister
to the mainland species H. radiata. In all analyses, H. isambertoi sp. nov. was supported as
sister to the remaining species in the ingens clade, while H. nonannulata and H. blackwalli sp.
reval. were supported as sister in model-based analyses. All analyses agreed in supporting a
surprisingly close relationship between H. ingens and one individual identified as H. insularum

from Madeira. Similarly, all analyses agreed in showing the genus Hogna as a polyphyletic

141



assemblage. Remaining relationships within Lycosoidea including subfamilies, were similar to

those reported in Piacentini and Ramirez (2019).
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Figure 2. Best Maximum Likelihood tree of Lycosinae, inferred with IQTREE2 after
selecting the best partition scheme and evolutionary models. Nodes are split in three
sections, representing the different methods. Support on nodes should be read as follows:
black: ML ultrafast boostrap and Bl posterior probability > 0.95, MP Jackknife > 0.7; grey:
ML Ultrafast Bootstrap and Bl posterior probability < 0.95, MP Jackknife < 0.7; white:

unrecovered node.
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Molecular species delimitation

The COI data matrix included 134 terminals, including single sequences of the non-
Madeiran H. radiata (lberian Peninsula) and H. ferox (Gran Canaria, Canary Islands),
corresponding to 64 haplotypes (2 non-Madeiran) (Fig. 3). The ITS-2 matrix included 40
terminals with 400 aligned positions and 10 additional absence/presence characters,
corresponding to 17 alleles (sequence types). The clustering analysis (BIN) of the COI
sequences resulted in 6 clusters, that mostly matched the morphological circumscription,
except for the merging of individuals identified as H. maderiana and H. insularum. As already
noted in the target multilocus phylogenetic analyses, one individual identified as H. insularum
clustered together with individuals morphologically assigned to H. ingens. Uncorrected
genetic distances are shown in Table 2. The genetic distance between H. maderiana and H.
blackwalli sp. reval. was 1.6% similar to the values observed within H. insularum (1.7%). The
next lower genetic distance was observed between H. nonannulata and H. maderiana (4.3%).
The largest genetic distances were found between the species pair H. insularum and H.
maderiana and the remaining endemic species (9.9-10.6%) and were similar to those

observed with regard the mainland species H. radiata (9.8-11,1%).

The mPTP analysis ran on the IQ-TREE inferred tree, recovered the same groupings
with high support. The GMYC model delimited 5 groups, by merging H. nonannulata and H.
blackwalli sp. reval. together, but the likelihood ratio test revealed that it did not provide a

significantly better fit that the null model (one single species, p=0.7764125).

The statistical parsimony analysis at 95% connection resulted in 6 independent
networks that exactly matched the BIN and mPTP clusters (Fig. 4). Lowering the connection
limited to 90% had no effect on the results. For the ITS alleles, a single network was obtained
(both at 90 and 95%). The alleles of the species H. maderiana and H. insularum were mixed
up, while the rest of alleles were exclusive to each species, except for H. heeri, H. blackwalli
sp. reval. and H. nonannulata that shared one allele. The alleles of the putative H. insularum
individuals bearing H. ingens COI haplotypes, were also observed to cluster close to the H.

ingens alleles.
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H. isambertoi sp. nov.

H. insularum
H. maderiana

H. radiata
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(previous page) Figure 3. Ultrametric tree for the COIl obtained with BEAST using a
coalescent (constant gopulation growth) prior to apply the GMYC model. Only unique
sequences included. Support on nodes should be read as follows: black: Bl posterior

probability > 0.95; grey: Bl posterior probability < 0.95.
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Figure 4. COIl haplotype (upper) and ITS-2 allele (lower) networks inferred under

statistical parsimony (0.95 probability). Pie size proportional to number of individuals
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which exhibited the same haplotype/alleles. White circles represent missing
haplotypes/alleles. Colours correspond to islands (colour codes in upper box). For the
COl haplotypes only the network (3) including H. insularum / H. maderiana haplotypes
showed (each remaining nominal species were resolved as independent networks). ITS-
2 alleles boxed per species, except for H. insularum / H. maderiana. Haplotype/allele
labels for H. insularum in bold and italics, H. maderiana in condensed bold and italics,

not assigned in light italics (see lower box legend).

Divergence time estimation

The inferred species tree suggested non-monophyly of Madeiran Hogna albeit with
low support (Fig. 5). Estimated time of split form their closest sister taxa was similar for the
two Madeiran lineages (9.2 my, 1.9-24 my 95%HPD, and 8.8 my, 1.4-24.6 my, for the ingens
and the maderiana clades, respectively). The most recent common ancestor (mrca) of the
ingens clade was 5 my (1-13.5 my). The coalescent times inferred from the COI tree for the
different species were 0.09 my for H. isambertoi sp. nov, 0.19 for H. heeri, 0.29 for H. ingens,

0.3 for H. blackwalli sp. reval. and 0.04 for H. nonannulata, and 0.87 for the maderiana clade.

H. isambertoi sp. nov.

@ H. heeri

H. ingens
9.22 .:g
: H

() . nonnanulata
{1.18
H. blackwalli
14.56
H. radiata
H. ferox
ls.78 g

H. maderiana

Figure 5. Species tree for the Madeiran Hogna including two outgroups. Values on nodes
are estimated divergence times in millions of years (my). Support can read as follows:
black: Bl posterior probability > 0.95, white: Bl posterior probability < 0.95. Bars

correspond to the 95%HPD of the time estimates.
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Taxonomy
Family Lycosidae Sundevall, 1833
Genus Hogna Simon, 1885

Type species. Hogna radiata (Latreille, 1817).

Hogna blackwalli (Johnson, 1863) sp. reval.
(Figs 6-8)

Lycosa blackwalli Johnson, 1863: 152 (Dmf).
Trochosa maderiana Thorell, 1875: 167 (mf, misidentified).
Geolycosa blackwalli Roewer, 1955: 241.
Geolycosa blackwalli Roewer, 1960: 691, f. 387a-d (mf).
Geolycosa ingens Denis, 1962: 96, f. 78 (f). Wrong identification.
Hogna maderiana Wunderlich, 1992: 461, f. 720c-e (mf, S).

Hogna maderiana Wunderlich, 1995: 416, f. 28 (f).

Holotype: MADEIRA 2 © & Pico Ruivo, leg. Johnson, stored at OUMNH, collection number
1617. Examined.

Additional material examined: MADEIRA ¢ between Pico do Areeiro and Poiso, 1 &
(SMF65685), leg. K. Groh; Caramujo, 1 @ (CRBALCO010: LC010), 23.VIII.2016 (collected as
subadult, reared in captivity to adult on 7.X.2016), hand collecting, leg. L. Crespo; “Funchal”
[probably North of it because “600 to 2000 ft.” is written in label], 1 & (BM, mounted dry),
V.1895, leg. O. Grant; Paul da Serra, 1 § (SMF65684), hand collecting, leg. I. Silva, 1 &

(CRBALCO496: LC254) and 3 juveniles (CRBALC0495: LC253, CRBALC0497: LC255,
CRBALCO0499: LC256), 28.111.2017, hand collecting, leg. L. Crespo & I. Silva; Paul da Serra /

Rabacal, 5 @ ® (SMF65696); Pico do Areeiro, 1 @ (CRBALCO516: LC270), 27.111.2017, hand
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collecting, leg. I. Silva; Pico do Cidrdo, 1 @ (CRBALC0489: LC286), 27.111.2017, hand collecting,
leg. L. Crespo; Rabacal, 1 € (SMF65683), 18.VI11.1991, hand collecting, leg. I. Silva; Ribeiro
Bonito, 1 juvenile (CRBALC0014: LC014), 4.V111.2016, hand collecting, leg. L. Crespo; trail from
Paul da Serra to Montado dos Pessegueiros, 1 & (CRBALC0271: LC252) and 2 juveniles
(CRBALC0498: LC292, CRBALC0502: LC293), 28.111.2017, hand collecting, leg. L. Crespo & I.
Silva, 2 € 9 (CRBALC0503: LC257, CRBALC0515: LC259) and 1 juvenile (CRBALCO514: LC258),

31.11.2017, hand collecting, leg. L. Crespo, M. Arnedo & P. Oromi, 1 @ (CRBALC0718),2 2
(CRBALC0O601, CRBALCO605) and 2 juveniles (CRBALCO603, CRBALC0698), 4.1V.2018, hand

collecting, leg. L. Crespo & A. Bellvert; 1  (SMF9910750), 1 @, 2 9 © and 4 juveniles (NHRS-

JUST-000001114), 2 9 (BM, mounted dry), [no collection data except for the data of
collection of one of these females, IX.1963, which may indicate that this might come from the

materials used by James Yate Johnson to describe the species].

Diagnosis: Hogna blackwalli sp. reval. can be diagnosed from all other Madeiran Hogna by
the aspect of its legs, with two small patches of yellow hairs in the joints of anterior tibiae
with metatarsi and of metatarsi with tarsi (Fig. 25A). In addition, by the genitalia: in males,
the embolus with tip tilted retro-laterally (Fig. 6A—C). In females, the epigynal hood shows a

small indentation on the lateral border (Fig. 6D—E).

Redescription — Male (CRBALC0718): (Fig. 6A—C). Total length: 18.92; carapace: 9.1 long, 6.8

wide.

Colour: carapace brown, with short black hairs except anteriorly and laterally, where short
white hairs and long black hairs are present; median yellow longitudinal band present,
covered with short white hairs, anteriorly broadened, with suffused greyish brown patches
covered by yellow hairs; two yellow marginal bands, suffused with greyish brown patches,
covered with short white hairs; four black striae well visible on each flank. Chelicerae black,
covered mostly in black hairs but with sparse yellow hairs. Gnathocoxae very dark orange
brown, labium blackish; sternum black, with a faint, thin longitudinal stripe extending to less
than half of sternum length. Legs grey to greyish brown, with 7 to 8 patches of white hairs
(anterior legs show 8, posterior legs 7) except the patches in anterior metatarsi, both yellow.
Palpal femur as legs, patella, tibia and proximal cymbium with yellow hairs, apical cymbium

covered in black hairs. Abdomen with a pair of anterolateral black patches, extending laterally
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into grey to black flanks, interspersed with white patches; a median orange lanceolate patch
is bordered by the aforementioned pattern, posteriorly also by dark chevrons; venter with a

wide longitudinal black band, bordered by a mesh of white and black patches.

Eyes: MOQ: MW = 0.74 PW, MW = 1.06 LMP, MW = 1.07 AW; Cl = 0.49 DAME. Anterior eye

row slightly procurved.

Legs: Measurements: Leg I: 27.32, Til: 6.4; Leg IV: 29.7, TilV: 6.56; TilL/D: 5.82. Spination of
Legl: Fel: d1.1.0, p0.0.2; Til: p0.0.1, v2I.2l.2s; Mtl: p0.0.1, r0.0.1, v2I.2l.1s. Mtl with very dense

scopulae.

Pedipalp: cymbium with 8 dark, stout, macrosetae at tip, Fe with 2 dorsal and an apical row
of 4 spines, Pa with 1 prolateral spine, Ti with 1 dorsal, 1 dorsoprolateral spine and 1 prolateral
spine. Median apophysis with basal spur truncate, blunt, and with tip thin, blunt; terminal
apophysis blade-shaped with sharp end; embolus short, with tip directed laterally; palea

large.
Female (CRBALCO0516): (Fig. 6D—E). Total length 29.88; carapace: 10.38 long, 8 wide.

Colour: overall as in male, but darker. Sternum entirely black. Yellow hairs in pedipalp

restricted to the joints of tibia with tarsus and patella with tibia.

Eyes: MOQ: MW =0.74 PW, MW = 1.23 LMP, MW = 1.1 AW, Cl = 0.7 DAME. Anterior eye row

slightly procurved.

Legs: Measurements: Leg |: 27.68, Til: 6.25; Leg IV: 31.75, TilV: 6.8; TilL/D: 3.77. Spination of
Legl: Fel: d1.1.0, p0.0.2; Til: p0.0.1, v2I.2l.2s; Mtl: p0.0.1, r0.0.1, v2I.2l.1s. Mtl with very dense

scopulae.

Epigynum: hoods almost touching, short, with lateral borders anteriorly parallel, medially
slightly divergent after a small sinuosity; hood cavities deep; median septum with narrow
base; spermathecae globular; copulatory ducts with small, stout diverticulum ventrally;

fertilisation ducts emerging at the base of copulatory duct.

Intraspecific variation: Carapace length, males: 7.4-9.1, females: 8.9—10.38. Suffused greyish
brown patches in median yellow longitudinal band not necessarily covered with yellow hairs.

Epigynum can present two small depressions in the base of median septum, which can be of

149



variable length, position and concavity of inflexion of the lateral hood walls can also be

variable, either placed near hoods or medially, median septum can be swollen medially.

Distribution: This species is known from areas in or near the laurel forest patch in Madeira, in

the North half of the island (Fig. 8).

Ecology: H. blackwalli sp. reval. can be found in montane grasslands surrounding laurel forest
areas or Erica shrubland. Surprisingly, it can also be found in closed canopy laurel forest,

where, at night, specimens can be found climbing tree trunks.

Conservation status: H. blackwalli sp. reval. was assessed according to the IUCN Red List
criteria as H. maderiana, with the status of Least Concern (Cardoso et al. 2018). The coastal

records are probably of H. nonannulata.

Comments: There has been a great deal of confusion surrounding H. blackwalli sp. reval. and
H. maderiana. Walckenaer’s original description of H. maderiana (Walckenaer 1837) based
on material from Madeira island indicated that legs were “(...) reddish-brown, suffused brown
underneath (...)”. Subsequently, Blackwall described the alleged male of Walckenaer’s H.
maderiana but mentioned a striking leg coloration: “(...) the femora, on the upper side, have
a yellowish-grey hue, that of the tibia, metatarsi and tarsi being bright orange-red, and the
colour of the underside of all the joints is dark brown tinged with grey; (...)” (Blackwall 1857).
Additionally, he reported the locality of origin of those specimens to be Porto Santo, not
Madeira. Six years later, Johnson (1863) described H. blackwalli from Madeira island,
indicating that “(...) The metatarsus and tarsus of the two anterior pairs of legs are black, or
very dark brown. At the distal extremities and on the upper sides of the femur and genua of
the first two pairs of legs, as well as at the extremities of some of the joints of the two
posterior pairs of legs, there is a patch of orange hairs. (...)”. In the same publication, he also
described an identified as H. maderiana specimens from Ilhéu de Ferro, near Porto Santo. It
is unclear on how many specimens did Johnson based his description, but we could locate at
least part of this material at the OUMNH, thus revalidating H. blackwalli Johnson, 1863. The
next author to make a taxonomic contribution on these spiders was Thorell (1875), who
redescribed H. maderiana based on specimens from Madeira. However, his reference to the
legs colouration that reads “(...) palporum partibus pateliari et tibiali apice supra croceis,

metatarsis tibiisque pedum anteriorum apice quoque croceis vel flavis (...)” suggest that his
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redescription corresponds to H. blackwalli instead. We could locate 14 specimens labelled as
H. maderiana in the Swedish Museum of Natural History, which most likely were the ones
used by Thorell, and we confirmed their correspond to H. blackwalli sp. reval. Kulczynski
(1899) followed Blackwall’s judgement to redescribe the large specimens from Porto Santo
and Ilhéu de Ferro under the name Trochosa maderiana. Almost one century later, Roewer
provided redescriptions of three Madeiran Hogna (Roewer 1960), but no reference was given
to the leg coloration, which is the easiest way to distinguish these larger, aforementioned
species. His epigyne drawings provided little additional information and were confusing.
While the epigyne of H. ingens allows identification of this species (Roewer 1960: Fig. 387e),
the same is not true for the illustrations of Isohogna maderiana and Geolycosa blackwalli
(Roewer 1960: Figs. 319a and 387a, respectively), which look rather the same. However, he
reports that Thorell’s Trochosa maderiana materials are, in fact, H. blackwalli, for which we
assume Roewer’s redescription of Geolycosa blackwalli to correspond to the presently
revalidated H. blackwalli. Denis (1962) cited 2 females as Geolycosa ingens (Blackwall, 1857)
from locations where H. blackwalli sp. reval. is usually found, Rabacal and Paul da Serra, in
Madeira island. We could not find these materials, but due to the location, we confidently
attribute these citations to misidentified specimens of H. blackwalli sp. reval. The last
taxonomic works on Madeiran Hogna were made by Wunderlich (1992, 1995). In the first of
these works (Wunderlich 1992), the species H. maderiana and H. blackwalli were wrongly
synonymized and it was stated that “up to Denis (1962), most authors assumed that H.
maderiana occurred both in Madeira and Porto Santo.” This is not accurate, since Johnson
discriminated between H. blackwalli from Madeira and H. maderiana from Ilhéu de Ferro. In
fact, this synonymy is even stranger because while revising the materials present at the SMF,
we found vial 9910750, of the Roewer collection, with an identification note by Wunderlich
stating “H. blackwalli (Johnson)”. Finally, we have located only part of the type material
described by Johnson at the Oxford University Museum, because no males were accounted
for, when his description mentioned males. Therefore, the whereabouts of the remaining

specimens of the type series are unknown.
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Figure 6. H. blackwalli. A—C, male (CRBALC0718): A, left male palp, ventral; B, detail of

the median apophysis, anteroventral; C, SEM image, right male palp, ventral. D—E,
female (CRBALCO0516): D, epigynum, ventral; E, vulva, dorsal. Abbreviations, male palp:
C — cymbium, E — embolus, MA — median apophysis, P — palea, T — tegulum, TA —
terminal apophysis. Abbreviations, female genitalia: D — diverticulum, H — epigynal
hoods, MS — median septum, S — spermatheca. Scale bars: A, D, E=0.5 mm, B, C=0.2

mm.
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Figure 7. Photo of H. blackwalli. Female specimen, recently dead, in captivity. Photo

credit: Emidio Machado, by courtesy.
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Figure 8. Distribution of H. blackwalli. Circles: present records; black triangles: revised

records from literature; white triangles: unconfirmed records from literature.
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Hogna ferox (Lucas, 1838)

Arctosa maderana Roewer, 1960: 604-605, f. 334a (f), f. 334 b (m). Type material examined.

