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Ontogenesis, morphology and higher classification of archaeococcids 
(Homoptera: Coccinea: Orthezioidea) 

Онтогенез, морфология и высшая классификация археококцид 
(Homoptera: Coccinea: Orthezioidea) 

I.A. GAvrIlov-ZImIn

И.А. ГАврИлов-ЗИмИн 

I.A. Gavrilov-Zimin, Zoological Institute, Russian Academy of Sciences, 1 Universitetskaya Emb., St Petersburg 199034, 
Russia. E-mail: coccids@gmail.com

The monograph summarizes original research data and published literature data on reproduction, life cycles, 
individual development and morphology of scale insects of the superfamily Orthezioidea (archaeococcids). 
The superfamily system is accepted mainly in its traditional concept, i.e. with four well-defined families: 
Margarodidae s. l., Ortheziidae, Carayonemidae, and Phenacoleachiidae. The tribe Matsucoccini (Margarodidae 
s. l.: Xylococcinae s. l.) is considered as a most archaic group of scale insects according to morphological, 
reproductive and ontogenetic characters. A complicated ontogenesis with an alternation of movable/immovable 
instars and with arostrate imago of both sexes (as in Matsucoccus Cockerell, 1909 and many other Margarodidae 
s. l.) is presumed to be initial in scale insect evolution and such ontogenesis is supposed to be an apomorphy of 
suborder Coccinea. Distribution of different variants of ovoviviparity/viviparity amongst scale insect families 
is overviewed. It is demonstrated that the evolution of scale insects shows multiple cyclic conversions of 
oviparous reproduction pattern to ovoviviparous/viviparous ones with the appearance of new and new peculiar 
adaptations to eggs protection; the most ancient scale insects (Matsucoccini and their ancestor) were probably 
facultatively ovoviviparous, whereas the origin of the whole neococcid phylogenetic line (Coccoidea s. s.) was 
probably connected with obligate complete ovoviviparity, which also appeared in some “derived” archaeococcids 
of the tribe Iceryini (Margarodidae s. l.), in the families Phenacoleachiidae and Carayonemidae.  New taxonomic 
additions and changes in generic composition of some tribes are provided for the family Margarodidae s. l., in its 
subfamilies Monophlebinae and Callipappinae s. l. The tribe Labioproctini tr. nov. (Monophlebinae) is erected 
for six genera possessing peculiar quadrilocular wax pores: Aspidoproctus Newstead, 1901, Hemaspidoproctus 
Morrison, 1927, Labioproctus Green, 1922, Lecaniodrosicha Takahashi, 1930, Misracoccus Rao, 1950, and 
Walkeriana Signoret, 1876. The presence of quadrilocular pores are considered as a synapomorphic character 
of the Labioproctini tr. nov. and Ortheziidae. Disputable taxonomic position of Xenococcidae Tang, 1992 is 
discussed and this family is also placed in Orthezioidea. New genera and species are described and illustrated, 
based mainly on material collected in the Oriental region: Eremostoma klugei gen. et sp. nov., Crambostoma 
largecicatricosum gen. et sp. nov. (both in Callipappinae s. l.: Coelostomidiini s. l.), Buchnericoccus reynei sp. 
nov., Monophlebus neglectus sp. nov. (both in Monophlebinae: Monophlebini), Crypticerya ovivivipara sp. nov., 
Icerya oculicicatricata sp. nov., I. siamensis sp. nov. (all three in Monophlebinae: Iceryini). 

В монографии рассматриваются оригинальные и литературные данные по репродуктивной биологии, 

жизненным циклам, индивидуальному развитию и морфологии кокцид надсемейства Orthezioidea 

(археококциды). Система археококцид принимается в традиционной трактовке, то есть с четырьмя 

хорошо обособленными семействами: Margarodidae s. l., Ortheziidae, Carayonemidae и Phenacoleachiidae. 

Триба Matsucoccini (Margarodidae s. l.: Xylococcinae s. l.) рассматривается как наиболее архаичная группа 

кокцид на основе ее морфологических, репродуктивных и онтогенетических признаков. Усложненный 

онтогенез с чередованием подвижных/неподвижных стадий и непитающимися имаго обоих полов 

(как у Matsucoccus Cockerell, 1909 и многих других представителей Margarodidae s. l.) предполагается 

исходным в эволюции кокцид и признается апоморфией подотряда Coccinea. Рассматривается распрост-
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раненность различных вариантов яйцеживорождения/живорождения среди кокцид всех семейств. 

Показано, что в эволюции кокцид многократно происходили циклические переходы от яйцерождения 

к яйцеживорождению и истинному живорождению с попутным появлением все новых и новых 

оригинальных адаптаций к защите яиц и развивающихся эмбрионов. Древнейшие кокциды были, 

вероятно, факультативно яйцеживородящими, в то время как происхождение целой неококкоидной 

(Coccoidea) филогенетической линии было связано с полным облигатным яйцеживорождением, которое 

также появляется и у некоторых «продвинутых» археококцид из трибы Iceryini (Margarodidae s. l.) и се-

мейств Phenacoleachiidae и Carayonemidae. В семействе Margarodidae s. l., в подсемействах Monophlebinae 

и Callipappinae s. l., сделаны некоторые таксономические изменения и дополнения по родовому составу 

триб.  Новая триба Labioproctini tr. nov. (Monophlebinae) выделяется для шести родов, обладающих 

четырехячеистыми восковыми железами: Aspidoproctus Newstead, 1901, Hemaspidoproctus Morrison, 1927, 

Labioproctus Green, 1922, Lecaniodrosicha Takahashi, 1930, Misracoccus Rao, 1950 и Walkeriana Signoret, 1876. 

Наличие таких четырехячеистых пор принимается в качестве синапоморфного признака Labioproctini 

tr. nov. и Ortheziidae. Обсуждается спорное таксономическое положение семейства Xenococcidae Tang, 

1992, которое также помещается здесь в Orthezioidea. На основе материала из ориентального региона, 

описываются и иллюстрируются новые рода и виды маргародид: Eremostoma klugei gen. et sp. nov., 
Crambostoma largecicatricosum gen. et sp. nov. (оба в Callipappinae s. l.: Coelostomidiini s. l.), Buchnericoccus 

reynei sp. nov. Monophlebus neglectus sp. nov. (оба в Monophlebinae: Monophlebini), Crypticerya ovivivipara 
sp. nov., Icerya oculicicatricata sp. nov., I. siamensis sp. nov. (Monophlebinae: Iceryini). 
 
Key words: life cycles, reproductive biology, ovoviviparity, viviparity, comparative morphology, scale insects, 
giant scale insects, new taxa 
Ключевые слова: жизненные циклы, репродуктивная биология, яйцеживорождение, живорождение, 

сравнительная морфология, кокциды, гигантские червецы, новые таксоны
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INTRODUCTION

Scale insects (Coccinea, Coccomorpha, Coccoidea s. l., Coccoptera or Coccina, according to 
different authors) are the most specialised group of phytophagous arthropods with about 8000 
species in the world fauna and the only group of free-living terrestrial animals with apodal adult 
females. Phylogenetically, Coccinea are closely related to other arthroidignathous insects (ap-
hids, psyllids, whiteflies, cicadas, true bugs and moss bugs) which are grouped in different higher 
taxa: Hemiptera s. s., Arthroidignatha, Homoptera+(Heteroptera+Coleorrhyncha) and some ot-
hers according to different approaches to taxonomy and nomenclature (see Chapter 3).    

Habitus of many scale insects is very peculiar; these insects are often similar in appearance 
to bits of bark, processes of plantar tissues, buds, etc.  All species are characterised by significant 
sex-dimorphism: males are small, usually winged, and short-lived; females — much bigger, always 
wingless, larva-like and live comparatively long time (up to several years) (Figs 1.1–1.10). In 
numerous parthenogenetic species, the males are rare or absent. Because of this, a classification and 
especially practical identification of scale insects are based mainly on study of the adult females, 
which morphology is not only very peculiar, but also rather diverse in comparison with other insect 
groups of similar specific richness. The features of scale insect reproduction and development 
are also enormously diverse and partly unique. These are various modes of sex determination, 
heterochromatinisation (genetic inactivation) of paternal haploid set of chromosomes with 
or without its elimination in early embryogenesis of males (genome imprinting), unique for all 
insects example of hermaphroditism, peculiar “dizygotic” development, neoteny and paedogenesis, 
different forms of parthenogenesis, variable modes of ovoviviparity/viviparity, etc. Many species 
from different families of scale insects (especially mealybugs, soft scales, armored scales and some 
giant scale insects) are dangerous and quarantine pests of agricultural or ornamental plants in the 
regions of tropical/subtropical climates as well as in greenhouses of temperate zone of the world. 
On the other hand, some species from different families are very famous producers of natural dyes, 
lacquers, waxes, including such famous substances as carmine and shellac.

All scale insects are subdivided into two superfamilies: Orthezioidea (archaeococcids) and 
Coccoidea (neococcids). The first superfamily combines the most ancient, primitive groups, 
which are traditionally placed in the four families: Margarodidae, Ortheziidae, Carayonemidae, 
and Phenacoleachiidae. 

The family Margarodidae (“giant scale insects”), which comprises about 460 species in the 
world fauna, is characterised by significant morpho-anatomical diversity. The system of the family 
was revised many times by different authors in the XX century and especially in the beginning of 
the XXI century. The main tendency of the recent changes is the splitting of Margarodidae into 
numerous minute or even monotypic “families” (as, for example, in Jakubski, 1965; Koteja, 1974; 
Hodgson & Foldi, 2006; Hodgson, 2014). Significant morphological and ontogenetic diversity of 

Stat Coccus pristinus nomine,
nomina nuda tenemus 
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Fig. 1.1. Fam. Margarodidae: subfam. Xylococcinae s. l.: tribe Matsucoccini: Matsucoccus acalyptus* Herbert, 1921, 
USA (New Mexico), photos and “Creative Commons” license of Edward L. Ruden (see Acknowledgements). a, male 
and female, copulation; b, adult male; c, apex of male abdomen with a group of tubular ducts; d, thorax of male with 
wing and hamulohaltere. 

*Species identification of the insects on the colour photos here and below is a subject of responsibility of the authors of these photos.
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giant scale insects seems to be subjectively higher than inside of any other scale insect family and 
this diversity was reflected in comprehensive system of subfamilies and tribes, elaborated originally 
by Morrison (1928). Afterwards, different authors reconsidered the composition of the subfamilies 
and tribes according to results of their own phylogenetic analyses and also in connection with the 
discovery of new genera in nature (see the reviews of different approaches in Danzig (1980), Foldi 
(2005), Hodgson & Foldi (2006)). The consideration of all giant scale insects in a single family 
does not impede a progress in taxonomic and phylogenetic work and the use of at least three 
common ranks (subfamily, tribe and subtribe) allows to reflect the views of individual taxonomists 
on the system and phylogeny. At the same time, the united family Margarodidae clearly designates 
the gap of morphological variability (taxonomic hiatus) between all subdominant diverse groups 
and all other families within Orthezioidea and Coccoidea. On the other hand, the extreme splitting 
of Margarodidae into 11 separate “families” by simple raising of subdominant ranks (as in Koteja, 
1974 and Hodgson & Foldi, 2006) transforms the original harmonious system of Morrison (1928) 
into a mixture of minute and monotypic taxa without any formal evidence of their relationships to 
each other and to the rest of the families of Orthezioidea and Coccoidea.  Subsequent unrestrained 
and poorly argued splitting of other recent and fossil families (Koteja, 1996, 2000; Koteja & Azar, 
2008; Hodgson, 2012; Kozár et al., 2013) led to the acceptance by these authors of more than 50 
families in the world fauna, including up to 36 recent families. Such approach is usually combined 
with a consideration of all these reduced families in one large “heap” – “superfamily Coccoidea” 

Fig. 1.2. Fam. Margarodidae: subfam. Xylococcinae s. l.: tribes Steingeliini (a) and Kuwaniini (b, c). a, Stomacoccus 
platani Ferris, 1917, female and apterous male in copulation, USA (California), photo and copyrights of James Bailey 
(see Acknowledgements); b, Neosteingelia texana Morrison, 1927, adult female, USA (Georgia), photo and “Creative 
Commons” license of Jon Hart (see Acknowledgements); c, Kuwania quercus (Kuwana, 1902), adult female, Japan, 
photo and copyrights of “Baba” (see Acknowledgements). 
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Fig. 1.3. Fam. Margarodidae: subfam. Callipappinae s. l.: tribe Callipappini. a, Callipappus farinosus Fuller, 1897, adult 
female, Australia; photo and “Creative Commons” license of Ilena Gecan (see Acknowledgements); b, Callipappus sp., 
female and male, Australia; photo and “Creative Commons” license of “ron_n_beths” (see Acknowledgements); c, 
Callipappus sp., mature females with invaginated posterior abdominal segments to a pseudomarsupial chamber for 
eggs deposition, Tasmania; photo and “Creative Commons” license of “antisense” (see Acknowledgements).
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Fig. 1.4. Fam. Margarodidae: subfam. Callipappinae s. l.: tribes Coelosto-
midiini s. l. (a–c) and Cryptokermesini (d–e). a, Coelostomidia zealandica 
(Maskell, 1880), female and two males, New Zealand, photo and copyrights of 
Steve Kerr; b, Marchalina hellenica (Gennadius, 1883), adult female forming 
wax ovisac, Italy; photo and “Creative Commons” license of Andrea Battisti 
(see Acknowledgements); c, Neocoelostoma xerophila Hempel, 1932, resinous 
test of female, Brazil, photo of D.A. Gapon; d, Mimosicerya hempeli (Cockerell, 
1899), adult females inside of sclerotised exuviae of ultimolarvae and younger 
larvae (covered with powdery wax), Brazil (São Paolo), photo and copyrights 
of Takumasa Kondo; e, Cryptokermes brasiliensis Hempel, 1900, resinous tests 
of females, Brazil, photo of D.A. Gapon.
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Fig. 1.5. Fam. Margarodidae: subfam. Margarodinae: Porphyrophora hamelii (Brandt, 1833), Armenia; photo and 
copyrights of Vahe Martirosyan (see Acknowledgements). a, adult females; b, female and male in copulation; c, male; 
d, e, apodal larvae; f, collected females in hand.

sensu lato, that means in fact the absence of any system for reflecting relationships of the families 
(see, for example, ScaleNet (Garcia Morales et al., 2016). 

In the present monograph, I use mainly the traditional system of archaeococcids, following 
the works of Morrison (1928), Danzig (1980), Kosztarab (1996), Ben-Dov (2005), Jashenko 
(2008), and some other authors. My own changes to the traditional system of archaeococcids 
are mainly connected with a reconsideration of the borders of some tribes in Monophlebinae and 
Callipappinae s. l. and with  descriptions of some new taxa, based mainly on the material, collected 
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Fig. 1.6. Fam. Margarodidae: subfam. Monophlebinae: tribes Monophlebulini (a, b) and Monophlebini (c–e). a, b, 
Monophlebulus sp., female and male, different views, Australia (Brisbane), photo and “Creative Commons” license 
of Graham Wise (see Acknowledgements); c, Llaveia axin (Llave, 1832), adult females, Mexico, photo and “Creative 
Commons” license of Rosas Pérez et al., 2017 (see Acknowledgements); d, Etropera papuensis Bhatti et Gullan, 1990, 
adult females in ethanol, Indonesia (New Guinea); e, Pseudaspidoproctus hyphaeniacus (Hall, 1925), adult females in 
ethanol, Turkey (shore of Van Lake); d-e, photos of  D.A. Gapon. 
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Fig. 1.7. Fam. Margarodidae: subfam. Monophlebinae: tribe Drosichini. a, Palaeococcus fuscipennis (Burmeister, 
1835), adult female, Spain, photo and “Creative Commons” license of Katja Schulz (see Acknowledgements); b, Dro-
sicha sp., adult male, Malaysia (Sabah), photo and “Creative Commons” license of Chun Xing Wong (see Acknowl-
edgements); c, Drosicha corpulenta (Kuwana, 1902), adult females, China (Yunnan); photo and copyrights of John 
Horstman/itchydogimages (see Acknowledgements). 

in the Oriental region. The main purpose of the resulted combined system of archaeococcids is a 
grouping of genera in clearly defined higher taxa which can be easily identified without overlapping 
or with a minimal overlapping of the diagnostic characters.

The family Ortheziidae (Fig. 1.10) is morphologically, ontogenetically and ecologically very 
homogenous group comprising about 190 recent species. The family was recently reviewed by 
Kozár (2004) and will be considered by me below very briefly (Chapter 10).

Minute families, Carayonemidae and Phenacoleachiidae, with only four and two species, 
respectively, are rather interesting for phylogenetic reconstruction of the scale insects as a whole, 
and their main taxonomic characters will be discussed and illustrated below in Chapters 11 & 12.  

The taxonomic position of the small, mainly tropical family Xenococcidae (33 species in 
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Fig. 1.8. Fam. Margarodidae: subfam. Monophlebinae: tribe Labioproctini tr. nov. a, Aspidoproctus sp., female with 
crawlers, guarded by ants, South Africa (bank of Blyde River near Hoedspruit), photo and copyrights of Wynand 
Uys (see Acknowledgements); b, Hemaspidoproctus sp., adult female, China (Yunnan), photo and copyrights of John 
Horstman/itchydogimages (see Acknowledgements); c, Misracoccus convexus (Morrison, 1920), adult females, Laos 
(Luang Prabang), photo of E. Voychenko; d, Labioproctus poleii (Green, 1896), adult female in ethanol, Thailand (Doi 
Suthep Mt. near Chiang Mai), photo of I.A. Gavrilov-Zimin.  

three genera) is disputable. Recently, Hodgson (2012) considered the xenococcids together 
with mealybugs of the generic group Rhizoecus Künkel d’Herculais, 1878 as the separate family 
“Rhizoecidae”. However, Rhizoecus and related genera were always considered by all specialists 
on mealybug morphology and systematics as undoubted members of the family Pseudococcidae. 
This approach was based on obvious unique synapomorphies of Rhizoecus group of genera with 
other mealybugs: presence of the ostioles and swirled trilocular pores and also on non-unique 
synapomorphies: a similar structure of the tubular ducts and multilocular pores and a similar 
structure of the anal apparatus. To the contrary, three highly specialized myrmecophilous genera 
(Xenococcus Silvestri, 1924, Eumyrmococcus Silvestri, 1926, and Neochavesia Williams et Granara 
de Willink, 1992) do not have any synapomorphies with mealybugs (and with neococcids as a 
whole): no ostioles, no cylindrical or discoidal wax glands, and no any pores or spinulae of the anal 
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Fig. 1.9. Fam. Margarodidae: subfam. Monophlebinae: tribe Iceryini. a, Icerya purchasi Maskell, 1879, adult females 
with ovisacs, ?Australia, photo and “Creative Commons” license of “AtomicMonster” (see Acknowledgements); b, 
Icerya rileyi (Cockerell, 1895), adult females with ovisacs, USA (Arizona), photo and “Creative Commons” license 
of Glenn Seplak (see Acknowledgements); c, Icerya seychellarum (Westwood, 1855), adult female, beginning of ovi-
position, Australia (Brisbane), photo and copyrights of Steve Kerr; d, Icerya sp., adult female with wax fringe, China 
(Yunnan), photo and copyrights of John Horstman/itchydogimages (see Acknowledgements); e, Icerya sp., adult 
female and larval exuviae, China (Yunnan), photo and copyrights of John Horstman/itchydogimages (see Acknowl-
edgements); f, Crypticerya ovivivipara sp. nov., adult females with ants, Thailand (Khao Sok), photo of D.A. Gapon.  

apparatus. Moreover, as it was shown by Williams (1988) and Kishimoto-Yamada et al. (2005), 
the xenococcids display (in contrast to all neococcids) an archaic ontogenesis with alternation 
of movable/immovable instars in the female life cycle (see Chapters 6 & 13). In the view of these 
facts, Danzig & Gavrilov-Zimin (2014) considered the “Rhizoecidae” sensu Hodgson (2012) as a 
polyphyletic taxon, which combines two unrelated groups of genera and advised to use a separate 
family rank for the xenococcids only – Xenococcidae Tang, 1992. Here, I tentatively place this 
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Fig. 1.10. Family Ortheziidae. a, Orthezia urticae (Linnaeus, 1758), larvae and young females, Czech Republic, photo 
and “Creative Commons” license of “MK-fotky” (see Acknowledgements); b, O. urticae (Linnaeus, 1758), mature 
female with ovisac, Latvia, photo and “Creative Commons” license of “AfroBrasilian” (see Acknowledgements); c, 
Insignorthezia insignis (Browne, 1887), adult female and larvae, South Africa (Pretoria), photo and GNU Free Docu-
mentation License of “JMK” (see Acknowledgements); d, Arctorthezia cataphracta (Olafsen, 1772), adult female with 
ovisac, USA (Alaska), photo and “Creative Commons” license of D. Sikes (see Acknowledgements). 

family into the Orthezioidea and discuss all arguments and counterarguments of such approach 
(Chapter 13).  

 The data on ontogenesis and reproductive biology of scale insects (and especially 
archaeococcids) were rather weakly involved in phylogenetic reconstructions and the classifica-
tion of the group. I hope that the present monograph will partly fill this gap. It seems that the scale 
insects demonstrate an impressive example of direct correlation between habitus of an animal and 
its mechanisms of reproduction and individual development. Many species of scale insects with 
their limited mobility lay eggs just behind the body in special cereous ovisacs or directly under 
the body or in peculiar body cavities (marsupium and similar structures). In almost all of these 
cases the oviposition is associated with a secretion of abundant wax, forming an ovisac that covers 
the eggs and preventing their adhesion. On the other hand, in most scale insect families, many 
(or most) of genera demonstrate different stages of decreasing of the time of egg development 
outside of maternal body – incomplete or complete ovoviviparity and true viviparity. The femals 
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of ovoviviparous and viviparous species do not build ovisacs and so, do not have appropriate wax 
glands, i.e. the main morphological structures, used in the scale insect taxonomy. The understanding 
of this fact leads, in particular, to recognition of the reasons of the evolutionary transformations in 
morphological structures, used in the modern scale insect taxonomy, and gives a hope to construct 
(in combination with other data) a natural prognostic system of Coccinea. According to the data 
presented below (Chapter 5 and Appendix), at least 800 species of scale insects from 167 genera 
from almost all families demonstrate complete ovoviparity or viviparity. Moreover, there is no 
doubt that the real number of ovoviviparous scale insects will increase due to further studies. These 
data may be interpreted as one of the arguments for consideration of facultative ovoviviparity as an 
apomorphic character of Coccinea, connected with the neotenic origin of the group. Neoteny and 
paedogenesis in the scale insects and in the closely related Aphidinea (aphids) were probably the 
initial reasons of the aberrational evolutionary way of these plant parasites in comparison with the 
main (based on general species numbers) phylogenetic trend of the Paraneoptera insects — highly 
mobile organisms with the well-developed wings and legs (as Heteroptera and Cicadinea which 
comprise together more than 85 000 species in the world fauna).  It seems that the facultative 
and obligative delay of the eggs in the maternal ovarioles and oviducts in the neotenic organisms 
may have caused the loss by some imaginal structures (as, for example, ovipositor or complete 
spermatheca, etc.), which ensure normal fertilisation and oviposition, preventing premature 
fertilization of developing eggs (inside the ovarioles). The adult females of all modern species 
of scale insects are in fact immovable or slightly movable neotenic larvae of the third or fourth 
instars, which are able to copulate with their really adult males, looking similar with the males 
of other insects (with the wings and long legs) and having five immature instars  in ontogenesis. 
On the other hand, the examples of facultative or obligate neoteny or larvalisation in scale insect 
males are also known. As a result of neoteny, the evolution of scale insects is in fact the “larval” 
evolution, which is hardly comparable with the “imaginal” evolution of most other insects; this 
fact significantly complicates the comparison of scale insects even with the nearest Paraneoptera 
groups and often prevents a using of the experience of other entomologists (non-coccidologists) 
in the phylogenetic reconstruction.  
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1. MATERIAL AND METHODS

          
The present monograph is mainly based on the collection of the Zoological Institute of 

the Russian Academy of Sciences (ZIN RAS), including the material, collected by the author 
in Western Europe, Morocco, Central-European Russia, Western Caucasus, Crimea, Eastern 
Turkey, Northern Thailand, Northern Laos, Malay Peninsula, Sumatra, Java, Borneo, Sulawesi, 
New Guinea, Bali and Flores Islands. In addition to this basic material, the author was able to 
study in different years the slides and ethanol material of the collection of the Muséum National 
d’Histoire Naturelle (MNHN) in Paris (France), and also some loan material from the Natural 
History Museum (BMNH) in London (United Kingdom). The exact collecting data for different 
species considered in the monograph are provided below in appropriate chapters. 

