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Abstract

BACKGROUND: Captures and seasonal abundance of Xylotrechus arvicola (Coleoptera: Cerambycidae) in relation to climatic factors
were studied in vineyards between the years 2013 and 2020. Insects captures from vine wood in two Vitis vinifera varieties were eval-
uated every year by counting the number of insects capturedwith CROSSTRAP®. The captured insects were grouped (by sex and total)
into ranges of 10 days and compared to climatic data (daily average, temperature and rainfall) for each cultivar and year.

RESULTS: The capture periods spanned from 1 June and 31 July, with the period from 1 to 30 June having the greatest number
of insect captures, as long as weather conditions were favourable, i.e. temperature above 20.00 °C and accumulated rainfall in
10 days lower than 0.40 mm, verified through the analysis of parameter estimates, in which, only the temperature parameter
was significantly.

CONCLUSIONS: The study provided useful information for the integrated pest management of X. arvicola through mass trap-
ping in vineyards when temperature exceeds 20.00 °C and the accumulated rainfall is less than 0.40 mm in 10 days to obtain
peak captures. This is the first quantitative study of X. arvicola control associated with temperature and rainfall in Vitis vinifera.
© 2022 The Authors. Pest Management Science published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.
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1 INTRODUCTION
Ectothermic insects are highly sensitive to environmental tempera-
ture, which plays a key role in their metabolic regulation1 and thus,
influences many of their physiological processes, such as growth2

and development.3 This phenomenon has profound ecological impli-
cations for the insect, its interaction with the environment, and its life
cycle.4 Regarding insect pests, these effects produced by the temper-
ature canweigh significantly on its expansion and severity.Many stud-
ies show that ectothermic species adapted towarmconditions display
their maximal fitness level at high environmental temperatures, con-
sequently reaching their developmental optimum.1,5 Therefore, global
warming and the expected increase in mean global temperature can
represent a major factor in the present and future impact of ectother-
mic insect pests.6 When referring to vineyards, global warming bene-
fits insect pests in areas where thermal conditions are typically colder
than their optimum by bringing the environmental temperature
closer to that optimal point.7

The vineyard is the main monoculture crop worldwide with high
levels of habitat disturbance due to, amongother things, considerable
use of agrochemicals8 or insecticides to control diseases and pest. The
use of monoculture cropping practices has been identified as an
underlying contributor to pest and disease outbreaks in agriculture
due to the concentration of plant host resources for pests, and the
absence of a non-crop habitat necessary to support natural enemy

populations.9–11 In regards to pests that affect vascular tissue of the
vine (its wood), the vine wood borers Sinoxylon sexdentatum
(Coleoptera: Bostrychidae), Xylotrechus arvicola (Coleoptera: Ceramby-
cidae)12 and Schistocerus bimaculatus (Coleoptera: Bostrychidae).13

There are also pests that affect the root system of the vine, such as
the Vesperus xatarti (Coleoptera: Cerambycidae) known as ´Castañeta´
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and, until now, the most destructive pest that European vineyards
have suffered since its appearance in the late 19th century, Phylloxera
vastatrix (Hemiptera: Phylloxeridae).13

In relation to the cerambycids that attack wood in vineyards, the
most cited one is Vesperus xatarti Dufour, considered as an insect
pest since the mid 19th century14 and being subsequently
recorded in Spainish vineyards.15,16 Clytus arietis (L.) has also been
reported as a pest in Spanish17,18 and French vineyards.19 World-
wide, Acalolepta vastator (Newman) causes important damages in
Australian vineyards,20 whereas Xylotrechus pyrrhoderus Bates is a
pest in several vineyards of the ‘Cabernet Sauvignon’ and ‘Char-
donnay’ varieties in China since the beginning of 1980.21,22

Xylotrechus arvicola is a cerambycid pest of vineyards (Vitis vinif-
era) in all the main wine producing areas of Spain, such as La Rioja
Alta and Alavesa,23,24 Navarra25 and Castilla y León.26 This insect
pest has the ability to spread throughout vineyards with different
training systems.27 The action of the larvae within the wood
favours the appearance of wood diseases, among which one
can highlight Diplodia seriata De Not (Botryosphaeriales: Botryo-
sphaeriaceae), Eutypa lata Tul and Tul (Xylariales: Diatrypaceae),
Phaeoacremonium minimun Gams, Crous, Wingf., Mugnai (Dia-
porthales: Togniniaceae) and Phaeomoniella chlamydospora Crous
and Gams (Diaporthales: Togniniaceae).28