New synonymy.
(see WSC (2021) for a complete list of synonymies)

Justification of the synonymy: After its original description, the endemic species Arctosa
maderana Roewer, 1960, was never accounted for in the archipelago of Madeira, despite
extensive sampling through several biodiversity inventory projects (Boieiro et al. 2018; Crespo
et al. 2014; Malumbres-Olarte et al. 2020). We had the opportunity to examine the type
specimens at the SMF (vial 9903912). We identified the couple as H. ferox (Lucas, 1838). H.
ferox has a widespread distribution throughout the Mediterranean, being present in the
Iberian Peninsula, North Africa and the neighbouring archipelago of the Canary lIslands.
However, it has never been reported in Madeira, for which we propose that A. maderana
Roewer, 1960 is a junior synonym of H. ferox (Lucas, 1838) and should be removed from the

Madeira archipelago fauna.

Hogna heeri (Thorell, 1875)

(Figs 9-11)

Trochosa herii Thorell, 1875: 166.

Trochosa herii Kulczynski, 1899: 433, pl. 9, f. 188 (f).
Hogna heeri Roewer, 1955: 248.

Hogna herii Roewer, 1959: 411, f. 221a-d (f, Dm).

Hogna heeri Wunderlich, 1992: 459, f. 720-720a (mf).

Holotype: MADEIRA ¢ 2 ©®, leg. O. Heer, stored at NHRS, collection number JUST-
000001113. Examined.
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Additional material examined: BUGIO e Planalto Sul, 1 @ (LCPC), 3.X11.2012, hand collecting,
leg. I. Silva. MADEIRA e between Eira do Serrado and Curral das Freiras, 1 & (SMF69107; Paul
da Serra, 2 @ ® (MMUE G7572.874), 25.1V.1973, leg. J. Murphy, 1 € (CRBALC0492: LC289),
19.111.2017, hand collecting, leg. 1. Silva, 1 @ (CRBALCO500: LC222) and 1 juvenile
(CRBALC0494: LC291), 28.11.2017, leg. I. Silva; Pico do Cidrdo, 1 & (LCPC), 24.V1.2003, pitfall
trapping, leg. M. Freitas, 2 2  (CRBALC0490: LC287, CRBALC0288: LC288), 27.11.2017, hand
collecting, leg. L. Crespo & I. Silva; trail from Paul da Serra to Montado dos Pessegueiros, 2
@ @ (CRBALC0270: LC184, CRBALCO501: LC223) and 1 juvenile (CRBALC0493: LC290),

28.111.2017, hand collecting, leg. L. Crespo & I. Silva; 1 & (SMF37575).

Diagnosis: Hogna heeri can be diagnosed by the genitalia: in males, by a straight embolus
(Wunderlich 1992: 595, Fig. 720). In females, by epigynal hoods with widely divergent lateral

border and median septum with a wide base (Fig. 9).
Redescription — Male: We could not revise any male materials.

Female (CRBALCO500): (Fig. 7 corresponds to specimen CRBALC0501). Total length 13.54;

carapace: 5.63 long, 4.4 wide.

Colour: carapace greyish-brown, covered with short black hairs, with a median yellow
longitudinal band, anteriorly broadened, covered with short white hairs, with suffused greyish
brown patches; two yellow marginal bands, with roughly round grey patches, covered with
short white hairs; four black striae well visible on each flank. Chelicerae dark brown, covered
in black and yellow hairs. Gnathocoxae and labium overall brown, with posterior margin
blackish; sternum yellow, with a faint v-shaped grey patch and grey lateral borders. Legs
yellow, with irregular grey suffused patches, except metatarsi and tarsi, brown. Pedipalps
yellow except tibia, brown, tarsus, blackish brown. Abdomen with a pair of anterolateral black
patches, extending laterally into grey flanks, mottled with yellowish patches covered with
white hairs; a median dark lanceolate patch is bordered by two yellowish longitudinal bands
interconnected in anterior half, posteriorly by means of dark chevrons; venter yellowish, with

a median dark grey longitudinal band, bordered by yellowish and grey small patches.

Eyes: MOQ: MW = 0.72 PW, MW = 1.1 LMP, MW = 1.06 AW; Cl| = 0.91 DAME. Anterior eye

row straight.
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Legs: Measurements: Leg I: 13.02, Til: 2.75; Leg IV: 16.1, TilV: 3.22; TilL/D: 3.72. Spination of
Leg I: Fel: d1.1.1, p0.0.1; Til: v2l.21.2s; Mtl: p0.0.1, r0.0.1, v21.2l.1s. Mtl with sparse scopulae

in basal half and dense scopulae on distal half.

Epigynum: hoods touching, short, with lateral borders widely divergent, converging solely at
its posterior end; hood cavities deep; median septum with wide base; spermathecae globular;
copulatory ducts basally with a laterally projected diverticulum; fertilisation ducts emerging

at the base of copulatory duct.

Intraspecific variation: Carapace length, females: 5.63-5.81. In females, ventral abdominal
dark band may be entirely absent; relative position of female epigynal hoods may vary from

touching to almost touching.

Distribution: This species is known from two distinct regions: high altitude localities in

Madeira, always above 800 m, and the island of Bugio (Fig. 11).

Ecology: H. heeri occurs in montane grasslands or Erica shrubland in Madeira and the steep,

semi-arid summit of Bugio.

Conservation status: H. heeri was assessed according to the IUCN Red List criteria, with the

status of Least Concern (Cardoso, P, Crespo, LC, Silva, |, Borges, P & Boieiro 2018a).

Comments: The disjunct distribution of H. heeri, with populations in Madeira and Bugio, is
somewhat baffling. The only known specimens from Bugio previously reported (Crespo et al.
2013) were revised: while the female matches H. heeri, the male palp is the same as that of
H. isambertoi sp. nov., with the tip of the embolus slightly tilted anteriorly (Fig. 16A). We
would like to remark that Wunderlich (1992) reports an apophysis as a diagnostic feature to
identify males of H. heeri. This structure is the proximal branch of the terminal apophysis, and
it is present in all species, variably more or less coupled to the embolus, for which it should
not be used to diagnose the species. Unfortunately, we could not gather molecular
information from Bugio specimens due to their poor preservation. Lastly, while revising
Thorell’s type series, we identified one of the 3 adult females in the original vial as H.

insularum.
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Figure 9. H. heeri. A-B, female (CRBALC0501): A, epigynum, ventral; B, vulva, dorsal.
Abbreviations, female genitalia: D — diverticulum, H — epigynal hoods, MS — median

septum, S — spermatheca. Scale bars: A, B=0.2 mm.

Figure 10. Photo of H. heeri. Female specimen in captivity. Photo credit: Emidio

Machado, by courtesy.
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Figure 11. Distribution of H. heeri. Circles: present records; black triangles: revised

records from literature; white triangles: unconfirmed records from literature.

Hogna ingens (Blackwall, 1857)

(Figs 12-14)

Lycosa ingens Blackwall, 1857: 284 (Df).

Lycosa ingens Blackwalli, 1867: 203 (Dm).

Trochosa ingens Kulczynski, 1899: 423, pl. 9, f. 121 (mf).
Geolycosa ingens Roewer, 1955: 241.

Geolycosa ingens Roewer, 1960: 689, f. 387e (f).

Hogna ingens Wunderlich, 1992: 459, f. 720b, f. 724a.
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Holotype: no type materials from the Blackwall collection were found neither at the OUMNH

nor the BM.

Additional material examined: DESERTA GRANDE e Vale da Castanheira (N), 1 @ (SMF21994),

26.111.1967, 1 @ (CRBALCO0591) and 4 juveniles (CRBALC0593, CRBALC0594, CRBALCO0595,
CRBALC0592), 25.111.2017, hand collecting, leg. L. Crespo.

Diagnosis: Hogna ingens can be diagnosed from all other Madeiran Hogna by the aspect of
its legs, blackish, with white patches (Fig. 23C). In addition, by its genitalia. In males, by the
inclined palea shield (Wunderlich 1992: 596, Fig. 720f). In females, by short epigynal hoods,

with lateral borders divergent and anteriorly swollen median septum (Fig. 12A).
Redescription — Male: We could not revise any male materials.
Female (CRBALC0591): (Fig. 12). Total length 25.08; carapace: 14.77 long, 11 wide.

Colour: carapace greyish-brown, densely covered with short black hairs, with a yellowish
longitudinal band present from fovea to posterior margin of carapace; with two faint light
grey marginal bands suffused with black patches, covered with white hairs; four striae well
visible on each flank. Chelicerae black except apically, reddish-brown, covered in black hairs.
Gnathocoxae and labium overall orange brown, densely covered with black hairs; sternum
greyish brown, densely covered with black hairs. Legs greyish, with a variable number (6 to 8)
of lightly colored patches covered by white hairs. Pedipalps greyish, densely covered in black
hairs. Abdomen densely covered in black hairs, with only 4 very small white patches dorsally
and a small anterolateral band of white hairs; venter densely covered in black hairs, with only

two faint median bands of small white patches.

Eyes: MOQ: MW =0.73 PW, MW = 1.22 LMP, MW = 1.06 AW; Cl = 0.45 DAME. Anterior eye

row slightly procurved.

Legs: Measurements: Leg I: 37.7, Til: 8.85; Leg IV: 35.93, TilV: 8.4; TilL/D: 2.34. Spination of
Leg I: Fel: d1.1.0, p0.0.2; Til: p0.0.0, v2s.2s.2s; Mtl: p0.0.1, r0.0.1, v2s.2s.1s. Mtl an Til with

dense scopulae.
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Epigynum: hoods far apart, short, with lateral borders anteriorly convergent, then becoming
divergent; hood cavities shallow; median septum anteriorly swollen, with wide base;
spermathecae moderately swollen; copulatory ducts basally with a laterally projected bulbus;

fertilisation ducts emerging at the base of copulatory duct.

Distribution: This species is known only from Vale da Castanheira, a 1 km? valley in the North

end of Deserta Grande (Fig. 14).
Ecology: Vale da Castanheira is a semi-arid grassland area.

Conservation status: H. ingens was declared Critically Endangered in previous works (Cardoso
2014; Crespo et al. 2014). Its restricted habitat has been subject to biological invasions since
humans set foot in Deserta Grande, with the introduction of herbivore vertebrates and, more
recently, of the herb Phalaris aquatica L., which grows abundantly throughout the valley,
limiting the access of H. ingens to shelters below rocks and fissures and displacing native flora
from its habitat. An ex-situ breeding program is currently being conducted by the Bristol Zoo

to safekeep populational levels.

Figure 12. H. ingens. A-B, female (CRBALC0591): A, epigynum, ventral; B, vulva, dorsal.

Abbreviations, female genitalia: H — epigynal hoods, MS — median septum, S —

spermatheca. Scale bars: A, B=0.5 mm.
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Ilhéu Chao

z>»

Vale da Castanheira

Figure 13. Photo of H. ingens. Female specimen in the field. Photo
credit: Pedro Cardoso.

Deserta
Grande

Figure 14. Distribution of H. ingens. Black circles: present records;
dotted circles: records from only leg samples; black triangles: revised
records from literature; white triangles: unconfirmed records from

literature.

Bugio

1km

Hogna insularum (Kulczynski, 1899)

(Figs 15-17)

Trochosa insularum Kulczynski, 1899: 429, pl. 9, f. 122, 126 (Dmf).

Hogna insularum Roewer, 1959: 517, f. 291c-d.

161



Hogna biscoitoi Wunderlich, 1992: pp 457, figs 708-709. Holotype @ without exact locality,
Porto Santo; leg. Winkelmayer, stored at MMF, collection number 24551. Not examined. New

synonymy.

Hogna insularum Wunderlich, 1995: 415, f. 27 (m).

Holotype: MADEIRA 7 @, leg. Kulczynski, stored at MIZ. Examined (1 ).

Additional material examined: BUGIO e Planalto Sul, 1 @ (CRBALC0015) and 1
(CRBALC0017), 28.VI.2012, hand collecting, leg. I. Silva, 1 @ (CRBALC0316: LC229), 1
(CRBALC0301: LC190) and 2 juveniles (CRBALC0315: LC228, CRBALC0318: LC231), 13.1V.2017,
hand collecting, leg. L. Crespo. DESERTA GRANDE e Eira, 2 juveniles (CRBALC0312: LC282),
CRBALC0319: LC232), 11.IV.2017, 1 @ (FMNH http://id.luomus.fi/HLA.148894), 17.IV.2011,
hand collecting, leg. I. Silva; North end, 1 & (MMUE G7508.51), 12.VI11.1981, under stone,

leg. J. Murphy; Pedregal (E), 1 € (CRBALC0308: LC197) and 1 juvenile (CRBALC0306: LC195),
8.1V.2017, hand collecting, leg. L. Crespo & I. Silva, 1 juvenile (CRBALC0285: LC185), 9.1V.2017,
hand collecting, leg. L. Crespo; Planalto Sul, 1 juvenile (CRBALC0413: LC284), 11.IV.2017, hand
collecting, leg. L. Crespo & I. Silva; Rocha do Barbusano (S), 1 juvenile (CRBALC0262: LC175),

10.IV.2017, hand collecting, leg. L. Crespo & I. Silva; Vale da Castanheira, 1 @& (FMNH
http://id.luomus.fi/HLA.148961), 23.IV.2011, hand collecting, leg. I. Silva et al., 1 G (FMNH
http://id.luomus.fi/HLA.148976), 5.V.2011, pitfall trapping, leg. I. Silva et al., 1 € (FMNH
http://id.luomus.fi/HLA.148982), 2 @ @ (FMNH http://id.luomus.fi/HLA.148986), 22.1V.2011,
hand collecting, leg. I. Silva; Vale da Castanheira (E), 1 @ (CRBALC0305: LC194), 9.IV.2017,
hand collecting, leg. I. Silva; Vale da Castanheira (SE), 2 @@ (CRBALC0313: LC226,
CRBALC0349: LC241) and 1 & (CRBALC0348: LC240), 9.IV.2017, hand collecting, leg. I. Silva.
ILHEU DA CAL » 1 ® (SMF65693), leg. K. Groh. ILHEU DE CIMA e top plateau, 1 @
(CRBALC0019), 9.IV.2012, hand collecting, leg. I. Silva, 1 @# (CRBALC0018), 22.V.2011, hand

collecting, leg. I. Silva, 1 § (CRBALC0302: LC191) and 4 juveniles (CRBALC0284: LC183,
CRBALCO0311: LC225, CRBALC0320: LC233, CRBALC0321: LC234), 19.1V.2017, hand collecting,

leg. L. Crespo & I. Silva. ILHEU DE FERRO e South tip, 1 €2 (CRBALC0317: LC320) and 2 juveniles
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(CRBALCO0265: LC178, CRBALC0266: LC179), 18.1V.2017, hand collecting, leg. L. Crespo & I.
Silva. ILHEU DO DESEMBARCADOURO « 2 2 ® (MMUE G7508.50), 28.VII1.1981, under stone,
leg. J. Murphy. MADEIRA e Cais do Sardinha, 5 juveniles (CRBALC0O504: LC242, CRBALC0O505:
LC243, CRBALCO506: LC244, CRBALCO507: LC245, CRBALCO508: LC246), 30.111.2017, hand

collecting, leg. I. Silva; Canical, 1 @ (MMUE G7572.859), 24.IV.1973, leg. J. Murphy; Canico, 1
® (MMUE G7508.58), 11.VI1.1981, under stone, leg. J. Murphy; Ponta de S3o Lourenco, 1 @/
(MMUE G7508.54), 29.VII.1981, 1 ® (MMUE G7508.57), 1.VIIl.1981, under stone, leg. J.
Murphy, 4 GF @ and 5 @ (FMNH http://id.luomus.fi/HLA.156001), 15.V.2011, pitfall
trapping, leg. L. Crespo et al., 1 ¢f and 4 @ (FMNH http://id.luomus.fi/HLA.156012),
2.V.2011, hand collecting, leg. L Crespo et al, 2 @8 (FMNH
http://id.luomus.fi/HLA.156034), 26.1X.2009, hand collecting, leg. L. Crespo, 1
(CRBALCO0597) and 3 juveniles (CRBALC0599, CRBALC0600, CRBALC0651), 2.IV.2018, hand
collecting, leg. L. Crespo; Ponta do Rosto, 1 § (CRBALCO513: LC251) and 3 juveniles
(CRBALC0509: LC247, CRBALC0510: LC248, CRBALC512: LC250), 30.111.2017, hand collecting,
leg. I. Silva. PORTO SANTO e Rocha de Nossa Senhora, 1 @f (CRBALC0290: LC187) and 1
juvenile (CRBALC0291: LC188), 21.1V.2017, hand collecting, leg. L. Crespo & I. Silva; Pedras
Vermelhas, 2 @& @' and 1 juvenile (SMF65689), 7.VI1.1983, leg. K. Groh; Pico Ana Ferreira, 1
@' (CRBALC0310: LC224), 1 @ (CRBALC0327: LC239) and 5 juveniles (CRBALCO303: LC192,
CRBALC0307: LC196, CRBALCO0326: LC238, CRBALC0309: LC281, CRBALCO0430: LC285),
20.1V.2017, hand collecting, leg. L. Crespo & . Silva; Pico Branco, 1 @ (CRBALC0304: LC193),
21.1V.2017, hand collecting, leg. L. Crespo & I. Silva, 1 @ (CRBALC0314: LC227), 23.1V.2017,
hand collecting, leg. L. Crespo; Pico da Juliana, 1 juvenile (CRBALC0286: LC186), 24.1V.2017,
hand collecting, leg. L. Crespo; Pico do Castelo, 2 & € (CRBALC0300: LC189, CRBALC0322:
LC235) and 2 juveniles (CRBALC0267: LC180, CRBALC0268: 181), 17.1V.2017, hand collecting,
leg. L. Crespo & I. Silva, 1 @ (CRBALC0692), 8.1V.2018, hand collecting, leg. L. Crespo & A.
Bellvert; Pico do Concelho, 1 § (SMF65695), 29.VI.1983, leg. K. Groh; Pico do Espigdo, 1
(SMF65692), 1.V11.1983, leg. K. Groh; Pico do Facho, 1 @ (SMF65694), 28.V1.1983, leg. K. Groh;
Pico do Macarico [the label reads “Pico dos Magaricos”, therefore we find it necessary to
present the correct locality name], 1 @ (SMF65691), 10.VII.1983, leg. K. Groh; Terra-Cha

(Pico Branco), 1 @ (CRBALC0323: LC236) and 2 juveniles (CRBALC0324: LC327, CRBALC0396:
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LC283), 21.IV.2017, hand collecting, leg. L. Crespo & |I. Silva, 4 juveniles (CRBALC0627,
CRBALC0628, CRBALC0630, CRBALC0700), 10.1V.2018, hand collecting, leg. L. Crespo & A.

