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Abstract
Background and Aims: Evaluation of pest damage and the population age of the pest are key factors in integrated pest
management. Gaining such knowledge, however, can be time consuming and difficult in larvae that have cryptic habits, such as the
European grapevine moth (EGVM, Lobesia botrana). An alternative is to measure the damage caused by different larval instars.
Damage caused by different EGVM larval instars was described over 3 consecutive years.
Methods and Results: The first two larval generations of wild EGVM were sampled in an experimental vineyard in the Bordeaux
area, France; 1945 samples of larval damage to inflorescences were collected and instars determined. Significant correlations were
described between both in each generation.
Conclusions: Quantification of plant damage monitoring has potential to assist with assessing the characteristics of EGVM
populations.
Significance of the Study: Using crop injury or damage to determine larval stage should provide a rapid and convenient method
for pest management.
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Introduction
Efficient insect pest management and specifically the develop-
ment of integrated pest management require an evaluation of
the potential damage to the crop. This can lead to informed
management decisions when the age structure of the pest popu-
lation is taken into account. Lobesia botrana (the European
grapevine moth, EGVM) is a major pest in European and Middle
East vineyards and has recently been reported as a new grape
pest in the Americas: California, Chile and Argentina (Varela
et al. 2010, Gilligan et al. 2011). Because of its status as a serious
pest, there have been many studies on its biology, but surpris-
ingly rather limited information is available on its population
dynamics in vineyards and on the direct damage caused by each
generation. Several recent studies have focused on the popula-
tion dynamics in vineyards (Delbac et al. 2010, Moreau et al.
2010, Ainseba et al. 2011, Harari et al. 2011, Ioriatti et al. 2011,
Thiéry 2011, Thiéry et al. 2014). Current control of EGVM is
achieved mainly by mating disruption against adults or by
application of insecticide, either biological such as Bt toxin
(Thiéry 2011) or not. Natural control by parasitoids or predators
can be effective (Xuéreb and Thiéry 2006, Moreau et al. 2010)
but so far, except for Trichogramma releases, no technique
using natural enemies has been developed in viticulture.
Grapegrowers mainly survey male flight dynamics or females
caught in food traps to forecast oviposition dynamics (Thiéry
2011). This is sometimes coupled with the previous generation
population number to inform management decisions (Delbac
et al. 2006).

Grape moth larvae can feed on flower buds or berries and
cause significant direct losses in grape production (Thiéry et al.
2014). These losses are often exacerbated by fungal damage,
such as that caused by grey mould (Fermaud and Le Menn
1989) or by Aspergillus carbonarius and A. niger (Cozzi et al.
2006), which have the potential to produce ochratoxins, a class
of mycotoxins. In certain cases, primary damage to the berries
can also lead to infestation by secondary pests such as Drosophila
which can lead to a greater incidence of sour rot (Blancard et al.
2000, Barata et al. 2012). Lobesia botrana normally has two to
four generations per year in European vineyards, depending on
the location (Thiéry 2008). The first generation (G1) occurs in
spring, and can cause significant direct losses, especially in
premium vineyards with a yield lower than 15–20 hL/ha, for
example, Sauternes or white wine in Burgundy. Less than 24 h
after hatching, the first larval instar (L1) may bore the flower
corolla and feed on the ovaries (Coscollà 1997). When the
individual flower is destroyed, the larva moves to the nearest
flower and feeds again. During their development, first-
generation larvae aggregate several individual flowers with silk
(called glomeruli) in order to protect themselves against natural
enemies and adverse conditions (Thiéry 2008). This protection
mechanism has recently been examined through the larval
immunity which appears inversely correlated to the individual
silk production (Vogelweith et al. 2014).