The study of scale insects morphology and identification of taxa are based on permanent 
microscopic slides, mounted in the Canada balsam. There are rather different approaches to 
the preparation (see the review in Kozarzhevskaya, 1968), but the main common stages are the 
following.

1. Fixation. It is need to clean the collected insects from plant tissues and/or soil and put in 
96% ethanol or, better, in aceto-ethanol (one part of glacial acetic acid and three parts of 96% 
ethanol). The fixation in aceto-ethanol is preferable in view of the following use of acid stains, for 
example, double stain (acid fuchsine + pink lignin), dissolved in Essig’s aphid fluid (see below). 
Also, the use of aceto-ethanol prevents superfluous dehydration of the fixed material. 

The volume of the fixative must significantly (20 or more times) exceed the volume of the 
material. The fixed material needs to be preserved in dark place and, if possible, in a refrigerator. 
In case of the immediate preparation, the time of fixation should be at least 2–3 hours.  

2. Preliminary anatomising. Take the insects from fixative, put on object glass in a drop of 
ethanol or distilled water and cut along the body margin, using a small blade. The blade can be 
prepared from an entomological spin or from a piece of blade of a disposable razor. In case of a large 
series of collected females, it is better to almost totally cut several females into dorsal and ventral 
sides, so these can be further placed the same plane under a cover slip.

3. Clarification. Place specimens in 8–15 % water solution of potash (NaOH or KOH) and 
heat in water bath or on any hot plate (optimal temperature is about 60°С) until the cuticle 
becomes translucent. The time of heating is different for each species. For weakly sclerotised 
females (most mealybugs) 10–20 minutes of heating is usually enough. Heavily sclerotised and 
pigmented specimens can demand 1–1.5 hours of heating. On the other hand, delicate soft females 
of Xylococcinae can be simply clarified in cold potash (at about 20°С) during several hours. 

 4. Secondary anatomising. Place specimens again on an object glass with a portion of hot 
potash solution and remove all internal organs by gently pressing on the cuticle and using thin 
hooks. Usually, it is necessary to change the potash solution (hot or cold) several times until all 
internal body contents are removed. Then, transfer specimens to water for removing the potash.

5. Staining. The most common method was originally introduced for aphids (Essig, 1948).  
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Preparation of the so-called “Essig’s fluid” is needed and this can be prepared as follows: 20 parts 
of lactic acid (80–90% solution), 2 parts of phenol (1 g in 15 ml of water), 4 parts of glacial acetic 
acid and 1 part of distilled water. Then, the stain mixture itself is prepared: 5 ml of acid fuchsine 
(4% water solution) and 10 ml of pink lignin (2% water solution) are dissolved in 100 ml of Essig’s 
fluid. Both mixtures are preserved separately in a refrigerator until it is needed. Just prior to the 
staining of the material, several ml of Essig’s fluid should be poured in a small tube adding 3–4 
drops of stain mixture. The material can be stained directly in this tube during 20–30 min (at 
60°C) or for several hours at room temperature. Weakly sclerotised or badly fixed specimens need 
more prolonged staining. Ideally, the final coloration of the specimens should be contrast as much 
as possible: sclerotised parts, such as antennae, legs, different setae and wax glands should be well 
visible against the translucent background of the cuticle.

An older, but simpler and cheaper method of staining was based on the use of only one main 
chemical, fuchsine, which should be diluted in distilled water or in 96 % ethanol until saturation. 
Also it is possible to mix 1 g of basic fuchsine to 100 ml of 96 % ethanol or 0.5 g of acid fuchsine to 
25 ml of 10% water solution of HCl and 300 ml of distilled water. 

The stain mixture recipe of Dr. Jean-François Germain (Montpellier, France) gives excellent 
results as I observed on his slides: acid fuchsine is diluted until saturation in the mixture of 1 part 
of distilled water, 1 part of lactic acid (80–90% solution) and 1 part of glycerol.

After staining (by any way), the material should be washed several times in 96% ethanol until 
the excess stain is removed.

The use of absolute alcohol, as it was advised in some instructions (for example, Kozarzhevs-
kaya, 1968; Williams & Granara de Willink, 1992, etc.) is unnecessary.

6. Oil impregnation. The Canada balsam, which is usually used for the preparation of the 
permanent slides, is not mixable with water or ethanol. In view of this fact, the specimens need 
to be impregnated with an intermediate fluid, which can be mixed with both. This fluid is usually 
clove or bergamot oils, but I suppose that other plant oils can be tested if necessary.  The specimens 
should be placed in the oil for 20–30 minutes or can be saved in it for a longer period of time. If 
the acceptable oils are not available, it is possible (but undesirable!) to use as intermediate fluids 
such chemicals as xylene, toluene or similar substances. It is well known that small quantity of 
96% ethanol can be mixed with large quantity of xylene or toluene (see the table of dissolution, for 
example, in Prozina, 1960). Therefore, the specimens can be taken from ethanol, dried very gently 
during several seconds in the air and then placed in xylene or toluene  for 20–30 min.

7. Mounting. After oil or xylene/toluene treatment, the specimens should be placed on a clean 
slide and the superfluous oil must be removed with a filter paper. The dorsal and ventral sides of 
the specimens which were previously cut along the entire body margin should be placed in the 
same plane. Then a small drop of the Canada balsam and a drop of xylene/toluene are added on 
the specimen(s) and all is covered with a cover slip. 

The slides prepared in such way are ready for study, but must be gently used until the slide is 
completely dried during several weeks. The drying can be accelerated by using a thermostat or any 
other type of drying box. The dried slides can be preserved in the collection at temperatures not 
more than 35-40°С for unlimited time. 
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The study of the reproductive biology, genetic systems and karyotypes is also based on the 
temporary or permanent slides. The adult females with ovisacs or male larvae and nymphs are 
fixed in aceto-ethanol (1:3) during 24 hours. More rarely, some other fixatives, which include in 
addition to acetic acid and ethanol also chloroform, formalin, chromic acid, etc. are used.  Then, 
the specimens are dissected under a stereomicroscope, and the young embryos or gonads are 
anatomised in a drop of 45% acetic acid. 

The simplest method of karyotype preparation is based on a classic staining with aceto-orcein 
or aceto-carmin or (better) with lactic acid solutions of these stains. This method gives acceptable 
results even for not well fixed material, but is usually used for temporary slides only. For example, 
young embryos or gonads from the male pronymphs/nymphs are stained by squashing in a drop of 
lacto-aceto-orcein (50 ml of 85 % lactic acid: 2 g orcein: 50 ml glacial acetic acid).  Then the cover 
slip can be fringed with rubber glue, and in this case the slide will be acceptable for study during 
rather long period of time, especially if it is preserved in a freezing chamber.  

More complicated and often unpredictable methods are based on staining with hematoxylin 
(see, for example, Dikshith, 1964, and others) or with the Shiff's reagent according to the Feulgen-
Giemsa technique by Grozeva & Nokkala (1996): the embryos are squashed in a small drop of 
45% acetic acid. After the removal of coverslips using dry ice, the preparations are dehydrated in 
fresh aceto-ethanol for 20 min and then air-dried. Then, the slides are treated in 1 N HCl at the 
room temperature for 20 min, hydrolysed in 1 N HCL at 60ºC for 7 min, stained with the Shiff's 
reagent for 30 min, and rinsed in distilled water and the Sorensen's phosphate buffer (pH 6.8) for 
5 min in each. Finally, the slides are stained with 5% Giemsa in Sorensen's buffer for 20–30 min. 
After staining, the preparations are rinsed briefly with distilled water, air-dried, and mounted in 
the Entellan. The main problem of this method is the unpredictable influence of the Shiff's reagent 
on different species or even on the same studied organ at different stages of development as it was 
earlier noted by different authors (see, for review Romeis, 1953) and also confirmed by me on 
different species of the scale insects. 

Little known, but a good method of preparation of permanent karyotypic slides without dry-
ice was elaborated by Anisimov (1992).
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2. TERMINOLOGY

Before considering different aspects of the scale insect reproductive biology and ontogenesis, 
the definitions of some terms, which are rather equivocally interpreted in the literature need 
to be clarified. Moreover, some terms which are used in this monograph, were introduced only 
recently and are still poorly known amongst entomologists. In addition, one term (exuviatrium) 
is proposed here for the first time.

Terms for describing differenT ways of reproducTion

The classification of different types of embryonal development has a long history and a number 
of different terms and classifications were proposed. A detailed review can be found, for example, 
in the outstanding monograph of Harold Hagan “Embryology of the viviparous insects” (1951) 
and in other special embryological literature. Here, strict definitions of the common terms and 
some new terms are provided, based on my experience with the scale insects and related groups.

Occasional retention of eggs – occasional cases of starting the embryonic development inside 
of the maternal body in view of unpredictable reasons, such as premature death of the mother, 
sudden change of the environmental conditions, etc.

Oviparity – the laying of eggs before the start of embryogenesis; all embryonal development 
occurs outside of the maternal body.

Ovoviviparity – the laying of eggs with wholly or partly developed embryo inside; the embryo 
starts to develop inside of the maternal body; egg is covered with chorion and contains sufficient 
yolk to nourish the embryo until hatching without receiving any additionl aliment from the 
maternal organism.

Complete ovoviviparity – the laying of eggs with wholly developed embryos inside; the hatching 
of the primolarva occurs just after oviposition.

Incomplete ovoviviparity – the laying of eggs with partly developed embryo inside; hatching of 
the primolarva occurs some time after oviposition.

Facultative ovoviviparity – individual and geographical variation in the stage of the embryonal 
development inside of laying egg, from cleavage divisions to complete embryogenesis.

Obligate ovoviviparity – the invariable laying of eggs at an exact stage of embryonal development 
in all specimens of the species, genus, etc. Obligate ovoviviparity is a taxonomic character. 

Viviparity – the laying of primolarvae which are not covered with a chorion; embryogenesis 
of such larvae occurs completely inside of maternal body with receiving a nutriment from the 
mother via special placental structures or via other organs of embryonal and/or maternal origin.  
Viviparity is a taxonomic character. Hagan (1951) considered the following variants of viviparity:  

In case of adenotrophic viviparity, the egg has enough yolk to nourish the embryo, but specialised 
maternal organs nourish hatched larva in the uterus; this variant is known in some families of 
Diptera;

haemocoelous viviparity – the egg develops in the haemocoele, not in genital ducts, and receive 
at least part of a nutrition from mother through the trophamnion or trophchorion; it is known in 
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some Cecidomyiidae (Diptera) and in Strepsiptera;
(pseudo)placental viviparity – embryonic and/or maternal tissues form placenta-like structu-

res for nourishment of the embryo; this variant has been found in different animals, including 
different insect orders, and in all studied true-viviparous Paraneoptera. 

I do not see any fundamental differences between the terms “placenta” and “pseudoplacenta” 
and suppose that both structures are morphologically similar, but undoubtedly appeared many 
times separately in different phylogenetic lines of viviparous vertebrates and invertebrates. 

Terms for describing an individual developmenT

Exuviatrium – sclerotised larval exuviae which are used by the next larva-like instar (including 
neotenic female) as a shelter. An exuviatrial female has minute, rudimentary legs and lays eggs 
just inside of the exuviatrium. The term is introduced here.

Larvae – the preadult instars of the postembryonal development. Different instars can be 
designated by numbers (I, II, III, IV, etc.) according to the number of moults which the animal 
underwent after birth. Recently Kluge (2010b) suggested the using of the special Latin names for 
such instars: primolarva, secundolarva, tertiolarva, etc. In the situations when the total number 
of the instars is unknown, the same author advised naming instars starting from the oldest one: 
ultimolarva (preadult instar), penultimolarva (penultimate preimaginal instar). 

Neoteny – bisexual reproduction of preimaginal instars.  The term was originally introduced by 
Kollmann (1884) for salamanders, but now is widely used for different vertebrate and invertebrate 
animals.

Nymphs – the larval instars with wing buds (protoptera). These instars can be also numerated 
or named using prefixes primo-, secundo-, tertio-, ultimo-, penultimo-, etc.

Paedogenesis – parthenogenetic reproduction of the preimaginal instars. The term was 
introduced by Baer (1866) for larval parthenogenesis of some Cecidomyiidae (Diptera), discovered 
by Wagner (1862).

Protopteron (plural protoptera) – wing buds, flattened structures possessed by nymphs from 
which the wings will develop in the imago. The term was introduced by Kluge (2005).

Pseudopupa – the immovable apodal ultimolarva of whiteflies (Homoptera: Aleyrodinea); 
this pseudopupa does not have protoptera (in contrast to the true pupa of Holometabola), but it 
moults into a winged imago having the well-developed legs and antennae. 

In contrast to the true puparium (in Diptera-Cyclorrhapha and in Strepsiptera), there is no 
pupa inside of the ultimolarval exuviae of whiteflies and the imaginal cuticle is forming just under 
the larval cuticle; so, it is incorrect to name the ultimolarva of whiteflies as “puparium” in spite of 
widely useing of the last term in the literature on Aleyrodinea.  

Puparium – sclerotised larval exuviae which cover the pupa or the quiescent nymph moulted 
into imago.
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3. NOMENCLATURE OF HIGHER TAXA NAMES

The higher taxa names used in this book follow the combined system, compiled recently 
in Gavrilov-Zimin & Danzig (2012) and Danzig & Gavrilov-Zimin (2014). The system uses 
hierarchical rank and typified (for suborder and lower rank names) nomenclature. For the taxa 
whose rank is higher than suborder, circumscriptional names are mainly used.

Cohors Paraneoptera Martynov, 1923

Ordo Zoraptera Silvestri, 1913

Subcohors Acercaria Börner, 1904

Superordo Panpsocoptera Crampton, 1938
Ordo Copeognatha Enderlein, 1903 (= Psocoptera Shipley, 1904) 
Ordo Parasita Latreille, 1796

Cohors Hemiptera Linnaeus, 1758 (= Condylognatha Börner, 1904, non Hemiptera auct.)
Ordo Thysanoptera Haliday, 1836

Superordo Arthroidignatha Spinola, 1850 (= Hemiptera auct., non Linnaeus, 1758; 
= Rhynchota auct., non Burmeister, 1835)

Ordo Coleorrhyncha Meyers et China, 1929
Ordo Heteroptera Latreille, 1810 (= Hemiptera auct., non Linnaeus, 1758)
Ordo Homoptera sensu Westwood, 1838, non Latreille, 1810 (= Homopterida Pearce, 
1936)

Subordo Cicadinea Batsch, 1789
Subordo Psyllinea Latreille, 1807
Subordo Aleyrodinea Newman, 1834
Subordo Aphidinea Latreille, 1802

  Superfamilia Phylloxeroidea Herrich-Schaeffer, 1854
  Superfamilia Aphidoidea Latreille, 1802 

Subordo Coccinea Fallén, 1814 (= Coccoidea auct.; = Gallinsecta De Geer, 1776)
Superfamilia Orthezioidea Amyot et Serville, 1843 (= Paleococcoidea Borchsenius, 
1950; = Archaeococcidea Bodenheimer, 1952)
Superfamilia Coccoidea Fallén, 1814 (= Neococcoidea Borchsenius, 1950; = Neo-
coccidea Bodenheimer, 1952)

I recognise the scale insects and related groups (aphids, psyllids, whiteflies and cicadas) as 
suborders of the order Homoptera sensu Westwood, 1838, and use the ending “-nea” for all typified 
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suborder names in Homoptera: Aphidinea, Coccinea, Aleyrodinea, Psyllinea, Cicadinea, following 
Pesson (1951) and internal coccidological practice (see works of E. Danzig, J. Koteja, F. Kozár, 
E. Podsiadlo, R. Jashenko, I. Gavrilov-Zimin and others). The International Code of Zoological 
Nomenclature (below: the Code) does not regulate the taxonomic names higher than the “family 
group” and I follow the principle introduced by Rohdendorf (1977) and consider the suborder 
names as members of the family group. 

The name Hemiptera Linnaeus, 1758, frequently used (often under pressure from editors of 
journals!) in coccidological literature as the order name for all groups of “proboscidean” insects, is 
not accepted by me in this sense, because: 1) this name was used by C. Linnaeus for “proboscideans” 
and thrips taken together; therefore, it is a senior synonym of Condylognatha Börner, 1904; 2) for 
many years until now, this name was used by numerous authors for the true bugs (Heteroptera) only; 
3) there are at least two separate orders (Heteroptera and Homoptera) within the “order Hemi-
ptera” accepted by different authors. A similar taxonomic situation exists with the well-known 
and widely used name Rhynchota Burmeister, 1835, which originally included Siphunculata also. 
Moreover, this name is preoccupied by Rhynchota Billberg, 1820 (=Aphaniptera Kirby et Spence, 
1815) (Kluge, 2010a). The oldest name for the taxon which combines the aphids, scale insects, 
whiteflies, psyllids, cicadas, true bugs, and moss bugs is Arthroidignatha Spinola, 1850 (Kluge, 
2000, 2010a, b). 

As for the widely known and frequently discussed order name Homoptera Latreille, 1810, I 
do not see enough evidences to reject it. It originally covered all hemipteroid insects excluding 
the true bugs, but including the thrips. However, all subsequent authors used this name in its 
modern composition, i.e. without thrips. It seems that Westwood, 1838 was the first author who 
did it. Later Pearce (1936) introduced the name Homopterida for the same group of taxa. The 
notion about the paraphyly of Homoptera sensu Westwood, 1838 (for review, see for example, 
von Dohlen & Moran, 1995 or Gullan, 1999), is merely a hypothesis that considers some facts and 
ignores others. According to the cladistic point of view, the problem boils down to considering 
synapomorphies of the Hemelytrata Fallén, 1829 (Cicadinea+(Coleorrhyncha+Heteroptera)) in 
contrast to synapomorphies of Homoptera. Some authors (for example, Gullan, 1999) suppose 
that Homoptera is characterised by plesiomorphic characters only. Of course, it is not so easy to 
find reliable synapomorphies for all, very diverse groups of Homoptera. However, such characters 
as the wing-coupling apparatus, the presence of the fields of wax glands and the filter chamber of 
the digestive tract as well as the ability to produce honeydew can be considered as synapomorphies 
of Homoptera (Lambdin, 2001; D’Urso, 2002; Gavrilov-Zimin & Danzig, 2012). I do not see any 
reason to ignore these characters and consider only the probable morphological synapomorphies 
of Hemelytrata (see, for example, Emeljanov, 1987) or believe the untestable and antilogous 
data of molecular cladograms based on a small number of occasionally collected species. Some 
of these cladograms (Campbell et al., 1995; von Dohlen & Moran, 1995) consider Homoptera 
as paraphyletic taxon, whereas the other (Song et al., 2012) – as holophyletic one. A detailed 
historical revision of different phylogenetic reconstructions of “proboscidean” insects was given 
by Brožek et al. (2003) and by Forero (2008) and will not be repeated here. In any case, whether 
further investigations support the hypothesis on the paraphyly of the Homoptera or not, it cannot 
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be the reason to reject this taxonomic name. The cladistic dogma about rejecting paraphyletic 
taxa is not based on scientific arguments; it is only based on voluntary decision. There is no any 
biological reason to suppose that species in paraphyletic taxa should be less related to each other 
than the species in holophyletic taxa. This main conceptual contradiction between the cladistic 
taxonomy (in its original W. Hennig’s sense) and evolutionary taxonomy was discussed in many 
special papers and books (see, for example, Simpson (1961), Mayr (1974), Mayr & Ashlock (1991), 
Gorochov (2001), Kerzhner & Danzig (2001), Hołynski (2005), Rasnitsyn (2010) and others) 
and well phrased by R.B. Hołynski (2005): “…paraphyletic taxa do not exist; why not? – because 
what is paraphyletic is not a taxon; why? – of course because no taxon can be ancestor of another 
taxon… Maybe it is a good philosophy, but good biology it is certainly not…”. Moreover, paraphyly 
of any taxon is closely connected with our subjective view of the borders of the taxon. For example, 
if we include the fossil ancestor groups of Arthroidignatha (in particular, Archescytinoidea) in 
the Homoptera, the latter will evidently became paraphyletic; on the other hand, if we include 
Archescytinoidea in Hemelytrata (Cicadinea+ (Coleorrhyncha+Heteroptera)), the latter will 
be paraphyletic. The factual paleontological data on the appearance of different Arthroidignatha 
groups are provided in the scheme of Shcherbakov & Popov (2002: 146).

As for the frequently used name Sterno(r)rhynch(i)(a) (including Coccinea, Aphidinea, 
Aleyrodinea, and Psillinea), I am not sure of the commonly discussed synapomorphies of this 
group. For example, according to the scheme of Shcherbakov & Popov (2002), Sternorhynchi 
are even polyphyletic. Moreover, Sternorhynchi Amyot et Serville, 1843 is a junior synonym of 
Plantisuga Dumeril, 1805 (Kluge, 2010a).

As for names of superfamilies within the Coccinea, they are regulated by the Code and are 
well known. However, in the modern coccidological literature, informal and non-typified names 
“archaeococcids” and “neococcids” are often used for the same family groups that were placed in 
the superfamilies Orthezioidea and Coccoidea.  

I accept in the global fauna 19 recent scale insect families, which can be easily separated 
(without overlapping) by morphological characters. All these families can be easily identified by 
experienced entomologists even in the nature, without microscopic techniques, but according to 
their characteristic external appearance and the mode of life.

Superfamilia Orthezioidea Amyot et Serville, 1843 
Familia Margarodidae Cockerell, 1899
Familia Ortheziidae Amyot et Serville, 1843 
Familia Phenacoleachiidae Cockerell, 1902
Familia Carayonemidae Richard, 1986
Familia Xenococcidae Tang, 1992*

Superfamilia Coccoidea Fallén, 1814 
Familia Pseudococcidae Cockerell, 1905
Familia Eriococcidae Cockerell, 1899
Familia Coccidae Fallén, 1814

*Placing of Xenococcidae in the superfamily Orthezioidea is disputable (see Chapter 13).
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Familia Kermesidae Signoret, 1875
Familia Aclerdidae Cockerell, 1905
Familia Micrococcidae Silvestri, 1939
Familia Dactylopiidae Signoret, 1875
Familia Kerriidae Lindinger, 1937
Familia Stictococcidae Lindinger, 1937
Familia Asterolecaniidae Cockerell, 1896
Familia Beesoniidae Ferris, 1950 
Familia Conchaspididae Green, 1896 
Familia Phoenicococcidae Stickney, 1934, 
Familia Diaspididae Targioni Tozzetti, 1868 
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4. CYTOGENETIC MECHANISMS OF REPRODUCTION 

As commonly known, the scale insects and all other Paraneoptera possess holocentric (or 
holokinetic) chromosomes (Fig. 4.1). Moreover, the scale insects were one of the first groups of 
insects in which this type of chromosomes was discovered and studied (e.g., Hughes-Schrader & 
Ris, 1941; Hughes-Schrader, 1942, 1948; Hughes-Schrader & Schrader, 1961). Generally, there 
are four main differences between holocentric and monocentric chromosomes:  (1) monocentric 
chromosomes have a primary constriction (centromere), while in holocentric chromosomes such a 
centromere is not morphologically or functionally distinguished and kinetic activity is distributed 
along the entire chromosome (Hughes-Schrader & Schrader, 1961); (2) monocentric chromosomes 
have a J-like or V-like form in anaphase, because their arms protrude from the mitotic spindle and 
move to the pole after the centromere, while holocentric chromosomes move to the pole with 
their long axis parallel to the anaphase plate; (3) holocentric chromosomes are more tolerant to 
irradiation (Hughes-Schrader & Ris, 1941; Brown & Nelson-Rees, 1961), because their fragments  

Fig. 4.1. Chromosomes in embryonic cells of some Margarodidae s. l. a, b, female & male embryos of Porphyrophora 
polonica, Russia (Voronezh), 2n=14/13; c, d, female & male embryos of Jansenus burgeri, Laos (Pak Beng), 2n=6/5; 
e, f, female & male embryos of Icerya imperatae, Malaysia (Sepilok), 2n/n=4/2. Sex chromosomes are arrowed. Bar 
= 10 μm.
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Table 1. Chromosome numbers and genetic systems of archaeococcids (subfam. Orthezioidea). 2n – diploid chromo-
some number; in systems XX-X0 and 2n-n, female and male chromosome numbers are given in fractional form; Bs – 
B-chromosomes; Herm – hermaphroditism; P – parthenogenesis; the family name is followed (in parentheses) by the 
approximate number of species and the number of cytogenetically studied species (separated by a slash); a question-
mark in square brackets after a cited reference indicates that the data are not clear or doubtful. 

have their own kinetic activity and are not eliminated, in contrast to the fragments of the 
monocentric chromosomes; and (4) the holocentric bivalents have a small number of chiasmata 
(one or two) (Nokkala et al., 2004, 2006), whereas the monocentric bivalents can form from one 
to eight chiasmata (White, 1973). Theoretically, organisms with holocentric chromosomes must 
have more variable chromosomal numbers than the groups with the monocentric chromosomes. 
However, the scale insects and other organisms with the holocentric chromosomes probably have a 
special mechanism that prevents an increase in the chromosome number, and only in some species, 
spontaneous chromosome fragments are transmitted to the subsequent generations, playing an 
important role in evolution (Brown, 1960; Nur et al., 1987).

