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Understanding how climate and host plant characteristics drive pest dynamics is essential for sustainable
vineyard management. This study investigated the seasonal population dynamics of Frankliniella occi-
dentalis and Jacobiasca lybica across four grapevine cultivars (Dabouki, Muscat, Red Globe, Victoria)
in Boumerd¢s, northern Algeria, during the 2022 growing season. Both species showed distinct seasonal
patterns, with F. occidentalis peaking in mid-summer and J. [ybica reaching maximum abundance in late
August. Jacobiasca lybica was strongly correlated with temperature, whereas F. occidentalis was nega-
tively influenced by rainfall. The generalised linear models highlighted the significant effects of climatic
variables on pest abundance. Among the grape cultivars, Dabouki exhibited higher infestation levels by J.
lybica compared with the other cultivars, while no significant cultivar-related differences were observed
for F. occidentalis. Redundancy analysis identified temperature as the main environmental factor shaping
pest population dynamics. These results highlight the combined influence of climate and cultivar sus-
ceptibility on pest dynamics and support locally adapted integrated pest management in Mediterranean
viticulture.

climatic variables, cultivar susceptibility, Western flower thrips, Grapevine leafthopper, integrated pest
management, seasonal dynamics

Introduction represents a major agricultural activity (Thiéry &

Moreau 2005, Daane & Johnson 2010). Vineyard

Grapevine (Vitis vinifera L.) is one of the most eco-  ecosystems host a wide range of insect pests capa-
nomically important fruit crops worldwide, particu-  ble of causing significant economic losses through
larly in Mediterranean regions where viticulture  direct damage to plant tissues and indirect effects
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on plant health and productivity. In North Africa,
and especially in Algeria, viticulture plays a crucial
role in agricultural production and rural develop-
ment. The coastal region of Boumerdés, character-
ised by favourable climatic and edaphic conditions,
constitutes one of the main grape-growing areas in
northern Algeria. However, vineyard productivity
and sustainability are increasingly threatened by
pest outbreaks, highlighting the need for a better un-
derstanding of the ecological factors regulating pest
populations.

Among the major pests affecting grapevine
systems, the western flower thrips Frankliniella oc-
cidentalis (Pergande, 1895) (Thysanoptera: Thripi-
dae) and the leathopper Jacobiasca lybica (Ber-
gevin & Zanon, 1922) (Hemiptera: Cicadellidae) are
of particular concern due to their wide distribution,
high reproductive capacity, and ability to respond
rapidly to environmental changes (Reitz 2009,
Chuche & Thiéry 2014). Frankliniella occidentalis,
native to western North America, has become one of
the most damaging polyphagous pests worldwide,
causing direct feeding injury to flowers, leaves, and
fruits, and acting as a vector of tospoviruses (Reitz
2009). Jacobiasca lybica is a key pest of vineyards
across the Mediterranean Basin and the Middle
East, where its feeding activity causes chlorosis,
leaf curling, and significant reductions in photosyn-
thetic capacity and yield (Chuche & Thiéry 2014).
Both species can significantly affect plant vigour
and yield through feeding damage, especially under
favourable climatic conditions.

Climatic factors play a central role in shaping
insect population dynamics. Temperature and rain-
fall directly influence insect development, survival,
dispersal, and reproduction (Woiwod 1997, Bale et
al. 2002, Jaworski & Hilszczanski 2013). Under on-
going climate change, many pest species are already
shifting their geographic ranges poleward and to
higher altitudes in response to rising temperatures
(Bebber et al. 2013, Deutsch et al. 2018). In Medi-
terranean agroecosystems, including those of north-
ern Algeria, strong seasonal variability — character-
ised by hot, dry summers and cooler, wetter periods
— creates distinct ecological niches that favour dif-
ferent pest species over time (Salinari et al. 2006,
Skendzi¢ et al. 2021). Understanding how these cli-
matic gradients structure pest population dynamics
is therefore essential for anticipating outbreak risks
and designing effective management strategies.

In addition to climatic drivers, host plant char-
acteristics can significantly influence pest abun-
dance and distribution. Grapevine cultivars differ
in morphological, physiological, and biochemical

398

traits, including leaf structure, phenology, and sec-
ondary metabolite composition, which may affect
insect host preference and performance (Schoon-
hoven et al. 2005, War et al. 2012). However, the
relative importance of cultivar effects, compared to
climatic factors, remains debated, as environmental
conditions may exert a stronger influence at broader
temporal and spatial scales (Skendzi¢ et al. 2021,
Srinivasa Rao 2022). Understanding the interaction
between host plant traits and climatic variables is
therefore essential for predicting pest outbreaks and
improving vineyard management.

Recent advances in ecological and statistical
approaches have provided powerful tools for ana-
lysing pest—environment relationships. Multivari-
ate techniques such as principal component analy-
sis (PCA) and redundancy analysis (RDA) allow
the identification of patterns in species distribution
and their association with environmental gradients
(Legendre & Legendre 2012). These approaches are
particularly useful for disentangling the combined
effects of climatic factors and host plant character-
istics on pest assemblages in agroecosystems and
are increasingly applied in vineyard entomology to
move beyond purely descriptive monitoring frame-
works.

