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Diaspididae (Hemiptera: Coccoidea) cause considerable damage to citrus fruits in the Mediterranean 
basin. Three species of Diaspididae are studied namely Parlatoria pergandii, Aonidiella aurantii and 
Crysamphalus dictyospermi in eight citrus orchards in Tizi Ouzou, a sub humid region of northern 
Algeria. Sampling is performed at 10-day intervals over a 12-month period, where we studied the 
distribution and preference of attachment to the aerial parts of the citrus tree (leaves, twigs and fruits) 
globally and according to time. Abundance of adult females is significantly higher on leaves for P. 
pergandii and on twigs for A. aurantii and C. dictyospermi. The populations of the three species are 
doubled on the upper surface of the citrus leaf. In the presence of fruits, A. aurantii and C. dictyospermi 
severely infest these organs, reaching 67 and 91% respectively. We found that the interior of the tree 
hosts a population of P. pergandii 1.4 times higher than the outside. This is, however, not verified for A. 
aurantii and C. dictyospermi which are evenly distributed at the tree level. This new information on the 
biology and behavior of these species may be applicable to the definition of a better pest management 
strategy and to the improvement of the sampling methodology. 
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INTRODUCTION 

The Mediterranean region is one of the main 
citrus production areas, from which fresh fruit is 
exported mainly to central and northern European 
markets (Davies and Albrigo, 1994). More than 60 
species of mealybugs (Hemiptera: Coccoidea) are 
known to grow on Citrus in the world (Ben Dov, 
1980) some of which are serious pests. The 
Diaspididae is one of the most important families 
and of great economic importance (Ebeling, 1950 
; Miller and Davidson, 1990) for citrus fruits in the 
Mediterranean basin including the species 
Aonidiella aurantii (Maskell), Parlatoria pergandii 

Comstock and Crysamphalus dictyospermi 
(Pekas et al., 2010). Indeed, they are plagues that 
are difficult to control in all the countries where 
their presence has been described (Bedford, 
1998). These species of mealybugs colonize all 
the organs of the tree (leaves, fruits and twigs) 
where they feed on the sap (Yarom et al., 1988, 
Costa-Comelles et al, 1999, Pellizzari and 
Germain, 2010). Severe infestations can cause 
chlorosis, leaf drop, and branch death (Smith et 
al., 1997, Bedford 1998). Their presence on fruits 
affects the yield and the quality of these organs 
(weight, juice, color) (Costa-Comelles et al., 1999, 
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Tawfeek, 2012); which decreases their market 
value. 

These three species of Diaspididae have 
been the subject of several studies in the world: In 
Greece (Argyriou, 1970), in Egypt (Habib and 
Attalah, 1960, Karam, 1979, Tawfeek, 2007), in 
Israel (Gerson, 1977), California (Rosen and De 
Bach, 1979, Grafton-Cardwell et al., 2004), 
Uruguay (Asplanato and García-Marí, 2001), 
Spain (Franco and al., 2004, Soribas et al., 2012) 
and Algeria (Biche et al., 2012, Belguendouz et 
al., 2013). 

The aim of this work is to define the 
distribution mode on the tree and the fixation 
preferences of P. pergandii, C. dictyospermi and 
A. aurantii on the organs of the tree globally and 
as a function of time. All this is for the good 
management of these pests and the improvement 
of chemical control methods. 
 
MATERIALS AND METHODS 

 This work was done in the wilaya of Tizi 
Ouzou (X = 3 ° 42 '56' 'E - 4 ° 39' 19''E and Y = 36 
° 27'6 '' N - 36 ° 54'42 '' N), located in northern 
Algeria, in eight different citrus orchards. This 
province is characterized by a mild climate with a 
mild winter that ranks it in a sub-humid bioclimatic 
stage with average annual maximum and 
minimum temperatures of 24.0 ° C and 13.6 ° C, 
and average annual precipitation of 867 mm. 

Sampling methods 
We selected eight commercial citrus orchards 

in full production, each with at least 225 trees: four 
orange orchards (Citrus sinensis (L.) Osbeck), two 
clementine orchards (Citrus clementina) and two 
citrus lemon orchards (Citrus silt). 

The sampling method consisted of dividing 
each orchard into 9 more or less square blocks 
with 25 trees each. Outputs are made over a 10-
day interval due to 36 outings per year and per 
orchard. At each sampling date, we randomly 
selected two trees per block, in total 18 trees per 
orchards. On each tree, we randomly sampled 
five twigs 20 cm long each containing two leaves 
and a fruit (in case of the presence of these 
organs on the trees) from the four cardinal points 
as well as the interior of the tree. We noted that 
ripe fruits are generally present between October, 
November and December. In the laboratory and 
under a binocular loupe, we counted all the living 
adult females per organ (twigs, fruits and on both 
sides of each leaf) and this returning all their 
shields. 

