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ABSTRACT: An updated checklist of the mosquito species (Diptera: Culicidae) recorded in Morocco from 1916 to 2016 is provided,
including synonyms and synonymous usage for each species. Forty-three species belonging to seven genera are recorded so far: Anopheles
(9), Aedes (12) Coquillettidia (2), Culex (12), Culiseta (5), Orthopodomyia (1) and Uranotaenia (2). Traditional and equivalent names in the
polyphyletic concept of Aedes are provided for the aedine species. The historical importance and current potential threat of mosquitoes
to human health in Morocco is reviewed. Journal of Vector Ecology 42 (1): 94-104. 2017.
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INTRODUCTION

The first and preliminary list of the mosquitoes of Morocco
was included in the bibliographic review of Trari et al. (2002),
who reviewed all studies of Moroccan mosquitoes published from
1916 to 2001. Since that publication, the invasive species Aedes
albopictus (aka Stegomyia albopicta) has been found in Morocco
(Bennouna et al. 2016), thus 43 species are now known to occur in
the country. In addition, major taxonomic changes have been made
to the classification of the tribe Aedini (Reinert et al. 2004, 2006,
2008, 2009, Wilkerson et al. 2015), with the formal recognition of
many new generic-level taxa. Many of the genera which Reinert et
al. (2009) recognized in their classification of Aedini were reduced
to subgenera in a very large composite genus Aedes by Wilkerson
et al. (2015). Thus, whereas the 43 species of Culicidae known
to occur in Morocco comprise 11 genera in the classification of
Reinert et al. (2009), including Anopheles (9 species), Acartomyia
(1), Aedimorphus (1), Coquillettidia (2), Culex (12), Culiseta (5),
Dahliana (2), Ochlerotatus (6), Orthopodomyia (1), Stegomyia
(2), and Uranotaenia (2), they comprise seven genera in the
revised traditional classification of Wilkerson et al. (2015) where
Acartomyia, Aedimorphus, Dahliana, Ochlerotatus, and Stegomyia
are treated as subgenera of Aedes.

An inventory of currently recognized Moroccan taxa, with
synonyms and previous usage, is provided herein. This listing
is organized alphabetically as in the world catalogue of Knight
and Stone (1977). The aedine species, following Wilkerson et al.
(2015), are listed as species of Aedes along with the equivalent
generic combinations of Reinert et al. (2009). The latter are
included because the generic designations of Reinert et al. (2009)
are accepted and used by some researchers (e.g., Batovska et al.
2016, Natarajan et al. 2016), and it is important to include them to
avoid confusion and foster comparison with previous literature.

The subgenera Anopheles and Cellia of the genus Anopheles are
divided into hierarchical systems of informal taxonomic categories
(Reid and Knight 1961, Harbach 1994, 2004, 2013, 2016), but due
to the small number of species (nine) of this genus in Morocco,
the informal categories of classification are not included in the
checklist. The two-letter and three-letter abbreviations for genera
and subgenera, respectively, provided by Reinert et al. (2009)
and Wilkerson et al. (2015) are used herein. Synonyms and/or
synonymous usage are drawn from Trari et al. (2004) and Gaffigan
etal. (2015).

The present paper has two purposes. Firstly, it is intended
to update the inventory of species and clarify confusing usage
of names in the Moroccan literature, to aid the preparation of a
catalog and to provide a better understanding of the distributions
of the mosquitoes of Morocco (Trari and Kakki 2017). Secondly, it
aims to review the historical association of mosquitoes and disease
as a backdrop to the current threat of mosquito-borne pathogens
to human health in Morocco. Up-to-date information on the
mosquitoes of Morocco is of considerable importance in view
of climate change and the increasing number of exotic species
and pathogens that are being transported around the world and
introduced into new areas with susceptible populations. Indeed,
climate change is responsible for modifications in the migration
patterns of birds that are reservoirs and disseminators of
arboviruses. Given the geographic location of Morocco in relation
to migratory pathways, which encompasses one of the main routes
of Palaearctic-Afrotropical migration, arboviral outbreaks may
occur in the country. In fact, this is confirmed by the three recent
outbreaks of West Nile virus (including one fatal case in 1996)
that occurred in the northwest of Morocco (El Harrak et al. 1997,
Schuffenecker et al. 2005, Fassil et al. 2011). For these reasons,
some information on the biology and medical importance of the
Moroccan mosquito fauna is provided at the end of the checklist
that follows.