Despite increasing research on vineyard pests,
there is still limited information on how climatic
variability and grape cultivar jointly influence pest
populations in North African vineyard systems. In
Algeria, several studies have investigated vineyard
arthropods and their seasonal dynamics, particularly
in northern regions (Bounaceur et al. 2018, Benme-
ziane et al. 2020, Benmokhtar et al. 2025). However,
most of these studies remain descriptive and do not
explicitly address the combined effects of climatic
variables and host plant characteristics using multi-
variate approaches. In the Boumerdes region, such
integrative studies are still scarce, despite the impor-
tance of viticulture in this area. This knowledge gap
limits the development of locally adapted integrated
pest management (IPM) strategies.

To address these gaps, the present study inves-
tigated the population dynamics of F. occidentalis
and J. Iybica in relation to grapevine cultivars and
climatic conditions in a vineyard located in Boume-
rdes, northern Algeria, during the 2022 growing
season. The specific objectives were to: (i) charac-
terise the seasonal population fluctuations of both
pest species across four table grape cultivars; (ii)
quantify the relationships between pest abundance
and key climatic variables, namely temperature and
rainfall; (iii) assess the influence of cultivar identity
on pest infestation levels; and (iv) apply multivari-
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ate ordination and generalised linear modelling ap-
proaches to disentangle the relative contributions of
climatic and cultivar-related factors to pest dynam-
ics. We hypothesised that temperature would be the
dominant climatic driver of seasonal pest dynamics,
that cultivar identity would significantly modulate
infestation levels — particularly for J. lybica — and
that the Dabouki cultivar would show higher suscep-
tibility compared to Muscat, Red Globe, and Vic-
toria, based on preliminary field observations. By
integrating seasonal monitoring, climatic analyses,
and cultivar-associated responses, this study aims to
provide ecological insights that may contribute to
the development of more effective and sustainable
IPM strategies for Mediterranean vineyard systems.

Materials and Methods

Study area

The study was conducted throughout the 2022
growing season (January—December) in a com-
mercial vineyard located in Boumerdés Province,
in the western part of the Mitidja Plain, northern
Algeria (Fig. 1). The study site was situated north-
east of the Zemmouri municipality (36°46'46.06" N,
3°35'49.95" E), approximately 40 km east of Algiers
and in close proximity to the Mediterranean coast.
This region is characterised by a typical Mediter-
ranean climate, with mild and moderately wet win-

ters and hot, dry summers — conditions known
to strongly influence pest population dynamics in
vineyard ecosystems (Salinari et al. 2006, Caffarra
& Eccel 2011).

The vineyard covered approximately 200 hect-
ares and was managed according to standard agro-
nomic practices conventional to the region. Vines
were trained using a pergola system with north—
south row orientation at a planting density of 1,000
vines ha™', and were three years old at the time of
sampling. Four Vitis vinifera L. table grape cultivars
were selected as experimental units: Muscat, Victo-
ria, Red Globe, and Dabouki. Insect sampling was
carried out across the entire phenological cycle of
the grapevine, from January to December 2022.

Insect sampling techniques and experimental
design

To obtain representative monitoring of the principal
grapevine pests, several complementary trapping
methods were employed according to the ecological
and behavioural characteristics of the target species.
Three sampling stations (S1, S2, and S3) were ran-
domly established within the vineyard. Each station
consisted of a 20 x 20 m plot (400 m?) comprising
five vine rows spaced 5 m apart, with approximate-
ly eight vines per row (about 40 vines per station).
The studied grapevine cultivars (Dabouki, Muscat,
Red Globe, and Victoria) were represented across
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the sampling stations, allowing comparisons of
pest abundance among cultivars under comparable
vineyard conditions. Traps were distributed within
each cultivar plot at canopy height and maintained
throughout the sampling period. The same trapping
effort was applied among cultivars to ensure compa-
rable monitoring intensity.

Different trap types were used for the two
pest species because of their distinct attraction re-
sponses and monitoring requirements. F. occidenta-
lis was monitored using blue water pan traps and
pheromone-based delta traps. The delta traps were
equipped with commercial pheromone lures sup-
plied by Biotop (France), which are widely rec-
ognised as effective tools for thrips detection and
monitoring. According to the manufacturer, the lure
consists of a species-specific sex pheromone blend.
The exact chemical composition and release rate are
proprietary information not disclosed by the manu-
facturer. Each capsule has an effective field duration
of approximately 4-6 weeks depending on environ-
mental conditions. In contrast, J. lybica was sam-
pled using yellow water pan traps and yellow sticky
traps, commonly employed for monitoring leathop-
per populations in vineyards. Although these sam-
pling methods are appropriate for species-specific
monitoring, differences in trap attractiveness and
capture efficiency may influence absolute abundance
estimates. Therefore, absolute abundance values are
not directly comparable between the two pest spe-
cies, and all analyses were conducted independently
for each species. Consequently, direct quantitative
comparisons between species should be interpreted
cautiously. However, analyses focusing on temporal
population dynamics, climatic responses, and culti-
var susceptibility within each species remain robust
and ecologically meaningful.