Statistical analyzes 
Differences in population density between organs 
(leaves and twigs, leaves and fruits, upper and 
lower parts of the leaf, twigs inside and outside 
the canopy) were analyzed in two-way by 
ANOVA. The independent variables were the 
organ and the sample. We always take as the 
average value of each sample, considering as a 
sample unit the leaf, the twig or the fruit in the 
comparison of abundance between these organs. 
Each sample was considered a replica or an 
independent block because we randomly changed 
the 18 trees sampled at each sampling date. 
Percentage data was [arcsin√x] transformed to 
respond to assumptions of normality. The 
averages were compared using Fisher's Minor 
Difference Test (LSD) with the significance level 
set at α = 0.05. All statistical analyzes were 
performed using Stat graphics Centurion XVI (Stat 
graphics, 2010). 
 
RESULTS  

On Leaves, twigs and fruit 
We compared the abundance of live female 

populations of the three species of  Diaspines (P. 
pergandii, A. aurantii and C. Dictyospermi) on the 
leaves, twigs and citrus fruits of the eight 
experimental citrus fruit orchards studied globally 
then in functions of time. 
The results showed that twigs are more infested 
than leaves by A. aurantii and C. dictyospermi 
with number individuals of 0.050 ± 0.008 against 
0.04 ± 0.006 on a leaf (F = 185.06, P = 0.0001) for 
A. aurantii which corresponds to an average 
proportion of individuals of 21.82% per twig and 
19.22% per leaf. For C. dictyospermi, the mean 
number of individuals is 0.023 ± 0.003 / twig and 
0.013 ± 0.002 / leaf (F = 15.26, P = 0.0001) with 
average percentages of 10.09 and 5.77%, 
respectively. On the contrary, P. pergandii prefers 
leaves as the primordial organ with an average of 
0.14 ± 0.018 individuals per leaf representing a 
rate of 63.26% against 0.012 ± 0.01 individuals / 
twig corresponding to an average rate of 5.11% (F 
= 116.99; P = 0.0001). The annual evolution of the 
average living individuals of the three species of 
Diaspines studied on the leaves and twigs of 
citrus (Figures 1, 2 and 3) shows a difference in 
abundance between all the months of the year 
and it is on March that the populations of these 
three species are very important on both organs. 
The differential factor between leaf and twig for P. 
pergandii is almost all year round in favor of the 
leaf (Figure 1) with the exception of November 
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where the average of individuals is very low 
(0.03).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Seasonal change through the year in the mean number (± SE) of P. pergandii live female 
scales on leaves and twigs. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Seasonal change through the year in the mean number (± SE) of A. aurantii live female 
scales on leaves and twigs 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Seasonal change through the year in the mean number (± SE) of C. dictyospermi live 
female scales on leaves and twigs.
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Figure 4. Seasonal change through the year in the mean number (± SE) of P. pergandii live female 
scales on upper and lower side of citrus leaves 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Seasonal change through the year in the mean number (± SE) of A. aurantii live female 
scales on upper and lower side of citrus leaves. 
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Figure 6. Seasonal change through the year in the mean number (± SE) of C. dictyospermi live 
female scales on upper and lower side of citrus leaves. 

 
The average living P. pergandii on the leaf is 11 
times higher than on twig; which reveals a great 
tendency fixation of this species rather on leaves 
than on the other organs of the tree canopy. 
Aonidiella aurantii and C. dictyospermi prefer 
twigs as leaves are related to months of the year 
(Figures 2 and 3). The evolution of differential 
factor in P. pergandii is stable over the year. This 
is not the case for A. aurantii and C. dictyospermi, 
for which we observe an overlap of fixation 
individuals on both organs. These fluctuations in 
average living individuals of these species appear 
to be seasonally dependent. We studied the 
abundance of live female populations of P. 
pergandii, A. aurantii and C. dictyospermi on both 
sides of the citrus leaves. The results obtained 
allowed us to emphasize that upper surface is 
preferential for their fixation with averages of 0.10 
± 0.013, 0.03 ± 0.005 and 0.01 ± 0.001 
respectively for P. pergandii (F = 32.91, P = 
0.0001), A. aurantii (F = 48.21, P = 0.0001), and 
C. dictyospermi (F = 12.89, P = 0.0016). The 
average percentages of individuals living on both 
sides show that the number of individuals fixed on 
upper face is twice the number raised on 
underside with respective rates of 74.8%, 71.8% 
and 64.5% on upper face against 25.2%, 28.2% 
and 35.5% on underside respectively for P. 
pergandii, A. aurantii and C. dictyospermi. The 