Bellvert; 1 & (NHRS-JUST-000001115), 1 @& (MMUE G7508.48), 28.VII1.1981, under stone,
leg. J. Murphy, 1 @ 1 €@ and 2 juveniles (SMF34577), 1983, leg. G. Schmidt, 1 ¢f and 1 @

(SMF65690), hand collecting, leg. I. Silva, 1 € (BM 1892.7.9.12.17), leg. W.R.O. Grant.

Diagnosis: Hogna insularum can be diagnosed from all other Madeiran Hogna by a
combination of the following characters: the small to medium size (prosoma length < 10 mm),
the aspect of its legs, brown, with black patches (Fig. 26C), male’s embolus with smoothly
curved tip (Fig. 15), and female epigyne median septum roughly half as wide (at base) as long

(Fig. 16 A, C, E, G).

Redescription — Male (CRBALC0310): (Fig. 15A, E, F). Total length: 7.76; carapace: 4.6 long,
3.32 wide.

Colour: carapace greyish-brown, covered with short black hairs, with a median yellow
longitudinal band, anteriorly broadened, covered with short white hairs, with suffused greyish
brown patches; two yellow marginal bands, with roughly round grey patches, covered with
short white hairs; four black striae well visible on each flank. Chelicerae brownish orange,
with blackish patches, covered in black and white hairs. Gnathocoxae greyish yellow, labium
overall blackish, with anterior margin greyish yellow; sternum yellow, with a v-shaped grey
patch and suffused patches at lateral borders. Legs pale yellow to orange from femora to tibia,
with irregular grey suffused patches, metatarsi and tarsi brown. Pedipalps pale yellow except
tarsus, brown. Abdomen with a pair of anterolateral black patches, extending laterally into
grey flanks, mottled with yellowish patches covered with white hairs; a median dark
lanceolate patch is bordered by two yellowish longitudinal bands interconnected in anterior
half, posteriorly by means of dark chevrons; venter yellowish, with a median dark grey

longitudinal band, bordered by yellowish and grey small patches.

Eyes: MOQ: MW = 0.8 PW, MW = 1.1 LMP, MW = 1.2 AW; Cl = 0.33 DAME. Anterior eye row

slightly procurved.
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Legs: Measurements: Leg I: 13.56, Til: 3.06; Leg IV: 14.93, TilV: 3.06; TilL/D: 5.46. Spination of
Leg I: Fel: d1.1.0, p0.0.1-2; Til: p1s.0.1s, r1s.0.1s, v2I.2l.2s; Mtl: p0.1.1, r0.0.1, v21.21.1s. Mtl

with sparse scopulae in basal half and dense scopulae on distal half.

Pedipalp: cymbium with 5 dark, stout, macrosetae at tip, Fe with 2 dorsal and an apical row
of 4 spines, Pa with 1 prolateral spine, Ti with 1 dorsal and 1 prolateral spine. Median
apophysis with basal spur truncate, blunt, and with tip wide, blunt; terminal apophysis blade-

shaped with sharp end; embolus long, with tip smoothly curved anteriorly; palea small.
Female (CRBALC0308): (Fig. 16C—D). Total length 12.77; carapace: 5.44 long, 4.1 wide.

Colour: overall as in male, but darker in legs, chelicera and prosoma. Sternum with a faint v-
shaped grey patch. Abdomen is lighter, with central chevrons and ventral longitudinal dark

band faded.

Eyes: MOQ: MW = 0.76 PW, MW = 1.15 LMP, MW = 1.2 AW; Cl = 0.64 DAME. Anterior eye

row slightly procurved.

Legs: Measurements: Leg |: 13.77, Til: 3.05; Leg IV: 15.96, TilV: 3.34; TilL/D: 3.7. Spination of
Leg I: Fel: d1.1.0, p0.0.2; Til: p0.1s.0, v2l.21.2s; Mtl: p0.0.1, r0.0.1, v21.2l.1s. Mtl with sparse

scopulae in basal half and dense scopulae on distal half.

Epigynum: hoods almost touching, short, with lateral borders parallel; hood cavities shallow;
median septum with narrow base; spermathecae oval or piriform; copulatory ducts with

small, stout diverticulum ventrally; fertilisation ducts emerging at the base of copulatory duct.

Intraspecific variation: Carapace length, males: 4.6-6.4, females: 5.13-7.4. Length of
cymbium of male palp can vary from shorter to longer than the bulbus. In the single available
adult female from Madeira, the hoods of the epigynum show slightly divergent lateral borders
(posteriorly) (Fig. 16E), while specimens from the remaining islands show parallel lateral

borders.

Distribution: This species is known from many locations in all islands of the archipelago except

in Madeira island, where it is only present at the Southeast coastal regions (Fig. 17).

Ecology: H. insularum occurs in a wide variety of habitats, from grasslands, Erica shrubland to

secondary forests (in the latter two cases, only in Porto Santo).
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Conservation status: H. insularum was assessed according to the IUCN Red List criteria, with

the status of Least Concern (Cardoso et al. 2018b).

Comments: H. insularum presents a remarkable genitalic variation. In males, both the length
of the cymbium and the position of the sickle-shaped apophysis relative to the embolus are
variable (Fig. 15). In females, the epigynum usually presents hoods with anteriorly parallel
lateral borders, but a specimen from Madeira shows a posteriorly divergent lateral border. At
the same time, the shape of spermathecae seem to vary from ovoid (Fig. 16, A-D), to piriform
(Fig. 16, E-F), to rounded (Fig. 16, G—H). Wunderlich (1992) described H. biscoitoi based on
specimens from Porto Santo. To diagnose it from H. insularum he stated that in males “the
sickle-shaped apophysis points more to the tip of the cymbium” while in the former species
the same structure “(...) is directed more retrolaterally”. For females, although a diagnostic
description was provided, the identification key directed to the same image when referring
to the epigyne of both H. insularum and H. biscoitoi. We collected a thorough sample of
specimens from different localities in Porto Santo (from Pico Ana Ferreira to Pico Branco) and
surrounding islets. We did observe male palps with different degrees of inclination of the
sickle-shaped apophysis and with cymbium shorter than the length of the copulatory bulbus
(Fig. 15, A, C), but both characters were unlinked. We suspect that these traits may be
affected by the time from the last moult (e.g. Fig. 15B was most likely a recently moulted
individual, given its overall pale coloration). Furthermore, fixation in ethanol might
sometimes cause a displacement of sclerites, even if small. Molecular data does not seem to
provide any additional evidence regarding the possibility that the specimens from Porto Santo
may belong to a different species that those reported form other islands. Unfortunately, we
could not examine the type material of H. biscoitoi stored at the Funchal Municipal Museum,
since it does not loan type material for study. Based on the variability in the supposedly
diagnostic features and the lack of genetic divergence, we hereby consider H. biscoitoi as a

junior synonym of H. insularum.
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Figure 15. H. insularum, male palps. A, male from Porto Santo (CRBALC0310), left palp,

ventral; B, male from Deserta Grande (CRBALC0305), left palp, ventral; C, male from Bugio
(CRBALCO0015), left palp, ventral; D, detail of the median apophysis of male from Deserta
Grande (CRBALC0305), anteroventral; E, SEM image, right male palp, male from Porto
Santo (CRBALC0310), ventral; F, Idem, retroventral. Abbreviations, male palp: C —
cymbium, E — embolus, MA — median apophysis, P — palea, T — tegulum, TA — terminal

apophysis. Scale bars: A, B, C=0.5mm, D =0.2 mm.
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Figure 16. H. insularum, female genitalia. A-B, female from Bugio (CRBALC0301): A,
epigynum, ventral; B, vulva, dorsal; C-D, female from Deserta Grande (CRBALC0308): C,
epigynum, ventral; D, vulva, dorsal; E-F, female from Madeira (CRBALC0597): E, epigynum,
ventral; F, vulva, dorsal; G-H, female from Porto Santo (CRBALC0300): G, epigynum,
ventral; H, vulva, dorsal. Abbreviations, female genitalia: D — diverticulum, H — epigynal

hoods, MS — median septum, S — spermatheca. Scale bars: A—H = 0.2 mm.
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Figure 17. Distribution of H. insularum. Circles: present records; black triangles: revised

records from literature; white triangles: unconfirmed records from literature.

Hogna isambertoi Crespo, sp. nov.

(Fig. 18-19)

Hogna heeri Crespo et al. 2013: 18. Wrong identification (m).

Holotype: DESERTA GRANDE ¢ 1 @, Ponta Sul, coll. 4.X1.2017, leg. I. Silva, stored at SMF,

collection number to be set after publication.
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Paratypes: BUGIO * 1 @ (SMF), Planalto Sul, 3.X11.2012, hand collecting, leg. I. Silva. DESERTA

GRANDE e Planalto Sul, 1 @ (SMF), 12.X1.2017, hand collecting, leg. I. Silva.

Additional material examined: DESERTA GRANDE e Planalto Sul, 1 juvenile (CRBALC0610:
LC330), 12.X1.2017, hand collecting, leg. I. Silva.

Diagnosis: Hogna isambertoi sp. nov. can be distinguished from all other Madeiran Hogna by
its genitalia. in males the tip of the embolus is tilted anteriorly (Fig. 18A, C). In females, the
epigynal hoods show convergent lateral borders and the median septum has a wide base (Fig.

18D).
Description — Male holotype: (Fig. 18A—C). Total length: 7.36; carapace: 4.25 long, 3.2 wide.

Colour: carapace greyish-brown, covered with short black hairs, with a median yellow
longitudinal band, anteriorly broadened, covered with short white hairs; two yellow marginal
bands, suffused with grey patches, covered with short white hairs; four black striae well visible
on each flank. Chelicerae yellow, with grey suffused patches, covered in black and white hairs.
Gnathocoxae and labium overall pale yellow, with posterior margin with suffused grey patch;
sternum pale yellow, with v-shaped grey patch. Legs pale yellow, with irregular grey suffused
patches, except anterior metatarsi and tarsi, yellowish orange. Pedipalps yellow. Abdomen
with a pair of anterolateral black patches, extending laterally into grey to black flanks; a
median faint dark lanceolate patch is bordered by two yellowish longitudinal bands
interconnected in anterior half, posteriorly by means of dark chevrons; venter yellowish, with

large blackish patches near spinnerets and small patches medially.

Eyes: MOQ: MW = 0.78 PW, MW = 1.08 LMP, MW = 1.17 AW; Cl = 0.53 DAME. Anterior eye

row slightly procurved.

Legs: Measurements: Leg |: 11.67, Til: 2.63; Leg IV: 13.83, TilV: 2.75; TilL/D: 6.6. Spination of
Leg I: Fel: d1.1.1, p0.0.1; Til: p1.0.1, v21.21.2s; Mtl: p0.0.1, r0.0.1, v2I.2l.1s. Mtl with sparse

scopulae in basal half and dense scopulae on distal half.

Pedipalp: cymbium with 1 spine along prolateral rim and 5 dark, stout, macrosetae at tip, Fe
with 2 dorsal and an apical row of 4 spines. Median apophysis with basal spur truncate, blunt
and tip thin, blunt; terminal apophysis with proximal branch in close apposition with terminal

branch, blade-shaped with blunt end; embolus long, with tip tilted anteriorly; palea small.
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Female paratype: (Fig. 18D-E). Total length 12.06; carapace: 4.7 long, 3.6 wide.

Colour: overall as in male, but darker in legs, chelicera and prosoma, where additional faint
striae are present. Abdomen is lighter, with central chevrons faded, possibly due to pregnancy

and correspondent tegument extension.

Eyes: MOQ: MW = 0.78 PW, MW = 1.2 LMP, MW = 1.17 AW; Cl = 0.35 DAME. Anterior eye

row slightly procurved.

Legs: Measurements: Leg |: 9.93, Til: 1.72; Leg IV: 12.99, TilV: 2.56; TilL/D: 3.19. Spination of
Leg I: Fel: d1.1.0, p0.0.1-2; Til: p0.0.0-1, v2I.2l.2s; Mtl: p0.0.1, r0.0.1, v2I.2l.1s. Mtl with

sparse scopulae in basal half and dense scopulae on distal half.

Epigynum: hoods touching, short, with lateral borders parallel; hood cavities deep; median
septum with wide base; spermathecae oval; copulatory ducts simple; fertilisation ducts

emerging at the base of copulatory duct.

Etymology: the specific epithet is a patronym in honour of Isamberto Silva, who not only
collected the only known specimens of this species,but has provided an invaluable support in

field work.
Intraspecific variation: Carapace length, males: 4.1-4.25.

Distribution: This species is known only from the southernmost part of Deserta Grande and

Bugio (Fig. 19).
Ecology: H. isambertoi sp. nov. occurs in arid, coastal scarps, with reduced vegetation cover.

Conservation status: the species seems to be restricted to a very small area, equivalent to an
Extent of Occurrence and Area of Occupancy of 8 km? in two locations, both threatened by
the effects of increasing aridification. The trends are unknown, but it is uncertain if the
scarcity of specimens is due to rarity, or the fact that it seems to be a late autumn / early
winter species, when collecting effort has been low. If the decline is confirmed the status

might be Endangered, if not it might be Near Threatened.
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Figure 18. H. isambertoi sp. nov. A—C, male (SMF): A, left male palp, ventral; B, detail of the
median apophysis, anteroventral; C, SEM image, right male palp, ventral. D-E, female
(SMF): D, epigynum, ventral; E, vulva, dorsal. Abbreviations, male palp: C — cymbium, E —
embolus, MA — median apophysis, P — palea, T — tegulum, TA — terminal apophysis.
Abbreviations, female genitalia: D —diverticulum, H — epigynal hoods, MS —median septum,

S — spermatheca. Scale bars: A=0.5 mm, B-E = 0.2 mm.
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Ilhéu Chao
Figure 19. Distribution of H. isambertoi sp. nov. Circles: present

records; black triangle: revised record from literature.

Hogna maderiana (Walckenaer, 1837)

(Figs 20-22)

Deserta

Lycosa tarentuloides maderiana Walckenaer, 1837: 291 (Df). Grande

Lycosa tarentuloides maderiana Blackwall, 1857a: 282 (Dm).
Tarentula maderiana Simon, 1864: 350.
Lycosa maderiana Simon, 1898: 346.

Trochosa maderiana Kulczynski, 1899: 426, pl. 9, f. 119-120 Bugio
(mf).

Isohogna maderiana Roewer, 1955: 241. 1km
Isohogna maderiana Roewer, 1960: 569, f. 319a-c (mf).

Hogna schmitzi Wunderlich, 1992: 462, f. 721-723 (Dmf).

Holotype: Not examined, supposed lost.

Additional material examined: ILHEU DE FERRO * 1 ¢f and 1 € (SMF37637), 3.VI1.1983, leg.
K. Groh., 1 @ (CRBALC0013), 6.IV.2011, hand collecting, leg. I. Silva. PORTO SANTO e Pico
Branco, 1 @' (CRBALC0734) and 2 & (CRBALC0O704, CRBALCO0717), 10.IV.2018, hand
collecting, leg. L. Crespo & A. Bellvert; Pico do Facho, 1 ¢ (SMF63869), 31.X.1972; (unknown
location), 2 ©@® and 2 juveniles (FMNH http://id.luomus.fi/KN.23945), 4.X.1959, 1 @

(SMF34482), VI1.1983, 1 @ (SMF36760), 26.X.1985, leg. G. Schmidt, 1 G* (SMF37639), 8-
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11.VI1.1983, 1 @ (SMF37636) and 2 juveniles (SMF37638), leg. K. Groh, 8 G# @ and 11 9 ®
(BM, in ethanol), VI.1962, leg. S.W. Bristowe, 1 & (BM), VII.1963, leg. B.M. Cliffton, 2 @ GF

and 2 @ ® (BM 1892.7.9.12.17), leg. W.R.O. Grant, 1 2 (BM), 12.V1.1964, 1 & and 1 & (BM,

mounted dry).

Diagnosis: Hogna maderiana can be distinguished from all other Madeiran Hogna by a
combination of the following characters: the large size (prosoma length > 10 mm), the aspect
of its legs, with conspicuous orange hairs (Fig. 26A), and its genitalia. In males by a
combination of a smoothly curved tip of the embolus and a notorious tegular concavity (Fig.
20A-D). In females by epigyne with median septum more than twice as long as wide (at base)

(Fig. 20E=F).

Redescription — Male (CRBALC0734): (Fig. 20D—E). Total length: 19.54; carapace: 11.88 long,
8.9 wide.

Colour: carapace brown, with short black hairs covering flanks, short white hairs present
posteriorly, anteriorly and laterally, long black hairs are present anteriorly or scattered
around median band; median yellow longitudinal band present but faint, covered with short
white hairs and scattered long black hairs, anteriorly broadened; marginal bands indistinct,
made apparent only by the cover of short white hairs, long black hairs also present laterally;
four darker lateral bands visible, but without striae. Chelicerae black, apically dark brown,
covered in black and yellow hairs. Gnathocoxae very dark orange brown, labium blackish;
sternum brown, medially lighter, but without any stripe. Legs brown, without annulations,
with anterior tibiae, all metatarsi and tarsi dark brown, and covered dorsally with yellow hairs
(probably orange in living or fresh specimen). Palpal femur, patella and tibia as legs, cymbium
darker, yellow hairs present in all segments except femur. Abdomen with a pair of
anterolateral black patches, extending laterally into grey flanks; a median yellow lanceolate

patch is bordered by few whitish patches; venter greyish, darker near spinnerets.

Eyes: MOQ: MW = 0.73 PW, MW = 1.15 LMP, MW = 1.2 AW; Cl = 0.48 DAME. Anterior eye

row slightly procurved.

174



Legs: Measurements: Leg |: 36.71, Til: 8.75; Leg IV: 37.27, TilV: 8.1; TilL/D: 4.38. Spination of
Leg I: Fel: d1.1.0, p0.0.2; Til: p1.0.1, r1.0.0, v2s.2s.2s; Mtl: p0.0.1, r0.0.1, v2s.2s.1s. Mtl with

very dense scopulae.

