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A climatic perspective of the presence
of the european grapevine moth (Lobesia Botrana
Den. and Schiff) in the Abruzzo region, Italy
Bruno Di Lena1*, Domenico Giuliani1, Antonio Zinni1, Angelo Mazzocchetti1, Emanuele Eccel2

Abstract: The European grapevine moth (Lobesia botrana) is probably the most important parasite of grapevine in
Italy. This work analyzes the impact of climatic change on the development of L. botrana in the main viticultural areas
of Abruzzo, central Italy. The calibration and validation of a mechanistic model based on Allen’s thermal sums, allowed
to estimate an advance of the flight dates of the carpophagous generations in two viticultural areas of the Adriatic
coastal foothill. The higher bioclimatic availability, calculated by thermal sums from 1st January to 30th September, in
the period 1951-2011, suggests that in some areas a third carpophagous generation could develop. In fact, a positive
trend was calculated for thermal sums in the period. However, the harmfulness of this lepidopter might be decreased
by the concomitant advance of the vintage times.
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concern for the negative effects of climate change
on the autoecology of many single species – and on
biodiversity in general – in the case of insect pests,
the effects of temperature increase on the presence
and spread of such noxious species are thought to
increase the threat to host plants (Estay et al., 2009;
Quarles, 2007; Porter et al., 1991). Future climatic
warming will affect temperate annual and
multivoltine species in different ways and to
differing degrees, according to the species (Bale et
al., 2002; Pollard and Yates, 1993). In general, a
temperature increase associated to climate change
could determine the increase of the number of
generations of multivoltine insects and a widening
of the distributional areas of some species (Tobin et
al., 2008; Gutierrez et al., 2008a). Stange and Ayres
(2010) report that insects could benefit from a
temperature increase above all at middle and high
latitudes thanks to a quicker development rate and
to the increase of survival during cold seasons.
Gutierrez et al. (2008b) modelled the effects of
climate change on phytofagous insects, highlighting
a multitrophic complexity, which involves also the
antagonists.
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INTRODUCTION
The increase in thermal values that affected Europe
in the late 80s was ascertained by Werner et al.
(2000), who considered this phenomenon as a result
of a sharp phase shift of the North Atlantic
Circulation Index (NAO). In that period, the latter
assumed positive values, enhancing the zonal,
westerly circulation, consequently decreasing the
incidence of the other circulation patterns. The
study of time series of the ISPRA report (2009),
based on the temperature anomalies of the period
1961-2008, with respect to the averages of 19611990, highlights, for Italy, a moderate decrease of
mean temperature from 1961 to 1981, and an
eventual quick increase until 2008, with an overall
increase of about 1°C.
As stated by Laštu° vka (2009), despite a general
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Riassunto: La tignoletta dell’uva (Lobesia botrana) è probabilmente il parassita dell’uva di maggior rilievo in Italia.
Il lavoro analizza l’impatto dei cambiamenti climatici sullo sviluppo della L. botrana nelle principali aree vitate della
regione Abruzzo. La calibrazione e validazione di un modello meccanicistico basato sulle sommatorie termiche secondo
Allen hanno permesso di stimare un anticipo delle date di inizio voli delle generazioni carpofaghe in due aree vitate
della collina litoranea adriatica. La maggiore disponibilità bioclimatica, valutata con il calcolo delle sommatorie
termiche dal 1° gennaio al 30 settembre, nel periodo 1951-2011, suggerisce che le condizioni possano essere adatte allo
svolgimento, in alcune zone, di una terza generazione carpofaga. Il trend delle sommatorie termiche è risultato infatti
positivo nel periodo. Tuttavia la dannosità del lepidottero potrebbe essere limitata dal concomitante anticipo della data
di vendemmia.
Parole chiave: vite, Lobesia Botrana, tignoletta dell’uva, Abruzzo, clima.
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For European viticulture, it is particularly
interesting to study the interactions with the
biological cycle of the European grapevine moth
(Lobesia botrana, Den. and Schiff., Lepidoptera:
Tortricidae). For the period 1984-2006 MartinVertedor et al. (2010) found, in six vine-growing
areas in south-westerly Spain, an increase of 0.9°C
and 3°C in the annual and spring mean
temperature, respectively. Such increase would
have induced an advance of more than 12 days in L.
botrana’s phenology, and its voltinism to produce
one fourth generation in 2006. In 2003 the
lepidopter completed four generations in northern
Italy, thanks to exceptionally high temperatures
(Marchesini and Dalla Montà, 2004). Moleas (2006)
stated that in southern Italy a fourth flight usually
takes place, peaking in late September. Damages
brought by this third carpophagous generation (the
first one in the season is antophagous) are
fortunately limited by both zoophagous fauna and
by the incipient diapause (Anfora et al., 2007).
In general, mathematical models that predict the
phenological development of insect populations can
be successfully adopted in defence strategies (Cossu
et al., 1999). Caffarra et al. (2012) analyzed several
climate change scenarios, assessing the effects on
grapevine and on the development of L. botrana in
a viticultural area in the eastern Italian Alps. The
authors found that possible greater impacts, due to
the higher probability of the development of one
more generation, would be reduced by the expected
advance of vintage timing.
In this work, the thermal sums, relative to the
beginning of flight, were first calculated by a
mechanistic model based on the method of Allen
(1976), for the carpophagous generations of L.
botrana, in the viticultural areas of Scerni and S.
Maria Imbaro (Abruzzo region, central Italy).
Aiming to the assessment of the impact of the
temperature increase in the period 1951-2011,
thermal sums were eventually used to look for time
trends in the simulated dates of the beginning of
flight for the sites of Scerni and Lanciano. The
analysis also concerned the trend of the bioclimatic
availability (1st January – 30th September) as well as
thermal sums in the same period, both in the
abovementioned area, and in others, of viticultural
interest in the Abruzzo region.
MATERIALS AND METHODS
The climate in Abruzzo goes from full Mediterranean
on the Adriatic coast, to more continental conditions
in the inner areas, where geography – and hence
climatic conditions – are influenced by the presence

