ZooKeys 1106:81-99 (2022) A peer-reviewed open-access journal

doi: 10.3897/zookeys. | 106.81432 $ZOOI<€VS

o
https://zookeys.pensoft.net Launched to accelerate biodiversity research

Phlebotomine sand flies (Diptera, Psychodidae) from
Spain: an updated checklist and extended distributions

Daniel Bravo-Barriga', Ignacio Ruiz-Arrondo?, Rosa Estrada Pefia®,
Javier Lucientes?, Sarah Delacour-Estrella®*

| Universidad de Extremadura, Facultad de Veterinaria, Departamento de Sanidad Animal, Parasitologia,

Avda. Universidad s/n, 10003 Cdceres, Spain 2 Center for Rickettsiosis and Arthropod-Borne Diseases, Hospi-

tal Universitario San Pedro-CIBIR, Logrofio, Spain 3 Animal Health Department, The AgriFood Institute of
Aragon (IA2), School of Veterinary Medicine, University of Zaragoza, 50013 Zaragoza, Spain 4 Departamen-

to de Investigacion y Desarrollo (I+D). Quimera. B.S. Calle Olivo, 14, 50016 La Puebla de Alfindén, Spain

Corresponding author: Ignacio Ruiz-Arrondo (irarrondo@riojasalud.es)

Academic editor: Gunnar Kvifte | Received 30 January 2022 | Accepted 19 May 2022 | Published 17 June 2022

hitp://zoobank.org/974EEF81-20DE-4E68-9145-351128B6AB62

Citation: Bravo-Barriga D, Ruiz-Arrondo I, Estrada Pefia R, Lucientes J, Delacour-Estrella S (2022) Phlebotomine
sand flies (Diptera, Psychodidae) from Spain: an updated checklist and extended distributions. ZooKeys 1106: 81-99.
https://doi.org/10.3897/z00keys.1106.81432

Abstract

Phlebotomine sand flies (Diptera: Psychodidae) are the natural vectors of Leishmania spp. (Kinetoplastida:
Trypanosomatidae) and phleboviruses (Bunyavirales: Phenuiviridae). In Spain, these vectors appear to be
increasing their geographical distribution and have serious repercussions on public and veterinary health,
encouraging studies of sand flies and their associated pathogens. An up-to-date and easily accessible com-
pendium of current and historical data on their presence and detailed distribution is a crucial step towards
the development and implementation of appropriate preventive strategies. A checklist on the presence and
distribution of sand flies in Spain is compiled from data extracted from a comprehensive review of scientific
literature published between 1909 and 2021 and our new records on the presence of sand flies specimens
collected under the entomological surveillance of bluetongue vectors from the Spanish Ministry of Agricul-
ture, Fishery and Food (MAPA) during the period 2004-2021. In total, 13 Spanish species of sand flies (two
of them with controversial status) belonging to two genera and six subgenera are presented in this updated
checklist, including new distribution data for seven species, among which several stand out as confirmed or
suspected vectors of Leishmania infantum: Phlebotomus ariasi, Ph. langeroni, Ph. mascittii, and Ph. perniciosus.
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Introduction

Phlebotomine sand flies are a major public and veterinary health concern due to their
haematophagous habits that allow these insects to be natural vectors of Leishmania spp.
(Kinetoplastida: Trypanosomatidae), arboviruses (phlebovirus, vesiculovirus, and or-
bivirus) (Akhoundi et al. 2016; Ayhan and Charrel 2017) and, in South America, also
the bacterium Bartonella bacilliformis (Sinchez Clemente et al. 2012). In Europe in
recent years, the density of sand flies has increased in endemic areas or has spread into
new areas (Medlock et al. 2014), causing progressively more autochthonous outbreaks
of phlebotomine-borne diseases (Gonzélez et al. 2017; Garcia San Miguel et al. 2021).
More than 50 species of Phlebotomus Loew, 1845 have been described in Europe, North
Africa, the Middle East, and the Caucasus, and eleven of them are implicated in the
transmission of pathogens (Alten et al. 2016). Updated studies on taxonomic, spati-
otemporal, and bio-ecological aspects, as well as the epidemiological status, of sand flies
are crucial to develop effective entomological surveys and control plans. Furthermore,
a global review of the information available can be useful in detecting regions lacking
data. For easier access, all this information must be compiled, ordered, and updated,
allowing effective management for students, professors, general researchers, medical and
veterinary entomologists, animal and public health authorities, and public and private
institutions involved in the study and control of sand flies and their related pathogens.