A first objective of this work was to characterise the direct
damage caused by wild EGVM larvae populations within each of
the first two annual generations. Previous research indicates
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that a single larva can destroy three to eight flowers (Marchal
1912, Valli 1975, Coscollà 1997), with the amount depending
on inflorescence size and architecture, and on the grape cultivar.
Estimates of damage impact at the end of larval development
varied, with one study reporting 3–16 flower buds (Coscollà
1997) and another 5–10 flower buds (Galet 1982). At the begin-
ning of summer, neonate larvae of the second generation (G2)
immediately after hatching penetrate green berries; they feed on
grape pulp, but only rarely eat the pips (Galet 1982), because
consumption of grape pips has a negative impact on larval
fitness (Moreau et al. 2006). Often, larvae leave their original
gallery and damage neighbouring berries, gathering berries
together with silk. At the end of larval development, the
damage can include two to six berries, depending on the grape
cultivar (Girolami 1981, Pavan and Girolami 1986, Delrio et al.
1987, Pavan et al. 1987, Coscollà 1997, Thiéry 2008).

A second objective was to relate the magnitude of this indi-
vidual damage to the larval stage and thus to propose an easy
field evaluation of the larval age. Normally accurate determina-
tion of larval instar and age is done by measurement of the
width of the head capsule (HC) (Walker 1987, Delbac et al.
2010, Benitez et al. 2014). This technique is, however, time
consuming and requires careful microscopic measurements.
Using crop injury or damage to determine larval stage (Walker
1987) should represent a more convenient method for pest
management purposes.

Materials and methods

Experimental vineyards
Data from our survey database (1996–1998) were used from our
experimental vineyard (INRA Bordeaux Research Centre,
Villenave d’Ornon, France). In addition, data were obtained
from a commercial vineyard in Preignac, France (single year
1996) that was 40 km away from the experimental vineyard.
The two vineyards were naturally infested with EGVM and
surrounded by cultivated vineyards and under conventional
management. The experimental vineyard (described in Delbac
et al. 2010) was planted with Vitis vinifera cv. Merlot and the
Preignac vineyard (Badenhauser et al. 1999) was planted with
V. vinifera cv. Sauvignon Blanc. No insecticides were applied in
these survey plots, but a classical fungicide program was used to
protect bunches against downy mildew and powdery mildew
(cymoxanil with dithiocarbamate, fosetyl with folpel,
demethylation inhibitors, wettable sulfur) (Savary et al. 2009).
Because evaluation of direct damage on ripening grapes is dif-
ficult and confounded by indirect damage due to fungi and rots,
this study was conducted only on the first two generations in

the season. The sampling period was completed at the end of
July, so potential infestation by grey mould (Botrytis cinerea) was
not relevant (Deytieux-Belleau et al. 2009).

Larval sampling
Larval activity was monitored from hatching to pupation.
Damaged single or grouped berries were collected during the
first two generations in 1996–1998 (Table 1) and larval occur-
rence inside was checked a posteriori (see below). All samplings
were collected in the INRA vineyard except the G2 sampling of
1996 (Preignac). Individual larva damage from G1 (during
spring) was called glomerulus and the damage from a larva
during G2 (early summer) was referred as foci which is the larva
foraging on a group of berries. Given that the main objective of
this study was to describe relationships between the extent of
damage and larval age, only damage associated with internal
larvae was considered. Empty foci were thus naturally discarded
in such an analysis. The inflorescence parts with damage were
collected during each generation, placed in Petri dishes, and
placed immediately in a cold chamber (4°C) for less than 1 week
to stop feeding and development before laboratory observations.

Laboratory measurements
The number of flowers (FB) per glomerulus and the number of
flower buds destroyed (FBD) by G1 larvae, and the number of
berries foraged (BA) by G2 larvae were determined under a
binocular microscope (10×). The severity of the feeding gallery
on each damaged berry was evaluated using a severity index
(Walker 1987) (Figure 1). We noted the damage on each berry
and calculated an average severity for the foci damage (ASBA).
Only damage with at least one larva inside was considered. For
instar determination, larvae were transferred into 70% ethanol
and the width of their HCs was measured (Delbac et al. 2010).
In practice, HC determination is highly accurate, even though
variation due to food quality and quantity may generate over-
laps in age categories (Delbac et al. 2010). Larvae were refer-
enced L1–L5, respectively for larval instar 1–5.