To date, the chromosome numbers have been reported for 41 species of archaeococcids from 
three families (Table 1), that comprising about 6% of the species in the world fauna. The same 
percent is known for the scale insects as a whole, i.e. for archaeococcids + neococcids together 
(Gavrilov, 2007; Gavrilov-Zimin et al., 2015). The lowest chromosome number, 2n=4, is known in 
different species of the tribe Iceryini (Monophlebinae); the highest number, 2n=40, is known in 
Matsucoccus gallicolus Morrison, 1939 (Xylococcinae s. l.). For the family Ortheziidae only three 

Taxon 2n Genetic 
system

Reference 

Fam. Margarodidae s. l. (450/37)

Aspidoproctus maximus Lounsbury, 1908 6/5 XX-X(0) Hughes-Schrader, 1955 [Kenya]

Callipappus rubiginosus (Maskell, 1893) 14/13 XX-X(0) Hughes-Schrader, unpublished [Australia], 
according to White, 1973

Crypticerya ovivivipara sp. nov. 4/2 2n-n This report [Khao Sok, Thailand]

C. rosae (Riley et Howard, 1890) 4/2 2n-n Hughes-Schrader, 1930a, b [Honduras]

Crypticerya sp. 4/2 2n-n Parida and Moharana, 1982 [India]

Drosicha sp. 8 ? Moharana, 1990 [India]

Echinicerya anomala Morrison, 1930 4/2 2n-n Hughes-Schrader, 1930a, b [Guatemala]

Gueriniella serratulae (Fabricius, 1775) 6 P(thelitoky) Hughes-Schrader and Tremblay, 1966 
[Italy]

Hemaspidoproctus sp. 16 ? Moharana, 1990 [India]

Icerya acaciae (Morrison et Morrison, 
1923)

4/2 2n-n Hughes-Schrader, unpublished (as Auloic-
erya)  [Australia], according to White, 
1973

I. aegyptiaca (Douglas, 1890) 4/2

4

2n-n

P(thelitoky)

Hughes-Schrader, 1963 [Pretoria, South 
Africa]                                                
Parida and Moharana, 1982 [India]

I. bimaculata  De Lotto, 1959 4 Herm Hughes-Schrader, 1963 [Pretoria, South 
Africa]

I. brasiliensis Hempel, 1900 4/2 2n-n Hughes-Schrader and Monahan, 1966 (as 
I. zeteki) [Panama]
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I. formicarum Newstead, 1897 4 ? Moharana, 1990 [India]

I. imperatae Rao, 1951 4/2 2n-n This report [Sabah, Borneo, Malaysia]

I. jacobsoni Green, 1913 4/2 2n-n This report [Bukit Lawang, Sumatra, 
Indonesia]

I. littoralis  Cockerell, 1898 4/2 2n-n Hughes-Schrader, 1930a, b [Guatemala] 

I. maxima Newstead, 1914 4/2 2n-n Hughes-Schrader, 1963 [Pretoria, South 
Africa]

I. montserratensis  Riley et Howard, 1890 4/2 2n-n Hughes-Schrader, 1930a, b [Honduras] 

I. multicicatrices (Kondo et Unhuh, 
2009), comb. nov.

4 Herm This report [Colombia]

I. purchasi Maskell, 1879 4/2 2n-n +

Herm

Hughes-Schrader, 1925 [California, USA]

Schrader and Hughes-Schrader, 1926 [?]  
I. seychellarum (Westwood, 1855) 4 ? Moharana, 1990 [India]

I. schoutedeni Vayssière, 1926 4/2 2n-n Hughes-Schrader, 1963 (as I. tremae) [Pre-
toria, South Africa]

I. similis Morrison, 1927 4/2 2n-n Hughes-Schrader, 1948 [?]

Icerya sp. 4 ? Moharana, 1990 [India]

Jansenus burgeri Foldi, 1997 6/5 XX-X(0) Gavrilov-Zimin, 2017 [Laos]

Kuwania oligostigma De Lotto, 1959 16 S Hughes-Schrader, 1963. [Pretoria, South 
Africa]

Llaveia axin (Llave, 1832) 6/5 XX-X(0) Hughes-Schrader, 1931 (as L. bouvari) 
[Guatemala]

L. oaxacoensis Morrison, 1927 6/5 XX-X(0) Hughes-Schrader, 1948 [?]

Llaveiella  taenechina Morrison, 1927 6/5 XX-X(0) Hughes-Schrader, 1940 [Mexico]

Marchalina hellenica (Gennadius, 1883) 18 P Hovasse, 1930 [France]

Matsucoccus gallicolus Morrison, 1939 40/34 12X-6X Hughes-Schrader, 1948 [?]

Mimosicerya schraderae (Vayssière, 
1939)

6/5+Bs XX-X(0) Hughes-Schrader, 1942 [Panama]

Porphyrophora hamelii Brandt, 1833 14/13 XX-X(0) Matevossyan, 1977 [Armenia]

P. polonica (Linnaeus, 1758) 14/13 XX-X(0) Gavrilov, 2004a [Voronezh, Russia]

Protortonia primitiva (Townsend, 1898) 6/5 XX-X(0) Schrader, 1931 [Guatemala]

Steatococcus tuberculatus Morrison, 1941 4/2 2n-n Hughes-Schrader and Ris, 1941 [Mexico]

Steingelia gorodetskia Nasonov, 1908 10/9 XX-X(0) Nur, 1980 [Poland]

Fam. Ortheziidae (190/3)

Newsteadia sp. 14/13 XX-X(0) Nur, 1980 [?]

Orthezia urticae (Linnaeus, 1758) 18? ? Gavrilov, 2004a [Voronezh, Russia] 

Praelongorthezia praelonga (Douglas, 
1891)

16 2n-2n Brown, 1958 (as Orthezia) [Trinidad]

Fam. Phenacoleachiidae (2/1)

Phenacoleachia zealandica (Maskell, 
1891)

8/7 XX-X(0) Brown & Cleveland, 1968 [New Zealand]

Fam. Xenococcidae (33/1)

Neochavesia caldasiae (Balachowsky, 
1957)

14/7 2n-n Delabie et al., 2004 [Brazil]
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species were studied up to now, whereas the small tropical family Carayonemidae has never been 
studied cytogenetically at all. 

The accessory chromosomal elements (B-chromosomes) were found only in Mimosicerya 
schraderae (Vayssière, 1939) from the tribe Cryptokermesisi of the subfamily Callipappinae s. l. 
(Hughes-Schrader, 1942) and in some neococcids (see Gavrilov, 2007 for review).

In one species, Matsucoccus gallicolus, the multiple sex chromosomes, 12X in female and 6X in 
male, are known (Hughes-Schrader, 1948). 

In contrast to the other Arthroidignatha and most other Paraneoptera, all studied scale 
insects (as well as aphids) undergo spermatogonia and oogonia meiosis in the larval instars (Fig. 
4.2) or in the neotenic females (which are in fact equivalent to larvae III or IV) and show a 
multiplicity of very different and partly unique genetic systems, which all are probably based on 

Meiosis

L1 L2 L3 L4 L5

� � � � �

Coccinea L1 L2

L3 L4

L3 Neotenic female

L1 L2 L3 L4

Male

Imago

Heteroptera, Cicadinea, Psyllinea

Aphidinea

Imago

Fig. 4.2. Imaginal and larval meiosis in different Arthroidignatha insects.

the original XX-X(0) system considered by Blackman (1995) as an ancestral for all Paraneoptera 
insects (Fig. 4.3). In species possessing this system, the sex of the progeny is determined during 
spermatogenesis.  Spermatozoa with the X-chromosomes produce females and spermatozoa with-
out the X-chromosomes produce males. This usual type of XX-X(0) spermatogenesis (similar to 
that of Copeognatha, for example) is known in archaeococcids of different families and subfamilies 
(see Table 1) and in several studied species of the neococcid genus Puto Signoret, 1875 (Pseudo-
coccidae) (Hughes-Schrader, 1931, 1942, 1944, 1955; Brown & Cleveland, 1968) with only one 
peculiar deviation – spermatocytes fuse to form a quadrinucleate spermatid (Fig. 4.3). This fusion 
can be considered as an unique apomorphy of Coccinea.  In some genera of Margarodidae s. l. such 
as Aspidoproctus Newstead, 1901, Protortonia Townsend, 1898, Llaveia Signoret, 1876, Llaveiela 
Morrison, 1927, and Mimosicerya Cockerell, 1902, the XX-X(0) spermatogenesis is also compli-
cated by the enclosure of the meiotic prophase I chromosomes in peculiar separate vesicles, instead 
of a single nuclear membrane (Fig. 4.4). This phenomenon was discovered by F. Schrader and S. 
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Fig. 4.3. Meiosis and spermatogenesis of scale insects and aphids with different genetic systems.

Hughes-Schrader and was comprehensively reviewed by Hughes-Schrader (1948). Moreover, it 
is interesting to note that in Protortonia, in the second meiotic division, all chromosomes form a 
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Fig. 4.4. Male meiosis and spermiogenesis in Protortonia primitiva (Townsend, 1898), after Schrader, 1931. a–f, pro-
phase I, formation and elongation of vesicles with chromosomes; g–h, metaphase I; i–j, anaphase I; k–l, telophase I 
and separation of cells; m–n, metaphase II with alignment of chromosomes; o–p, telophase II; q, spermatids with 2 or 
3 chromosomes; r, s, quadruple spermatids (after two fusions); t, formation of sperm cells. 
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chain stretched between the two poles of the cell (Schrader, 1931) (Fig. 4.4), which is similar to 
the well-known example of the chain formation in the plants of the genus Oenothera Linnaeus, 
1753 (Onagraceae) and some other plants and animals (White, 1973).

In most cases, the species with XX-X(0) system have only one pair of the sex chromosomes 
in their female karyotypes. For example, the females of Porphyrophora polonica (Linnaeus, 
1758) have 2n=12+XX and males have 2n=12 +X. On the other hand, examples of multiple 
sex chromosome karyotypes are also known. Thus, Matsucoccus gallicolus Morrison, 1939 has a 
multiple sex chromosome system with six pairs of X chromosomes (2n=28+12X in females and 
2n=28+6X in males), which probably evolved as a result of fragmentation of an initial pair of the 
X chromosomes (Hughes-Schrader 1948) and it seems the number of the sex chromosomes in this 
species is the highest known in all Insecta. 

The hermaphroditism and haplo-diploidy are known in species of the tribe Iceryini (Mono-
phlebinae) (Hughes-Schrader, 1948, 1963). The hermaphrodites are diploid and similar to neotenic 
larva-like females in their morphology and the mode of life. During embryogenesis, the gonads of 
these insects do not undergo sexual differentiation. Later, in the crawlers, haploid nuclei appear in 
the gonads and form the central testicular part of the hermaphroditic gland.  The haploid nuclei 
appear as a result of degeneration and elimination of one set of chromosomes. The peripheral 
ovarian part of the gland is diploid and is formed a little later (Fig. 4.5a). Fertilisation takes place 
either in the ovarian part or in the cavity of the ovo-testis. The fertilised eggs always develop 
into the female-like hermaphrodites, which usually reproduce by self-fertilisation. However, the 
hermaphrodites may also copulate with the accidental haploid males, which sometimes develop 

Fig. 4.5. Hermaphroditic ovotestis and usual ovariole in scale insects (after Pesson, 1951). a, ovotestis of Icerya pur-
chasi Maskell, 1879 (Margarodidae s. l.); b, Diaspidiotus ostreaeformis (Curtis, 1843) (Diaspididae). Abbreviations: 
Cyt – cytoplasmic connection, Fol – follicular cells, Kr – Krassilstchick’s cell with sperms, Ov – developing oocytes, 
Ovd – oviducts, Sp – spermatheca, Tr – trophocytes, Ts – testicular part of hermaphroditic gland, Vg – vagina.



chApter 4. cytoGenetIc mechAnIsms of reproductIon 32

 © 2018 Zoological Institute, Russian Academy of Sciences, Zoosystematica Rossica, Supplementum 2

from the unfertilised eggs (Hughes-Schrader, 1948). The haplo-diploidy is known in different spe-
cies of Iceryini and it is in fact the result of the haploid arrhenotoky as in other insects with the 
haploid males. The fertilised eggs produce the diploid females and the unfertilised eggs produce 
the haploid males (Hughes-Schrader, 1948). Recently, Delabie et al. (2004) studied chromosomes 
in the embryos of Neochavesia caldasiae (Balachowsky, 1957) from the small family Xenococcidae 
and found that the female embryos had 2n=14, whereas the male embryos showed n=7. Thus, the 
species also exhibits haplo-diploidy, that is especially important for the discussion on the taxo-
nomic position of the xenococcids (see Chapter 13).

In contrast to the archaeococcids, the majority of studied neococcids demonstrate specific 
heterochromatinisation and/or partial degeneration of one haploid set of chromosomes in the 
males (see for review Nur, 1980; Gavrilov, 2007; Gavrilov-Zimin et al., 2015). The reproduction 
of coccid species with such heterochromatinisation can be purely bisexual with identical male 
and female gametes, or demonstrate the diploid arrhenotoky and deuterotoky in addition to the 
heterochromatinisation of the paternal set of chromosomes. In all these cases (so-called Lecanoid, 
Comstockioid, and Diaspidoid systems), the sex of the progeny depends on rather enigmatic 
physiological processes occurring inside the female. Surprisingly that no one archaeococcid species 
with such heterochromatinisation was discovered until now.

To date, species with the heteromorphic sex chromosomes (genetic system XX/XY, neo-XX/
XY) have not been found among the scale insects (and aphids) in contrast to larger groups of 
Paraneoptera: Cicadinea and Heteroptera, where these systems are very common and to Psyllinea 
and Copeognatha, where the XX/XY (or neo-XX/XY) system is known in several species. On 
the other hand, in some species of scale insects, such as Newsteadia sp., Praelongorthezia praelonga 
(Douglas, 1891) (both from Ortheziidae), Lachnodius eucalypti (Maskell, 1892) (Eriococcidae), 
and Stictococcus sp. (Stictococcidae), both the females and males have the same number of 
chromosomes, but without distinct sex chromosomes or peculiar heterochromatinisation of the 
paternal set (as in the unique coccid systems Lecanoid, Comstockioid, and Diaspidoid). Thus, the 
Australian felt scale Lachnodius eucalypti, having 2n=18 in both the females and males (Brown, 
1967, 1977; Nur, 1980), is especially noteworthy. In other studied species of the genus Lachno-
dius Maskell, 1896 and in the family Eriococcidae as a whole, the Comstockioid system has been 
discovered, but in the males of L. eucalypti, the heterochromatinisation of the paternal set is 
absent. The 2n-2n system probably evolved in the scale insects more than once and from different 
ancestral systems: from the system with heterochromatinisation in L. eucalypti and Stictococcus 
sp. and from the XX-X0 system in Praelongorthezia praelonga (Nur, 1980). The meiosis in L. eu-
calypti comprises one reductional division only, whereas in P. praelonga it comprises two divisions 
(Brown, 1958).

In the bisexual species of scale insects, the mature oocytes are fertilised by the non-flagellate 
sperms and at least in some neococcids these sperms are transported from the spermatheca to 
oviduct and to the ovariole by the peculiar “Krassilshchik’s cells” (Krassilshchik, 1893; Pesson, 
1951; Tremblay, 1997) (Fig. 4.5b).

Many scale insects can produce their progeny without fertilisation by the parthenogenesis 
which may be thelytokous, deuterotokous or arrhenotokous. On the other hand, there are probab-
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ly a few obligatory thelytokous species of scale insects, such as Gueriniella serratulae Fabricius, 
1775 (Monophlebinae), Protortonia navesi Fonseca, 1979 (Callipappinae s. l.) and some neococcid 
species, for example, the soft scales Protopulvinaria pyriformis (Cockerell, 1894) and Eupulvinaria 
peregrina Borchsenius, 1953 (Hughes-Schrader & Tremblay, 1966; Oliveira et al., 2008; Gavrilov 
& Trapeznikova, 2008), which never produce males in any population or geographical region. Some 
other parthenogenetic species (mainly neococcids), often reported as thelytokous (see, for exam-
ple, Nur, 1990 and Vershinina & Kuznetsova, 2016 for the review), in reality combine thelytokous 
reproduction with amphimixis, producing males amphimictically or parthenogenetically (diploid 
arrhenotoky and deuterotoky). Some species variously have thelytokous and the sexual lineages 
in different geographical regions or on different host plants (Nur, 1990). Thus, Marchalina hel-
lenica (Gennadius, 1883), considered here as a member of Callipappinae s. l., was briefly studied 
by Hovasse (1930), who reported the obligate thelytoky of this species, but in reality males are 
present in both the Western European and Caucasian populations of the species (Hadzibejli, 
1969a; Hodgson & Foldi 2006).

Haploid arrenotoky (noted above for Icerini) is connected with haplo-diploidy and can be 
interpreted as facultative, rather than obligatory parthenogenesis.

In all studied cases of the -parthenogenesis, the scale insects exhibit a meiotic origin of the 
unfertilised eggs with a diploidy restoration by a fusion of the female pronucleus with the polar 
body II or by a fusion of the first cleavage cells (Nur, 1979, 1980). So, the reproduction of all 
studied scale insects is always sexual, with or without fertilisation, but not “asexual” or “clon-
al” as some modern authors erroneously note.
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5. OVIPARITY, MARSUPIALITY AND (OVO)VIVIPARITY 

Scale insect embryology has been poorly elaborated up to now and detailed reconstructions 
of the embryogenesis were published mainly for occasional species of neococcids. It seems that 
the first data were presented by the famous zoologist and embryologist Elias Mecznikow (1866) 
who studied neococcid species Aspidiotus nerii Bouché, 1833 (Diaspididae) and provided the 
comprehensive description and illustrations of different stages of coccid embryogenesis (Fig. 
5.1). In general aspects, these stages are the same in all other scale insects studied by subsequent 
authors. In view of the presence of a large amount of yolk, the cleavage is meroblastic. Zygotic 
nucleus undergoes cleavage divisions and gives the origin to blastomeres and vitellophages (Fig. 
5.2). The blastomeres migrate to the surface of egg and form blastoderm. The vitellophages are 
few in number and are dispersed between the yolk drops. The blastoderm differentiates into 
serosa and germ band. The invaginations of the germ band into the yolk (anatrepsis) together 
with the intensive divisions of the cells lead to appearance of the embryo and amnion. At maximal 
invagination, the germ band has a characteristic S-shaped form. When the invagination is finished, 
the inner germ band cells give th origin to mesoderm and the preliminary organogenesis starts. In 

Fig. 5.1. First reconstruction of scale insect embryogenesis – neococcid Aspidiotus nerii Bouché, 1833 (Diaspididae),
 after Mecznikow, 1866. 
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Fig. 5.2. Main stages of scale insect embryogenesis. 
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the same time buds of appendages appear and the embryo starts to turn backwards in comparison 
to its initial position (katatrepsis). The serosa degenerates whereas the amnion gives the origin 
of the yolk epithelium. Finally all yolk is consumed and the embryo achieves the size and form of 
primolarva (Fig. 5.2).

The studies on the embryogenesis of the archaeococcids are very scanty.  Thus, Kalicka-
Fijalkowska (1928) provided the brief description of embryogenesis of Porphyrophora polonica 
(Linnaeus, 1758) without any illustrations. M. Royer with collaborators (Royer, 1966; 1973a, b; 
Delavault et al., 1969) studied different aspects of embryogenesis of Icerya purchasi Maskell, 1879. 
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Walczuch (1932), Buchner (1965, 1966, 1967, 1969) and some other authors comprehensively 
considered development of symbiotic organs in embryos of different archaeococcids, but did not 
reconstruct the embryogenesis as a whole. 

The total duration of the embryogenesis, from the cleavage divisions to hatching of the primo-
larva, is about 3–4 weeks in natural conditions in both arhaeococcids and neococcids (Kalicka-
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Fig. 5.3. Patterns of the oviposition in scale insects. 
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Fig. 5.4. Schematic illustration of marsupium in Etropera spp. in vertical and horizontal projections.

Fijalkowska, 1928; McKenzie, 1942b; Hughes-Scharader & Tremblay, 1966; Koteja, 1990 and 
others), but it significantly varies depending on environmental temperature, that was shown in 
experimental conditions (see, for example, Delavault et al., 1969).

In the most primitive variant, the laid eggs are simply deposited behind the body in a loose wax 
sac which is produced by specialised wax glands of female. Such mode of the oviposition is known in 
Matsucoccini, some Steingeliini, Kuwaniini, Margarodinae, many Monophlebinae, Callipappinae 
s. l. and amongst the neococcids in some Pseudococcidae, Eriococcidae, and Coccidae (Fig. 5.3).  
In some cases the ovisac may be very large, and at the final stage of the oviposition, the female 
body lifts vertically in comparison with its initial position (as in some Iceryini and in the soft 
scales of the neococcid tribe Pulvinariini). The ovisac of Ortheziidae is constructed from solid 
wax and the female may move around together with such ovisac attached to the abdomen (Colour 
Fig. 1.10).  Some Monophlebinae (for example, Hemaspidoproctus Morrison, 1927, Walkeriana 
Signoret, 1876, and several species of Iceryini) as well as some soft scales (Coccidae) lay eggs 
beneath their more or less sclerotised body without construction of any ovisac (Fig. 5.3). Females 

Marsupial chamber
with developing eggs

Sclerotized lips of
marsupial aperture
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of the neococcid families Asterolecaniidae s. l. and Kerriidae lay eggs in resinous semitransparent 
test. The small, highly specialised tribe Cryptokermesini and some genera of the neococcid family 
Diaspididae are characterised by exuviatrial apodal females which lay eggs inside of the exuviae 
of ultimolarva (see more detail consideration in Chapter 6). Few scale insects, such as Xylococ-
culus Morrison, 1927 and Stigmacoccus Hempel, 1900, live inside of plant tissues or produce galls 
(as some Pseudococcidae, Eriococcidae, Coccidae, and Beesonidae); in these cases females do not 
produce any covers or ovisacs for protection of the progeny and lay eggs simply behind the body. 