preference individuals of the three top face 
species is observed during all months of the year 
(Figures 4, 5 and 6). The evolution of averages of 
the individuals on both sides of the leaf is similar 
between the three species with the presence of 
three important peaks in the months of March, 
June and October which correspond to spring, 
summer and autumn periods for P. pergandii and 
A. aurantii. The ratio of number individuals of 
upper and lower faces is highest in May with an 
average of 4.90 for P. pergandii (Figure 4) and in 
June with averages of 3.79 for A. aurantii (Figure 
5) and 2.67 for C. dictyospermi (Figure 6). The 
duration of presence of the fruits is very limited 
during the year, for this we compared the 
abundance and the preference of these species 
for the fruit with leaves and twigs and which 
generally corresponds to duration of three months 
(October, November and December). We found 
that in the presence of fruits, the populations of A. 
aurantii and C. dictyospermi are more abundant 
on fruits than on the other plant organs of the tree 
canopy (leaves and twigs) with higher average 
rates at 50%. They are 67.7% for A. aurantii (F = 
7.50, P = 0.0193) and 91% for C. dictyospermi (F 
= 34.35, P = 0.002). On the other hand, P. 
pergandii infests leaves more than fruits and twigs 
(Figure 7) with an average percentage of 63% (F 
= 43.86, P = 0.0001).  
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Figure 7: Mean percentage of the number live individuals of P. pergandii, A. aurantii and C. 
dictyospermi on citrus leaves, twigs and fruits. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 8: Evolution the average number of P. pergandii individuals on citrus leaves, twigs and 
fruits from October to December 
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Figure 9: Evolution the average number scales of A. aurantii and C. dictyospermi on citrus leaves, 
twigs and fruits from October to December 

 
 

During this three-month period, the average 
number of live individuals of P. pergandii per leaf 

is 0.06  0.01 individuals followed by 0.020 

0.008 individuals per twig, while the fruit has only 
0.013 ± 0.004 individuals per fruit (Figure 8). The 
evolution of this average number is significant on 
the leaf during the month of October (0.09 ± 
0.009) with on average 5 times more individuals 
on leaf compared to fruit and 3 times more than 
on twig. The evolution of average of A. aurantii 
and C. dictyospermi individuals on fruit increases 
from October to November from 0.40 ± 0.007 
individuals to 0.14 ± 0.02 individuals per fruit for 
A. aurantii and 0.01 ± 0.007 to0.07 ± 0.013  
individuals per fruit for C. dictyospermi. During 
these three months, the average number is 
doubled of 3 times on fruit compared to leaf and 5 
times compared to twig for A. aurantii (figure 9) 

and 20 times more on fruit compared to leaf and 
twig for C. dictyospermi (Figure 9). 

 Inside and outside of the citrus tree 
The study of the population distribution of the 

three species of mealybugs studied on citrus fruits 
according to the foliage showed that, P. pergandii 
prefers  inside of the tree canopy (F = 0.00, P = 
0.0024). The average number of P. pergandii 
individuals within the tree canopy is 1.4 times 
higher, corresponding to an average percentage 
of 58.8% (Figure 10). A. aurantii (F = 1.73, P = 
0.1916) and C. dictyospermi (F = 1.73, P = 
0.1970) did not show a significant preference for 
localization on the tree canopy. 
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Figure 10: Average number of individuals of P. pergandii, A. aurantii and C. dictyospermi in inside 
and outside of the tree canopy. 

DISCUSSION 
The species of the Diaspididae‘s family are 

among the most detrimental to citrus cultivation 
around the world. They are found on all the aerial 
organs of the tree. 

In our work, the study of fixation preference of 
P. pergandii, A. aurantii and C. dictyospermi on 
the plant organ, showed that A. aurantii and C. 
dictyospermi prefer twigs than leaves and in case 
of presence of fruits, the latter species, develop 
intense populations on fruits. However, P. 
pergandii attaches itself rather to the leaves than 
to the other organs during all the months of the 
year. These differences in the choice of these 
three species of Diaspididae for the plant organ 
did not prevent us from having the same fixation 
preference on the upper face of the citrus leaf, 
where we noted high numbers of these species. 
Our results are consistent with those of Carroll 
and Luck (1984a) who found the maximum 
densities of A. aurantii on fruits 2 to 5 times more 
abundant than on leaves and twigs and those of 
Garcia-Mari (2012) which highlights a rate of 75% 
of A. aurantii populations on fruits. For their part 
Alexandrakis and Michelakis (1980) found in 
orange trees about 6 times more individuals on 
fruits and twigs than on leaves. The same authors 
pointed out that the mandarin twigs are the strata 
most attacked by A. aurantii with approximately 12 
times more individuals than on other plant organs 

of the tree canopy. Asplatano and Garcia-mari 
(1998) reported that A. aurantii prefers leaves. 
Similarly, Gomez Clement (1943) has pointed out 
that leaves are the preferred organ of C. 
dictyospermi and are less abundant on twigs. 

