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Abstract

Knowledge on the taxonomic diversity and distribution of blowflies from the Madeira Archipelago is up-
dated. New and interesting findings are reported for poorly studied islands and islets of this archipelago,
together with a brief analysis of the diversity of Macaronesian Calliphoridae s. /. Seven blowfly species
were collected during this study, including the first records of Calliphora vicina Robineau-Desvoidy, 1830,
Chrysomya albiceps (Wiedemann, 1819), Lucilia sericata (Meigen, 1826), Pollenia rudis (Fabricius, 1794)
and Stomorhina lunata (Fabricius, 1805) from Porto Santo, and of C. vicina, L. sericata and S. lunata from
Desertas Islands. The presence of Calliphora loewi Enderlein, 1903 in Madeira Laurisilva forest is discussed
and its first instar larva is redescribed, revealing important differences in relation to its original description.
An identification key to the adult Madeiran blowflies is provided for the first time.
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Introduction

Blowflies in the broad sense (Diptera: Calliphoridae, Mesembrinellidae, Rhiniidae)
(Kutty et al. 2010, Marinho et al. 2016) are conspicuous flies that can be found in both
synanthropic and natural ecosystems. Some species exhibit beautiful metallic colours,
ranging from green to violet, while others have a more cryptic colouration. Neverthe-
less, due to their moderate size and frequent association with domestic and human-
disturbed environments, blowflies are usually familiar to people.

There are 115 blowfly species in Europe (Rognes and Baz 2007, Rognes 2013), 12
of these being Rhiniidae, once a subfamily of Calliphoridae s. Z but recently raised to
the rank of family (Kutty et al. 2010). Recent molecular studies also point to a similar
status for the Polleniinae, but this taxon is still treated as a subfamily of Calliphoridae
s. str. (e.g., Kutty et al. 2010, Singh and Wells 2013, Marinho et al. 2016, Zhang et al.
2016). Adult blowflies have a wide variety of life habits: some species feed on pollen
and nectar, playing a role in pollination (Rognes 1998, Pérez-Banion et al. 2007), while
most are usually associated with faeces, animal corpses and other decaying organic
matter (Norris 1965, Heath 1982, Rognes 1998). A considerable number of species
are parasites or predators of earthworms (Bellardia Robineau-Desvoidy, 1863, One-
sia Robineau-Desvoidy, 1830 and Pollenia Robineau-Desvoidy, 1830 species), snails
(Angioneura Brauer & Bergenstamm, 1893, Euryc/meta Brauer & Bergenstamm, 1891
and Melinda Robineau-Desvoidy, 1830 species), or parasites of bird nestlings (Prozo-
calliphora Hough, 1899 and Trypocalliphora Peus, 1960 species) (Rognes 1998). Many
blowfly species play a key ecological role as natural agents of decomposition (Erzinglio-
glu 1985) and are also important in human and veterinary medicine as transmitters of
pathogens and as agents of myiasis (Zumpt 1965, Greenberg 1971, Erzinglioglu 1985,
Rognes 1998). In the Rhiniidae, however, the immature morphology and life cycles
are unknown for almost all species, though a predatory/parasitic behaviour in nests of
social insects and on orthopteran egg-masses has been either suggested or confirmed
(Peris 1952, Rognes 1998, Bharti and Bharti 2016).

The catalogue of Iberian Diptera (Carles-Tolrd 2002), which also includes infor-
mation on the Canarian, Azorean and Madeiran islands, is a landmark in the study of
these insects by providing valuable information on the taxonomic diversity of Diptera
at both the national and regional level. Furthermore, the comparison of checklists and
associated scientific literature presented in the catalogue clearly highlights disparities
in knowledge on many families between the different regions. For example, the poor
knowledge of the Portuguese fauna, with only 19 blowfly species recorded (13 Cal-
liphoridae and 6 Rhiniidae) contrasts with the amount of information available for
Spain, where 48 blowfly species (41 Calliphoridae and 7 Rhiniidae) are known to oc-
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cur (Martinez-Sdnchez et al. 2002). New findings of blowflies have been reported for
continental Portugal (Prado e Castro and Garcia 2009, Prado e Castro et al. 2010) and
Spain (Carles-Tolrd 2007) in the last decade, but no significant changes were recorded
for the fauna of the Madeira Archipelago. In Portugal, including the Azores and Ma-
deira archipelagos, there is still scarce information on the taxonomic diversity of blow-
flies due to a lack of national experts and severe limitations in funding for biodiversity
inventorying and monitoring programmes targeting invertebrates.

The checklist of Madeiran terrestrial biodiversity (Borges et al. 2008) reports
nine species, and recently, C. loewi was found for the first time in the archipelago
(Prado e Castro et al. 2016). Earlier studies on blowflies from the Madeira Archi-
pelago are scarce and all species records are restricted to the main island (Bdez and
Santos-Pinto 1975, Rognes 1987, Bdez 1990). Herein, an updated checKklist is pro-
vided of the Calliphoridae and Rhiniidae of the Madeira Archipelago, including
new data on the distribution and abundance of seven species. The presence of Cal-
liphora loewi Enderlein in Madeira Laurisilva is discussed and its first instar larva is
redescribed, showing significant differences in relation to the original description.
Finally, a key is provided to enable the identification of adults of all species so far
reported from the archipelago.