Xylotrechus arvicola eggs are laid by females under the rhyti-
dome or in cracks of vine wood.29 Most of the hatching occurs
8 days after oviposition.30 Fecundity of females and viability of
X. arvicola eggs in nature are extended over a longer period than

those kept in laboratory conditions.31 Xylotrechus arvicola eggs are
white or cream, quite homogeneous and elongated (with a length
of around 1.8 mm and a width of approximately 0.7 mm, on aver-
age).32 The larvae are legless and white (with an average size of
22 mm in the last instar, reaching up to 32 mm).33 Once the larva
hatches from the egg, it gets inside thewoodwithout any difficulty,
boring galleries within the plant.34 Grapevine wood attacked by
X. arvicola larvae is more sensitive to mechanical external factors
in vineyards, such as strong winds, harvest weight and vibration
applied by harvesting machines.35,36 The most susceptible stages
in which this pest can be controlled are adults and eggs, alongwith
their neonate larvae, i.e. within the first 24 h after egg hatching
before it gets into the wood.30 Once the larvae penetrates into
the wood, they cannot be reached with foliar-applied chemicals
that do not have penetrative potential,30 and it is also very difficult
to penetrate with systemic insecticides. Information about natural
enemies of X. arvicola is still scarce,37 but the use of microbial con-
trol agents (MCAs), such as fungi or bacteria, is a possibility that has
been raised for its control. Previous studies38 have extracted, iso-
lated and identified numerous antagonistic fungi of pathogens of
the genus Trichoderma from vineyard substrates and vine wood
affected by X. arvicola, showing promising results.39

For control of X. arvicola through cultural measures, the rhyti-
dome can be removed from the vines, but this technique is
expensive and time-consuming and, therefore, unsustainable for
extensive cultivation.40 Apart from preventive treatments, there
is an important lack of studies on the control of X. arvicola.29 So
far, insecticides with different modes of action41 applied in Petri
dishes30 or over grapevine wood samples34 have been evaluated
against X. arvicola stages only under laboratory conditions.
The treatment on X. arvicola adults is difficult, due to their stag-

gered emergency pattern.42 The emergency period ranges from
15 June to 15 July in vineyards from La Rioja (Spain), lasting to
15 August.43 From March to late July in vineyards from Valladolid
(Castilla y León, Spain)32 and from 14 May to 26 August in planta-
tions of Prunus spinosa L. in Navarra (Spain).44

The emergence pattern of this insect in vineyards has been
poorly studied until now. With that in mind, the objective of this
study was to determine the seasonal period during which
X. arvicola adults emerge from grapevine wood and how it relates
to the climatic conditions that surrounds them. That is, to describe
the seasonal abundance of X. arvicola adults in periods of rising
temperatures and rainfall in two Vitis vinifera varieties, in order
to provide useful information for the control of this insect through
Integrated Pest Management (IPM).

Figure 1. Graphic diagram of the distribution of the traps–lures in the
vineyards: (A) ´Tempranillo´ variety: red circles represent traps placed from
2013 to 2016; green circles represent traps placed in 2017; blue circles rep-
resent traps placed from 2018 to 2020; (B) ‘Prieto Picudo’ variety: green cir-
cles represent traps placed from 2013 to 2017; blue circles represent traps
placed from 2018 to 2020.

Figure 2. Ideal Poisson distribution. Probability mass function of insects
captured. Data represented were obtained calculating ⊗ for RD of CI, the
formula (⊗= k

nÞ was used to obtain the figures and, ‘k’ was considered as
total number of events and ‘n’ was described as number of units. Values
for insect emergencywas ⊗= 1.81. Poisson function distribution according
to these values were represented as a red line overlapping data from
results of insects as a histogram representation in order to visualize graph-
ically the trend.
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2 MATERIAL AND METHODS
2.1 Trapping
Insects were captured using traps (CROSSTRAP®, Econex, Murcia,
Spain). The trap consists of a polypropylene lid (33 cm in diame-
ter) with a central carabiner attached to a steel spring. Two rein-
forced polyvinyl chloride (PVC) sheets (80.0 × 30.0 cm2) are held
in place by four steel springs in the upper section of the lid. In
the lower section, the reinforced PVC sheets are held in place by
a polypropylene funnel (30 cm in diameter) and four steel springs.
The collection cup (12.5 cm diameter × 19 cm height) for the cap-
tured insects is located in the lower section of the funnel.45 All
panels were coated with Fluon (Dyneon; 3 M, Bracknell, UK) as

