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Abstract: The current study presents the first documented interaction between the date palm scale insect (Parlatoria
blanchardi) and the black rats (Rattus rattus). For a year, this study investigated whether R. rattus could serve as a me-
ans of phoresy for the survival of P blanchardi and the potential risks associated with its spread to date palm stands.
Our research revealed a prevalence rate of P blanchardi on R. rattus of 5.79% during the year, while a higher rate of
9.33% was observed during a specific five-month period. The mean infestation intensity was 3.39 parasites/rat during
these five months. Statistical data revealed a highly significant difference in the distribution of the three age classes of
P, blanchardi among the age categories of R. rattus (> = 62.067, df = 24, P = 3.244e—05). Furthermore, rat age classes
differed significantly in their P blanchardi infestation levels (x> = 18.246, df = 3, P = < 0.001). The Negative Binomial
Mixed Model showed a significant positive effect of temperature [(generalised linear mixed-effects models (GLMM):
z (estimate/standard error) = 3.13, P < 0.01)] and sex (male) (GLMM: z = 2.22, P < 0.001) on insect abundance. These
findings suggest that black rats may represent a previously unknown form of phoresy for the survival of the date palm
scale insect, emphasising the need for further research to investigate this novel ecological interaction and its potential
implications for pest management.
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The date palm tree (Phoenix dactylifera L.) is
a vital crop in the Middle East and North Africa
(MENA) region (Tirichine 2010). It has allowed
for the diverse plant and animal life types necessary
for population preservation and survival, serving
as the primary pillar of oasis ecosystems (Dhouibi
2000; Bouguedoura et al. 2010). Algeria is a major
producer of dates, accounting for 500 000 t a year,
ranking first in the Maghreb and fourth in the
world, with 8% of world production (FAO 2023).
Similarly, the Kingdom of Saudi Arabia plays a sig-
nificant role in date production, whereas 75% of its
fruit production comes from 30 mil. palm trees
that yield over 1.5 mil. t of dates yearly (Rahman
et al. 2014; Aleid et al. 2015; Elfeky & Elfaki 2019;
FAO 2022). Date palm agriculture is fraught with
difficulties despite its significance. Low productiv-
ity results from a lack of farming support, which
harms farmers' income (FAO/RNE 2008). Addi-
tionally, the emergence of monoculture practices
has brought new pest and disease risks, necessitat-
ing sustainable management techniques (El Bouhs-
sini & Faleiro 2018). This crop is one of the most
nutritious fruits with enormous economic impor-
tance, but its growth, vigour, and productivity are
decreasing due to many biotic and abiotic stresses.
Biotic stresses, i.e., pests and diseases, are the ma-
jor threat to date palm trees worldwide (Khan et al.
2023). Several insect pests attack date palms under
field conditions. Although few of them cause seri-
ous economic losses to the crop, e.g. the red palm
weevil (Rhynchophorus ferrugineus Olivier; Cole-
optera: Dryophthoridae), which is the most dan-
gerous and damaging palm tree pest in the world
(Sutanto et al. 2023; Husain et al. 2024). Further-
more, the date fruit quality is seriously threatened
by Cadra cautella and Apomyelois ceratoniae (Lep-
idoptera: Pyralidae), which can cause damage rang-
ing from 10% to 30% and up to 70% in storage areas.
Both orchards and storage were infested. The white
cochineal (Parlatoria blanchardi Targ.; Hemip-
tera: Diaspididae) is a particularly dangerous pest
of date palms that infests every part of the palm,
from leaves to the fruits. Because of crusting and
a yellowish look on the foliage and fruits, this infes-
tation can weaken the tree or significantly decrease
the commercial grade of the dates (Munier 1973).

Moreover, the black rat (Rattus rattus L.; Roden-
tia: Muridae) is one of the most dangerous pests,
causing damage in open fields and in storage, where
it attacks fruit on the tree, on the ground, and
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in stocks. Additionally, it is considered a reservoir
for many disease-causing germs, including fungi
and bacteria. Considering all this and its physical
capacities, he adapted to the most rustic climatic
conditions in Saharan environments (Mlik 2019).
The recently discovered association link between
the black rat and the white cochineal is investigated
in this experiment. Our study explores the pos-
sibility that R. rattus could act as a new phoresy
for P. blanchardi and the dangers of its spread to date
palm stands, enabling this pest to carry on with its life
cycle in a way that has never been recorded before.