95

Vol. 42, no. 1 Journal of Vector Ecology

CHECKLIST An. culicifacies Giles
Pyretophorus sergentii Theobald
8. Anopheles (Cel.) cinereus Theobald, 1901
Synonym:
An. jehafi Patton, 1905
Previous (synonymous) usage:
An. cinereus hispaniola (Theobald)
An. italicus Raftaele
An. pictus of Senevet (1958)
An. rifenus Baeza Cuellar
An. turkhudi of Guy (1959¢)
Pyretophorus myzomyifacies Theobald
9. Anopheles (Cel.) multicolor Cambouliu, 1902
Synonyms:
An. impunctus Donitz, 1902
Pyretophorus chaudoyei Theobald, 1903
Pyretophorus nigrifasciatus Theobald, 1907
Previous (synonymous) usage:
An. nigrifasciatus Theobald
An. cleopatrae Willcocks, 1910 (currently regarded
as a nomen nudum)

Subfamily Anophelinae Grassi, 1900
Genus Anopheles Meigen, 1818
Subgenus Anopheles Meigen, 1818
1. An. (Ano.) algeriensis Theobald, 1903
Synonym:
An. lukisii Christophers, 1916
Previous (synonymous) usage:
An. aitkenii auctorum
An. algeriensis var. turkestani Shingarev
An. bifurcatus auctorum (in part)
An. bifurcatus var. algeriensis auctorum
An. fragilis of Searle nec Theobald
An. martinius Shingarev
2. An. (Ano.) claviger (Meigen, 1804)
Synonyms:
An. algeriensis var. turkestani Shingarev, 1926
An. amaurus Martini, 1929
An. claviger var. pollutus Torres Caflamares, 1945
An. grisescens Stephens, 1828
An. habibi Mulligan & Puri, 1936
An. missiroli del Vecchio, 1939
An. villosus Robineau-Desvoidy, 1827
Previous (synonymous) usage:
An. antennatus of Senevet 1935; Senevet 1958; Guy

Subfamily Culicinae Meigen, 1818
Tribe Aedini Neveu-Lemaire, 1902
Genus Aedes Meigen, 1818

Subgenus Acartomyia Theobald, 1903

1959b 10. Ae. (Acy.) mariae (Sergent & Sergent, 1903)
An. bifurcatus of Senevet1935; Senevet 1958; Guy [Acartomyia mariae (Sergent & Sergent, 1903)]
1959b Synonym:

Aedes desbansi Séguy, 1923
Previous (synonymous) usage:
Aedes dzeta Séguy
Aedes epsilon Séguy
Aedes mariae of Sergent & Sergent (1903)
Aedes zammitii Theobald

An. claviger of Guy 1959a
An. claviger petragnani form saheliensis of Guy
1959a
An. portucaliensis de Figueiredo of Senevet 1958
3. An. (Ano.) marteri Senevet & Prunnelle, 1927
Synonyms: none
Previous (synonymous) usage: none
4. An. (Ano.) labranchiae Falleroni, 1926
Synonyms:
An. maculipennis pergusae Missiroli, 1935
An. maculipennis var. sicaulti Roubaud, 1935
Previous (synonymous) usage: none
5. An. (Ano.) ziemanni Gruenberg, 1902
Synonyms: none
Previous (synonymous) usage:

Subgenus Aedimorphus Theobald, 1903
11. Ae. (Adm.) vexans (Meigen, 1830)

[Aedimorphus vexans (Meigen, 1830)]

Synonyms:
Aedes eurochrus Howard, Dyar & Knab, 1917
Culex articulatus Rondani, 1872
Culex malariae Grassi, 1898
Culex minuta Theobald, 1907

An. coustani Laveran
An. mauritianus coustani auctorum

An. mauritianus de Grandpre & de Charmoy

An. paludis var. similis Theobald

Subgenus Cellia Theobald, 1902

6. An. (Cel.) dthali Patton, 1905
Synonym:
An. wardi Leeson & Theodor, 1948
Previous (synonymous) usage:
An. rhodesiensis Theobald
7. An. (Cel.) sergentii (Theobald, 1907)
Synonyms: none
Previous (synonymous) usage:

Culex montcalmi Blanchard, 1905
Culex parvus Macquart, 1834

Culex sudanensis Theobald, 1911
Culex sylvestris Theobald, 1901
Culicada eruthrosops Theobald, 1910

Previous (synonymous) usage:

Culex vagans Theobald (listed by Séguy1924 as a
synonym)

Aedes vexans Meigen

Culex arabiensis Patton

Culex nocturnus Theobald

Culex nocturnus var. niger Theobald

Culicada nipponii Theobald
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Subgenus Dahliana Reinert, Harbach & Kitching, 2006
12. Ae. (Dah.) echinus (Edwards, 1920)
[Dahliana echinus (Edwards, 1920)]
Synonyms: none
Previous (synonymous) usage:
Aedes echinus (Edwards)
Culex geniculatus Olivier
Finlaya echina (Edwards)
Ochlerotatus echinus Edwards
13. Ae. (Dah.) geniculatus (Olivier, 1791)
[Dahliana geniculata (Olivier, 1791)
Synonyms:
Culex albo-punctatus Rondani, 1872
Culex guttatus Curtis, 1835
Culex guttatus Meigen, 1818
Culex lateralis Meigen, 1818
Culex ornatus Meigen, 1818
Previous (synonymous) usage:
Aedes geniculatus (Olivier)
Culex fusculus Zetterstedt
Culex geniculatus Olivier
Finlaya geniculata (Olivier)

Subgenus Ochlerotatus Lynch Arribalzaga, 1891
14. Ae. (Och.) berlandi Séguy, 1921
[Ochlerotatus berlandi (Séguy, 1921)]
Synonyms:
Aedes heracleensis (Callot, 1944)
Aedes longitubus Cambournac, 1938
Aedes praeteritus Séguy, 1923
Previous (synonymous) usage:
Aedes berlandi Séguy
15. Ae. (Och.) caspius (Pallas, 1771)
[Ochlerotatus caspius Pallas, 1771)]
Synonyms:
Aedes epsilonn Séguy, 1924
Aedes quaylei Dyar & Knab, 1906
Culex arabicus Becker, 1910
Culex curriei Coquillett, 1901
Culex lativittatus Coquillett, 1906
Culex maculiventris Macquart, 1846
Culex onondagensis Felt, 1904
Culex penicillaris Rondani, 1872
Culex punctatus Meigen, 1804
Culex siculus Robineau-Desvoidy, 1827
Grabhamia broquetii Theobald, 1913
Grabhamia longisquamosa Theobald, 1905
Grabhamia subtilis Sergent & Sergent, 1905
Grabhamia willcocksii Theobald, 1907
Mansonia arabica Giles, 1906
Taeniorhynchus africanus Neveu-Lemaire, 1906
Previous (synonymous) usage:
Aedes caspius (Pallas)
Culex caspius Pallas
16. Ae. (Och.) coluzzii Rioux, Guilvard & Pasteur, 1998
[Ochlerotatus coluzzii (Rioux, Guilvard & Pasteur, 1998)]
Synonym:
Aedes detritus sibling species A (reported as a

synonym by Rioux et al. 1998)
Previous (synonymous) usage:
Aedes coluzzii Rioux, Guilvard & Pasteur
17. Ae. (Och.) detritus (Haliday, 1833)
[Ochlerotatus detritus (Haliday, 1833)]
Synonyms:
Culex salinus Ficalbi, 1896
Culex terriei Theobald, 1903
Grabhamia maculosa Theobald, 1905
Culex salinus Ficalbi, 1896
Culex nemorosus salinus Theobald, 1901
Culex terriei Theobald, 1903
Previous (synonymous) usage:
Aedes detritus (Haliday)
Aedes detritus sibling species B (see Rioux et al.
1998)
Culex nemorosus salinus Theobald of Séguy, 1924
18. Ae. (Och.) pulcritarsis (Rondani, 1872)
[Ochlerotatus pulcritarsis (Rondani, 1872)]
Synonyms:
Culex leucacanthus Loew, 1873
Aedes pulcritarsis var. stegomyina Stackelberg &
Monchadskii, 1926
Aedes simici Baranoft, 1927
Previous (synonymous) usage:
Culex pulcritarsis Rondani
Aedes pulcritarsis (Rondani)