The experimental design included four types of
traps: (i) yellow water pan traps, (ii) blue water pan
traps, (iii) yellow sticky traps, and (iv) pheromone-
baited delta traps. A total of 5 yellow water pan
traps were deployed for monitoring J. lybica. These
traps consisted of rigid cylindrical plastic containers
filled with water containing a few drops of unscent-
ed dishwashing liquid to reduce surface tension and
improve insect capture efficiency. Each trap had a
diameter of approximately 25 cm and a depth of
10 cm, and was placed at canopy height within the
vineyard. A total of 5 blue water pan traps were used
for monitoring F. occidentalis. These traps had the
same structure and dimensions as the yellow pan
traps (25 cm diameter, 10 cm depth) but were col-
oured blue to increase attractiveness to thrips (Acha-
rya et al. 2021, Abdennour et al. 2025). In addition,
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10 yellow sticky traps (20 x 20 cm) were deployed
for monitoring J. lybica. These traps consisted of
rigid plastic boards coated on both sides with a non-
drying adhesive (Pestifix®, Tallinn, Estonia) and
were fixed vertically at canopy height (Bockmann
et al. 2021). Finally, 5 pheromone-baited delta traps
were used for monitoring F. occidentalis. Delta traps
were made of triangular plastic structures equipped
with sticky inserts and pheromone dispensers. The
traps were placed within the canopy and baited with
commercial pheromone capsules (Biotop, France)
specific to F. occidentalis. Each lure had an effective
field release duration of approximately 4-6 weeks
under environmental conditions (Fig. 2). All traps
were distributed randomly within the experimental
vineyard and inspected at regular sampling inter-
vals throughout the study period. Pictures of all trap
types are provided in the supplementary materials.

Traps were inspected every 10 days, whereas
sticky traps were replaced twice monthly. To ensure
homogeneous spatial coverage and minimise poten-
tial spatial bias, sampling plots were relocated after
each sampling session (Bounaceur et al. 2018). The
contents of water traps were filtered and preserved
in 75% ethanol. Insects collected from sticky traps
were carefully removed using kerosene, rinsed suc-
cessively in absolute ethanol (96%), and mounted
for morphological examination. All specimens were
identified to species level using a Leica MS5 stere-
omicroscope (Leica Microsystems GmbH, Wetzlar,
Germany) based on standard taxonomic keys (Ata-
kan & Pehlivan 2015). Identification of Frankliniel-
la occidentalis was based on diagnostic characters
such as the presence of ocellar setae pair III arising
within the ocellar triangle, the arrangement of pro-
notal setae, and the characteristic comb of micro-
trichia on the posterior margin of abdominal tergite
VIIL. Jacobiasca lybica was identified by its slender
pale green body, the shape of the male genital struc-
tures, and characteristic features of the forewings
and hind tibial chaetotaxy.

Climatic data

Climatic data corresponding to each sampling date
were obtained from the Boumerdés meteorological
station (National Office of Meteorology, ONM), lo-
cated approximately 12 km from the study site in
Zemmouri (Boumerdés, Algeria). The station is a
synoptic observation site equipped with standard
automated instruments for continuous monitoring of
meteorological variables. The following variables
were considered: mean temperature (°C), maximum
temperature (Tmax, °C), minimum temperature
(Tmin, °C) and cumulative rainfall (mm).
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Fig. 2. Schematic representation of the sampling design in each vineyard plot at the study station.

Temperature and rainfall are widely recognised
as among the main abiotic drivers of insect popu-
lation dynamics in agroecosystems, particularly in
Mediterranean vineyards (Salinari et al. 2006, Caf-
farra & Eccel 2011). These variables were therefore
selected to evaluate their influence on pest abun-
dance.

Statistical analyses

All statistical analyses were performed using R soft-
ware (R Core Team 2023).

Descriptive analysis

Seasonal dynamics of pest populations were as-
sessed by plotting temporal variations in abundance
for each species and cultivar. Descriptive statistics,
including total abundance, mean abundance, and
maximum values, were calculated using R software
(R Core Team, 2023). The analyses were performed
using the dplyr package (functions group by and
summarise), while graphical representations were
produced using the ggplot? package (Wickham
2016).

Correlation analysis

Relationships between pest abundance and climatic
variables were evaluated using Spearman’s rank
correlation coefficients. This non-parametric meth-
od was selected due to the non-normal distribution
of count data (Zar 2010). Correlation analyses were
performed using R software (R Core Team, 2023),
specifically the base R function cor() with the argu-
ment method = “spearman”. Statistical significance
was assessed at p < 0.05.