The first report of sand flies in Spain dates back to 1909 (Czerny and Strobl 1909)
when a female of Phlebotomus ariasi Tonnoir, 1921 was found in Madrid but mistak-
enly reported as Phlebotomus papatasi (Scopoli, 1786). Other females from the same
sample were not identified, but dry-preserved and assumed to be identical to the first,
until Leén Sanz et al. (1998) analyzed them, adding more details to the document by
Czerny and Strobl (1909), identifiying more females of Ph. ariasi and Phlebotomus
perniciosus Newstead, 1911.

Most of the studies on the presence and phenology of sand flies in Spain are concen-
trated between the 1970s to 1990s, where authors such as Francisco Morillas-Mdrquez
(Morillas-Mérquez et al. 1982a, b, 1983a, 1991), Ezequiel Martinez-Ortega (Martin-
ez-Ortega et al. 1982; Martinez-Ortega 1986; Martinez-Ortega and Conesa Gallego
1987a), Jean-Antoine Rioux (Rioux et al. 1974, 1975, 1984), Montserrat Gallego (Gal-
lego et al. 1990) and Javier Lucientes (Lucientes-Curdi et al. 1991, 1995) improved the
distributional knowledge, the biology, their epidemiological role, and also the descrip-
tion of two new species (Ubeda Ontiveros et al. 1982; Morillas-Mérquez et al. 1983b).

Gil Collado et al. (1989) carried out a review of the distribution, morphology, and
biology of sand flies in Spain and described eleven species. Later, Géllego Berenguer
et al. (1992) updated these data on the distribution of sand flies in the northeast of
the Iberian Peninsula and the Balearic Islands. Since then, one new species has been
described (Depaquit et al. 1998), another was reported for the first time for Spain
(Martinez-Ortega et al. 1996), and corrections were made in the identification of his-
torical sand fly collections (Le6n Sanz et al. 1999).

In recent years, further investigations have been initiated mainly focusing on the
role of these insects as vectors of Leishmania spp. and phleboviruses (Sanbonmatsu-
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Gdmez 2005; Barén et al. 2011; Alcover et al. 2014; Ballart et al. 2014; Bravo-Barriga
etal. 2016; Remoli et al. 2016), especially as a result of the largest outbreak of human
leishmaniosis in Madrid in 2009 (Jiménez et al. 2013; Gonzilez et al. 2017, 2021). In
light of this new situation, the geographical and epidemiological status of phleboto-
mine knowledge in our country has been substantially improved.

The aim of this study is to update the list of sand flies present in Spain by compil-
ing the distribution records by provinces contained in the bibliography, and to increase
the information by adding our own entomological results carried out between 2004
and 2021 in all Spanish regions based on collections from the MAPA. The updated
data provided will be useful for the design of new research, surveillance, and vector
control programmes as well as the assessment of the risk of pathogens transmission by
sand flies in Spain.

Materials and methods

Data collection

Knowledge of the distribution of Spanish sand fly species has been synthesised from
two sources:

1. A comprehensive review of 136 scientific articles and grey literature (such
as government reports, conference proceedings, graduate dissertations, and relevant
MSc theses) published between 1909 and 2021. For doctoral theses written by article
compendium, only their publications were taken into account. These materials were
sourced through PubMed, ResearchGate, Scopus, Web of Science, Google Scholar,
and digital repositories (e.g., Digital. CISC, TESEO, Dehesa, and Dialnet) using the
following keywords in English, French, and Spanish: Phlebotominae, Phlebotomine,
Phlebotomus, sandfly, sand flies, Phlébotomes, flebotomos, Spain, Espagne, Espafia,
Leishmania, leishmaniosis, leishmaniasis, and phlebovirus.

