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Population dynamics and dispersal of Scaphoideus titanus
from recently recorded infested areas in central-eastern Italy
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Abstract
We investigated the presence of the leafhopper Scaphoideus titanus Ball in the Marche region, central Italy, during a 10-year survey. Furthermore, from 2009 to 2011, yellow sticky traps were deployed to investigate the population dynamics. Taylor‟s power
law and distance-weighted least-squares contour maps were used to determine the leafhopper distribution within vine fields. Polymerase chain reaction was used to detect Flavescence doreé (FD) phytoplasma in insect bodies. The leafhopper was first recorded in 2007 in a commercial nursery of scion mother vines (1 specimen) in southern Pesaro-Urbino province and in 2009 in a
commercial vineyard (1 specimen; the FD focus) in north-eastern Pesaro-Urbino. Adults (total, 301) were recorded from end of
June to end of September, 2009-2011, with a shifted flight activity observed for females. Male captures were more abundant than
females (M:F = 1.71; p < 0.001). In the site including the FD focus, insecticide treatments contributed to very low leafhopper
population levels: only a few individuals (n = 4) were caught, and no phytoplasma were detected in their bodies. Comparisons of
trapping data indicate significant increase in captures from 2009 to 2011 where correct pest management was not applied. Taylor‟s power law indicates that adults had an aggregated distribution (R2 = 0.99; b = 1.52; p < 0.001), with high population density
in the central part of the vine field. Leafhopper dispersal showed a maximum 600-m radius. We also discuss the pathways of
S. titanus introduction into the Marche region, and factors that might have influenced its dispersal.
Key words: Phytoplasma vector, Flavescence doreé, survey, seasonal flight activity, Marche region.

Introduction
The leafhopper Scaphoideus titanus Ball (Hemiptera
Cicadellidae) is the principal natural vector of the
pathogen of Flavescence dorée (FD) (Schvester et al.,
1963). Pathogens belong to ribosomal group 16SrV,
subgroups C and D, and proposed as „Candidatus Phytoplasma vitis‟ (IRPCM, 2004; Lee et al., 2004).
FD is the most economically important disease of the
European grapevine (Vitis vinifera L.) (Vitaceae) in the
principal wine-production areas (Boudon-Padieu, 2003).
Due to its epidemic potential, FD phytoplasma (FDP) is
listed as a quarantine pathogen in the European Union
(Council Directive 2000/29/EC, Annex II/AII) and in
the European and Mediterranean Plant Protection Organisation (EPPO) countries (EPPO/CABI, 2003).
In Europe, S. titanus mainly lives on European grapevine, although it can also develop on wild American
grapevine (AGV) (Vitis spp.), which can also host FDP
(Lessio et al., 2007). It is a univoltine species that lays
eggs mainly in the bark of wood of two or more years,
where they overwinter (Vidano, 1964; Bagnoli et al.,
2011). In northern Italy, egg hatching usually starts in
the middle of May and ends in July. The nymphs have
five instars, each of which lasts a week. The adults are
present from the end of June until the middle of October
(Vidano, 1964).
Leafhoppers can transmit FDP persistently after a latent period that ranges from 28 to 35 days, and a minimum phytoplasma acquisition access period from 4 to
7-8 days (Schvester et al., 1969). FDP does not appear
to be transmitted from one generation to another by

