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Spatial and temporal distribution of Empoasca vitis
within a vineyard

Damien Decante and Maarten van Helden
UMR Santé Végétale 1065, INRA/ENITA de Bordeaux, 1, Cours du Général de Gaulle 33175, Gradignan Cedex, Bordeaux, France

Abstract 1 The intra-plot spatial distribution of the green leathopper Empoasca vitis (Goethe)
(Cicadellidae, Empoascini) was assessed over three successive growing seasons
in a Bordeaux vineyard. Weekly measurements of adult trappings and nymphal
counts were performed in a 1.7-ha plot on 130 sampling points.

2 Statistical and geostatistical analyses revealed inconsistent spatial distributions
of adults and nymphs in spring, but consistent spatial distributions in summer,
which were identical every year.

3 Similarities between spatial distributions of the mobile adults and the sedentary
and aggregated nymphs strongly suggest that adults disperse inside the plot to
areas preferred for egg deposition.

4 The similarity of summer populations among years suggests that this insects
distribution is based on (perennial) differences in plot characteristics.

Keywords Aggregation, cartography, cicadellidae, geostatistics, migration,

viticulture.

Introduction

Insects such as leafthoppers and planthoppers (Hemiptera —
Auchenorrhyncha) show frequent migrations (DeLong, 1971;
Taylor, 1985; Della Giustina, 2002) that influence their pop-
ulation dynamics and spatial distributions. These migrations
have to be taken into account for adequate Integrated Pest
Management strategies (Lamp & Zhao, 1993; Holt ef al.,
1996; Ishii-Eitman et al., 1997; Irwin, 1999; Jeger, 1999;
Matsumura & Suzuki, 2003; Orenstein et al., 2003; Emmen
et al., 2004; Decante & van Helden, 2006).

Adults of the polyphagous green leathopper Empoasca vitis
(Goethe), a European vine pest, overwinter outside the vine-
yards on evergreen trees and shrubs: the overwintering host
plants. Before spring immigration into (and after autumn emi-
gration out of) vine plots, adults can be observed on a wide
range of deciduous plants present in the vineyard vicinity: the
intermediate host plants (Cerutti er al., 1991; van Helden
et al., 2003). Two to four sexual generations develop in vine-
yards (Cerutti et al., 1991; Bosco et al., 1996; Genini, 2000;
Boell & Hermann, 2004), and recurrent inter-plot summer
migrations are assumed (Decante & van Helden, 2003, 2006).
Adults and nymphs feed on phloem sap, and punctures provoke
leaf necrosis (hopperburn: Backus et al., 2005) that result in
delayed maturity and reduced sugar content (Vidano et al.,
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1987; Candolfi et al., 1993; Delbac et al., 1996). Insecticide
intervention on nymph populations is sometimes required for
summer generations, and intervention thresholds vary from
0.5 to 4-5 nymphs per leaf according to authors and regions
(Corino et al., 1992; Baillod et al., 1993; Candolfi er al.,
1993; Rousseau, 1994; Delbac et al., 1996).

Most of the studies on E. vitis plot populations focus on
the influence of the surrounding vegetation (hedges, woodlands
and grasslands) as a source of natural enemies, mainly egg
parasitoids (Cerutti et al., 1991; Baur et al., 1998; Genini,
2000; van Helden et al., 2003; Boell & Hermann, 2004), but
also as alternative host plants for the polyphagous E. vitis
(Cerutti et al., 1991; Bosco et al., 1996). Finally, the sur-
rounding vegetation may also generate edge effects through
microclimatic modifications, shading effects, competition for
water and nutrients, air flows, etc. (Baudry et al., 2000;
Marshall & Moonen, 2002), which all have an effect on vine-
plant characteristics. However, the influence of vine-plant
characteristics on E. vitis spatial distribution is not taken into
account.

At plot scale, population levels of successive generations
show large fluctuations that can be attributed to summer
migrations (Decante & van Helden, 2003), but inter-plot
redistribution of migrating adults and of their offspring have
not been connected to plot characteristics (varieties, age,
surrounding vegetation; Decante & van Helden, 2006).
Within plots, E.vitis aggregations are observed (Decante &
van Helden, 2006). Moreover, growers indicate that hopperburn
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symptoms are located in the same area of the plot every year.
Empoasca vitis and hopperburn spatial distribution could
therefore be related to intra-plot spatial variability in biotic
and abiotic factors (soil composition, topography, hydrology,
etc.) and vine plant characteristics that show similar patterns
every year (Bramley & Hamilton, 2004; Bramley, 2005;
Taylor, 2005).