recommended by Graham et al.46 CROSSTRAP® were first
attached to a 1.5 m PVC pipe, and hung from an L-shaped arm,
with a distance of 18 m between each trap. All traps were moni-
tored every 2 or 3 days. Lures were attached to the trap at the
midway point and insects were trapped in a receiver at the base.

2.2 Lures
The lures used in this experiment were contained inside low-
density polyethylene bags (95 mm × 60 mm × 50 μ thick; Trans-
pack, Southampton, UK) with a press seal. Ethanol (Ethanol Abso-
lute; VWR Chemicals Prolabo, Fontenay-sous-Bois, France) (1 mL)
was impregnated onto a cotton dental roll (a cylindrical mass of

Table 1. General linear model (GENMOD procedure) of Xylotrechus arvicola insects totals captured in two vineyards varieties from 2013 to 2020

Analysis of maximum likelihood parameter estimatorsa

Parameter df Estimate Standard error Wald confidence limits (at 95%) Wald's Chi-square Pr > Chi-square

Ranges of days 1 −1.1850 0.9222 −2.9925 0.6225 1.65 0.1988
Temperature 1 0.0902 0.0424 0.0070 0.1733 4.52 0.0336
Rain 1 −0.0066 0.0102 −0.0266 0.0134 0.42 0.5174

a The negative binomial dispersion parameter was estimated by maximum likelihood.

Figure 3. Accumulated capture in 10-day-ranges of Xylotrechus arvicola adults captured from vine wood of two Vitis vinifera varieties and their relation to
the climatic conditions rain (mm) and average temperature (°C): (A) captures in 2013, (B) captures in 2014. In insect capture graphs, different capital letters
indicate significant differences in captures among different ranges of days within each sex category. Vertical bars represent the mean and the standard
error (SE). Statistical differences are indicated by different letters (Tukey's HSD, P < 0.05).
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purified and sterilized cotton used as packing or absorbent mate-
rial in various dental procedures) (35 mm × 8 mm; Kent Express
Dental Supplies, Gillingham, UK), which had previously been
placed inside each polyethylene bag. Lures were changed every
10 days during the course of the experiment.

2.3 Experimental vineyards
This experiment was carried out during the months of June and
July, from 2013 until 2020, in two vineyards uniformly planted
with two varieties: ‘Tempranillo’ and ‘Prieto Picudo’ varieties, both
located in Gordoncillo (42°08014.900N, 5° 250 41.600 W) (León, Cas-
tilla y León, Spain). The vineyards were chosen on the basis of
the presence of external damage and symptoms due to
X. arvicola, such as larval galleries inside the plants observed in
pruning cuts, and exit holes of X. arvicola adults on trunks and
branches of vines. The rows were spaced 3.0 m and the distance
between plants within the rows was 1.5 m. Vineyards were sur-
rounded by vineyards of other varieties. The two vineyards, ‘Tem-
pranillo’ and ‘Prieto Picudo,’ had the same characteristics in terms
of age, 24 years old; training system of vines, bilateral cordon,
spur pruning over two branches per trunk at 0.6 m above the
ground; soils, calcareous soils, with lowminerals and organic mat-
ter content; height above sea level, 747 m; average annual tem-
perature, 11.7 °C; and average annual rainfall, 500 mm.

