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ABSTRACT

Ten species of mealybugs (Homoptera, Coccoideag weentoried in Kabylia on various citrus speciwhjch
are: lemon, Clementine, Thomson orange and washiogange during two-years, from March 2014 to MaP€i6.
They belong to the four families: the Diaspididabe Coccidae, the Pseudococcidae and the Margaadid
This study allowed us to demonstrate the presencé a new species of cochineal
(CoccidaeCoccus pseudomagnoliarldmawana) in Algeria and also to report for the fitiste in Algeria the presence of
Ceroplastesrusodn citrus. The relative abundance calculatedterfamilies and the inventoried species showedoagt
dominance of the Diaspididaefamilly with (90.3%))ddParlatoriaziziphiis the pest species that predominates in Kabylia
with an average of 76.3% followed Bynidiellaaurantiiwith an average of 7.3%. The application of ecwalgconcepts
on the populations of mealybugs in our study isfttst in Algeria. Equal distribution of cochineapecies is minimal,
which shows thaParlatoriaziziphiis an omnipresent or dominant species andGeabplastesruscis a very rare species

on citrus and sometimes accidental.
KEYWORDS: Diversity, Coccoidea, Distribution, Citrus, Orchakhbylia

INTRODUCTION

The mealybugs (Homoptera: Coccoidea) are one ofattygst Homopterasuperfamilies that forms a neddyi
small group of insects in terms of species richnass includes 32 families (Takumasaét 2008), spread around the
world (Simon andZyla, 2015). These are separatéal two groups: the Neococcoids (Koteja and AzaQ&0 and
the Archaeococcoids (Koteja, 2008). These two gsoane divided into several families, morphologigalery different:
Diaspididae (2437 species), Pseudococcidae (22686ies), Coccidae (1117 species) and Margarodida® $pecies)
(Ricard etal., 2012).

According to Takumasa eil., (2008) mealybugs are an interesting group tdystirhey are important pests of
agriculture (Miller etal., 2005), fruit plants, ornamental plants (Khostaak, 2006) and woody plants (Rasekhadkt
2011). Mealybugs can cause economic damage tospdana result of their sucker-sucker feeding tdifeeon plant sap
practices (Gullan andSteffan 2003; Bonanakt 2010) (Koga eal., 2012; Takumasa ei., 2008), constitute a group of
pests which are particularly dangerous for citnusts, both because of the depreciations they ctugiee fruits and by
the weaknesses which they cause on the tree wing dre abundant (Loussert, 1989; Francoalet 2004).

Their mere presence depreciates the quality afsfrui
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The objective of this study is to make an inventofythe main citrus pests in Kaby, namely mealybugs
(Homoptera:Coccoidea), with an interest in their diversityrusture and even distributicof citrus fruits. In Algeria,
despite the importance of these insects, few stutéee been conducted on their diversity and Higion. The inventor
work on the Coccideawhidhegan in 1867 by Biosduval and others until 191&mwBr. Trabut gave the ft insight into
the North African fauna by publishing his "Cataled mealybugs observed in Algeria". They were pudsusy
Balachowsky (1926-1958)nd Benassy (197. More recently, we havéhe work of Belguendouz and Biche (20.
realized from 2003 to 2005. Inakylia few studies have been done on the Coccolderly. a few areas of Kabylie we
cited by Balachowsky (1927) in his contribution ttee study of the Coccides of Minor Africa, namelgakga ant
Yakouren. This motivated our choice to carry ous inventory and study the structure and compositibstands of the

scale of citrus.

MATERIAL AND METHODS
Study Area

This study is carried out in Kaby! (Tizi-Ouzou), distant about 100 km from the capital AdgigAlgeria), in eigh
citrus orchards divided into four communes: FreBaagnoun, irdjen, and T-Ouzou. In the latter, we worked in tv
stationswhich are Chamlal and Chabaneigure 1). The study is maden three species of citrus fruitClementine
(Citrus climenting, lemon Citrus Limor var. Eureka), and orang€ifrus sinensisvarieties Thomsoiand Washington),
for two years, fom March 2014 to March 201
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Figure 1: Geographical Situation of Kabylia (Tizi-Ouzou) and Location of Study Station:
Collecting Scales Insects