MATERIAL AND METHODS

Study area. The present work was conducted in the
region of Touggourt, located in the southeastern part
of Algeria (33°02'-33°12' N, 5°59'-6°14' E) with an al-
titude of 75 m. It is limited to the north by Megarine
palm groves, to the south and east by the great Ori-
ental Erg, and to the west by dunes. This locality con-
stitutes the upper part of the Oued Righ Valley.

Sampling. An exhaustive sampling was conduct-
ed throughout the year in four stations, two storage
places and two palm groves, in the southeastern Al-
gerian region (Touggourt) characterised by Deglet
Nour, Degla Beida, and Ghars varieties. Captured
rodents were trapped using BTS cages (Beson-
con Technology System), very lightweight devices
that are easy to store and transport in the field.
They enable the capture of live animals, allowing
for a thorough analysis of the specimens (e.g., ac-
tual live weight, parasite recovery, cytogenetic
analysis, etc.). At the same time, the farmers cap-
tured all the individuals used in the present study
within the control framework against these pests.
The sex and age of trapped animals were distin-
guished according to Aplin et al. (2003). After, they
were transported to the laboratory, euthanised with
chloroform, placed over a white tray, and brushed
to recover external arthropods. Entomological
tweezers were used to carefully examine the ears.
All removed arthropods were stored in ethanol
(70%). Then, they were mounted following the pro-
tocol mentioned by Hastriter and Whiting (2003).
This study has the approval of the ethical committee
of the University of Kasdi-Merbah, Ouargla.

Ecological indices applied to Parlatoria blan-
chardi. To study these arthropods, the obtained re-
sults were studied with two principal indices:
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Prevalence estimation [Pr (%)] is the number
of individuals of a host species infected with a par-
ticular parasite species/number of hosts examined
(Margolis et al. 1982).

Mean intensity (MI) is the total number of individu-
als of a particular parasite species in a sample of a host
species/number of infected individuals of the host
species in the sample (Margolis et al. 1982).

Statistical analysis. For the statistical interpreta-
tion of results, comparison tests were implemented
in R software (version 4.2.3). Firstly, the relation-
ship between rats' age classes and stations was ana-
lysed using the correspondence analysis (CA) with
the package FactoMineR (version 2.12) (Lé et al.
2008). In addition, generalised linear mixed-effects
models (GLMM) and zero-inflated models with
Poisson and negative binomial distributions were
carried out with the insect number as a response
variable, and precipitation, temperature, host sex
(male, female), and host age (aged, adult, sub-adult,
and juvenile) as explanatory variables with fixed
effect, while including Station as a random effect.
Meanwhile, the GLMMs are advantageous because
they are well-suited for handling complex ecologi-
cal data, allowing for the incorporation of fixed and
random effects. The zero-inflated models are espe-
cially useful for analysing datasets with many zeros,
a common feature in count data. On the other hand,
several model selection criteria, such as Akaike in-
formation criterion (AIC), Bayesian information
criterion (BIC), and over-dispersion ratio, were
used to select the retained (well-fitted) model,
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where the model with the lowest value of AIC and
BIC indicates the better fit compared to other mod-
els. Overdispersion was checked using the function
check_overdispersion() from the package perfor-
mance, where an overdispersion ratio greater than
one indicates that the distributional assumption
of the model is not met.

RESULTS

The current study allowed us to capture 484 indi-
viduals of black rats (278 individuals in palm groves
and 206 individuals in hangars) during the year,
with 28 individuals (27 male and one female) in-
fested by 95 individuals of date palm scale. Know-
ing that these 28 rats (from 300 rats) were captured
only in five months (April, May, June, July, August)
(Table 1). This sampling recorded a prevalence rate
of P. blanchardi on R. rattus equal to 5.79% during
the year, unlike in the five months, which was 9.33%.
On the other hand, the mean intensity was 3.39 dur-
ing the five months.

Infestation of R. rattus by P. blanchardi. The
number of black rats and the isolated date palm
scales during five months are shown in Figure 1.