Table 1. Number of larvae of different instars during the three sample years.

n 1996 1997 1998

1† 2 1 2 1 2
INRA‡ Preignac INRA INRA INRA INRA

22 May–7 June§ 11 July–14 August 7 May–2 June 9–31 July 19 May–2 June 9–30 July

Larval instar

1 14 0 6 3 52 227

2 80 0 24 1 56 308

3 111 10 21 3 61 231

4 162 54 32 7 47 185

5 25 107 4 19 9 86

Number of larvae 392 171 87 33 225 1037

†Generation. ‡Location. §Period. INRA, Institut National de la Recherche Agronomique.

Figure 1. Key used to assess the severity of berry damage (%).
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Statistical analysis
The variables of different instars within and between years for
each instar were compared with ANOVA. Descriptors of damage
are known to have skewed distributions. For example, the
numerical scores obtained by rating scales (Figure 1) for G2
severity on berries are discontinuous (Walker 1987). Thus, as
described by Southwood (1978), we applied a square-root
transformation on count data [number of flower buds in the
glomeruli and the number of flower buds destroyed in the
glomeruli (G1); and the number of berries attacked (G2)] and a
logarithmic transformation on percentage evaluation [damage
severity of berries (G2)]. Data were analysed only if more than
five individuals were available per instar and generation. The
ANOVA model employed pairwise comparisons of means.

To define the relationship between the extent of damage
and larval instar, we calculated Spearman rank correlation coef-
ficient and critical values associated (Sprent 1989). We also used
a 95% confidence interval (CI) as in Delbac et al. (2010) to
delimitate the boundaries between instar distributions. This
computation was done when more than 30 individuals were
available. In such cases, the random variable converges towards
Gaussian distribution, and the calculation of CI can be made
(Scherrer 1984).

Systat 11 software (Systat Software, San Jose, CA, USA) was
employed for all statistical tests, which were performed with a
type-I error rate of 0.05.

Results

First generation
The timing of EGVM development was slightly different among
the 3 years, so G1 damage was assessed on several dates
between mid-May and early June of each year in order to obtain
a sufficiently large sample size. From 1996 to 1998, 704 G1
damages with larva inside were collected (Table 1).

In 1996, most of the collected larval instars were L2–L4
(Table 1). The number of FB per glomeruli ranged from 1 to 69,
and the number of FBD ranged from 1 to 12. For FB (Table 2),
an average of 2.4 (L1) to 19.8 (L5) aggregated flowers was
observed; these values were significantly different (P < 0.001)
with the exception of only L1/L2, which was not significantly

different. The FBD average was 1.3 (L1) to 3.7 (L5); only L5 was
not significantly different from L3 and L4.

In 1997, the population was significantly smaller (four
larvae per 100 inflorescences) than that in 1996 (∼9 larvae per
100 inflorescences), and only 87 damaged glomeruli were col-
lected (Table 1). Data from only L1–L4 were considered, as there
were just four individuals in L5. The number of FB damage was
2–50 and the number of FBD was 1–13. For FB (Table 2), an
average of 3.7 (L1) to 17.8 (L4) aggregated flowers was
observed; there was a significant difference (P < 0.001) between
L3, L4 and L1–L2, the latter were not different. The FBD average
was 1.2 (L1) to 4.7 (L4). Two groups were significantly different:
L1–L2 versus L3–L4.

In 1998, the sampling size was between that of 1996 and
1997, with 225 damaged glomeruli collected (Table 1). Data
from all five instars were considered, even though there were
only nine individuals in L5. For FB (Table 2), we observed an
average of 2.5 (L1) to 24.8 (L5) individual flowers per glomeru-
lus; these numbers were all significantly different (P < 0.001).
The FBD average was 1.3 (L1) to 10.7 (L5). The damage caused
by the larval instars was significantly different (P < 0.001).

