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Abstract

The first confirmed presence of Ochlerotatus mariae in Majorca (Balearic Islands, Spain)
is presented. Given that this species can frequently cause biting nuisance in rocky coastal
Mediterranean areas, it is essential to understand its distribution in this tourist area in
order to conduct efficient mosquito control.
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Introduction

Ochlerotatus mariae (Sergent & Sergent, 1903) is one of the three allopatric members of
Mariae Complex, which also includes Oc. zammitii (Theobald, 1903) and Oc. phoeniciae
(Coluzzi & Sabatini, 1968). Each may be separated by several morphological features
and by molecular characters (Coluzzi & Sabatini, 1968; Coluzzi & Bullini, 1971; Coluzzi
et al., 1971; Coluzzi et al., 1976; Schaftner et al., 2001; Becker et al., 2003). All freely
attack humans, domestic stock and wildlife and are major biting pests wherever they
occur.

These three specialised species breed exclusively in unshaded coastal rock pools created
and maintained within the range of spray from the tideless Mediterranean. Pool size,
water temperature and salinity usually vary considerably within the time taken for single
broods to complete their aquatic life stages.

Oclerotatus mariae is restricted to the Western Mediterranean, (Coluzzi et al., 1975);
except for two isolated and widely separated records from the Atlantic coast of the
Iberian Peninsula (Encinas Grandes, 1982). It is found as far east as the Tyrrhenian coasts
of Italy and Sicily). Ochlerotatus zammitii occurs along the Adriatic coasts of Italy and
the Balkans, the Eastern coasts of Sicily and Malta, the Ionian and Aegean coasts and the
western part of the Mediterranean coast of Turkey (Labuda, 1969; Regner, 1969; Coluzzi
et al., 1976). The more restricted distribution of Oc. phoeniciae extends along the eastern
half of the south coast of Turkey and the rocky coast of Syria, Lebanon, Israel and
Cyprus (Coluzzi et al., 1974).
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Records of Oc. mariae are scanty in Spain, and in addition to the puzzling records from
the Atlantic Provinces of Huelva and Santander (Encinas Grandes, 1982), are limited to
the Mediterranean Provinces of Girona, Barcelona, Tarragona and Murcia. Following the
criteria of Eritja et al. (2001), Spanish reports of Oc. zammitii (Gil Collado, 1932, 1935;
Néjera, 1943; Clavero, 1946), should be attributed to Oc. mariae. Information on the
presence of the species in the Balearic Islands is confusing. According to Torres
Canamares (1979), citing Margalef (1949), there is only one report (in 1926) of the
captured of Oc. mariae in Majorca Island. However, this record seems to be doubtful,
because this species is absent from later checklists compiled by several authors (Encinas
Grandes, 1982; Eritja et al., 2002; MOTAX, 2011). Furthermore, recent mosquito
surveys carried out in the Balearic Islands could not confirm the presence of Oc. mariae
(Melero-Alcibar et al., 2006a, 2006b).

Materials and methods

The coast of Ses Salines in the south of Majorca Island (N 39°15°55.4°” / E 3°03°04.7")
was selected as the study area due to the abundance of rocky biotopes along the sea shore
(Figure 1). Surveys of aquatic habitats were carried out during March 2011. Rocky larval
sites were sampled using the standard dipping method (Service, 1993), but in small rock
holes sampling was also performed by pipetting. Mosquitoes collected were identified
according to the taxonomic criteria of Schaffner et al. (2001) and Becker ef al. (2003).

Results

All of the culicids collected in coastal rock pools were Oc. mariae (Figure 2). In addition,
females of Oc. mariae were also captured while attempting to bite. All the mosquitoes
collected were transferred to the Entomological Collection of the University of Valencia
(ENV) and related biogeographic information was presented to the Global Biodiversity
Information Facility (GBIF).

Discussion

This is the first confirmed record of Oc. mariae in the Balearic Islands. Our findings
probably correspond to a first annual generation, since this multivoltine species usually
develops in Mediterranean coasts from March to October (Becker, 2003). The strong
anthropophilic behaviour of Oc. mariae described in the surroundings of their larval
biotopes (Schaffner ef al., 2001) was also evidenced. From a veterinary point viewpoint,
the possible transmission of the avian parasite Plasmodium relictum by Oc. mariae
should be noted (Gutsevich et al., 1974).

