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Summary 

Bluetongue (BT) is an arboviral disease that appeared in the Mediterranean in 1998. In France, the 
principal vector, Culicoides imicola, was detected for the first time in Corsica in October 2000, a few 
weeks before outbreaks of BT virus serotype 2 (BTV-2). Entomological surveillance was 
implemented in Corsica and on mainland France in 2002. In Corsica, the aim was to study the 
population dynamics of C. imicola and other potential vectors. On the coastal mainland, the 
objective was to survey the introduction of C. imicola. One-night catches per site were performed 
every three weeks at 12 sites on Corsica and every month at 19 sites on the mainland. In Corsica, 
84 790 Culicoides belonging to 50 species were collected over 180 nights. C. imicola accounted for 
18.3% of the total captured. On the mainland, 16 197 Culicoides (44 species over 109 nights) were 
collected, none of which were C. imicola. The geographic and seasonal distribution of C. imicola and 
other species of interest are discussed in relation with their bio-ecology and environment. These 
datasets are essential for a better understanding of the epidemiology of BT, and to create and 
validate predictive models based on remote sensing in order to identify areas at risk for BT. 
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Introduction 

Bluetongue (BT) is an infectious arthropod-borne 
viral disease that affects ruminants, mainly sheep. BT 
virus (BTV) is transmitted between its vertebrate 
hosts by certain species of Culicoides biting midges 
(Diptera: Ceratopogonidae). BT occurs pantropically 
between 44°N and 35°S depending mainly upon the 
distribution and seasonal presence of Culicoides 
midges. More than 1 200 Culicoides species have been 
identified in the world (1), but only 17 have been 
connected with BTV transmission. The major vector 
species are C. imicola and C. bolitinos in Africa; 
C. imicola and C. fulvus in Asia; C. brevitarsis and 
C. fulvus in Australia; C. sonorensis in North America, 
C. insignis and C. pusillus in South and Central 
America (9). Worldwide, BTV causes losses of 
approximately US$3 billion each year (13). Indeed, 
BT is considered to be of such major international 
concern that it has been given ‘List A’ status by the 
Office International des Épizooties. 

Since its appearance in the Mediterranean Basin in 
1998, BT disease has had a devastating effect on the 
sheep industry, resulting in the loss of over 
300 000 sheep until 2001 (10). The spread of BT into 
areas of Europe never previously affected, is linked 
to the northern spread of its main Afro-Asian vector 
C. imicola (2) by air streams. C. imicola sensu lato is a 
complex of at least 10 sibling species but, at present, 
only C. imicola sensu stricto is present in Europe (8). 

In the eastern Mediterranean Basin, BTV outbreaks 
have occurred in regions of the Balkans up to 
44°30´N, and in places where C. imicola has not been 
been detected during previous insect surveys (10). 
Recently, BTV-2 has been isolated in one or more 
species of the C. obsoletus complex on mainland Italy 
(15) and C. pulicaris on the island of Sicily (5), 
suggesting that BTV could be transmitted by these 
Palaearctic Culicoides species associated with 
livestock. As these species or species complexes are 
widespread and abundant in the Mediterranean and 
across most of northern Europe, it would be of 
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interest to confirm whether they are able to transmit 
BTV in the field. 

In France, the main vector, C. imicola, was detected 
for the first time on the island of Corsica in October 
2000 (7). Subsequently, important outbreaks caused 
by BTV-2 occurred in autumn 2000 and 2001 (18, 
19, 20). In combination with the vaccination 
campaigns conducted between 2001 and 2003, an 
entomological surveillance network was established 
in 2002, as follows: 
a) in Corsica, to study the population dynamics of 

C. imicola and other potential vector species 
(C. obsoletus and C. pulicaris) 

b) on the coastal mainland of France, to survey the 
introduction of C. imicola and study the 
population dynamics of other Culicoides species. 

Materials and methods 

Twelve representative sites were selected in Corsica 
(farms affected by BTV-2 outbreaks in 2000 and/or 
2001) and 19 farms at risk on the coastal mainland at 
intervals of 50 km (Fig. 1). One-night catches per site 
using UV-light traps (7) were performed every three 
weeks in Corsica and every month on the mainland. 