transovarial infection in leafhoppers (Bressan et al.,
2005), but all feeding growth stages (nymphs and
adults) can acquire FDP by feeding on FD-diseased
vines (Schvester et al., 1969). However, transmission to
vines is significantly higher for plants exposed to late
instar nymphs and adults compared to those inoculated
by early instar nymphs (Bressan et al., 2006). Bressan et
al. (2006) suggested that the long latent period associated with a low probability of early instar nymphs acquiring FDP and their flight ability might explain why
adults are the most important life stage involved in the
spread of FDP.
Adult leafhoppers show an aggregative spatial distribution pattern within the vineyard (Jermini et al., 1993;
Bosco et al., 1997). Lessio and Alma (2004) reported
that S. titanus did not disperse significantly beyond 24 m
from the vineyard, while Beanland et al. (2006) reported
dispersal of at least 40 m. However, it appears that under particular wind conditions, the vector can fly to
vineyards that are several kilometres away from infested
sites (Steffek et al., 2007). Despite this possibility, there
is no question that trade in grapevine-infested propagation material has the major role in long-distance dispersal of this leafhopper, and in its introduction into previously unoccupied areas (Weintraub and Beanland,
2006). However, vehicle traffic is another relevant
pathway: in the Trentino Alto-Adige region of Italy, for
example, the first S. titanus populations were reported
along the main highway heading north (Maixner, 2005).
This pest was accidentally introduced into Europe
from North America, as it was unintentionally transported on imported grapevine canes (Caudwell, 1983;