Some earlier materials that were difficult to obtain were provided courtesy of an ex-
change between experts. The retrieved papers form the basis for the checklist which was
used to confirm species records and are thus dependent on the quality of the identifica-
tion made by the authors at the time of publication of the record. The bibliographic refer-
ences associated with each species recorded for Spain are presented in Suppl. material 1.

2. Unpublished entomological data of sand flies collected in traps for the moni-
toring of Culicoides biting midges (Diptera: Ceratopogonidae), vectors of the blue-
tongue virus (BTV). Since 2000, a national surveillance, control, and eradication of
BTV programme has been carried out in Spain supported by the MAPA and coordi-
nated by the University of Zaragoza (Zaragoza, Spain).

The surveillance data presented here are based on the analysis of 1179 sample
points belonging to 1040 municipalities between 2004 and 2021 from almost all
Spanish provinces except the autonomous cities Ceuta and Melilla. All islands of the
Balearic Archipelago (Mallorca, Menorca, Ibiza, and Formentera) are considered as a
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single province; however, we do indicate the sand fly species when they are recorded for
the first time in a specific island.

Each collection site was georeferenced using a Garmin GPS 12 Global Position
Device with geographical coordinate system (EPSG: 23030-ED50/UTM zone 30N).
CDC-UV traps (Miniature Blacklight trap 1212, John W. Hock Company, Gaines-
ville, FL, USA) were placed overnight once a week throughout the year long in a vari-
able number of animal holdings composed mainly of sheep, goats, and cattle. These
traps collect not only Culicoides but also many other insects that exhibit a positive
phototropism such as sand flies and mosquitoes, among others.

Captured specimens were stored in 70% ethanol and morphological identification
was carried out following the characters described by Martinez-Ortega and Conesa
Gallego (1987b) and Gallego Berenguer et al. (1992). Female specimens were identi-
fied by microscopic observation of the spermatheca, after dissection and slide mount-
ing of the last three abdominal segments with Hoyer’s solution. Males were identified
by direct stereomicroscopic observation of the features of the external genitalia.

The species included in this list are ordered alphabetically by subfamily, genus, and
subgenus. Species names include authorities and year (Table 1). Nomenclaturally, we
have used the organisation and abbreviations proposed by Rispail and Léger (1998)
and Marcondes (2007) for the genera and subgenera of Phlebotominae. The subgenus
Abonnencius proposed by Morillas-Marquez and Guevara Pozo (1994) for Phlebotomus
fortunatarum Ubeda Ontiveros et al. (1982), an endemic species of the Canary Islands
(Spain), has also been included. The status of some species in Spain is also briefly dis-
cussed in the Notes section.

Current distribution

The distribution maps of each species have been made at province level (NUTS3) us-
ing the software QGIS Geographic Information System, version 3.22.0 (2021). The
reference coordinate system established in the work was EPSG:4258-ETRS89. QGIS
Association, http://www.qgis.org. (Figs 1-13).

Each figure shows the origin of the knowledge of the distribution of each species:

1. From data obtained from the literature review: Grey provinces for presence
and white for absence of the species.

2. From the positive sampling points (black) of our entomological surveillance:
If any of these sampling points is the first report for that province, that province is

highlighted in green.

Results

From the comprehensive bibliography reviewed, a total of 13 sand fly species have
been reported in Spain (Table 1), although two of them have a controversial status
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(Ph. longicuspis Nitzulescu, 1930 and Ph. riouxi Depaquit, Killick-Kendrick & Léger,
1998) and are discussed in the Notes section. According to the nomenclatural criteria
used, these 13 species belong to two genera and six subgenera, as follows: Phleboto-
mus (Abonnencius) (one species), Ph. (Larroussius) (four species), Ph. (Paraphlebotomus)
(four species), Ph. (Phlebotomus) (one species), Ph. (Transphlebotomus) (one species),
Sergentomyia (Sergentomyia) (two species).