Subgenus Rusticoidus Shevchenko & Prudkina, 1973
19. Ae. (Rus.) rusticus (Rossi, 1790)

[Ochlerotatus (Rus.) rusticus (Rossi, 1790)]
Synonyms:

Culex diversus Theobald, 1901

Culex maculatus Meigen, 1804

Culex musicus Leach, 1825

Culex nemorosus var. luteovittata Theobald, 1901

Culex quadratimaculatus Macquart, 1834

Culex pungens Robineau-Desvoidy, 1827
Previous (synonymous) usage:

Aedes rusticus (Rossi)

Culex rusticus Rossi

Subgenus Stegomyia Theobald, 1901
20. Ae. (Stg.) aegypti (Linnaeus, 1762)

[Stegomyia (Stg.) aegypti (Linnaeus, 1762)]

Synonyms:
Culex albopalposus Becker, 1908
Culex anguste-alatus Becker, 1908
Culex annulitarsis Macquart, 1846
Culex argenteus Poiret, 1787
Culex bancrofti Skuse, 1889
Culex calopus Meigen, 1818
Culex elegans Ficalbi, 1890
Culex exagitans Walker, 1856
Culex excitans Walker, 1848
Culex fasciatus Fabricius, 1805
Culex frater Robineau-Desvoidy, 1827
Culex inexorabilis Walker, 1848
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Culex insatiabilis Bigot, 1859

Culex kounoupi Brullé, 1833

Culex mosquito Robineau-Desvoidy, 1827

Culex rossii Giles, 1899

Culex sugens Wiedemann, 1828

Culex taeniatus Wiedemann, 1828

Culex toxorhynchus Macquart, 1838

Culex viridifrons Walker, 1848

Duttonia alboannulis Ludlow, 1911

Mimeteomyia pulcherrima Taylor, 1919
Stegomyia calopus var. canariensis Pittaluga, 1905
Stegomyia fasciata var. atritarsis Edwards, 1920
Stegomyia fasciata var. luciensis Theobald, 1901
Stegomyia fasciata var. persistans Banks, 1906
Stegomyia fasciata var. queenslandensis Theobald,

27. Cx. (Cux.) perexiguus Theobald, 1903

Synonyms: none
Previous (synonymous) usage:
Culex univittatus Theobald

28. Cx. (Cux.) pipiens Linnaeus, 1758

Synonyms:
Culex agilis Bigot, 1889
Culex autogenicus sternopallidus Roubaud, 1945
Culex autogenicus sternopunctatus Roubaud, 1945
Culex azoriensis Theobald, 1903
Culex bicolor Meigen, 1818
Culex pallipes Macquart, 1838
Culex agilis Bigot, 1889
Culex azoriensis Theobald, 1903
Culex bicolor Meigen, 1818

1901
Stegomyia lamberti Ventrillon, 1904
Stegomyia nigeria Theobald, 1901
Previous (synonymous) usage:
Aedes aegypti (Linnaeus)
Culex fasciatus Fabricius
21. Ae. (Stg.) albopictus (Skuse, 1895)

[Stegomyia (subgenus uncertain) albopicta (Skuse,

1895)]
Synonyms:

Stegomyia scutellaris samarensis Ludlow, 1903

Stegomyia nigritia Ludlow, 1910

Stegomyia quasinigritia Ludlow, 1911
Previous (synonymous) usage:

Culex albopictus Skuse

Tribe Culicini Meigen, 1818
Genus Culex Linnaeus, 1758
Subgenus Barraudius Edwards, 1921
22. Cx. (Bar.) modestus Ficalbi, 1889
Synonyms:
Culex eadithae Barraud, 1924
Culex nudipalpis, Shingarev, 1927
Culex tanajcus Stschelkanovzev, 1926
Previous (synonymous) usage:
Culex fusculus Zetterstedt