Material and methods

Study area

The Madeira Archipelago is located in the North Atlantic, nearly 600 km from the
African coast (Morocco), between latitudes 32°24" and 33°07'N and longitudes 16°16'
and 17°16"W. The archipelago consists of three groups of volcanic islands and islets,
namely Madeira, Porto Santo and Desertas. Madeira is the largest (- 740 km?) and
highest (1862 m) island and also presents the highest diversity of habitat types, includ-
ing the largest surviving area of Laurisilva forest in Macaronesia. Laurisilva is a relict
laurel forest native to the Macaronesian archipelagos of Azores, Canaries and Madeira,
which during the Tertiary covered a considerable area of the western Mediterranean
Basin (Aguiar et al. 2004). Madeira Island has a considerable number of laurel forest
fragments in pristine condition (Neves et al. 1996), which led Madeiran Laurisilva
to be classified as a UNESCO World Natural Heritage site IUCN 1999). Further-
more, mostly due to the unique biodiversity associated with Laurisilva, the Madeira
Archipelago was included in one of the most important global biodiversity hotspots,
the Mediterranean hotspot (Médail and Quézel 1999, Myers et al. 2000). Porto Santo
and Desertas have drier environmental conditions than Madeira. On these islands, the
dominant plant cover is of herbaceous communities with some thermophilous shrub
species, but there are also a considerable number of areas lacking vegetation and af-
fected by soil erosion.
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Protected areas cover a large fraction of the archipelago, aiming to maintain and
protect its native biodiversity from a number of human-related threats (Martin et al.
2008, Silva et al. 2008; see also http://www.pnm.pt/). Nevertheless, despite the recog-
nized vulnerability of several endemic terrestrial arthropod species (Martin et al. 2008,
Crespo et al. 2014), very few conservation actions specifically targeting this animal
group have been carried out.

Sampling and laboratory work

A sampling programme encompassing different habitat types in all islands of Madeira
Archipelago was carried out during the springs and summers of 2011 and 2012 (Table
1). At each site, a combination of sampling techniques (direct sampling, pitfall trap-
ping, vegetation sweeping) were applied to provide an inventory of species of several
groups of terrestrial arthropods. Detailed information on the sampling methodology
was provided by Serrano et al. (2014). The samples were sorted in the Entomology Lab-
oratory of the Faculty of Sciences, University of Lisbon, Portugal, where adult blowfly
specimens were identified to species level using Olympus SZX7 stereomicroscopes and
several taxonomic resources (Gonzilez-Mora and Peris 1988, Gonzdlez-Mora 1989,
Peris and Gonzdlez-Mora 1991, Szpila 2012). Pollenia rudis specimens were identified,
using specific literature (Rognes 1987, 1992), with a Leica M80 at the laboratory of the
Department of Environmental Sciences and Natural Resources, University of Alicante,
Spain. All identified adult specimens are deposited in the entomological collection of
the Department of Animal Biology, University of Lisbon, Portugal.

The unexpected finding of larviposition by Calliphora loewi in Madeira Laurisilva
(Prado e Castro et al. 2016) allowed for a detailed study of its first instar larval mor-
phology. A revision of the first instar larval morphology of forensically important Eu-
ropean Calliphorinae species was recently published by Szpila et al. (2014); for a few
species, including C. loewi, the authors were unable to access original material and
had to base their conclusions on information from the literature (Erzinglioglu 1985).
The study of the first instar larva of C. loewi was carried out in Poland (Chair of
Ecology and Biogeography Laboratory, Faculty of Biology and Environmental Protec-
tion, Nicolaus Copernicus University, Torun) after extraction from dissected, gravid
females. Abdomens of females were detached from the rest of the body and boiled in
a 5% KOH solution for 5 minutes. Each abdomen was dissected by slicing the mem-
brane between the tergites and sternites, enabling intact first instars to be pulled out of
the female oviduct. The larvae were slide-mounted in Hoyer’s medium for study under
a light microscope. A Nikon 8400 digital camera, mounted on a Nikon Eclipse E200
microscope, was used for documentation of larval morphology. The larval specimens
are housed in the entomological collection of the Chair of Ecology and Biogeography,
Nicolaus Copernicus University, Torur, Poland.

The classification and the taxonomic terminology used in the key follow Rognes
(1991), while the terminology used in the description of the first instar larva morphol-
ogy follows Szpila et al. (2014) and Grzywacz et al. (2014).
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Table 1. Information on sampling dates and localities (site name, habitat type, and geographic coordi-

nates) in the Madeira Archipelago.

