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Plate Il. Endemic arthropods of Madeira archipelago: A. the termite Postelectrotermes praecox; B. the mayfly
Cloeon peregrinator; C. the butterfly Hipparchia maderensis; D. the bee Amegilla maderae; E. the ground beetle
Eurygnathus latreillei; F. the darkling beetle Hadrus sp. A, C, E, F: © A.R.M. Serrano; B; © A.M.F. Aguiar; D: ©

C. Rego.

Diptera, Lepidoptera and Hemiptera (Table |; Fig. 6). Together these hyperdiverse insect groups represent
nearly 77% of the terrestrial arthropod endemic taxa diversity, but both Araneae and Acari are also well
represented.
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It is important to highlight that a large fraction of Madeira and Selvagens endemics correspond to lin-
eages that have diversified. The thirty one genera which have 5 or more endemic taxa contribute with over
a third of the total endemic taxa. Among those genera, Laparocerus, Cylindroiulus, Sphaericus, Tarphius,
Blastobasis, Acalles, Geostiba, Trechus, Nesotes and Chinacapsus are particularly speciose (Fig. 7).
Curiously, some of these genera have also radiated in Azores (e.g., Tarphius, Trechus) and in the Canar-
ies (e.g., Acalles, Blastobasis, Laparocerus, Nesotes, Sphaericus, Tarphius, Trechus) (Emerson & Oromi,
2005; Contreras-Diaz et al., 2007; Arechavaleta et al., 2010; Borges et al., 2010; Amorim et al., 2012). Other
terrestrial arthropod taxa included in endemic genera, like the monotypic Cymoptus, Deucalion, Ellipsodes,
Esuridea, Eurygnathus, Frontiphantes, Macrostethus, Madeirostiba, Paradeucalion, Ploeosoma, Ramblinus,
Rhinothripiella and the polytypic Chinacapsus and Hadrus, represent unique evolutionary lineages that have
differentiated genetically and morphologically from their ancestors or became restricted to these archipela-
gos.

A characteristic feature of oceanic island ecosystems is the absence of species of terrestrial arthro-
pod groups that are well represented in the mainland. This phenomenon, designated as taxonomic dis-
harmony, results from the obstacles faced by individuals during colonization and establishment on islands,
which affect differently the set of potential colonizers. Consequently, the species/groups that succeed to
establish are a small set of the potential colonizers and in the new environment they may evolve to fill
vacant ecological niches. In Madeira and Selvagens archipelagos there are several terrestrial arthropod
groups missing, in spite of being common in the nearest mainland. For example, there are no representa-
tives of hesperiid butterflies and notodontid moths in these islands (Aguiar & Karsholt, 2006). Further,
among others, cicindelid and lampyrid beetles, mutillid wasps, tabanid flies, and many families of aquatic
insects are also lacking.

The colonization of Madeira and Selvagens archipelagos by organisms started millions years ago fol-
lowing island formation and is still an ongoing process. In spite of many arthropod species having a high
dispersal capability being able to cover large distances by flight, many other species were passively trans-
ported by winds, sea currents or, more recently, with the aid of man (Ashmole & Ashmole, 1988; Brunton &
Hurst, 1998; Edwards & Thornton, 2001; Kelly et al., 2001). In fact, during the last century, a high number
of exotic species associated to cultivated plants as well as cosmopolitan invasive species have become
established in this way in Madeira. Among the worst invasive insect species worldwide, four — the ants
Linepithema humile and Paratrechina longicornis, the fly Ceratitis capitata, and the whitefly Bemisia tabaci
- are already established in Madeira, but information on their ecological impact is still scarce (Pombo et al.,
2010b). In addition, four other arthropod species reported from Madeira — the millipede Ommatoiulus
moreletti, the woodlice Armadillidium vulgare and Eluma purpurascens, and the spider Dysdera crocata —
were identified as invasive in Macaronesia and some principles to develop monitoring and control efforts
have been outlined (Silva et al., 2008).

The colonization history of Madeira and Selvagens by terrestrial arthropods can only be clearly un-
derstood if we take in consideration the biogeographical history of these archipelagos and the dynamics of
sea-level changes and ocean circulation since Oligocene (Fernandez-Palacios et al., 2011). Besides the
extant archipelagos of Macaronesia, other islands which are now seamounts composed the so-called
Palaeo-Macaronesia. These former islands, with ages up to 60 Ma, were distributed between the present-
day islands and Southwest Europe (forming the Madeiran volcanic province) and North Africa (forming the
Canarian volcanic province) and seemed to have played a crucial role in the colonization of Macaronesia
archipelagos by acting as stepping-stones. Thus, the routes of colonization of Madeira and the Selvagens
were either via these older islands of Palaeo-Macaronesia through a stepping-stone process or directly
from mainland, particularly North Africa and Southwest Europe.