Subgenus Culex Linnaeus, 1758
23. Cx. (Cux.) brumpti Galliard, 1931
Synonyms: none
Previous (synonymous) usage: none
24. Cx. (Cux.) laticinctus Edwards, 1913
Synonyms: none
Previous (synonymous) usage: none
25. Cx. (Cux.) simpsoni Theobald, 1905
Synonyms:
Culex mauritanicus Callot, 1940
Culex richteri Ingram & de Meillon, 1927
Previous (synonymous) usage: none
26. Cx. (Cux.) mimeticus Noé, 1899
Synonym:
Culex pseudomimeticus Sergent, 1909
Previous (synonymous) usage: none

Culex bifurcatus Linnaeus, 1758
Culex calcitrans Robineau-Desvoidy, 1827
Culex comitatus Dyar and Knab, 1909
Culex consobrinus Robineau-Desvoidy, 1827
Culex domesticus Germar, 1817
Culex fasciatus Miiller, 1754
Culex haematophagus Ficalbi, 1893
Culex longefurcatus Becker, 1903
Culex luteus Meigen, 1804
Culex marginalis Stephens, 1825
Culex melanorhinus Giles, 1900
Culex meridionalis Leach, 1825
Culex molestus Forskal, 1775
Culex osakaensis Theobald, 1907
Culex pallipes Macquart, 1838
Culex pallipes Waltl, 1835
Culex phytophagus Ficalbi, 1890
Culex pipiens autogenicus Roubaud, 1935
Culex pipiens berbericus Roubaud, 1935
Culex pipiens calloti Rioux & Pech 1959
Culex pipiens erectus Iglisch, 1977
Culex pipiens disjunctus Roubaud, 1957
Culex pipiens torridus Iglisch, 1977
Culex pipiens var. doliorum Edwards, 1912
Culex quasimodestus Theobald, 1905
Culex rufinus Bigot, 1888
Culex rufus Meigen, 1818
Culex thoracicus Robineau-Desvoidy, 1827
Culex trifurcatus Fabricius, 1794
Culex unistriatus Curtis, 1837
Culex varioannulatus Theobald, 1903
Previous (synonymous) usage: none
29. Cx. (Cux.) theileri Theobald, 1903
Synonyms:
Culex alpha Séguy, 1924
Culex creticus Theobald, 1903
Culex onderstepoortensis Theobald, 1911
Culex pettigrewii Theobald, 1910
Culex theileri var. annulata Theobald, 1913
Previous (synonymous) usage: none

Subgenus Maillotia Theobald, 1907
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30. Cx. (Mai.) deserticola Kirkpatrick, 1925
Synonyms: none
Previous (synonymous) usage: none
31. Cx. (Mai.) hortensis Ficalbi, 1889
Synonyms:
Culex lavieri Larrousse, 1925
Maillotia pilifera Theobald, 1907
Previous (synonymous) usage: none

Subgenus Neoculex Dyar, 1905

32. Cx. (Ncx.) impudicus Ficalbi, 1890

Synonym:
Culex sergentii Theobald, 1903

Previous (synonymous) usage: none

33. Cx . (Ncx.) martinii Medschid, 1930
Synonyms: none
Previous (synonymous) usage: none

Tribe Culisetini Belkin, 1962
Genus Culiseta Felt, 1904
Subgenus Allotheobaldia Brolemann, 1919
34. Cs. (All.) longiareolata (Macquart, 1838)
Synonyms:
Culex annulatus var. marocanus D’Anfreville,
1916
Culex leucogrammus Loew, 1874
Culex serratipes Becker, 1908
Culex spathipalpis Rondani, 1872
Previous (synonymous) usage:
Culex longiareolata Macquart
Theobaldia longiareolata (Macquart)

Subgenus Culicella Felt, 1904
35. Cs. (Cuc.) fumipennis (Stephens, 1825)
Synonyms:
Culex ficalbii Nog, 1899
Culicada theobaldi de Meijere, 1911
Theobaldia setivalva Monchadskii, 1936
Previous (synonymous) usage: none
36. Cs. (Cuc.) litorea (Shute, 1928)
Previous (synonymous) usage:
Culicella morsitans var. litorea Shute
Theobaldia litorea Marshall & Staley