The experimental unit, in each orchard, correspaodsparcel of 250 trees divided into 9 block®5ftrees fol
each block. Two trees are chosen randomly in block and will be the same sampled in order to inbdahomogeneot
sampling. Collecting mealy bugsvolves taking a twig with two leaves for eachdiaal direction and at the center of
tree to be sampled.he samples are labeled with the date, | species and study area. In the laboratory sampé
examined carefully using a binocular lens. The neimdif individuals of each species of cochineal meeed will be

reported on sampling sheets specific to each ad and to each region.
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Data Analysis

To exploit the results obtained in this study, veed different ecological indices, calculated fdrimventoried
species. The computed composition indices are mspanific richness (S), relative abundance (AR) &eduency of

occurrence (C). The structural indices are the BtiaiWeaver diversity index (H ') and the Pielourfass index (J).

RESULTS

The Species of Cochineal Inventoried

The examination of 77.760 samples for the inventofycitrus scales in Kabylia (Tizi-Ouzou) revealed
the presence of 10 species of cochineal (Homop@oacoidea) belonging to eight genera and four [fas(Table 1).
The family Diaspididae with four species and thgemera:Parlatoriaziziphi (Lucas), Parlatoriapergandii Comstock,
ChrysomphalusdictyospernfMorgan) andAonidiellaaurantii (Maskell), the family Coccidae is represented bwrf
species and three generaCeroplastesrusgi Saissetiaoleae Olivier, Coccus hesperidumL. and Coccus
pseudomagnoliarukuwana. The latter is a new species of cochineakentoried in Algeria. The families of
Pseudococcidae and Margarodidae are represented digigle species, nameRlanococcuscitri(Risso) andlicerya
purchaseMaskell respectively. This inventory allowed usréport the presence @feroplastesruscfor the first time on
citrus in Algeria.

Table 1: List of Cochineal Species Inventoried in Kbylia
(Tizi-Ouzou) on Citrus from March 2014 to March 2016

— () —
= = S
i (<) o] < | €
Region 2 £ S 5|5
= © < LL =
= (@) (@)
() o | o -
2 2| 2 =
g |38 ¢ g e
Species of Citrus @) S|2€/0|0|5g £ =
Family § g g § § g = g
Species of cochineal e | 2|8 |legele| 2| § 9
o O| o| o ol O
= < | < ©
= = | - =
Parlatoriaziziphi(Lucas) + + |+ | +| +] +| +]| +
S ParlatoriapergandiComstock + = I S B N R R B
SDiaspididae - .
Chrysomphalusdictyosperrfiorgan) | + + |+ | |+ |+ +]| O+
Aonidielllaaurantii (Maskell) + |+ |+ | ] |+
Saissetiaolea®livier + |+ |+ H] +] ] ]+
; Coccus hesperidum + + |+ | +| +] +| +]| +
Coccidae .
Coccus pseudomagnoliariawana - + |+ -] +| +]| +| +
CeroplastesrusqL.) + S+ ] ] -]+
Pseudococcidae | PseudococcuscitiiRisso) + + |+ +| +| +] - +
Margarodidae Iceryapurchaslaskell + S I S B T B R

(+): Presence, (-): Absence
Relative Abundance of Families Inventoried

The relative abundance calculated for Coccoideampfiiera) families inventoried on citrus in Kabylia

highlighted the predominance of the Diaspididaeciffa(figure 2) with an average of 90.3%, followeyl ®occidae (7.5%)
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and The Margarodidae in third position (1.2%). Tdest represented family is Pseudococcidae (1.0%).