Rats of different ages exhibit varying degrees of in-
festation, with adult and older rats harbouring larger
P. blanchardi populations (Figure 1). These findings
demonstrate the lack of infestation in female date
palm scale rats and show that the larval P. blanchardi
infestation in black rats was more pronounced than

Table 1. Monthly monitoring of Rattus rattus individuals and Parlatoria blanchardi were conducted on them

Rattus rattus captured Infested Parlatoria blanchardi recorded

Months T (°C) P (mm)

Palm groves Hangars Total rats Palm groves Hangars Total
1 9.7 0.1 9 6 15 0 0 0 0
2 14.9 0.0 15 12 27 0 0 0 0
3 17.9 8.1 15 20 35 0 0 0 0
4 21.1 35.5 22 21 43 1 2 0 2
5 28.3 0.2 34 20 54 5 7 7 14
6 31.7 1.0 40 16 56 13 39 16 55
7 34.1 0.0 46 23 69 4 7 2 9
8 33.6 0.0 49 29 78 5 13 2 15
9 28.0 7.1 25 43 68 0 0
10 22.1 2.9 15 10 24 0 0
11 15.5 40.9 4 5 8 0 0
12 11.5 1.0 4 1 4 0 0
Total 278 206 484 28 68 27 95
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Figure 1. Parlatoria blanchardi evolution on Rattus rattus during five months

in males. Several factors may account for this dif-
ference. Male rats typically have larger home ranges
and greater activity levels, which enhance their ex-
posure to parasite-rich environments. In contrast,
females often exhibit more effective grooming be-
haviour, which helps reduce their parasite load. In-
deed, the male and larval phases of P. blanchardi
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were more frequently detected, with only one female.
The structure of males, which have wings to move
and fly, and larvae, which are mobile individuals,
explains all this. In contrast, females are fixed on
palms and covered by a shield. Moreover, the lack
of infestation observed in date palm scale females
with poor mobility suggests that limited movement

Figure 2. The relation
between the number
of Parlatoria blanchardi
and its age classes, as well
as Rattus rattus
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may reduce the likelihood of parasite transfer. Con-
versely, P. blanchardi populations increased in lock-
step with rising black rat populations. Moreover,
P blanchardi was more commonly detected in adult
and older black rats, indicating that the latter group
was more mobile. The statistical results showed
that the three P blanchardi age classes reported
in the various R. rattus age groups differed in a very
highly significant way (Figure 2). There were signifi-
cant differences in P blanchardi abundance among
its three classes (x* = 62.067, df = 24, P = 3.244e-05),
with most of this insect being found in the male and
larval stages, respectively. In contrast, there is a sub-
stantial difference in P. blanchardi counts between
the age groups of rats (x* = 18.246, df = 3, P < 0.001)
(Figure 2).

Ecological relation between P. blanchardi and
R. rattus. This experiment showed that, depend-
ing on ecological conditions, black rat individuals
caught in the palm groves had a higher abundance
of date palm scale than those captured in the han-
gars. This difference is due to habitat differences

https://doi.org/10.17221/156/2024-PPS

Figure 3. Correspondence
analysis of black rats' age
categories according
to sampling months

that influence both rat behaviour and insect popu-
lations. In palm groves, the presence of date palms
creates an ideal environment for P blanchardi
to thrive, increasing the likelihood of contact be-
tween the insects and the rats. Additionally, rats
in palm groves may roam over larger areas and
engage in behaviours that elevate their exposure
to the insects. In contrast, hangars provide less
suitable conditions for the insect population, lead-
ing to a lower infestation rate among rats captured
in those settings. However, the temperature and
precipitation have an impact on the insect popula-
tion. Figure 3 indicates that, based on the sampling
months, June had the most significant number
of P. blanchardi recorded; May, August, and July
were the next highest numbers (Figure 3). All these
ascertained that the temperature had a significant
positive effect on insect abundance, suggesting
that higher temperatures may facilitate the prolif-
eration of P. blanchardi. At the same time, sub-adult
rats showed lower infestation rates, potentially due
to differences in mobility or behaviour.

Table 2. Model selection depending on AIC, BIC and overdispersion ratio

AIC BIC Dispersion ratio
Poisson mixed models 478.0167 511.4734 2.473
Negative binomial mixed models 305.6898 343.3286 0.821
Zero-inflated poisson mixed models 317.6349 355.2736 1.115
Zero-inflated negative binomial mixed models 289.1245 330.9453 2.254

AIC — Akaike information criterion; BIC — Bayesian information criterion
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Table 3. Negative binomial mixed models
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Estimate Std. error z value Pr (> |z])
(Intercept) 3.82 6.89E-01 —5.549 2.88e—-08
P (mm) —9.04E-02 4.83E-01 -0.187 0.851407
T (°C) 1.67 5.32E-01 3.139 0.001694**
Sex male 2.22 6.35E-01 3.489 0.000485%**
Age old 6.98E-01 5.75E-01 1.214 0.224913
Age juvenile —2.82E+01 2.82E+05 0.000 0.99992
Age sub-adult -2.41 7.79E-01 -3.096 0.001964**

Based on the AIC, BIC, and overdispersion ra-
tio (Table 2), the Negative Binomial Mixed Model
was retained as the most appropriate model, since
it has the lowest AIC and BIC values and an overd-
ispersion ratio that does not exceed 1.