Subgenus Culiseta Felt, 1904
37. Cs. (Cus.) annulata (Schrank, 1776)
Synonyms:
Culex affinis Stephens, 1825
Culex annulatus Fabricius, 1787
Culex annulatus Fourcroy, 1785
Culex nicaensis Leach, 1825

Theobaldia annulata var. ferruginata Martini, 1924

Previous (synonymous) usage:
Theobaldia annulata (Schrank)
38. Cs. (Cus.) subochrea (Edwards, 1921)

Synonyms: none
Previous (synonymous) usage:
Theobaldia subochrea Edwards

Tribe Mansoniini Belkin, 1962
Genus Cogquillettidia Dyar, 1905
Subgenus Cogquillettidia Dyar, 1905
39. Cq. (Coq.) buxtoni (Edwards, 1923)
Synonyms: none
Previous (synonymous) usage:
Taeniorhynchus buxtoni Edwards
40. Cq. (Coq.) richiardii (Ficalbi, 1889)
Synonyms:
Taeniorhynchus nikolskyi Shingarev, 1927
Previous (synonymous) usage:
Culex richiardii Ficalbi
Mansonia richiardii (Ficalbi)

Tribe Orthopodomyiini Belkin, Heinemann & Page, 1970
Genus Orthopodomyia Theobald, 1904
41. Or. pulcripalpis (Rondani, 1872)
Synonym:
Orthopodomyia albionensis MacGregor, 1919
Previous (synonymous) usage:
Culex pulcripalpis Rondani

Tribe Uranotaeniini Lahille, 1904
Genus Uranotaenia Lynch Arribalzaga, 1891
Subgenus Pseudoficalbia Theobald, 1912
42. Ur. (Pfc.) unguiculata Edwards, 1913
Synonyms: none
Previous (synonymous) usage: none
Subgenus Uranotaenia Lynch Arribalzaga, 1891
43. Ur. (Ura.) balfouri Theobald, 1904
Synonyms: none
Previous (synonymous) usage: none

REVIEW OF MOROCCAN MOSQUITOES OF MEDICAL
IMPORTANCE

Trari (Ph.D. thesis, Université Mohammed V, Rabat) reviewed
the mosquitoes of Morocco and their historical and present relation
to human disease. An objective of her thesis was to summarize,
as completely as possible, the literature that contains information
about the Moroccan species which previously had and could now
play a role in the transmission of pathogenic agents. The available
information pertaining to 23 species of known and potential
medical importance is consolidated here.

1. Aedes aegypti

Aedes aegypti is the main vector of yellow fever (Soper 1967,
Tabachnick 1991) and dengue fever viruses (Rodhain 1996, Le
Goftfetal. 2011, Brady et al. 2014,). It is also capable of transmitting
other arboviruses, such as Chikungunya (Dupont-Rouzeyrol et al.
2012, Paupy et al. 2010, Vega-Rua et al. 2014), West Nile (Hubélek
and Halouzka 1999), and Zika viruses (Marchette et al. 1969,
Diagne et al. 2015, Chouin-Carneiro et al. 2016).
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2. Aedes albopictus

Aedes albopictus, native to southeastern Asia, is one of the
most invasive species in the world (Medlock et al. 2015). It has
been expanding in geographical range over the past two decades,
colonizing the Americas, Europe, and Africa (Paupy et al. 2009).
The species is an efficient vector of dengue fever and chikungunya
viruses (Haddad et al. 2012, Paupy et al. 2010) but is also capable
of transmitting a number of other arboviruses (Gratz 2004a,b),
such as yellow fever (Tabachnick 1991), Japanese encephalitis
(Weng et al. 1999), West Nile (Haddad et al. 2012, Turell et al.
2001), Sindbis (Bowers et al. 2003), and Zika viruses (Chouin-
Carneiro et al. 2016).

3. Aedes caspius

Aedes caspius is a vector of West Nile, Tahyna, and Sindbis
viruses in Europe (Moussiegt 1988, Lundstrém 1999). Tahyna virus
was isolated from Ae. caspius in Germany (Pilaski and Mackenstein
1985) and West Nile virus in Bulgaria (Hubalek and Halouzka
1999) and Ukraine (Hubalek 2000, Hubalek and Halouzka 1999).
This species can also transmit microfilariae (Dirofilaria immitis)
(Ferreira et al. 2015) and appears to be (with Ae. vexans) the most
important vector of filarial parasites (Dirofilaria immitis and D.
repens) in Italy (Gratz 2004a). The species has also been found
infected with avian Plasmodium in southern Spain (Ferraguti et al.
2013) and may transmit myxomatosis virus (Joubert et al. 1967).