Consequently the distribution and phenology of Oc. mariae should be further investigated
in order to apply the most efficient mosquito control programmes. It is important to note
that in last few years there have been numerous episodes of concern on the Majorca
Island due to the nuisances provoked by mosquito proliferation. The peculiarity of rock
pools as larval development sites means that often Oc. mariae is overlooked by mosquito
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control agencies. As the island of Majorca has many miles of rocky coast, the need to
include Oc. mariae in mosquito control programmes is evident. Moreover larval control
of Oc. mariae can be occasionally complicated and expensive. Although very few studies
have explored the effect of salinity on the efficacy of microbial larvicides, several
researches indicate that increasing salinity levels reduce the efficiency of Bacillus-based
larvicides (Nayar et al., 1999; Osborn et al., 2007). Other studies have revealed that
salinity concentrations of 10, 20, and 30% seawater did not affect the Bacillus spore
dormancy (Yousten et al., 1992). Nevertheless there is a high variability in the dose-
mortality response between different bacterial products, mosquito species and even for
populations within species. Regarding seawater concentration it is relevant that larvae of
Oc. mariae are able to tolerate salt concentration of 20% (Rioux, 1958).

On the other hand the surveillance of exotic vectors should be a priority in the Balearic
Islands. Besides the high levels of tourism from different European countries, it should be
noted that air and sea traffic from the Spanish mainland is common. In certain areas such
as Catalonia, Stegomyia albopica (Skuse, 1894) is abundant (Aranda et al., 2006; Bueno
Mari & Jiménez Peydro, 2010a).

In conclusion the establishment of a permanent vector surveillance network is a necessary
goal for the Spanish Public Health since current globalization has provoked an increase n
the presence of several imported arboviruses in recent years (Bueno Mari & Jiménez
Peydro, 2010b, 2010c¢).

References

Aranda, C., Eritja, R. & Roiz D. (2006) First record and establishment of the mosquito
Aedes albopictus in Spain. Medical and Veterinary Entomology 20, 150-152.

Becker, N., Petric, D., Zgomba, M., Boase, C., Madon, M., Dahl, C. & Kaiser, A. (2003)
Mosquitoes and their Control. Ed. Springer. 577 pp.

Bueno Mari, R. & Jiménez Peydr6, R. (2010a) Aedes albopictus (Skuse, 1894): current
status and records of an important invasive mosquito species in Spain. Boletin de
Malariologia y Salud Ambiental 50, 139-143.

Bueno Mari, R. & Jiménez Peydro, R. (2010b) ;Pueden la malaria y el dengue reaparecer
en Espafia? Gaceta Sanitaria 24, 347-353.

Bueno Mari, R. & Jiménez Peydrd, R. (2010c) Situacion actual en Espaia y eco-
epidemiologia de las arbovirosis transmitidas por mosquitos culicidos (Diptera:
Culicidae). Revista Esparniola de Salud Publica 84, 255-269.

Clavero, G. (1946) Aedinos de Espafia. Revista de Sanidad e Higiene Publica 20, 1205-
1232.

Coluzzi, M. & Sabatini, A. (1968) Divergenze morfologiche e barriere di sterilita' nel
complesso Aedes mariae (Diptera: Culicidae). Rivista de Parassitologia 29, 49-
70.

Coluzzi, M. & Bullini, L. (1971) Enzyme variants as markers in the study of pre-
copulatory isolating mechanisms. Nature 231, 455-456.

Coluzzi, M., Bullini, L. & Bianchi-Bullini, A.P. (1971) Phosphoglucomutase
polymorphism in Aedes phoeniciae Coluzzi & Sabatini of the Ae. mariae complex
(Dipt., Culicidae). Bulletin of Entomological Research 61, 327-330.

84



Coluzzi, M., Sabatini A., Bullini L. & Ramsdale, C. (1974) Nuovi dati sulla distribuzione
delle specie del complesso mariae del genere Aedes. Rivista de Parassitologia 35,
321-330.

Coluzzi, M., Deco, M.D. & Gironi, A. (1975) Influenza del Fotoperiodo sulla Scelta del
Luogo di Ovideposizione in Aedes mariae (Diptera, Culicidae). Parasitologia 17,
121-130.

Coluzzi, M., Bianchi-Bullini A.P. & Bullini, L. (1976) Speciation in the mariae complex
of the genus Aedes (Diptera: Culicidae). Atti - Associazione genetica italiana 21,
221-223.

Encinas Grandes, A. (1982) Taxonomia y biologia de los mosquitos del area salmantina
(Diptera, Culicidae). Doctoral Thesis. Universidad de Salamanca. 437 pp.