Pedipalp: cymbium with 1 prolateral spine and 6 dark, stout, macrosetae at tip, Fe with 2
dorsal and an apical row of 4 spines, Pa with 1 prolateral spine, Ti with 1 dorsoprolateral spine
and 1 prolateral spine. Median apophysis with basal spur truncate, blunt, and with tip thin,
blunt; terminal apophysis blade-shaped with sharp end; embolus long, with tip directed

anterolaterally; palea small.
Female (CRBALC0717): (Fig. 20E—F). Total length 23.54; carapace: 11.25 long, 8.25 wide.

Colour: overall as in male, with the following differences: median yellow longitudinal band in
prosoma clear. Cheliceral hairs black. Legs with few faint greyish patches in femora.

Abdominal pattern overall greyish, darker near spinnerets, with patches unapparent.

Eyes: MOQ: MW = 0.7 PW, MW = 1.1 LMP, MW = 1.2 AW; Cl = 0.4 DAME. Anterior eye row

slightly procurved.

Legs: Measurements: Leg |: 30.25, Til: 7.16; Leg IV: 33.86, TilV: 7.36; TilL/D: 3.53. Spination of
Leg I: Fel: d1.1.0, p0.0.2; Til: 0.1s.0, v2s.2s.2s; Mtl: p0.0.1, r0.0.1, v2l.2s.1s. Mtl with very

dense scopulae.

Epigynum: hoods touching, short, with lateral borders parallel; hood cavities deep; median
septum with narrow base; spermathecae elongated; copulatory ducts with very small

diverticulum ventrally; fertilisation ducts emerging at the base of copulatory duct.
Intraspecific variation: Carapace length, males: 11.88—-14.38, females: 11-11.5.

Distribution: This species is known from the island of Porto Santo and one of its surrounding

islets, Ilhéu de Ferro (Fig. 22).

Ecology: H. maderiana can be found in open habitats, such as grasslands, shrubland or sand

banks.

Conservation status: H. maderiana was assessed according to the IUCN Red List criteria as H.

schmitzi (Cardoso et al. 2018d), with the status of Least Concern.
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Comments: As mentioned above (see remarks on H. blackwalli sp. reval.), the large specimens
with striking orange coloration in legs from Porto Santo island and its neighboring islet Ilhéu
de Ferro were known by pioneer arachnologists. The original, somewhat obscure, description
by Walckenaer described a 2.5 cm spider (“1 pouce”) with reddish-brown legs (Pattes rouges,
lavées de brun en dessus (...)”), from the island of Madeira (“lle de Madeére”). After this,
Blackwall was the first to provide a clear description of this taxon, while at the same time
stating that it was collected in the island of Porto Santo, not Madeira. Subsequent authors
reported additional materials from either Porto Santo or Ilhéu de Ferro (Johnson 1863;
Kulczynski 1899). Wunderlich considered H. blackwalli a junior synonymy of H. maderiana
based on the wrong assumption that previous authors repeatedly misidentified H. maderiana
from Porto Santo, assigning H. maderiana to the large species with annulated legs from
Madeira island. Following synonymy, Wunderlich himself named the large species from Porto
Santo as H. schmitzi. As a matter of fact, the only indication of the presence of a large spider
with reddish coloration in legs in Madeira island is Walckenaer’s original description.
Unfortunately, Walckenaer’s type seems to be lost. However, Simon most likely examined it,
because he stated that “L. maderiana Walck. est, en grande partie, revétu, en dessus, de
pubescence courte d'un beau rouge orange.” (Simon 1898: 332). The two large species are
easy to distinguish, the only misidentification between them being made by Thorell, who
identified H. blackwalli from Madeira as Trochosa maderiana (Thorell 1875). We argue that
the presence of H. maderiana in the island of Madeira reported in Walckenaer’s original
description was likely a labelling mistake or a misinterpretation, and probably referred to the

archipelago.
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Figure 20. H. maderiana. A—C, male (CRBALC0734): A, left male palp, ventral; B, detail of the

median apophysis, anteroventral; C, SEM image, right male palp, ventral; D, idem,
retroventral. E-F, female (CRBALC0717): E, epigynum, ventral; F, vulva, dorsal.
Abbreviations, male palp: C — cymbium, E — embolus, MA — median apophysis, P — palea, T
— tegulum, TA — terminal apophysis. Abbreviations, female genitalia: D — diverticulum, H —
epigynal hoods, MS — median septum, S — spermatheca. Scale bars: A-B, E-F = 0.5 mm, C—

D=0.2 mm.
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Figure 21. Photo of H. ingens. Female specimen in the field. Photo credit: Pedro Cardoso.
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Figure 22. Distribution of H. maderiana. Black circles: present records; dotted circles:

records from only leg samples; black triangles: revised records from literature; white

triangles: unconfirmed records from literature.
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Hogna nonannulata Wunderlich, 1995

(Fig. 23-24)

Holotype: MADEIRA o 1 G#, coll. 25-30.1V.1957, leg. Roewer, stored at SMF, collection

number 10754. Examined.

Additional material examined: MADEIRA e Camara de Lobos, 1 @ (CRBALCO703: LC326),
27.V.2018, hand collecting, leg. E. Pereira, 1 @ (CRBALCO701: LC325, CRBALC0702: LC324),
29.V.2018, hand collecting, leg. I. Silva & E. Pereira, 1 @# (CRBALC0608: LC328), 21.VI.2017,

hand collecting, leg. I. Silva, 1 @ (CRBALC0607: LC327), 11.VII.2017, hand collecting, leg. |.

Silva.

Diagnosis: Hogna nonannulata can be distinguished from all other Madeiran Hogna by the
aspect of its legs, without annulations, but bearing yellow or orange patches of hairs (Fig.
23D). In addition, males have a clearly excavated terminal apophysis in the embolus (Fig. 23A,
C). We could not revise any female materials, for which we propose that the leg aspect can

be used to diagnose females.

Redescription — Male (CRBALC0O701): (Fig. 23). Total length: 18.62; carapace: 10.31 long, 8.2

wide.

Colour: carapace greyish brown with transverse yellowish bands, generally covered with short
black hairs, except anteriorly and laterally, where short white hairs and long black hairs are
present; median yellow longitudinal band present, anteriorly broadened, with suffused
greyish brown patches; two yellow marginal bands, suffused with greyish brown patches; ca.
7 faint blackish striae on each flank. Chelicerae blackish to dark brown, covered mostly in
black and white hairs. Gnathocoxae very dark orange brown, labium blackish; sternum
yellowish grey, with a faint, longitudinal yellow stripe extending to less than half of sternum
length. Legs yellow to brown, without any clearly coloured patch, just scattered areas
suffused with grey, grey hairs present in tibia, metatarsus and tarsus. Palpal femur, patella
and tibia yellow, except cymbium, brown. Abdomen with both short and long black hairs,
additionally with short greyish white hairs; with a pair of anterolateral faint blackish patches,

extending laterally into grey flanks, interspersed with greyish white patches; a median greyish
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lanceolate patch is bordered by two yellowish longitudinal bands interconnected in anterior
half, posteriorly by means of faint dark chevrons; venter yellowish except around spinnerets,

dark grey, with small blackish patches scattered laterally.

Eyes: MOQ: MW = 0.78 PW, MW = 1.18 LMP, MW = 1.3 AW; Cl = 0.65 DAME. Anterior eye

row slightly procurved.

Legs: Measurements: Leg |: 40.94, Til: 10.75; Leg IV: 42.98, TilV: 9.8; TilL/D: 8.77. Spination of
Leg I: Fel: d1.1.0, p0.0.2; Til: p1.0.1, v2s.2s.2s; Mtl: p1.0.1, r1.0.1, v2s.2s.1s. Mtl with very

dense scopulae.

Pedipalp: cymbium with 2 prolateral spines, one basal, the other at rim, apically with ca. 4
dark macrosetae, Fe with 2 dorsal and an apical row of 4 spines, Pa with 1 prolateral spine, Ti
with 1 dorsal, 1 dorsoprolateral spine and 1 prolateral spine. Median apophysis with basal
spur truncate, blunt, and with tip stout, blunt; terminal apophysis with proximal branch
separated from terminal branch due to a well-visible excavation, blade-shaped with sharp

end; embolus moderately elongated, with tip directed anteriorly; palea small.
Female: We could not revise any female materials.

Intraspecific variation: Carapace length, males: 7.2—11.25. Smaller males have proportionally

longer tibial spines than longer males.

Distribution: This species is known from the Southern coastal area of Camara de Lobos in the

island of Madeira (Fig. 24).
Ecology: H. nonannulata can be found in coastal shrub- or grassland and rocky areas.

Conservation status: It was not previously possible to assess H. nonannulata according to the
IUCN Red List criteria given the scarcity of past information, hence a status of Data Deficient
was suggested (Cardoso et al. 2018c). Its known distribution is now limited to the area of
Camara de Lobos in the Southern coast of Madeira Island, an area with no remaining natural
habitat beyond the rocky areas. With an EOO and AOO of 4km? and a single location
threatened by urban and agricultural pressure, if the trend of the species is negative its status

might be Critically Endangered.
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Figure 23. H. nonannulata. A—C, male (CRBALC0701): A, left male palp, ventral; B, detail of
the median apophysis, anteroventral; C, SEM image, right male palp, ventral. Abbreviations,
male palp: C — cymbium, E — embolus, MA — median apophysis, P — palea, T — tegulum, TA —

terminal apophysis. Scale bars: A=0.5 mm, B-C = 0.2 mm.

Cémara de Lobos

Figure 24. Distribution of H. nonannulata. Black circle: present record; white triangle:

unconfirmed record from literature.
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Key to the Hogna species endemic to the Madeira Archipelago

. Species from Porto Santo. 2
Species from Madeira. 3
Species from Desertas. 6

. Large species (prosoma length > 10 mm), legs furnished with orange hairs (Fig. 26A). H.

maderiana

Small to medium species (prosoma length < 10 mm), legs with whitish hairs (Fig. 26C).

H. insularum

. Legs with a small, bright yellow patch of hairs at joints of anterior metatarsus and palp (Fig.

25A). H. blackwalli
Species without bright yellow patches of hairs in anterior legs. 4
. Legs without any reticulated or annulated pattern (Fig. 25D). H. nonannulata
Legs with reticulated or annulated pattern. 5

. Male with straight embolus (Wunderlich 1992: 595, Fig. 720). Female epigynal hoods with

highly divergent lateral borders (Fig. 9A). Species from montane habitats. H. heeri

Male with embolus smoothly curved (Fig. 15). Female epigynal hoods with parallel lateral

borders (Fig. 16C). Species from southeastern coastal grassland habitats H. insularum

. Very large species (prosoma length > 14 mm). Black legs with white patches (Fig. 25C).H.

ingens
Smaller species (prosoma length < 10 mm). 7

. Male palp smoothly curved (Fig. 17). Female epigyne with median septum roughly half as
wide (at base) as long (Fig. 16 A, C, E, G). H. insularum

Male palp straight or with only tilted tip. Female epigyne with median septum almost as

wide (at base) as long (Figs 9A—B, 18D—E). 8

. Male palp with embolus with tip tilted anteriorly (Fig. 18A, C). Female epigynal hoods with

convergent lateral borders (Fig. 18D). H. isambertoi sp. nov.
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Male palp with straight embolus (Wunderlich 1992: 595, Fig. 720). Female epigynal hoods
with highly divergent lateral borders (Fig. 9A). H. heeri

female

H. ingens

H. heeri

5mm

Figure 25. Plate with photographs of the lateral view of the tibia | for easily diagnosable species.
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male female

H. maderiana

unidentified
specimens

H. insularum

5 mm

Figure 25. Plate with photographs of the lateral view of the tibia | for the complex of H.

maderiana, H. insularum and their intermediate forms.

Discussion

Origins of Madeiran Hogna

Our analyses support the long-standing view that the genus Hogna is a paraphyletic
assemblage in much need of a through taxonomic revision that establishes its limits and
diagnosis. Unfortunately, only 18 species of Hogna were represented by at least one DNA

sequence in public repositories, out of the 228 currently valid species and subspecies,
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excluding Madeiran ones (World Spider Catalog 2021: accessed 26 Apr 2021). Albeit with low
support, our results suggested a strong geographic component in the phylogenetic
relationship of Hogna species, recovering mixed genera clades from the same region (e.g.
North America, South America or Australia). Madeiran species were consistently recovered
by all analyses as closely related to the type species of the genus, H. radiata, represented in
the analyses by specimens form the Iberian Peninsula, yet poorly supported. Although our
sampling is far from being representative of the Hogna diversity in the Western palearctic
(only 2 species out of 45 described were included), the results are congruent with the Iberian
Peninsula as a colonization source of Madeiran species. This biogeographic connexion has
been recently confirmed for the endemic Madeiran species of the spide genus Dysdera, and
was most likely favoured by the predominant aerial and marine currents in the region (Crespo

et al. 2020).

Our time estimates suggest a colonization of the archipelago by the late Miocene (but
note the large confidence intervals recovered). Interestingly, this sub-epoch coincides with an
episode of major global cooling that brought about dramatic changes in the ecosystems,
which included the expansion of grasslands and the associated fauna (see Herbert et al. 2016
and references therein). The increase in the amount of habitat type preferred by wolf spider
may have facilitated the expansion and diversification of lycosids into the Mediterranean
region and eventually the colonization of the Madeiran Archipelago. In this regard, it is worth
to mention that the origin of the western Mediterranean species of the other genus of large
wolf spiders, Lycosa Latreille, 1804, seems also to trace back to the late Miocene (Planas et

al. 2013).

Model-based analyses recovered the monophyly of all Madeiran endemics, which
would suggest a single colonization event of the archipelago. This result was disputed by
parsimony analysis, which suggested at least two different events by placing the mainland H.
radiata as sister to the ingens-clade. None of these alternative arrangements, however,
received high support. Conversely, the existence of two well-defined lineages, the ingens and
maderiana-clades, were supported in all analyses. Interestingly, our analyses also pointed out
to another case of multiple colonisations of another volcanic archipelago, the Galapagos
Islands. Up to seven endemics species are know from this Pacific archipelago, which include

species adapted to habitats at different altitude (Baert et al. 2008). All our analyses supported
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the independent colonisation of the Galapagos by at least two or even three different
ancestors, one of which resulted in local diversification. Multiple island colonisation should
not be unexpected in wolf spiders, given their good dispersal ability and frequent use of

ballooning (Richter 1970, Greenstone 1982, Bonte and Maelfait 2001, Bonte et al. 2006).

Regardless of the actual number of colonisations, Hogna underwent processes of local
diversification, as illustrated by the ingens-clade. Similarly, to what has been observed in
endemic Hogna from the Galapagos (Busschere et al. 2010), Madeiran endemics show a
certain ecological differentiation associated to elevation, some species are found in montane
habitats (H. heeri, H. blackwalli sp. reval. and H. ingens), while other are mostly found in
coastal areas (H. isambertoi sp. nov. and H. nonannulata). Body size is another functional trait
with a noticeable variation across Madeiran Hogna, H. ingens and H. maderiana can be
considered giant species for Hogna standards (>10 mm of carapace length), while H.
blackwalli sp. reval. (7.3—10.4mm) and H. nonannulata (7.2-11.2mm) are medium-large, and
H. insularum (4.1-4.7mm), H. heeri (5.2-5.8mm) and H. isambertoi sp. nov. (4.1-4.7mm) are
small. Often sympatric species have disparate size, as is the case in Porto Santo with H.
maderiana and H. insularum, or in Deserta Grande with H. ingens and H. insularum, or even
in Madeira with H. blackwalli sp. reval. and H. heeri. Yet, it also occurs that in Deserta Grande
(only in South end) two very similar species, H. insularum and H. isambertoi sp. nov. share the
same habitat. And in Bugio island, an even smaller and steeper island than Deserta Grande,
the three small species of the archipelago, H. heeri, H. insularum and H. isambertoi sp. nov.,
are found together. Interestingly, the few specimens available of H. isambertoi sp. nov. and
the single specimen of H. heeri from Bugio were all collected in late autumn, which might

indicate phenological displacement against the spring-dominant H. insularum.

Within the ingens-clade, the only well-supported sister group relationship is between
H. blackwalli sp. reval. and H. nonannulata, which represents a nice example of ecological
shift within the same island, from the ancestral open habitat represented by the coastal
species H. nonannulata, to the laurel forest habitats inhabited by H. blackwalli sp. reval. More
detailed natural history and ecological information will be required to rigorously test the role

of habitat shifts in the diversification of Hogna in Madeira, as well as to determine instances
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of parallel evolution in habitat and functional traits, as has been reported in Hogna in the

Galapagos Is. (Busschere et al. 2010, De Busschere et al. 2012).

Hogna insularum and H. maderiana: one or two species?

The species pair H. insularum and H. maderiana poses a taxonomic and evolutionary
conundrum. Our molecular data was unable to establish boundaries between the large
specimens of Hogna from the island of Porto Santo showing orange pilosity, identified using
traditional diagnoses as H. maderiana, and the smaller specimens, without the referred
pilosity, identified as H. insularum. Re-examination of morphological data suggested the
existence of a continuum of phenotypic traits between the two extremes represented by
specimens univocally referred as either H. maderiana or H. insularum. Several specimens of
intermediate size in Porto Santo (Figs 27-28) showed clear yellowish to orange pilosity in
anterior legs (colour fades to yellow after depositing specimen in ethanol), but not as dense
as in the larger specimens. Furthermore, we were able to spot the usual dark reticulate
pattern on the legs of these specimens, unlike in the large specimens, which are dark, bearing
no traces of reticulated patterns (Fig. 26). We considered these specimens tentatively as
“unidentified” (sp.). At the other extreme, the smaller specimens from Porto Santo, putatively
identified as H. insularum, lacked orange hairs, but showed yellowish to whitish hairs.
Certainly, although a remarkable size difference stands between the smallest specimens
identified as H. insularum and the largest specimens identified as H. maderiana, similar wide
intraspecific variation in size has been observed in other Hogna species, for example the
Mediterranean species H. radiata (Latreille, 1817), which may range in size from 10 to 25 mm
(Moya-Larafio, personal communication). Regarding male genitalic characters, Wunderlich
(Wunderlich 1992) proposed that the presence of a concavity in the tegulum as diagnostic
trait for H. maderiana. This trait is readily apparent in the large specimen we photographed
(Fig. 20A, white arrow), but not in the unidentified specimens of intermediate size (Fig. 27).
This feature, however, could be the result of a mechanical constraint associated to the role
of the tegulum in supporting the median apophysis in large specimens. Similarly, although the
embolus is usually smoothly curved in both H. maderiana and H. insularum, the actual degree
of curvature may also vary across specimens (e.g., specimen CRBALC0328 bears a straighter

embolus compared to other specimens, Fig. 27A). On the other hand, the SEM imaging
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revealed the presence in the embolic area of H. insularum (specimen CRBALC0310, from Porto
Santo, Fig. 15E—F) of the loose membranous proximal branch of the terminal apophysis,
indistinct under the microscope, which is not present in H. maderiana (Fig. 20D). However,
caution should be taken as this might be an artifact of suboptimal drying process of the former
specimen, which could have detached the branch from the embolus. Also, by looking at Fig.
20D, we can see that this branch is folded in a way that could plausibly accompany the
embolus over a larger length. A similar pattern of intermediate forms can also be recognised
in among female specimens. Although H. maderiana specimens may be diagnosed by long
epigynes, the longest among Madeiran Hogna (Fig. 20E-F), a significant correlation exists
between epigyne size (length/width at base) and body size (Pearson’s R = 0.71, p < 0.05), as
revealed by the unidentified specimens from Porto Santo and females identified as H.
insularum. Regardless of the actual length, the overall shape of the hood lateral borders is
very similar across both taxa, showing parallel borders. Interestingly, the single adult H.
insularum female available from Madeira, a population with distinct and exclusive mtDNA
haplotypes, showed a slightly different epigynal shape (Fig. 16C). A similar relationship with
body size is also observed in the shape of the spermathecae, which are pear-shaped in larger
specimens (Fig. 20F), but from ovoid, to pear-shaped and rounded in smaller H. insularum
specimens (Fig. 16B, D, F, H). Finally, regarding habitats, the largest specimens identified as
H. maderiana are usually found in open, grassy meadows, while smaller specimens identified

as H. insularum can be found both in the former habitat but also in shady (secondary) forest.