of the highest Apennine mountain massif of Gran
Sasso. Mean annual temperatures are around 15°C
on the coast, decreasing with altitude toward the hill
or mountain areas, where annual thermal range
remarkably increases, bringing cold winters and hot
summers. Precipitation is conditioned by mountain
effects; the annual cumulative values in the
viticultural areas range between about 700 and 1000
mm. Most of the annual rainfall usually falls in
autumn-winter, while important rain events are much
less frequent in the summer.
Daily temperatures from the weather stations of
Scerni and S.Maria Imbaro (Abruzzo, central Italy)
were used to simulate, by a mechanistic model, the
time of the onset (beginning of flight) of the adult
carpophagous generations of L. botrana in the
decade 2002-2011. Two vineyards were chosen near
the abovementioned stations, to optimize the match
between the field and the station-site meteorological
conditions. The monitoring of adults was carried out
by feromone traps fed with the attractive synthesis
molecule trans7,cis9 dodecadienil acetate; the date
of beginning of flight was set in correspondence of a
sudden rise of catches. The series of catches in the
same decade (2002 – 2011), referring to the second
and third generations, were taken from the database
of the Decision Support System “Agroambiente.
Abruzzo” (Mazzocchetti and Zinni, 2005). For each
year, the monitoring of adults was carried out weekly
from early April to mid September.
For the modelling of L. botrana‘s flights, the algorithm
proposed by Arca et al. (1993) was used. It cumulates
degree days according to Allen’s model (Allen, 1976)
starting from 1st January. This model evaluates the
contribution of temperature according to one lower
and one upper thermal thresholds of development.
The thresholds of minimum and maximum daily
temperature, according to previous works (Del Rio et
al., 1989), were set to, respectively, 8°C and 28°C. The
calculation of the thermal sum contribution of one day
is based on the simulation of the daily cycle of
temperature according to a sine wave, where the
minima of the two consecutive nights can be different.
Allen describes six different cases, from those with no
effect on the thermal sum (when temperatures are
below the lower threshold at any time of the day), to
those where the temperature crosses one or both
thresholds, giving rise to different rates of thermal
sum. The maximum effect is attained when the
temperature does not drop below the lower threshold
upper threshold; the contribution of “heating degree
days” (HDD in the original paper) of such a case is
HDD = ½(Tu – Tl), where Tu and Tl are the upper and
lower temperature thresholds, respectively.
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The model calibration was carried out by calculating
the thermal sums of the model for the five odd
years of the period 2002 – 2011. The averages
of the thermal sums over the calibration years,
corresponding to the measured dates of beginning
of each flight, were used to assess the onset of the
carpophagous generations at the different sites in
each year. The model validation was done for the
corresponding five even years of the same period.
The observed dates were compared to the simulated
ones by the following indices:
- Root mean square error (RMSE; minimum and
optimal value = 0; maximum = +∞; Fox, 1981):
(1)