With regard to the ‘Tempranillo’ vineyard, from 2013 to 2016, an
area of 0.162 ha (18 m length × 90 m width) was divided into
three blocks of 0.03 ha, each containing four trap–lure combina-
tions, making a total of 12 traps in this vineyard. During 2017, an
area of 0.09 ha (18 m length × 54 m width) was divided into
two blocks of 0.03 ha, each containing four trap–lure combina-
tions, making a total of eight traps in this vineyard. From 2018
until 2020, an area of 0.06 ha (18 m length × 36 m width) was
used as one block, containing six trap–lure combinations (Fig. 1).
In regard to the ´Prieto Picudo´ vineyard, from 2013 to 2017, an

area of 0.09 ha (18 m length × 54 m width) was divided into two
blocks of 0.03 ha, each containing four trap–lure combinations
making a total of eight traps in the vineyard. From 2018 to 2020,
an area of 0.06 ha (18 m length × 36 m width) was used as one
block, containing six trap–lure combinations (Fig. 1).
All the traps inside each block were randomized distributed. All

traps–lures were monitored every 2 or 3 days. The position of the
traps–lures was not rotated during the 8 weeks evaluation.

2.4 Insect captures and seasonal abundance
Adult captures of X. arvicola was measured by counting the bee-
tles captured in the traps described earlier. Xylotrechus arvicola
adults captured were identified and sexed in the laboratory,
according to the description of Moreno.32 For analysis, the cap-
ture results were calculated as insects, males, females and totals,

Figure 4. Accumulated capture in 10-day-ranges of Xylotrechus arvicola adults captured from vine wood of two Vitis vinifera varieties and their relation to
the climatic conditions rain (mm) and average temperature (°C): (A) captures in 2015, (B) captures in 2016. In insect capture graphs, different capital letters
indicate significant differences in captures among different ranges of days within each sex category. Vertical bars represent the mean and the standard
error (SE). Statistical differences are indicated by different letters (Tukey's HSD, P < 0.05).
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per day. The captured insects were gathered into ranges (R) of
10 days, and have been labelled as follows (R1 = 1–10 June,
R2= 11–20 June, R3= 21–30 June, R4= 1–10 July, R5= 11–20 July
and, R6 = 21–31 July). The captures within each range of days
were compared to the data of daily average temperature and
daily rainfall amount for each variety and year.

2.5 Statistical analysis
Data was retrieved from counts, data comes from counting events
in an experimental unit and a Poisson or negative binomial distri-
bution are suitable for this analysis.47 Thus, GENMOD procedure
was performed in order to test the proper analysis of variance
model and a chi-squared test was performed to check distribution
function. After this test, the suitable distribution was considered
as a Poisson distribution and the link function was log. Captures
of insects (CI) (males, females and totals) were considered as
dependent variable, while ranges of days (RD), temperature (T)
and rain (R) were considered as independent variables. The GLIM-
MIX procedure (Poisson distribution with log as link function) was
used for analysis of variance and all factors were considered
fixed.48 Year × RD was significant, so analysis of variance was per-
formed for each year. Means were back transformed using the
ILINK option in the LSMEANS statement and compared using
Tukey's honestly significant difference (HSD). Data was analysed

using the SAS version 9.1.2 software (SAS Institute, Cary, NC,
USA). Graphics were represented using R version 4.0.3.

3 RESULTS
3.1 Poisson function distribution
The model information (GENMOD procedure) indicates that the
response is distributed via Poisson. Data represented in Fig. 2
were obtained calculating ⊗ for RD of CI, the formula (⊗= k

nÞ was
used for obtaining those figures. ‘k’ was considered as total num-
ber of events and ‘n’ was described as number of units. Values for
insect emergency was ⊗ = 1.81. Poisson function distribution
according to these values were represented as a red line overlap-
ping data from results of insects as a histogram representation in
order to visualize graphically the trend. Table 1 shows the analysis
of parameter estimates being T the significant predictor.
GLIMMIX procedure, general linear model only indicates signif-

icant interaction among year and RD. Effects of years and varieties
were not significant. Then the GLIMMIX procedure was performed
for each year.

3.2 Insect captures and climatic conditions
During 2013, the greatest number of insects captured were in R4
range. These numbers of insects captured during the period
described earlier were significantly higher (F = 35.66; df = 5114;