Boudon-Padieu, 1999). Within Europe, S. titanus was
reported for the first time in southern France (Bonfils
and Schvester, 1960), and then its diffusion shifted towards Italy (Vidano, 1964), Switzerland (Baggiolini et
al., 1968), Slovenia (Seljak, 1987), Serbia (Magud and
Toševski, 2004), Spain (Batlle et al., 1997), Portugal
(Quartau et al., 2001), Austria (Zeisner, 2005), and
Croatia (Budinšĉak et al., 2005). More recently, this
leafhopper has been detected in Hungary (Dér et al.,
2007), Bosnia and Herzegovina (Delić et al., 2007),
Romania (Chireceanu et al., 2011), and Montenegro
(Radonjić et al., 2012). In Italy, S. titanus is distributed
throughout all of the northern regions (Alma and Conti,
2004), and it has also been detected in Tuscany (Santini
and Lucchi, 1998), Umbria (Santinelli et al., 2003),
Basilicata (Viggiani, 2002), Campania (Viggiani, 2004),
Abruzzo (D‟Ascenzo and Di Giovanni, 2006) and Lazio
(Bagnoli et al., 2008).
Due to the high efficiency of its epidemic cycle, FD
can spread epidemically where infected grapevines and
high populations of S. titanus occur together (Bressan et
al., 2006). In Italy, as well as the removal of symptomatic FDP infected plants, insecticide treatments
against this pest are mandatory in the districts where FD
is present (Decree Ministry n. 32442 of 31/05/2000)
(Barba et al., 2006). Generally, two insecticide treatments are applied when most of the nymphs have
hatched, and before the occurrence of the inoculative
vector individuals (Carle and Schvester, 1964; Planas,
1987; Pavan et al., 2005). In nurseries, a third treatment
is usually applied against the adults (Barba et al., 2006).
The active ingredients can include insect growth regulators (i.e., buprofezin and flufenoxuron), which are active against the nymphs, and neurotoxic products (i.e.,
chlorpyrifos, etofenprox and indoxacarb), to control the
nymphs and adults (Bosio et al., 2004). However, note
that flufenoxuron has been recently banned within the
European Union (Regulation EU n. 942/2011). In organic farming, pyrethrum is effective in the control of
the nymphs (Gusberti et al., 2008) and adults (Bottura et
al., 2003). Nevertheless, in many vine-growing areas,
there are also untreated or abandoned vineyards. Moreover, wild species of Vitis are generally excluded from
treatments, although they can represent insect and FDP
reservoirs (Bressan et al., 2006; Lessio et al., 2007).
FDP has been reported in France and northern Italy
(Boudon-Padieu, 2003), northern Spain (Batlle et al.,
2000), Switzerland (Gugerli et al., 2006), Serbia
(Duduk et al., 2003), Austria (Reisenzein and Steffek,
2011), Croatia (Šeruga Musić et al., 2011), and Portugal
(De Sousa et al., 2009). In Italy, this grapevine yellow
(GY) disease has also been reported in the Marche region (Credi et al., 2002), and northern Tuscany, Umbria
(Borgo et al., 2005) and Campania (Ischia Island) (D.D.
SIRCA n. 71/2011). In particular, in the Marche region,
two FD foci were reported in southern areas (Ascoli Piceno province) (Credi et al., 2002; Romanazzi et al.,
2005), and a third in the northern part (Pesaro-Urbino
province) (D.D. ASSAM n.584/2010).
Although FD is present in the Marche region, there are
no data relating to S. titanus. The aim of the present
study was to investigate the presence of this leafhopper
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throughout the Marche region over a 10-year survey,
from 2001 to 2011. Furthermore, from 2009 to 2011, the
population dynamics of this leafhopper, its distribution
within vine fields, and its dispersal were investigated for
the only two sites where it has been recorded in the
Marche region.
Materials and methods
Presence of S. titanus throughout the Marche region from 2001 to 2011
Since 2001, annual surveys (coordinated by the Regional Plant Protection Service) have been carried out to
define the presence and spread of S. titanus across about
150 sites. These sites are widely distributed through all of
the four provinces of the Marche region, central Italy.
These survey sites included vineyards for wine production (mainly with plants < 8 years old), and for rootstock
and scion mother vines. They were distributed through all
of the districts of the region, and with higher survey intensities in areas where GY symptoms were present.
From 30 to 50% of the sites were replaced each year. For
insecticide management in areas where this leafhopper
was not recorded, the following treatments were used: 1)
in commercial vineyards, the control measures were targeted at the second generation of the European grapevine
moth, Lobesia botrana (Denis et Schiffermüller) (Lepidoptera Tortricidae); 2) in the young vineyards (plants
< 8 years old), no treatments were applied; 3) in the rootstock mother plants, 3-4 treatments were carried out for
the management of the grapevine phylloxera, Viteus vitifoliae (Fitch) (Hemiptera Phylloxeridae); and 4) in scion
mother vines, no treatments were applied. In areas where
FD and/or its vector were recorded, the ordinance on phytosanitary measures was adopted. The obligatory measures prescribed by the ordinance include declaration of
disease focus zones and buffer zones, removal of infected
plants, obligatory chemical control of the vector, and enhanced surveillance (D.D. ASSAM n. 584/2010).
Visual inspections of the lower surfaces of the leaves
were performed from May to June, to determine the
presence of the young stages of S. titanus (data not reported). The adults were sampled by positioning two
Glutor® yellow sticky traps per hectare (24.5 × 13.5 cm;
Intrachem Bio Italia SpA, Grassobbio, Italy) in the canopy (1.5 m above the soil) in each vineyard or nursery.
The traps were replaced every 2 weeks, from the beginning of June to the end of September. The traps were
wrapped inside a plastic film, labelled, and stored at
−20 °C. The specimens were removed from the traps
using drops of limonene (Carlo Erba, Milan), and they
were identified following the taxonomic keys reported
by Della Giustina (1989), and also counted and sexed.
The samples were stored in Eppendorf® vials (Carlo
Erba, Milan) at −20 °C until the phytoplasma detection
analysis.
Population dynamics, distribution and dispersal
from 2009 to 2011
In 2009, 2010 and 2011, additional investigations were
carried out for two sites in the Pesaro-Urbino province.

Figure 1. Map showing the locations of the two study
sites in the Pesaro-Urbino province (Marche region,
central-eastern Italy): 1, site 1, San Lorenzo in
Campo; 2, site 2, Gradara.
Site 1 was located in the municipality of San Lorenzo
in Campo (209 m a.s.l.) in a typical inland hilly agricultural landscape of the Marche region, in the mid-Cesano
valley (figure 1). One rootstock mother plant nursery
(site 1, nursery 1B) and 6 vineyards within a radius of
1.5 km of the scion mother plant nursery where S. titanus was first recorded in 2007 (site 1, nursery 1A) were
surveyed (figure 2, table 1). The inter-rows and borders
of the two nurseries were tilled. No FDP was detected in
the grapevine plants (Credi and Nardi, unpublished
data).

