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Abstract

The red palm weevil (Rhynchophorus ferrugineus Olivier) is a serious pest of date palm
(Phoenix dactylifera L.) worldwide and has become a major threat to date growers in the
Makeran Division, Balochistan, especially in the Panjgur district. This study monitored RPW
population dynamics and seasonal activity over 26 weeks (April-September 2025) in the
district of Panjgur, using pheromone-baited plastic bucket traps. Weekly adult counts, sex
ratio, and climatic data (temperature and relative humidity) were recorded. RPW adults were
present throughout the observation period, showing two population peaks: an early-season
peak and a late peak around weeks 24-26, with the lowest activity recorded at week 18. Mean
adult catches were 7.65 + 0.38 weevils per trap. Females were captured in greater numbers,
4.60 £ 0.25, than males, 3.04 £ 0.15, weevils per trap, indicating strong pheromone attraction.
The mean temperature in district Panjgur was 27.25 + 0.36°C, and the mean relative humidity
was 26.73 + 0.49%. Variety-wise infestation showed the Mozawati with the highest infestation,
11.33 £ 1.33, and Shakar with 6.67 + 0.66. The infestation rate of RPW adults and larvae varies
in different sample varieties; the average adult catches in all varieties were 3.02 + 0.35, and the
mean larval catches were 4.16 + 0.44. These results suggest that pheromone trapping,
combined with other control measures and timed to climatic windows, can improve
sustainable RPW management and date palm production in Makeran Division.
Keywords: Rhynchophorus ferrugineus; date palm; population dynamics; pheromone
trapping; temperature; varietal susceptibility
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233-Seasonal Population Dynamics of Red Palm

Introduction

The red palm weevil (RPW),
Rhynchophorus ferrugineus (Coleoptera:
Curculionidae), is a globally invasive pest
of palms. First described by Olivier in 1790,
it initially attacked coconut palms. (Lefroy
1906) and later date palms (Brand 1917 ).
By the mid-1980s, RPW had spread to the
Middle East, facilitated by the movement
of infected planting materials. (Faleiro et
al. 2012, Guerri-Agullo et al. 2010). Since
then, it has rapidly expanded across Asia,
Africa, Europe, and the Americas. (Al-
Ajlan 2008, Giblin-Davis et al. 2013). Due to
its destructive potential, FAO considers
RPW a major threat to food security and
has emphasized international cooperation
for its management. (El-Shafie and Faleiro
2020, FAO. 2017). RPW attacks nearly 30
palm  species worldwide, causing
substantial economic losses (Faleiro and
Ashok 2008, Hoddle, M.S. et al. 2024). Its
larvae tunnel inside palm trunks, making
early detection difficult and complicating
control efforts.(El-Juhany 2010, Wakil et al.
2015). Infestation can occur in both healthy
and stressed palms. (Abdel-Baky et al.
2022), Larvae feed on soft tissues for 1-3
months, pupate for 14-21 days, and
emerge as reddish-brown adults with a
lifespan of 1-5 months (Dembilio and Jacas
2011, Leon-Quinto et al. 2020) Pheromone-
based monitoring and management,
particularly with ferrugineol (4-methyl-5-
nonanol) (Antony et al. 2021), remain
effective, especially when combined with
attractants like fermented dates and ethyl
acetate (Abdel-Azim et al. 2019, Vacas et al.
2017) with male-released pheromones
attracting females to oviposit in wounds or
natural fissures (Abdel-Azim et al. 2019,
Chakravarthy et al. 2014, El-Wahab et al.
2021). Population studies indicate varietal
differences in susceptibility.(Salman et al.
2020). They reported that environmental
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factors such as temperature and humidity
significantly —influence RPW activity,
suggesting management strategies must
consider climatic windows. (Ikhlaqg et al.
2024, Salman et al. 2020). The date palm
(Phoenix dactylifera L.), a member of
the Arecaceae family, is an important fruit
crop in arid and semi-arid areas of the
world. Archaeobotanical evidence
suggests that it was domesticated in the
Middle Eastalmost 5,000 years ago and
spread to Egypt, India, North Africa, and
southern Europein the next millennia
(Gros-Balthazard et al. 2018, Krueger et al.
2023). According to FAO (2021) Pakistan
produces 9.51 million metric tons annually,
while Balochistan contributes a 57% share.