Second generation
Second-generation (G2) damage was assessed from early July to
mid-August and 1241 larval damaged foci were collected in the
3 years (Table 1).

In 1996, even though we collected samples for more than 1
month, we could collect only instars L3–L5 in a total of 171
larvae (Table 1). The BA per larva was 1–9 with the average 1.4
(L3) to 2.7 (L5) (Table 2). The level for L3 was significantly
different from that of the others (P = 0.005). The difference in
ASBA was also significant (P < 0.001), with severity for L5
higher than L3–L4.

In 1997, as with G1, there was a lower rate of infection by
G2, with only 33 larvae collected (Table 1). Data from only L4
and L5 were analysed because the others had a sample size less
than five. The BA per larva was 1–5 with an average of 2.4 (L4)
and 2.6 (L5). This difference was not significant (P = 0.698)
(Table 2). The range of ASBA was 5% and the difference
in ASBA was significantly different (L4 = 26.3, L5 = 53.8,
P = 0.003).

Table 2. Mean value and one-way ANOVA of the characteristics of plant damage by generation, descriptor and year.

Generation and
descriptor†

Year Mean value ± standard error of the mean F P

1‡ 2 3 4 5

Generation 1

FB 1996 2.4 ± 0.6 d 4.7 ± 0.4 d 8.9 ± 0.4 c 14.9 ± 0.6 b 19.8 ± 2.2 a 80.2 <0.001

1997 3.7 ± 0.6 c 5.0 ± 0.4 c 10.4 ± 1.0 b 17.8 ± 1.6 a – 30.3 <0.001

1998 2.5 ± 0.2 e 4.8 ± 0.3 d 7.8 ± 0.4 c 16.5 ± 1.1 b 24.8 ± 2.1 a 117.8 <0.001

FBD 1996 1.3 ± 0.1 d 2.5 ± 0.1 c 3.2 ± 0.2 b 4.1 ± 0.2 a 3.7 ± 0.5 ab 17.6 <0.001

1997 1.2 ± 0.2 b 1.5 ± 0.1 b 3.3 ± 0.3 a 4.7 ± 0.7 a – 22.4 <0.001

1998 1.3 ± 0.1 e 2.2 ± 0.1 d 3.8 ± 0.2 c 6.3 ± 0.5 b 10.7 ± 3.7 a 63.7 <0.001

Generation 2

BA 1996 – – 1.4 ± 0.2 b 2.4 ± 0.2 a 2.7 ± 0.1 a 5.4 0.005

1997 – – – 2.4 ± 0.4 2.6 ± 0.2 0.2 0.698

1998 1.1 ± 0.0 d 1.3 ± 0.0 d 1.5 ± 0.6 c 1.9 ± 0.1 b 2.3 ± 0.2 a 52.5 <0.001

ASBA 1996 – – 18.1 ± 3.1 b 24.9 ± 2.1 b 42.5 ± 2.3 a 25.7 <0.001

1997 – – – 26.3 ± 8.4 b 53.8 ± 5.5 a 10.8 0.003

1998 4.6 ± 0.3 e 8.3 ± 0.6 d 15.5 ± 1.1 c 25.5 ± 1.6 b 38.7 ± 2.9 a 151.9 <0.001

Different letters within a row indicate significant difference (P ≤ 0.05) as determined by Fisher’s pairwise comparison test. †ASBA, average severity of all berries
attacked per foci. ‡Instar number. BA, number of berries attacked; FB, number of flower buds; FBD, number of flower buds destroyed.
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The 1998 sampling yielded the highest total number of
larvae (1037) (Table 1). There were 86–308 larvae in each of the
five instars. There was variation in BA among the different
instars (range: 1–9), with an average of 1.1 (L1) to 2.3 (L5).
These values, however, were significantly different by instar
(P < 0.001), but not for L1 and L2 (Table 2). The range of ASBA
was 1–100 and the mean ranged from 4.6 (L1) to 38.7 (L5).
Again, the difference in ASBA for all larval instars was signifi-
cant (P < 0.001).