Site 2 was located in the municipality of Gradara (142
m a.s.l.), in a coastal hilly agricultural landscape adjacent to the A14 highway, 2 km from the Adriatic Sea
and from the neighbouring province of Rimini (EmiliaRomagna region). A FD focus (site 2, commercial wine
vineyard 2A) (figure 1) was reported here in 2010 (D.D.
ASSAM n. 584/2010). All of the vineyards (n = 11)
within a radius of 1.5 km from the FD focus were surveyed (table 1, figure 2).
For both sites, further surveying demonstrated the absence of AGV, hedges and woods around the vineyard/
nursery borders.
The traps were positioned at distances of 30 to 60 m
from each other in all of the nurseries or vineyards, and
the trapping points were geo-referenced in the field using a hand-held geographic positioning system receiver
(GPS 60; Garmin, Garmin International Inc., Olathe,
KS, USA). The traps were replaced every 7 days to 10
days during the periods from 23 July 2009 to 12 November 2009, 23 June 2010 to 11 October 2010, and 28
June 2011 to 29 September 2011.
Phytoplasma detection
The adults captured in the sticky traps were analysed
for FDP using polymerase chain reaction (PCR). The
leafhoppers sampled from 2007 to 2010 were analysed
individually, while those sampled in 2011 were analysed in batches, separated according to trap position
and sampling date. Their DNA was extracted following
the protocol proposed by Angelini et al. (2007). The
phytoplasma gene was detected using nested PCR assays, according to conventional nested PCR assays for
the diagnosis of FD, using the universal primer pair P1
(Deng and Hiruki, 1991) and P7 (Smart et al., 1996).
This was followed by nested PCR with primers

Figure 2. Nurseries and vineyards surveyed within site 1 (left: San Lorenzo in Campo) and site 2 (right: Gradara).
White numbered shapes indicate the surveyed nurseries and vineyards. See table 1 for further details of sites.
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Table 1. Details of the two study sites: site 1, San Lorenzo in Campo; site 2, Gradara (Pesaro-Urbino province).
D, distance from the nursery (1A) or vineyard (2A) in which S. titanus was first recorded, in 2007 and 2009, respectively; Type, type of production (i.e., 1A and 1B are commercial nurseries of mother vines); Age, age of
grapevine plants; untr., untreated plants; *, replacement of a part of the vineyard with photovoltaic panels; A, midAugust; J, beginning of July.
Location
N° of traps
D
Age
Area
N° of treatments
Active
Type
code 2009 2010 2011 (m)
(years) (ha) 2009 2010 2011
ingredient
1
1A
6
6
6
0
Scions
6-8
1.5
2A
1A
Chlorpyrifos
A
1B
7
7
4*
10
Rootstocks
20
3.5
2
1A
Chlorpyrifos
1C
2
1
1
450
Wine
6-8
0.04 untr. untr. untr.
1D
2
2
-*
300
Wine
6-8
0.04 untr. untr. untr.
1E
4
4
-*
650
Wine
6-8
0.3
untr. untr. untr.
1F
4
4
4
850
Wine
6-8
0.5
untr. untr. untr.
1G
2
2
2
600
Wine
6-8
0.4
untr. untr. untr.
1H
2
2
2
600
Wine
6-8
0.6
untr. untr. untr.
2
2A
10
10
10
0
Wine
10
10
1J
1J
1J
Flufenoxurona
2B
3
3
3
300
Wine
9
1
1J
1J
1J
Flufenoxurona
J
J
J
2C
2
2
2
300
Wine
10
0.5
1
1
1
Flufenoxurona
2D
3
3
3
300
Abandoned
10
0.8
untr. untr. untr.
2E
2
2
2
600
Abandoned
8-10
0.3
untr. untr. untr.
2F
2
2
2
70
Wine
8-10
0.3
untr. untr. untr.
2G
2
2
2
1500
Wine
8-10
0.2
untr. untr. untr.
2H
2
2
2
1000
Abandoned
8-10
0.2
untr. untr. untr.
2I
2
2
2
700
Wine
7-9
0.2
untr. untr. untr.
2J
1
1
1
800
Wine
8-10
0.02 untr. untr. untr.
2K
2
2
2
1000
Wine
7-9
0.2
untr. untr. untr.
a
active ingredient banned within the European Union (Regulation EU n. 942/2011).
Site