Comparative analysis among cultivars

Differences in pest abundance among grapevine
cultivars were assessed using one-way analysis
of variance (ANOVA), followed by Tukey’s hon-
estly significant difference (HSD) post-hoc tests
for pairwise comparisons when significant effects
were detected. Analyses were performed in R soft-
ware (R Core Team, 2023) using the stats package,
specifically the functions aov() and TukeyHSD().
Results were considered statistically significant at
p <0.05.
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Generalized linear model

The effects of climatic variables and cultivar iden-
tity on pest abundance were modelled using general-
ised linear models (GLMs) with a negative binomial
error distribution and a log link function, which is
appropriate for overdispersed count data (Ver Hoef
& Boveng, 2007). Separate models were fitted for
each pest species. The general model structure was
as follows: Count ~ Cultivar + Tmean + Rainfall,
where Tmean denotes mean temperature (°C) and
Rainfall refers to cumulative precipitation (mm) re-
corded at each sampling date. GLMs were fitted us-
ing R software (R Core Team, 2023), specifically the
MASS package (function glm.nb()). Model param-
eters were estimated by maximum likelihood. The
statistical significance of individual predictors was
assessed using Wald tests, while overall effects were
evaluated using likelihood ratio chi-square (LR ¥?)
tests. Model fit was assessed by comparing residual
deviance with degrees of freedom.

Boxplot analysis

Boxplots were used to visualise differences in pest
abundance distributions among grapevine cultivars.
This graphical approach allowed the comparison
of median values, interquartile ranges, and tempo-
ral variability of pest populations for each cultivar
and species. Individual sampling dates were su-
perimposed to illustrate within-cultivar variability
throughout the growing season. Boxplots were gen-
erated using R software (R Core Team, 2023), spe-
cifically the ggplot2? package (function geom box-

plot()).

Heatmap analysis

Heatmaps were generated using the R package pheat-
map (Kolde, 2019) with the function pheatmap() to
visualise seasonal and cultivar-related variation in
pest abundance. Colour intensity represented rela-
tive abundance across sampling dates and cultivars.

Redundancy analysis (RDA)

Redundancy analysis (RDA) was conducted to as-
sess the combined effects of climatic variables and
cultivar on pest assemblages. This constrained ordi-
nation method is widely used to relate community
composition to environmental variables (Legendre
& Legendre, 2012).

The response matrix consisted of pest abun-
dances, while the explanatory matrix included tem-
perature, rainfall, and cultivar. RDA was performed
using R software (R Core Team, 2023), specifically
the vegan package (function rda()). The significance
of the global model and individual predictors was
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tested using permutation tests (999 permutations)
implemented with the anova.cca() function.

Results

Comparative seasonal population dynamics of the
two pest species across grapevine cultivars

The temporal dynamics of F. occidentalis and
J. lybica showed marked differences in population
trends across the four grapevine cultivars (Fig. 3).

Although trap monitoring was maintained
throughout the entire calendar year 2022, neither F.
occidentalis nor J. lybica were detected during the
winter dormancy period (January-February and No-
vember—December). Both species were first record-
ed in early spring, therefore all subsequent popula-
tion dynamics refer to the March-October activity
period.

For F occidentalis, populations increased pro-
gressively from early spring (March-April), reaching
a peak during mid-summer (late July-early August),
followed by a rapid and consistent decline towards
the end of the active season (September—October).
In contrast, J. lybica displayed a delayed population
buildup. Individuals were nearly absent during the
early season and began to increase from late spring
(May—June). The population peaked later than F
occidentalis, with maximum densities observed in
late August. This species showed a highly uneven
distribution among cultivars, with a pronounced in-
festation on Dabouki, whereas Muscat, Red Globe,
and Victoria maintained very low abundance levels
throughout the season.

A clear cultivar-related pattern was observed,
although the responses differed between the two
pest species. For F. occidentalis, higher abundance
levels were generally recorded on the Victoria cul-
tivar, while differences among cultivars remained
relatively moderate. In contrast, J. lybica exhibited
a pronounced cultivar effect, with Dabouki showing
a sharp population peak and markedly higher infes-
tation levels than the other cultivars. Muscat, Red
Globe, and Victoria maintained comparatively low
J. lybica abundance throughout the growing season.
These differences indicate contrasting abundance
patterns among grapevine cultivars between the two
pest species.

The two pest species exhibited distinct tempo-
ral niches with different seasonal peak periods dur-
ing the growing season. F. occidentalis peaked ear-
lier in the growing season, whereas J. [ybica reached
its maximum abundance later.

The shaded areas in Fig. 3 highlight the main
biological activity periods of each species, con-
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Fig. 3. Seasonal population dynamics of Frankliniella occidentalis (a) and Jacobiasca lybica (b) on four grapevine
cultivars (Dabouki, Muscat, Red Globe, and Victoria) at the Boumerde¢s site during the 2022 growing season, in rela-
tion to daily minimum (Tmin) and maximum (Tmax) temperatures (°C) and cumulative rainfall (mm) recorded at each
sampling date (c). Grey-shaded areas represent the main periods of peak biological activity of each species. Each point
corresponds to the mean number of individuals recorded per sampling date.