Pseudococcidae

argarodidae
1,2%

iaspididae
50,3%

Figure 2: Relative Abundance of Coccoidea (Homoptey) Families
Inventoried on Citrus in Kabylia from March 2014 to March 2016

Relative Abundance of Cochineal Species Inventoried

The centesimal frequency of the ten species of yhegk found in the eight citrus orchards of thei-Omzou on
lemon, orange and Clementine shows a strong dorgnahthe specieBarlatoriaziziphiit constitutes the main pest of
citrus fruits in Kabylia with an abundance of 76.88tgure 5-10). This species can be a secondatyopesrus (Figure 3
and 4) when the orchard is invaded by another epefi cochineal, the case of the Washingtonorangfeacd of Freha
whereCoccus pseudomagnoliarumlarger (47.9%) and the orchard of Tazmalt, Whicdominated byAonidiellaaurantii
(41.9%). Except for the Thomson orange orchardsthadVashington orange in the Tazmalt and Frehmmegwhere
Parlatoriapergandiioccupies the second position affarlatoriaziziphi(76.3%) with an abundance of 4.5% (Figure 6-

10). Other cochineal species are poorly present.
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Figure 3: Relative Abundance of Cochineal Speciesventoriedin the
Washington Orange Orchard in Frehafrom March 2014 b March 2016
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Figure 4: Relative Abundance of Cochineal Species Inventoried in t
ThomsonOrange Orchard in Tazmaltfrom March 2014 to March 201¢
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Figure 5: Relative Abundance of the Cochineal Species Inventoried ihe
Lemon Orchard in Irdjenfrom March 2014 to March 2016
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Figure 6: Relative Abundance of Cochineal Species Inventoried in t
ChabaneorchardLemon from March 2014 to March 2016
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Figure 7: Relative Abundance of Cochineal Speciesventoried in the
Clementine Orchard in Chamlalfrom March 2014 to March 2016

100

20

Relative abun dance (%)

93,9

1 %% 96 p2 01 01 02 01 01 02

f £ 2 f £ .
—_— o — o i A

Figure 8: Relative Abundance of Cochineal Speciesventoried in the
Clementine Orchard in Irdjenfrom March 2014 to March 2016
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Figure 9: Relative Abundance of Cochineal Speciesventoried in the
Thomson Orange Orchard in Irdjenfrom March 2014 to March 2016
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Figure 10: Relative Abundance of Cochineal Species Inventoried in tt
ChabaneOrchard Thomson Orange fromMarch 2014 to March 201¢

Structure and Organization of Mealy Bug Populations Specific Wealth

Figure 11 shows that the Chabane orchardThomson and lemon trees and the Clementine orchafrdise
Chamlal and Irdjen regions harbor the maximum nunolb€ochineal species, reaching a wealth of 1@isge However

the highest average wealth is recorded in the ecteabchards of lemon and Thaon orang.
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Figure 11: SpecificWealth (S) and Specific Wealth Averages (Syrof Eight
Orchards of Citrus Studied In Kabylia from March 2014 to March 201¢

Frequencyof Occurrence (Constancy

The application of the conce¢ frequency of occurrence or the constancyhef cochineal species recorded in
four stations made it possible to define six clas@eable2). Thus,Parlatoriaziziphiis omnipresent in the orchards
Irdjen, Chamlal and Chabane. The specCoccus hesperidunand Saissetiaoleaeare accidental in the orclds of
Clementineand lemon of Irdjen, those Washington orange of Freha and the Clemerndfnéhamlal but are accessory
the Chabaneorchards and theBomsonorange orchard of Tazmaliceryapurchasiis regular in all the citrusrchards
studied in TiziOuzou. The rare category is represented by thaegCeroplastesrusci.
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Table 2: Frequency of Occurrence and Category of Gihineal Species
Inventoried in the Eight Citrus Orchards Studied in Kabylia from March2014 to March 2016