R16(V)F1/R1 (Lee et al., 1994), which are specific for
phytoplasma belonging to the 16SrV group. Elm yellow
(EY1) was used as the phytoplasma reference strain.
Data analysis
Two-tailed binomial tests were performed on the trapping data, to compare the numbers of males and females, and Kruskal-Wallis tests to compare the number
of specimens captured across the years, using the traps
as replicates (Zar, 1999). To determine the leafhopper
degree of spatial aggregation, Taylor‟s power law (log
S2 = log a + b log m; where S2 is the variance and m the
mean; Taylor, 1984) was applied to the trapping data
from the nurseries 1A and 1B of site 1 in the years 2010
and 2011. The sample units were represented by the
sticky traps; variance, mean and regression relationships
were calculated for each sampling date for the years
2010 (9 sampling dates) and 2011 (7 sampling dates).
The b slope is an index of dispersion, with values of
b < 1, b = 1 and b > 1 indicating uniform, random and
aggregated distributions, respectively. To visualise the
spatial distribution of the individuals in the nurseries 1A
and 1B of site 1, during 2010 and 2011, the cumulative
densities of the leafhopper were represented by contour
maps that were drawn using Systat 11 (Systat Software
Inc., SPSS 2000); these show the estimated values according to isoareas. Distance-weighted least-squares
(DWLS) non-parametric interpolation was used to visualise the insect densities in the contour maps (Wilkinson
et al., 1996). DWLS interpolates by local quadratic ap102

proximation curves that are weighted by the distance to
each non-missing point in the series. With this algorithm, all of the non-missing values in the series contribute to the missing data estimates, and thus complex
local features can be modelled by the interpolant. The
leafhopper numbers captured for site 1 during 2009 and
for site 2 over the three years were too low to be analysed by Taylor's Power Law, and to be represented in
contour maps.
Results
Presence of S. titanus throughout the Marche region from 2001 to 2011
During the period from 2001 to 2006, no S. titanus
was detected in the Marche region. The first occurrence
of this leafhopper in the Marche region was in 2007, in
the southern part of the Pesaro-Urbino province, in a
commercial nursery of scion mother vines (site 1, 1A)
(figure 2), with one adult captured on 27 August. In
2008, nine adults were caught in the same nursery, from
31 July to 26 August. In 2009, on 2 September, one
specimen was captured for the first time in the northeastern part of the Pesaro-Urbino province, in a commercial wine vineyard (FD focus, site 2, 2A) (figure 2).
Up to 2011, leafhopper presence was recorded only for
these two specific sites in the Pesaro-Urbino province.
The detailed data for the leafhopper dynamics for sites 1
and 2 from 2009 to 2011 are given in the following section.