Island Site name Habitat type Latitude | Longitude Dates
group ™) (W)
Abobreiras Heathland 32043'13" | 16°51'37" | 30/V-13/V1/2011
Achadas da Cruz FEucalyptus plantation | 32050'42" | 17°12'25" | 26/V-9/V1/2011
Bica da Cana Pinus plantation 32044'47" | 17°03'25" | 26/VI-9/VII/20110
Calheta 1 Heathland 32045'28" | 17°08'48" | 27/V-10/V1/20110
Calheta 2 Eucalyptus plantation | 32045'06" | 17°09'14" | 27/V-10/V1/20110
Dunas da Piedade Dune system 32044'49" | 16°39'27" 2-16/V/20110
Funduras Laurisilva 32044'58" | 16°47'30" | 31/V-14/V1/20110
Galhano 1 Laurisilva 32048'07" | 17°09'57" 4-18/VI11/20120
Galhano 3 Laurisilva 32°47'48" | 17°10'30" 5-19/V11/20120
Ilhéu do Farol Coastal vegetation 32043'43" | 16°39'27" | 18/V-1/V1/20110
Loreto Pinus plantation 32046'41" | 17°12'36" | 24/VI-9/V11/20110
Miradouro das Voltas 1 Laurisilva 32°48'28" | 16°57'00" 2-16/V1/20110
£ Miradouro das Voltas 2 Laurisilva 32048'15" | 16°56'48" 2-16/V1/20110
-qc; Miradouro das Voltas Ps Pseudotsuga plantation | 32°48'43" | 16°57'04" 2-16/V1/20110
= Miradouro das Voltas Seq Sequoia plantation 32°48'24" | 16°56'47" 2-16/V1/20110
Montado dos Pessegueiros 2 Laurisilva 32°47'40" | 17°05'12" 3-17/V11/20120
Montado dos Pessegueiros 3 Laurisilva 32°47'44" | 17°05'07" 3-17/V11/20120
Pico das Pedras L Laurisilva 32°46'08" | 16°54'42" | 31/V-14/V1/20110
Pico das Pedras Ps Pseudotsuga plantation | 32°46'33" | 16°53'48" | 31/V-14/V1/20110
Ponta de S. Lourengo E Coastal vegetation 32044'56" | 16°41'30" 3-17/V/20110
Parque edlico Semi-natural meadow | 32044'45" | 16°43'29" 2-16/V/20110
Ponta de S. Lourengo W Coastal vegetation 32044'50" | 16°41'55" 3-17/V/20110
Portela Eucalyptus plantation | 32044'45" | 16049'23" 3-17/V1/20110
Porto Moniz Eucalyptus plantation | 32°50'46" | 17°10'37" | 24/V-7/V1/20110
Prazeres Pinus plantation 32°45'58" | 17°11'33" | 24/VI-9/VI1I/20110
Ribeira da Cruz Laurisilva 32049'34" | 17°12'35" | 26/V-9/V1/20110
Santana Pinus plantation 32048'09" | 16°51'57" |25/VI-10/VI1/20110
Bugio N Coastal vegetation 32024'52" | 16°28'40" | 27/1V-19/V/2011
Bugio S Coastal vegetation 32024'38" | 16°28'23" | 27/1V-19/V/2011
Castanheira N Coastal vegetation 32033'52" | 16°32'12" | 26/IV-10/V/20110
§ Castanheira S Coastal vegetation 32033'11" | 16°31'47" | 26/IV-10/V/20110
3 Eira Coastal vegetation 32030'50" | 16°30'10" | 27/IV-11/V/20110
a Doca Coastal vegetation 32031'03" | 16°30'41" | 26/IV-10/V/20110
Ilhéu Chio N Coastal vegetation 32035'10" | 16°32'43" | 28/IV-18/V/20110
Ilhéu Chio S Coastal vegetation 32034'52" | 16°32'25" | 28/IV-18/V/20110
Fonte da Areia Dune system 33004'54" | 16°21'18" | 21/VI-5/VIl/20110
Ilhéu da Cal N Coastal vegetation 33°0'41" | 16°23'07" | 22/VI-6/VI1/20110
Ilhéu da Cal S Coastal vegetation 33°00'7" | 16°23'01" | 22/VI-6/VIl/20110
Ilhéu do Farol N Coastal vegetation 33°03'19" | 16°17'04" | 20/VI-4/V11/20110
o Ihéu do Farol S Coastal vegetation 33°03'13" | 16°16'43" | 20/VI-4/V1I/20110
5 Ihéu do Ferro Coastal vegetation 33°02'16" | 16°24'28" | 21/VI-5/VIl/20110
‘g Pico Ana Ferreira Pinus plantation 33002'36" | 16°22'24" | 21/IV-5/V/20110
5 Pico Branco Cup Cupressus plantation | 33°05'40" | 16°17'55" | 23/IV-7/V/20110
= Pico Branco mead Semi-natural meadow | 33°05'29" | 16°18'23" | 23/IV-7/V/20110
Pico do Castelo Pinus plantation 33°04'51" | 16°19'55" | 22/IV-6/V/20110
Pico do Facho Cup Cupressus plantation | 33°05'02" | 16°19'17" | 22/IV-6/V/20110
Pico do Facho Pin Pinus plantation 33004'58" | 16°19'28" | 22/IV-6/V/20110
Pico Juliana Cupressus plantation | 33°05'33" | 16°19'20" | 23/IV-7/V/20110
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Results

The blowfly species of the Madeira Archipelago

Four-hundred and seventy (470) specimens of six Calliphoridae and one Rhiniidae
species were collected during this study. The occurrence of blowfly species is report-
ed for the first time from Porto Santo and Desertas. Detailed information associated
with the specimens collected in the Madeira Archipelago (sampling date, location,
geographic coordinates, habitat-type and number and sex of specimens) is presented
under “Material examined” and in Table 1. An updated list of blowfly species from
the Madeira Archipelago is presented in Table 2, while the spatial distribution of new
species records is shown in Figure 1.

Calliphora loewi Enderlein, 1903
Figs. 2J, 3A

Material examined. MaDEIrA: Galhano 3 (20 females); Montado dos Pessegueiros 2
(1 female); Montado dos Pessegueiros 3 (3 females).