The most amazing and divergent mode of the progeny protection is the appearance of various 
marsupia-like structures in the mature females of some scale insects.  Thus, some species of Matsu-
coccus Cockerell, 1909, Conifericoccus Brimblecombe, 1960, Araucaricoccus Brimblecombe, 1960, 
Callipappus Guérin-Méneville, 1841, and Platycoelostoma Morrison, 1923 form pseudomarsupial 
cavity via invagination of last abdominal segments inside of body (Fig. 5.3, Colour Fig.  1.3c) – 

Fig. 5.5. Aspidoproctus maximus (Lounsbury, 1908), sagittal section of marsupial female, after Thorpe, 1941. Ab-
brebiations: An – anus; Ap –aperture of marsupium; F – fat tissue; M – marsupium pouch with numerous eggs; Op 
– operculum; P – puparium of parasitic flies; S – supra visceral membrane; T – trachea; V – visceral cavity.

see Chapters 9.1 and 9.2 for details and references.  Heavily sclerotized mature females of some 
Kermesidae (neococcids) form unary or double pseudomarsupial “brood chambers” which arise in 
the result of strong lifting and curving of both dorsal and ventral surfaces of the body (Fig. 5.3). 
The true marsupium, i.e. an internal cuticular sac with an orifice in medial ventral zone of anterior 
abdominal segments, is known only in six genera of Monophlebinae: Aspidoproctus Newstead, 
1901, Etropera Bhatti et Gullan, 1990, Labioproctus Green, 1922, Misracoccus Rao, 1950, Pseudas-
pidoproctus Morrison, 1927, and Steatococcus Ferris, 1921. Such marsupium is formed in mature 
female via enlarging and invagination of ventral surface of abdominal segments into the body 
(Figs 5.4,  5.5). Usually marsupial cuticle is more or less soft, but in species of the New Guinean 
endemic genus Etropera, the lips and proximal zone of marsupial cuticle are heavily sclerotised 
(Fig. 5.4). 

Data on the eggs retention, different variants of ovoviviparity and true viviparity are rather 
scanty for archaeococcids in comparison with such information for neococcids and for Aphidinea. 
As commonly known, in most of Paraneoptera (and in some scale insects in particular), the 
embryo-genesis starts only after the egg is laid outside of the maternal body (see, for example, 
Zakhvatkin, 1975: 219), whereas different examples of the eggs retention are comparatively rare 
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(see Hagan, 1951 for review). Thus, the different variants of ovoviviparity and/or true viviparity 
are known in the Copeognatha families Archipsocidae and Trogiidae (Fernando, 1934; Jentsch, 
1936), in the Heteroptera families Polyctenidae, Cimicidae, Anthocoridae, Plokiophilidae, and 
Microphysidae, in some species of Aradidae and Lygaeidae (Hagan, 1951; Carayon, 1960, and 
some other authors), in the Thysanoptera family Phlaeothripidae (John, 1923; Hathaway, 1938, 
and others), and in some Parasita: Mallophaga species of the genus Meinertzhageniella Eichler, 
1940 (see Eichler, 1946). On the other hand, majority of Heteroptera, Copeognatha and Parasita 
(= Phthiraptera) demonstrate the usual oviposition without of the eggs retention in the maternal 
genital tract. It seems that no one viviparous or ovoviviparous species has been found up to now 
in Cicadinea, Psyllinea, and Aleyrodinea (Fig. 5.6). Meanwhile the whole phylogenetic line 
Aphidococca (scale insects+aphids) shows numerous species, genera and families which exhibit 
embryonic development inside of the maternal body. 

Amongst Aphidinea, only Adelgidae and Phylloxeridae (comprising together about 140 
species in the world fauna) are obligately oviparous and even save ovipositor in adult females, 
whereas the other aphid families (comprising as a whole about 5000 species) demonstrate obli-
gate viviparity (rarely ovoviviparity) in parthenogenetic generations with saving the oviparity 
in bisexual generation only (Hille Ris Lambers, 1950; Blackman, 1987; Favret et al., 2016). It is 
interesting to note that all examples of the aphid ovoviviparity were found by Hille Ris Lambers 
(1950) in Pemphigidae, i.e. in the most “primitive” group of the “true aphids”.

Fig. 5.6. Approximate numbers of known oviparous and ovoviviparous/viviparous species in different groups of 
Paraneoptera.
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According to my own direct observations and some indirect literature data, the most ancient 
and “primitive” scale insects, Matsucoccini and Steingeliini, are characterised by the facultative 
ovoviviparity when the embryogenesis starts inside of the maternal body and at least some eggs 
undergo complete embryogenesis before oviposition, whereas the other eggs of the same female 
are laid at early stages of the development (see Chapter 9.1 for details and references). In such 
cases the external incubation period (after the moment of oviposition) varies significantly from 
several days to one month (see, for example, Bodenheimer & Harpaz, 1955; McKenzie, 1942b). 
Probably, this reproductive mode originated as a result of neoteny of the scale insect females and 
loss of the imaginal structures of reproductive system; i.e. the facultative ovoviviparity may be 
considered as an apomorphy of Coccinea (Fig. 5.7).  

Probably, the facultative incomplete ovoviviparity is also present in Xylococcini, because, for 
example, Tait et al., 1990 noted that primolarvae of Xylococculus macrocarpae Coleman, 1908 
hatched over a period of 3 to 16 days after depositing of eggs. At least in one Cryptokermesini 
species, Mimosicerya schraderae (Vayssiére, 1939), the embryogenesis starts inside ovaries, and 

Facultative ovoviviparity

Obligate incomplete
     ovoviviparity

Obligate complete
     ovoviviparity

Normal oviparity

Marsupial incomplete
     ovoviviparity

Chorion

True viviparity

Egg before cleavage

Fig. 5.7. Different modes of reproduction in scale insects.
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at the moment of oviposition, the eggs exhibit cleavage divisions or blastulation or even early 
organogenesis (Vayssiére & Hughes-Schrader, 1948). The small, morphologically aberrant families 
Xenococcidae, Phenacoleachiidae and Carayonemidae are probably characterised by the obligate 
ovoviviparity (Silvestri 1924, 1926; Gullan & Cook, 2001; Kozár & Foldi, 2001).

On the other hand, at least some species of Kuwaniini, Coelostomidiini, Margarodinae, and 
Monophlebinae show the normal oviparity with the starting of the cleavage divisions after the 
oviposition (see Chapters 9.1, 9.2 and 9.4).   

The eggs of Ortheziidae (at least in such common species as Orthezia urticae Linnaeus, 1758, 
Newsteadia floccosa (De Geer, 1778), and Insignorthezia insignis (Browne, 1887)) are full of 
different inclusions and it is rather difficult to understand in which moment the cleavage starts, 
but obviously it happens after the oviposition (according to my own observations). 

The most diverse archaeococid group, Monophlebinae, is unfortunately very poorly studied 
in terms of the embryology and reproductive biology, excluding only the tribe Iceryini. On the 
one hand, six Monophlebinae genera (listed above) are characterised with the presence of marsu-
pium, and at least in Steatococcus samaraius Morrison, 1927, studied by me (see Chapter 9.4), the 
eggs are laid in the marsupium just prior to anatrepsis, i.e. the incomplete ovoviviparity occurs 
here. Moreover, females of Steatococcus sp. (from Mali, Africa) contain the embryos with visible 
appendages even before the marsupial pouch is formed.  However, at least some species of Cryp-
ticerya Cockerell, 1895 and Icerya Signoret, 1876 exhibit the obligate complete ovoviviparity (see 
Chapter 9.4) and lay the fully developed embryos beneath the body.

The origin of the whole neococcid phylogenetic line was probably connected with the obligate 
complete ovoviviparity (Gavrilov-Zimin & Danzig, 2012; Danzig & Gavrilov-Zimin, 2014). This 
character was probably inherited by mealybugs from the obligate ovoviviparous ancestral family 
Phenacoleachiidae and is known in numerous “primitive” genera of mealybugs: Puto Signoret, 
1876, Rastrococcus Ferris, 1954,  Heliococcus Šulc, 1912, Fonscolombia Lichtenstein, 1877, Phe-
nacoccus Cockerell, 1893, Paraputo Laing, 1929, Formicococcus Takahashi, 1928, and in numerous 
more divergent genera, for example, in all legless mealybugs (group of the genus Antonina Signo-
ret, 1872), in the species-rich genus Mirococcopsis Borchsenius, 1948, in numerous other small 
and monotypic genera. To date, more than 500 obligate ovoviviparous species of the mealybugs 
from more than 60 genera have been reported (Trapeznikova & Gavrilov, 2008; Gavrilov-Zimin, 
unpublished), that is about 25% of the mealybug diversity in the global fauna. Moreover, there 
is no doubt that the real number of the ovoviviparous mealybugs will increase due to further 
studies. A lot of species with the complete ovoviviparity are known in the other neococcid fami-
lies: Eriococcidae, Micrococcidae, Coccidae, Aclerdidae, Dactylopiidae, Kerridae, Stictococcidae, 
Asterolecaniidae s. l., Beesoniidae, and Diaspididae (see Table 2 and Appendix. 

The true (placental) viviparity in scale insects has been discovered till now in three neococcid 
genera only: Apiomorpha Rübsaamen, 1894 (family Eriococcidae), Stictococcus Cockerell, 1903, 
and Parastictococcus Richard, 1971 (both from the family Stictococcidae). The eggs of the studied 
species from these genera are very small and yolk-poor; the developing embryo receives the 
nutrition from maternal body through placental structures and does not have a chorion which is 
always present in ovoviviparous species (Buchner, 1957, 1963, 1965).  
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In general, it seems that the evolution of the scale insects shows multiple cyclic conversions 
of the oviparous reproduction pattern to ovoviviparous/viviparous ones with the appearance of 
new and new peculiar adaptations to the eggs protection (Fig. 5.8). Thus, in the archaeococcids, 
the initial facultative ovoviviparity with the forming of a loose ovisac (the “primitive” genera of 
Xylococcinae s. l., most of Callipappinnae s. l.) evolves into the normal oviparity in their probable 
descendants (Margarodinae, some Monophlebinae and Ortheziidae), showing  different new 
adaptations, such as the laying eggs in a special cavity under the body or in a solid wax sac behind 
the body. In turn, some divergent Monophlebinae and their descendants (Phenacoleachiidae, 
Carayonemidae, and the “primitive” neococcids) demonstrate again the incomplete or complete 
ovoviviparity with the putting of the partly developed embryos inside of the marsupium or with 
the laying of the fully developed embryos outside of the body. 

Amongst the neococcids, the complete ovoviviparity of “primitive” mealybugs like Puto, Ras-
trococcus, Paraputo, Heliococcus, etc. (see above) evolves to the incomplete oviparity (or almost 
normal oviparity) of some divergent mealybugs (like Pseudococcus Westwood, 1840, Atrococ-
cus Goux, 1941, and others).  “Primitive” soft scales (like Pulvinariini and Eriopeltinae) again 
form the loose ovisac as their faraway relatives from Monophlebinae and Xylococcinae, but in 
contrast to the latter, they use for the ovisac construction not multilocular pores, but tubular 
ducts of different structure. In turn, many divergent Coccidae and Kermesidae again lay partly 
developed eggs in the cavity under the body, that sometimes (in Kermes Boitard, 1828) looks like 
the marsupium of giant scale insects, whereas the most aberrant and divergent scale insect families 

Table 2. Minimal numbers of ovoviviparous/viviparous taxa in different families of Coccinea.

 Family Number of nominal 
recent taxa

Number of ovoviviparous/ 
viviparous taxa 

Genera Species Genera Species

Margarodidae s. l. 75 ≈ 450 4 >6

Carayonemidae 4 4 ?4 ?4

Phenacoleachiidae 1 2 1 2

Xenococcidae 3 33 2 >2

Pseudococcidae s. l. 260 ≈ 2000 62 >500

Eriococcidae 107 654 5 >50

Dactylopiidae 1 11 1 >3

Kerriidae 10 100 3 >5

Micrococcidae 2 10 1 >1

Coccidae 170 1180 17 >30

Aclerdidae 6 62 1 >2

Stictococcidae 3 18 ?3 ?18

Asterolecaniidae s. l. (including Cerococcidae and 
Lecanodiaspididae)

41 409 6 >10

Beesoniidae 4 10 1 1

Phoenicococcidae s. l. (including Halimococcidae) 6 22 2 2

Diaspididae 418 ≈ 2600 55 >150

Total (with unstudied families) ≈ 1110 ≈ 8000 167 >800
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Asterolecaniidae s. l., Diaspididae, Phoenicoccoccidae s. l. again restore the obligate complete 
ovoviviparity in many genera.

The irregular distribution of (ovo)viviparous taxa amongst the scale insects, Paraneoptera and 
the animals as a whole denotes the multiple and separate origin of this mode of the reproduction 
in different phylogenetic lines. This fact is confirmed by all comparative studies of the problem. 
On the other hand, till now there is no clear understanding of the reasons of the appearance of 
ovovivipity/viviparity in the initially oviparous taxa. During centuries, ecological reasons of the 
origin of viviparity have been very popular (see Hagan, 1951 for the review). So, some authors 
tried to connect the appearance of the viviparity with the life in dry climate, others – with the 
life in wet climate, with cold or with hot environment, with quality of food, with passive or active 
mode of animal life, etc. The other very common approach to the problem is the hypothesis on 
significant evolutionary advantages of the viviparity, because of developing embryos are protec-
ted by the maternal body (see, for example, Hagan, 1951; Meier, 1999 and large lists of references 
in these reviews). It seems that in contrast to “adaptive advantage” hypothesis, the viviparous and 
ovoviviparous taxa are very few in nature in comparison with oviparous ones. Even in the vertebrate 
animals, this mode of reproduction characterises only the mammals, small number of reptiles and 
small number of fishes, whereas the majority of vertebrates are oviparous. As for invertebrates, 

Facultative ovoviviparity

Obligate complete
     ovoviviparity

Incomplete 
ovoviviparity/
oviparity

Marsupial/pseudomarsupial
 incomplete ovoviviparity

Viviparity

  Evolutional cycle of 
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           patterns

Fig. 5.8. Cyclic evolutionary conversions of reproductive pattern from oviparous to (ovo)viviparous variants with
 the appearance of new modes of eggs protection.
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the (ovo)viviparous species constitute only several percent from the general number of species at 
best. Moreover, viviparous taxa (these are usually separate genera, rarely families and very rarely 
higher rank taxa) are characterised by depressed taxonomic and morpho-anatomical diversity. 
So, Paraneoptera illustrate this situation especially clear. This huge group of insects comprises 
about 115 000 species in the world fauna, and only 5–6 % of them are ovoviviparous or viviparous 
(Fig. 5.6). The majority (> 5000) of these ovoviviparous/viviparous species of Paraneoptera are 
known in Aphidinea, i.e. in the group which is characterised with very low morpho-anatomical 
diversity and with the species and genera identified by metrical characters mainly.  In the largest 
animal group, Coleoptera, comprised about 400 000 species, only occasional species from several 
families were found to be ovoviviparous (Iwan, 2000). In the large insect order Diptera, comprised 
about 125 000 species, 61 events of independent origin of different variants of facultative/obligate 
ovoviviparity and viviparity were reported, including as occasional species from different families 
as well as several small families with all species are viviparous (Meier, 1999 ).    

I consider the evolutionary transformation of the oviparity to ovoviviparity and then to true 
viviparity is a reserve way of phylogenesis, which occurs when the usual oviposition contradicts 
different morphological or physiological apomorphies of the ancestral species and its descendants. 
To my mind, most common reasons of the obligate eggs retention are different variants of paedo-
genesis, neoteny or simple larvalisation, when a reproducing larva or nymph lost special adult 
structures responsible for oviposition, quick egg passing through the oviducts and fertilisation 
of the egg in the ectodermal parts of the oviduct (where a spermatheca is located). For example, 
this presumption is rather clearly illustrated by the Paraneoptera. Phylogenetic line Aphidococca 
is fully paedogenetic/neotenic; many viviparous true bugs and psocids have clear characters of 
larvalisation. All known (ovo)viviparous thrips are found in the suborder Tubulifera, which is 
characterised by the loss of ovipositor; females without ovipositor are probably unable to hide the 
eggs inside of habitual substrate and in this case the retention of the eggs starts to be more adaptive 
in comparison with the usual oviparity under the pressure of different egg-eating predators. 

A similar situation also occurs in the cases of different morphological or physiological 
transformations which are not connected with paedogenesis, but with changes in the imaginal 
reproductive system. Thus, as it was shown earlier by some authors (for example, Carayon, 1960), 
parthenogenesis and changing of a fertilisation location, from ectodermal parts of genitalia to 
mesodermal parts (up to the point of fertilisation in vitellarium) are important preconditions to 
ovoviviparity/viviparity origin. An egg can start to develop only after fertilisation or when the 
fertilisation is not needed. If the egg is fertilised inside of vitellarium, it has enough time for the 
embryonal development before oviposition. On the other hand, there are obligate thelytokous 
species, for example, Gueriniella serratulae (Monophlebinae), which lay eggs exactly before 
cleavage divisions (Hughes-Schrader & Tremblay, 1966).
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6. POSTEMBRYONIC DEVELOPMENT AND EVOLUTION OF THE LIFE CYCLE

Individual development of all scale insects significantly diverges from the usual Paraneoptera 
pattern and is complicated with neoteny, alternation of movable/immovable instars, and the pre-
sence of arostrate and exuviatrial instars in the life cycle. It is well known that the ontogenesis 
of most Paraneoptera shows simple gradual development from primolarva to imago and includes 
5–6 immature instars in both sexes (see, for example, Zakhvatkin, 1975) with the appearance of 
protoptera (wing buds) in several last immature instars, which are named “nymphs”. All instars 
of such ontogenesis are actively movable and eating.  However, thrips (Thysanoptera), louses 
(Parasita), whiteflies (Aleyrodinea), scale insects (Coccinea) and aphids (Aphidinea) exhibit 
different curious aberrations in the ontogenesis (Fig. 6.1). 

In contrast to other Paraneoptera, thrips, whiteflies and scale insects have the ontogenesis 
with one or several immovable instars. Thus, whitefly larva in all known species loses mobility 
after the first moult and the next three larval instars have only vestigial legs and are absolutely 
immovable; moreover, all immature instars in whiteflies do not have the protoptera; additionally 
the ultimo-larva (pseudopupa) is  able to starve for a long time. The pseudopupa moults into 
imago of  both sexes which have well developed legs, antennae and wings. Ontogenesis of thrips 
(Thysanoptera) shows various patterns in different groups, but their most primitive ontogenesis  
includes, in both sexes, two first movable larval instars, two quiescent starving nymphs with partly 
reduced mouthparts, and the movable imago with normally developed legs, antennae, wings and 
mouthparts (Pesson, 1951; Derbeneva, 1959, 1962, 1967). In scale insects (Coccinea) two preadult 
instars of male are quiescent (arostrate and with non-segmented appendages). Such instars are 
in fact analogous to the pupal instar of Holometabola (Gabritschesky, 1923; Zakhvatkin, 1975). 
When such instars have protoptera, they can be named as the quiescent nymphs. Adult males of 
all scale insects are arostrate, but usually have normally developed legs and wings. In the female 
life cycle of all scale insects, the normal imaginal instar is absent and larva of third of fourth instar 
(neotenic female) is able to copulate with an adult male and reproduce progeny.

Neoteny and paedogenesis
The mating of the scale insect winged male with apterous larva-like female and the 

parthenogenetic reproduction of the lava-like female are usually considered as examples of 
neoteny and paedogenesis, starting probably from the papers of Börner (1910) and Gabritschevsky 
(1923). This approach is based on the comparison of female and male ontogenesis and the 
presence of more numerous male instars in contrast to female ones in the life cycle: female has 
only 3–4 instars, all of which are always larva-like, whereas the male has five instars, one or two 
of which are quiescent nymphs (with the protoptera) and one is the alate male imago (Fig. 6.1). 
Moreover, some species from different scale insects families (as in archaeococcids as well as in 
neococcids) show obligate or facultative presence of larva-like males (Fig. 6.2). Such males are 
known in Stomacoccus Ferris, 1917 and Marchalina Vayssiѐre, 1923 (both from Margarodidae s. 
l.), Phenacoleachia Cockerell, 1899 (Phenacoleachiidae), Acropygorthezia LaPolla et Miller, 2008 
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Fig. 6.1. Ordinary (gradual) and complicated ontogenesis in different groups of Paraneoptera. 
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(Ortheziidae), in all the Xenococcidae males, in some species of Puto Signoret, 1876, Trionymus 
Berg, 1899, Saccharicoccus Ferris, 1950, Ritsemia Lichtenstein, 1879, Asaphococcus Cox, 1987, 
Capitisetella Hambleton, 1977, Kissrhizoecus Kozár et Konczné Benedicty, 2005, Pseudorhizoecus 
Green, 1933, Rhizoecus Künkel d’Herculais, 1878, Ripersiella Tinsley, 1899, Promyrmococcus 
Williams, 2002 (Pseudococcidae), in some species of Stictococcidae, Aclerdidae, Micrococcidae, 
Kerriidae, Phenicococcidae s. l. and Diaspididae (see: Morrison, 1928; Stickney, 1934; McConnell, 
1953; Hadzibejli, 1958, 1969a, 1969b, 1983); Beardsley, 1964; Hafez & Salama, 1967; Richard, 
1971; Danzig, 1993; Miller & Williams, 1995; LaPolla et al., 2008; Hodgson, 2012) and, probably, 
in some other species from various families. In case of facultative appearance of the larva-like 
males, they present in the population together with the normal alate males which undergo the 
complicated individual development, including 2–3 larval and 1–2 quiescent nymphal instars. 
For example, in Marchalina hellenica (Gennadius, 1883), males can be normally developed (alate) 
or apterous, larva-like. However, alate males are known only in Caucasian population of this 
species and they are rare in comparison with apterous males (Hadzibejli, 1969a).  In some species 
it was clearly demonstrated that the apterous males have less numerous instars than alate males 
— three or even two immature instars instead of four (Hadzibejli, 1958, 1969b; Hafez & Salama, 
1967; Köhler, 1987) (Fig. 6.2). Thus, Hadzibejli (1969b) figured the life cycle of the apterous 
male of Ritsemia pupifera Lichtenstein, 1879 (Pseudococcidae) with three immature instars, all 
of which are movable and with normally developed mouthparts. In Colobopyga coperniciae Ferris, 
1952 (Phenicococcidae s. l.) there are only two immature instars and the dwarfish apterous males 
develop inside of exuviae of the second instar larva and then go out through the special orifice in 
the abdominal part of exuviatrium (Köhler, 1987).

In a similar way, the apterous arostrate males of the aphid genus Stomaphis Walker, 1870 
(Lachnidae) save only two or three (instead of four) immature instars in the ontogenesis (Fig. 
6.3), that is considered as a clear example of the male neoteny (Mamontova, 2008, 2012; Depa et 
al., 2015). On the other hand, the apterous males of Phenicococcidae s. l. (according to Stickney, 
1934), Xenococcidae (according to Williams, 1986, 1998 and Kishimoto-Yamada et al., 2005; see 
also Fig. 6.2), Acropygorthezia  (according to LaPolla et al., 2008), and Puto superbus (Leonardi, 
1907) (according to my own unpublished observations) exactly have the quiescent arostrate 
instar(s) before moulting into the apterous male.

In Stictococcidae, according to Richard (1971), both the apterous and alate males have the 
same number of instars, but this number (four) is less than the usual number (five) in alate males 
of other studied scale insects. Moreover, the loss of mouthparts in the Sictococcidae males occurs 
during the first moult. This fact may be considered as an evolutional loss of the second feeding 
larva in the ontogenesis (Fig. 6.2).    