- Modelling Efficiency (EF; minimum = -∞; maximum
and optimal value = 1; Nash and Sutcliffe, 1970)
(2)

RESULTS AND DISCUSSION
Tab. 1 shows negligible differences in the average date
of beginning of flight between Scerni and S. Maria
Imbaro - Lanciano; the dates fall at about half of the
second week of June for the first carpophagous
generation, and at the end of July for the second.
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The averages of thermal sums calculated in the decade
2002-2011 were used to simulate the dates of the
beginning of flight of the carpophagous generations in

the period 1951-2011 at the following sites, where the
long-term series of temperature were available by the
Hydrographic Service of the Abruzzo Region:
– Scerni
– Lanciano (weather station of Santa Maria Imbaro).
The trend analysis for the times of beginning of
flight was done by a t-test. The null hypothesis (H0)
is the absence of trends in the sample, and is tested
against the alternative hypothesis of presence of
either a growing or a decreasing trend. In the
present work, p-values < 0.05 were considered as
significant.
Having verified the reliability of the phenological
model of L. botrana, the occurrences of the forth
flight (third carpophagous generation) was assessed
according to the calculated thermal sums. So, for
the period 1951-2011, the t test was applied to
assess the trends of thermal sums, calculated from
1st January to 30th September, in the stations of
Scerni and S. Maria Imbaro, but also for other
viticultural areas of the region: Nereto, Pescara,
Chieti, Penne, and Sulmona (Fig.1).

Fig. 1 - The sites for analysis of the thermal sums accumulated in the period 1st January – 30th September
Fig. 1 - Localizzazione delle sette stazioni utilizzate per le analisi delle sommatorie termiche accumulate nel periodo 1 gennaio- 30 settembre.
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Second flight
Date
GDD
June 11
826 (± 58.4)
June 12
773 (± 41.71)

Third flight
Date
GDD
July 31
1630 (± 89.34)
July 30
1504 (± 70.26)

Tab. 1 - Mean dates of the beginning of flight of the two carpophagous generations of L. botrana and of the corresponding
thermal sums (GDD – Growing Degree Days). Standard error is reported in brackets
Tab. 1 - Date medie dell’inizio dei voli delle due generazioni carpofaghe di L. botrana e delle sommatorie termiche (GDD –
gradi giorno). L’errore standard è indicato tra parentesi.

Site

Scerni
Lanc. / S. M . Imb.

Second flight
RM SE Obs. 2
(d)
(d2)
3.63
23.3
1.73
15.2

EF
(-)
0.29
0.75

RM SE
(d)
6.09
5.42

Third flight
Obs. 2
(d2)
33.7
52.3

EF
(-)
-0.38
0.29
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Tab. 2 - Model validation: accuracy indices of the thermal-sum model for the estimate of time of beginning of flights of the
carpophagous generations of L. botrana.
Tab. 2 - Validazione del modello: indici di accuratezza del modello basato sulle sommatorie termiche per la stima dell’inizio
dei voli delle generazioni carpofaghe di L. botrana.