Table 2. Trapping data for sites 1 and 2 for the years 2009 to 2011. Traps that did not have any captures are not included. -, trap not positioned due to replacement of part of the nursery with photovoltaic panels.
Site
1

2

Location
code
1A

Trap

1A1
1A2
1A3
1A4
1A5
1A6
1B
1B1
1B2
1B3
1B4
1B5
1B6
1E
1E1
1E2
1E4
1H
1H1
Total captures site 1
2A
2A3
2A5
2B
2B1
2B2
2F
2F1
Total captures site 2

Coordinates
43°36'41.0"N 12°57'49.0"E
43°36'41.9"N 12°57'47.2"E
43°36'41.2"N 12°57'49.3"E
43°36'42.2"N 12°57'47.4"E
43°36'41.5"N 12°57'49.6"E
43°36'42.3"N 12°57'47.8"E
43°36'41.8"N 12°57'51.9"E
43°36'42.2"N 12°57'51.2"E
43°36'42.8"N 12°57'49.9"E
43°36'43.6"N 12°57'48.1"E
43°36'42.7"N 12°57'52.3"E
43°36'43.2"N 12°57'51.2"E
43°37'01.2"N 12°57'31.4"E
43°37'01.5"N 12°57'30.3"E
43°37'01.4"N 12°57'31.7"E
43°36'20.7"N 12°57'48.0"E
43°56'33.9''N 12°46'45.0''E
43°56'25.1''N 12°46'47.1''E
43°56'45.5''N 12°46'05.8''E
43°56'44.8''N 12°46'06.6''E
43°56'21.9''N 12°46'45.6''E

Population dynamics, distribution and dispersal
from 2009 to 2011
For site 1, during 2009, seven adults were captured,
from 30 July to 31 August: females were captured only
on 11 August (table 1). In 2010, the population increased, with the adult flight period from 14 July to 20
August for males, and from 4 August to 6 September
for females. The flight peaks were recorded on 4 August for males and on 20 August for females. In September, only females were captured (table 2, figure
3A). In 2011, the population increased dramatically,
with the adult flight periods from 15 July to 8 September for males, and from 15 July to 29 September for
females. The flight peak for both males and females
was on 30 July, and in September, more females than
males were captured (table 2, figure 3B). Overall, for
the full 3 years, male captures were significantly
greater than female captures (M:F, 1.71; p < 0.001, binomial test). The comparisons of the trapping data indicate a significant increase in the adult numbers in site
1 over the 3 years, with seven specimens captured in
2009, 77 in 2010, and 222 in 2011 (K = 11.739, df = 2,
p = 0.003, Kruskal-Wallis test). Taylor‟s power law indicates that the adults had aggregated distributions in
2010 and 2011 within the site 1 nurseries 1A and 1B
(R2 = 0.99; b = 1.52; p < 0.001; in both years). The insect contour maps drawn indicated that in 2010 the
leafhopper was almost equally distributed in both nurseries 1A and 1B, with a concentric increasing gradient
towards traps 1A5 and 1B2. In 2011, there was a higher

2009
♂
♀
1
0
0
0
1
0
1
0
0
1
0
1
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
5
2
1
0
0
0
0
0
0
0
0
0
1
0

Insect captures
2010
♂
♀
4
0
2
0
6
2
5
1
11
11
1
1
3
0
15
0
1
0
1
2
2
0
3
1
1
0
1
1
0
1
1
0
57
20
0
0
0
0
0
0
1
0
0
0
1
0

2011
♂
♀
6
3
18
1
26
27
30
13
18
21
20
20
2
1
4
2
4
1
4
0
1
0
133
89
0
0
1
0
1
0
0
0
1
0
3
0

density of individuals within nursery 1A, with a decreasing density gradient towards the south-western
traps and towards nursery 1B (figure 4).
In site 2, only one male was caught in both 2009 (2
September) and 2010 (20 August), and three males were
caught, from 30 July to 8 September (table 2).