With the data at hand, it may seem advisable to sink both names into the same
species. However, by doing so we might have concealing some interesting biological
processes. For instance, hybridization among close relatives have been uncovered between
closely related Hogna species from the Galapagos islands (De Busschere et al. 2015).
Interestingly, introgression of adaptive genes among populations on different Galapagos
islands may have contributed to the parallel evolution of similar ecological preferences. The
ability of Hogna endemic species in Madeira to disperse between islands, which could
promote introgression, is evident by the surprising finding of immature specimens originally
identified as H. insularum, but that both mitochondrial and nuclear DNA suggested they
belong to H. ingens, supposedly endemic to Desertas. Similar conflicting signals between

different sources of evidence, namely morphology and molecules, may also arise in recently
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diverged species or species with large ancestral population sizes, as exemplified by wolf
spiders in the genus Pardosa (Ilvanov et al. 2021). Discerning about alternative scenarios, will
require the future integration of large-scale population sampling with novel genome wide

screening (e.g. ddRADSeq) methods.

\

Figure 27. Unidentified male specimens belonging to the H. maderiana-insularum complex from

Porto Santo. Left male palps, ventral. A, CRBALC0328. B, CRBALC0345. Scale bars: A=0.5 mm.

Conservation status

As for other taxa in the archipelago (Crespo et al. 2014; Cardoso et al. 2018; Crespo et
al. 2021), the combination of restricted range and degrading habitat has led several species
of endemic Hogna to be considered as threatened. While many seem to be relatively widely

distributed and abundant, three species are of concern.
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Figure 28. Unidentified female specimens belonging to the H. maderiana-insularum complex
from Porto Santo. Female genitalia. A—B, CRBALC0329. A, epigynum, ventral; B, vulva, dorsal.

C-D, CRBALCO0346. C, epigynum, ventral; D, vulva, dorsal. Scale bars: A =0.5 mm.

Hogna ingens, the Desertas wolf spider, is limited to a single valley in the Northern tip
of Deserta Grande and was recently subjected to a reduction of 80% of its range in few years
(Crespo et al. 2014), leading to a classification of Critically Endangered. A habitat recovery
program is underway and several ex-situ populations are now guaranteeing its future survival.
Recent data suggests that the habitat recovery is resulting in the recovery of the spider
population to previously affected areas. If this is confirmed the status might improve and the

status should be revised in the near future.

Hogna nonannulata seems to be restricted to a small range in the South coast of the
island of Madeira. With increasing urban pressure, it is possible that the status of Critically
Endangered is warranted for the species. More information should be collected however, as
contrary to most other regions in the archipelago, the area was never subject to extensive

sampling.
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Hogna isambertoi is the third species of conservation concern, given its small range
and possible threat from aridification of the two locations from where it is known. As few data
are available due to its life cycle, with adults emerging during November and December, a

monitoring program is required to confirm a possible status of Endangered.

We strongly recommend the rapid collection of data that can confirm or not the status
of H. nonannulata and H. isambertoi, by focusing on monitoring programs of the Southern
coast of the Island of Madeira and overwintering in the Southern tip of Deserta Grande and
Bugio. If confirmed, these species would benefit from both habitat recovery programs and ex-

situ conservation as is proving successful for H. ingens.

Conclusions

Our study underlines the importance of the integration of different lines of evidence
to fully understand the origin and diversification of species endemic to oceanic islands.
Madeiran Hogna colonised the archipelago at a time of global expansion of grasslands and
subsequently diversified throughout the archipelago into a variety of forms and sizes. Yet, the
boundaries of some species are ill-defined and there are cases where both morphological and

molecular suggest complex underlying evolutionary processes.

We tackled nomenclatural issues by revising old types and descriptions, described a
new species and provided the first molecular data of Madeiran Hogna. The newly collected
data confirmed the localised distribution and narrow range of some species. Our study sets
the stage for the urgent implementation of conservation measures for the protection of these

remarkable endemic species.
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General Discussion

| have investigated in detail the taxonomy, phylogeny and biogeography of the two
most speciose spider genera in the Madeira archipelago. While each Chapter bears its

individual detailed discussion, | hereby underline the major issues discussed in our work.

e Biogeographic considerations

| uncovered two independent lineages of Dysdera that have speciated in the Madeira
archipelago, showing widely different evolutionary trajectories. The one | referred as the
“Madeiran clade” (see Chapter 1), is an older lineage that has greatly diversified locally. The
other, | referred as the “Azorean clade”, colonized Madeira more recently than the Madeiran
clade, and did not diversify, being represented by a single endemic species in the archipelago.
However, it was able to colonize the remote Azores archipelago (see Chapter 2) where may
have undergone diversification. The origin of these lineages could be traced to different
continental sources. The Madeiran clade was found to have diverged from a cluster of
lineages spread across the Iberian Peninsula (IP) and North Africa (Chapter 2, Fig. 4), although
further studies are needed to identify its closest continental relative. | searched for potential
continental outgroups to this clade using morphological analysis on a small set of undescribed
species from the western part of the IP, but the results remain inconclusive. Conversely, | was
able to pinpoint the closest relative to the Azorean clade, the continental outgroup species,
D. flavitarsis, circumscribed to narrow stretch in the North-western corner of the IP. Although
somewhat speculative, it is possible that closer relatives either remain unaccounted or maybe
went recently extinct, a suspicion reinforced by the dramatic ecological shift observed in both
D. citauca and D. “SPJ”, which dwell in spray zones of coastal habitats, whereas D. flavitarsis
occurs inland, in oak forests. The early colonization and subsequent diversification of the
Madeiran clade could have hindered the Azorean clade from diversifying in the Madeira
archipelago, maybe by competitive exclusion in habitats already occupied by the former.
Alternatively, it is possible that additional species from this clade may have not been collected
due to under sampling, since the habitat they occupy is uncommon among spiders, or that
may have gone extinct in recent times due to competition with the exotic D. crocata, which

favours coastal habitats over localities at higher altitudes.
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Additionally, | cannot exclude a third colonization of Madeira, from the Canary Islands,
as the possibly extinct D. titanica, for which no molecular information could be extracted,
resembles some species from the Canary Islands much more than any of the conspecifics in
Madeira. A close relationship between the Madeiran and Canarian fauna has been reported
in other island arthropods, such as the Calathus carabid beetles (Emerson et al. 2000),
Rhopalomesites weevils (Hernandez-Teixidor et al. 2016) and Tarphius zopherid beetles

(Emerson and Oromi 2005).

Because of the limited ability of Dysdera for long distance dispersal, as suggested by
the narrow distribution of most of its near three hundred species and the absence of
ballooning, | hypothesize that the ancestors of both the Madeiran and Azorean clades
dispersed by means of rafting or floating islands, helped by the direction of the dominant
wind and water currents in the region. Additionally, they may have benefited from a series of
paleoislands, present-day seamounts created by the same volcanic hotspot which originated
the Madeiran archipelago (Geldmacher et al. 2000), which may have shortened distances
between current subaerial islands in the past. This possibility was already suggested for other

speciose invertebrates of Madeira, such as land snails (Cook 2008).

Madeira, the largest island of the archipelago, is inhabited by solely 2 species, whereas
four and five sympatric species occur respectively in the smaller and ecologically
depauperated islands of Porto Santo and Deserta Grande. Past biodiversity surveys conducted
in Madeira (Crespo et al. 2014a, Boieiro et al. 2018, Malumbres-Olarte et al. 2020) guarantee
a reasonable sampling effort and | can discard the existence of strong sampling artifacts.
Island age is also discarded as the determining factor as aerial parts of Madeira are dated
older than those of Desertas (Schwarz et al. 2005, Ramalho et al. 2015), with strongly eroded
Porto Santo already in the subsidence stage of the geologic cycle. The scarcity of species in

Madeira island is therefore hard to explain.

Unravelling the origins of Madeiran Hogna wolf spiders is a completely different issue.
Not only lycosids disperse through ballooning, resulting in the possibility of colonization from
sources other than the nearby IP and North Africa, but data on the diversity of Hogna in the
continent are still scarce. | did not conduct specific sampling of Hogna in the nearby regions,
such as the Canary Islands or North Africa, except for a batch of H. ferox specimens collected

in Gran Canaria, and | had to rely on available sequences in public data bases, which greatly
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misrepresent the diversity of the genus in the mainland. Moreover, Hogna is taxonomically
poorly defined, often serving as dumping genus for Lycosinae species of unknown placement.
Incorporating the Madeiran sequences | generated to the matrix used by Piacentini & Ramirez
(2019) in their family level phylogeny of wolf spiders allowed me to retrieve the Madeiran
clade and identify the Mediterranean H. radiata (the type species for Hogna) as its putative
sister taxa, albeit by a single inference method, and with low support. Within the Madeiran
clade, the only clear pattern is that the species H. insularum and H. maderiana pair is
monophyletic, and that the remaining species (H. blackwalli, H. ingens, H. heeri, H. isambertoi
and H. nonannulata), which | refer as the ingens clade, share a common exclusive ancestor.
The monophyly of the two clades, however, remains poorly supported, which prevents me
suggest either one or two colonisations of the archipelago by Hogna. Within the ingens clade,
H. blackwalli and H. nonannulata were consistently retrieved as sister species, and
considering their known distributions, it is safe to assume that they are the result of allopatric
divergence prompted by an ecological shift in the island of Madeira, since the first occurs in
laurel forests or similar forested habitat, while the second occurs in coastal shrubland. It
should be noted, however, that to date a single certain locality has been reported for N.

nonannulata.

e Overlooked species and insights into species boundaries

For both the speciose Madeiran clade of Dysdera (Chapter 1) and the Madeiran Hogna
(Chapter 3) | performed single gene (cox1) species delimitation analyses using cox1, and
integrated these results along with morphological and geographical data to infer species

boundaries. The results suggested uncovered some unexpected patterns worth of discussion.

In Dysdera, | found a clear metapopulation structure in two species, D. coiffaiti and D.
dissimilis. The first is ubiquitous across humid laurel forests in Madeira, but also dwells in the
arid islands of Deserta Grande and Bugio. | recovered two well supported mtDNA clades
corresponding to the two main islands and habitats. Morphologically, although specimens
from both sites differ in size, they are only distinguished by a subtle difference in the
curvature of the male palp’s external margin of the lateral sheet (eL) of the male bulb (see

Chapter 1). The female genitalia is identical. Likewise, only the GMYC separated the Desertas
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population as a putative species, while all other methods conservatively assigned all samples
to a single group of D. coiffaiti. Following the species concept of De Queiroz (2007), which
considers a species an independently evolving metapopulation, | opted to avoid splitting the

populations of D. coiffaiti and consider the differences to reflect deep population structure.

Similarly, D. dissimilis haplotypes were highly structured across Porto Santo’s mosaic
landscape of small habitable patches of secondary forest at mountain tops. The relationships
recovered are compatible with a westward progression, since the early divergent haplotypes
to have diverged correspond to the two samples taken from the eastern Pico Branco. Two
species delimitation methods have separated the samples from Pico Branco as a putative
species, but | failed to find any reliable morphological differences to consider a new species.
Like in the former case, | consider D. dissimilis a single species with deep mitochondrial

divergences reflecting geographic population structure.

Within the genus Hogna, | uncovered a species pair that cannot be distinguished by
molecular markers and that shows a gradient in morphological trait differences, namely H.
insularum and H. maderiana. Both names correspond to specimens on the extremes of a
continuous distribution of traits, insluding size, leg pilosity and genitalic morphology (see
Discussion of Chapter 3 for detailed information). Intermediate specimens are abundant and
of dubious identity. All the species delimitation methods treated the sampled specimens as
one single putative species, which would support the synonymy of these species. | chose not
to propose such change since it may hinder some relevant historical or ongoing biological
processes that may deserve further investigation. The existence of hybridization in closely
related Hogna species has been demonstrated in Hogna species from the Galapagos (De
Busschere et al. 2015) and may also account for the patterns recovered in the Madeiran sister
pair. However, it is unclear why specimens fitting with H. maderiana diagnosis are restricted
to Porto Santo (Fig. 3B of Introduction), whereas H. insularum can be found in all semi-arid
regions of the archipelago, including in sympatry with H. maderiana. We intend to dig deeper

into this problem using genome wide screening methods (ddRADSeq).

Although not as rampant as observed in H. insularum and H. maderiana, | also
detected at least one case of introgression of H. ingens cox1 into H. insularum, which may add
to the growing evidence of ongoing hybridization in the group, although in this case also

involving long distance dispersal since the two species live in different islands. On the other
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hand, | interpreted the shared ITS-2 alleles among some of the closely related species, as a
case of incomplete lineage sorting, probably as a result of the recent divergence of these

species as suggested by my time estimates.

e Are Madeiran Dysdera a case of adaptive radiation?

My data suggests that the Madeiran clade of Dysdera is an example of adaptive
radiation. The members of these sympatric species-groups in Porto Santo and Deserta Grande
present differences in traits involved in prey capture, namely body size and cheliceral
morphology. | hypothesize those differences hint to the involvement of diversifying selection
acting on morphological variation to avoid competition in small areas with limiting resources.
A guantitative test to this hypothesis is already underway. | have collected all the necessary
data, namely additional intron sequence data to resolve relationships using multi-coalescent
approaches, morphological measurements to define the functional space and ecological
information to estimate niche overlapping. Unfortunately, these analyses could not be

included in the present study due to time constraints.

e  Conservation notes

The large sampling effort made during the several collecting campaigns conducted not
only in Madeira, but also in the Azores, the Canaries and in the mainland, have providedme
with enough information to examine the conservation status and discuss some of the putative
threats facing the endemic Dysdera and Hogna species. Madeira and Azores archipelagos, as
most oceanic islands, suffer from intensive anthropogenic pressure since their colonization
by humans, including changes in land use, and the consequent loss of native habitats, as well
as the introduction of exotic species (Kueffer and Kaiser-Bunbury 2014). The range-restricted
Dysdera species from Porto Santo and Desertas require urgent conservation measures
including habitat recovery, econmpassing the mountain tops and, for D. citauca, coastal
localities. Increasing levels of aridity driven by climate change might also further reduce the

viability of these endemics.
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The Desertas Wolf spider H. ingens was assessed as Critically Endangered by IUCN
(Crespo et al. 2014b), as its range is restricted to the small Vale da Castanheira, with less than
1 km?2. A habitat recovery program is underway and ex situ breeding has been implemented
by the Bristol Zoo in an attempt to safeguard the species. | suggest the same approach can be
undertaken for the Dysdera species of Porto Santo and Desertas, as well as the inclusion of
all these species, including H. ingens, in specific legislation targeting their protection. Finally,
data are still scarce on H. isambertoi and H. nonannulata, buth both species should be
candidates for targeted monitoring programs so that their status can be assessed in the near

future.

e  Future perspectives for research on Madeiran spiders

| anticipate the continuation of the research line started with this thesis through a
series of studies, some of which are underway. First, we are targeting H. insularum and H.
maderiana species pair for a genomics study involving ddRADSeq to reveal the role of
hybridization in the evolution of their morphological and ecological diversity. Second, we are
testing the hypothesis that the Madeiran clade in Dysdera represent a case of adaptive

radiation.

Third, I think that the analyses of the patterns exhibited by different lineages with
different ecological requirements and dispersal abilities will greatly help to understand the
origins and colonization pathways of the Madeiran biota and identify the main drivers of
diversification in the archipelago. Here | have gathered and analysed data for two speciose
spider genera, Dysdera and Hogna, but other candidate lineages will include the comb-tailed
spiders Hahnia, the ground spiders Haplodrassus, or the jumping spiders Macaroeris, all of

which contain numerous, often undescribed, species.