8

The mechanistic model, based on the Allen method,
yielded the best results in the estimate of the date of
beginning of flight of the first carpophagous
generation, for which moderate RMSE values were
recorded, and a positive Efficiency Index (EF). As
regards to the second carpophagous generation, the
best results were obtained at S. Maria Imbaro Lanciano, where the lowest RMSE was found, with
a positive value for EF. If the two generations are
considered together, the model performed best at
S. Maria Imbaro - Lanciano than at Scerni (Tab. 2).
However, at this site RMSE is very close to the value
at S. Maria Imbaro - Lanciano (difference is less
than 1 day); hence, the low performance in EF at
Scerni is in large parte due to a much lower value of
the denominator in eq. (2) than at S. Maria Imbaro
– Lanciano, thanks to the more regular series
recorded at the former site (see Tab. 2, where
variances of the observations are reported). The
observations at Scerni, less scattered with respect to
the average, would make the mean a more precise
estimator at this site. However, a lower value of EF
does not really invalidate the model because the
RMSE remains similar to that of S. Maria Imbaro –
Lanciano, so, for the sake of homogeneity, we
preferred to apply the model to both sites.
The series of the deviations from the means of the
estimated dates at Lanciano and Scerni highlights a
remarkable trend of advance in the last 15 years of
the period (Fig. 2). The trend analysis shows the

advance of the estimated flight dates for both sites
and both flights (Tab. 3). Nevertheless, the
phenomenon, which can be ascribed to the thermal
increase, assumes a significant extent only at Scerni,
where the advance in 60 years is about 9 days for
the first carpophagous generation, and about 11 for
the second.
The analysis of the thermal sums accumulated in the
period 1st January – 30th September was aimed at
simulating the bioclimatic availability for the
parasite cycles during the development season, in
order to assess possible trends. Thermal sums show
a minor variability among the different sites, even
despite the elevation ranges between 5 and 438 m
a.s.l., with distances from the coast from 0 to 51 km

Site
Scerni
Lanc. / S. M . Imb.

2nd flight
(d yr-1)
-0.16 **
-0.05 ns

3rd flight
(d yr-1)
-0.21 ***
-0.11 ns

Tab. 3 - Results of the t-test applied to the estimated dates of beginning of flight of the carpophagous generations in the period
1951-2011 (ns = non-significant, * p0.05, ** p0.01, *** p0.001).
β = advance rate (dyr -1).
Tab. 3 - Risultati del test t sui trend applicato alle date stimate
di inizio volo delle generazioni carpofaghe nel periodo 19512011 (ns = non significativo, * p0.05, ** p0.01, *** p0.001).
β = tasso di anticipo (dyr -1).
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Fig. 3 - Descriptive statistics of thermal sums accumulated
in the period 1st January – 30th September during the period
1951-2011 for the sites of Scerni, Lanciano Sulmona, Penne,
Pescara, Chieti, and Nereto.
Fig. 3 - Statistiche descrittive delle sommatorie termiche accumulate nel periodo 1° gennaio – 30 settembre durante
l’arco temporale 1951-2011 per le località di Scerni, Lanciano Sulmona, Penne, Pescara, Chieti e Neret.
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(Fig.1). The lowest mean value of the thermal sum
was estimated for Sulmona (2230 GDD), the
highest for Chieti (2243 GDD) (Fig. 3).
At five sites out of seven, the last decade showed the
highest thermal sums, with an often remarkable
increase from the previous period (Fig. 4). The t
test, applied to the time series of the thermal sums
of 1951-2011, shows inhomogeneous changes
among relatively close sites. At Scerni, Pescara and
Sulmona a significant increase of thermal sums was
recorded, whereas at Lanciano and Chieti the
increase was lower, statistically non-significant. The
stations of Penne and Nereto, unlike the others,
recorded a decrease, even if statistically nonsignificant (Tab. 4).
An increased thermal availability in some Abruzzo
viticultural areas could enhance the development of
a third carpophagous generation of L. botrana,
which could be responsible for damages to the
ripening berries. However, the potential impacts of
the additional generation could be limited by the
advance of harvest, which is a fact in Abruzzo, as
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Fig. 2 - Trend of the deviations from the means of the estimated initial flight dates for the carpophagous generations of L.
botrana at the sites of Scerni (left panel) and Lanciano (right panel) during the period 1951-2011.
Fig. 2 - Andamento degli scarti dalle medie delle date stimate di inizio volo per le generazioni carpofaghe di L. botrana nelle
località di Scerni (grafici di sinistra) e Lanciano (grafici di destra) durante l’arco temporale 1951-2011.
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Fig. 4 - Trend of the
thermal sums accumulated
in the period 1st January –
30th September during
the period 1951-2011
at Scerni, Lanciano,
Sulmona, Penne, Pescara,
Chieti, and Nereto.
Fig. 4 - Andamento
delle sommatorie termiche
calcolate nel periodo
1° gennaio - 30 settembre
durante l’arco temporale
1951-2011 per le località
di Scerni, Lanciano,
Sulmona, Penne, Pescara,
Chieti e Nereto.
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Site
Scerni
Lanciano
Pescara
Chieti
Penne
Nereto
Sulmona