In the present study, we report an assessment of spatio-
temporal distribution of E.vitis at the intra-plot scale over
three growing seasons, with a view to determine the appropriate
spatial (size and density of monitoring network) and temporal
(frequency of observations) scale for monitoring this insect.
Type and constancy (within and between years) of intra-plot
spatial distribution of successive E. vitis stages and generations
were examined and the possible effects of intra-plot character-
istics and surrounding vegetation considered.

Materials and methods

Vineyard

The study focused on a 1.7-ha vine plot, planted with Vitis vinif-
era cv. Merlot at 5500 plants/ha (1.5 m between rows x 1.2m
between plants). The plot is located in the ‘Cotes-de-Castillon’
area, near Bordeaux, France (44°53'01"N, 0°03'47"W). It lies
on a nearly flat plateau, has a permanent natural ground cover
and is surrounded by other vine plots, except at its western
edge, where a slope supports spontaneous mixed woodlands
(Fig.1). It is dedicated to wine production, is managed
according to integrated farming standards and has received
no insecticide subsequent to 1995.
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Figure 1 Map of the experimental plot, traps and surrounding
vegetation (woodlands and vineyards) of the studied plots.

Data collection

Adult trappings and nymphal counts were performed weekly
during three successive growing seasons, from May 1998 to
November 2000. One hundred and thirty sampling points were
disposed on a regular 9x 12m sampling grid (six rows X ten
plants) (Fig.1). Adults were sampled with one Yellow Sticky
Trap (YST) of 5x 15cm (Biosystemes, France) per point,
fixed on the trellis wire under the vine canopy and changed
weekly. Nymphs were counted weekly in the vine canopy
above the YST on 20 mature leaves (Vidano et al., 1987; Fos
et al., 1997) distributed on five consecutive vine plants of the
same row.

Data analysis

Empoasca vitis abundance is expressed here as the number of
adults caught per YST per week and numbers of nymphs per
100 leaves. Spatial distribution of one weekly adult trapping
or nymphal count, measured over the 130 sampling points, is
referred to throughout as ‘SpD’. Each stage and generation is
referred to as the year number (98-99-00), followed by ‘A’
for adult or ‘N’ for nymph, with ‘x’ being the generation
number, starting by overwintering/immigrating adults as
generation 0. Because it was impossible to distinguish gener-
ation Al from A2, they were considered together as A1-2.

Aggregation levels (1) of weekly SpDs

The spatial index of aggregation (1)) and its associated proba-
bility (P) were calculated for each SpD, using the Spatial
Analysis by Distance IndicEs method for spatial clustering
(SADIE) (Perry et al., 1999). This method classifies SpD as
aggregated (I, >> 1 and P < 0.05), random (no clustering, /. ~ 1
and 0.05 <P <0.95) or regular type (I, <<1 and P>0.95),
using a randomization test. The contribution of each sampling
point toward overall clustering (v) was also calculated.

Temporal consistency (X) of weekly SpDs

The index of association, (X), between consecutive SpDs and
its associated probability (P) were calculated using the SADIE
method for spatial association. This method measures the
overall association X between pairs of (A)SpDs (Perry &
Dixon, 2002) with specific features: (i) association value X
(i.e. correlation coefficients between sampling point cluster-
ing indices ‘v’ of the two sets) accounts for the spatial
pattern, assessed in the calculation of clustering indices; (ii)
probability P for a significant association or dissociation,
measured through a randomization test, allows comparison
of data sets with any frequency distribution; and (iii) bias in
probability P for significant association (or dissociation),
generated by spatial autocorrelation over neighbouring sam-
pling points, is accounted for using the method of Dutilleul
(1993), which corrects the degree of freedom according to
the level of spatial autocorrelation. Couples of consecutive
SpDs are classified among ‘associated’” (X >>0 and
P < 0.05); ‘independent’ (X~0 and 0.05 < P <0.95) or
‘dissociated’ (X << 0 and P > 0.95).
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Table 1 Average spatial distribution (AspD) periods (ISO week
numbers), with index of aggregation /, (in parentheses) for all
generations and all years

ASpD  AO N1 Al-2 N2

1998 19-22 (1.1)  21-25 (1.4 24-35(1.2) 27-32 (3.5)*
1999  17-20 (2.4)* 19-23 (1.0)  25-36 (1.1) 26-31 (2.7)*
2000 16-19 (1.1)  20-24 (1.1)  25-36(1.2) 28-33 (3.1)*

*Significant aggregation (/, > >1; P<0.05).