Table 1. Spearman correlation coefficients between pest abundance and climatic variables

Pest r (Tmin) r (Tmax) r (Tmean) r (Rainfall)
Jacobiasca lybica 0.908*** 0.954 %% 0.954 % —0.639%***
Frankliniella occidentalis 0.391 ns 0.528%*%* 0.545%* —0.811%**

Significance codes: *** p <0.001; ** p <0.01
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firming that F. occidentalis dominates during mid-
summer, while J. lybica becomes more prominent
towards late summer. The vertical dotted lines rep-
resenting sampling dates further emphasise the con-
sistency of these temporal patterns. All subsequent
analyses and comparisons were based on statisti-
cal tests (ANOVA, GLM and post-hoc Tukey tests)
where appropriate.

Seasonal variation in total abundance and
climatic conditions

Seasonal fluctuations in total pest abundance and
concurrent climatic conditions are jointly illustrat-
ed in Fig. 3. The temporal dynamics of total pest
abundance showed a clear seasonal pattern across
all grapevine cultivars. Pest populations progres-
sively increased from early spring (March-April),
reaching a maximum during mid- to late summer
(July-August), followed by a sharp decline towards
autumn (September-October). This pattern was con-
sistent across cultivars, although marked differences
in infestation intensity were observed.

The Dabouki cultivar exhibited the highest
pest abundance throughout the season, with a pro-
nounced peak at the end of July, exceeding 250 indi-
viduals. In contrast, Victoria and Red Globe showed
intermediate infestation levels, while Muscat con-
sistently presented the lowest pest abundance. These
results indicate a higher susceptibility of Dabouki
to pest infestation, whereas Muscat exhibited com-
paratively lower pest abundance.

The lower panel of the figure highlights the
corresponding climatic conditions. Temperature in-
creased steadily from spring to summer, with maxi-
mum temperatures exceeding 30°C during July and
August, while minimum temperatures followed a
similar upward trend. In contrast, precipitation was
relatively higher during spring and autumn, and
reached minimal values during the summer period.

The synchronisation between pest population
peaks and high-temperature periods suggests a strong
positive relationship between temperature and pest
abundance. Conversely, the decline in pest popula-
tions coincided with decreasing temperatures and
increased precipitation in late summer and autumn.
These patterns indicate that warm and dry conditions
favour pest development, whereas rainfall may exert
a limiting effect, possibly through direct mortality or
indirect impacts on host plant conditions.

Relationships between pest abundance and
climatic variables

Spearman correlation analysis revealed contrasting
relationships between pest abundance and climatic
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variables. J. lybica showed strong and positive cor-
relations with temperature variables, particularly
Tmax and Tmean (r = 0.954, p < 0.001), as well
as Tmin (r = 0.908, p < 0.001). This indicates that
leathopper abundance increased markedly with ris-
ing temperatures. Rainfall was negatively correlated
with J. lybica abundance (r = —0.639, p < 0.001),
suggesting that wetter conditions were associated
with reduced population levels (Table 1).

F occidentalis exhibited weaker positive re-
lationships with temperature. Its abundance was
not significantly correlated with Tmin (r = 0.391)
but showed significant positive correlations with
Tmax (r=0.528, p <0.01) and Tmean (r = 0.545, p
< 0.01). In contrast, rainfall showed a strong nega-
tive correlation with F occidentalis abundance (r
= —-0.811, p < 0.001), indicating a marked decline
of thrips populations during wetter periods. These
trends were further confirmed by GLM analyses.

These findings were consistent across multi-
variate analyses (RDA), confirming the dominant
role of temperature and rainfall in structuring pest
abundance.

Effects of climatic variables on pest abundance
(GLM analysis)

Negative binomial generalised linear models
showed a good fit to the abundance data for both
pest species, as indicated by the substantial re-
duction between null and residual deviance val-
ues. For Jacobiasca lybica, the model exhibited a
null deviance of 1300.85 and a residual deviance
of 94.17 (AIC = 436.33), indicating that climatic
variables and cultivar explained a large proportion
of abundance variability. Similarly, the model for
Frankliniella occidentalis showed a null deviance
of 184.80 and a residual deviance of 119.87 (AIC =
876.67), supporting the suitability of the negative
binomial distribution for modelling overdispersed
count data.

The GLM analysis revealed significant effects
of climatic variables on pest abundance, although
the magnitude and direction of these effects differed
between the two pest species (Table 2).