Borchsenius (1956) disputed the neoteny in the scale insects and explained the evolution 
of coccid ontogenesis in the frame of “larvalisation” of both the females and apterous males. He 
supposed that the evolutional reduction of the general number of instars was connected with 
the loss of quiescent instars, but not with the loss of imaginal instar itself. This idea contradicts 
to the following facts: 1) All cytogenetically studied scale insect males have the spermatocyte 
meiosis in third instar, whereas forth instar and adult male have fully developed sperm bundles 
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Fig. 6.2. Neoteny and larvalisation of males in different scale insect families.
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Fig. 6.3. Ontogenesis and larvalisation of aphids (Aphidinea).

in their testicles; the oogenesis also occurs in third instar of female and so, this instar may be 
clearly considered as a reproducing neotenic tertiolarva. 2) The real imaginal larvalisation with 
the absence of nymphs may be observed in the aphids, the sister group to scale insects. Apterous 
larva-like females and males of aphids (excluding Stomaphis discussed above) usually have the 
same number of instars (five) in their ontogenesis as the alate females of the same population 
(Fig. 6.3). So, the true larvalisation is not connected with the reduction of the number of instars, 
but with their modification only.  In this meaning, the term “larvalisation” may be used at least 
for the apterous males of Acropygorthezia (Ortheziidae), Xenococcidae, Phoenicococcidae, and 
Stictococcidae, which save the quiescent preadult instars in their ontogenesis (Fig. 6.2).  

In many scale insects, for example, in such archaeococcids as Gueriniella Fernald, 1903 or 
different species of Icerya Signoret, 1876, and in numerous species of neococcids from different 
families the males are unknown and probably absent at all. In these cases, the female tertiolarva 
reproduces the progeny by a parthenogenetic or a hermaphroditic way and thus, can be considered 
as a paedogenetic female.      

Imago

L2

Larvae Nymphs

Bisexual generation
of Phylloxeridae
and Pemphigidae

Larvae Imago

Arostrate instars

Larvae Imago

       Alate viviparous
females (parthenogenetic)

    Apterous viviparous
females (parthenogenetic)

Larvae Imago

Neotenic apterous males
of Stomaphis (Lachnidae)

Arostrate instars

I II III IV

I II III IV

I II III IV

I II



chApter 6. postembryonIc development And evolutIon of the lIfe cycle 50

 © 2018 Zoological Institute, Russian Academy of Sciences, Zoosystematica Rossica, Supplementum 2

L1

L3 L2

N1

L3

Alternation of movable/immovable instars
In some archaeococcids of the family Margarodidae s. l. (Margarodinae, Xylococcinae, 

Calipappinae s. l.) second and third (if present) female instars are apodal, but actively suck sap 
from its host plants, whereas the neotenic females are movable, having legs, but are arostrate (Fig. 
6.4). On the other hand, most other arhaeococcids (Margarodidae: Monophlebinae, Ortheziidae, 
Phenacoleachiidae, and Carayonemidae) and many neococcids (superfamily Coccoidea) have the 
simple gradual ontogenesis of female with all instars being movable (Fig. 6.5). Such neococcids as 

Fig. 6.4. The most archaic scale insect life cycle of 
Matsucoccini pattern. L – larva; N – nymph.

              Fig. 6.6. Life cycle of apodal neococcid pattern.

Fig. 6.5. Life cycle of Monophlebinae pattern.
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Aclerdidae, Asterolecaniidae s. l., Keriidae, Beesoniidae, Phenicococcidae s. l., Diaspididae, some 
species and genera of  Pseudococcidae, Eriococcidae, and Coccidae loss the legs during the first or 
last moult of female without alternation of the movable/immovable instars (Fig. 6.6). Borchsenius 
(1956) presumed that the original ontogenesis of Coccinea was similar with it in the whiteflies, i.e. 
the apodal instars were present in both female and male ontogenesis. However, this presumption 
was not supported by any detail argumentation or comparative analysis of the life cycles of different 
scale insects and other Paraneoptera.  The opposite hypothesis was provided and comprehensively 
argued by Danzig (1980) (Fig. 6.7). She supposed that the ancestor of all scale insects had the 
simple gradual ontogenesis similar with it in Psyllinea, Cicadinea and Heteroptera. Then, in course 
of the evolution of Coccinea, the ontogenesis became more intricate in males only, whereas females 
saved the simple gradual cycle, but lost winged imago (neoteny). In the frame of such approach, 
the alternation of movable/immovable instars and aphagia of adult females in some subfamilies of 
Margarodidae s. l. was considered as a collateral evolutionary occasion. 

Last time, two modern investigations provided new important data for supporting Borchsenius’ 
(1956) idea on the evolution of the onthogenesis. Firstly, Kluge (2010b) studied several species 
of the scale insects from different families (Orthezia urticae Linnaeus, 1758, Icerya sp., and Coccus 
hesperidum Linnaeus, 1758) and discovered paradoxical transformation of legs and antennae in 
course of the moult of these species from one larval instar to another (see below). Secondly, I have 
analysed literature and my own data on life cycles of all studied archaeococcids in combination 
with comparative morphological analysis of all families, subfamilies and tribes of Orthezioidea 
(see Chapters 9-13). Both studies testify that the complicated ontogenesis with the alternation of 

Fig. 6.7. E.M. Danzig’s theory of the evolution of Coccinea ontogenesis (after Danzig, 1980; 1986). Abbreviations: 
N – larval instar, C – apodal secundolarva, P – quiescent nymph.



chApter 6. postembryonIc development And evolutIon of the lIfe cycle 52

 © 2018 Zoological Institute, Russian Academy of Sciences, Zoosystematica Rossica, Supplementum 2

movable/immovable instars and with arostrate imago of both sexes was initial in the scale insect 
evolution and such ontogenesis may be considered as an apomorphy of the suborder Coccinea. 
The following arguments can be provided to support this presumption. 

1) According to comparative morphological data, the most ancient and primitive group of 
the recent scale insects is the genus Matsucoccus Cockerell, 1909 (Fig. 9.1.1) and some related 
archaeococcids from the subfamily Xylococcinae (Margarodidae s. l.). These insects save such 
plesiomorphic characters as two-segmented tarsus, identical structure of thoracic and abdominal 
spiracles, heterogenic structure of antennae (with more or less clear differentiation of segments 
into scapus, pedicel and flagellum), weak development of chaetotaxy and wax secreting system, 
primitive structure of anal apparatus (simple anal opening), multifaceted eyes of adult males, etc. 
Meanwhile, species of Matsucoccus and most other Xylococcinae s. l. show complicated ontogenesis 
with alternation of movable/immovable stages and the arostrate imago of both sexes; moreover, 
females of Matsucoccus have only two immature instars (Fig. 6.4). 

2) Females of Matsucoccus have most archaic structure of the reproductive system in compari-
son with all other studied scale insects (Szklarzevicz et al., 2014): they save the tubular structure 
of ovarioles with several developing oocytes in each vitellarium (Fig. 7.18).

3) Paleontological data also testify the appearance of Matsucoccus and similar (now extinct) 
genera before all other scale insects in the evolutional history (Koteja, 1990, 2000; Foldi, 2004).

4) The arostrate neotenic female (instar III) of archaeococcids is ontogenetically identical to 
the male instar III, which is always arostrate in all scale insects (Fig. 6.10). This fact additionally 
testifies for the idea that initially both sexes of the scale insects had arostrate quiescent nymphs in 
the ontogenesis (see below).

5) Three scale insects species (from the families Ortheziidae, Margarodidae, and Coccidae), 
studied by Kluge (2010b) do not have any apodal instars in the female life cycle, but are characteri-
sed with a unique transformation in legs and antennae in course of the moult of one larval instar 
to another. Most part of internal soft tissues of each appendages, including majority of muscles, 
degenerate before the moult and then emerge anew (Fig. 6.8). Moreover, a proximal segment of 
each appendage (coxa and scapus) newly grows in unusual inverted position and everts only during 
ecdysis. In the result, the larva cannot move during the moult. This phenomenon occurs during all 
moults in the female life cycle and during two first moults in the male life cycle, whereas  subsequent 
male moults (nymph I to nymph II and nymph II to the adult male) are implemented without the 
degeneration as in many other insects. The only possible evolutional explanation of such ano-
malous internal transformation of the appendages during gradual metamorphosis is the origin of 
it from the complicated ontogenesis of ancient scale insects with both internal (histological) and 
external degeneration of appendages in the quiescent secundolarva of both sexes. 

Unfortunately, small number of species studied in the work of Kluge (2010b) is not enough for 
understanding a general diversity of moulting patterns in the scale insects in contrast to general 
diversity of life cycles which are known for a majority of species from all families of Coccinea 
and related groups. In particular, only one species was studied by Kluge (2010b) from the basal 
neococcid family Pseudococcidae, Pseudococcus viburni (Signoret, 1875). All female instars of 
this species are movable, with normally developed antennae and legs, but shows only the usual 
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moulting, without the paradoxical transformation of appendages (Fig. 6.8), that probably 
testifies an evolutional possibility of the whole (internal and external) restoration of gradual 
metamorphosis.

6) In contrast to other Arthroidignatha (excluding, probably, Aleyrodinea), movable and 
immovable instars of the scale insects do not withdraw their stylets during the moult; the old 
stylets are cut off and remain in the plant tissues, whereas the new stylets are formed inside of the 
body and then embedded in the plant anew (Heriot, 1934). To my mind, this fact may be explained 
only in the connection with the presence of the apodal secundolarva in ontogenesis of all ancient 
scale insects and with the paradoxical moult in their descendants.  The apodal instar does not need 
to withdraw the stylets, because it cannot go out from the feeding place.

7) The most ancient fossil scale insect discovered till now, the Lower Jurassic larva-like 
Mesococcus asiaticus Becker-Migdisova, 1959 (Fig. 8.2), did not have mouthparts, that may be 
interpreted as an additional evidence of the discussed ontogenetic hypothesis.

Fig. 6.8. Simplified scheme of paradoxical and usual moults in scale insects. 1, 2, 3, 4 – moults from one instar 
to another. 

       Usual moult
(each segment originates
 from corresponding segment
 of the previous instar) 

              Paradoxical moult
(segments degenerate and originate anew) 

Muscles Inverted coxa

Femur

Degenerated tissues

Usual moultsParadoxical moults

1 3 4

1 2 3

2

Paradoxical moults



chApter 6. postembryonIc development And evolutIon of the lIfe cycle 54

 © 2018 Zoological Institute, Russian Academy of Sciences, Zoosystematica Rossica, Supplementum 2

Arostrate instars
In contrast to other Homoptera and most Paraneoptera (with exclusion of quiescent instars 

of the thrips), Aphidococca have the various arostrate instars in their ontogenesis. Within the 
aphids the whole bisexual arostrate generation is known for all Phylloxeridae and Pemphigidae 
(Mordvilko, 1914; Popova, 1967). All instars of this generation (four larval instars and imago of 
both sexes) do not have mouthparts and do not increase the body size during moults (Fig. 6.3). 
In the aphid genus Stomaphis Walker, 1870 (Lachnidae), only the neotenic males are arostrate, 
whereas all female instars have well developed mouthparts (Mamontova, 2008, 2012; Depa et al., 
2015).

In all scale insects, the adult males and their quiescent ultimo- and penultimolarvae (or 
nymphs) are arostrate. Neotenic females and their larvae save normally developed mouthparts in 
most scale insect families. However, the neotenic females of most genera in three subfamilies of 
the ancient family Margarodidae s. l. (Margarodinae, Xylococcinae s. l., and Calipappinae s. l.) lose 
mouthparts during the last moult and starve at the imaginal instar.

As it was noted above, the ontogenesis with arostrate imago and apodal larvae of both sexes 
is considered by me as a most primitive one in the scale insect evolution. The appearance of 
such ontogenesis as well as all other variants of a complicated metamorphosis, including the 
holometabolism, was probably connected with the high pressure of unspecialised predators which 
decreases the number of unprotected insects in late Paleozoic and Mesozoic biotopes (Rasnitsyn, 

Fig. 6.9. Origin of scale insect life cycle.
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1980), where the scale insects and their ancestors arose. An ancestral group for both aphids and 
scale insects, as well as for all other Arthroidignatha, was the extinct Archescytinoidea (Popov, 
1980; Scherbakov & Popov, 2002; see Fig. 8.1). The Archescytinoidea lived in the Permian 
period (late Paleozoic Era) and were trophically connected with Gymnospermae trees (Fig. 8.3). 
Females of Archescytinoidea laid eggs in unripe strobili of Gymnosperms and their larvae dwelt 
there until ripe strobilus would dehisce (Popov, 1980; Scherbakov & Popov, 2002).  Such mode 
of life exactly permitted to protect immature instars from the predators. The sedentary life in the 
strobili and then in cracks of tree bark was probably led to more and more significant difference 
between the larval instars and imago. In the result, the larvae of scale insects reduced and lose 
legs and such apodal instars started to occupy the most time of the life cycle (Figs 6.9, 6.11). 
Additionally, in the condition of immobility, the apodal body was probably more protected from 
entomopathogenic fungi, because such body may be evenly covered with a wax. To the contrary, 
the unprotected imago started to be a short-lived instar with reduced mouthparts. Significant 
morphological contrast between the immovable apodal larva and highly movable imago led to 
appearance of the quiescent nymphal instars and so, to the complicated metamorphosis. The next 
stage of evolutional transformations is a total loss of nymphal and imaginal instars in course of 
neoteny or/and larvalisation of the female imago or imago of both sexes, that we see now in scale 
insects.

In the Cretaceous and early Cenozoic era, the appearance of different highly specialised 
predators like Coccinellidae and Nitidulidae beetles, and Chamaemyiidae flies, and in the same 
time, the origin of the symbiosis between the scale insects and ants probably significantly devalued 
apodal and arostrate instars of the scale insects. These instars could be devoured by the specialized 
raptorial Coleoptera and Diptera larvae easily penetrating in bark cracks and in other usual 
shelters of the scale-insects. On the other hand, the ants (Formicidae) are interested to guard 
only the instars which produce a honeydew (i.e. rostrate, actively sap sucking) and the ants can 
transport in their galleries and nests only the instars of scale insects which withdraw the stylets 
when the ants disturb them (probably, the only movable scale insects can do it). These two factors, 
the specialised predators and ants, were probably important factors of scale insect evolution 
from Cretaceous till now and predetermined the following consequences: 1) The scale insects 
with the archaic ontogenetic mode (apodal secundolarva moults to arostrate female) decreased 
their diversity and persist as rare genera and species (about 180 species), locally distributed in 
non-tropical regions (Fig. 6.10) or in high-altitude subtropical zone of equatorial mountains (the 
Cordilleras, for example), that is well conformed with Darlington’s (1957) theory of the “tropical 
pump” and with the “phytospreading” theory of Russian paleontologists (Meyen, 1987; Rasnytsyn, 
1989; Eskov, 2002). 2) In different groups of Margarodidae s. l. (in Kuwaniini, Pityococcini, 
Coelostomidini, and Cryptokermesini) some species started to evolve independently to restoring 
the mobility of secundolarva and/or functional mouthparts in the adult female. Probably, some 
species of Coelostomidini gave origin to the most species-rich and currently diverse group of 
Margarodidae s. l. – Monophlebinae, all species of which have the movable secundolarvae, well-
developed mouthparts in the adult female and distributed mainly in the tropical zone of the 
world. In turn, Monophlebinae gave the origin to the whole neocccid phylogenetic line (Figs 
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Fig. 6.10. “Tropical pump” for primitive archaeococcids: main boundaries (puncturing) of modern distribution of 
the scale insects with archaic ontogenesis (apodal secundolarva moults to movable arosrate female). Tropical zone is 
marked with a dark colour.

6.11,  8.4).  3) Amongst neococcids, which comprise now at least 14 families with more than 7000 
species, some groups (Aclerdidae, Asterolecaniidae s. l., Keriidae, Beesoniidae, Phenicococcidae, 
Diaspididae, some species and genera of Pseudococcidae, Eriococcidae, and Coccidae) iteratively 
loss mobility of the female instars during the first moult, but never loss the female mouthparts.  In 
all these groups the male tertiolarva (quiescent nymph) has protoptera and all female instars are 
sap-sucking, that testify for the origin of the ontogenesis of all these groups from Monophlebinae-
pattern of the individual development, but not directly from the ancient Xylococcinae-pattern of 
the ontogenesis.

Exuviatrial and pupillarial instars
In some groups of the scale insects, female remains to live and reproduce inside of the cuticle 

of ultimolarva (Fig. 6.11). Such remarkable example of the ontogenesis is known in some 
archaeococcids, considered now in the tribe Cryptokermesini (Vayssiére & Hughes-Schrader, 
1948; Morrison, 1928; Morales, 1991; Foldi & Gullan, 2014), in Eurhizococcus brasiliensis (Wille, 
1922) (Foldi, 2005), and in some neococcids: in several genera of Phoenicococcidae s. l. (Stickney, 
1934), in about 60 genera of Diaspididae (Danzig, 1993; Howell & Tippins, 1990), in several species 
of Eriococcidae (Gullan & Williams, 2016) and Beesonidae (Takagi, 1992). In Cryptokermesini 
genera Cryptokermes Hempel, 1900, Paracoelostoma Morrison, 1927 and Ultracoelostoma Coc-
kerell, 1902, secundolarva of both sexes secrets a resinous protective test which enlarges during 
subsequent development of the insect. Tertiolarva and neotenic female remain inside of this test 
and moreover, inside of the exuviae of the previous instar. These instars are often considered as 
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Fig. 6.11. Main trends of the evolutionary transformation of ontogenesis in different groups of the scale insects.
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Fig. 6.12. Exuviatrial and male pupillarial instars in ontogenesis of different scale insects.
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“pupillarial” (see, for example, Danzig, 1993; Foldi & Gullan, 2014; Gullan & Williams, 2016) 
that is incorrect, because the true puparium is the cover of pupa, whereas the scale insect females 
never have pupal instars in their ontogenesis. Here I am advising the new term “exuviatrium” for 
the larval exuviae which are used by the next larva-like instar (including the neotenic female) 
as a shelter. Correspondingly, a species with such peculiarity may be named “exuviatrial” (see 
also Chapter 2). In the genus Mimosicerya Cockerell, 1902 (Cryptokermesini) female instars 
do not secret any protective test, but the adult female is also exuviatrial, because it lives and 
lays eggs inside of the strongly sclerotised ultimolarval exuviae (Colour Fig. 1.4c–e). It seems 
rather obvious that such mode of ontogenesis originated several times in the evolution of scale 
insects. The ontogenesis of Cryptokermesini probably originated from the archaic ontogenesis 
of Coelostomidiini ancestors that is proved by the absence of mouthparts in the neotenic female 
and/or by the presence immovable instars in the ontogenesis. To the contrary, it is impossible 
to imagine the origin of the Cryptokermesini ontogenesis from it of Monophlebinae, because all 
species of Monophlebinae have advanced development with the sap-sucking and movable females 
in all instars. This consideration does not allow to place Cryptokermesini inside of Monophlebinae, 
as it was done recently by Foldi & Gullan (2014) — see also discussion in the Chapter 9.2.   

On the other hand, the ontogenesis of different exuviatrial neococcids (some of Eriococcidae, 
Phoenicococcidae s. l., Diaspididae, and Beesonidae) clearly originated from the advanced onto-
genesis of Monophlebinae-Pseudococcidae pattern, because in all these cases the adult females are 
sap-sucking. 

The true pupillarial development is currently known only in some species of Phoenicococcidae 
s. l. whose quiescent male instars (= pupae) moult inside of the exuviae of secundolarva (Stickney, 
1934) (Fig. 6.11). On the other hand, the other species of the same family (for example, Colobopyga 
coperniciae Ferris, 1952) possess the neotenic males which have only two immature instars and 
their dwarfish apterous males are exuviatrial (Köhler, 1987).
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7. GENERAL MORPHOLOGY AND ANATOMY

All scale insects exhibit  the significant sexual dimorphism. The males are always smaller than 
females and usually have clear subdivision of the body into the tagmata: head, thorax with nor-
mally developed wings and abdomen. The females, in contrast, are larva-like, always without the 
wings, with the partly or completely fused tagmata and with the shortened or even totally reduced 
legs and antennae (Fig. 7.1 and Colour Figs 1.1–1.10). As in many other animal groups, the lar-
valisation in the scale insect females is connected with the paedogenesis and neoteny (see Chapter 
6). In some species, however, the brachypterous and apterous larva-like males are also known. For 
most scale insect species, the males are unknown at all, that connects with the facultative of obli-
gate parthenogenesis or a rare collecting of the males in nature. The males often inhabit outside of 
female colonies and live short time only, from several hours to several days.  In a view of this fact, 
the systematics of the group is mainly based on the morphology of the adult females, considered 
below in detail. The morphology of the males is discussed more briefly in the end of this chapter.

Body is usually broadly oval or elongate oval, more rarely semispherical, covered by the white 
powdery wax, by plates of solid wax or by special protective test (Colour Figs 1.1–1.10) [com-
prehensive review of defence strategies in the scale insects see, for example, in Foldi (2005)]. The 
body length varies very significantly in different families and subfamilies, from about 1 mm in 
Carayonemidae and some Ortheziidae to 40 mm in some Margarodidae s. l. (Callipappus spp. and 
Aspidoproctus spp.). However, it should be taken into account that the size of the female body 
significantly increases after the last moult, especially during the development of eggs in ovaries. 
The cuticle of most species is soft during entire life, and the body segmentation is usually visible 
at least in the young females. Only in some marsupial genera, the dorsal surface of mature females 
becomes hard. Thus, the females of Misracoccus convexus (Morrison, 1920), studied by me, have 
the thin soft cuticle with subjacent thick layer of areolate rubber-like tissue; this tissue is rather 
elastic in younger females, but becomes hard during maturation. Probably, the similar structure 
of body cover is present also in Hemaspidoproctus spp. and Aspidoproctus spp. (Fig. 5.5), whereas 
in the marsupial Etropera spp. and Pseudaspidoproctus spp. the body persists comparatively soft 
even in the mature females (Colour Fig. 1.6). In the penultimate larvae of Cryptokermesini, the 
cuticle itself becomes sclerotised (Mimosicerya) and/or additionally covered with a resinous test 
produced by special glands on the dorsal body surface (Colour Fig. 1.4). 

The number and numeration of the abdominal segments in scale insects are accepted here ac-
cording to Danzig (1980), i.e. all visible abdominal segments on the dorsum are numerated from I 
to VIII. The first abdominal sternite is considered to be fused with the metathorax and it is a reason 
why on schematic morphological figures the number of sternites is less than the number of tergites. 

The natural coloration of the body is usually pink, red or yellow (Colour Figs 1.1–1.10).
Eyes in the females and larvae are always unicorneal, numbering one pair, appearing as small 

pigmental tubercles. In some Ortheziidae, the eyes are basally merged with the pseudobasal anten-
nal segments (Fig. 10.5). Sometimes the eyes are absent at all.



Fig. 7.1. Etropera papuensis, adult female, Indonesian New Guinea (Jayapura).
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Fig. 7.2. Tentorium and mouthparts of archaeococcids. a–c, Arctorthezia cataphracta (Olafsen, 1772), after List, 
1887, with changes. a, ventral view of tentorium and mouthparts; b, dorsal view of tentorium and internal mouth-
parts; c, stylet loop in crumena; d–f, Icerya purchasi Maskell, 1879, successive transverse sections of stylets, after 
Pesson, 1951, with changes.  
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Fig. 7.3. Tentorium and internal mouthparts of Icerya purchasi Maskell, 1879, after Pesson, 1951, with changes. 
Abbreviations: Cl – clypeolabrum, Cs – cells producing stylets, Hy – hypopharynx, Md – mandibulae, Mrt, Mpr – 
muscles retractors and protractors of stylets, Mx – maxillae, Oes – oesophagus, Ph – pharynx, Ss – sheath of stylets, 
Tc, Ta, Tp – tentorial arms. 

Mouthparts in general aspects exhibit the characteristic Arthroidignatha type with some pe-
culiarities (Figs 7.2, 7.3). The sclerotised head capsule absent, whereas the strongly sclerotised 
tentorium with the attached mouthparts are connected with the ventral head cuticle only. The 
clypeus and labrum are merged and form the clypeolabrum of variable forms and sizes in different 
species; the labium is 1–3-segmented; the mandibles and maxillae (stylets) are very long and thin. 
The length of the mandibles and maxillae can exceed the length of the body; in the non-eating 
females they are convolved into a loop and placed in a special sac (crumena) inside of the body. 
During each moult, the old stylets are shed and replaced by the new ones (Fig. 7.4); before the 
replacement, the four stylets (two mandibles and two maxillae) are separately coiled inside of the 
head; during ecdysis, the new styles passed down to take the place of the old ones (Heriot, 1934; 
Pesson, 1951). Comprehensive morpho-anatomical studies of the archaeococcid mouthparts were 
presented for two species: for Arctorthezia cataphracta (Olafsen, 1772) by List (1887) and for Ic-
erya purchasi Maskell, 1879 by Pesson (1951). 