Comparison of the 3 years sampled
Comparisons were made over the 3 years (Figure 2); for G1,
there was no difference in FB between years for instars 1, 2 and
5 (P = 0.118–0.451). The only difference was observed for instar
3 among years 1997 and 1998 (P = 0.037). There was no sig-
nificant difference in FBD between years for instars 1 and 3
(P = 0.878 and 0.052, respectively). For the others, a difference
occurred in a single year for instars 2 and 4 (P = 0.010 and
<0.001, respectively). For the last larval instar (5), a significant
difference was found between years (P = 0.005); the year 1998
exhibiting twice as much damage as 1996.

For G2, only comparisons on L3 for 2 years (1996 and 1998)
and L4 and L5 for all 3 years could be made. For L3, no signifi-
cant difference of the descriptors was noticed between 1996 and
1998 (PBA = 0.605 and PASBA = 0.224) (Figure 2). For L4, BA was
significantly different between years, 1998 having the lowest
value (P = 0.006) but ASBA was not (ANOVA, P = 0.317). For
L5, ASBA was significantly different between the years
(P = 0.006) but BA was not (P = 0.155).

Relationship between the magnitude of larval damage and
larval instars
As there were so few significant differences between the years in
the FB and ASBA variables, the data over the 3 years were
pooled to estimate the mean value aggregated for each larval
instar (Table 3). Analysis was undertaken on 700 larvae for FB
variable, with a range of 34–241 individuals per larval instars.
Confidence intervals did not show any overlapping between
larval instars, thus instars were considered as separated classes
for FB and ASBA. The damage increased positively with the

larval instar as shown by the significant Spearman coefficient
(ρ = 0.758, P < 0.01). The same occurred for Spearman coeffi-
cient (ρ = 0.682, P < 0.01) in ASBA (1234 larvae ranging from
212 to 308 individuals per larval instars).

Discussion
As it has been observed in other pests (Smith et al. 1986, Luttrell
and Mink 1999, Toews et al. 2007), the results presented here
allow a correlation of the extent of the damage at the larval
stage, which may be attributed to increased feeding activity
(Devereau et al. 2003).

Larval feeding behaviour varies according to the generation
in the year and the grape phenology. First-generation larvae of
EGVM displace much within a single bunch, and affect a large
proportion of the inflorescence, while second-generation larvae
feed on a limited number of berries. During G1, larvae attack a
few flower buds in the glomeruli, and tie together with silk
other flowers within the inflorescence. The vine is a plant in
which flowers will not form berries all the time (Creasy and

Figure 2. (a) Mean (+standard error of the mean) flower buds per nest with single larva (glomerulus) and (b) flower buds destroyed in first generation, and
(c) number of berries attacked and (d) average severity of berries attacked in second generation per damage by different larval instars in 1996 ( ), 1997 (□)
and 1998 (■). Different letters indicate a significant difference between years for each instar and variable (P ≤ 0.05) as determined by Fisher’s test and pairwise
comparison; ns, no significant difference observed.

Table 3. Plant damage retained per generation for each larval instar.

Generation and
descriptor

Instar Mean
(± SEM)