Remarks. Calliphora loewi is a carrion-breeder present in the Holarctic and in
a small part of the Oriental Region (Schumann 1986, Verves 2005). It is found in
forests of northern and central Europe (Smith 1986, Byrd and Castner 2010), being
common in alpine regions. In North America it is found in Alaska, Canada and in the
northern continental United States (Rognes 1991, Tantawi et al., in press). Through-
out its range, this species is generally not found in urban and disturbed areas (Byrd
and Castner 2010). Although widespread, C. loews: is rarely recorded, and usually in
low abundance, in carcasses of large vertebrates, demonstrating a preference for small
animal remains (Szpila et al. 2014). In Madeira, C. loews: is restricted to a few native
forest areas at high altitude (1000-1300 m) (Fig. 1). This species was recently collected
for the first time in Madeira (Prado e Castro et al. 2016).

Calliphora vicina Robineau-Desvoidy, 1830
Figs. 21, 3B

Material examined. MaDEIRA: Abobreiras (1 female); Achadas da Cruz (1 male); Cal-
heta 1 (1 female); Calheta 2 (1 female); Ponta de Sao Lourenco E (1 male); Tlhéu do
Farol (1 male); Funduras (1 female); Galhano 1 (1 female); Miradouro das Voltas 1
(1 female); Miradouro das Voltas 2 (1 female); Miradouro das Voltas Ps (1 female);
Miradouro das Voltas Seq (2 females); Montado dos Pessegueiros 2 (1 female, 1 male);
Montado dos Pessegueiros 3 (1 female, 2 males); Pico das Pedras L (1 female); Pico
das Pedras Ps (2 females); Portela (1 female); Porto Moniz (2 females); Ribeira da Cruz
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Porto Santo

Desertas
Calliphora loewi

C. vicina

C. vomitoria
Chrysomya albiceps
Lucilia sericata
Pollenia rudis
Stomorhina lunata

g
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Madeira

Figure 1. Blowfly records collected during the present study in the islands and islets of the Madeira
Archipelago. Species records are plotted on a simplified representation of the archipelago to ease under-

standing.

Table 2. Updated list of the Calliphoridae and Rhiniidae of the Madeira Archipelago. New records are
indicated by a full black circle. M — Madeira Island, PS — Porto Santo Island and surrounding islets, D —
Desertas islands (Ilhéu Chao, Deserta Grande and Bugio).

Species PS D

Calliphora loewi Enderlein, 1903
Calliphora vicina Robineau-Desvoidy, 1830

Calliphora vomitoria (Linnaeus, 1758)

Chrysomya albiceps (Wiedemann, 1819)

Chrysomya megacephala (Fabricius, 1794)

Lucilia sericata (Meigen, 1826)

Pollenia angustigena Wainwright, 1940

Pollenia pediculata Macquart, 1834
Pollenia rudis (Fabricius, 1794)
Stomorhina lunata (Fabricius, 1805)
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(1 female); Santana (1 female); PORTO SANTO: Ilhéu da Cal S (1 female, 1 male);
Fonte da Areia (1 female, 1 male); Pico Ana Ferreira (7 females, 1 male); Pico do Facho
Cup (1 female); Pico Juliana (1 female); DESERTAS: Bugio N (12 females, 5 males);
Bugio S (7 females, 1 male); Ilhéu Chao N (1 female, 1 male).

Remarks. Calliphora vicina is a cosmopolitan species, widely distributed all over
the world and closely connected with human activity (Zumpt 1965, Greenberg 1971,
Gonzdlez-Mora 1989, Martinez-Sénchez et al. 2002), being commonly found in ur-
ban areas (Erzinglioglu 1985, Rognes 1998, Szpila et al. 2014). The adults are attracted
to faeces, meat and fruits, while the larvae are mainly necrophagous, usually develop-
ing in carrion (Zumpt 1965, Greenberg 1971). This species is widespread in a variety
of habitat types in the Madeira Archipelago (Table 1).

Calliphora vomitoria (Linnaeus, 1758)
Figs. 2K, 3C

Material examined. MADEIRA: Bica da Cana (1 female).

Remarks. This common carrion-breeder is distributed throughout the Holarc-
tic Region and is also present in the Oriental and Australasian regions (Erzinglioglu
1985). It is more rural in its distribution than C. vicina (Smith 1986), frequenting nat-
ural and cultivated forests and showing a preference for more shaded habitats (Szpila
etal. 2014). Calliphora vomitoria was found only in Madeira, in a pine plantation with
low human disturbance.

Chrysomya albiceps (Wiedemann, 1819)
Figs. 2G, 3D

Material examined. Porro Santo: Ilhéu do Farol S (1 female).