As a result of sand fly data collected between 2004 to 2021 as part of the entomo-
logical surveillance programme of Culicoides biting midges in Spain we record seven
species of sand flies for the first time in some Spanish provinces, listed as follows. The

Table 1. Checklist of sand flies species recorded in Spain, classified by genus and subgenus.

Genus Subgenus Species Author/Year
Phlebotomus  Abonnencius Sfortunatarum™ Ubeda Ontiveros, Morillas-Mérquez, Guevara Benitez, Lépez Roman & Cutillas
Barrios, 1982
Larroussius ariasi Tonnoir, 1921
langeroni Nitzulescu, 1930
longicuspis* Nitzulescu, 1930
perniciosus Newstead, 1911
Paraphlebotomus — alexandri Sinton, 1928
chabaudi Croset, Abonnenc & Rioux, 1970
riouxi * Depaquit, Killick-Kendrick & Léger, 1998
sergenti Parrot, 1917
Phlebotomus papatasi (Scopoli, 1786)
Transphlebotomus mascittii* Grassi, 1908
Sergentomyia  Sergentomyia Jallax (Parrot, 1921)
minuta (Rondani, 1843)

*Species with Notes. The list of references used to generate the distribution map for each species is provided in Suppl. material 1.

distribution of the main Leishmania vectors is widened in five provinces for Ph. perni-
ciosus (Fig. 1) and in ten provinces for Ph. ariasi, including the island of Menorca, for
the first time (Fig. 2). Phlebotomus papatasi is detected in eight new provinces in the
centre and north of the country, as well as on the island of Menorca (Fig. 3). Regarding
Ph. sergenti Parrot, 1917, a new province is cited but it is absent in the northwest of
the Iberian Peninsula (Fig. 4). The distribution of Phlebotomus mascittii Grassi, 1908 is
extended to two more provinces on the Cantabrian basin (Fig. 5). As for Ph. langeroni
Nitzulescu, 1930, its presence is extended to one more province in the centre of the
Iberian Peninsula (Fig. 6). Finally, the presence of the species Se. minuta (Rondani,
1843) is broadened to six more provinces (Fig. 7), being found in practically the whole
country. It should be noted that, Ph. alexandri Sinton, 1928 (Fig. 8), Ph. chabaud;
Croset, Abonnenc & Rioux, 1970 (Fig. 9), Ph. riouxi (Fig.10), Ph. longicuspis (Fig. 11),
Se. fallax (Parrot, 1921) (Fig. 12), as well as the endemic species of the Canary Islands,
Ph. fortunatarum (Fig. 13), have not been detected in the course of the national ento-
mological surveillance programme, maybe due to the use of biased sampling methods
or speciﬁc trapping in ruminant farms.
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Figure 2. Distribution of Phlebotomus ariasi in Spain.
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Figure 4. Distribution of Phlebotomus sergenti in Spain.
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Figure 5. Distribution of Phlebotomus mascittii in Spain.
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Figure 6. Distribution of Phlebotomus langeroni in Spain.
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Figure 8. Distribution of Phlebotomus alexandri in Spain.
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Figure 12. Distribution of Sergentomyia fallax in Spain. Note its absence from peninsula Spain.
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Figure 13. Distribution of Phlebotomus fortunatarum in Spain. Note its absence from peninsula Spain.

Notes

L. Phlebotomus fortunatarum is an endemic species from the Canary Islands (Spain),
which was described for the first time in Gran Canaria island in 1982 (Ubeda On-
tiveros et al. 1982), and later in other islands (Morillas-Mdarquez et al. 1984; Lane and
Alexander 1988; Martinez-Ortega et al. 1988). Due to its morphological characteris-
tics (Ubeda Ontiveros and Morillas-Mdrquez 1983), it could not be included in the
subgenera already available, so the subgenus Abonnencius was proposed by Morillas-
Mirquez et al. (1984). However, Lane and Alexander (1988) rejected the subgenus
Abonnencius and included Ph. fortunatarum in the subgenus Anaphlebotomus. Some
years later, Morillas-Mdrquez and Guevara Pozo (1994) discussed and proved the va-
lidity of the subgenus Abonnencius, which according to the authors, should be retained
until new complete classification proposed for the entire genus Phlebotomus.