Average spatial distribution of stages and
generations (ASpDs)

AspDs (i.e. average trap catches or counts at each sampling
point over several weeks) were calculated over population
peaks of each stage/generation, with an identical duration
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each year. These averaged periods were determined to ensure
the inclusion of the highest indices of association (X) within
aggregated periods (1) of each population peak (Table I;
Figs2, 3). The ASpD of each E.vitis stage/generation was
then assessed (I, value) and compared over the 3years
(X value). ASpDs are referred to throughout the text with the
abbreviations of the corresponding stage, generation and
year, as explained above.

Variograms and cartography

The spatial structure of each ASpD was monitored with
experimental omnidirectional variograms. Semivariances
were represented up to distances of 75 m with an increment
of 15m and modelled. The resulting model was used to map
the spatial distribution of each ASpD using the Kriging
method (Goovaerts, 1999).
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Results

Population dynamics

Adult and nymphal population dynamics in 1998, 1999 and
2000 (Figs2, 3) showed typical and consistent population
dynamics for the Bordeaux region (Decante & van Helden,
2006). Abundance in 1998 systematically exceeded that
recorded in 1999 and 2000. For all years, the AO peak (week
13-22) was clearly separated from those of the overlapping
Al and A2 (adult summer generations, week 22-39).
Similarly, the N1 peak (first nymphal generation, week
19-25) was clearly separated from the N2 peak (second nym-
phal generation, week 25-36). In 1999 (Fig.2B), two succes-
sive A0 peaks were observed during plot colonization and
two moderate Al peaks were clearly separated from a single
more prominent A2 peak.

association (X>>0, P<0.05) or dissociation
(X<<0, P>0.95) with SpD of the preceding
week is indicated by X.

Aggregation levels I, of weekly SpDs

Significantly aggregated SpDs were frequently observed during
summer generations. In 1998 and 2000, aggregated adult
SpDs occured mainly at the end of summer generations (during
A2; Fig.2, weeks 30-36) whereas, in 1999, such aggregated
SpDs appeared earlier and for a shorter period (end of Al,
weeks 28-29). SpDs aggregation levels were greatest in
N2 (up to 3.1) with respect to other stages and generations.
Finally, significantly aggregated SpDs were rarely observed
in between population peaks.

Temporal consistency X of weekly SpDs

Indices of association X revealed significantly positive
associations between consecutive SpDs within N2 population
peaks (Fig.3) and, to a lesser extent, within A1-2 population
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Table 2 Association levels among average spatial distribution (AspD) (upper) and associated probabilities (lower), inside and over years

Association level X

PIX 98A0 99A0 00AO0 98N1 99N1 OON1 98A1-2 99A1-2 00A1-2 98N2 99N2 00N2
Probability of association P

98A0 0.00 —0.04 0.12 —0.02 0.32 0.24 0.07 0.06 0.06 -0.08 -0.01
99A0 —0.09 —0.21 —0.08 —0.05 0.09 —0.06 —0.03 0.25 0.22 0.24
00AO 0.08 —0.10 0.03 0.18 0.25 0.29 0.08 0.00 0.02
98N1 * 0.28 0.14 0.03 0.14 0.15 0.10 0.14 0.02
99N 1 0.08 0.02 0.01 0.15 0.06 0.02 0.04
OON1 * 0.06 0.09 0.16 -0.08 0.09 -0.04
98A1-2 i - 0.41 0.24 0.22 0.16 0.11
99A1-2 * 0.28 0.08 0.11 0.14
00A1-2 * * 0.13 0.28 0.24
98N2 e i * 0.61 0.64
99N2 . N ok N ok 053
0ON2 xk N ok

*Significant association (X > >0: *P<0.10, **P< 0.05, ***P< 0.01) between AspDs.

peaks (Fig.2), for all years. Associations between successive
SpDs within AO and N1 were irregular, and several signifi-
cantly dissociated SpDs arose. SpDs associations arose
between successive peaks (A0/A1-2, N1/N2) but were
generally not significant. In 1999 (Fig.2B), significant
associations were recorded within each of the two successive
AOQ peaks, but not between them; association levels between
consecutive SpDs of the two successive Al peaks gradually
increased; and association levels between consecutive SpDs
of the prominent A2 peak gradually decreased.