Figure 2. Diagnostically important characters of Madeiran blowflies (Diptera, Calliphoridae s. Z): A Chrys-
omya albiceps, basal part of wing, dorsal surface, showing haired stem vein B Stomorhina lunata, basal part of
wing, dorsal surface, showing haired stem vein € Calliphora vicina, basal part of wing, dorsal surface, showing
bare stem vein D Calliphora vomitoria, thorax, upper and lower calypters E Lucilia sericata, thorax, upper and
lower calypters F Stomorhina lunata, female, head, lateral view G Chrysomya albiceps, female, head, lateral
view H Chrysomya megacephala, female, head, lateral view | Calliphora vicina, female, head, lateral view } Cal-
liphora loewi, female, head, lateral view K Calliphora vomitoria, female, head, lateral view L Lucilia sericata,
female, head, lateral view M Pollenia rudis, female, head, lateral view N Pollenia rudis, thorax, upper and lower
calypters O Pollenia pediculata, basal part of wing, ventral surface, showing haired node of subcostal and hu-
meral veins P Pollenia rudis, basal part of wing, ventral surface, showing bare node of subcostal and humeral
veins Q Pollenia angustigena, mid tibia R Pollenia rudis, mid tibia. Abbreviations: ad, anterodorsal seta; ant
spir, anterior spiracle; eh, eye height; gen dil, genal dilation; gdh, genal dilation height; fm, lower facial
margin; low cal, lower calypter; p pl, parafacial plate; psg, postgena; sc-h n, node subcosta-humeral vein.
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Remarks. Chrysomya albiceps can be found from the southern Palacarctic Region
(southern Europe, Arabia, India) through to Africa (Zumpt 1965) and the Americas,
where since its introduction it has rapidly expanded north (Guimaraes et al. 1978,
Baumgartner and Greenberg 1984). In Europe it is very abundant in the Iberian Pen-
insula (Martinez-Sdnchez et al. 2002, Prado e Castro et al. 2012) and is expanding
towards central Europe, having reached France, Switzerland and Austria (Grassberger
et al. 2003), the Ukraine (Verves 2004) and Poland, from where its current northern-
most records are known (Szpila et al. 2008, Michalski and Szpila, in press). Our record
from Ilhéu do Farol is the first for Porto Santo. Chrysomya albiceps normally breeds in
carrion; newly-hatched first instar larvae feed on exudations of decomposing flesh, but
the second and third larval stages are facultative predators, feeding also on the larvae of
other blowfly species (Zumpt 1965).

Chrysomya megacephala (Fabricius, 1794)
Figs. 2H, 3E

Records. MaDpEIrA: Funchal (Bdez 1990).

Remarks. Chrysomya megacephala is widely distributed over the Oriental and Aus-
tralasian regions, also occurring in many neighbouring parts of the Palaearctic Region
(Zumpt 1965). It was introduced in South America (Guimaries et al. 1978), probably
from southern Africa (Baumgartner and Greenberg 1984), and into the United States
(Greenberg 1988). In Europe it is known from Spain (Martinez-Sdnchez et al. 2001),
Portugal (Prado e Castro and Garcia 2009), Malta (Ebejer 2007) and from the archipela-
gos of Madeira (Bdez 1990) and the Canaries (Béez et al. 1981). Chrysomya megacephala
is normally a faeces and carrion breeder (Zumpt 1965), considered a dangerous dipteran
vector of pathogens (Wells 1991) and a major pest of fish products (Wall et al. 2001).

Lucilia sericata (Meigen, 1826)
Figs. 2L, 3F

Material examined. MaDEIRA: Dunas da Piedade (1 male); Ilhéu do Farol (1 female);
Porto SanTo: Ilhéu da Cal S (1 male); Ilhéu do Farol N (1 female, 5 males); Ilhéu
do Farol S (2 females); Ilhéu do Ferro (1 female); DEserTas: Bugio N (130 females,
30 males); Bugio S (116 females, 34 males); Castanheira N (13 females, 5 males);
Castanheira S (3 females); Doca (10 females, 5 males); Eira (1 female); Ilhéu Chiao N
(1 female); Ilhéu Chio S (1 female).

Remarks. A very common fly in temperate areas of the Holarctic Region (Zumpt
1965). It is practically cosmopolitan, widespread throughout the major zoogeographical
regions (Smith 1986, Rognes 1991), and is directly connected to human activity (Mar-
tinez-Sdnchez et al. 2002). Lucilia sericata was found in all island groups of the Madeira
Archipelago where it was occasionally recorded in high abundance. The adults are at-
tracted mainly to carrion or open wounds (usually with necrotic tissues) (Zumpt 1965).
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5 mm

Figure 3. Habitus in antero-lateral view of Madeiran blowflies: A Calliphora loewi B Calliphora vicina
C Cualliphora vomitoria D Chrysomya albiceps E Chrysomya megacephala ¥ Lucilia sericata G Pollenia rudis
H Stomorhina lunara.

Pollenia angustigena Wainwright, 1940

Records. MaDEIRA: Madeira (Rognes 1987).

Remarks. This species is cited from most countries of Europe and from the Nearc-
tic Region (Rognes 1991). In Europe, P angustigena can be found from the southern
parts of Norway and Finland to Italy and the Iberian Peninsula (Martinez-Sdnchez et
al. 2002). In the Iberian Peninsula the species seems to be restricted to high altitudes
(from 300 m to above 1200 m) (Martinez-Sdnchez et al. 1998). No specimens were
caught in this study but the species was previously cited from Madeira (Rognes 1987,
Martinez-Sénchez and Rognes 2008). Adults of this fly are active mostly from March
to October with peaks in early spring in the northern parts of its range (Rognes 1991).
As the rest of Pollenia spp., it is a predator on earthworm species (Rognes 1987). The
egg and first instar larva of this species were described by Grzywacz et al. (2012) and
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Szpila (2003), respectively, and their morphology is significantly different compared to
that of necrophagous blowflies.

Pollenia pediculata Macquart, 1834

Records. MaDEIRA: Madeira (Rognes 1987).