The results of the Negative Binomial Mixed Model
(Table 3) indicated a significant positive effect of tem-
perature [GLMM: z (estimate/standard error) = 3.13,
P < 0.01] and sex (male) (GLMM: z = 2.22, P < 0.001)
on the insect abundance. Contrariwise, the GLMM
result demonstrated a significant negative relation-
ship between the sub-adult class and the number
of insects (GLMM: z = —2.41, P < 0.01).

The findings of this experiment allowed us
to conclude that temperature, sex, and age have sta-
tistically significant effects on the recording of the
white scale cochineal of date palm trees.

DISCUSSION

The date palm scale, P. blanchardi (Targ.), is con-
sidered one of the most destructive pests of date
palm trees (Latifian & Rad 2017). This pest species
injures date palm tree leaflets, leaves, and fruits
by sucking out plant sap with its mouth parts, sub-
sequently causing deformations, defoliation, and
death of fronds because date palm scales have toxic
saliva, resulting in yield reduction (Al Antary et al.
2015; Haldhar et al. 2017). The findings of this ex-
periment allowed us to conclude that temperature,
sex, and age have statistically significant effects on
the recording of the white scale cochineal of date
palm trees. Prior research supports our findings,
and according to Chebaani et al. (2020a), biotic
factors, particularly predators and abiotic ones
like wind and high temperatures, impact the white
cochineal's development. Furthermore, Smirno-
ff (1957) reported that mortality from the white
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scale begins at 38 °C. Belkhiri (2010) also declared
that the highest adult mortality rate from the white
scale was recorded in June (39.80%). On the oth-
er hand, the date palm scale attacks the varieties
of Deglet Nour and Ghars that are rich in sucrose
(no dietary preference regarding the nature of sug-
ar), with 49.45% and reducing sugars with 80.42%
(Allam 2010). Additionally, the same author record-
ed a more significant infestation of P. blanchardi on
the leaves of the Deglet Nour variety, with a rate
of 68% followed by the Ghars variety with 26.74%.
This means that the variety Deglet Nour is the most
targeted species to be attacked by this pest. Ditto
was responsible for the attack of R. rattus, where-
as Mlik (2019) found that this variety is considered
the best habitat for black rats. This factor could lead
the date palm scale to change the host and settle on
black rats. On the other hand, several studies have
demonstrated that environmental factors of a giv-
en habitat influence the level of insect abundance,
the number of generations, seasonal phenology
of insect numbers, and life-history traits (Chafaa
et al. 2013; Salman et al. 2013). According to Lau-
deho & Bénassy (1969), temperature is a primor-
dial factor that influences the duration of the date
palm scale biological cycle. In addition, population
abundance was significantly correlated with tem-
perature and relative humidity (Latifian & Zaerae
2009). The cycle of P. blanchardi takes place almost
continuously throughout the year. Chebaani et al.
(2020b) declared that the number of white scale
larvae reached their peak from July (546 larvae)
to September (570 larvae). As well as Boussaid &
Maache (2001) in the region of Ouargla, indicated
that this species evolves in three annual genera-
tions. Whereas the first (spring generation) begins
from March 15 until June 09 (lasts 86 days), the 2"
(summer generation) from June 9 to September 2,
lasts 85 days, and the last (autumn generation) ex-
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tends from September 2 to March 15, i.e. 194 days.
This means that the high number of P. blanchardi,
especially the larvae, coincides with the beginning
of the 2nd generation (Tourneur & Lecoustre 1975).
All these assertions are consistent with our find-
ings. At the same time, the increase in P. blanchar-
di numbers coincides with an increase in R. rattus
numbers, which in turn leads to increased move-
ment of this animal between palm trees, which
contributes to facilitating the movement and set-
tlement of the white scales on the black rats.

CONCLUSION

R. rattus may have emerged as the date palm
scale’s new phoresy, possibly spreading to date palm
stands. However, P. blanchardi chooses to settle on
these animals because the high temperatures coin-
cide with their expansion, increasing their repro-
duction rate and protecting them from insecticidal
treatments.

The need for more research to examine this novel
ecological interaction and its possible implications
for pest management is thus highlighted by these
findings, which imply that black rats may represent
a previously unidentified phoresy for the survival
of the date palm scale insect and possible risks
for its spread to the date palm stands.
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