 
Figure 1 
Location of sites surveyed for Culicoides in France, 2002 

Traps were located outdoors, within 25 m of 
livestock premises and suspended from the walls of 
buildings 1.5-2 m above ground level. Traps were set 
1 h before sunset and collection was made at about 
8 am the next morning. The insects were transported 
to the laboratory in a water-filled beaker and then 
covered and preserved in 90% ethanol. 
Ceratopogonidae were first separated from all other 
insects. Culicoides were identified based on wing 
patterns, and subsequently confirmed by mounting 
specimens on microscope slides (6, 16). 

Results 

To facilitate rapid access to entomological 
surveillance data, results are available on the website 
of the Centre de coopération internationale en recherche 
agronomique pour le développement (CIRAD) at blue-
tongue.cirad.fr/resultats_entomologiques/Consultati
on.php. 

Corsica 

From February to December 2002, 84 790 Culicoides 
belonging to at least 50 species were collected in a 
total of 180 night catches. C. imicola accounted for 
18.3% of the specimens captured, with a maximum 
and average catch size of 4 814 and 86, respectively 
(Table I). C. imicola was predominant at two sites 
located in the extreme south of the island (Porto-
Vecchio and Figari) and less prevalent in Moltifao, 
the only site located inland at an altitude of 250 m 
(Fig. 2). Adult densities reached a peak in 
September-October, at the end of the summer 
(Fig. 3). The other most abundant and widespread 
species were C. newsteadi (36.8%, 4 018 and 174), 
C. scoticus (18%, 4 016 and 85), C. obsoletus (9.2%, 
1 912 and 43), C. circumscriptus (4.2%, 507 and 20) 
and C. pulicaris (3.8%, 626 and 18). The 43 remaining 
species accounted for less than 2% of the total. 

C. newsteadi, a halophilic species, is predominant in 
the western and southern coastal plains and is rare 
on the eastern and northern rocky coasts. C. pulicaris, 
a species found more often in low and midland 
 
Table I 
Adults of Culicoides collected in Corsica,  
February-December 2002 
(12 sites/11 months/180 night catches) 

Culicoides 
species 

Number 
collected (%) 

Size of 
maximum catch 

Size of 
average catch

C. newsteadi 31 224 (36.8) 4 018 173.5 

C. imicola 15 530 (18.3) 4 814 86.3 

C. scoticus 15 280 (18.0) 4 016 84.9 

C. obsoletus 7 762 (9.2) 1 912 43.1 

C. circumscriptus 3 571 (4.2) 507 19.8 

C. pulicaris 3 229 (3.8) 626 17.9 

C. griseidorsum 1 558 (1.8) 802 8.7 

C. subfagineus 1 141 (1.3) 433 6.3 

C. lupicaris 1 140 (1.3) 330 6.3 

Culicoides spp. 
(40 species) 4 355 (5.1) – 24.2 

Total Culicoides 
(50 species) 84 790 (100) – 471.1 

* The 40 remaining species accounted for less than 2% of the total 
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Figure 2 
Spatial distribution of Culicoides collected in Corsica, 
2002 
(12 sites/11 months/180 night catches) 

areas, predominated on these rocky coasts and in 
inland areas. For C. obsoletus and C. pulicaris, the 
seasonal dynamics of adult density show a bimodal 
pattern with two distinct peaks: one in spring and the 
other in autumn. During the summer, especially 
August, the elevated temperatures and weak 
hygrometry could be unfavourable to the larval 
development and/or adult active flight of these 
European species. 

Mainland France 

From April to November 2002, 16 197 Culicoides 
belonging to 44 species were collected in a total of 
109 night catches. No specimens of C. imicola were 
found (Table II). The more abundant and 
widespread species were C. newsteadi (73.5%, 3 655 
and 109), C. obsoletus (8%, 201 and 12), C. scoticus 
(5.4%, 417 and 8), C. circumscriptus (3.2%, 177 and 5) 
and C. griseidorsum (2.7%, 337 and 4). The remaining 
39 species accounted for less than 2% of the total. 
Results are similar to those observed in Corsica but 

with less adults for each species. As in Corsica, 
C. newsteadi is predominant along the eastern coastal 
plains backed by marshland (from the Camargue, 
Rhône delta, to the Spanish border). C. pulicaris is 
more abundant on the western rocky coast (from the 
Rhône delta to the foothills of the Alps along the 
Italian border) and along the Spanish border at the 
foothills of the Pyrenees (Fig. 4). Similar to the 
findings in Corsica, a bimodal pattern of seasonal 
adult dynamics for C. obsoletus and C. pulicaris was 
observed with two peaks: one in spring and the other 
in autumn (Fig. 5). 
Table II 
Adults of Culicoides captured on the coastal mainland 
France, April-November 2002 
(19 sites/8 months/109 night catches) 
No specimens of C. imicola were found 