Remarks. This species is distributed throughout most zoogeographical regions, be-
ing widespread in Europe. Pollenia pediculata was first cited from Madeira by Rognes
(1987), but no specimens were obtained in the present study. The adults are active
mainly in summer (Martinez-Sdnchez et al. 2001). The larvae are predators on earth-
worms, including the lumbricid Eisenia rosea (Savigny) (Rognes 1987). The early im-
mature stages were described by Szpila (2003) and Grzywacz et al. (2012).

Pollenia rudis (Fabricius, 1794)
Figs. 2M, 3G

Material examined. MaDEIRA: Parque edlico (2 females); Ponta de Sio Lourengo W
(1 female); PorTo SanTo: Pico Branco Cup (6 females); Pico Branco mead (4 females);
Pico do Castelo (4 females).

Remarks. This is the most common species in the genus, being widespread in the
Palacarctic, Nearctic and Oriental regions. In Porto Santo it was found in different
habitat types (Table 1). Pollenia rudis uses earthworms as larval hosts and is active all
year round, particularly during spring (Rognes 1987, Martinez-Sdnchez et al. 1998).
The immature stages were described by Yahnke and George (1972), Szpila (2003) and
Grzywacz et al. (2012).

Stomorhina lunata (Fabricius, 1805)
Figs. 2F, 3H

Material examined. MADEIRA: Bica da Cana (2 females); Loreto (3 females); Prazeres
(1 female); Parque edlico (1 female); Ponta de Sao Lourenco W (1 female); PorTo
SanTo: Ilhéu da Cal N (4 females); Ilhéu da Cal S (2 females); I1héu do Ferro (1 female);
Fonte da Areia (7 females); Pico do Facho Pin (1 female); DeserTas: Castanheira N
(1 female).

Remarks. Stomorhina lunata is distributed almost worldwide, being absent only
from the Neotropical and Australasian regions (Rognes 2013). It is common in Eu-
rope including all of the Mediterranean area, and is widely distributed throughout the
Iberian Peninsula (Gonzélez-Mora and Peris 1988). It is known as a predator on egg-
masses of the locust Schistocerca gregaria (Forskal, 1775) (Rognes 1998) and a parasite
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in nests of ants (Bharti and Bharti 2016). Adults are commonly found on flowers
(Gonzilez-Mora and Peris 1988).

Key to the adult blowflies of the Madeira Archipelago

1 Stem-vein with a row of weak setulae on dorsal surface (Fig. 2A, B)............ 2
- Stem-vein bare on dorsal surface (Fig. 2C) ....cccoovvviiiiininiiiiiiiene, 4
2 Lower facial margin strongly protruded (Fig. 2F); arista bare on ventral side

(Fig. 2F); abdomen with a yellow pattern on black background....................
...................................................................................... Stomorhina lunata
- Lower facial margin not protruded (Fig. 2G, H); arista always with hairs
dorsally and ventrally (Fig. 2G, H); abdomen lustrous, bluish or green, with
dark transverse strips on posterior margins of segments ..........cccccceevrueuenene. 3
3 Anterior spiracle light-coloured, white-yellowish (Fig. 2G) ......ccccoeveueennene.
..................................................................................... Chrysomya albiceps
- Anterior spiracle dark, brownish (Fig. 2H)............ Chrysomya megacephala
4 Lower calypter black or at least darkly infuscate, with numerous long hairs on
dorsal surface (Fig. 2D)...c.ccoiiviiiiiiiiiiiicciieecceeee e 5
Lower calypter white-yellowish and bare on dorsal surface (Fig. 2E, N) .....7
5 Facial ridge, lower facial margin and anterior part of genal dilation yellowish-
red (Fig. 2I); anterior spiracle (Fig. 2I) and basicosta light-coloured, brown-
ISR Calliphora vicina
- Facial ridge, lower facial margin and anterior part of genal dilation black (Fig.
2], K); anterior spiracle and basicosta black (Fig. 2], K) ......cccccoevininnennne. 6
6 Hairs on posterior part of genal dilation and postgena black (Fig. 2]) ..........
.......................................................................................... Calliphora loewi
- Hairs on posterior part of genal dilation and postgena orange (Fig. 2K)........
.................................................................................. Calliphora vomitoria
7 Parafacial plates narrow and bare, with white dusting (Figs 2L, 3F); height
of genal dilation distinctly shorter than half of eye height (Fig. 2L); body
lustrous green (Fig. 3F) .....c.ccoiiiiiiiiniiiiiicc Lucilia sericata
- Parafacial plates broad and densely haired, with brown-yellowish dusting
(Fig. 2M); height of genal dilation distinctly longer than half of eye height

(Fig. 2M); body dark, abdomen with grey tessellated pattern...................... 8
8 Node at junction of humeral crossvein and subcostal vein with a bundle of
several light-coloured hairs (Fig. 20) .....cccccoovvvvieinnnne. Pollenia pediculata
— Node at junction of humeral crossvein and subcostal vein bare (Fig. 2N, P) .
................................................................................................................... 9
9 Mid tibia with one anterodorsal seta (Fig. 2Q)............ Pollenia angustigena

- Mid tibia with two or three anterodorsal setae (Fig. 2R) ....ccccoovvviieiiinnnnne,
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Redescription of the first instar larva of Calliphora loewi

Calliphora loewi Enderlein, 1903

Material examined. MapEeira: Galhano 3 (15 first instar larvae). The first instar larvae
(Fig. 4A) were obtained from 13 gravid females collected in Galhano (Prado e Castro
et al. 2016).