ASpDs

Aggregations I of N2 ASpDs were systematically significant,
whereas aggregations of ASpDs of other stages and generations
were rarely significant (Table 1). Between-years comparisons
of ASpDs of the same stage and generation systematically
revealed significant associations for A1-2 and N2, but not
for AO or N1 (Table2). Associations of A1-2 with N2 of the
same year were significant in 1998 and 2000, but not in 1999.
Associations between AO and N1 ASpDs, and between N1
and A1-2 ASpDs, were generally not significant within the
same year.

Variograms and cartography

Variograms for A1-2 and N2 ASpDs present similar character-
istics every year (Fig.4), and are consistent with the significant
associations of these ASpDs over the years. A1-2 models are
exponential (finite sill-bounded model), with moderate to
high nugget effects. Models ranges were approximately 35—
40m. N2 models are a combination of exponential and power
(infinite sill-unbounded model), with low nugget effects.
The power component of the model, with infinite sill, reveals
a more gradual spatial distribution of nymphs, and does not
allow range quantification. However, the exponential
component of the models indicates ranges of approximately
40-45m.

© 2008 The Authors

Kriged maps (Fig.5) confirmed the between-years similar-
ities for A1-2 and N2 (Table2; Fig. 4); patches and gaps
clearly corresponded. Similarities between A1-2 and N2
SpDs of the same year are less perceptible on Kriged maps,
probably because of difference in spatial structures
(clustering level: Table 1; variogram models: Fig.4; and
cluster sizes: Fig. 5); adults were found in small and scattered
clusters, whereas nymphs were more evenly distributed.

Discussion

Monitoring schedules and features of the plot largely influnce
the efficiency of such an analysis (Legendre & Fortin, 1989;
Alexander et al., 2005). On this flat and rather homogenous
plot, weekly insect monitoring on 130 points revealed the
fluctuating aggregation and association levels of the coloniz-
ing adults (AO) SpDs and those of their offspring (N1), as
well as the more consistent SpDs of summer generations
(A1-2 and even more N2).

The identified periods of consistent and rather stable SpDs
for summer adults (A1-2) and very stable for summer
nymphs (N2) justified their averaging. This circumvented
the temporal autocorrelation problem, and allowed compari-
sons of spatial distributions between successive stages, gen-
erations and years, and the construction of variograms and
maps. ASpDs of the rather stable A1-2 could be assessed
with less frequent samplings, whereas those of nymphs
could be performed through a single count per generation, at
the population peak.

Low to moderate nugget effects observed in variograms of
summer adult A1-2 and nymphs N2 (Fig.4) indicate that sam-
pling density (distance of 9 X 12m between sampling points)
allows an accurate spatial distribution map to be produced
(Goovaerts, 1999). Moreover, an increase in YST density,
which was considered so as to minimize nugget effects, would
have led to visual interference among neighbouring chromo-
attractive YSTs. By contrast, variograms ranges of summer
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Figure 4 Average spatial distribution (AspD) variograms.
Experimental omnidirectional variogram (e) and associated models
(solid line) of summer adult (A1-2) and nymph (N2) AspDs.

adults and nymphs (35-45m) largely exceeded the sampling
density (9 x 12m), thus indicating that the distance between
sampling points could be increased, particularly on a more
heterogeneous plot. Moreover, it would permit the extension
of the studied area. Finally, the assessment of the relation
between plot characteristics and E. vitis spatial distribution
would probably benefit from a more heterogeneous plot.