For J. lybica, mean temperature exerted a
strong positive effect on population abundance (f =
0.315, p <0.001), indicating that leafhopper popula-
tions increased markedly under warmer conditions.
In contrast, rainfall had a significant negative effect
on abundance (p = —0.026, p = 0.016), suggesting
that precipitation reduced population density. These
results indicate that J. [ybica outbreaks were strong-
ly favoured by warm and relatively dry climatic
conditions.
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Table 2. Effects of climatic variables on pest abundance (negative binomial GLM)

Pest Variable Estimate SE p-value
o ) ) Tmean —0.043 0.023 0.0616 ns
Frankliniella occidentalis -
Rainfall —-0.141 0.016 <0.001 ***
Tmean 0.315 0.023 <0.001 ***
Jacobiasca lybica -
Rainfall —0.026 0.011 0.0161 *
Significance codes: *** p <0.001; ** p <0.01; * p < 0.05; ns = not significant.
Table 3. Effect of grape cultivar on pest abundance (reference = Dabouki)
Pest Cultivar Estimate SE p-value Significance
Muscat —0.128 0.289 0.6587 ns
Frankliniella occidentalis Red Globe 0.122 0.288 0.6708 ns
Victoria 0.358 0.288 0.2135 ns
Muscat —2.130 0.163 <0.001 ok
Jacobiasca lybica Red Globe —2.533 0.175 <0.001 ok
Victoria —2.510 0.175 <0.001 otk

Significance codes: *** p <0.001; ** p <0.01

In the case of F. occidentalis, rainfall showed a
strong negative effect on abundance (f = —0.141, p
< 0.001), indicating a pronounced decline in thrips
populations during wetter periods. Mean tempera-
ture, however, did not significantly affect abundance
(B =—0.043, p = 0.062), although a slight negative
trend was observed. Overall, the results suggest that
precipitation was the main climatic factor influenc-
ing F. occidentalis population dynamics.

Comparatively, J. lybica appeared to be pri-
marily driven by temperature increase, whereas £
occidentalis populations were more strongly con-
strained by rainfall variability. These findings high-
light the differential responses of vineyard pests to
climatic conditions and emphasise the important
role of seasonal weather conditions in shaping pest
population dynamics. These results were consistent
with correlation analyses.

Effect of grape cultivar on pest abundance

Negative binomial GLM analysis revealed signifi-
cant differences in pest abundance among grapevine
cultivars, with contrasting responses between the
two pest species (Table 3).

For J. lybica, grape cultivar had a highly sig-
nificant effect on population abundance (LR y* =
424.86, df = 3, p < 0.001). Compared with the ref-
erence cultivar Dabouki, Muscat (B = —2.130, SE
= 0.163, z = —13.05, p < 0.001), Red Globe (p =
—2.533,SE=0.175,z=-14.44,p < 0.001), and Vic-
toria (B=-2.510,SE=0.175,z=-14.37,p <0.001)

exhibited significantly lower infestation levels.
Post-hoc Tukey HSD tests confirmed these differ-
ences, with Dabouki showing the highest abundance
(group a), whereas Muscat, Red Globe, and Victoria
belonged to a significantly lower abundance group
(group b) (Fig. 4). These findings indicate that Da-
bouki showed significantly higher J. /ybica abun-
dance compared with the other cultivars.

In contrast, grape cultivar did not significantly
influence F. occidentalis abundance (LR y* = 3.18,
df =3, p = 0.366). No significant differences were
detected among Dabouki, Muscat, Red Globe, and
Victoria, as all cultivars shared the same Tukey sig-
nificance group (Fig. 4). These results indicate that
F. occidentalis populations were relatively homoge-
neous across grapevine cultivars.

Overall, host plant cultivar played a major
role in determining J. /ybica population dynamics,
whereas cultivar-related susceptibility appeared
negligible for F occidentalis.

The heatmap provided a complementary visu-
alisation of seasonal and cultivar-dependent patterns
of pest abundance. It highlighted the marked aggre-
gation of J. lybica on the Dabouki cultivar and the
distinct temporal peaks of both pest species, sup-
porting the ecological patterns identified by the sta-
tistical analyses (Fig. 5).

Multivariate analysis of pest assemblages (RDA)

The redundancy analysis (RDA) revealed a highly
significant relationship between pest abundance and
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Fig. 4. Boxplot representation of the abundance of Frankliniella occidentalis and Jacobiasca lybica across four grapevine
cultivars during the 2022 growing season in Boumerdes, northern Algeria. Points represent individual sampling dates.

Frankliniella occidentalis

Dabouki

Red Globe

Victoria

Muscat

Dabouki

Grapevine cultivar

Red Globe

Victoria

Muscat

_iN
N

Abundance

200
I 150
- 100

50

Jacobiasca lybica

AN ;

s\““‘ﬂ ﬂ'ﬁﬂ a\’“ﬂg’ a\‘“fﬂ a\"“(ﬂ &“ﬂt @‘W ‘JP{B’ 6’“‘0 a‘dﬂ dﬁﬂ a"“’\{b 1\‘““3 1\"“& -\M o\‘dﬂ N w\’“ﬂ} u)*"& -ﬂﬂ q(,df" @\“&J ,\u\”[“w «9@
Sampling date
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across grapevine cultivars during the 2022 growing season in Boumerdes, northern Algeria. Darker colours indicate

higher pest abundance.

climatic variables (Fig. 6). The overall model was
statistically significant (F = 44.22, p = 0.001), indi-
cating that climatic variables explain a substantial
proportion of the variation in pest distribution.