Culicoides 
species 

Number 
collected 

Size of 
maximum catch 

Size of average 
catch 

C. newsteadi 11 898 (73.5) 3 655 109.2 

C. obsoletus 1 290 (8.0) 201 11.8 

C. scoticus 877 (5.4) 417 8.0 

C. circumscriptus 526 (3.2) 177 4.8 

C. griseidorsum 430 (2.7) 337 3.9 

C. pulicaris 188 (1.2) 31 1.7 

C. lupicaris 178 (1.1) 58 1.6 

C. submaritimus 173 (1.1) 82 1.6 

Culicoides spp. 
(36 species)* 637 (3.9) – 5.8 

Total Culicoides 
(44 species) 16 197 (100) – 148.6 

* The 36 remaining species accounted for less than 2% of the total 

Discussion 

During this entomological surveillance programme, 
C. imicola proved to be widely represented in Corsica. 
Its north/south gradient is likely to be the result of 
recent colonisation from Sardinia. Nevertheless, the 
relative abundance of C. imicola in the north 
(Balagne, Cap) compared to higher areas inland and 
to the west coast, suggests that several factors 
(climate, soil, topography, host presence) specific to 
each area play a crucial role in its local establishment 
and development. In general, in the Mediterranean 
region, C. imicola is restricted to plain coastal habitats 
up to an altitude of 800 m (12). Adult densities 
generally reach a peak in late summer and early 
autumn. These findings correlate with BT 
epidemiology in the temperate regions of the 
Mediterranean (10). The presence at most sites of 
C. imicola for eight months, from May to December, 
confirms that C. imicola over-wintered and is now 
permanently established in Corsica with several 
generations of adults during the active season. Thus, 
despite the fact that no specimens were found on  

Culicoides imicola 

Culicoides newsteadi 

Culicoides obsoletus 

Culicoides pulicaris 

Culicoides spp. 
Figures: average catch of Culicoides per site (C. imicola) 
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Figure 3 
Seasonal distribution of Culicoides imicola, C. newsteadi, C. obsoletus and C. pulicaris in Corsica, 2002 
NB: scales differ, depending on species

 

Figure 4 
Spatial distribution of Culicoides collected on mainland 
France, 2002 
(19 sites/8 months/109 night catches) 

mainland France in 2002, the risk of invasion 
through air streams does exist. 

Other species of interest that are widely distributed 
in Corsica are found in lower densities on mainland 

France. Spatial distribution is linked to specific bio-
ecology, such as humid coastal lowlands for 
C. newsteadi and hilly rocky areas for C. pulicaris. Peak 
catches occurred in the spring and autumn; for 
C. obsoletus and C. pulicaris densities were higher in the 
autumn, and for C. newsteadi in the early summer. 
These spatial and seasonal patterns are similar to 
those observed in other countries of the 
Mediterranean Basin (3, 4, 11, 14). 

C. obsoletus, the potential vector of BT in Europe, is 
close to C. imicola in terms of systematics (both 
belong to the subgenus Avaritia) and bio-ecology 
(both are commonly found in livestock-rearing 
environments). The abrupt decrease of C. obsoletus in 
summer may be due to the hot and dry conditions 
that would, in turn, favour the development of 
C. imicola, a tropical species more adapted to this 
kind of environment. Global warming could 
facilitate the colonisation of northern territories by 
C. imicola. Models based on an increase of 2°C in 
temperature showed that most of southern Europe 
and mainland France were susceptible to 
colonisation by C. imicola (17). 

Culicoides newsteadi 
Culicoides obsoletus 
Culicoides pulicaris 
Culicoides spp. 

Figures: average catch of Culicoides per site 
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Figure 5 
Seasonal distribution of Culicoides imicola, C. newsteadi, C. obsoletus and C. pulicaris on mainland France, 2002 
NB: scales differ, depending on species

Entomological surveillance of BT in France was 
pursued after 2002. This long-term follow-up 
appears essential to ensure a better understanding of 
the epidemiology of BT, and the creation of models 
based on environmental and bio-ecology patterns 
that might help predict and identify areas at risk to 
introduction of the disease. 
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