Figure 5. Accumulated capture in 10-day-ranges of Xylotrechus arvicola adults captured from vine wood of two Vitis vinifera varieties and their relation to
the climatic conditions rain (mm) and average temperature (°C): (A) captures in 2017, (B) captures in 2018. In insect capture graphs, different capital letters
indicate significant differences in captures among different ranges of days within each sex category. Vertical bars represent the mean and the standard
error (SE). Statistical differences are indicated by different letters (Tukey's HSD, P < 0.05).
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P ≤ 0.001, females) (F = 19.67; df = 5114; P ≤ 0.001, males)
(F = 55.69; df = 5114; P ≤ 0.001, totals) than the ones obtained
in the other two periods in which insects were also captured, R3
and R5 ranges. The first captures for both varieties took place on
21 June, once the rains had ended, andwhen the average temper-
ature increased from 17.40 to 23.70 °C. From the 11 July on, cap-
tures decreased, due to an increase in heavy rain or storm,
6.16 mm (Fig. 3(A)).
In 2014, the greatest number of insects captured were captured

in R2 range. The insects captured during that period were signifi-
cantly higher (F = 2.89; df = 5114; P ≤ 0.001, females) (F = 5.99;
df = 5114; P ≤ 0.001, males) (F = 8.82; df = 5114; P ≤ 0.001, totals)
than captures in R3. The first captures took place on 11 June,
when the rainfall decreased and the average temperature
increased, from 15.90 °C in R1, to 20.10 °C in R2. From 21 June
on, captures significantly decreased, due to an increase in the
rainfall (3.70 mm in R3 range and 2.60 mm in R4 range), and a
decrease in the average temperature to 17.00 °C (Fig. 3(B)).
During 2015, the capture period ranged from 1 June to 10 July in

both varieties. R3 range registered a significantly greater number
of captures (F = 6.25; df = 5114; P ≤ 0.001, females) (F = 10.53;
df= 5114; P ≤ 0.001, males) (F= 16.07; df= 5114; P ≤ 0.001, totals)
than the rest of the ranges. The first captures were obtained in R1
range, with a rainfall of 16.90 mm and an average temperature of
20.20 °C. In R2 range, a reduction in rainfall to 10.80 mm, and a

decrease in the average temperature in comparison to that of
the previous ranges, from 20.20 to 15.80 °C, reduced the number
of captures. Subsequently, in R3 range, a new decrease in the rain-
fall to 6.90 mm, and an increase in the temperature to 22.30 °C,
caused that the greatest number of captures was registered in this
period (Fig. 4(A)).
In 2016, the capture period ranged from 1 June to 20 July. The

R3 range registered a number of insects captured, significantly
greater (F = 14.64; df = 5,66; P ≤ 0.001, females) (F = 6.48;
df = 5,66; P ≤ 0.001, males) (F = 20.99; df = 5,66; P ≤ 0.001, totals)
than those for the rest of the capture periods. The first captures
were obtained in R1 range, period without rain and with an aver-
age temperature of 18.40 °C. In the next capture period, R2 range,
an increase in the rainfall to 2.00 mm and a decrease in the aver-
age temperature in comparison to the previous period, from 18.40
to 15.70 °C, resulted in a sharp drawdown of insects captured.
During R3 range, an absence of rainfall and an increase in the tem-
perature, from 15.70 °C in R2 to 20.80 °C in this range, contributed
to reach the greatest number of captures during this period
(Fig. 4(B)).
In 2017, the capture period ranged from 1 June to 30 June. The

most abundant captures were in ranges R1 and R2, with signifi-
cant differences for number of captures (F = 3.24; df = 5,90;
P = 0.009, females) (F = 2.11; df = 5,90; P = 0.012, males)
(F = 3.76; df = 5,90; P = 0.003, totals). In this year, from 21 June

Figure 6. Accumulated capture in 10-day-ranges of Xylotrechus arvicola adults captured from vine wood of two Vitis vinifera varieties and their relation to
the climatic conditions rain (mm) and average temperature (°C): (A) captures in 2019, (B) captures in 2020. In insect capture graphs, different capital letters
indicate significant differences in captures among different ranges of days within each sex category. Vertical bars represent the mean and the standard
error (SE). Statistical differences are indicated by different letters (Tukey's HSD, P < 0.05).
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onwards, a decrease in the average temperature with respect to
the previous capture periods, from 25.40 °C to 19.80 °C, com-
bined with an increase in the rainfall, 5.00 mm in range R3, and
7.30 mm in range R4, hindered the capture of more insects during
this year (Fig. 5(A)).
During 2018, the capture period ranged from 11 June to 10 July.