Studies on island arthropods have provided crucial information for the advancement of scientific
knowledge on diverse areas such as adaptation, speciation, community assembly and the impact of inva-
sive species (Carson & Kaneshiro, 1976; O'Dowd et al., 2003, Whittaker & Fernandez-Palacios, 2007;
Serrano et al.,, 2010; Hembry et al., 2013). The terrestrial arthropod biodiversity of Madeira and the
Selvagens is unique and includes excellent animal models that are suitable for the study of ecological and
evolutionary patterns and processes that structure the diversity of life.

4. Perspectives and challenges for the knowledge and conservation of terrestrial
arthropods

Oceanic islands are known to contribute disproportionately to global biodiversity since they present a high
number of exclusive species for their small area. However, island ecosystems have been severely affected
by today’s biodiversity crisis with plenty of examples of species extinctions as a consequence of human
activities (Blackburn et al., 2004; Régnier et al., 2009; Connor et al., 2012; Rando et al., 2012, 2013). In
Madeira archipelago the panorama has not been much different since some species have been reported
as extinct following human colonization, including the recent extinction of a butterfly — the Madeiran Large
White (Pieper, 1985; Goodfriend, 1994; Gardiner, 2003; Fontaine et al., 2007; Rando et al., 2012; Fig. 8).
Furthermore, other invertebrate organisms are also presumed extinct due to the lack of records for dec-
ades and the observation of drastic direct and indirect changes on their habitats (Boieiro et al., 2010).

The conservation of the terrestrial arthropods of Madeira and Selvagens archipelagos is a challenge
that needs to be faced under multidisciplinary and interdisciplinary approaches. Important steps have been
taken during the last decade to better know, protect and value the terrestrial arthropod biodiversity of these
archipelagos:
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Figure 8. Male and female specimens of the extinct Madeiran Large White (Pieris wollastoni) (photos by A.M.F.
Aguiar).

e The checklist of terrestrial arthropods has been compiled and published (Borges et al., 2008a,b).
This impressive work is now a major reference on Madeira biodiversity by listing all extant taxa, their geo-
graphic distribution and colonization status, and by putting Madeira biodiversity in a Macaronesian and
Global context. However, another merit of this work was the identification of taxonomic and geographic
lacunae on the knowledge of Madeira and the Selvagens’ terrestrial arthropods, which can now be progressive-
ly addressed.

The lack of knowledge on basic information about terrestrial arthropod species is a serious impedi-
ment for their effective conservation (Cardoso et al., 2011), thus it is crucial to have as priority the devel-
opment of inventorying and monitoring programs targeting these animals.

In recent years, two projects funded by the Fundagéo para a Ciéncia e a Tecnologia (FCT projects -
POCTI/BIA-BDE/59202/2004 and PTDC/BIA-BEC/099138/2008) surveyed native and man-made habitats
of Madeira, Porto Santo and Desertas using standardized protocols with the aim to investigate spatial
patterns and processes of diversity in spiders and ground beetles (Boieiro et al., 2013a, 2014). However,
projects targeting other arthropod groups and habitat-types should also be carried in the short term to
obtain data on species distribution and abundance since these are essential for conservation status as-
sessment.

e Several works have highlighted the urgent need to protect some threatened terrestrial arthropods
of Madeira and the Selvagens (see Plate Ill). A recent identification of conservation priorities in Madei-
ra/Selvagens and Macaronesia listed four rare endemic arthropod species among the most endangered
species (Martin et al., 2008). Further, sets of taxonomic experts have produced European red lists of se-
lected arthropods groups where several Madeiran endemics were classified as “Threatened” or “Near
Threatened” (Kalkman et al., 2010; Nieto & Alexander, 2010; Van Swaay et al., 2010). Several other works
call attention to the urgent need of protection of taxa threatened of extinction, like the endemic beetle
Geostiba brancomontis (Assing & Schiilke, 2006). Recently, some authors worried about the conservation
of the narrow endemic Desertas wolf spider (Hogna ingens) took this concern a step forward; they collect-
ed data on the abundance and distribution of this species, on its habitat characteristics and on the major
threats to its survival and proposed its classification as Critically Endangered to the IUCN (Crespo et al.,
2014).