Finally, the massive landscape transformation following human settling has taken a
major toll on Madeiran original terrestrial habitats. At least two of the species investigated in
the present study may have gone extinct, namely D. cetophonorum and D. titanica. In both
cases the material studied was found in natural history collections, and no further individuals
have been collected after 70 or more years until the present. Along with habitat destruction,

the human settling also brought up the introduction of exotic species. Specifically, the
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synanthropic D. crocata has been recorded in several localities across the archipelagos,
usually associated to disturbed habitats. It would be interesting to examine in the future
through experimental evidence the interaction between the exotic species and the island
endemics to confirm or reject if D. crocata poses a threat to the local fauna or simply occupies

habitats already disturbed by human activity.
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Chapter 1: Integrative taxonomic revision of the woodlouse-hunter spider

genus Dysdera (Araneae: Dysderidae) in the Madeira archipelago with notes

on its conservation status

® A monophyletic lineage of Dysdera colonized the Madeira archipelago, arriving first at

Porto Santo, subsequently colonizing the remaining islands;

® One of the endemic species is only known from a museum specimen in the Kulczynski
collection (mid 19% to early 20" century) show morphological affinities with some
endemic species form the Canary Islands and might represent an independent

colonization of the archipelago;

® The large number of endemics, and the presence of co-occurring species exhibiting
different body sizes and cheliceral morphology, traits associated with prey capture and
trophic specialization, suggest that the Madeiran clade constitutes a case of adaptive

radiation;

® The second oldest and largest island of the archipelago, Madeira, only harbours two
species, while the smallest and more ecologically depauperated Porto Santo and Desertas

harbour 4 and 5 species, respectively;

® The discovery of new endemic species reinforces the need to lobby for conservation
efforts in the disturbed semi-natural areas of Porto Santo and Desertas. At least one of
the species, which was described from museum material, may have gone extinct since it

has not been collected for over 100 years.
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Chapter 2: The Atlantic connection: Coastal habitat favoured long distance

dispersal and colonization of Azores and Madeira by Dysdera spiders

(Araneae: Dysderidae)

® The presence of extant endemic species of Dysdera in Azores, which were thought to be

extinct, is confirmed;

® An additional species from Madeira, not related to the rest of endemic species and thus

representing a second colonization of the archipelago, is described;

® The endemic species of Azores and the newly described endemic from Madeira form a
clade and a species present in the northeastern corner of the Iberian Peninsula is
identified as their sister taxa. The colonization pathway of the islands remains unclear
but it was most likely by rafting favoured by the dominant water and air currents in the

area;

® A time-calibrated analysis revealed that the split of the island species and their
continental counterpart slightly preceded the age of the subaerial stage of the islands,
which may either suggest the use of formerly emerged seamounts as stepping stones or

some kind of methodological artifact;

® The taxonomic and conservation status of the Azorean endemic species D. cetophonorum
remains obscure, molecular data could not be retrieved to compare with the coastal
specimens collected and no specimens of this species has been collected in 70 years, in

spite of active spider surveys conducted in the islands.
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Chapter 3: Island hoppers: Integrative taxonomic revision of Hogna wolf

spider (Araneae: Lycosidae) endemic to the Madeira islands with description

of a new species

® The Hogna species of the Madeira archipelago probably are monophyletic, although
support is low. The genus probably colonized the archipelago once, but a second

colonization cannot be completely ruled out;

® Taxonomic treatments done summed up three synonymies, one name revalidation and
one new species, proving evidence on the poor taxonomic knowledge on the group prior

to the present study;

® Time estimation analysis traced back the diversification of Madeiran Hogna to the late
Miocene, a time of major global cooling that drove the expansion of grasslands and its

associated fauna;

® The species pair H. insularum and H. maderiana cannot be separated by either molecular
species delimitation methods or morphological data. We hypothesize that instances of

hybridization might be occurring among these species;

® We provide remarks on the conservation status of each species, and propose that the
species H. isambertoi and H. nonannulata should be targeted for monitoring programs

and conservation efforts, given their reduced distributions.
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Table S1. List of specimens used in the molecular analysis with voucher

GenBank

numbers and

data. Sequences with DNA codes were newly generated in the present study. Superscript letters in COl indicate shared haplotypes. Subfamily, Genus, Species: taxonomic category; sex: life cycle stage; type: type material status of the specimen; collection

code: collection number of the specimen; DNA code: DNA extraction code; COI, 16S, NAD1, 28S, H3: accession numbers for the corresponding genes; Country, Island, Locality: locality information; Additional site information: habitat characteristics; Coordinates: decimal latitude and longitude; Altitude: elevation in meters as inferred from the GPS coordinates with

https://www.freemaptools.com/elevation-finder.htm.

Subfamily Genus Species sex type collection code DNA code col 16S NAD1 28S H3 Country Island Locality Altitude  Additional site information Coordinates
Dysderinae Dysdera coiffaiti juv CRBALCO114 1c071 MT372210 MT374368 MT374292 MT373173 MT374331  Portugal Bugio Planalto Sul 322m

this is the only accessible flat area of this island N 32.41228° W 16.47466°
Dysderinae Dysdera coiffaiti Q CRBA002500 pk100 MT372211 Portugal Bugio Planalto Sul 322m

this is the only accessible flat area of this island N 32.41228° W 16.47466°
Dysderinae Dysdera coiffaiti @ CRBA002501 pk101 MT372212 Portugal Bugio Planalto Sul 322m

this is the only accessible flat area of this island N 32.41228° W 16.47466°
Dysderinae Dysdera coiffaiti Q CRBA002562 pk678 MT372222% Portugal Deserta Grande Pedregal (E) 339m

the easternmost flank of the barren plateau presents some hills with scarce vegetation N 32.54613° W 16.52340°
Dysderinae Dysdera coiffaiti @ CRBA002563 pk679 MT372222% Portugal Deserta Grande Pedregal (E) 339m

the easternmost flank of the barren plateau presents some hills with scarce vegetation N 32.54613° W 16.52340°
Dysderinae Dysdera coiffaiti @ CRBALC0211 Ic130 MT372223 Portugal Deserta Grande Pedregal (E) 339m

the easternmost flank of the barren plateau presents some hills with scarce vegetation N 32.54613° W 16.52340°
Dysderinae Dysdera coiffaiti @ CRBA002539 pk80 MT372214 Portugal Deserta Grande Planalto Sul 220m

the largest flat area in the southern half of Deserta Grande N 32.50596° W 16.49986°
Dysderinae Dysdera coiffaiti @ NMH001599 k525 MT372220* Portugal Deserta Grande Rocha do Barbusano 442 m

the area around the summit of Deserta Grande N 32.53535° W 16.51782°
Dysderinae Dysdera coiffaiti @ NMH001600 k527 MT372221 Portugal Deserta Grande Rocha do Barbusano 442 m

the area around the summit of Deserta Grande N 32.53535° W 16.51782°
Dysderinae Dysdera coiffaiti & CRBALC0210 Ic129 MT372220° Portugal Deserta Grande

Rocha do Barbusano 442 m the area around the summit of Deserta Grande N 32.53535° W 16.51782°
Dysderinae Dysdera coiffaiti @& CRBA002541 pk82 MT372225 Portugal Deserta Grande
Rocha do Barbusano 442 m the area around the summit of Deserta Grande N 32.53535° W 16.51782°

Dysderinae Dysdera coiffaiti & CRBALCO0076 1c048 MT372213 Portugal Deserta Grande Rocha do Barbusano (S) 401m

a small valley South to Rocha do Barbusano, with a relevant cover of native vegetation N 32.53168° W 16.51471°
Dysderinae Dysdera coiffaiti juv CRBALC0078 1c050 MT372218 Portugal Deserta Grande Rocha do Barbusano (S) 401m

a small valley South to Rocha do Barbusano, with a relevant cover of native vegetation N 32.53168° W 16.51471°
Dysderinae Dysdera coiffaiti juv CRBALC0081 1c053 MT372219¢ Portugal Deserta Grande Rocha do Barbusano (S) 401 m

a small valley South to Rocha do Barbusano, with a relevant cover of native vegetation N 32.53168° W 16.51471°
Dysderinae Dysdera coiffaiti juv CRBALC0082 Ic054 MT372216" Portugal Deserta Grande Rocha do Barbusano (S) 401 m

a small valley South to Rocha do Barbusano, with a relevant cover of native vegetation N 32.53168° W 16.51471°
Dysderinae Dysdera coiffaiti juv CRBALC0084 1c056 MT372215¢ Portugal Deserta Grande Rocha do Barbusano (S) 401 m

a small valley South to Rocha do Barbusano, with a relevant cover of native vegetation N 32.53168° W 16.51471°
Dysderinae Dysdera coiffaiti juv CRBALC0101 1c058 MT372217 Portugal Deserta Grande Rocha do Barbusano (S) 401 m

a small valley South to Rocha do Barbusano, with a relevant cover of native vegetation N 32.53168° W 16.51471°
Dysderinae Dysdera coiffaiti juv CRBALC0105 1c062 MT372219¢ Portugal Deserta Grande Rocha do Barbusano (S) 401 m

a small valley South to Rocha do Barbusano, with a relevant cover of native vegetation N 32.53168° W 16.51471°
Dysderinae Dysdera coiffaiti juv CRBALC0104 Ic061 MT372216" Portugal Deserta Grande Rocha do Barbusano (S) 401 m

a small valley South to Rocha do Barbusano, with a relevant cover of native vegetation N 32.53168° W 16.51471°
Dysderinae Dysdera coiffaiti @& CRBALC0106 1c063 MT372215¢ Portugal Deserta Grande Rocha do Barbusano (S) 401 m

a small valley South to Rocha do Barbusano, with a relevant cover of native vegetation N 32.53168° W 16.51471°
Dysderinae Dysdera coiffaiti & CRBALC0107 Ic064 MT372215¢ Portugal Deserta Grande Rocha do Barbusano (S) 401m

a small valley South to Rocha do Barbusano, with a relevant cover of native vegetation N 32.53168° W 16.51471°
Dysderinae Dysdera coiffaiti & CRBALC0108 1c065 MT372215¢ Portugal Deserta Grande Rocha do Barbusano (S) 401 m

a small valley South to Rocha do Barbusano, with a relevant cover of native vegetation N 32.53168° W 16.51471°
Dysderinae Dysdera coiffaiti juv CRBALC0112 1c069 MT372223 Portugal Deserta Grande Pedregal (E) 339m

the easternmost flank of the barren plateau presents some hills with scarce vegetation N 32.54613° W 16.52340°
Dysderinae Dysdera coiffaiti Q CRBALC0109 1c066 MT372215¢ Portugal Deserta Grande Rocha do Barbusano (S) 401 m

a small valley South to Rocha do Barbusano, with a relevant cover of native vegetation N 32.53168° W 16.51471°
Dysderinae Dysdera coiffaiti juv CRBALC0102 1c059 MT372217" Portugal Deserta Grande Rocha do Barbusano (S) 401m

a small valley South to Rocha do Barbusano, with a relevant cover of native vegetation N 32.53168° W 16.51471°
Dysderinae Dysdera coiffaiti juv CRBALC0113 1c070 MT372223 Portugal Deserta Grande Pedregal (E) 339m

the easternmost flank of the barren plateau presents some hills with scarce vegetation N 32.54613° W 16.52340°
Dysderinae Dysdera coiffaiti @ CRBALC0005 1c005 MT372182 Portugal Madeira Caramujo 1260 m

the area surrounding the Lagoa do Caramujo, with Erica spp. woodland

N 32.77161° W 17.06205°
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the area surrounding the Lagoa do Caramujo, with Erica spp. woodland

laurel forest patch

laurel forest patch
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Erica shrubland
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laurel forest patch

laurel forest patch

mixed woodland patch, with both exotic and native tree species

mixed woodland patch, with both exotic and native tree species

mixed woodland patch, with both exotic and native tree species

mixed woodland patch, with both exotic and native tree species

a mixed woodland patch, with both exotic and native tree species, and some areas with
the fern Woodwardia radicans

N 32.77161° W 17.06205°

N 32.79349° W 17.11219°

N 32.79349° W 17.11219°

N 32.75989° W 17.01727°

N 32.75989° W 17.01727°
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N 32.74053° W 16.91874°

undetermined location

undetermined location

undetermined location
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undetermined location

undetermined location

undetermined location

undetermined location

N 32.79213° W 17.12957°

N 32.82816° W 17.15780°
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N 32.75618° W 16.80047°

N 32.75618° W 16.80047°
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N 32.75618° W 16.80047°

N 32.75542° W 16.79785°
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a mixed woodland patch, with both exotic and native tree species, and some areas with
the fern Woodwardia radicans

a mixed woodland patch, with both exotic and native tree species, and some areas with

the fern Woodwardia radicans

woodland of Erica trees in the superior eastern slope leading to Galhano

laurel forest patch

laurel forest patch

the contiguous areas around the trail winding into this patch of laurel forest

the contiguous areas around the trail winding into this patch of laurel forest

the contiguous areas around the trail winding into this patch of laurel forest

the contiguous areas around the trail winding into this patch of laurel forest

the contiguous areas around the trail winding into this patch of laurel forest

the largest plateau of Madeira, devoid of native tree cover for a large portion of its area;
specimens were found mostly in patches of Erica shrubland

the largest plateau of Madeira, devoid of native tree cover for a large portion of its area;
specimens were found mostly in patches of Erica shrubland

the largest plateau of Madeira, devoid of native tree cover for a large portion of its area;
specimens were found mostly in patches of Erica shrubland

the largest plateau of Madeira, devoid of native tree cover for a large portion of its area;

specimens were found mostly in patches of Erica shrubland

the trail from Palil da Serra to Montado dos Pessegueiros

the trail from Paul da Serra to Montado dos Pessegueiros

the trail from Padil da Serra to Montado dos Pessegueiros

the trail from Paul da Serra to Montado dos Pessegueiros

the trail from Paul da Serra to Montado dos Pessegueiros

laurel forest patch

laurel forest patch

laurel forest patch

laurel forest patch

laurel forest patch

laurel forest patch

laurel forest patch

laurel forest patch

laurel forest patch

laurel forest patch

laurel forest patch

a mixed woodland area, mainly composed of exotic Pinus, with few small Laurus trees
and Erica shrubs

N 32.75542° W 16.79785°

N 32.75542° W 16.79785°

N 32.78924° W 17.17855°

undetermined location

N 32.77150° W 16.96550°

N 32.79333° W 17.09576°

N 32.79333° W 17.09576°
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N 32.78837° W 17.09857°
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N 32.79582° W 16.93710°

N 32.79801° W 16.93654°

N 32.80462° W 16.93470°

N 32.71942° W 16.85632°
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the area with tree cover nearest to the summit, in the North to Northwest slope
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the area with tree cover nearest to the summit, in the North to Northwest slope

the area near the summit, in the North slope

the area near the summit, in the North slope

NE slope
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the area near the summit, facing North, where a few remaining native trees can be
found (Heberdenia excelsa)

the area near the summit, facing North, where a few remaining native trees can be
found (Heberdenia excelsa)

the area near the summit, facing North, where a few remaining native trees can be
found (Heberdenia excelsa)

the area near the summit, facing North, where a few remaining native trees can be
found (Heberdenia excelsa)

the area near the summit, facing North, where a few remaining native trees can be
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a secluded depression between two opposing slopes in the North flank of the peak,
where a patch of decaying Erica bushes was found

a secluded depression between two opposing slopes in the North flank of the peak,
where a patch of decaying Erica bushes was found

a secluded depression between two opposing slopes in the North flank of the peak,
where a patch of decaying Erica bushes was found

a secluded depression between two opposing slopes in the North flank of the peak,
where a patch of decaying Erica bushes was found

a small plateau East to Pico Branco’s summit, where Pinus trees were planted in terraces
a small plateau East to Pico Branco’s summit, where Pinus trees were planted in terraces

the area surrounding the Lagoa do Caramujo, with woodlands of Erica spp.

the contiguous areas around the trail winding into this patch of laurel forest
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this is the only accessible flat area of this island

this area is South to Planalto Sul, a small crested canyon as Deserta Grande slopes
towards the sea level

this area is South to Planalto Sul, a small crested canyon as Deserta Grande slopes

towards the sea level

a small valley South to Rocha do Barbusano, with a relevant cover of native vegetation
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the area near the summit, in the beginning of the trail leading to Terra-Cha

the area near the summit, in the North slope
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the area near the summit, facing North, where a few remaining native trees can be
found (Heberdenia excelsa)

a secluded depression between two opposing slopes in the North flank of the peak,

where a patch of decaying Erica bushes was found

the area near the summit, in the beginning of the trail leading to Terra-Cha
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the area near the summit, facing North, where a few remaining native trees can be
found (Heberdenia excelsa)

a small plateau East to Pico Branco’s summit, where Pinus trees were planted in terraces

a small plateau East to Pico Branco’s summit, where Pinus trees were planted in terraces

a small plateau East to Pico Branco’s summit, where Pinus trees were planted in terraces

a small plateau East to Pico Branco’s summit, where Pinus trees were planted in terraces

a small plateau East to Pico Branco’s summit, where Pinus trees were planted in terraces

the area with tree cover nearest to the summit, in the North to Northwest slope

the area with tree cover nearest to the summit, in the North to Northwest slope

the area with tree cover nearest to the summit, in the North to Northwest slope

the area near the summit, in the beginning of the trail leading to Terra-Cha

the area near the summit, in the beginning of the trail leading to Terra-Cha

the area near the summit, in the beginning of the trail leading to Terra-Cha

the area near the summit, in the beginning of the trail leading to Terra-Cha

the area near the summit, in the North slope

the area near the summit, in the North slope

the area near the summit, in the North slope

a small plateau East to Pico Branco’s summit, where Pinus trees were planted in terraces

a small plateau East to Pico Branco’s summit, where Pinus trees were planted in terraces

a small plateau East to Pico Branco’s summit, where Pinus trees were planted in terraces

the area around the summit of Deserta Grande

the area around the summit of Deserta Grande

the northern half of the trail

the northern half of the trail

the northern half of the trail

a flat area where (unsuccessful) colonists grew cereals

a flat area where (unsuccessful) colonists grew cereals

a secluded location in a very steep slope containing one of the few springs of natural

water of Deserta Grande

the easternmost slope leading out from Vale da Castanheira into Pedregal (E)

the southern half of the trail
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chioensis
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juv
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Pt

Pt
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FMNH KN.17850
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MZB 2019-1935
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EU068035

AF244281

AF244237

AF244252

EU068039

HQ396326

AF244283

EU139633

AF244279

MT374378

MT374377

JN705754

EU068064

AF244167

HQ396277

AF244198

EU068057

AF244193

AF244227

AF244217

EF458092

EU068071
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EU139717
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EU139741

EU139719
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EU139729

EU139722

EU139723
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Portugal

Portugal

Portugal

Portugal

Portugal

Portugal

Portugal

Portugal

Portugal

Portugal

Portugal

Turkey

Slovenia
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Portugal

Spain

Morocco

Spain

Spain

Spain

Morocco

Morocco

Spain

Spain

Spain

Spain

Spain

Spain

Ukraine

Spain

Deserta Grande

Deserta Grande

Deserta Grande

Deserta Grande

Deserta Grande

Deserta Grande

Deserta Grande

Deserta Grande

Deserta Grande

Deserta Grande

Deserta Grande

Deserta Grande

Canary Islands

Salvage Islands

Canary Islands

Canary Islands

Canary Islands

Canary Islands

Canary Islands

Canary Islands

Canary Islands

Canary Islands

Vereda do Risco (S)