CI 95%
lower

CI 95%
upper

Generation 1

FB 1 2.6 ± 0.2 2.2 3.0

2 4.7 ± 0.2 4.4 5.2

3 8.7 ± 0.3 8.2 9.3

4 15.6 ± 0.5 14.5 16.6

5 21.2 ± 1.8 17.5 24.8

Generation 2

ASBA 1 4.6 ± 0.3 4.0 5.2

2 8.4 ± 0.6 7.2 9.5

3 15.7 ± 1.1 13.5 17.8

4 26.0 ± 1.3 22.8 28.0

5 42.0 ± 1.7 38.5 45.3

ASBA, average berry damage per foci (%); CI, confidence interval; FB,
number of damaged flower buds per glomerulus; SEM, standard error of the
mean.
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Creasy 2009). Compared to other cultivars, Merlot and
Cabernet Sauvignon have a low rate of fruitset (Dry et al. 2010),
Merlot having, for example, 33–57% of flowers leading to fruit
according to the rootstock and year (Kidman et al. 2013). This
is, however, compensated by a high initial number of flowers on
the inflorescence (Dry et al. 2010). Various studies have shown
an ability of grapevines to compensate for spring damage in
inflorescences (Roehrich and Boller 1991). In Cabernet
Sauvignon, little or no loss of mass or number of berries was
observed despite the removal of 30 flowers per bunch (Roehrich
and Schmid 1979). In another study on Savvatiano, a cultivar
with large inflorescences, the removal of up to 400 flowers per
inflorescence (or 39% of the inflorescence) did not lead to loss
at harvest (Moschos 2005). The author pointed out that the
plant was offset by increased proportion of fruitset as the
number of berries and mass of these berries are identical to that
of the control. This recovery capacity is, however, less for
cultivars with a low number of flowers per inflorescence such as
Pinot Noir (Roehrich and Boller 1991). This explains why the
spring generation of larvae generally does not cause serious
damage (Bovey 1966), except in low-yield vineyards (e.g. Sau-
ternes), and at this time, the risk of developing Botrytis or grape
bunch rots is low (Deytieux-Belleau et al. 2009, Pavan et al.
2014).

It is difficult, however, to estimate the number of flower
buds destroyed, and this number is often under-evaluated since
they generally abscise as soon as they are damaged. Thus, the
count of flower buds attacked is not relevant and the number of
flower buds in a glomerulus provides a better estimate of the
larval instar stage.

In G2, fewer numbers of berries were attacked as compared
to the number of flower buds in G1. Larvae at hatching first drill
a hole in one berry. Based on biotic and abiotic conditions, it can
move to neighbouring berries in the same bunch. At this green
berry stage, visual evaluation of damage is easy because the
larval gallery entry has a purple colour (Viala and Marsais
1927). The severity of berry damage increased over time as a
function of larval age, but the number of berries damaged alone
did not allow determination of larval instars. Thus, to assess
which larval instar caused the damage, the most suitable tech-
nique was shown to be the estimation of the average severity of
berry attack.

The development of sampling planes, for the first and
second generations, is an important tool to estimate accurately
the pest population. For that, spatial and frequency distribution
of grape berry moths larvae should be considered (Pavan et al.
1998). The frequency distribution of L. botrana larvae often
reveals aggregation at the vinestock scale (Badenhauser et al.
1999, Ifoulis and Savopoulou-Soultani 2007), and thus the indi-
vidual vine is a suitable sampling unit. Classically 100 inflores-
cences per plot are often sampled to estimate population level,
and practical examples (from 50 to 150 inflorescences per plot)
are given by Ifoulis and Savopoulou-Soultani (2006a,b) which
correspond to the sampling range.

The present study shows that assessment of plant damage
can be used as an adequate and simple tool for estimating the
population dynamics of the different larval instars of EGVM in
a vineyard. Damage is a function of larval age; hence obser-
vation of damage provides information that can inform pest
management. As a first step, the distribution of ages or
instars within a population could be determined by
extension service experts and this would be helpful in order to
forecast the population dynamics of the subsequent adult gen-
eration and the consequent egg-laying periods which are
needed for scheduling optimal control strategies especially

with mating disruption or short persistent treatments such as
Bt.

Further studies should consider such evaluation under dif-
ferent levels of pest population, different grape moth species,
such as for example Eupoecilia ambiguella, and different grape
cultivars. The effect of climatic conditions on the magnitude of
damage should also be studied, especially since larval feeding
could be enhanced and thus the extent of damage by global
warming.
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