RPW infestation poses a serious threat
to the sustainability of date palm
production in the Makeran Division,
Balochistan. Limited knowledge of RPW
lifte cycle, population dynamics, and
varietal susceptibility constrains effective
pest management. Farmers in the region
frequently report RPW attacks. RPW is an
emerging and destructive pest of date
palms in Balochistan, particularly in the
district of Panjgur. The lack of detailed
information on its population dynamics,
climatic influences, varietal susceptibility,
and effective management strategies
threatens the economic stability of local
date production.

The study was conducted to assess the
population density, effect of climatic
factors, and varietal susceptibility of
Rhynchophorus ferrugineus in the districts
of Panjgur, Makeran Division, Balochistan,
Pakistan.

Materials and Methods

Study Area

The monitoring of Red Palm Weevil (RPW),
locally known as Togh, was carried out
from April to September 2025, in the
district of Panjgur, which is the second-
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largest date-producing area in Balochistan.
The RPW (Rhynchophorus ferrugineus)
(Olivier) is consistently being reported for
severe attack on date palm in the district.
For this research 3 date fields were selected,
every field with approximately 1 hectare.

L e

Figure 1: Map showing the district
Panjgur, Balochistan, Pakistan.
Pheromone  Trapping and  Data
Collection Method

Commercially available ferrugineol
pheromone lures, a blend of 4-methyl-5-
nonanol (31.5%) and 4-methyl-5-nonanone
(3.5%) in a 9:1 ratio, were used in
combination with a slow-release polymeric
synergist to attract both male and female
adults. Bucket traps baited with
ferrugineol pheromone were installed at a
density of 10 traps per hectare following an
RCBD layout. Traps were placed
approximately 10-15 m apart and
positioned in shaded areas near date palm
trunks. Each trap was partially buried so
that the trap opening remained at ground
level to enhance adult RPW capture. Food
bait (fermented dates) and water were
added as kairomone attractants and
refreshed weekly, along with lure
monitoring. Weekly inspections were
conducted, and captured weevils were
counted and sexed using morphological
identification of the rostrum and genitalia.
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The male and female were placed
separately.
Visual inspection of date palm trees

The visual random inspection was
done during the trial period. Every month,
100 palm trees were inspected and
examined for symptoms of RPW
infestation. During the visual inspection,
the infestation characteristics have been
observed, such as oozing of fluid, frond
damage, wilting, drying, or discoloration
of the plant, which is usually caused by
internal tissue attack by RPW. The empty
pupal cocoons around the plant are also an
indication of an attack by pests. This direct
observation technique helped to find out
the infestation severity in the field.
Destructive Sampling and Specimen
Collection
Destructive sampling was conducted twice
at 3-month intervals (April and July 2025).
Five commonly cultivated date palm
varieties from each district were selected
based on visible infestation symptoms.
Infested trunks were dissected using field
tools to assess internal damage and collect
RPW specimens. The numbers of larvae
and adults were recorded separately for
each variety to determine infestation
intensity and stage distribution.
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Figure 2: Field diagnosis and specimen
collection of Red Palm Weevil, (A) The
infected date palm being examined for
signs of RPW attack; (B) Adult and larval
stages of RPW collected from the infected
palm trunk.
Climatic Data Collection

Daily temperature (°C) and relative
humidity (%) data were recorded using
reliable meteorological online sources, i.e.,
NASA Power Data Access Viewer (DAV).
Mean weekly and monthly values were
used in the correlation and regression
analyses to assess the influence of climatic
factors on the RPW population.
Statistical Analyses
To quantify the infestation levels, the
infestation rate (%) for each location and
date palm variety was calculated using the
following formula:

Infestation Rate (%)
Number of Infected Trees

= X
Total Number of Trees Observed 100
This calculation provided a

standardized measure of RPW prevalence
in each study site. The

Statistical analysis was done by using
the software SPSS v20. The means of the
RPW population were computed for
population density, sex ratio, and
infestation rate.

Analysis of variance (ANOVA) was
used to calculate the level of significance,
and a post hoc test was done to compare
the  population  among  different
treatments. The population and weather
data correlation analysis test was done by
multiple linear regression.