The adult females of Margarodinae, most of Xylococcinae s. l. and Callipappinae s. l. are  
arostrate with a saving of the only rudimental tentorium inside of the head, but with the total 
loss of mouthparts. In the primolarva of Dimargarodes mediterraneus, the mouthparts were not 
detected (Jakubski, 1965; Foldi, 2005), and it is probably the only known example of the arostrate 
primolarvae in the archaeococcids.   

Antennae usually 7–11-segmented, comparatively short (Fig. 7.5); often the number of an-
tennal segments slightly varies individually or even in the same female. In the movable females 
and larvae of Xylococcinae s. l., the first antennal segment (scapus) is strongly enlarged, more or 
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Fig. 7.4. Replacement of stylets in moulting scale 
insect. 

less truncated, cone-shaped. In the apodal lar-
vae of Margarodinae, most of Xylococcinae s. l. 
and Callipappinae s. l. and in the adult females 
of Xylococcus and Cryptokermesini, the anten-
nae are reduced to the small 1–3-segmented 
vestiges. Each antennal segment bears one or 
several setae of different length; some setae, es-
pecially on the apical segment, sometimes pos-
sess rounded tips and probably have a sensory 
function (Fig. 9.3.1). Sometimes, the round 
double-walled pores are additionally present 
on the segments, and these pores are also prob-
ably sensorial. 

In members of the tribe Ortheziolini (Orth-
eziidae), the pseudobasal antennal segment is 
well developed, located proximally to the sca-
pus and fused with the eye (Figs 7.5, 10.5).
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Fig. 7.5. Antennae of different archaeococcids. 

Legs of most species are normally developed (Fig. 7.6). All legs more or less equal in size, but in 
the ground pearls, Margarodinae, the anterior legs of a fossorial type: femur, tibia, tarsus and claw 
are strongly sclerotised, enlarged, with an elongated claw. The legs in the large females of many 
Monophlebinae and Callipappinae s. l. are strongly sclerotised and often bear spine-like setae. In 
the females of Kuwania spp. (Xylococcinae s. l.: Kuwaniini), the apex of the tibia bears numerous 
setae with the capitate apices. 
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Trochanters of all legs in most species bear two or several (rarely up to 16) campaniform sensil-
lae on each surface. The tarsus is 1–2-segmented, always with one claw (in contrast to most other 
Arthroidignatha insects). In some genera, the claw is with one or several small denticles. The claw 
digitules are usually in one pair, with the pointed or clavate apices; in Steingelia and Stomacoccus, 
each claw is with multiple digitules. The monotypic family Phenacoleachiidae is characterized by 

Fig. 7.6. Legs with enlarged illustrations of claws of different arhaeococcids. 
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the asymmetric claw digitules, one of which is spine-like, whereas the other is enlarged and clavate 
(Fig. 7.6).

In the Ortheziidae, the trochanter and femur are always fused; moreover in the species of sub-
family Newsteadinae s. l. the tibia and tarsus are also fused or not clearly separated (Figs 7.6, 10.3, 
10.5).

In the secundolarvae of Margarodinae, Xylococcinae s. l., most of Callipappinae s. l. and in the 
adult females of Xylococcus spp. and Cryptokermesini the legs are totally reduced or represented 
by small 1–3-segmented vestiges only.  In the primolarva of Dimargarodes mediterraneus (Silves-
tri, 1908), the only anterior legs are present (Jakubski, 1965; Foldi, 2005).

Respiratory system. The structure of the respiratory system in the archaeococcids is very 
diverse and shows various patterns of evolutional changes from an ancient primitive condition to 
more divergent variants. In the most primitive situation, in Matsucoccus (basing on M. matsumu-

Thoracic
 spiracle

Abdominal
   spiracle

Fig. 7.7. Respiratory system in Matsucoccus matsumurae (Margarodidae: Xylococcinae s. l.: Matsucoccini).
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rae (Kuwana, 1905) studied by me), the thoracic and abdominal spiracles are similar in the size 
and structure and do not connected with the tracheal branches (Fig. 7.7); any wax glands are ab-
sent in both abdominal and thoracic spiracles. The thoracic and abdominal spiracles of Steingelia 
(in S. gorodetskia Nasonov, 1908 studied by me) are similar with these in Matsucoccus, but con-
nected by two symmetrical longitudinal tracheal branches (Fig. 7.8); additionally, each thoracic 
spiracle has a special sclerotised plate for attaching muscles [this plate is named “spiracular arm” 
or “spiracularia” — the term was introduced by MacGillivray (1921)].  In other studied Xylococ-
cinae s. l.: in Xylococcus japonicus Oguma, 1926 (according to Oguma (1919) and to my own 
observation), in Jansenus burgeri Foldi, 1997, Neogreenia sophorica Wu, 2006, and Margarodinae: 
Porphyrophora polonica (Linnaeus, 1758), Eurhizococcus colombianus Jakubski, 1965 (all studied 
by me), the respiratory system exhibits significant complication (Fig. 7.9). Four symmetrical lon-
gitudinal tracheal branches (two ventral and two dorsal) and two transversal commissures con-

Thoracic spiracle

Abdominal
  spiracle

Spiracularia

Fig. 7.8. Respiratory system in Steingelia gorodetskia (Margarodidae: Xylococcinae s. l.: Steingeliini).
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nect all spiracles in the united respiratory system; moreover, the anterior commissure forms a 
peculiar chiasma. In different Callipappinae s. l.,  (Marchalina hellenica (Gennadius, 1883), Cryp-
tokermes brasiliensis Hempel, 1900 and Neocoelostoma xerophila Hempel, 1932), Monophlebinae 
(Buchnericoccus reynei sp. nov., Laurencella marikana Foldi, 1995, Misracoccus convexus (Morri-
son, 1920), Perissopneumon tamarindus (Green, 1908), different species of Drosicha Walker, 1858 
and Icerya Signoret, 1876), and Ortheziidae (Orthezia urticae (Linnaeus, 1758)), all studied by 

Fig. 7.9. Respiratory system of Neogreenia sophorica (Margarodidae: Xylococcinae s. l.: Kuwaniini).

Thoracic
 spiracle

Anterior abdominal
         spiracle

Posterior
abdominal
  spiracle

Multilocular
 wax pore

Spiracularia

 Chiasmatic 
commissure

     Direct
commissure



I.a. GavrIlov-ZImIn. ontoGenesIs, morpholoGy and hIGher ClassIfICatIon of arChaeoCoCCIds 69

 © 2018 Zoological Institute, Russian Academy of Sciences, Zoosystematica Rossica, Supplementum 2

me, four main longitudinal tracheal branches are more or less curved (according to body form) and 
supplemented by numerous additional branches; all commissures have direct connections, with-
out chiasmata (Fig. 7.10). A similar construction of the respiratory system, but with more delicate 
tracheal trunks and branches, is known in Phenacoleachiidae and in all neococcids of different 
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Quinquelocular
     wax pore

Quinquelocular
     wax pore

    Direct
commissure

Direct commissures

Spiracularia

Fig. 7.10.  Respiratory system of Perissopneumon tamarindus (Margarodidae: Monophlebinae: Monophlebulini).
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Fig. 7. 11. Main types of respiratory system in scale insects.
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families studied by me unpublished) and other authors (see, for example, Foldi, 1990, 1997a). 
On the other hand, the anatomy of the respiratory system in some minute aberrant families, like 
as Carayonemidae and Xenococcidae, is still unstudied. Thereby, four main structural types of 
respiratory system (Fig. 7.11) may be designated in the scale insects: disconnected (in Matsucoc-
cus), double trunked (in Steingelia), multitrunked chiasmocommissural (probably in most of 
Xylococcinae s. l. and Margarodinae), and multitrunked rectocommissural (at least in some of 
Callipappinae s. l., Monophlebinae, Ortheziidae and probably in all neococcids). Taxonomic and 
phylogenetic significance of these types will be discussed in the next chapter. 

Most archaeococcids (in contrast to all neococcids) save abdominal spiracles, which may be 
similar or not similar in the structure with the thoracic spiracles. Usually (in most species from 
different families) seven or eight pairs are present, but eighth (posterior) pair is smaller then the 
anterior ones. A significant intrageneric variation in the number of abdominal spiracles is known 
in different genera of Kuwaniini and Margarodini (Table 3). In the Ortheziidae, some or all ab-
dominal spiracles are often hardly detectable or even absent (Kozár, 2004). Members of the small 
tropical family Carayonemidae have only two anterior pairs of the abdominal spiracles (Richards, 
1986; Kozár & Konczné Benedicty, 2000). In most cases, the reduction of the spiracles occurs on 
posterior abdominal segments, but to the contrast, in Gueriniella and in the Iceryini (Monophle-
binae) the anterior spiracles are reduced, but 2–4 posterior pairs are present. Kuwania oligostig-

Table 3. Number of the abdominal spiracles (in pairs) in different scale insects.

Number of ab-
dominal spiracles 

in pairs

Taxa (whole tribes or separate genera)

Constancy inside of genera

8 Xylococcini, Stigmacoccini, Pityococcini, Jansenus (Kuwaniini), Callipappini, Neomarga-
rodes, and Termitococcus (both in Margarodini)

7 Matsucoccini, Araucaricoccus, Conifericoccus (both in Steingeliini), Coelostomidiini, Cryp-
tokermesini, Eurhizococcus (Margarodini), Monophlebulini, Drosichini, Llaveiini, Labio-
proctini tr. nov., and most of Monophlebini

6 Steingelia, Stomacoccus (both in Steingeliini), Neosteingelia (Kuwaniini), Dimargarodes, 
and Heteromargarodes (both in Margarodini)

5 Corandesia and Vrydagha (both in Monophlebini)

4 Gueriniella (Monophlebini)

3 Eumargarodes (Margarodini), Echinicerya (Iceryini)

2 Margarodesia (Margarodini) and Carayonemidae

1 --------------------------------------------------------------------------------------

0 Phenacoleachiidae, Xenococcidae, and all neococcids (Coccoidea s. s.)

Variation inside of genera 

0, 4–6 Kuwania (Kuwaniini)

6–8 Neogreenia (Kuwaniini)

0–2 Porphyrophora (Margarodini)

6–8 Margarodes (Margarodini)

2–3 Crypticerya and Icerya (Iceryini)

0, 2–8 Ortheziidae
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ma De Lotto, 1959 (Margarodidae: Kuwaniini), some species of Porphyrophora (Margarodini), 
monotypic family Phenacoleachiidae and all species of Xenococcidae do not have the abdominal 
spiracles at all, but the  abdominal tracheal branches may have small poorly visible openings in the 
marginal zone of the abdomen (as in Phenacoleachia, for example). 

The position of the spiracles is also variable. The thoracic spiracles are located in the marginal 
zone of thoracal venter in all archaeococcids, excluding only Carayonemidae. The abdominal spir-
acles are often located as on venter as well as on dorsum, but always in the marginal zone of the 
abdomen.    

The structure of thoracic and abdominal spiracles is similar in the most archaic genera only, 
like Matsucoccus and Steingelia; it includes the small funnel-shaped atrium without a peritreme 
and wax pores (Figs 7.7, 7.8). In more divergent groups, the thoracic spiracles have more or less 
sclerotised peritrema and spiracularia, whereas the abdominal spiracles (if present) are always 
without the peritremae and spiracularias (Fig. 7.12). The opening of tracheal cavity is regulated 
by special muscles, that was demonstrated, for example, in Drosicha stebbingi (Stebbing, 1902) by 
Savage (1914) (Fig. 7.12). In the most perfect variant, both thoracic and abdominal spiracles have 
numerous wax pores inside of the atrium and/or just near the atrium (Fig. 7.10). Sometimes, the 
atrium may be devided into several connected chambers of different form and size (Fig. 7.10). 

In Carayonemidae, both thoracic and abdominal spiracles have a unique periscope-like struc-
ture (Richards, 1986; Kozár & Foldi, 2001) (Fig. 11.1). 

Fig. 7.12. Longitudinal sections of thoracic and abdominal spiracles in Drosicha stebbingi (Stebbing, 1902), after 
Savage, 1914, with changes.

Cicatrices — oval or almost round membranous areas on the cuticle, each is surrounded by a 
sclerotized rim and without any setae or pores. The cicatrices may be very numerous and scattered 
on both body sides or on the venter only or present on the abdominal sternites only or totally 
absent, as, for example, in Steingeliini, Stigmacoccini (both Xylococcinae s. l), Margarodinae and 
some Callipappinae s. l. In some Monophlebinae and in Protortonia Townsend, 1898 (placed here 
in Callipappinae s. l.), one or three large cicatrices are situated in a group on the venter posterior 
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to vulva. In the small aberrant tribe Pityococcini, the small, round or oval cicatrices are located on 
ventral surface of female abdomen along midline (Figs 9.1.9–9.1.10). In some species, the cicatri-
ces may be present in the larvae and absent in adult female or vice versa. Evolutionally, the cica-
trices of scale insects are probably homologous of wax plates of aphids. So, Reyne (1957) studied 
the cicatrices of Walkeriana tosariensis Reyne, 1957 (Monophlebini), using microtomal sections 
through the cuticle (Fig. 7.13) and shown that a group of elongate secretory cells is located just 
under the cicatrix. In some species, cicatrices have a reticulate structure. Small flat cicatrices in 
some species are poorly distinguishable from simple wax pores and probably the latter originated 
from ancestral cicatrices in the course of evolution of different archaeococcids. Additionally, in 
many archaeococcids and neococcids, the cuticle on both body sides bears pouches of different 

Fig. 7.13. Microtome sections through different wax-secreting organs of Walkeriana tosariensis, after Reyne, 1957, 
with changes. a, cicatrix; b, c, sclerotised wax glands (“polygonal cells”) of anal tube, without (a) and with (b) their 
soft secreting parts; d, section through quadrilocular pores of ovisac band; e, section through elliptical wax gland; f, 
section through spine and its wax-secreting gland.

size, which are full of wax; these pouches are also probably homologous to the cicatrices.  
Anal apparatus shows different  variants of complication of a simple non-sclerosised anal 

opening (without defined anal tube) that is known in the adult arostrate females of Xylococcinae 
s. l., Margarodinae, Callipappinae s. l. and some others. In females of the ancient tribe Matsucoc-
cini, the anus is not detected at all. To the contrary, in actively-feeding females and larvae, anal 
apparatus exhibits additional and often very complete structure for preventing a pollution of the 
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body with the  extracted honeydew (Fig. 7.14).  Two main constructional approaches are realised 
in the archaeococcids to achieve this goal. 1) In different Callipappinae s. l. and Monophlebinae, 

Simple anal openings

Tube-constructing anal apparatus

Some Callipappinae s. l. and Monophlebinae (Ortheziidae, Phenacoleachiidae, and many neococcids)

Simple anal tubes without attached glands 

  Sclerotised pores
of unclear structure

Minute
 pores

(most Xylococcinae s. l., Margarodinae, some Callipappinae s. l., and Monophlebinae)

(some Callipappinae s. l. and Monophlebinae)

Drop-ejecting anal apparatus 

Fig. 7.14. Different variants of anal apparatus in archaeococcids.
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an internal sclerotised tube (part of rectum) is formed just before the anus. This tube may be sub-
divided into several parts with different degree of sclerotisation of the walls and often bears at-
tached wax glands of different size and structure. In many species of Monophlebinae, the attached 
wax glands of anal tube are located on sclerotised ring which divides the anal tube into two parts. 
The wax glands (pores) of this ring may have clearly visible structure, similar with the glands on 
body surface or to so strongly sclerotised that their structure remains unclear even under maximal 
magnification of an optical microscope. In such case, these glands are often named as “polygonal 
cells” (Fig. 7.13). Such type of anal apparatus may be named as tube-constructing, because it pro-
duces a long wax tube which significantly rises under the body, and the drops of the honeydew do 
not drip on the body surface (Colour Figs 1.6, 1.8a). 2) In Ortheziidae, Phenacoleachiidae and in 
many neococcids (especially in mealybugs), the other, drop-ejecting type of the anal apparatus is 
realised (Fig. 7.14). Sclerotised ring is formed not inside of the anal tube, but on the body surface 
around the anus. This ring bears numerous wax pores, spinulae and a row (usually six) of long 
flagellate setae. The drop of honeydew is covered by the wax producing of the pores and spinulae 
and then is ejected by the flagellate setae away from the body.  

Wax glands are numerous and diverse (Figs 7.13, 7.15).  The structure and distribution of wax 
glands are the main diagnostic characters in the systematics of arhaeococcids and scale insects as 
a whole. Cuticular sclerotised parts of these glands are clearly visible because they absorb stain 
during preparation of the scale insect body and can be subdivided in three main groups: discoidal 
glands, cylindrical glands, glands connected with conical setae, and glands connected with spines. 
[In the English coccidological tradition, the term “wax glands” is usually not used, probably be-
cause the soft parts of the glands are lost during preparation and only sclerotised “ducts” and 
“pores” are visible on specimens mounted in the Canada balsam. In Russian and other old Euro-
pean entomological schools, the term “glands” is widely used, because there are no special terms to 
indicate the soft parts of the wax glands separately from their sclerotised parts.]

Discoidal glands can be subdivided in the following subtypes. 
1) Simple discoidal pores; have a single opening (loculus) and seems to be flat in profile. Such 

pores are often scattered in more or less quantity on both body surfaces of scale insects and/or are 
present in groups with other wax glands.  

2) Oligolocular glands (pores), with 2–4 similar in size excretory openings. In profile, such 
pores often look like several short tubes attached to each other. Bilocular pores are known in 
Matsucoccus spp.  Trilocular pores are one of the synapomorphic characters of the monotypic ar-
chaeococcid family Phenacoleachiidae and the most “primitive” neococcid family Pseudococci-
dae, whereas in other neococcids, these pores were probably lost. Quadrilocular pores are present 
in Monophlebinae (Labioproctini tr. nov.) and Ortheziidae.

3) Multilocular glands (pores) are very diverse in form, size and number of loculi. Usually, 
such glands have one central loculus and 5–10 peripheral loculi. More rarely there are 2–5 central 
loculi. In all cases, the central loculus (loculi) larger than the peripheral ones. In some species of 
Iceryini (Monophlebinae), the central loculus is so large, that these glands are named “open-cen-
tre pores”. In Steingelia (Xylococcinae s. l.) and some Margarodinae, the multilocular pores look 
like a sieve with numerous irregularly located loculi.
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True tubular glands, which are very common in the neococcids, are absent in females of most 
archaeococcids, excluding only several groups: the morphologically aberrant tribes Stigmacoccini 
and Pityococcini (both in Xylococcinae s. l., Figs 9.1.7, 9.1.9 & 9.1.10), in some genera of Mono-
phlebinae (Margarodidae s. l.), in Phenacoleachiidae and Newsteadiinae s. l. (Ortheziidae). In two 
last families, peculiar evaginated tubular ducts (Figs 10.3 & 12.1) are probably originated from fla-
gellate or conical setae. Also small microtubular ducts are known in some Ortheziidae (Fig. 10.5). 

Conical setae (Fig. 7.16) produce a consistent wax and are known amongst archaeococcids, 
mainly in some Monophlebinae. In fact, each conical seta bears one or numerous excretory open-
ings of minute wax gland(s) (Foldi, 1997b). In the Monophlebinae genus Buchnericoccus Reyne, 
1965, the conical setae have a characteristic bottle-shaped form. In most archaeococcids, includ-
ing the most ancient group, Xylococcinae s. l., the conical setae are totally absent and the body is 
covered by the flagellate and/or hair-like setae only. 

Spines are similar in size and shape with the conical setae, but do not have basal collars. Such 

Bilocular

Perissopneumon

Simple pores Oligolocular wax glands

Trilocular
Quadrilocular

Multilocular wax glands

Evaginated Thumb-like

Tubular glands

Bitubular

Fig. 7.15. Diversity of wax glands in archaeococcids.
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spines are also produce a consistent wax (Fig. 7. 13f, 7.16) and present on both body sides in 
Ortheziidae and sometimes in small number in some Monophlebinae (for example, in Llaveia axin 
(Llave, 1832)). 

Flagellate and hair-like setae (Fig. 7.16) do not produce a wax and are scattered more or less 
evenly on the body surface. All types of setae are rather rare on body of movable females of Xylo-
coccinae s. l. and their bodies often seem to be bald, whereas the bodies of most Monophlebinae 
and Callipappinae s. l. species are usually covered by very numerous setae. 

Conical setae Flagellate setae Hair-like setaSpines

Fig. 7.16. Spines and setae of archaeococcids.

External female genitalia are absent. Vaginal opening is located between two posterior ab-
dominal sternites.

Anatomy of the female reproductive system was rather intensively studied by different au-
thors in the species of all large scale insect families and, in particular, in most phylogenetically 
important groups of archaeococcids (List, 1887; Hughes-Schrader, 1930; Pesson, 1951; Buchner, 
1966, 1967, 1969; De Marzo et al., 1990; Szklarzewicz, 1997, 1998a, b; Szklarzewicz et al., 2005, 

Fig. 7.17. Reproductive system of Arctorthezia cataphracta, after List, 1887, with changes.
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2011, 2014; Koteja et al., 2003; Liu et al., 2014, and some other authors). In most cases, the re-
productive system (Fig. 7.17) includes a pair of ovaries with numerous ovarioles, a pair of lateral 
oviducts and a common oviduct with attached spermatheca and accessory glands (which may be 
absent in some species). In some Margarodidae s. l. left and right ovaries fuse anteriorly, giving 
the organ of a circular shape (Fig. 7.25). Each archaeococcid ovary comprises 20–300 telotrophic 
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Fig. 7.18. Structure of ovarioles in aphids and different scale insects.
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ovarioles, devoid of terminal filaments, that is considered as an autapomorphy of Coccinea as a 
whole (Koteja et al., 2003). The ovarioles of most archaic scale insects from the genus Matsucoc-
cus (Xylococcinae s. l.) are else very similar with the same in the oviparous aphids (Fig. 7.18) and 
include each up to six linearly arranged vitellarial oocytes, 23–26 trophocytes and 1–6 arrested 
oocytes (Liu et al., 2014; Szklarzewicz et al., 2014). In Steingelia (Xylococcinae s. l.) each ovariole 
includes 2–4 linearly arranged vitellarial oocytes, 15–35 trophocytes and 2–4 arrested oocytes 
(Koteja et al., 2003). In the vitellarium of other studied scale insect species, a single oocyte devel-
ops at the given moment or as a whole, whereas the numbers of ovarioles, trophocytes, vitellarial 
and arrested oocytes significantly vary in different species and families. In general, the number of 
ovarioles increases from archaic families to more advanced ones and reaches several thousands in 
some oviparous neococcids, whereas the numbers of trophocytes, vitellarial and arrested oocytes 
decrease in the neococcids in contrast to archaeococcids (see Koteja et al., 2003 for review and 
Fig. 7.18). However, only occasional species (totally about 35) were studied from the different 

Fig. 7.19. Longitudinal (from above) and transverse (below) sections through the body of Arctorthezia cata-
phracta, after List, 1887, with changes. Abbreviations: A – anus, Cru – crumena, Cut – cuticle, Fg – foregut, Ft 
– fat tissue, Gs – suprapharyngeal ganglion, Hem – ? hemocytes, Hg – hindgut, Hyp – hypoderm, M – muscles 
of mouthparts, Ma – muscle of anus, Mdv – dorso-vental muscles, Mg – midgut, Ml – longitudinal muscles, Mt 
– Malpighian tubules, Oe – oesophagus, Ovs – ovarioles, R – rostrum,  Sg – salivary glands, St – stylets, Vag – 
vaginal opening and beginning of oviduct, Vn – ventral nerve cord. 
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Fig. 7.20. Salivary glands of Arctorthezia cataphracta, after List, 1887.

scale insect families up to now.
Digestive system of arheococcids 

was studied for some species only and 
is similar in general details with it in 
other Homoptera (see Pesson, 1951 
for review). Maxillary stylets form 
two canals, one for saliva and one for 
plant sap (Fig. 7.2d). The saliva is 
produced by special salivary glands 
(Figs 7.19, 7.20) which are symmetri-
cal paired bodies situated in the head 
laterally at the alimentary canal and 
connected by a single ductule with 
so-called “salivary pump”. This pump 
injects saliva into the plant tissues 
through the salivary canal of stylets. 
A plant sap runs from the food canal 
of stylets to thin oesophagus and then 
to intestine. The intestine has several 
main parts (the foregut, midgut and 
hindgut) and form peculiar organ, fil-
ter chamber, which is known in many 
Homoptera. The distal part of oesoph-
agus, anterior part of foregut and the 

Fig. 7.21. Filter system of digestive tract in Icerya purchasi, after Pes-
son, 1951, with changes. Abbreviations: Ma & Mp – anterior and pos-
terior parts of midgut, Mt – Malpighian tubules, Oe – oesophagus, 
R – rectum (hindgut). 