4. Aedes detritus

Aedes detritus is not known as a major vector of parasitic
agents of human diseases (Ribeiro et al. 1988), however this
species is particularly sensitive to Chikungunya virus (Vazeille et
al. 2008). It may also transmit myxomatosis virus (Joubert et al.
1967) and the agent of canine dirofilariasis (Dirofilaria immitis)
(Ferreira et al. 2015).

5. Aedes mariae

Aedes mariae is not known to be of medical importance
to humans, but it is capable of transmitting parasites to birds
(Gutsevich et al. 1974).

6. Aedes vexans

Aedes vexans is capable to transmitting viruses that include
equine and St. Louis encephalitis viruses (Turell et al. 2001), West
Nile virus (Turell et al. 2001, Gratz 2004a, Molaei and Andreadis
2006, Tiawsirisup et al. 2008), Tahyna virus (Pilaski and
Mackenstein 1985), and Rift Valley fever virus (Fontenille et al.
1995, 1998). This species is also a vector of microfilariae (Reinert
1973, Gratz 2004a).

7. Anopheles algeriensis

Anopheles algeriensis has been considered an incidental vector
of malarial protozoa in northern Africa (Horsfall 1972), and was
identified as the species responsible for malaria transmission in
Algeria during the early part of the twentieth century (Sergent
and Sergent 1905). It has been considered a secondary vector in
Morocco, but its role in transmission was negligible due to its
scarcity (Gaud 1953, Guy 1959d).

8. Anopheles cinereus

Anopheles cinereus is generally considered to be of no medical
importance. However, sporozoites were found in this species
during an epidemic of malaria in southern Morocco (Midelt) in
the early 1960s. It was the only species found in the region at the
time (Guy 1963).

9. Anopheles claviger

Anopheles claviger was considered an effective principal vector
of malarial protozoa in the High Atlas Mountains of Morocco
(Vermeil and Doby 1950), but this was questioned by Guy and
Holstein (1968).

10. Anopheles dthali

Anopheles dthali is suspected of playing a role in the
transmission of malarial protozoa south of the Atlas Mountains,
but its vector status has never been proven (Trari et al. 2004, Trari
and Carnevale 2011).

11. Anopheles labranchiae

Anopheles labranchiae, a member of the Holarctic An.
maculipennis group, is the most efficient vector of malaria protozoa
in the Palearctic Region (Mouchet et al. 2004, Sinka et al. 2010).
In Morocco, it is unquestionably the main vector (Trari et al.
2004, Trari and Carnevale 2011), having been responsible for the
transmission of Plasmodium vivax, P. malariae and P. falciparum
in the country in the past (Gaud et al. 1949).

12. Anopheles marteri

The role of An. marteri as a vector of malarial protozoa
seems doubtful (Ribeiro et al. 1988), and any involvement would
probably have been limited in Morocco (Trari et al. 2004, Trari
and Carnevale 2011).

13. Anopheles multicolor

Anopheles multicolor was considered the most important
vector of malarial protozoa in the Saharan regions of Algeria
(Foley 1923). This species played a significant role in malaria
transmission in the south of Morocco in the mid-1900s (Guy
1959d). It is also capable to transmitting Rift Valley Fever virus,
which was discovered during epidemics of the disease in Egypt
(Gad et al. 1987).

14. Anopheles sergentii

According to Guy (1963), An. sergentii played a role in the
transmission of malarial protozoa in the south of Morocco while
An. labranchiae was involved in the north of the country. However,
its role was difficult to prove because its distribution overlaps that
of An. labranchiae in the central area of the country.

15. Anopheles ziemanni

Anopheles ziemanni does not seem to play a significant role
in the transmission of malarial protozoa in Morocco (Senevet and
Andarelli 1956, Guy 1959d).

16. Coquillettidia richiardii
Coquillettidia richiardii, along with Cx. pipiens and Cx.
modestus, is known to transmit West Nile virus in Europe (Hubalek
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and Halouzka 1999).