The set of terrestrial arthropod species already recognized as in peril should be the target of action
plans aiming to collect data on their biology, population status and distribution as well as to identify and
control the threats to their survival. On the other hand, the development of inventorying and monitoring
programs focused on terrestrial arthropods coupled with the analysis of historical records and with the
advice of experts may also lead to the identification of conservation priorities among other arthropod taxa
that have been neglected hitherto.

e Legal authorities are aware of the uniqueness of Madeira archipelago’s natural legacy and share
the general growing concern for the conservation of invertebrate organisms. In the past, despite inverte-
brate conservation being not a priority for regional authorities due to lack of funding and specialized human
resources, there was always support from these authorities for conservation and research projects focused
on this animal group. In the last few years, the Madeira Natural Park (MNP) has begun to include specific
studies and conservation actions targeting endemic invertebrates (particularly endangered land snails) in
the projects under its coordination. Further, mostly during the last decade, there has been an effort of
invertebrate representation in MNP publications and dissemination activities. Even so, the general public
remains unaware of the high relevance of terrestrial arthropods in Madeira ecosystems and there is still
little perception of the reasons to protect them.

A major challenge faced by Madeira environmental authorities is thus to engage the population to
value and protect the invertebrate biodiversity of Madeira and Selvagens archipelagos. Efforts have been
and are being made to achieve this goal by the technical staff of the MNP and, quite recently, following a
collaborative project, a book on the biodiversity of Madeira and highlighting the uniqueness of its insects
and spiders has been published aimed at the general public (Boieiro et al., 2013b). However, there is still
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Plate Ill. Endangered endemic arthropods of Madeira archipelago: A. the butterfly Pararge xiphia; B-C: the but-
terfly Gonepteryx maderensis (B: male and C: female); D. the leaf beetle Chrysolina fragariae; E-F: the
Desertas tarantula Hogna ingens (E: head detail and F: adult specimen). A-C: © A.M.F. Aguiar; D-F: © A.R.M.
Serrano.

much to be done on this subject, and other national and international programs engaging the public for
invertebrate conservation may also provide stimulus and guidance for future initiatives (Oberhauser & Prysby,
2008; Braschler, 2009; Braschler et al., 2010; New, 2010; see also https://repositorio.uac.pt/bitstream/10400.
3/2377/1/Chama-lhe_Nomes.pdf; http://cita.angra.uac.pt/ficheiros/noticias/1364834635.pdf).

A critical issue that should deserve the commitment of legal entities is the development of a Madeira
and Selvagens biodiversity online database. The recent approval the E-Infrastructure PORBIOTA by FCT wiill
create an opportunity for Madeira to join the Azorean Biodiversity Portal in a national biodiversity online
database. This achievement will serve the multiple purpose of:

—centralize the information on biodiversity to help conservation management and decision process;

—make public the diversity of species of the Madeira and Selvagens archipelagos to a large au-
dience, aiming to engage people to value and protect this natural heritage;



https://repositorio.uac.pt/bitstream/10400.3/2377/1/Chama-lhe_Nomes.pdf
https://repositorio.uac.pt/bitstream/10400.3/2377/1/Chama-lhe_Nomes.pdf
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—collect, organize and make public the information dealing with Madeira biodiversity, including scien-
tific literature and natural history collections.

Online biodiversity databases have proved to be important tools both for research and education by
easily and visually providing valuable information on species identification, ecology and distribution. Fur-
ther, some of them are regularly updated with interesting news and scientific data and may also provide
some interaction with the general public, a key aspect in biodiversity conservation. The Azorean Biodiversi-
ty Portal online database (http://www.azoresbioportal.angra.uac.pt/) is an extraordinary example on how
biodiversity databases can be very helpful for stakeholders, the scientific community and the general public
by sharing different sorts of information on the Azorean animal and plant species (Borges et al., 2010).

The conservation of Madeira and Selvagens terrestrial arthropods is threatened by a variety of fac-
tors such as habitat destruction and fragmentation, invasive species and climate change.

Natural habitat destruction is a major cause of arthropod population extinction and has led to drastic
changes in species composition in many areas of Madeira archipelago since human colonization. The
growing awareness of public for nature conservation, the development of governmental and non-
governmental institutions devoted to protect biodiversity and the creation of legislative instruments has
been important factors when it comes to halting biodiversity loss in Madeira. Nowadays, the network of
protected areas of Madeira and Selvagens archipelagos covers a large fraction of the territory (Fig. 9) and
sets within its limits a number of restrictions aiming to maintain natural habitat integrity and to protect bio-
diversity. Nevertheless, both the creation of microreserves and the change in spatial protection category
within protected areas should be considered in order to safeguard populations of endangered arthropod
species.