Pedregal (E)

Pedregal (E)

Pedregal (E)

Rocha do Barbusano

Rocha do Barbusano

Rocha do Barbusano (S)

Rocha do Barbusano (S)

Rocha do Barbusano (S)

Rocha do Barbusano (S)

Rocha do Barbusano (S)

Vereda do Risco

231m

339m

339m

339m

442 m

442m

401 m

401 m

401 m

401 m

401 m

the southern half of the trail

the easternmost flank of the barren plateau presents some hills with scarce vegetation

the easternmost flank of the barren plateau presents some hills with scarce vegetation

the easternmost flank of the barren plateau presents some hills with scarce vegetation

the area around the summit of Deserta Grande

the area around the summit of Deserta Grande

a small valley South to Rocha do Barbusano, with a relevant cover of native vegetation

a small valley South to Rocha do Barbusano, with a relevant cover of native vegetation

a small valley South to Rocha do Barbusano, with a relevant cover of native vegetation

a small valley South to Rocha do Barbusano, with a relevant cover of native vegetation

a small valley South to Rocha do Barbusano, with a relevant cover of native vegetation

N 32.51723° W 16.50569°

N 32.54613° W 16.52340°

N 32.54613° W 16.52340°

N 32.54613° W 16.52340°

N 32.53535° W 16.51782°

N 32.53535° W 16.51782°

N 32.53168° W 16.51471°

N 32.53168° W 16.51471°

N 32.53168° W 16.51471°

N 32.53168° W 16.51471°

N 32.53168° W 16.51471°

undetermined location
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Dysderinae Dysdera inermis EF458141.2 EF458091 HQ407381  HQ407382  Spain

Dysderinae Dysdera insulana AF244314 AF244225 EU139796 EU139727  Spain Canary Islands
Dysderinae Dysdera labradaensis EU068040 AF244179 EU139797 - Spain Canary Islands
Dysderinae Dysdera lancerotensis AF244238 AF244153 EU139756 EU139685  Spain Canary Islands
Dysderinae Dysdera lantosquensis GQ285628 GQ285604 GQ285612  GQ285622  Slovakia

Dysderinae Dysdera levipes AF244295 AF244202 - EU139728  Spain Canary Islands
Dysderinae Dysdera liostethus AF244302 AF244211 EU139819 EU139750  Spain Canary Islands
Dysderinae Dysdera longa AF244254 AF244164 EU139781 EU139710  Spain Canary Islands
Dysderinae Dysdera lucidipes EU068042 EU068060 EU139799 EU139730  Morocco

Dysderinae Dysdera lusitanica GQ285629 GQ285609 GQ285614 GQ285624  Spain

Dysderinae Dysdera macra AF244300 AF244209 EU139800 EU139731  Spain Canary Islands
Dysderinae Dysdera ‘mauritanica EF458138 EF458093 EU139801 EU139732 Morocco

Dysderinae Dysdera montanetensis AF244278 AF244183 EU139802 EU139733  Spain Canary Islands
Dysderinae Dysdera mucronata EU068044 EU068077 EU139803 EU139734  Spain

Dysderinae Dysdera nesiotes AF244261 AF244169 EU139764 EU139694  Spain Canary Islands
Dysderinae Dysdera ninnii EU068045 EU068062 EU139804  EU139735  Slovenia

Dysderinae Dysdera paucispinosa AF244306 AF244215 EU139805 EU139736  Spain Canary Islands
Dysderinae Dysdera rugichelis AF244293 AF244200 EU139816 EU139747  Spain Canary Islands
Dysderinae Dysdera sanborondon EF458135 AF244166 EU139775 EU139705  Spain Canary Islands
Dysderinae Dysdera scabricula EU068046 EU068078 EU139809 EU139740  Spain

Dysderinae Dysdera shardana GQ285634 GQ285605 GQ285613  GQ285623  Italy Sardinia
Dysderinae Dysdera silvatica AF244273.2 EU068072 EU139808 EU139739  Spain Canary Islands
Dysderinae Dysdera sp. MA AF244244 AF244155 EU139675 EU139811 EU139742 Morocco

Dysderinae Dysdera sp. MB AF244245 AF244156 EU139676 EU139812 EU139743 Morocco

Dysderinae Dysdera sp. MC AF244246 AF244157 EU139813 EU139744  Morocco

Dysderinae Dysdera sp. MD - AF244158 EU139677 EU139814 EU139745 Morocco

Dysderinae Dysdera sp. MF AF244249 AF244159 EU139678 EU139815 EU139746 Morocco

Dysderinae Dysdera spinidorsa AF244268 AF244173 EU139777 EU139707  Spain Canary Islands
Dysderinae Dysdera tilosensis AF244288 AF244195 EU139817 EU139748  Spain Canary Islands
Dysderinae Dysdera unguimmanis AF244284 AF244191 EU139818 EU139749  Spain Canary Islands
Dysderinae Dysdera valentina GQ285632 GQ285608 GQ285617  GQ285627  Spain
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Dysderinae

Dysderinae

Dysderinae

Dysderinae

Dysderinae

Dysderinae

Dysderinae
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Harpactocrates

Harpactocrates

Harpactocrates
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Parachtes
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Harpactea
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Holissus

Rhode

verneaui

yguanirae

egregius

drassoides

gurdus

sp.

lycaoniae

troglophilus

romandiolae

teruelis

fageli

hombergii

unciger

scutiventris

AF244319

AF244290

IN689143

KM219431

KM219478

IN689147

JN689150

IN689148

JN689158

IN689163

IN689144

AF244233

JN689149

EU139636

AF244230

AF244197

IN705759

KM219503

KM219549

JN705761

IN705760

JN705766

IN705781

KY015855

EU139684

EU139806

IN689037

KM219361

KM219404

JN689041

JN689039

JN689038

JN689015

IN689023

JN689040

EU139820

JN689036

EU139822

EU139737

EU139751

IN689181

KM219289

KM219335

JN689184

JN689187

IN689185

JN689195

IN689200

JN689182

EU139752

JN689186

EU139754

Spain Canary Islands

Spain Canary Islands

Romania

Italy

Spain

Turkey

Greece

Turkey

Italy

Spain

Spain

Spain

France Corsica

Spain

238



Table S2.- Primers and amplification conditions used in the present study

Locus Primer name Primer Sequence Reference
col C1-J-1490 GGTCAACAAATCATAAAGATATTGG Folmer et al., 1994
C1-N-2198 TAAACTTCAGGGTGACCAAAAAATCA Folmer et al., 1994
C1-N-2191 CCCGGTAAAATTAAAATATAAACTTC Simon et al., 1994
C1-J-1751 GGATCACCTGATATAGCATTCCC Simon et al., 1994
16S LR-N-13398 CGCCTGTTTATCAAAAACAT Simon et al., 1994
LR-J-12864 CTCCGGTTTGAACTCAGATCA Palumbi, 1996
NAD1 LR-N-12945 CGACCTCGATGTTGAATTAA Hedin et al., 1997
N1-J-12373 CTTCGTATAGATCCTARTTGDCTRTATT Macias-Hernandez et al., 2008
N1-J-12261 TCRTAAGAAATTATTTGAGC Hedin et al., 1997
28S 28S0 GACCCGTCTTGAAACACGGA Hedin & Maddison, 2001
28SB TCGGAAGGAACGAGCTAC modified from Whiting et al., 1997
28SC GGTTCGATTAGTCTTTCGCC Hedin & Maddison, 2001
H3 H3F ATGGCTCGTACCAAGCAGACVGC Colgan et al., 1998
H3R ATATCCTTRGGCATRATRGTGAC Colgan et al., 1998
col 16S-NAD1 28S H3
Denaturation 942C,5m 942(C,5m 942C,5m 942(C,5m
Cycles for annealing and initial extension* 94 °C, 30s 94°C,30s 94°C,30s 94°C, 30s
42 °C,35s 45¢9C, 355 48 °C, 35s 40°C, 35s
72°C,45s 72°C,45s 72°C,1m 72°C,45s
Final extension 729C,5m 72°C,5m 72°C, 10 m 72°C,5m

*The number of cycles used was 35 for all loci

Reference list

Colgan, D. J., Mclauchlan, A., Wilson, G. D. F., Livingston, S. P., Edgecombe, G. D., Macaranas, J.,
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...Gray, M. R. (1998). Histone H3 and U2 snRNA DNA



Folmer, O., Black, M., Hoeh, W., Lutz, R., & Vrijenhoek, R. (1994). DNA primers for amplification of mitochondrial cytochrome c oxidase subunit | from
diverse metazoan invertebrates. Molecular Marine Biology and Biotechnology, 3, 294-299.

Hedin, M. C. (1997). Speciational history in a Diverse clade of habitat-specialized spiders (Araneae: Nesticidae: Nesticus): Inferences from geographic-based
sampling. Evolution, 51(6), 1929-1945.

Hedin, M. C., & Maddison, W. P. (2001). A combined molecular approach to phylogeny of the jumping spider subfamily Dendryphantinae (Araneae:
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Table S1. List of specimens used in the molecular analysis with voucher specifications, GenBank accession numbers and collecting data. Sequences with DNA codes were newly generated by the authors in the present or previous studies. Superscript letters in COl indicate shared haplotypes. Subfamily, Genus, Species: taxonomic category; sex: life
cycle stage; type: type material status of the specimen; collection code: collection number of the specimen; DNA code: DNA extraction code; COI, 16S, NAD1, 28S, H3:

accession numbers for the corresponding genes; Country, Island, Locality: locality information; Additional site information: habitat characteristics; Coordinates: decimal latitude and longitude; Altitude: elevation in meters as inferred from the GPS coordinates with
https://www.freemaptools.com/elevation-finder.htm.

Subfamily Genus Species sex type collection code (I::]::fe Col 16S NAD1 285 H3 Country Island Locality Altitude Additional site information Coordinates
Dysderinae Dysdera SPG Q Pt CRBA002543 pk85 TBA TBA TBA TBA TBA Portugal Ilhéu de Cima erosion cave at the N-coast of islet sea level
N 33.05698° W 16.28650°
Dysderinae Dysdera SPG & Ht CRBALC0051 Ic041 TBA TBA TBA TBA TBA Portugal Ilhéu de Cima erosion cave at the N-coast of islet sea level
N 33.05698° W 16.28650"
Dysderinae Dysdera SPG @ Pt CRBALCO0055 Ic160 TBA TBA TBA TBA TBA Portugal Ilhéu de Cima erosion cave at the N-coast of islet sea level
N 33.05698° W 16.28650°
Dysderinae Dysdera SPJ juv CRBALC0720 1c343 TBA TBA TBA TBA TBA Portugal Terceira between Sdo Mateus and Negrito sea level
rocky beach N 38.65312° W 27.27736°
Dysderinae Dysdera SPJ juv CRBALC0724 Ic344 TBA TBA TBA TBA TBA Portugal Pico Praia do Caminho de Cima sea level
rocky beach N 38.42813° W 28.41594°
Dysderinae Dysdera flavitarsis Q CRBA001023 sd3 TBA TBA TBA TBA TBA Spain Candin, Suarbol
Quercus pubescens woodland. Near river. N 42.86545° W 6.86127°
Dysderinae Dysdera flavitarsis & CRBA001683 Ic294 TBA TBA TBA TBA TBA Portugal Ponte de Sdo Miguel 717 m
N 41.80389° W 8.13139°
Dysderinae Dysdera coiffaiti juv CRBALCO0114 1c071 TBA TBA TBA TBA TBA Portugal Bugio Planalto Sul 322m
this is the only accessible flat area of this island N 32.41228° W 16.47466°
Dysderinae Dysdera coiffaiti juv CRBALC0038 1c038 MT372226° MT374360 MT374277 MT373168 MT374318 Portugal Madeira Ribeiro Bonito Il 556 m
laurel forest patch N 32.79801° W 16.93654°
the area near the summit, facing North, where a few
Dysderinae Dysdera dissimilis Q CRBA002529 pk307  MT372271 MT374393 MT374312 MT373197 MT374353 Portugal Porto Santo Pico do Facho 473 m remaining native trees can be found (Heberdenia
excelsa) N 33.08433° W 16.32174°
Dysderinae Dysdera dissimilis @ Pt FMNHKN.17862  1c135  MT372289  MT374395 MT374310 MT373200 MT374351  Portugal Porto Santo Terra-Ch3 (Pico Branco) 335m a small plateau East to Pico Branco’s summit, where
Pinus trees were planted in terraces N 33.09447° W 16.29839°
Dysderinae Dysdera diversa @ MMF 47902 pk223  MT372244  MT374379 MT374284 - - Portugal Madeira Caramujo 1260 m the area surrounding the Lagoa do Caramujo, with
woodlands of Erica spp. N 32.77161° W 17.06205°
Dysderinae Dysdera diversa & MMF 47903 pk224  MT372245  MT374380 MT374285 MT373195 - Portugal Madeira Montado dos Pessegueiros 1384 m the contiguous areas around the trail winding into this
patch of laurel forest N 32.79333° W 17.09576°
Dysderinae Dysdera exigua & Pt MZB 2019-1939 pk675 MT372246 MT374384 MT374299 MT373203 MT374337 Portugal Bugio Planalto Sul 322m
this is the only accessible flat area of this island N 32.41228° W 16.47466°
Dysderinae Dysdera exigua @ Pt CRBALC0212 Ic131  MT3722519  MT374385 MT374300 MT373204  MT374339  Portugal Deserta Grande Ponta Sul 191 m this area is South to Planalto Sul, a small crested
canyon as Deserta Grande slopes towards the sea level N 32.49562° W 16.49562°
Dysderinae Dysdera isambertoi juv CRBALC0124 1c081 MT372299 MT374398 MT374313 MT373189 MT374355 Portugal Porto Santo Pico do Castelo 350m
NE slope N 33.08196° W 16.33277°
a secluded depression between two opposing slopes in
Dysderinae Dysdera isambertoi juv CRBALC0188 Ic123 MT372292 MT374400 MT374315 MT373190 MT374357 Portugal Porto Santo Pico do Facho (N) 467 m the North flank of the peak, where a patch of decaying
Erica bushes was found N 33.08518° W 16.32364°
the area near the summit, facing North, where a few
Dysderinae Dysdera portisancti juv CRBALC0179 lc114 MT372306 - MT374286 MT373207 MT374325 Portugal Porto Santo Pico do Facho 473 m remaining native trees can be found (Heberdenia
excelsa) N 33.08433° W 16.32174°
Dysderinae Dysdera portisancti & MZB 2019-1955 Ic109 MT372305  MT374405 - MT373206 ~ MT374324  Portugal Porto Santo Terra-Cha (Pico Branco) 335m a small plateau East to Pico Branco’s summit, where
Pinus trees were planted in terraces N 33.09447° W 16.29839°
Dysderinae Dysdera precaria @ Pt FMNHKN.17859  Ic136  MT372265  MT374402 - MT373194  MT374343  Portugal Porto Santo Pico Branco 318 m the area near the summit, in the beginning of the trail
leading to Terra-Cha N 33.09428° W 16.30137°
Dysderinae Dysdera precaria juv CRBALC0178 lc113 MT372259  MT374404 MT374302 MT373193  MT374342  Portugal Porto Santo Terra-Cha (Pico Branco) 335m a small plateau East to Pico Branco’s summit, where
Pinus trees were planted in terraces N 33.09447° W 16.29839°
Dysderinae Dysdera recondita @& Pt MZB 2019-1946 k529 MT372241 MT374387 MT374303 MT373184 MT374344 Portugal Deserta Grande
Rocha do Barbusano 442m the area around the summit of Deserta Grande N 32.53535° W 16.51782°
Dysderinae Dysdera recondita @ Pt FMNH KN.17860  pk677  MT372243"  MT374389 MT374305 MT373186 MT374346 Portugal Deserta Grande Vereda do Risco (N) 321m
the northern half of the trail N 32.52571° W 16.51131°
Dysderinae Dysdera sandrae @& Pt NMH001593 k523 MT372252 MT374381 MT374287 MT373209 MT374326  Portugal Deserta Grande Vereda do Risco
undetermined location
Dysderinae Dysdera sandrae @ Pt MMF 47912 pk76 MT372253  MT374382 MT374288 MT373210 MT374327 Portugal Deserta Grande Vereda do Risco (S) 231m

the southern half of the trail

N 32.51723° W 16.50569°
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teixeirai & Pt MZB 2019-1935 pk676
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sp.

adriatica

alegranzaensis

aneris
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atlantica

bandamae

brevispina

calderensis

cf. inermis

cf. seclusa

chioensis

crocata

erythrina

fuscipes

gomerensis

guayota

hungarica

iguanensis

inermis

insulana

labradaensis

lancerotensis

lantosquensis

levipes

liostethus

longa

MT372240

MT372231

IN689136

KJ941271

AF244257

HQ396319

AF244291

EU068029

AF244286

AF244316

AF244308

EF458142.2

EU068035

AF244281

AF244237

AF244252

EU068039
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AF244314
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MT374378
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AF244217
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AF244152

AF244162
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AF244225

AF244179

AF244153
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AF244211

AF244164
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MT374290
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MT373182

JN689008
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EU139786
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EU139787
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EU139810
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EU139794
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HQ407381
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GQ285612

EU139819
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HQ407382

EU139727

EU139685
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EU139728

EU139750

EU139710

Portugal

Portugal

Turkey

Slovenia

Spain

Portugal

Spain

Morocco

Spain

Spain

Spain

Morocco

Morocco

Spain

Spain

Spain

Spain

Spain

Spain

Ukraine

Spain

Spain

Spain

Spain

Spain

Slovakia

Spain

Spain

Spain

Deserta Grande

Deserta Grande

Canary Islands

Salvage Islands

Canary Islands

Canary Islands

Canary Islands

Canary Islands

Canary Islands

Canary Islands

Canary Islands

Canary Islands

Canary Islands

Canary Islands

Canary Islands

Canary Islands

Canary Islands

Canary Islands

Pedregal (E)

Rocha do Barbusano (S)

339m

401 m

the easternmost flank of the barren plateau presents
some hills with scarce vegetation

a small valley South to Rocha do Barbusano, with a
relevant cover of native vegetation

N 32.54613° W 16.52340°

N 32.53168° W 16.51471°
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Dysderinae
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Dysderinae