Diagnosis. The first instar larvae of C. loewi from Madeira possess the general
habitus characteristic of most Calyptratae, being divided into a bilobed pseudocepha-
lon (pc), three thoracic segments (t1- t3), seven abdominal segments (al—a7), and an
anal division (ad) that carries the posterior spiracles.

Redescription. Body length: 1.4-5.1 mm. Pseudocephalon. Antennal complex
with small antennal dome situated on basal ring, antennal dome slightly longer than
height of basal ring; maxillary palpus located on anterior surface of pseudocephalic
lobe and readily visible under a light microscope as a flat disc clearly distinguished
from the surrounding cuticular surface; oral ridges present from lateral margins of
functional mouth opening to ventral and lateral surfaces of pseudocephalon; func-
tional mouth opening with two lateral tufts of numerous cirri. Cephaloskeleton. As
in other necrophagous blowflies; consisting of unpaired labrum (Ib), paired mouth-
hooks (mh), unpaired and H-shaped intermediate sclerite (is) and basal sclerite with
parastomal bars (pb), vertical plates (vp) and ventral and dorsal cornua (ve, dc) (Figs
4B, C); each mouthhook an L-shaped bar, with tip equipped with 6 strong, pointed
teeth directed ventrally, teeth arranged in one row with one tooth situated in front of
row (well visible in ventral view); basal part of mouthhook also strongly sclerotized
and equipped with a lateral arm (Figs 4B, C); labrum with readily differentiated sharp
and curved apical part, ventral incision separating apical and basal parts of labrum
indistinct (Fig. 4C); epistomal sclerite [“posterior expansion of labrum” in Szpila et al.
(2014)] flat in lateral view (Fig. 4C); parastomal bars (pb) long and slender; intermedi-
ate sclerite (is) and crossbeam of intermediate sclerite broad; vertical plate (vp) as broad
as width of ventral cornua (Fig. 4B); dorsal cornua slightly longer than ventral cornua
(Fig. 4B); dorsal bridge present (Fig. 4B). Thoracic segments. Anterior spinose band
on first thoracic segment broad (Fig. 4A), with spines arranged in 5-7 rows dorsally
and 12-14 rows ventrally; anterior spinose bands of second and third thoracic seg-
ments with homogenous conical, slightly flattened spines, tip of spines slightly curved.
Abdominal segments. Anterior spinose bands complete on segments al—a5, narrowly
interrupted dorsally on segment a6; segment a7 with anterior spinose band on ventral
and ventro-lateral surfaces and with several spines on lateral surface; posterior spinose
band on segment al reduced to two small groups of spines situated ventro-laterally, on
a2 posterior spines only on ventral and ventro-lateral surfaces, segment a3 with narrow
posterior spinose band interrupted dorsally, segments a4—a7 with complete posterior
spinose band. Anal division. Anal pads rounded and slightly protruding, anal tuft with
several spines dorsally; circle of hair-like spines around spiracular field complete; ante-
rior spinose band developed only on ventral and ventro-lateral surfaces.
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0.1 mm

Figure 4. First instar larva of Calliphora loewi from Madeira: A Habitus in lateral view B Cephaloskel-
eton in lateral view € Anterior part of cephaloskeleton in lateral view. Abbreviations: al-a7, abdominal
segments; ad, anal division; db, dorsal bridge; dc, dorsal cornua; is, intermediate sclerite; 1b, labrum;
mh, mouthhook; pb, parastomal bar; pc, pseudocephalon; t1-t3, thoracic segments.

Comparison with original description. The comparison of first instar larval
specimens from Madeira with the original description (Erzinglioglu 1985) points to
several discrepancies. Erzinglioglu (1985) described the anterior spinose band on a5
of Calliphora loewi as interrupted dorsally. Szpila et al. (2014) used this character for
separation of C. loewi larvae from those of C. vicina and Cynomya mortuorum (Lin-
naeus, 1761), where the anterior spinose band on a5 is complete. However, the first
instar larvae of C. loewi from Madeira also possess a complete anterior spinose band
on a5. This character seems to be variable and cannot be treated as reliable. Serious
discrepancies between the material from Madeira and the British larvae studied by
Erzinglioglu (1985) were also found in the morphology of the labrum in the cepha-
loskeleton. Larvae from Madeira possess a massive labrum with broad basal part and
well differentiated apical part. Additionally, the apical part of the labrum is noticeably
curved downward. The cephaloskeleton of C. loewi larvae in the schematic illustration
provided by Erzinglioglu (1985, fig. 28) possesses an elongated labrum (labelled as
“median tooth”), without clear differentiation between an apical part and a basal part.
Unfortunately, at this stage it is not possible to state that these differences between
Madeira specimens and the original description result from interpopulation variation
or inaccuracy of observation, as the larval material analyzed for the original description
is unavailable (Szpila et al. 2013). Future studies on the variation of C. loew: larval
morphology across the species distribution range will help to clarify this issue.
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Discussion

The effective conservation of insect diversity is, to some extent, hindered by the lack
of knowledge of species taxonomy as well as by poor data on species distribution,
abundance and sensitivity to habitat change (e.g., Cardoso et al. 2011, New 2012).
Consequently, major efforts have been made during the last decade to overcome these
obstacles, leading to the production of updated catalogues of species and the identi-
fication of conservation priorities for many countries and regions in the world (e.g.,
Martin et al. 2008, Verdti and Galante 2009, Van Swaay et al. 2010).