Species introductions in Madeira and Selvagens archipelagos have had a severe impact on biodiver-
sity, taking in consideration the changes in species composition and structure of natural communities.
Despite the scarcity of data on this issue, it is known that invasive mammals and plants have impacted
protected seabird species reproduction, contributed to the decline of endemic plants and affected the sur-
vival of endemic invertebrates (Oliveira et al., 2010; Crespo et al., 2014). The MNP has a large experience
in the population control of invasive vertebrate and plant species in Madeira and the Selvagens archipela-
gos. The MNP has successfully eradicated invasive mice and rabbits from Selvagens archipelago, mice,
rats, rabbits and goats from Bugio (Desertas Islands) and more recently mice, rats and rabbits from the
islets of Porto Santo (Oliveira et al., 2010); in Madeira Island the MNP coordinates periodic campaigns for
population control of invasive plants (e.g., Ageratina adenophora, Carpobrotus edulis, Hedychium
gardnerianum, Nicotiana glauca, Passiflora mollissima, Pittosporum undulatum) and the nesting grounds
of endangered seabirds are yearly protected from the attack of feral cats and rats. Nevertheless, a consid-
erable number of species, particularly invertebrates, arrive each year to Madeira, some of which succeed
to establish and may pose a threat to environmental security, public health or local economy as it hap-
pened with the recent introductions of the mosquito Aedes aegypti (vector of Dengue fever) and the long-
horn beetle Monochamus galloprovincialis (vector of the pine wilt disease) (see Plate IV). However, many
invasive invertebrates have discrete, but severe impacts on natural communities by leading to extinction
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Plate IV. Introduced arthropods in the
Madeira archipelago: A. the weevil
Rhynchophorus ferrugineus; B. the
mosquito Aedes aegypti; C: the
millipede Ommatoiulus moreletii; D:
the longhorn beetle Monochamus
galloprovincialis. A: © A.R.M. Serra-
no; B: © Y. Margarita; C: © M. Boiei-
ro; D: © J. Conde.




Revista IDE@ - SEA, n° 6B (30-06-2015): 1-20. ISSN 2386-7183 16
Ibero Diversidad Entomoldgica @ccesible www.sea-entomologia.org/IDE@
Introduction The biodiversity of terrestrial arthropods in Madeira and Selvagens Manual

other invertebrates or significantly reducing their populations and having noxious effects on ecological
processes (Clarke et al., 1984; O’Dowd et al., 2003; Jackson et al., 2014). Population control programs are
mandatory for the invasive arthropod species established in Madeira and the Selvagens (Silva et al., 2008)
and monitoring programs should be regularly carried to assess ecosystem health (i.e., identify changes in
species composition and structure of natural communities) in order to evaluate in time the need to adopt
specific conservation measures.

Changes in climate are expected to strongly affect oceanic islands ecosystems worldwide. In Madei-
ra, climate change may lead to significant changes in the distribution of species and natural habitats hav-
ing as a direct consequence the extinction of populations and species (Santos & Aguiar, 2006; Cruz et al.,
2009). For example, the natural habitats of higher altitude (heathland and altitude grassland) will have a
drastic reduction in area and will probably disappear from lower altitudes to become restricted to mountain-
tops. Presumably, sea-level will also rise (up to 60cm until 2099, according to different scenarios) leading
to changes in coastal areas’ habitats and threatening plant and animal populations of low altitude islets.
Actions to mitigate the effects of climate change should be put forward as well as the development of ad-
aptation strategies aiming to deal with some of the expected consequences.

The conservation of terrestrial arthropods in Madeira and Selvagens archipelagos is a daunting and
urgent task that needs to be addressed as a priority goal, following a specific conservation strategy target-
ing this group of animals, and not as a side effect of mainstream conservation activities. The main objec-
tives of that strategy should be clear, achievable and aimed to solve both general and specific conserva-
tion issues, some of which have been raised in the last few years and for which baseline information is
available. Funding for inventorying and monitoring programs and to hire specialized personnel is a main
issue here, but a solution has to be encountered.

The conservation strategy of Madeira and the Selvagens’ terrestrial arthropods should pursue the in-
volvement of the scientific community, stakeholders and the general public and develop several guidelines to:

—improve the knowledge on the terrestrial arthropod species (by data collection, analysis and man-
agement);

—identify, prioritize and protect the most vulnerable species and natural habitats (by data collection,
analysis and modelling, decision-making, legislative initiatives and wildlife protection activities)

—make public the unique terrestrial arthropod biodiversity and engage the public to value and safe-
guard Madeira Natural Heritage (by providing appealing information online and on paper and digital for-
mats, organizing conferences and exhibitions, developing environmental education programs in collabora-
tion with schools).

Madeira and Selvagens archipelagos have a unique biodiversity, recognized worldwide and identified
as part of a Global Biodiversity Hotspot, where terrestrial arthropods play an important role due to their
richness in species and endemics, but also considering their evolutionary history and their ecological role
in natural ecosystems. The growing knowledge we have on the abundance, distribution and ecology of
terrestrial arthropods together with the information on the threats to their survival has highlighted the need
to develop a conservation strategy targeting this animal group as a way to prevent biodiversity loss in the
today’s fast changing and relatively vulnerable environment of oceanic islands.
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