Dysdera

Dysdera

Dysdera

Dysdera

Dysdera

Dysdera

Dysdera

Dysdera

Dysdera

Dysdera

Dysdera

Dysdera

Dysdera

Dysdera

Dysdera

Dysdera

Dysdera

Dysdera

Dysdera

Dysdera

Dysdera

Dysdera

Dysdera

Dysdera

Dysdera

Dysderocrates

Harpactocrates

Harpactocrates

Harpactocrates

lucidipes

lusitanica

macra

mauritanica

montanetensis

mucronata

nesiotes

ninnii

paucispinosa

rugichelis

sanborondon

scabricula

shardana

silvatica

sp. MA

sp. MB

sp. MC

sp. MD

sp. MF

spinidorsa

tilosensis

unguimmanis

valentina

verneaui

yguanirae

egregius

drassoides

gurdus

EU068042

GQ285629

AF244300

EF458138

AF244278

EU068044

AF244261

EU068045

AF244306

AF244293

EF458135

EU068046

GQ285634

AF244273.2

AF244244

AF244245

AF244246

AF244249

AF244268

AF244288

AF244284

GQ285632

AF244319

AF244290

JN689143

KM219431

KM219478

IN689147

EU068060

GQ285609

AF244209

EF458093

AF244183

EU068077

AF244169

EU068062

AF244215

AF244200

AF244166

EU068078

GQ285605

EU068072

AF244155

AF244156

AF244157

AF244158

AF244159

AF244173

AF244195

AF244191

GQ285608

AF244230

AF244197

JN705759

KM219503

KM219549

EU139675

EU139676

EU139677

EU139678

EU139799

GQ285614

EU139800

EU139801

EU139802

EU139803

EU139764

EU139804

EU139805

EU139816

EU139775

EU139809

GQ285613

EU139808

EU139811

EU139812

EU139813

EU139814

EU139815

EU139777

EU139817

EU139818

GQ285617

EU139806

JN689037

KM219361

KM219404

IN689041

EU139730

GQ285624

EU139731

EU139732

EU139733

EU139734

EU139694

EU139735

EU139736

EU139747

EU139705

EU139740

GQ285623

EU139739

EU139742

EU139743

EU139744

EU139745

EU139746

EU139707

EU139748

EU139749

GQ285627

EU139737

EU139751

JN689181

KM219289

KM219335

IN689184

Morocco

Spain

Spain

Morocco

Spain

Spain

Spain

Slovenia

Spain

Spain

Spain

Spain

Italy

Spain

Morocco

Morocco

Morocco

Morocco

Morocco

Spain

Spain

Spain

Spain

Spain

Spain

Romania

Italy

Spain

Turkey

Canary Islands

Canary Islands

Canary Islands

Canary Islands

Canary Islands

Canary Islands

Sardinia

Canary Islands

Canary Islands

Canary Islands

Canary Islands

Canary Islands

Canary Islands
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Dysderinae Hygrocrates
Dysderinae Kut
Dysderinae Parachtes
Dysderinae Parachtes
Harpacteinae Harpactea
Harpacteinae Harpactea
Harpacteinae Holissus
Rhodinae Rhode
Caponiidae Calponia
Caponiidae Caponia
Oonopidae Ischnothyreus
Oonopidae Oonops
Oonopidae Opopaea
Oonopidae Triaeris
Orsolobidae Afrilobus

Or cf. Hic
Orsolobidae Osornolobus
Orsolobidae Subantarctia
Orsolobidae Tasmanoonops
Segestriidae Ariadna
Segestriidae Ariadna
Segestriidae Segestria
Segestriidae Segestria
Trogloratoridae Trogloraptor

lycaoniae

troglophilus

romandiolae

teruelis

fageli

hombergii

unciger

scutiventris

sp.

sp. LBB-2011

procerus

sp.

sp. MA176

sp.1

fiordensis

sp.2

boesenbergi

insidiatrix

senoculata

sp. LBB-2011

marchingtoni

CASENT9035527

ARASP000031

CASENT9035059

ARAMA000201

CASENT9024170

ARAMA000176

CASENT9037121

CASENT9035010

CASENT9035122

CASENT9035065

CASENT9035008

ARAMRO00076

ARAMA000131

ARAMA000199

crba000744

CASENT9040051

IN689150

JN689148

IN689158

JN689163

IN689144

AF244233

JN689149

EU139636

KX514685

IN689215

KX514676

oonk314

KX514655

KX514688

KX514675

KX514681

KX514678

KX514674

KY017904

KY017905

IN689168

KY018033

IN705761

JN705760

IN705766

JN705781

KY015855

EU139684

KX514518

IN689214

KX514513

KY015999

KX514500

KY016003

KX514521

KX514517

KX514515

KX514512

KY016102

KY016103

KY016104

IN705789

KX514518

KX514513

KX514500

KX514512

IN705789

JN689039

JN689038

IN689015

JN689023

IN689040

EU139820

JN689036

EU139822

KX514633

IN705753

KX514625

KY017230

KX514598

KY017236

KX514636

KX514623

KX514629

KX514626

KX514622

KY017341

KY017342

KY017343

IN689044

KY017483

IN689187

JN689185

IN689195

JN689200

IN689182

EU139752

IN689186

EU139754

KX298958

KX298949

oonk314

KX298922

KY018331

KX298961

KX298947

KX298954

KX298951

KX298946

KY018416

MN706523

IN689205

KY018527

Greece

Turkey

Italy

Spain

Spain

Spain

France

Spain

South

Africa

Australia

Spain

South
Africa

Dominican
Republic

South
Africa

Australia

Chile

New
Zealand

Australia

Argentina

Spain

France

Spain

USA

Corsica

No information available, avialble from
Chousou-Polydouri, N., Carmichael, A., Szlits, T.,
Saucedo, A, Gillespie, R., Griswold, C., & Wood,
H. M. (2019). Giant Goblins above the waves at
the southern end of the world: The
biogeography of the spider family Orsolobidae
(Araneae, Dysderoidea). Journal of
Biogeography. doi:10.1111/jbi.13487

South Africa: KwaZulu-Natal, St. Lucia Game
Reserve, Faines Island

Queensland, Wooroonooran NP, Tableland
Section, Mt. Bartle Frere, Western side of track
to summit, from Junction Camp carpark off
Gourka Rd

Catalonia, Baga, Font de la Doble Ona

Eastern Cape, Grahmstown Municipal Caravan
Park

Independencia Prov., Parque Nac. Sierra de
Baoruco, Rabo de Gato 18.310861,

Eastern Cape, Kettlespout, 2.67 km ENE
Hogsback

Western Australia, Stirling Range National Park,
Toolbrunup Peak, south shaded side

Los Rios (Reg. XIV), Reserva Costera Valdiviana,
15.03 WSW Corral

South Is., Soutland Region, Fjordlands National
Park, Cascade Creek, Eglinton Valley, ~64 km NE
Te Anau

Western Australia, Stirling Ranges NP,
Toolbrunup Peak, 72 km N Albany
Buenos Aires, Avellaneda, Sarandi
Murcia, Calblanque

Corsica, Foce di Vizzabona

Barcelona, PN Montseny

Oregon, Josephine Co., No Name Cave

1000

580

1333

975

335

499

975
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Dysderidae I |
Dysderinae _/

Supplementary Materials B. Full maximum clade credibility tree
retrieved with time estimation analysis in a Bayesian framework
using BEAST. Black indicates a supported node (Bayesian PP >
0.95), grey an unsupported node (Bayesian PP < 0.95). Colored
boxes signal the main groups of treated species in the genus
Dysdera. Geological eras up to the Mesozoic are shown below
and delimited with dashed lines (abbreviations: Pli — Pliocene, Q
— Quaternary). Triangles denote calibration points used in the
divergence time estimation (see text for details). In red fossil
calibrations and in green biogeographic calibrations as follows: 1
— Harpacteinae crown (offset age), 2 — Segestriidae crown (offset
age), 3—Oonopidae stem (offset age), 4 —vicariance between the
Iberian Peninsula and the western Mediterranean islands (mean
age), 5 — oldest subaerial age of the western Canaries (maximum

age), 6 — oldest subaerial age of the eastern Canaries (maximum

age).
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Table 1A: Primers used for amplification.

Locus Primer name Primer Sequence Reference
col C1-J-1490 GGTCAACAAATCATAAAGATATTGG (Folmer, Black, Hoeh, Lutz & Vrijenhoek, 1994)
C1-N-2198 TAAACTTCAGGGTGACCAAAAAATCA (Folmer et al., 1994)
C1-N-2191 CCCGGTAAAATTAAAATATAAACTTC (Simon et al., 1994)
C1-J-1751 GGATCACCTGATATAGCATTCCC (Simon et al., 1994)
16S LR-N-13398 CGCCTGTTTATCAAAAACAT (Simon et al., 1994)
LR-J-12864 CTCCGGTTTGAACTCAGATCA (Palumbi, 1996)
NAD1 LR-N-12945 CGACCTCGATGTTGAATTAA (Hedin, 1997)
N1-J-12373 CTTCGTATAGATCCTARTTGDCTRTATT (Macias-Hernandez, Oromi & Arnedo, 2008)
N1-J-12261 TCRTAAGAAATTATTTGAGC (Hedin, 1997)
28S 28S0 GACCCGTCTTGAAACACGGA (Hedin & Maddison, 2001)
28SB TCGGAAGGAACGAGCTAC (Whiting, Carpenter, Wheeler, & Wheeler, 1997)
28SC GGTTCGATTAGTCTTTCGCC (Hedin & Maddison, 2001)
H3 H3F ATGGCTCGTACCAAGCAGACVGC (Colgan et al., 1998)
H3R ATATCCTTRGGCATRATRGTGAC (Colgan et al., 1998)
ITS-2 ITS-5.85 GGGACGATGAAGAACGGAGC (White et al., 1990)
ITS-28S TCCTCCGCTTATTGATATGC (White et al., 1990)
12S 12SR-J-14199 TACTATGTTACGACTTAT (Kambhampati & Smith, 1995)
12SR-N-14594 AAACTAGGATTAGATACCC (Kambhampati & Smith, 1995)
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Table 1B: PCR amplification settings for all studied loci. The number of cycles used was 35 for all loci.

col 16S, NAD1 28S H3 12S ITS-2
Denaturation 94°C,5m 94°C,5m 94°C,5m 94°C,5m 94°C,5m 94°C,5m
Cycles for annealing and initial extension 94°C,30s 94°C,30s 94°C,30s 94°C,30s 94°C,30s 94°C,30s

42°C,35s 45°C,35s 48°C,35s 45°C,35s 42-45°C, 35 50°C,35s

72°C,45s 72°C,45s 72°C,1m 72°C,45s 72°C,45s 72°C,45s
Final extension 72°C,5m 72°C,5m 72°C,10 m 72°C,5m 72°C,5m 72°C,5m
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TABLE 2

radiata heeri ingens nonannulata blackwalli  isambertoi maderiana insularum  hx
radiata
heeri 0,105 0,006
ingens 0,111 0,065 0,004
nonnanulata 0,106 0,059 0,064 0,009
blackwalli 0,098 0,074 0,073 0,043 0
isambertoi 0,107 0,07 0,082 0,075 0,084 0,003
maderiana 0,103 0,106 0,105 0,103 0,105 0,095 0,007
insularum 0,102 0,104 0,108 0,099 0,104 0,098 0,016 0,017
hx 0,103 0,106 0,108 0,103 0,105 0,098 0,01 0,016 0,01

hins_mad_LC336_5, hins_ma_LC249 5 are included in H. ingens

The number of base differences per site from averaging over all sequence pairs within each group are shown. This analysis involved
133 nucleotide sequences. All ambiguous positions were removed for each sequence pair (pairwise deletion option). There were a
total of 676 positions in the final dataset. Evolutionary analyses were conducted in MEGA X [1][2] The presence of n/c in the results
denotes cases in which it was not possible to estimate evolutionary distances.
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Supplementary Materials 1. List of sequences and accession numbers used in the phylogenetic analyses

Tree label Species I::::Ih Q:n:: Ccol COIl_chars H3 H3_chars 128 12S_chars 28S 28S_chars nadl nadl_chars
Sosippus placidus Sosippus placidus 2482 bp 5 - 600 251 DQ019808 300 (20 indels) DQ019752 777 (85 'N', 128 indels) DQ019702 554
Dolomedes sp ATOL Dolomedes sp 2070 bp 4 - 657 285 DQ019774 300 (22 indels) DQ019726 828 (85 'N', 125 indels) DQ019661 -
Bradystichus crispatus Bradystichus crispatus 1413 bp 3 - - KY018374 285 KY015524 300 (22 indels) KY017294 828 (85 'N', 126 indels) -
Amyciaea sp MR389 Amyciaea sp. 1413 bp 3 - - KY018475 285 KY015619 300 (22 indels) KY017423 828 (85 'N', 127 indels) -
Boliscus cf tuberculatus MR041  Boliscus cf. tuberculatus 1413 bp 3 - - KY018477 285 KY015621 300 (29 indels) KY017425 828 (85 'N', 128 indels) -
Hygrolycosa rubrofasciata Hygrolycosa rubrofasciata 2622 bp 5 - 657 MK524712 294 DQ019812 297 (21 indels) MK524617 820 (85 'N', 124 indels) DQ019665 554
Aulonia albimana LNP Aulonia albimana 1962 bp - - MK524679 296 DQ019823 294 (20 indels) MK524610 827 (85 'N', 125 indels) MK524645 545
Tricassa deserticola Tricassa deserticola 1130 bp - - MK524704 302 - MK524633 828 (85 'N', 125 indels) -

hing dg LC201 Hogna ingens 1485 bp TBU 657 (4'N'") - - TBU 828 (20 'N', 39 indels) -

hins ma LC242 Hogna insularum 1485 bp TBU 657 (4'N'") - - TBU 828 (39 indels) -

hsch if LC213 Hogna maderiana 1485 bp TBU 657 (4'N'") - - TBU 828 (40 indels) -
hhee ma LC287 Hogna heeri 2039 bp TBU 657 (144 'N') - - TBU 828 (40 indels) TBU 554 (160 'N')
hnon ma LC253 Hogna blackwalli 2039 bp TBU 657 (207 'N') - - TBU 828 (40 indels) TBU 554 (160 'N')
Venatrix konei Venatrix konei 1544 bp - - - DQ019820 278 (29 indels) DQ019742 712 (85 'N', 125 indels) DQ019708 554
Hippasa holmerae Hippasa holmerae 1626 bp - - - DQ019776 295 (22 indels) DQ019728 777 (85 'N', 133 indels) DQ019663 554
Tetralycosa oraria Tetralycosa oraria 1627 bp - - - DQ019811 296 (24 indels) DQ019720 777 (85 'N', 126 indels) DQ019703 554
Arctosa stigmosa Arctosa stigmosa 848 bp - - - DQ019764 300 (21 indels) - DQO019654 548
Pardosa astrigera Pardosa astrigera 848 bp - - - DQ019792 300 (21 indels) - DQ019685 548
Pardosa brevivulva Pardosa brevivulva 848 bp - - - DQ019793 300 (21 indels) - DQ019686 548
Pardosa hedini Pardosa hedini 848 bp - - - DQ019795 300 (21 indels) - DQ019690 548
Pardosa isago Pardosa isago 848 bp - - - DQ019796 300 (21 indels) - DQ019691 548
Cupiennius salei POLOTOW Cupiennius salei 2155 bp - 657 - 300 (21 indels) KM225051 740 (85 'N', 125 indels) 458
Artoria howquaensis Artoria howquaensis 1631 bp - - - DQ019770 300 (21 indels) DQ019724 777 (85 'N', 126 indels) DQ019658 554
Hoggicosa bicolor Hoggicosa bicolor 1629 bp - - - DQ019777 300 (21 indels) DQ019713 777 (85 'N', 128 indels) DQ019668 552
Pardosa palustris Pardosa palustris 1505 bp - 657 - DQ019799 300 (22 indels) - DQ019694 548



Anomalosa kochi
Tasmanicosa leuckarti
Knoelle clara

Rabidosa punctulata
Diahogna sp
Tasmanicosa godeffroyi
hins ma LC249

hW dg LC331

radiata CRBA-LC1315
hmad ma LC324

hfer gca LC329

Anomalosa kochi
Tasmanicosa leuckartii
Knoelle clara

Rabidosa punctulata
Diahogna pisauroides
Tasmanicosa godeffroyi

Hogna insularum

Hogna isambertoi sp. nov.

Hogna radiata
Hogna nonannulata

Hogna ferox

1631 bp
1631 bp
1631 bp
2285 bp
1631 bp
1631 bp
1787 bp
2087 bp
2341 bp
1787 bp

1787 bp

TBU

TBU

TBU

TBU

TBU

657 (4'N')
657 (4'N')
657 (91'N')
657 (4'N')

657 (4'N')

TBU

TBU

TBU

TBU

TBU

302 (3'N")
302 (3'NY)
302 (8'N")
302 (8'N")

302 (8'N')

DQ019761

DQ019810

DQ019818

DQ019806

DQ019822

DQ019809

TBU

300 (22 indels)
300 (23 indels)
300 (23 indels)
300 (23 indels)
300 (25 indels)

300 (30 indels)

300 (21 indels)

DQ019722

DQ019717

DQ019714

DQ019736

DQ019743

DQ019716

TBU

TBU

TBU

TBU

TBU

777 (85 'N', 130 indels)
777 (85 'N', 126 indels)
777 (85'N', 128 indels)
777 (85 'N', 128 indels)
777 (85 'N', 127 indels)
777 (85 'N', 126 indels)
828 (15 'N', 39 indels)
828 (57 'N', 39 indels)
828 (188 'N', 33 indels)
828 (39 indels)

828 (41 indels)

DQ019649

DQ019672

DQ019667

DQ019700

DQ019676

DQ019671

TBU

554
554
554
554
554

554

554 (231'N)
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Supplementary Materials 2. Full phylogenetic tree of the Lycosidae and related families. Best Maximum Likelihood
tree of Lycosinae, inferred with IQTREE2 after selecting the best partition scheme and evolutionary models. Nodes are
split in three sections, representing the different methods. Support on nodes should be read as follows: black: ML
ultrafast boostrap and Bl posterior probability > 0.95, MP Jackknife > 0.7; grey: ML Ultrafast Bootstrap and Bl posterior
probability < 0.95, MP Jackknife < 0.7; white: unrecovered node.
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