Region Irdjen Tarmalt Chabane Chamlal Freha

A Thomson . Thomson | Thomson . W n

ariety 0 Lemon | Clementine D 0 Lemon | Clementine 0

C C C Ca

Species 5% Cat % Cat v Cat | C% | Cat| C% | Cat| C % M C% | Cat| C% | Cat
Parlatoriaziziphi 100 | O [ 100 | Om | 100 | Om [ 861 C | 100 (Om | 100 [ Om| 100 | Om | 41,6 A
Parlatorigpagandii | 100 | Om [ 472 A | 944( C 222 | Ac | 86,1 C 944 C | B61 | C [553 Re
Chrysomphalwdiee | s [ g | ss5| Re | 50 | Re |861| € | 527 | Re [ 555 | Re | 360 | & | 55 | Ac
ospermi
Aonidisillamranii (916 C [ 861 C | 361 A 100 | Om | 86,1 C 916 C | 355 |Re |3 A
Saiszstigolsas 5535 Re | B3| Ac [ 138 Ac 277 A 25 A 333 A | 1L1 | Ac Ac
Coccus hesperiduom | 3,55 e | 222 Ac | 138 Ac | 416 A | 303 A (444 A | 222 | Ac | 222 Ac
Planococcusciri 277 A |33 A [ 194 Ac 30 | Eg | 38,8 A 361 A | 1LL | Ac | 111 Ac
lcerpapurchasi 61,1 Reg | 666| Re | 722| Re 50 | Rg | 694 | R | 694 | Rg | 55,5 | Rg | 55,5 Re
Ceroplastesrusci 3,55 = 23| Ac 273 B | 166 | Ac | 194 | Ac | 5,35 | Ac | 5,35 Ac
Coccus . ; 166 4c | 333 A 61 | A (472 A 277 A | 277 Ac
poeudomagno lanom

AR: Relative Abundance, C%: Constance, Cat: gtaie C: Constant, R: Rare,
A: Accessory, Ac: Accidental, Om: Omnipresdrd,; Regular

Diversity and Distribution of Stands Mealy Bugs

The highest Shannon-Weaver diversity index is @edrin the Thomson orange orchard of the Tazmglone
with 2.21 bits (Table 3) followed by that of a Faglashington orange with 1.89 bits and an accouitiaividex that tends
to 1 in both orchards, this shows a good distrdrutf the individuals of all the listed cochinepksies. The other citrus
orchards have a very low diversity index, rangirapf 0.24 bits in the lemon orchard of the Irdjegioe and 0.87 bits in
the chabanelemon orchard. The equitability indexi$eto zero, which explains why the scale poputatiare not balanced

and dominated by a single species.

Table 3: Index of Diversity H ' and Equitability of Mealy Bug Stands in Each Citrus Orchard at Kabylia

Region Irdjen Tazmalt Chabane Chamlal Freha
oI Tg(r);;llzzn Lemon | Clementine U enisen | Thsmesn Lemon | Clementine gy
Index Orange Orange Orange
H’ 0,33 0,24 0,43 2,21 0,79 0,87 0,58 1,89
H’max 3,17 3,17 3,32 3,17 3,32 3,32 3,32 3
E 0,10 0,08 0,13 0,70 0,24 0,26 0,17 0,63
Sm 6,5 6,25 6,41 6,25 7,33 7,83 5,83 5,08
DISCUSSIONS

The inventory of mealybugs (Homoptera: Coccoiddagimus in Kabylia revealed the presence of 10ci&gse
belonging to the four families Diaspididae, Pseuwdotdae, Coccidae and Margarodidae. This invensbigws a strong
dominance of the family Diaspididae. According to el@®iendouz and Biche (2015), the family
Diaspididae is the most represented in Algeria witi8 species and four tribes, including Aspdiotini

(Aonidiellaaurantii and Chrysomphalusdictyosperjniand Parlatorini Farlatoriaziziphi and Parlatoriapergandi).
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These same authors have reported that this familgpresented by 6 species belonging to the gesmlest@ia counted on
72 vegetable taxa. This study has shown Belatoriaziziphiis a typical pest of citrus and predominates Incéfus
orchards in Kabylia (Tizi-Ouzou). Inded®hrlatoriaziziphiis a cosmopolitan species that is widespread énMaghreb
countries (Gacem etl., 2016), such as Tunisia (Jendoubakt 2008) and Egypt (Tawfeek, 2007; Tawfeek andAmany
2010). For their part, Podsiadlo and Bugila (20€t)siderParlatoriaziziphias a pest specialized in citrus plants.

The most commonly encountered families are Diadpieli Pseudococcidae, Coccidae (Takumasa et aB),200
and Margarodidae (Gullan and Cook, 2007). Theyuighelthe most dangerous species of citrus fruitl@@uhnd Cook,
2007). However, in the citrus orchards in Kabyliae Coccidae take the second place after the DRimfgs with an
average of 7.5%. This family is the largest fanafyCoccoidea after the Diaspididae. It containsertbian 1100 species
grouped in more than 100 genera (Takumasa. e2008), of which Coccus is the oldest genus en@occidae (Avasthi
andShafee, 1991).