For multiple linear regression, the
following formula was used:
Y=a+b1X1+b2X2+e
Where:
Y = Mean population density of
Rhynchophorus ferrugineus
a = Intercept (constant)
114 |Page
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b; = Regression coefficient for mean

temperature

b, = Regression coefficient for mean
relative humidity

X1 = Mean temperature (°C)

Xz = Mean relative humidity (%)

e = Random error term
Results
Population Density of Red Palm Weevil
(RPW) in District Panjgur
The mean population of Rhynchophorus
ferrugineus (RPW) adults trapped weekly
in the district Panjgur was 7.65+0.38
weevils per trap. There were significant
differences in RPW captured on a weekly,
the first week shows the highest number of
RPW catches with 19.67+0.88 weevils per
trap. After the first week, a gradual
decrease in the number of RPW catches was
seen in week 16 with 4.67+0.66 weevils and
week 18 with 4.33£0.33 weevils. Then a
progressive increase till week 26 with
9.33£1.2 weevils. The ANOVA result
showed highly significant temporal
fluctuations with an F value of 11.995 and a
p value < 0.001; the result confirmed that
the population was not changing
randomly. Tukey HSD test indicated that
the early period from week 1 to week 5,
with p value < 0.01 were significantly
different from the middle period of the trial
from week 12 to week 18. Figure 3.
Annexure(A)
Effect of Weather Parameters on RPW
Population in District Panjgur

The results showed that the weather
also affected the RPW population in
District Panjgur during the trial period.
The average mean temperature in district
Panjgur was recorded as 27.25+0.36°C, and
the average mean relative humidity was
26.73+0.49%. The Correlation analysis
shows that temperature played a crucial
role in RPW density. The Pearson
coefficient between total RPW and
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temperature was with an r value -0.621
and p value < 0.01, showing a negative and
significant correlation. The result showed
that whenever the temperature increases,
the number of RPW population decreases,
while the relative humidity did not show a
significant  relationship ~ with RPW
population. The result shows the
correlation between rpw and relative
humidity, with an r value of +0.095 and a p
value > 0.05. Regression test revealed that
temperature and humidity both showed a
negative relation with r value -0.346 and p
< 0.01. The multiple linear tests was
showed significant with an F value of
19.855 and p value < 0.001, and explained
44.6 %, R?2 = 0.446 of the variation in RPW
catches. These relationships demonstrate
that temperature acts as the limiting
environmental factor for RPW in Panjgur.
Moderate temperatures (25-28 °C) favour
activity and trap response, whereas heat
above 30 °C curtails weevil movement and
longevity. Humidity has a stabilizing but
less decisive role. Figure 4.
Annexure(B)
Infestation Rate of RPW on Different
Date Palm Varieties in District Panjgur
The 5 varieties of date palm, ie,
Haleeni, Jowansohr, Mozawati, Shakar,
and Zard, were surveyed and examined
for infestation ratio. Mozawati shows the
highest infestation, 11.33+1.33, and Shakar
6.67+0.66; the other three varieties are
Haleeni 2.66+0.66, Jowansohr 3.33%0.66,
and Zard 5.46+0.66. The ANOVA test
confirmed there are significant varietal
differences, with an F value of 18.562 and a
p value of 0.000. Levene’s test shows a p-
value of 0.171, indicating equal variances.
Tukey HSD results showed there is a
significant difference between Mozawati
and other observed varieties, with a p-
value < 0.05. Figure 5.
Annexure(C)
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Infestation rate of RPW (adult and larvae)
on date palm in District Panjgur

The infestation rate of RPW adults and
The infestation rate of RPW adults and
larvae varies in different sample varieties.
The average mean adult catches in all
verities was 3.02+0.35, and the mean larval
catches were 4.16 + 0.44; these results show
the larvae are slightly more numerous than
adults. The ANOVA test was done
separately for adults and larvae; both show
non-significant effects, and the result
shows the equal presence of adults and
larvae in all sample sites. The larvae
presence was higher than that of adults in
most sample sites.

5
45
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3
25
2
15
1
0.5
0

Population

ADULTS
Life Stages

LARVAE

Figure 6: Bar Chart showing Adult and
Larvae population on Date Palm in District
Panjgur
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Figure 7: Adults and Larvae of RPW. (A)
Trap showing multiple adult RPWs
attracted to pheromone lure, (B) adult and
larval RPWs collected from the trap during
field monitoring.