The first two canonical axes explained a large
share of the constrained variance, with RDAI ac-
counting for 54.5% and RDA2 for 11.6%. Permu-
tation tests showed that both axes were highly sig-
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nificant (RDA1: F = 145.88, p = 0.001; RDA2: F
= 32.02, p = 0.001), confirming that they capture
meaningful ecological gradients structuring pest
abundance.

Forward selection of environmental variables
indicated that all climatic factors included in the
model significantly contributed to explaining pest
distribution. Mean temperature had the strongest ef-
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Fig. 6. Redundancy analysis (RDA) showing the relation-
ships between grapevine pest assemblages, climatic vari-
ables, and grape cultivars at the Boumerdes site during
the 2022 growing season. Arrows represent pest species
in black and climatic variables in red. Points correspond to
sampling dates and are coloured according to grape cultivar.

fect (F =125.24, p =0.001), followed by Tmin (F =
31.23,p=0.001), rainfall (F=11.70, p=10.002), and
Tmax (F = 8.71, p = 0.002). These results highlight
temperature as the dominant environmental factor
influencing pest abundance, with rainfall also play-
ing a significant, though secondary, role.

The ordination diagram showed a clear separa-
tion of pest species along climatic gradients. J. lybi-
ca was strongly associated with temperature-related
variables (Tmean, Tmax, and Tmin), indicating
increased abundance under warmer conditions. In
contrast, F. occidentalis was oriented in the oppo-
site direction, indicating a negative association with
rainfall, suggesting reduced population levels dur-
ing wetter periods. Sampling points were structured
according to grapevine cultivar, with the Dabouki
cultivar clearly positioned along the temperature
gradient and associated with higher pest abundance,
particularly of J. lybica. In contrast, Muscat, Red
Globe, and Victoria were grouped closer to the ori-
gin, reflecting lower infestation levels and weaker
associations with climatic variables.

Discussion

The present study provides a comprehensive as-
sessment of the population dynamics and ecologi-
cal responses of the two major grapevine pests, F.
occidentalis and J. lybica, in relation to grapevine
cultivars and climatic conditions in the Boumerdés
vineyard during the 2022 growing season.

The year-round monitoring design adopted
in this study (January—December 2022) confirmed

that both F occidentalis and J. [ybica are strictly
seasonal pests in the Boumerdés region, with ac-
tivity confined to the grapevine vegetative period
extending from March to October. The absence of
captures during winter months is consistent with the
overwintering ecology of these species, which typi-
cally enter diapause-like states or occupy alternative
refuge habitats during unfavourable climatic condi-
tions (Reitz 2009, Chuche & Thiéry 2014). These
findings emphasise the importance of initiating pest
monitoring programs early in the growing season,
particularly from March onward, to ensure rapid
detection of initial population establishment and to
improve the timing of management interventions.

The seasonal dynamics revealed marked tem-
poral differentiation between the two pest species. F
occidentalis exhibited an earlier population increase
during spring and early summer, followed by a grad-
ual decline toward the end of the season. In contrast,
J. lybica displayed a delayed but much more pro-
nounced population outbreak, with maximum abun-
dances recorded during late summer (Reitz 2009,
Caffarra et al. 2012). Similar temperature-driven
seasonal peaks have previously been reported for
other vineyard pests in northern Algeria, including
Lobesia botrana (Denis & Schiffermiiller, 1775)
and Planococcus ficus (Signoret, 1875) (Bounaceur
et al. 2011, Bissaad et al. 2017). The present study,
therefore, reinforces growing evidence that Mediter-
ranean vineyard pests are highly sensitive to season-
al climatic variability.

The boxplot analysis, together with the multi-
variate ordination analyses (RDA), demonstrated a
strong cultivar-related structuring of pest abundance
patterns. The clear separation of the Dabouki culti-
var from Muscat, Red Globe, and Victoria indicated
a markedly higher susceptibility, primarily associat-
ed with elevated J. /ybica abundance. These patterns
were consistent with previous analyses demonstrat-
ing that Dabouki exhibited greater susceptibility to
J. lybica than the other cultivars. In contrast, culti-
var identity had no significant effect on F. occiden-
talis abundance, suggesting that thrips populations
were only weakly influenced by varietal charac-
teristics. Similar differences in pest colonisation
among grapevine cultivars have been documented
in Mediterranean agroecosystems and are common-
ly associated with variations in plant morphology,
physiology, and biochemical composition (Duso &
Pasqualetto 1993, Bostanian et al. 2003).