Coccus hesperidumnventoried in this study, is reported to be gera of serious economic losses to citrus
growers in the United States (Williams andAggarvi&#80).Coccus pseudomagnoliaru(Kuwana) is a new species of
cochineal (Homoptera, Coccidae) that we have iroread in Algeria. It is identified by Professor G Mari Ferran of
the Polytechnic University of Valencia (Spain). §ispecies, which was highlighted in our inventésyconsidered as a
major pest of citrus (Tena and Garcia Maori, 2008)s species was first described in 1972 in thelideranean basin, in
several citrus producing countries, such as Siieh@émed etl., 2012), llaty (Tranfaglia, 1974), Turkey (De Lattl973)
and Spain (Tena and Garcia mari, 2008), and inrabentries such as California (Trumbleakt 1995;Dreistadt, 1996)
and Israel (Ben-Dov, 1980). Another species of Gloecidae,Ceroplastesrus¢ Mediterranean cochineal (Balachowsky
andMesnil, 1935), was encountered in Algeria byaBlabwsky (1932). This species is very widespreadherfigure in
Algeria (Sadoudi Ali Ahmed edl., 2011). In this study, we reported the presemcthe Clementine, orange and lemon for

the first time.

Parlatoriapergandiiis the second species of citrus scales in Kalafter Parlatoriaziziphi which is in agreement
with the work of states (2001) who observed the utetipns of ladybugsChilocorusbipustulatusnné and
Rhyzobiuslophanth&aisdell on bitter orange heavily infested wRhrlatoriapergandii

The citrus mealybu@lanococcuscitriisted in our inventory is considered an importaest of many ornamental
and fruit crops especially citrus orchards. Pachd&ilva etal., (2014) note that Pseudococcidae is one of thea ma
factors limiting the export of grapes to Brazil. Ang these Pseudococcida®lanococcuscitri, which is
one of the important species of mealybugs presevineyards (Daane el., 2012) and which infests citrus fruits in South
Africa (Malan andNiekerk, 2012).

From this work, two of the eight citrus orchardsdi¢d show a high diversity with a balanced distiitn
between scale populations. The other orchards @réngted by a single species. We can deducePdatoriaziziphiis
the most dominant species. The difference in dityeesd distribution of populations of mealybugsween orchards and
regions may be due to several factors that promobnit the development of these species on cisush as the physical
and chemical characteristics of the plant, on thtieero hand, the influence of factors that climatactbrs. Thus,
Kaneko etal., (2015) deduced that the seasonal richness amttlabce of carabid species in grassland and firestry

different, which has also been observed in someciepe of Chrysomelidae (Coleoptera) in sub-Saharan
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Africa that have a preference for open places (@i@tal., 2015). SimilarlyMbete edl., (2011) report that mealy bugs
attracted by the yellow color of mandarin fruit i@@ppear more selectively on these host plants ¢imagrapefruit and
lemon trees whose fruits are green. For their plider-Ighili et al., (2013) showed that the white cochineal
Parlatoriablanchardiargiono-Tozzetti evolved according to date vaemtiThey found that the Hamraya variety is more
infested than the Tamsrit variety and they dedubatithis may be due to the variable carbohydrateposition between
varieties. This variation in the chemical compasitiof plants is an important factor in determiniting interactions

between pests and host plants (Golan andAgnie201{4,).
CONCLUSIONS

This study, which focused on the inventory of dtrmmealybugs in Kabylia, allowed us to know the
Coccidological fauna (Homoptera, Coccoidea) in phevince of Tizi-Ouzou and to demonstrate the preseof a new
species of cochineal in Algeria, which @ccus pseudomagnoliarurtt also made possible to signal the presence of
Ceroplastesruséor the first time on citrus in Algeria. Ten spesief mealybugs belonging to the four families were
inventoried in the four stations of eight orchaessl three species of citrus. The Diaspididae faimdg been shown to
predominate in all study stations. The ten listedhineal species are important pests of cropsamibrid and in Algeria.
We propose to complement this inventory with otlverks by using the biological control and to impedtie management

of the populations of these pests to protect oliuiwell.
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