Discussion

The current study aimed to explore the
seasonal population dynamics of red palm
weevil (RPW), Rhynchophorus
ferrugineus (Coleoptera: Curculionidae)
under local climatic conditions of District
Panjgur, Makran Division. The continuous
detection of RPW during the entire period
of observation of 26 weeks (April-
September) confirms its year-round
activity and permanent establishment in
the date palm orchards of the district. The
continuous occurrence of the pest shows
that the pest is multivoltine in the Panjgur
region and can complete more than two
generations in a year in field conditions.
The average population of RPW recorded
during the monitoring period was 7.65 +
0.38 weevils per trap. The population
showed a clear bimodal activity pattern.
The population density was highest in the
first weeks of monitoring (in April) and
progressively decreased to the lowest
value at Week 16 (July). A subsequent
rebound was observed in the last weeks of
the study (Weeks 24-26) in September. This
bimodal pattern is consistent with the
population dynamics reported for other
subtropical regions, where, generally, two
annual peaks in RPW populations are
observed, influenced by temperature and
humidity thresholds (Arafa & Barakatt,
2021; Faleiro & Ashok Kumar, 2008).

The macroclimate of Panjgur District is
cooler and drier than the coastal date-
growing belts. The mean temperature and
relative humidity during the study period
were 27.25 * 0.36°C and 26.73 + 0.49%,
respectively. These environmental
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parameters exerted a strong influence on
pest activity and development. Reduced
egg viability and suppressed larval
survival in palm tissues, likely resulting
from reduced humidity in the lower
atmosphere and long periods of drought,
thus preventing rapid, exponential
population increases. The persistence of
RPW during the study period suggests that
this population has successfully adapted to
semi-arid ecosystems. Seasonal analysis
confirmed a strong association between
weekly adult abundance and climatic
variables. A temperature range of 25-32°C
showed higher adult activity, while
temperatures above 35°C caused a
significant reduction in trap catches.
Relative humidity was also found to be an
important  regulating  factor,  with
moderate humidity favoring field activity
and extreme aridity depressing adult
movement and reproductive success.
These results confirm a similar trend
reported by Al-Dosary et al. (2010) and
Hoddle et al. (2015) that ambient
temperature controls the metabolic rate,
fecundity, and developmental period of
RPW. Also, moderate humidity levels are
important for reducing desiccation of
sensitive eggs and early instar larvae in
host trunks (Bream et al., 2001; Pu et al,,
2019).

In correlation and regression analyses,
we found that climate played a leading
role, and significant trap catches were
observed. The statistical effect of relative
humidity on population fluctuations was
relatively less impact. Our climatic studies
agree with the findings of Cheong and
Azmi (2020), who observed that the RPW
populations increase with temperature up
to an optimum physiological threshold,
beyond which increased thermal stress
causes a decline in the population. As we
observed, the population decline from
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Week 2 to Week 16 coincided with
increasing daytime temperatures and
sharp drops in humidity. These harsh
conditions likely reduced oviposition, egg
survival, and larval establishment.
However, the secondary increase in
population over Weeks 24-26 points to the
beginning of a new cohort of adults. These
adults developed from earlier infestations
and emerged as microclimatic constraints

eased. Similar patterns of delayed
resurgence are well documented
throughout Egypt and the Arabian