The high susceptibility of Dabouki to J. lybica
may result from several interacting mechanisms.
Morphological traits such as reduced trichome den-
sity, thinner epidermal tissues, or differences in leaf
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surface texture may facilitate feeding and oviposi-
tion by sap-sucking insects. In addition, cultivar-de-
pendent variation in secondary metabolites, includ-
ing phenolic compounds and defensive chemicals,
is known to influence herbivore preference and
performance (Schoonhoven et al. 2005, War et al.
2012). Phenological characteristics may also con-
tribute to this susceptibility, as cultivars maintaining
prolonged vegetative activity during summer can
provide more favourable conditions for leathopper
development and reproduction.

The GLM and RDA analyses highlighted the
dominant role of climatic variables in shaping pest
population dynamics. J. [ybica was strongly asso-
ciated with increasing temperatures, particularly
along the gradients represented by Tmean, Tmax,
and Tmin. These findings are consistent with pre-
vious studies showing that temperature is a major
driver of leathopper phenology and outbreak inten-
sity in vineyards (Chuche & Thiéry 2014).

Similarly, the RDA ordination positioned F
occidentalis opposite to the rainfall gradient, indi-
cating lower population levels under wetter condi-
tions. Rainfall may directly affect thrips populations
through wash-off effects, increased mortality, or
unfavourable humidity conditions that reduce sur-
vival and reproductive success (Lewis 1997, Reitz
2009). Comparable climatic responses have also
been reported in other Mediterranean vineyard sys-
tems (Caffarra et al. 2012). Interestingly, although J.
lybica was absent during periods of intense rainfall
early in the season, the overall statistical effect of
rainfall was stronger for F. occidentalis, indicating
that precipitation exerted a more consistent suppres-
sive effect on thrips populations across the entire
growing season.

The combined influence of cultivar suscepti-
bility and climatic conditions appears to be a major
determinant of pest pressure in the studied vine-
yard system. The strong association between Da-
bouki and J. lybica along the temperature gradient
suggests that the susceptibility of this cultivar may
become exacerbated under warm and relatively dry
conditions, thereby increasing the risk of severe
leathopper outbreaks. In semi-arid Mediterranean
environments such as northern Algeria, increas-
ing temperatures associated with ongoing climatic
change may further intensify pest pressure and al-
ter seasonal population dynamics (Bounaceur et al.
2011, Gutierrez et al. 2016, Bissaad et al. 2017).

Despite the robustness of the present findings,
several limitations should be acknowledged. First,
the study was restricted to a single growing season,
which may not fully capture interannual variabil-
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ity in pest dynamics and climate—pest interactions.
Multi-year monitoring would therefore be neces-
sary to determine the temporal consistency of the
observed patterns. Second, direct measurements of
cultivar functional traits, including leaf trichome
density, epidermal thickness, phenolic composi-
tion, and phenological development, were not incor-
porated into the study design. Such measurements
would be essential to identify the precise mecha-
nisms underlying the marked susceptibility of Da-
bouki. Third, climatic variables were obtained from
a nearby meteorological station and analysed at a
10-day temporal resolution, which may not fully re-
flect fine-scale microclimatic variability within the
vineyard canopy. Finally, additional biotic factors
such as natural enemy activity, interspecific inter-
actions, and vineyard management practices were
not explicitly considered and may also contribute to
variation in pest abundance.

From an applied perspective, these findings
provide important insights for integrated pest man-
agement (IPM) strategies in Mediterranean vine-
yards. The identification of Dabouki as a highly sus-
ceptible cultivar highlights the need for intensified
monitoring and targeted control measures, particu-
larly during warm periods favourable to J. lybica
population development. More broadly, integrating
cultivar selection with climatic risk assessment may
improve pest management efficiency and contribute
to the development of more sustainable viticultural
practices under changing climatic conditions.

Although this study provides useful informa-
tion on pest seasonal dynamics under Mediterranean
vineyard conditions, it was conducted during a sin-
gle growing season and within one vineyard site.
Therefore, additional multi-year and multi-location
studies are needed to evaluate the temporal stability
and broader applicability of these patterns.

Overall, the present study demonstrates that ef-
fective pest management in Mediterranean vineyard
ecosystems requires an integrated understanding
of both climatic drivers and cultivar susceptibility.
These two dimensions should be jointly considered
when developing adaptive and locally calibrated
IPM strategies for sustainable grapevine production.

Conclusion

This study demonstrated that Frankliniella oc-
cidentalis and Jacobiasca lybica exhibit distinct
seasonal dynamics in a Mediterranean vineyard
in northern Algeria, with activity restricted to the
grapevine growing period. Their population pat-
terns were strongly influenced by climatic condi-
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tions, particularly temperature and rainfall, which
shaped the timing and intensity of infestations. In
addition, cultivar identity had a marked effect on J.
lybica, with Dabouki showing the highest suscepti-
bility, whereas the other cultivars supported lower
infestation levels. By contrast, F. occidentalis was
less influenced by cultivar differences. These find-
ings emphasise the importance of considering both
climatic variability and cultivar susceptibility when
developing monitoring programs and integrated
pest management strategies for Mediterranean viti-
culture.
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