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Introduction

Since 1998 the Mediterranean Basin has experienced the largest outbreak of
bluetongue (BT) disease in sheep in the recorded history of man. Some 15 countries
have been affected including a number of the Balkan states that have never
experienced the disease previously; five serotypes of bluetongue virus (BTV) i.e.
BTV-1, -2, -4, -9 and -16 have been implicated. Of particular importance is that
many of these outbreaks have penetrated into regions where the principal vector
of the disease, the Afro-asiatic Culicoides imicola Kieffer, 1913, is absent. This
clearly implicates novel vectors in the transmission and spread of bluetongue in
Europe and is an issue of particular concern to national veterinary authorities due

to its debilitating effects on the trade in livestock.

In 2003 two separate studies in Italy definitively demonstrated the additional
involvement of Palaearctic species of Culicoides in the transmission of bluetongue
when BTV-2 was isolated from five pools of field-collected C. pulicaris (Linneaus),
1758 in Sicily, and BTV-2 and BTV-9 from three mixed species pools of C. obsoletus
(Meigen), 1818 and C. scoticus Downes & Kettle, 1952 in south-central peninsular.

Since 2000 an extensive light-trap survey has been operational in Italy; more than
250 Onderstepoort-type blacklight traps are being used to sample Culicoides weekly
throughout the year and, to date, has resulted in more than 35 000 collections.

We here map the distributions of C. imicola and the Obsoletus Complex and
attempt also to identify those ecological characteristics that appear to influence
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in the period May to
November (years 2000
- 2002) and the Aridity

Index (rainfall/potential evapotranspi-
ration Thornthwaite - PET). Climatic
data were obtained from the Italian
Air Force Meteorological Service
accumulated between 2000 and 2004
from 105 weather stations distributed
almost equidistantly across Italy. These
data were interpolated to estimate the
average value for each municipality
through geostatistical interpolation by
ordinary kriging using the Geostatisti-
cal Analyst module of ESRI ArcGis ™.
The average values were then extracted
for each municipality by the Spatial
Analyst module of ESRI ArcGis ™,

Statistical analyses

The non-parametric Mann-Whitney
test was applied to the independent
variables listed above to werify
whether a statistically significant
difference existed between the
municipalities with the 100 largest
catches of C. imicola (group 1) and the
Obsoletus Complex (group 2) respecti-
vely. To identify the variables most
important for distinguishing munici-
palities with the highest catches of the
two wvectors a Discriminant Analysis
was performed. Due to high corre-
lation amongst variables, the Discri-
minant Analysis was applied to the
independent factors, these identified
through Factor Analysis. Principal
component methods were used to
identify the common factors, while the
varimax method was used for
orthogonal rotation.

Results

Figure 1a is a general topographic
map of Italy combining the two
considered variables of altitude and
slope; Figure 1b maps the aridity index;
Figure 1c¢ shows the mean minimum
temperature and Figure 1d maps the
average NDVI. In Figures 2 and 3 the
geographical distributions of the two
Culicoides vector groups are shown. In
Figure 4 the geographical distribution
of the municipalities with the 100 largest
catches of C. imicola (in red), and of the
Obsoletus Complex (in blue), is shown.
These are superimposed on the distri-
bution of broad leaved, coniferous and
mixed forests (in green). The Mann-
Whitney test was statistically significant
(p<0.01) for all the variables meaning
that a real difference existed between
the values calculated for the two insect

vector groups (Table 1). Using Factor
Analysis six variables were processed and
led to the identification of two principal
factors, referred to broadly as ‘abiotic’
and ‘biotic’ (Table 2); these explained
84% of the total variability. The 200
observations were then plotted against
the first (‘abiotic’) and second ('biotic’)
factors (Figure 5). The Discriminant
Analysis performed on the two factor
scores calculated for each observation
gave the standardized discriminant
function coefficients as shown in
Table 3. Since the two factors are inde-
pendent, the standardized coefficients
are a reliable index of the importance of
each factor. The total percentage of
municipalities correctly classified as to its
‘dominant’ insect vector species was
87.5% (Table 4).

Table 1. Mean values and 95% confidence intervals of the six
variables for the two insect vector groups for 200

municipalities in italy
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Figure 2

The geographic distribution of Culicoides imicola in Italy

With an insect-borne disease it is critical to understand the ecology
of the vectors involved if one wishes to model accurately their
distribution in both time and space. Ultimately, the availability of the
appropriate breeding substrate is key to the production of viable
adult Culicoides populations in the field. By definition each species
occupies a specific niche in nature meaning that each will differ from
the next in one or more aspects of its life cycle. These differences
have to be identified and quantified. Currently the trend is to
develop predictive risk maps but most have shortcomings because
the ecological constraints operative upon a particular vector are
poorly known. It is also true that countries facing the threat of
bluetongue require actual, and not predictive, data. Thus the Italian
Ministry of Health opted for a detailed field survey to obtain real
data on vector distributions and prevalences, and to begin the
identification of the multifactorial environmental influences
operational on each. Broadly the results show that:
= The distribution of Culicoides imicola in Italy is restricted and

fragmented due to the interaction of many factors including mean

minimum temperature, altitude, terrain slope, aridity and soil type

[1]. Ultimately, this unusual distribution of C. imicola in Italy is not

deemed to reflect a recent, and still incomplete, invasion as has
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been mooted recently [2];

= Of the 19 225 foci of BT reported in Italy over the last five seasons,
97% occurred on the island of Sardinia where C. imicola is found in
great abundance. Furthermore, because its distribution elsewhere
in Italy also matched closely that of the disease, C. imicola is still
considered the principal vector of BT,

* To date the northernmost record for C. imicola in Italy is Piacenza
at 44°46'N; because only single specimens are captured at these
high latitudes each season we tend to the view that C. imicola is
not spreading rapidly northwards into Europe. However, under an
ameliorating climate, it could advance northwards but this will
likely happen slowly and only into areas where the appropriate soil
conditions prevail;

* The Obsoletus Complex (represented by C. obsoletus and C.
scoticus) occurs widely and abundantly, both latitudinally and
altitudinally, in Italy [3]. Its occurrence correlates with that of
forests so fitting previous observations that it breeds in forest litter.
Its distribution deviated sub ially from that modelled by Purse
et al. [4] based upon data assembled in Sicily but where we found
the Obsoletus Complex to be depauperate;

* When the 100 largest collections of the two vector groups were
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mapped the respective distributions proved strongly disjunct. In the

main it can be said that C. imicola favours open habitats (exposed

to sunlight) whereas the Obsoletus Complex is restricted to those
that are sheltered (or shaded). One possible effect is that fewer
generations of the latter will be produced in a season so lowering
its potential to transmit an orbiviral disease to livestock.

The unresolved taxonomy of the Obsoletus and of the Pulicaris
Complex in Europe, which together comprise at least 18 species (5], is
hindering the development of reliable taxon-specific distribution maps.
The constant use of the term ‘species complex' means that workers

throughout the region are continually conflating their
field data; until the taxonomy is resolved we will not
be able to define accurately the preferred larval

habitat of each taxon which, in
hamstring our capacity to identify

turn, will
species-

specific climatic and environmental
variables so vital to future modelling

efforts. In similar vein the larval
habitat of C. imicola in Europe
also requires further, and
more detailed, study.
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Figure 5

Geographic distribution of the 200 largest catches of
Culicoides imicola and of the Obsoletus Complex collected
between the years 2000 and 2004; green areas depict
forested regions
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Scatter plot of each municipality-based observation for the
two factors (‘biotic” and ‘abiotic’) for Culicoides imicofa
(red) and for the Obsoletus Complex (blue).