Indeed, P. pergandii has been observed more 
on the leaves than other organs and appears to 
have the same behavior as Parlatoria ziziphi 
whose presence has been underlined by several 
authors on the leaves as the main plant organ of 
the infestation and the sites preferred foods 
(Gomez Clemente, 1943 ; Beardsley and 
Gonzalez, 1975 ; Blackburn and Millert, 1984 ; 
Coll and Abd-rabou, 1998 ; Miller and Davidson,  
2005 ; Podsiadlo and Bugila, 2007 ; Garcia-Mari, 
2012 ; Tawfeek, 2012). These results contrast 
with those of Garcia-Mari (2012) who noted the 
highest densities of the same species on twigs. 
On the leaf, the densities of highest populations 
are obtained on upper side for P. pergandii, A. 
aurantii and C. dictyospermi. Our results are 
similar to those of Rodrigo and Garcia-Mari 
(1990), who notes a population density of P. 
pergandii twice as high on upper surface of citrus 
leaves. Since P. pergandii, A. aurantii and C. 
dictyospermi belong to the family Diaspididae, we 
compared their behavior with two other species of 
the same family and of economic importance for 
citrus fruit in the world namely Lepidosaphes 
beckii for which Rodrigo and Garcia-Mari (1990), 
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have highlighted a density three times higher on 
upper surface of citrus leaves and Parlatoria 
ziziphi for which El-Bolok (1984b), Thomsbury and 
Romano (2007) and Gacem et al. (2016) have 
reported that the highest population level of the 
latter is on upper side of citrus leaves. Similarly, 
Tawfeek and Abu-shall (2010) report 85% of the 
P. ziziphi population on the upper side of the 
citrus leaf. 

The annual evolution of the populations on the 
different plant organs studied fluctuates between 
the months of the year and this for P. pergandii, A. 
aurantii and C. dictyospermi. The densities of the 
most important populations are recorded in spring 
particularly during the month of March. This 
increase in infestation can be explained by the 
slow activity of parasitoids in winter and tgradual 
recovery of latter after winter. Our results, agree 
with those of Abd-Rabou (1997) and Franco et al. 
(2004) who reported that parasitism peaks in mid-
summer, leading to a decline in mealybug 
populations during summer and fall. The 
distribution of the populations of the three species 
of diapine studied on the citrus tree showed that 
P. pergandii prefers interior foliage which is not 
the case of A. aurantii and C. dictyospermi. This 
can be explained by influence of environmental 
climatic factors on physiological mechanisms 
(Sinclair et al., 2003) of neonate larvae, and, 
consequently, the conditions of many behavioral 
strategies (Hance et al., 2007). The increase in P. 
pergandii populations within the tree appears to 
be influenced by direct exposure of light to larvae 
of outer crown of the tree (Sigwalt, 1971) as well 
as the high humidity in tree center of the tree 
canopy and reduction of light. Sigwalt (1971) and 
Gomez Clemente (1943) reported that well-
aerated and poorly ventilated orchards harbor 
very dense populations in center of the tree. 

Fixation preference or presence of a 
cochineal for a plant organ or part of the tree can 
be attributed to the interaction between plant 
reception conditions and favorable environmental 
conditions (temperature and relative humidity) that 
influence the ecological, physiological and 
behavioral parameters of the first instar larva, 
where the latter is in contact with a combination of 
stimuli in order to locate the fixation site. These 
stimuli are visual and olfactory (Derridj, 1996) for 
choice of host in the immediate environment 
(Quirion and Bourbeau, 1994; Vanloon, 1996) and 
phototaxis that defines locomotor reaction or 
orientation towards a light source (Quirion and 
Bourbeau, 1994; Beardsley and Gonzalez, 1975). 

CONCLUSION 
With this work, we are providing new information 
on the biology and behavior of three dangerous 
diaspine species to citrus cultivation, by studying 
preferences of bindings on the tree globally and 
on fruits in particular. From an application point of 
view, the information provided may be applicable 
to improving integrated control strategies and for 
good management of these pests. 
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