10

trend (d yr-1)
3.57 **
1.74 ns
2.80 *
1.29 ns
-0.01 ns
-1.87 ns
4.95 ***

Tab. 4 - Results of the t-test on time trends, applied to the
thermal sums accumulated in the period 1st January – 30th
September for the sites of Scerni and Lanciano (1951-2011)
and for Sulmona, Penne, Pescara, Chieti, and Nereto (19512009) (ns = non-significant, * p0.05, ** p0.01, *** p0.001).
Tab. 4 - Risultati del test t sui trend temporali, applicato alle
sommatorie termiche accumulate nel periodo 1° gennaio –
30 settembre durante l’arco temporale 1951-2011 per le località di Scerni e Lanciano e 1951-2009 per quelle di Sulmona, Penne, Pescara, Chieti e Nereto (ns = non significativo,
* p0.05, ** p0.01, *** p0.001).

well as in other European regions (Jones et al.,
2005b; Caffarra et al., 2012), and which is expected
to advance further, due to a persistent climate
heating (Caffarra and Eccel, 2011). As an example,
Fig. 5 shows the trend of advance of the beginning
of vintage, cv Montepulciano, in the area of Scerni,
in the period 1974-2011 (data from the register of
conveyance of the local cooperative winery).
CONCLUSIONS
The study highlighted the effectiveness of the
mechanistic model based on Allen’s method for the
estimation of the onset time of adult generations of

Lobesia botrana, above all for the first carpophagous
one. The simulation of the following generation, when
estimated independently from the first one by a
unique thermal sum beginning from 1st January,
obviously suffers from a larger inaccuracy, arising from
a sum of errors over a longer period. However, errors
are still acceptable for the proposed model to be
adopted for simulations.
Climatic change is having different effects at sites
even quite close one another, but a general trend of
advance can be detected for the date of beginning
of flight of the two carpophagous generations, at
least at one site (Scerni) among the two that were
analyzed. A general trend of increase of the thermal
sums from 1st January to 30th September is evident in
most of the viticultural sites analyzed in Abruzzo;
this can give rise, in particularly warm years, to one
more generation. When assessing the true impacts
of this possibility, it should be considered that also
vintage time is going to experience a parallel
advance, thanks to the expected, continuous increase
in temperature. In order to simulate at best the
matching between grapevine and insect timing, a
phenological model should be adopted. An aspect
that was not considered in this work is the effective
consistence of the populations of L. botrana in
vineyards. Indeed, the effect of climate change on
the abundance of herbivorous insects remains
unknown until parallel investigations on the
responses of their natural enemies is carried out
(Davis et al., 1998). And the interactions between
plant, pest, and the environment is generally
complex, and impossible to trace back to general,
simple rules (Grulke, 2011; Gregory et al., 2009).
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