Eritja, R., Aranda, C., Padro6s, J., Goula, M., Lucientes, J., Escosa, R., Marques, E. &
Caceres, F. (2000) An annotated checklist and bibliography of the mosquitoes of
Spain (Diptera: Culicidae). European Mosquito Bulletin 8, 10-18.

Eritja R, Aranda C, Baez C. (2002) Culicidae. In: Carles Tolra, M. Catdlogo de los
Diptera de Espana, Portugal y Andorra. Ed. Sociedad Entomoldgica Aragonesa,
Zaragoza, p. 45-47.

European Mosquito Taxonomists (MOTAX). Chart of European Mosquitoes. Available
at: http://www.sove.org/motax/chart.htm Visited 7th March 2011.

Gil Collado, J. (1932) Datos entomologicos. In: Memorias de la Comision Central
Antipaludica, 322-337.

Gil Collado, J. (1935) Quelques considérations sur les gites larvaires des Culicides
espagnols. Comptes Rendus du XII Congrés International de Zoologie, Lisbonne
3, 2065-2078.

Gutsevich, A.V., Monchadskii, A.S. & Shtakelberg, A.A. (1974) Fauna of the U.S.S.R.
Diptera, Mosquitoes, Family Culicidae. Academy of Sciences of the USSR,
Zoological Institute, Lenigrad. No. 100, Vol. 3. 384 pp. English translation: Israel
Program for Scientific Translations, Jerusalem. (Original in Russian published in
1971).

Labuda, M. (1969) Aedes (Ochlerotatus) zamitii, member of Aedes mariae complex
(Diptera: Culicidae) in Yugoslavia. Bioloski vestnik, Lubljana 2, 23-27.

Margalef, R. (1949) Sobre la ecologia de las larvas del mosquito Aedes mariae. Instituto
de Biologia Aplicada 6, 83-102.

Melero-Alcibar, R., Molina R. & Aransay, A.M. (2006a) Aportacion al conocimiento de
la fauna de Culicidos (Diptera: Culicidae) de las Islas Baleares I: Isla de Ibiza.
Boletin de la Sociedad Entomoldgica Aragonesa 38, 331-332.

Melero-Alcibar, R., Molina, R., Miranda M.A. & Rincon, C. (2006b) Aportacioén al
Conocimiento de la Fauna de Culicidos (Diptera: Culicidae) de las Islas Baleares
II: Islas de Mallorca y Formentera. Boletin de la Sociedad Entomologica
Aragonesa 38, 333-334.

Néjera, L. (1943) Los Aedinos espafioles y el peligro de la Fiebre Amarilla. Graellsia 1,
29-35.

Nayar, J., Knight, J., Ali, A., Carlson, D. & O’Bryan, P. (1999) Laboratory evaluation of
biotic and abiotic factors that may influence larvicidal activity of Bacillus
thuringiensis serovar israelensis against two Florida mosquito species. Journal of
the American Mosquito Control Association 15, 32-42.

85



Osborn, F.R., Herrera, M.J., Gémez, C.J. & Salazar, A. (2007) Comparison of two
commercial formulations of Bacillus thuringiensis var. israelensis for the control
of Anopheles aquasalis (Diptera: Culicidae) at three salt concentrations.
Memorias do Instituto Oswaldo Cruz 102, 69-72.

Regner, S. (1969) Preliminarna istrazivanja rockpoolsa akoline Rovinja. Thalassia
Jugoslavica S, 283-292.

Rioux, J.A. (1958) Les Culicidés du midi Méditerranéen. Encyclopédie Entomologique
XXXV. Ed. Paul Lechevalier. 302 pp.

Service M.W. (1993) Mosquito Ecology. Field Sampling Methods. 2nd edition. Elsevier
Science Publishers. 988 pp.

Schaffner, F., Angel, G., Geoffroy, B., Hervy, J.O. & Rhaeim, A. (2001) The mosquitoes
of Europe / Les moustiques d’Europe. IRD Editions and EID Méditerranée.

Torres Canamares, F. (1979) Breve relacion critica de los mosquitos espanoles. Revista
de Sanidad e Higiene Publica 53, 985-1002.

Yousten, A., Genthner, F. & Benfield, E. (1992) Fate of Bacillus sphaericus and Bacillus
thuringiensis serovar israelensis in the aquatic environment. Journal of the
American Mosquito Control Association 8, 143-148.

e

Mediterranean Sea

Study area

Figure 1. Location of the study area.
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Figure 2. Examples of coastal rock pools sampled.
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