17. Culex impudicus
Culex impudicus is thought to be capable of transmitting West
Nile virus in Italy (Romi et al. 2004).

18. Culex mimeticus
Culex mimeticus is a suspected vector of West Nile virus in
Portugal (Almeida et al. 2010).

19. Culex modestus

Culex modestus is considered to be highly susceptible to
infection of West Nile virus (Hannoun et al. 1964, Mouchet et al.
1970, Hubalek 2000, Bodker et al. 2014, Vaux et al. 2015, Cotar
et al. 2016). This species has also been found to carry Japanese
encephalitis virus in China (Anonymous 1980) and avian
Plasmodium species in southern Spain (Ferraguti et al. 2013). It
may also be involved in the transmission of myxomatosis virus
(Joubert et al. 1967) and Tahyna virus (Danielova and Holubova
1976).

20. Culex perexiguus

Culex perexiguus is a vector of West Nile virus (Cornel et al.
1993, Miller et al. 2000, Jupp 2001). It is an important vector of this
virus in Africa, the Middle East (Hubalek and Halouzka 1999) and
Europe (Muiioz et al. 2012, Balenghien et al. 2008). The virus was
isolated recently from Cx. perexiguus in southern Spain (Vazquez
et al. 2011), which was also found to harbor avian Plasmodium
species (Ferraguti et al. 2013).

21. Culex pipiens

Culex pipiens is a vector of arboviruses known to occur in
Europe, for example West Nile virus (Gratz 2004a, Lundstrom
1999), and it was involved in the recent West Nile virus outbreak in
the U.S.A. (Andreadis 2012, Fechter-Leggett et al. 2012, Richards
etal.,, 2014). This species contributes to virus circulation in several
countries, including South Africa, Egypt, Israel, Bulgaria (Hubalek
and Halouzka 1999), Romania, Czech Republic (Hubalek and
Halouzka 1999, Hubalek 2000), Sweden (Francy et al. 1989.), Italy
(Romi et al. 2004, Calzolari et al. 2010), France (Balenghien et al.
2008), Portugal (Esteves et al. 2005, Almeida et al. 2008), Spain
(Muiioz et al. 2012), Tunisia (Krida et al. 2015.), Algeria (Benallal
et al. 2015), and Morocco (Amraoui et al. 2012).Culex pipiens
is also capable of transmitting other viruses in Europe, such as
Tahyna (Lundstrom 1999) and Sindbis viruses (Francy et al. 1989,
Lundstrom 1999). In the Mediterranean region, Cx. pipiens would
also be capable of transmitting Rift Valley fever virus (Moutailler
et al. 2008, Krida et al. 2011) and is suspected to be primarily
responsible for outbreaks of this virus during epidemics that
occurred among humans in Egypt (Gad et al. 1999). Additionally,
Cx. pipiens may be a natural vector of avian malarial protozoa
(Lalubin et al. 2013), Japanese encephalitis virus (Ravanini et al.
2012), and microfilariae (Harb et al. 1993, Abdel-Hamid et al.
2011, Ferreira et al. 2015).

22. Culex theileri
Culex theileri is capable of transmitting arboviruses that
include West Nile, Tahyna, and Sindbis viruses (Lundstrom

1999). This species has been found to be naturally infected with
Dirofilaria immitis (dog heartworm) in Iran (Azari-Hamidian et
al. 2009) and Portugal (Ferreira et al. 2015). This species was found
carrying avian Plasmodium in the south of Spain (Ferraguti et al.
2013) and could also play a role in the transmission of Dirofilaria
immitis (Martinez-de la Puente et al. 2012).

23. Culiseta annulata
Culiseta annulata is capable of transmitting Tahyna virus
(Danielova et al. 1970, Danielova 1972, Bardos et al. 1975).

CONCLUSIONS

The mosquito fauna of Morocco includes 43 species, 23 of
which are recognized vectors or potential vectors of mosquito-
borne pathogens. Because of the confusing use of names for
mosquitoes in the Moroccan literature, all synonymous usage is
included in the list to better understand the distributions of the
species and provide insights into their ecological associations as
an aid for bionomical studies.
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