In spring, the global lack of association among consecutive
weekly trap catches (Fig.2) revealed the dynamic nature of
plot colonization. The expected influence of the presence of
intermediate host plants on plot colonization (i e. higher
abundance at plot edges bordered by intermediate host
plants) was not confirmed by spatial distribution maps (data
not shown). The early peak observed in 1999 (before vine
bud burst) indicates that overwintering adults forage for
suitable host plants close to the vineyard (Decante & van
Helden, 2006), whereas the second peak (after vine bud
burst) corresponds to the actual colonization of the plot. The
inconsistent AO SpDs (Fig.2) suggest that adults colonized
the plot by successive flights, probably depending on the
fluctuating weather conditions.

The generally low aggregation levels (Table 1), low be-
tween-years association (Table2) and inconsistent spatial
structures of A0 and N1 ASpDs revealed by variograms (data
not shown), all indicate random spatial distributions. Even
though the abundance of N1 depends on those of A0, they
presented different ASpDs (Table2). This was probably due
to the dispersion phenomena identified for the mobile AO
rather than for the sedentary N1. However, differences in sur-
vival of eggs and nymphs, through biotic (e.g. natural ene-
mies) or abiotic factors (e.g. temperature), could also explain
the differences between A0 and N1 spatial distributions.

In summer, A1-2 SpDs were rather constant (Fig. 2) despite
frequent migration events (Decante & van Helden, 2003,
2006), thus suggesting that the migrating adults rapidly redis-
tributed inside the plot. A precise assessment of such an adult
migration and re-distribution would require more frequent
measurements. SpDs of the subsequent N2, which reflect the
selection of egg-laying sites by adults, were even more aggre-
gated and associated (Fig. 3).

Between-years comparisons of both A1-2 and N2 ASpDs
reveal high association levels (Table2), similar variogram
structures (Fig.4) and spatial distributions (Fig.5), support-
ing the hypothesis that perennial plot characteristics (biotic
or abiotic) induce a similar spatial distribution of summer
adults and nymphs each year.

Comparisons between the highly mobile A1-2 adults
and their direct offspring, the rather sedentary nymphs N2,
revealed highly significant associations in 1998 and 2000,
and a weaker association in 1999 (Table 2). Even though the
location of maximal and minimal population sizes was com-
parable, adults ASpDs were more scattered (high nugget
effects, finite sills), whereas nymphal ASpDs were more
gradual (low nugget effects, infinite sills) and significantly
aggregated (Table 1). After their immigration, adults appear
to disperse inside the plot, searching for vine plants suitable
for egg-laying. This dispersion behaviour of adults of the
successive immigration waves influences numbers trapped
and could explain the inferior aggregation of adults A1-2
compared with those of their offspring N2. However, diver-
gence in spatial distributions between summer adults and
subsequent nymphs could also be explained by other proc-
esses (or a combination thereof). (i) It could be attributed to
egg and nymph survival, which would vary across the plot
because of the difference in the distribution of host plant
characteristics related to egg and nymph survival (e.g. foli-
age microclimate, sap quality, etc.). (ii) The observed West—
East gradient in nymphal ASpD could also be attributed to
natural enemies originating from woodlands (Cerrutti ez al.,
1991; Boell & Hermann, 2004; Boeller et al., 2004).
However, observation of natural enemies (on traps or during
counts) revealed neither gradual nor structured spatial distri-
bution (data not shown). (iii) Finally, this divergence could
also result from different spatial distribution for feeding-
mating adults (both males and females) and for egg-laying
adults (only females).

In condusion our results revealed between-year similarities
in spatial distributions of E.vitis summer generations.
Evidence of a link between the sedentary summer nymphs and
the highly mobile adults of the same year leads us to suggest
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Figure 5 Average spatial distribution (AspD)
distribution maps. Spatial distributions
of summer adults (A1-2) and nymphs (N2)
ASpDs are mapped using the Kriging
method.

that these spatial distributions are related to some perennial
spatial variability in plot characteristics. It may be that the
gradual increase in nymphal abundance, from the western
woodlands to the eastern plot edge, was due to a similar gra-
dient of some plot characteristics influencing egg and nymph
survival or selection of suitable egg-laying sites by adults.
However, this may also result from the effects of natural ene-
mies originating from these woodlands. Experiments should
be conducted to confirm insect spatial distrubution and to
identify the related plot characteristics.

© 2008 The Authors
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