Figure 3. Seasonal flight activity of S. titanus males
(grey bars) and females (white bars) collectively for
site 1, for 2010 (A) and 2011 (B).
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Figure 4. Contour maps of S. titanus adult distribution for site 1, nurseries 1A and 1B, for the years 2010 and 2011.
Black numbered spots, individual trap positions; grey-scale, insect densities, as shown (right).
Phytoplasma detection
Using both of the primer pairs P1/P7 followed by
R16(V) F1/R1, FD phytoplasma were not detected in
any of the S. titanus captured. The specific band of 1100
bp according to the 16S rDNA gene was detected in the
reference strain used as the positive control (data not
shown).
Discussion and conclusions
In the Marche region, S. titanus was first recorded in a
commercial nursery of scion mother vines in 2007, in
the San Lorenzo in Campo municipality, which is located in the southern part of the Pesaro-Urbino province
(in the mid-Cesano valley). In 2009, this leafhopper was
recorded also in a commercial wine vineyard in the
Gradara municipality, in the north-east of the PesaroUrbino province (less than 2 km from the Rimini province; adjacent to the A14 highway), where there was a
FD focus.
We hypothesise that the FDP vector at the first site
was accidentally introduced with trade in infested planting material or in vehicles from areas where it was present. At site 2, it might also have arrived with vehicles
or through its active movement from the neighbouring
province of Rimini, where its presence is known (unpublished data). Indeed, human activities have a major
role in the long-distance dispersal and the introduction
of this vector into previously unoccupied areas (Weintraub and Beanland, 2006). Considering the large quantity of plant material produced and exchanged commercially, it is evident that rigorous quality control of this
material is imperative, both for phytoplasma infections
and for leafhopper eggs.
Our data are in partial agreement with previous studies
that have demonstrated that S. titanus does not spread
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significantly outside the vineyard (Lessio and Alma,
2004; Beanland et al., 2006). For San Lorenzo in
Campo, this leafhopper was recorded at a maximum distance of 600 m from the nursery of scion mother plants
where it was first recorded. This situation might be related to the absence of natural barriers (AGV, hedges
and wood) as observed in the leafhopper Empoasca vitis
(Goethe) (Decante et al., 2009) and in different species
of hover flies (Diptera Syrphidae) (Wratten et al.,
2003). Moreover, a particular wind situation might have
enhanced leafhopper dispersal (Steffek et al., 2007).
The leafhopper adults were recorded from the end of
June to the end of September, with a shifted flight activity for the females, in agreement with data obtained in
northern Italy by Cravedi et al. (1993) and Lessio et al.
(2009). There were significantly more male captures
than females, in agreement with Lessio and Alma
(2004). Males of many leafhopper species are known to
have high dispersion ability, while females tend to remain linked to their host plants (Weintraub and
Beanland, 2006; Minuz et al., 2013).
Our study also confirms that the S. titanus adult spatial
distribution is aggregated, as has been demonstrated for
both adults (Jermini et al., 1993; Bosco et al., 1997) and
nymphs (Lessio and Alma, 2006; Rigamonti et al.,
2014). An aggregate spatial distribution has also been
shown for other leafhoppers, such as Euscelis lineolatus
Brulle, Neoaliturus fenestratus (Herrich-Schaffer) and
Psammotettix alienus (Dahlbom) (Minuz et al., 2013).
Moreover, in the vineyard agroecosystem studied, a
high population density was observed in the central part
of the grapevine field and not along the borders, as has
been reported in other studies (Pavan et al., 2012). This
situation should be related to the absence of AGV,
hedges and woods in the crop borders, and the preference of the leafhopper for shaded and cooler leaves
(Cravedi et al., 1993).

A correct pest management can decrease the dispersion of leafhopper vectors, as has been observed for
Homalodisca vitripennis (German) (Hemiptera Cicadellidae) (Park et al., 2006). Indeed, few leafhopper individuals have been found in those vineyards where insecticides were applied. Nevertheless, in this same site no
leafhoppers have been recorded in untreated or abandoned vineyards. This suggests that S. titanus populations could not only be regulated by chemical control,
but also by natural enemies (Landis et al., 2000).
A spatial region management strategy against FDP
vector has the potential to increase its management efficiency and to ensure environmental safety, while reducing the chemical input by applying such control measures only to the areas where the leafhopper is present.
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