The captures obtained in R3 range were significantly higher
(F = 4.29; df = 5,66; P = 0.002, females) (F = 3.61; df = 5,66;
P = 0.006, males) (F = 7.51; df = 5,66; P ≤ 0.001, totals) than those
in the rest of the periods. The first captures were obtained in R2,
with a rainfall of 5.20 mm and an average temperature of
17.60 °C. In R3, a reduction in the rainfall to 0.30 mm, and an
increase in the temperature, 22.10 °C, with respect to the previous
period, increased the number of insects captured. In the next
period, R4 range, a rainfall of 2.10 mm, and a drop in temperature
to 19.50 °C, decreased the number of insects captured (Fig. 5(B)).
In 2019, the capture period ranged from 1 June to 10 July. The

captures in R1 range were higher (F = 1.24; df = 5,66; P = 0.301,
females) (F = 1.34; df = 5,66; P = 0.257, males) (F = 3.33;
df = 5,66; P = 0.009, totals) than those captured in R4, R5 and R6
ranges. The first captures were obtained in R1, with a rainfall of
2.54 mm and an average temperature of 15.84 °C. In R2 range,
an increase in the rainfall to 12.74 mm, and a very similar temper-
ature (15.83 °C), with respect to the previous ranges, kept low the
number of insects captured. In the following periods, R3 and R4
ranges, with rainfall of 6.27 and 3.53 mm, and an increase in the
temperature to 21.53 and 20.87 °C, respectively, the number of
insects captured decreased (Fig. 6(A)).
Finally, in 2020, the capture period ranged from 1 June to

10 July. The catches obtained in R1 range were significantly
higher (F = 2.35; df = 5,66; P = 0.05, females) (F = 3.58;
df = 5,66; P = 0.006, males) (F = 5.92; df = 5,66; P ≤ 0.001, totals)
than those obtained in the R2, R3, R4, R5 and R6 ranges. The first
captures were obtained in R1 range, with a rainfall of 9.21 mm
and an average temperature of 15.75 °C. In R2 range, a reduction
in the rainfall (3.74 mm). and in the temperature (14.64 °C),
reduced the number of insects captured. In the next period, R3
range, less rainfall (2.15 mm) and an increase in the temperature
to 21.28 °C, increased the number of insects captured (Fig. 6(B)).

4 DISCUSSION
The captures of X. arvicola in the vineyards was conditioned by cli-
matic factors, so the greatest number of insect catches occurred
when the temperature exceeded 20.00 °C and the accumulation
of rain was lower than 0.40 mm, what is considered a dry environ-
ment. The relationship between the appearance of insects and
the climatic conditions of the area has also been described by
other authors, as for example, Berkov and Tavakilian49 who
hypothesized that the emergence of cerambycids in forests of
French Guiana is affected in rainy seasons, either because exces-
sive moisture affects the host's suitability or because the volatile
molecules that attract cerambycids are not able to circulate effi-
ciently in an excessively humid understory. The combination of
moderately low temperatures, high humidity, and a lack of wind
probably results in excessive host moisture content, which may
be particularly detrimental to cerambycid larvae.50 Hanks et al.51

showed that high bark moisture contents prevented early instar
larvae of the cerambycid Phoracantha semipunctata (Coleoptera:
Cerambycidae) from reaching the optimal feeding zone near the
cambium; larvae instead created feeding galleries close to the sur-
face of the bark, where they failed to pupate. It is possible that

when moisture content exceeds a critical value (about 60%), pore
spaces fill with water and deprive larvae of oxygen.
The results confirmed that the rate of development, emergence

and capture of X. arvicola in the vineyards is strictly related to the
temperature. The increase in the number of insects captured as
the temperature raised was verified through the analysis of
parameter estimates, in which, only the temperature parameter
was significant. It has been proved that the temperature that
insects accumulate is the energy needed to move from one stage
to the next.52 Similar behaviour has been described by other
authors in other cerambycids through the relationship between
optimal temperature and emergence, such as Monochamus salt-
uarius Gebler (Coleoptera: Cerambycidae),53 or X. arvicola itself.54