Fig. 7.22. Digestive and excretory system of Arctorthezia cata-
phracta, after List,  1887, with changes. Abbreviations: At – place 
of attachment of Malpighian tubules to midgut, Fg – foregut, Hg 
– hindgut, Mg – midgut, Mt – Malpighian tubules, Oe – oesopha-
gus, Pas – passage of foregut to midgut, Tr – trachea. 
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posterior part of midgut are invaginated into the enlarged hindgut, forming a concentric filter sys-
tem (Figs 7.21, 7.22). In this system, a surplus water of the plant (phloem) sap is quickly filtered 
by a passive osmosis across epithelial membranes from the foregut to midgut and then into the 
hindgut (Pesson, 1951; Foldi, 1997a).

Excretory system of the archaeococcids as in most other Homoptera (excluding aphids) is 
represented by the Malpighian tubules (Figs 7.21, 7.22) which are located as a one pair within 

Fig. 7.23. Nervous system of Arctorthezia cataphracta, after List, 1887, with changes.  a, nervous system (without 
suprapharyngeal ganglion) and its tracheation; b-d, suprapharyngeal ganglion with its nerves and tracheas from dor-
sal (b), ventral (d) and anterior (e) sides and its transverse section (c); f, cell of ganglion; g, sagittal section through 
nervous system; h, frontal section of nervous system (without suprapharyngeal ganglion). Abbreviations: Cg – cells 
of ganglia, Com – commissure of circumpharyngeal nerve ring, Ct – connective tissue, G1-4 – thoracic (G1-3) and 
abdominal (G4) ganglia, L – lobes of suprapharyngeal ganglion, N – nerve,  Na – antennal nerve, No – optical nerve,   
N1-4 – nerves of thoracic (N1-3) and abdominal (N4) ganglia, Nuc – nucleus of ganglion cell, SubG – subpharyngeal 
ganglion, SupraG – suprapharyngeal ganglion, Tr – trachea.
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haemocoel and are opened in the midgut. However,  there are no comparative anatomical data for 
different families and tribes of archaeococcids. 

Central nervous system includes the suprapharyngeal ganglion, subpharyngeal ganglion, cir-
cumpharyngeal nerve ring, thoracic and abdominal ganglia (Fig. 7.23). It seems that the data are 
limited by the studies of two archaeococcid species only (List, 1887; Pesson, 1951).  

Bacteriomes (= mycetomes). As many other sap-sucking animals, the scale insects have sym-
biotic connections with diverse bacteria which allow their hosts to live on a low-nitrogen diet 
such as a phloem sap. These symbiotic bacteria are often reside inside different insect cells, for ex-
ample, cells of the fat body, on in the specialised cells named bacteriocytes, which may be dispersed 
amongst other body cells or to be aggregated in peculiar organs, so-called “bacteriomes” (Figs 7.24 
& 7.25). In the old literature, the same organs were usually named “mycetomes”, but according 
to modern investigations, in the most cases, the intracellular symbionts of sap-sucking insects are 
bacteria, not fungi (see, for example, Matsuura et al., 2009; Rosas-Pérez et al., 2014). The most 
comprehensive data on the archaeococcid bacteriomes and intracellular symbionts were provided 
by Buchner (1965, 1966, 1967, 1969). More recent publications consider mainly molecular and 
biochemical aspects of the bacterial symbiosis and are not interesting for the present monographic 
review, but the reader can find the appropriate references in Rosas-Pérez et al. (2014). According 
to P. Buchner’ investigations (l. c.), the majority of studied species of the most archaic group of 
scale insects, Xylococcinae s. l., do not have the bacteriomes or sometimes even lack intracellular 
symbionts, excluding only the divergent tribe Stigmacoccini which have the paired bacteriome. 
Pitiococcini are still unstudied, unfortunatelly. Amongst studied Margarodinae, the only Eurhi-

Fig. 7.24. Paired bacteriome of Margarodes sp., after Šulc, 1923, with changes. a, scheme of reproductive system with 
two parts of bacteriome attached to lateral oviducts; b, microtome section of oviduct and attached bacteriome.
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zococcus does not have bacteriome and exhibit groups of bacteriocytes dispersed in the fat tissue, 
whereas the other studied genera of the subfamily, Dimargarodes, Eumargarodes, Margarodes, Por-
phyrophora, and Termitococcus have more or less large paired bacteriomes (Fig. 7.24). In Callipap-
pinae s. l., at least some species of Callipappus, Neocoelostoma, Mimosicerya, and Protortonia have 
the paired bacteriome, whereas some other Callipappus spp. have bacteriocytes dispersed in the 
fat tissue; in Marchalina symbiotic bacteria live in the intestinal epithelium; the other genera are 
unstudied. All investigated Monophlebinae (Drosicha, Llaveia, Monophlebidus, Monophlebulus, 

Abdominal
  spiracles

OvariolesDorso-ventral
    muscles

Thoracic
spiracles

    Paired
 bacteriome

 Lobes of
bacteriome

Common oviduct

Stylets

Fat tissue

Fig. 7.25. Schematic drawing of characteristic Monophlebinae paired bacteriome and reproductive system of adult 
female (some dorso-ventral muscles are also shown).  



Chapter 7. General morpholoGy and anatomy 84

 © 2018 Zoological Institute, Russian Academy of Sciences, Zoosystematica Rossica, Supplementum 2

Nodulicoccus, Monophlebus, Perissopneumon, Buchnericoccus, Aspidoproctus, Hemaspidoproctus, 
Walkeriana, and different genera of Iceryini) show the well-developed paired bacteriomes located 
symmetrically in the left and right halves of abdomen (near ovaries) and divided into lobes by 
numerous dorso-ventral muscles (Fig. 7.25). 

It is interesting to note, that two parts of the paired bacteriome may be located near medial 
(Fig. 7.24) or marginal (Fig. 7.25) sides of the lateral oviducts in different groups of the giant scale 
insects (Margarodidae s. l.). More detail information about it as well as a comprehensive consi-
deration of appearance and growth of the bacteriomes in course of the embryonal development, 
see in Buchner (1965, 1966, 1967, 1969). During the embryogenesis the bacteriome originates as 
an unpaired organ and then divides or not divides into parts. In the last case, large non-lobate un-
paired bacteriome is located between lateral oviducts of larvae and adult females as, for example, 
in majority of studied species of the basal neococcid family Pseudococcidae, including its most 
archaic genus Puto Signoret, 1876 (see Buchner, 1965).  

In Ortheziidae, two species from genera Insignorthezia and Orthezia were only studied and both 
exhibit symbionts dispersed in the fat tissue, without the bacteriome formation (Buchner, 1965).

The small families Phenacoleachiidae and Carayonemidae are unstudied in respect of symbi-
otic bacteria.

Morphology of adult males. The body of adult macropterous males is more or less clearly di-
vided into the head, thorax and abdomen (Figs 7.26, 7.27, Colour Figs 1.1a, 1.3b, 1.4a, 1.5b, c, 1.6, 
1.7b). Antennae are usually 10-segmented, covered by numerous long flagellate setae. Ocelli are 
always absent; this is an autapomorphic character of the suborder Coccinea. The males of most 
archaeococcids save in addition to one pair of the larval unicorneal eyes (as in females), a pair of 
the compound eyes which consist of numerous ommatidia, usually 150–200 in each eye. However, 
in the apterous males of different families and tribes, rows of the unicorneal eyes (stemmata) are 
present on the head instead of compound eyes.  So, males of such genera as Stigmacoccus Hem-
pel, 1900, Steingelia Nassonov, 1908, Pitycoccus McKenzie, 1942, and Stomacoccus Ferris, 1917 
(Morrison, 1928; Danzig, 1980) have only 36, 14, 10, and 2 stemmata (including the larval eyes), 
respectively (Morrison, 1928; Hodgson & Foldi, 2006). In Phenacoleachia Cockerell, 1899, the 
macropterous males have 16 stemmata, whereas the apterous males possess 12 stemmata only 
(Theron, 1962; Beardsley, 1964). In general, it seems to be clear that the reduction of the com-
pound eyes and number of the unicorneal eyes occurred independently many times in different 
genera of the scale insects and this character often correlates with the larvalisation of males.

The macropterous males have one (anterior) pair of wings with strongly simplified venation: 
poorly developed radial and one medial vein are present. The hind pair of wings is reduced to 
minute hamulohalteres or absent at all as, for example, in  Newsteadia floccosa (De Geer, 1778). In 
Matsucoccus spp. surface of wings form a pinnate sculpture with series of lines (7.26). In the apter-
ous males, both pairs of the wings are totally reduced.  

Mouthparts and anal apparatus are totally absent, but a small reduced anus is usually visible. 
Legs are similar in structure with legs in females, but are always long, well developed and usually 
with 2-segmented tarsus, but proximal tarsal segment are very small, vestigial. One-segmented 
tarsus is known in Matsucoccini, Margarodinae and Ortheziidae. There are two thoracic and 
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Fig. 7.26.  Matsucoccus matsumurae (Kuwana, 1905), adult male, China.  
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seven or less abdominal pairs of spiracles; abdominal spiracles are often very poorly visible and 
their exact numbering is problematic. Ostioles are known in Pityococcini only, one pair, located 
symmetrically on abdominal tergite VI. Cicatrices are absent. Wax glands are few, represented by 
discoidal pores (simple, oligo- and multilocular pores) and/or peculiar tubular ducts, located in 
group in medial zone of one or several posterior abdominal tergites. These tubular ducts produce 
long wax filaments (Fig. 7.27, Colour Figs 1.1a, 1.3b, 1.5b, c) which significantly enlarge func-
tional body surface that is probably important in the flight. Body is covered by flagellate and/or 

Fig. 7.27. Adult males of Margarodinae with their long caudal wax filaments. a, Porphyrophora sophorae (Archangel-
skaya, 1935), after Borchsenius, 1963; b, Neomargarodes festucae Archangelskaya, 1935, after Hadzibejli, 1966.
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Fig. 7.28. Generalised diversity of male abdomen structure in archaeococcids.
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hair-like setae; conical setae are absent. External genitalia consist of more or less long aedeagus (= 
penis), covered by peculiar apophysis of last abdominal sternite, so-called “penial sheath”. Param-
eres are absent.

The abdomen of Monophlebinae and some Callipappinae s. l. males has lobe-like caudal ex-
tensions (Fig. 7.28, Colour Fig. 1.7b) which are probably a result of additional adaptation (like a 
“sail”) to flying of the large males of non-colonial species. The huge (up to 4 cm) females of many 
Monophlebinae and some Callipappinae s. l. live singly on trunks of trees and their large males 
need to fly significant distances for search a copulation partner. To the contrast, the males of co-
lonial species, as, for example, most of Iceryini, develop together with females or closely to them, 
and so, they do not need to fly a lot. Such males have very small caudal extensions (Fig. 7.28). In 
Margarodinae, some large Callipappinae s. l. and Xylococcinae s. l. the same role of “sail” is played 
by caudal wax filaments (see above). In some other Callipappinae s. l., Xylococcinae s. l., Phen-
acoleachiidae, and in all neococcids the males are small, often live in colonies and probably do not 
need additional “sails” to flying. So, I suppose the caudal extensions and caudal wax filaments are 
adaptations which originated many times in different, not closely related genera of the archaeo-
coccids, as shown on Fig. 7.28. Therefore, these structures of the male abdomen cannot be used as 
taxonomic characters (see the discussion in Chapter 9.2). 

The apterous males usually similar with the females, but smaller in body size; their tagmata 
fused, antennae and legs shortened, compound eyes are reduced (Colour Fig. 1.2a). The only vi-
sual difference from the females in these cases is the presence of the external male genitalia. Such 
males are also originated many times in different, non-related groups of the archaeococcids and 
neococcids (see more detail consideration in Chapter 6).  

Taxonomic descriptions and total morphological figures of the different archaeococcid males 
see in Vayssiѐre (1926), Morrison (1928), Foldi (2006, 2009, 2016), Hodgson & Foldi (2006), and 
Foldi & Gullan (2014). The males of some species are also illustrated in the taxonomic part of this 
monograph.

Larvae. The general morphology of movable larvae of both sexes is similar to the same of the 
adult females and usually differs in some small details only. The larvae lack vaginal opening and 
usually have a smaller number of the wax glands and antennal segments. On the other hand, such 
structures as the cicatrices, conical setae, some types of wax glands may present in the larvae, but 
absent in the imago or vice versa. The female ultimolarvae in Margarodinae, most of Callipappinae 
s. l. and Xylococcinae s. l.  are apodal or with the strongly reduced legs, immovable (see Colour Fig. 
1.5d, e and Chapter 6).

In the life cycle of the macropterous males, two quiescent instars, pronympha and nympha are 
present; they differ from the adult males by the less differentiation of the tagmata, in the presence 
of the protoptera (wing buds) and non-segmented appendages (see Chapter 6). 
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8. APPROACHES TO PHYLOGENY RECONSTRUCTION
 AND KEY TO THE RECENT FAMILIES

According to paleontological data (see, for example, Koteja, 1985; 1990; 2000; Shcherbakov & 
Popov, 2002; Shcherbakov, 2007), the scale insects (Coccinea) could originate from the ancient 
extinct aphids (Aphidinea) or aphid-like ancestors in the Triassic or even in the Permian (Fig. 
8.1). Borchsenius (1956) presumed the origin of the group in the Late Devonian, with a radiation 
of the archaeococcids and neococcids and their largest families in Carboniferous, Permian and 
Triassic. This presumption was mainly based on the comparative morphology and the modern 
distribution of the scale insects, because the transoceanic disjunctions in the geographic distribu-
tion of all main families of the scale insects and the presence of all these families (including their 
archaic genera) in all modern continents probably suggest the origin of these families in the super-
continent Pangea before its breakup into Laurasia and Gondwana in the Jurassic. To the contrary, 
the recent aphids have mainly “Laurasian”  distribution (Heie, 1994).

  Gavrilov-Zimin et al. (2015) shown that the cytogenetic and reproductive characters of Coc-
cinea, including  their very diverse (and partly primitive) genetic systems could not originate later 
then the highly specialised and unified cytogenetic and reproductive characters of Aphidinea. The 
contradiction with the paleontological records may be explained by the well-known incomplete-
ness of these records and by the very limited number of taxonomic characters for the fossil groups 
(mainly a wing venation in the extinct species of Aphidococca), which leads to the very subjective 
identification of the fossil insects. For example, the fossil Naibiidae were described by Shcherba-
kov (1990, 2007) as the most ancient, four-winged scale insects, but the same group is considered 
to be the aphids by some aphidologists (see, for example, Wojciechowski, 1992). The Lower Ju-
rassic Mesococcus asiaticus Becker-Migdisova, 1959, which demonstrates the similarity with a 

Fig. 8.1. Phylogeny of Aphidococca correlated with the geochronological scale (after Shcherbakov & Popov, 2002). 
Time periods: P1, P2 – Early (Lower) and Late (Upper) Permian, T1, T2, T3 – Early, Middle and Late Triassic, J1, J2, 
J3 – Early, Middle and Late Jurassic, K1, K2 – Early and Late Cretaceous, ₽1 – Palaeocene, ₽2 – Eocene, ₽3 – Oligocene, 
N1 – Miocene, N2 – Pliocene, R – present time (Holocene).
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modern neotenic scale insect female (Fig. 8.2), was considered by the original author as an ancient 
scale insect, similar to modern Margarodidae s. l., but the placement of this specimen in the scale 
insects was disputed (vainly, in my opinion!) by Beardsley, 1969 and Koteja, 1990. Meanwhile, the 
close relationship of the aphids and scale insects is well supported by numerous morphological, an-
atomical, embryological, cytogenetic, physiological and other characters, and it seems, this is not 
disputed by any modern taxonomists. An ancestral group for both aphids and scale insect, as well 
as for all other Arthroidignatha, was presumably extinct Archescytinoidea (Popov, 1980; Scherba-
kov & Popov, 2002, see Fig. 8.1). The Archescytinoidea lived in the Permian geologic period and 
were trophically connected with teh Gymnospermae trees (Fig. 8.3). The sedentary life of these 
insects  in the strobili and then in cracks of tree bark probably led to significant difference between 
the larval instars and imago and to the appearance of the quiescent nymphal instars and finally to 
a complicated metamorphosis. The appearance of such ontogenesis as well as all other variants of 
the complicated metamorphosis, including the holometabolism, was probably connected with a 
high pressure of unspecialised predators which decreases the number of unprotected insects in late 
Paleozoic and Mesozoic biotopes (Rasnitsyn, 1980). Different similar variants of the complicated 
metamorphosis originated at least several times in different Paraneoptera, such as Thysanoptera, 
Aleyrodinea, and the scale insects (see Chapter 6 and Fig. 6.1). 

As it was shown in Chapter 6, the initial scale insect ontogenesis probably included an alterna-
tion of movable/immovable instars in both sexes; larvae of the most ancient scale insects reduced 
and lost their legs, and such apodal instars occupied most time of the life cycle (Figs 6.9, 6.11). 
To the contrary, the unprotected imago was a short-lived instar with the reduced mouthparts. It 
is interesting to note here, that the Lower Jurassic larva-like Mesococcus asiaticus did not have 
the mouthparts that may be interpreted as an additional evidence of the discussed ontogenetic 

Fig. 8.2. Mesocooccus asiaticus, after Becker-
Migdisova, 1959.

Fig. 8.3. Reconstruction of Archescytina sp., figure of A.G. 
Ponomarenko, reproduced here from Popov, 1980.
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hypothesis (see for more details Chapter 6).
A most ancient and primitive group of the recent scale insects is the genus Matsucoccus (Fig. 

9.1.1) and some related archaeococcids from the subfamily Xylococcinae (Margarodidae s. l.). 
These insects save such plesiomorphic characters as the two-segmented tarsus, identical structure 
of thoracic and abdominal spiracles, heterogenous structure of antennae in females (with more or 
less clear differentiation of segments into scapus, pedicel and flagellum), weak development of wax 
secreting system and chaetotaxy, primitive structure of the anal apparatus (simple anal opening), 
multifaceted eyes of adult males, etc. (Figs 8.4a, 8.4b). Meanwhile, the species of Matsucoccus and 
other Xylococcinae s. l. show the complicated ontogenesis with the alternation of movable/im-
movable instars and arostrate imago of both sexes; moreover, the females of Matsucoccus have only 
two immature instars (Fig. 6.4). The females of Matsucoccus have the most archaic structure of the 
reproductive system in comparison with all other studied scale insects (Szklarzevicz et al., 2014): 
they save the tubular structure of ovarioles with several developing oocytes in each vitellarium 
(Fig. 7.18). The respiratory system studied by me in Matsucoccus matsumurae, does not have the 
tracheal trunks (Fig. 7.7) and seems to be the most primitive amongst all investigated scale in-
sects.  Paleontological data also testify the appearance of Matsucoccus and similar (now extinct) 
genera before all other scale insects in the evolutional history (Koteja, 1990; 2000; Foldi, 2004). 

Members of the tribe Steingeliini are probably slightly more advanced than Matsucoccini, be-
cause, at least in the type genus, Steingelia, two longitudinal trunks of respiratory system already 
appear (Fig. 7.8), the number of vitellarial oocytes is reduced (Fig. 7.18) and the males exhibit 
strong simplification of imaginal eyes (see Chapter 9.1.2). Non-unique apomorphic characters of 
this tribe are the absence of cicatrices (primitive wax-secreting organs) and the appearance of ir-
regular wax pores. In the females of the genus Conifericoccus the tarsus is 2-segmented whereas 
the females of three other genera of the tribe show 1-segmented tarsus. The males (studied in 
Steingelia and Stomacoccus) in this tribe are with 1-segmented tarsi (a non-unique apomorphy).  

In Xylococcini, the tracheal system is already very well developed, multitrunked chiasmocom-
missural (Fig. 7.11), with the wax pores inside of atria of thee abdominal spiracles, but the thorac-
ic spiracles are else without spiraculariae and have the same structure as the abdominal spiracles. 
A unique apomorphy of the tribe is the anal tube with double internal ring of the tubular ducts 
(Fig. 9.1.5).

Stigmacoccini and Pityococini show clear synapomorphic characters: the peculiar stellate 
pores and unitubular ducts. Stigmacoccini else save 2-segmented tarsus in both sexes, whereas 
in Pityococcini the males have 2-segmented tarsus, but the females — 1-segmented. The imaginal 
eyes of males in both these tribes are significantly simplified (see Chapters 9.1.4, 9.1.5).  The adult 
females of Pityococcini restored the normally developed mouthparts.

The last and probably the most divergent tribe of the subfamily Xylococcinae s. l. is Kuwaniini, 
all members of which exhibit 1-segmeted tarsus in both females and males. A non-unique apomor-
phic character of the tribe is a claw with one or several denticles. The adult females of Kuwania 
are arostrate, whereas three other genera (Jansenus, Neogreenia and Neosteingelia) restored the 
mouthparts in the female imago.

All other scale insects from both Orthezioidea and Coccoidea superfamilies lost the plesiomor-
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phic structure of antennal segments in females with strongly enlarged conical scapus and obconic 
segments of flagellum. The females of all these more “advanced” scale insects exhibit the antennae 
with more or less rectangular segments and comparatively poorly developed non-conical scapus. 

The subfamily Margarodinae seems to be the most clearly diagnosed group of the giant scale 
insects, because all species possess peculiar enlarged anterior legs of fossorial type. The thoracic 
spiracles in this group are with the spiraculariae in imago, but without these in larvae. The num-
ber of abdominal spiracles significantly varies in different genera and species (see Table 3). Some 
species of Porphyrophora do not have the abdominal spiracles at all. Both thoracic and abdominal 
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Fig. 8.4b. Linear variant of the scheme 8.4a. Numbers designate evolutionary changes of the characters (see indi-
cations on the scheme 8.4a); bold horizontal lines designate plesiomorphons (taxa characterised by plesiomorphic 
characters only) or paraphyletic taxa.  
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spiracles (when present) have the wax pores inside of the atrium. The tracheal system (studied by 
me in Porphyrophora polonica (Linnaeus, 1758) and Eurhizococcus colombianus Jakubski, 1965) is 
multitrunked chiasmocommissural (see Chapter 7 & Fig. 7.11).

All other scale insects, starting from the subfamily Callipappinae, probably have the multi-
trunked rectocommissural tracheal system (see Chapter 7 & Fig. 7.11), but some phylogenetically 
important genera, such as Callipappus and Platycoelostoma, are still unstudied. As a whole, both 
these genera do not exhibit any unusual characters for separation them into a distinct family or 
subfamily (as, for example, in Hodgson & Foldi, 2006); the characters of these genera (Fig. 9.2.1) 
are very similar with those in different genera placed here in Coelostomidiini (Figs 9.2.3–9.2.7), 
and so, both Callipappini and Coelostomidiini are considered here in the same subfamily.  