11. Phlebotomus longicuspis was first described in Tunisia as a variety of Ph. langeroni
and was elevated to species status by Parrot (1936). This species is now considered
common in North Africa (Pesson et al. 2004). Since its detection in Spain in 1982
by Morillas-Mdrquez et al. (1982b), numerous authors have cited the presence of this
species based exclusively on male specimens in many regions, mainly in the south and
east of the country (Martinez-Ortega et al. 1982; Rosado Maestre 1997; Bldzquez
Martin 1998; Martin-Sinchez et al. 2000). However, the morphological similarities
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of the copulatory structure with Ph. perniciosus have generated controversy about the
validity of Ph. longicuspis. The difficulty of correctly determining the males of each
species, together with numerous intermediate stages, have led authors such as Morillas-
Mirquez et al. (1991) and Collantes and Martinez-Ortega (1997) to conclude that
this taxonomic criterion is not discriminatory. Nevertheless, Di Muccio et al. (2000)
carried out a phylogenetic analysis on specimens of Phlebotomus species belonging to
the subgenus Larroussius from Morocco using ITS2 rDNA sequences and suggested
that they are a distinct species, despite slight morphological differences. In addition,
isoenzyme studies and comparative DNA sequencing of a mitochondrial cytochrome
b fragment (mtDNA) showed that some sympatric populations of Ph. perniciosus and
Ph. longicuspis have the characteristics of a biological species (Pesson et al. 2004). In-
terspecific gene introgression and a new sibling species have been detected, making
identification even more difficult. The proximity of Spain to North Africa increases the
possibility of detecting specimens with intermediate characters (Collantes and Mar-
tinez-Ortega 1997). Old records based on morphology may not necessarily reflect the
true geographical distribution or occurrence of Ph. longicuspis presented here for Spain.
All records of Ph. longicuspis in Spain are from the 1980s and 1990s, when molecular
tools were not used and the taxonomic identification of sand flies was based solely on
morphological criteria. Currently, the Spanish sand fly specialist community assumes
that records of Ph. longicuspis in Spain are all probably Ph. perniciosus. Therefore, we
consider the presence of Ph. longicuspis in Spain uncertain, although we show its re-
corded distribution from the literature in Fig. 11. Actual genetic characterisation of
more populations would be necessary to improve our knowledge and verify the current
status of this species in Spain.

MI1. Phlebotomus riouxi was first described by Depaquit et al. (1998) based on speci-
mens from Morocco, Tunisia, and Spain. Phlebotomus riouxi is a species closely related
to Ph. chabaudi, with subtle morphological differences in some structures (Depaquit
etal. 1998; Lehrter et al. 2017). Molecular studies on several populations from Algeria
and Tunisia supported the validity of both Ph. riouxi and Ph. chabaudi as typological
species (Bounamous et al. 2008; Boudabous et al. 2009; Lehrter et al. 2017). However,
Tabbabi et al. (2014) proposed considering both species as synonyms after molecular
analysis of specimens from a single locality in Tunisia. Thus, even if both species have
been reported in Spain (Figs 9, 10), reservations remain because, despite regular works
on sand flies in the province of Granada, Ph. riouxi has not been detected again. We
consider the records of Ph. riouxi in Spain as Ph. chabaudi and therefore the presence
of the former species is uncertain in Spain.

IV. Phlebotomus mascittii was first detected in the early 1980s in Barcelona and
Girona (north-eastern Spain) (Rioux et al. 1984). However, since then it has not
been found until our detection through the entomological surveillance of blue-
tongue vectors (Fig. 5). Furthermore, during a two-year (2019-2020) local re-
search project aimed at revealing the diversity of bloodsucking dipteran pests in
urban and rural areas of the Basque Country (northern Spain), specimens were
detected in an urban cemetery. All of these new reports along the Cantabrian cor-
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nice (northern Spain) motivated the realisation of a study recently focused on this
species, which delved into the distribution of its different haplotypes (Alarcén-
Elbal et al. 2021).
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