This recent survey of the calliphorid diversity on the islands and islets of the Ma-
deira Archipelago allowed the collection of valuable information concerning species
taxonomy, distribution and ecology, including the first report of blowfly species from
Porto Santo and Desertas islands (Table 2). The number of Calliphoridae s. / species
known from the Madeira Archipelago is presently ten, but there is a considerable dif-
ference in calliphorid species richness between islands: Madeira (10 spp.), Porto Santo
(5 spp.) and Desertas (3 spp.). The lower number of blowfly species recorded from Por-
to Santo and Desertas is not only due to geographic and ecological determinants (e.g.
lower surface area, lower habitat diversity), but also a result of undersampling. Our
blowfly survey was the first carried out in Porto Santo and Desertas. These islands have
traditionally been disregarded by taxonomic experts, who have focused their sampling
efforts exclusively on the main island when visiting the archipelago. Consequently, the
present knowledge of Madeiran biodiversity is biased and efforts should be addressed
to develop inventory programmes exploring the taxonomic biodiversity of also Porto
Santo and Desertas.

This study presents evidence that the species found in the Madeira Archipelago use
different habitats: C. vicina was the most widespread blowfly, occurring in a variety of
habitat types (natural, semi-natural and forest plantations) and ranging from thermo-
philous coastal areas to native forest patches in valleys and mountainous areas. Three
other species (L. sericata, P rudis, S. lunata) were more common in coastal areas and
inland forest plantations, while the two remaining Calliphora species (C. loewi and C.
vomitoria) were restricted to a few forest locations at higher altitudes. A similar pat-
tern of calliphorid species distribution was found in the Canaries, where C. vicina was
considered an “extreme habitat generalist”, L. sericata seemed to be restricted to open
habitats at low altitudes and C. splendens Macquart, 1839 and C. vomitoria were rare
and confined to forest habitats (Hanski 1977).

The finding of Calliphora loewi in the Madeira Archipelago was surprising, since
in Europe the species is known to occur mainly in forest ecosystems at much higher
latitudes (Smith 1986, Byrd and Castner 2010) and is absent from the Azores and
the Canary Islands (Arechavaleta et al. 2010, Borges et al. 2010). It is presumed that
the Madeiran populations of C. loewi are relictual due to their isolation from the
nearest mainland populations and considering the historical biogeography of Lau-
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risilva, a laurel forest type once distributed throughout the western Mediterranean
and which is now restricted to Macaronesia (Neves et al. 1996). Furthermore, the
finding that the Madeiran populations of C. loews are strictly associated with pristine
Laurisilva patches at high altitudes also seems to support their relictual origin: the
two Laurisilva patches where C. loewi was found, Montado dos Pessegueiros and Gal-
hano, are well preserved, have minimal human disturbance, and show similar plant
compositions (Neves et al. 1996). Like C. loewi, the Canarian endemic C. splendens
is also restricted to native forest areas at higher altitudes (above 400 m) being absent
from disturbed, low altitude areas where introduced calliphorids dominate (Hanski
1977, Bez 1988).

The number of calliphorid species so far recorded for the Madeira Archipelago
remains low, but it is similar to numbers reported from the Azores (nine species) and
Canary Islands (ten species) (Bdez and Oromi 2010, Martinez-Sdnchez 2010). The
low species richness of these oceanic archipelagos is in part due to the difficulties faced
in overcoming the ecological barrier posed by the ocean, even for insects with a good
flight capacity such as blowflies. Moreover, according to Hanski (1977), the most likely
explanation for the impoverished calliphorid faunas of Madeira and the Canaries is
the intense interspecific competition due to low carrion density and diversity in these
isolated ecosystems, which severely constrains species richness and abundance of the
carrion breeding species.

During the last decades we have witnessed a significant increase in the number of
blowfly introductions in oceanic archipelagos worldwide due to human-assisted dis-
persal (Hanski 1977, Bdez et al. 1981, Bdez 1990, Peck et al. 1998, Jensen et al. 2013).
The dramatic increase in the frequency of transport of human commodities to islands
(Pombo et al. 2010) is a serious challenge for local authorities that have to deal with the
consequences of undesired introductions of pathogens, agricultural and forest pests,
and disease vectors such as calliphorid species of veterinary or medical importance
(Heath and Bishop 2006). The checklists of Calliphoridae s. /. of the Madeira, Azores
and Canaries archipelagos show that, as a result of human activities, introduced spe-
cies are well represented, with six species being common to the three archipelagos and
widespread in each of them (Martinez-Sinchez and Rognes 2008, Bdez and Oromi
2010, Martinez-Sdnchez 2010). For example, the introduction of Chrysomya mega-
cephala in Tenerife was followed by its expansion within this island and to other Ca-
nary Islands (Gran Canaria, Fuerteventura and Lanzarote), andit was later found also
in Madeira (Bdez et al. 1981, Bdez 1990). The increase in blowfly species introductions
has led to the increased homogenization of the faunas of the Macaronesian islands, but
its consequences for native biodiversity remain unstudied (Hanski 1977). Thus, efforts
should be made to implement monitoring programmes to evaluate the conservation
status of native blowfly species in Macaronesia, particularly the Canarian endemic Cal/-
liphora splendens and the recently discovered C. loewi, and assess their vulnerability to
introduced species.
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