Winters and springs with warn temperatures, such as those
observed in recent years as a result of climate change, can cause
the expansion of this pest to vineyards located at latitudes with
cold temperatures that prevent the optimal development of the
pest; that is, that global warming benefits insect pests in vineyards
by bringing the ambient temperature closer to their optimum
development temperature.7 Therefore, the results here reported
open up the possibility of carrying out future studies, such as cal-
culating the thermal integral that X. arvicola needs, or obtaining
models that relate the rate of development to the temperature
of the insect to the environmental temperature for the different
larval stages and the pupa stage of this insect. With these models,
and the knowledge of when the egg-laying takes place (if there is
no diapause), it would be also possible to predict the period of
emergence of the insects by measuring the temperature, which
would mean an advance in its integrated control.
According to Peláez et al.40 cold springs could delay the appear-

ance of adults in vineyards, leading to a higher concentration of
X. arvicola adults a few days later. Climatic data obtained55 from
the nearest weather station to the study vineyards (Mayorga de
Campos, Valladolid, Spain) recorded an average temperature of
10.62 °C in spring 2013, cooler than those in 2014 (13.40 °C),
2015 (13.60 °C), 2016 (11.70 °C), 2017 (14.70 °C), 2018 (11.70 °C),
2019 (12.32 °C) and 2020 (13.33 °C). These findings may help
explain both the delay in the appearance of insects in vineyards
during 2013 (there were no captures until 21 June), and the con-
centration of captures a few days later in the same year, in com-
parison to the results of the rest of the years.
In relation to ranges of days, significant differences were found

in the number of captures among range of days, so the highest
number of captures of X. arvicola was reached in R1, R2 and R3
ranges (from 1 to 30 June), this fact was verified through the sig-
nificant CI × RD interaction in all the years, except for the year
2013, when captures were delayed to R4 range in both varieties,
due to colder-than-standard spring temperatures, as explained
previously. The range of dates obtained for the emergence of
X. arvicola is in accordance with those described by other authors
in other areas and crops, that are from late June to mid-July in
vineyards of La Rioja43; from March to the end of July in vineyards
of Valladolid (Castilla y Leon)32 or from 14May to 26 August in Pru-
nus spinosa L. orchards in Navarra.44

In regard to results by variety, over the 8-year period of this work
a greater number of insects (males, females and totals) was cap-
tured in the ‘Tempranillo’ vineyard compared to the ‘Prieto
Picudo’ vineyard. Moreover, captures in ‘Tempranillo’ vineyard
were also higher during the periods of peak captures, and lasted
a longer period of time (except for 2019, when the period of cap-
tures was 10 days longer in ‘Prieto Picudo’). This could indicate
that ‘Tempranillo’ has a greater susceptibility to be attacked by
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X. arvicola than ‘Prieto Picudo’. Previous studies made by Ocete
and del Tío23 and Moreno et al.56 confirm these results and sup-
port that the ‘Prieto Picudo’ variety is also sensitive to be attacked
by X. arvicola, but with a low incidence.39 It has already been
demonstrated that a great number of X. arvicola is captured in
Tempranillo variety, regardless of the trap type (commercial or
prototypes).57 Peláez et al.40 found differences in the incidence
of X. arvicola attacks (as proportion of affected vines) with regard
to the levels of carbohydrates in the wood, so ‘Tempranillo’, ‘Viura’
and ‘Cabernet Sauvignon’ varieties, with low holocellulose and
high lignin contents, have higher incidence of X. arvicola attacks
when compared to the ‘Mencía’ variety, with low lignin and high
holocellulose contents.
Finally, the emergence timing and the length of this period for

X. arvicola adults in vineyards, varied greatly among years and
varieties. The explanation for this, according to Peláez et al.,40 Gar-
cía-Ruiz42 and Rodríguez-González et al.,57 all with similar results,
is that this pest has a staggered and/or prolonged emergence
period over time, or a staggering of egg laying.
In conclusion, the results of this experiment showed that low

spring temperature delayed the appearance of adults in the vine-
yards. The capture periods spanned from 1 June and 31 July, with
the period from 1 to 30 June having the greatest number of insect
captures, as long as weather conditions were favourable,
i.e. temperature above 20.00 °C and accumulated rainfall in
10 days lower than 0.40 mm, verified through the analysis of
parameter estimates, in which, only the temperature parameter
was significant. Therefore, our study provided useful information
for the control of this pest through an IPM strategy, which would
focus on positioning of the traps in periods when the climatic con-
ditions in the vineyards favour the capture of insects, optimizing
their function and providing peak captures.
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