Peninsula, whereby a change in humidity
or precipitation induces a synchronous
emergence of adults documented by
(Arafa & Barakatt, 2021, Dembilio et al.,
2012). During the data collection, sex ratio
analysis showed that a significant number
of the female population were captured.
This pattern was widely reported globally
for pheromone-mediated trapping systems
(Abdel-Azim et al., 2019; Chakravarthy et
al., 2014). We observed that aggregation
pheromone traps attract both sexes at the
same time, which make easier for
researchers to catch both sexes a same time
with a single trap installation. Abdel-
Hameid 202 and Leon-Quinto et al. ( 2020)
observed similar results and documented
great ecological utility for the integrated
pest management, and reported that one
fertilized female can lay over 200 eggs
under ideal conditions. Continued
removal of females provides a powerful
way to suppress future waves in the
generations.  The field infestation
assessment confirmed the presence of both
adults and larvae in the sampled orchards,
indicating the active reproduction and
successful establishment of the pest in the
research field. The average larval ratio
(4.16 £ 0.44) was significantly higher than
the average adult ratio (3.02 + 0.35),
suggesting a high density of cryptic,
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internal infestation pressure. ANOVA
analysis  indicated no  statistically
significant differences in pest density
among the evaluated geographic sites, but
the wide presence of larvae indicates that
internal damage is still occurring. The
study also indicated different
susceptibility of local cultivars in field
observations. Interestingly, the prominent
susceptibility and infestation of the
Mozawati variety could be structurally
associated with its physical characteristics.
The inside trunk tissues of the Mozawati
date palm are very soft compared to other
local varieties. This tissue structure
probably minimizes mechanical resistance
and allows for much easier burrowing,
feeding, and establishment of more
extensive feeding galleries within the host
by neonate larvae. The present research
supports that 26 weeks of monitoring
demonstrate that synthetic pheromone
trapping works as an extremely efficient
diagnostic and suppression tool for
managing RPW in the district of Panjgur. It
has the bonus of draining the breeding
pool while giving reliable data on
population monitoring through
continuous trapping. This dual-purpose
fits in with the findings laid out by Antony
et al. (2021), and Guarino et al. (2011)
supported the use of pheromone trapping
as an integral part of early detection and
population  suppression incorporated
within ~ regional = IPM  programs.
Temperature is the main factor driving red
palm weevil numbers in the district of
Panjgur. Even though the local climate is
quite dry, the pest has adapted remarkably
well, staying active year-round with
multiple overlapping generations. Because
of this, pest control programs in the region
cannot rely on rigid, pre-set calendar
schedules. Instead, management strategies
need to be flexible and guided by actual
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seasonal trends and weather forecasts.
Setting up pheromone traps, cleaning
orchards, and applying  targeted
treatments  right before  expected
population peaks will make control efforts
much more effective and protect Panjgur's
date palm industry.
Conclusion

The study demonstrates that red palm
weevil populations in Panjgur districts
exhibit clear seasonal fluctuations
influenced by climatic factors and palm
variety susceptibility. Early-season peaks
in April coincided with moderate
temperatures and humidity, while mid-
season declines, particularly in July, were
associated with higher temperatures and
extreme humidity. Female RPWs were
consistently more abundant than males,
highlighting strong reproductive activity.
Varieties such as Mozawati and Shakar
were more susceptible across both
districts, indicating varietal preference by
RPW. Overall, RPW population dynamics
are driven by a combination of climatic
conditions, seasonal trends, and host
variety, emphasizing the need for timely,
climate-informed  pest = management
strategies in date palm orchards. By
understanding these climatic
relationships, the local farmers of Makeran
Division can adjust management measures
to periods of high risk rather than applying
them uniformly throughout the year. The
data from the study can serve as a baseline
for further studies on forecasting models,
risk mapping, and optimization of
pheromone trap networks. Future studies
should focus on assessing degree day
requirements for development under local
conditions and on identifying climatic
thresholds for population suppression of
RPW. The population density of the red
palm weevil in Balochistan displays clear
seasonal patterns influenced by climatic
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factors such as temperature and humidity.
The annual cycle showed the two major
peaks in the RPW population. 1st peak was
at the early period of the study, and the 2nd
peak was at the end of the study period.
Both peak seasons show normal climatic
conditions, while the middle duration of
the study recorded higher temperatures,
causing low activity of the pest. The female
dominance across the region shows
uniform ecological conditions. These
findings highlighted the potential for
climate-based forecasting and pheromone-
guided management to form the backbone
of an effective IPM strategy for date palm
protection in Balochistan. By aligning
monitoring and control actions with
observed population trends, local farmers
of the region can achieve sustainable
suppression of R. ferrugineus while
conserving environmental and economic
resources.
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Figure 3: Bar chart showing the mean number of total RPW per week in District Panjgur.
The same letter in the bars indicates that there is no significant difference between the

populations of RPWs at a significance level of P<0.05.
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Figure 4: Scatter plot shows the weekly mean RPW vs. temperature and humidity in
district Panjgur.
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Figure 5: Bar graph showing the average RPW infestation for various susceptible date palm
varieties in the Panjgur district. The same letter in brackets indicates that there is no
significant difference between RPV infestations at a significance level of <0.05.
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