In the more advanced tribes of Callipappninae — Coelostomidiini and Cryptokermesini, the 
evolutionary processes of restoring legs in ultimolarvae and the appearance of the anal tube with 
the internal sclerotised ring were started. The legs were restored completely (as in Marchalina, 
Mimosicerya, Paramoandesia, and Protortonia) or as minute appendages (in Coelostomidia, Cryp-
tokermes, Neocoelostoma, Paracoelostoma, and Ultracoelostoma).  The internal sclerotised ring of 
anal tube was probably initially restored in the larvae only (Coelostomidia, Neocoelostoma, Para-
moandesia, and in all Cryptokermesini), but then appeared in the female imago also (Crambostoma 
gen. nov., Eremostoma gen. nov.,  and Protortonia).

The monotypic genus Marchalina was often considered last time as a separate monotypic fami-
ly Marchalinidae (for example, in Hodgson & Foldi, 2006) in view of the presence of tubular ducts 
on abdominal tergite VII in the males of Marchalina hellenica (Gennadius, 1883), in contrast to 
the presence of such ducts on both segments VI and VII in Callipappus and some other genera of 
Margarodidae s. l. (see the key in Hodgson & Foldi, 2006: 14). However, in the same paper (in 
Addendum, p. 250) Hodgson & Foldi noted that the presence/absence of the tubular ducts on 
tergite VI varies individually in the males of M. hellenica depending on the body size. The males of 
this species studied and figured by me (Fig. 9.2.5), have such ducts on both segments VI and VII. 
Moreover, the presence of such ducts is a plesiomorphic character of all Margarodidae s. l. and it 
is known in most of Xylococcinae s. l., in all Margarodinae and in Callipappus. Also this character 
is present in the males of the family Ortheziidae.  Other characters of the males and females of 
Marchalina overlap with the characters of different genera of Coelostomidiini (Callipappinae s. l.).

The recently erected tribe Cryptokermesini Foldi et Gullan, 2014 combines genera with the 
exuviatrial females, but the original composition of this tribe and placing it in Monophlebinae 
contradict to the data on the comparative morphology and ontogenesis. The diagnostic characters 
of the tribe Cryptokermesini in its original composition are obscure and overlap with characters 
of other margarodid tribes. The adult females of Cryptokermes, Mimosicerya, and Neocoelostoma 
are arostrate; the ultimolarvae of Cryptokermes, Neocoelostoma, and Paracoelostoma have minute 
legs and are immovable.  In Neocoelostoma, the adult females have the well-developed legs and 
antennae (in contrast to its secundo- and tertiolarvae) and numerous setae which densely cover 
all body surface. The adult females of three other genera (Cryptokermes, Mimosicerya, Paracoelos-
toma) have the reduced appendages and sparse body setae. In view of all these characters which 
Cryptokermesini share with Callipappini, I place both these tribes into the subfamily Callipappi-
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nae s. l. In the same time, I consider Neocoelostoma as a member of the tribe Coelostomidiini (sub-
fam. Callipappinae s. l.) where it was originally described by Hempel (1932). To the contrary, I am 
transferring Ultracoelostoma, whose females have the reduced legs and live inside of exuviatrium 
(as well as females of Cryptokermes, Mimosicerya, Paracoelostoma), to the tribe Cryptokermesini. 
So, after these changes, the tribe Cryptokermesini is a compact and morphologically homogenous 
group with clear apomorphic characters: the adult females with minute, non-functional legs or 
totally apodal and live inside of the exuviatrium (see more detail discussion in Chapter 9.2).

The genus Protortonia was placed in the tribe Llaveiini of the subfamily Monophlebinae by 
Morrison (1928), but in contrast to all other genera of the tribe Llaveiini and subfamily Mono-
phlebinae, the adult females of Protortonia do not have the mouthparts and starve after the last 
moult. I am transferring here Protortonia to the tribe Celostomidiini in the subfamily Callipappi-
nae s. l. (see more detail discussion in Chapter 9.2).

 All species of the large subfamily Monophlebinae and its descendants have the functional 
mouthparts of adult females. Diagnostic characters of the tribes in the subfamily Monophlebinae 
partly overlapped starting from the first review of Margarodidae s. l. by Morrison (1928: key on 
page 119). The descriptions of numerous new Monophlebinae genera in subsequent years (see the 
lists of genera below) “enlarged” (= destroyed) the diagnoses of the tribes ultimately, and nobody 
provided an accurate key for the tribes separation until now. Here (in Chapter 9.4) I am providing 
a revised concept of the tribes, synonymising one of the tribes and erecting one new tribe. Mono-
phlebini and Monophlebulini in my concept reflect two opposite evolutional trends, the decreas-
ing (up to total reduction) of wax pores of abdominal spiracles in Monophlebini in contrast to the 
increasing of the number of such pores in Monophlebulini. 

Both Drosichini and Iceryini are characterised by the reduction of the internal sclerotised 
ring of anal tube. In Drosichini, the external ring (often with pores) is appeared around the anus 
instead of the internal ring of anal tube.

The new tribe Labioproctini tr. nov. combines genera with the peculiar quadrilocular wax pores 
which are absent in any other Margarodidae s. l. Such pores seem to be a synapomorphic character 
of Labioproctini tr. nov. + Ortheziidae, lacked then in Phenacoleachiidae and their descendants. 
Additionally, it seems that all species of Labioproctini tr. nov. have the sclerotised dorsal surface 
of body in mature females (see Colour Fig. 1.8). 

The family Ortheziidae as well as Phenacoleachiidae, Carayonemidae and neococcids (super-
fam. Coccoidea) exhibit an unique apomorphic character — the appearance of the drop-ejecting 
anal apparatus (Fig. 7.14). Both Ortheziidae and Carayonemidae have the fused trochanter+femur. 
The last small tropical family is additionally characterised by the unique periscope-like spiracles 
and by the obligate complete ovoviviparity (see Chapter 11). 

Synapomorphic characters of monotypic Phenacoleachiidae with the neococcids were com-
prehensively discussed earlier (Cox, 1983; Gavrilov-Zimin & Danzig, 2012; Danzig & Gavrilov-
Zimin, 2014); these are the ostioles, swirled trilocular pores, complete ovoviviparity and some 
other characters.

The small family Xenococcidae comprises 33 myrmecophilous species in three highly special-
ised genera. All these species do not have the conical setae, ostioles, cylindrical and discoidal wax 
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glands (with the only exclusion discussed below in Chapter 13); their anal apparatus consists of 
the simple sclerotised ring or semi-ring around the anus; the body is covered with numerous flag-
ellate or hair-like setae; many species have the small convex cicatrices located along the midline 
of the anterior abdominal sternites. Here I am presumably placing this family in Orthezioidea 
with some doubts. The arguments and counterarguments of such approach are discussed below 
in details in Chapter 13. As a whole, there are no any synapomorphic characters of the xenococ-
cids with the mealybugs (Pseudococcidae) and other neococcids. Moreover, as it was shown by 
Williams (1988) and Kishimoto-Yamada et al. (2005), the xenococcids exhibit the archaic life 
cycle with thee alternation of movable/immovable instars in females (Figs 13.3, 13.4), in contrast 
to simple gradual ontogenesis of all neococcids, including Pseudococcidae (see Chapter 6). The 
males of Xenococcidae exhibit the deep simplification or reduction of morphological structures 
normally developed in the usual males of scale-insects. All known xenococcid males are larva-like, 
wing-less, eyes-less, with strongly reduced antennae and legs (Beardsley, 1970; Williams, 1998; 
Hodgson, 2012). Similar cases of the male larvalisation are known in different groups of the scale 
insects, as in archaeococcids as well as in neococcids (see Chapter 6). 

KEY TO RECENT FAMILIES OF ARCHAEOCOCCIDS (ORTHEZIOIDEA)

1(10) At least one of the following characters present: abdominal spiracles, marsupial/ovisac 
band of wax pores, evaginated tubular ducts, cicatrices, reduced mouthparts of adult females, 
alternation of movable/immovable instars in female ontogenesis (superfamily Orthezioidea).

2(7) Anal apparatus of drop-ejecting type (Fig. 7.14).
3(6) Thochanter and femur fused. Ostioles absent.
4(5) Dorsal (and often also ventral) surface of body covered by numerous wax-secreting spines 

without basal sockets. Spiracles  not periscope-like.…...…………...…………....................… Ortheziidae
5(4) Any wax-secreting spines absent, body covered with fimbriate or umbelliform setae. Spiracles 

of unique periscope-like structure..……………................……………...........................…… Carayonemidae
6(3) Trochanter and femur clearly separated. Ostioles present…….............…..…. Phenacoleachiidae
7(2) Anal apparatus represented by simple anal opening or by sclerotised anal tube with or without 

internal ring(s) of wax glands.
8(9) Abdominal spiracles present, usually well-developed; if absent (in some species of Porphyro-

phora and Kuwania only) adult females arostrate or small tubular ducts scattered on their body 
surface…………...…………..………………....…....……………............................................................ Margarodidae

9(8) Abdominal spiracles present; adult females always with well-developed mouthparts and 
without any tubular ducts……………………………………………..…..…….............................…… Xenococcidae

10(1) All listed characters absent (subfamily Coccoidea).
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9. Family MARGARODIDAE Cockerell, 1899, s. l.
(=Monophlebidae Signoret, 1875; =Xylococcidae Pergande, 1898; = Callipappidae MacGillivray, 
1921; = Kuwaniidae MacGillivray, 1921; = Coelostomidiidae Morrison, 1927; = Marchalinidae 
Morrison, 1927; = Matsucoccidae Morrison, 1927; = Steingeliidae Morrison, 1927;  = Stig-
macoccidae Morrison, 1927; = Pityococcidae McKenzie, 1942) 

Margarodidae or the giant scale insects are the most ancient and morphologically primitive 
group of the scale insects with about 450 recent species and 75 genera in the world fauna.  The 
system of the family was revised many times by different authors in XX century and especially in the 
beginning of XXI century. The main tendency of the recent changes is the splitting of Margarodidae 
into numerous minute or even monotypic “families” (as, for example, in Koteja, 1974; Hodgson 
& Foldi, 2006; Hodgson, 2014). Significant morphological and ontogenetic diversity of the giant 
scale insects seems to be subjectively higher than the same inside of any other scale insect family, 
and this diversity was reflected in a comprehensive system of the subfamilies and tribes, elaborated 
originally by Morrison (1928). Afterwards, different authors reconsidered the composition of the 
subfamilies and tribes according to results of their own phylogenetic analysis and also in connection 
with the discovery of new genera in nature (see the reviews of different approaches in Danzig, 
1980 and in Hodgson & Foldi, 2006). Thereby, the consideration of all Margarodidae s. l. in the 
only family does not impede a progress in the taxonomic and phylogenetic work, and the use of at 
least three common ranks (subfamily, tribe and subtribe) allow to reflect the views of an individual 
taxonomist on the system and phylogeny of the giant scale insects. At the same time, the united 
family Margarodidae clearly designates the gap of morphological variabilty (taxonomic hiatus) 
between all subdominant diverse groups and all other families in Orthezioidea and Coccoidea. On 
the other hand, extreme splitting of Margarodidae into 11 separate “families” by means of simple 
raising of the ranks of the tribes and subfamilies (as in Jakubski, 1965; Koteja, 1974, and Hodgson 
& Foldi, 2006) transforms the original harmonious system of Morrison (1928) into a mixture 
of minute and monotypic taxa without any formal evidence of their relationships to each other 
and to the other families of Orthezioidea and Coccoidea.  Here I shall use the combined system, 
compiled by me from the works of Morrison (1928), Danzig (1980) and some modern authors 
whose papers will be cited below. The main purpose of this system is the grouping of genera in 
clearly defined higher taxa which can be easily identified without overlap or with minimal overlap 
of the diagnostic characters. 

Key to subfamilies of Margarodidae s. l.

1(2) Scapus in females and in movable larvae strongly enlarged, more or less truncate conical; 
segments of flagellum obconical (if adult female with reduced antennae, check this character 
in larvae). Body of movable instars more or less glabrous, covered with sparse minute 
setae…….....................................….................................................................. subfamily Xylococcinae s. l.

2(1) Scapus in females and in movable larvae more or less square, slightly larger or similar in size 
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and form with pedicel, not truncated conical; segments of flagellum more or less rectangular, 
not obconical (if antennae of adult female reduced, check this character in larvae!). Body 
surface of movable instars covered by numerous long setae.

3(4) Anterior legs of adult females and males strongly enlarged, fossorial. Female ultimolarva 
covered with soil capsule, living mainly on roots of steppe and semi desert herbs, rarely on roots 
of xerophyte bushes.......................................................................................... subfamily Margarodinae 

4(3) Anterior legs of adult females similar in form and size with other legs or all legs strongly 
reduced. Female ultimolarva not covered with soil capsule, inhabiting mainly stems, twigs or 
roots of trees, but not roots of steppe and semi-desert xerophyte herbs; is not covered with soil 
capsule. 

5(6) Adult females arostrate. Female ultimolarva apodal or with minute rudimentary legs, 
immovable (excluding Marchalina, Protortonia, Paramoandesia, and Mimosicerya, but their 
adult females arostrate!)……………………………......................................... subfamily Callipappinae s. l.

6(5) Adult females with fully developed mouthparts, sap-sucking. All female instars with well-
developed legs, movable…………………….……..............................………...…… subfamily Monophlebinae

System of the family Margarodidae s. l., adapted from Morrison, 1928 and Danzig, 1980 with 
some changes and additions:

Subfamilies Tribes

Xylococcinae Kuwaniini, Matsucoccini, Pityococcini, Steingeliini, Stigmacoccini, 
Xylococcini 

Callipappinae Callipappini, Coelostomidiini, Cryptokermesini

Margarodinae Margarodini

Monophlebinae Drosichini, Iceryini, Labioproctini tr. nov., Monophlebini (= Llaveiini, 
syn. nov.), Monophlebulini 
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9.1. Subfamily XYLOCOCCINAE Pergande, 1898, s. l.
(= Kuwaniinae MacGillivray, 1921 = Matsucoccinae Morrison, 1927 = Steingeliinae Morrison, 
1927  = Stigmacoccinae Morrison, 1927 = Pityococcinae McKenzie, 1942)
 

Taxonomic notes. The subfamily includes 14 recent genera and forms morphologically and 
ontogenetically uniform group which seems to be the most ancient in Margarodidae s. l. and in 
Coccinea as a whole. The main diagnostic characters of the subfamily are: 1) the strongly enlarged, 
conical first antennal segment (scapus), which is about two times (or more) longer than the second 
segment (pedicel) and 2) more or less glabrous body of females, covered by sparse setae only.  

The adult females of six genera, Jansenus, Stomacoccus, Neogreenia, Neosteingelia, Pityococcus, 
and Desmococcus, in contrast to other members of the subfamily, have the normally developed 
mouthparts. 

The tribes Xylococcini, Kuwaniini, Matsucoccini, Steingeliini, Stigmacoccini, and Pityococcini 
comprise each several monotypic or oligotypic genera, and their taxonomic characters are more 
or less overlap. I do not see any practical or theoretical necessity to consider them in separate 
subfamilies or even families (as, for example, in Koteja, 1974; Hodgson & Foldi, 2006).  Formally, 
the following placing of the genera into the tribes (or “families”) is commonly used in the modern 
literature and will be used by me below. 

Tribes Genera
Matsucoccini Matsucoccus
Steingeliini Araucaricoccus, Conifericoccus, Steingelia, Stomacoccus
Xylococcini Xylococculus, Xylococcus
Stigmacoccini Stigmacoccus
Pityococcini Desmococcus, Pityococcus
Kuwaniini Jansenus, Kuwania, Neogreenia, Neosteingelia

Key to tribes of Xylococcinae (adult females)

1(4) Thoracic spiracles without sclerotised spiraculariae. 
2(3) Bilocular wax glands present. Seven pairs of abdominal spiracles present. Anal apparatus 

totally absent………………………………………………….....................................…….……............... Matsucoccini
3(2) Bilocular wax glands absent. Eight pairs of abdominal spiracles present. Anal apparatus 

present, at least as a simple anal opening…………………………………………….......................... Xylococcini
4(1) Thoracic spiracles with sclerotised spiraculariae. 
5(8) Tubular ducts absent.
6(7) Abdominal spiracles without wax glands (pores) in atrium. Claw without denticle; claw 

digitules long, with clavate apices……………………………….……………..................................... Steingeliini 
7(6) Abdominal spiracles with wax glands (pores) in atrium. Claw with one or several denticles; 

claw digitules short, with pointed apices….……………………………......................................... Kuwaniini
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8(5) Tubular ducts numerous.
9(10) Tarsus 2-segmented. Female imago arostrate…………..........…….….......................… Stigmacoccini
10(9) Tarsus 1-segmented or legs absent. Female with well developed mouthparts..... Pityococcini

9.1.1. Tribe MATSUCOCCINI Morrison, 1927

Accepted genus: Matsucoccus Cockerell, 1909 (Nearctic, Oriental, Palaearctic).
Comparative morphology (Figs 7.26, 9.1.1, Colour Fig. 1.1). Antennae and legs well 

developed in all instars excluding secundolarva. Legs of females, primolarvae and male tertiolarvae 
with 2-segmented tarsus, but with 1-segmented tarsus in adult males. Claw without denticle; 
claw digitules with enlarged apex. Trochanter with 5–8 poorly visible sensillae on each face. 
Secundolarva almost circular in shape, without antennae and legs.

Wings of males always well developed; surface of wings with series of lines forming pinnate 
sculpture (Fig. 7.26, Colour Fig. 1.1). 

Eyes of males represented with pair of larger compound eyes and pair of small unicorneal eyes; 
according to Foldi (2004) each compound eye of M. feytaudi Ducasse, 1941 comprising about 210 
–230 ommatidia (Fig. 7.26).  

Mouthparts totally absent in adult females and in three last male instars.
Respiratory system. Two pairs of thoracic spiracles and seven pairs of abdominal spiracles 

present, which not connected by tracheal branches (Figs 7.7, 7.11). Spiraculariae of thoracic 
spiracle and wax glands in atrium of both thoracic and abdominal spiracles not developed.  

Anal apparatus in adult females not detected.
Wax glands. Bilocular glands and multilocular glands with bilocular center present in females; 

compact group of large tubular ducts with collars present on abdominal tergite VII in males.
Cicatrices. Numerous small round cicatrices present on abdominal tergites of female. Ventral 

cicatrices absent.
Cytogenetics. Hughes-Schrader (1948) reported XX-X(0) genetic system with the multiple X 

chromosomes in Matsucoccus gallicolus Morrison, 1939: 2n=28A+12X in females and 2n=28A+6X 
in males. During the male meiosis, six univalent X chromosomes orient at first metaphase in a ring 
surrounded by 14 more slowly condensing bivalents. The X chromosomes move as a unit to one 
pole in the first division, and the secondary spermatocytes are thus with 14 or 20 chromosomes 
respectively (Hughes-Schrader, 1948).

At least in some well-studied species, for example, in M. pini (Green, 1925) and M. macrocicatri-
ces Richards, 1960, the males were not found till now and reproduction is clearly parthenogenetic 
(Boratynski, 1952; Watson et al., 1960), but cytogenetic studies were not accomplished.

Ontogenesis and mode of reproduction (Fig. 6.4). The life cycle of Matsucoccus spp. includes 
only two immature stages in the female and four (three larvae and one nymph) in the male; the 
secundolarva is the only apodal stage in both sexes (Boratynski, 1952; Foldi, 2004). There are 
numerous special papers which consider the ontogenesis of different species of Matsucoccus  (see 
Foldi, 2004 for the review).  

In Matsucoccus bisetosus Morrison, 1939, the female lays in average 194 eggs in the soft wax 
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Thoracic spiracle

Cicatrices

Multilocular pore

Bilocular pore

Fig. 9.1.1. Matsucoccus matsumurae (Kuwana, 1905), adult female, China (Laoshan Mountains). 
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sac; the incubation period ranges from 20 to 31 days depending on climatic conditions (McKenzie, 
1942b).

In Matsucoccus pini (Green, 1925), the females lay each 30–100 eggs in the ovisac; the 
incubation period takes 10–21 days depending of temperature, but the embryogenesis starts inside 
of maternal body and at least some eggs undergo the complete embryogenesis there; in this case, 
the primolarvae leave the body of dead mother through her genital opening (Boratynski, 1952). 

In Matsucoccus josefi Bodenheimer et Harpaz, 1955, the females lay each 68–684 eggs depending 
on a season and size of the female; the embryonic development of the laid egg takes 9–30 days 
depending on the temperature (Bodenheimer & Harpaz, 1955). There are no direct data if the 
embryogenesis starts inside of maternal body or not, but a short external period (from nine days) 
probably testifies for the incomplete ovoviviparity.   

In Matsucoccus vexillorum Morrison, 1939, the female lays in average 167 eggs in a wax 
sac. In the same time, the apex of the female abdomen is retracted into the body until a deeply 
invaginated cavity with the developing eggs is formed; the incubation period varies from 12 to 23 
days (McKenzie, 1943).

I myself was able to study the type series of Matsucoccus feytaudi Ducasse, 1941 in the collec-
tion of MNHN and found that the paralectotype female (slide 5086-1) contains the fully developed 
larvae inside of the body. 

 9.1.2. Tribe STEINGELIINI Morrison, 1927

Accepted genera (4): Araucaricoccusm Brimblecombe, 1960 (Australasian), Conifericoccus 
Brimblecombe, 1960 (Australasian), Steingeliam Nasonov, 1908 (Nearctic, Palaearctic), Stomacoc-
cus Ferris, 1917 (Nearctic). 

Comparative morphology (Fig. 9.1.2, Colour Fig. 1.2a). Antennae and legs well developed in 
all instars excluding secundolarva of both sexes and female tertiolarva. In females of Conifericoc-
cus, tarsus 2-segmented; females of three other genera show 1-segmented tarsus. Males (studied 
in Steingelia and Stomacoccus) with 1-segmented tarsi. Claw without denticle; claw digitules 
long, with clavate apices.  In females of Steingelia and Stomacoccus, claw with multiple digitules. 
Trochanter with 3 sensillae on each face. 

Wings of males in Steingelia well developed, whereas in Stomacoccus males apterous, larva-like 
(Morrison, 1928; Hodgson & Foldi, 2006). In two other genera males unknown.

Eyes of males in Steingelia represented with row of seven stemmata (in addition to unicorneal 
larval eye) on each side of head.  In Stomacoccus, males with pair of unicorneal larval eyes only.

Mouthparts totally absent in adult females and in three last male instars in Araucaricoccus, 
Conifericoccus, and Steingelia, but normally developed in adult females of Stomacoccus.

Respiratory system. Two pairs of thoracic spiracles (each with narrow spiracularia) and six 
(in Steingelia and Stomacoccus) or seven (in Araucaricoccus, Conifericoccus) pairs of abdominal 
spiracles present. Wax pores inside of atrium of spiracles absent. At least in Steingelia, respiratory 

m – monotypic genus here and below.
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Abdominal
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Fig. 9.1.2. Steingelia gorodetskia, adult female, Russian Far East (Primorskiy Terr.).
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system of primitive “double-trunked” condition (Figs 7.8, 7.11).  
Anal apparatus in adult females represented by small simple anal opening with or without 

short internal tube. In Araucaricoccus and Conifericoccus, anal opening absent at all.
Wax glands. Multilocular pores numerous, present on both body sides in adult females; in 

males, multilocular pores forming compact marginal groups on abdominal tergites. Tubular ducts 
absent in both females and males.

Cicatrices absent.
Cytogenetics. Nur (1980) studied gravid females of Steingelia gorodetskia Nasonov, 1908 and 

found that the species has bisexual reproduction, the XX-X(0) genetic system and ten chromoso-
mes in the diploid set of females. Koteja & Zak-Ogaza (1981) reported that the unfertilised females 
did not lay the eggs. There are no any cytogenetic data for other genera of the tribe. 

Ontogenesis and mode of reproduction. The life cycle of Steingelia gorodetskia was studied 
in detail by Koteja & Zak-Ogaza (1981): there are two apodal larval instars in the female and 
one apodal instar in the male (Fig. 9.1.3); the imago of both sexes and three last male instars are 
arostrate.

Fig. 9.1.3. Steingelia gorodetskia, life cycle.  

L1

L2

N1
L3

L3
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The mature adult females of Steingelia gorodetskia Nasonov, 1908 (material: Russian Far East, 
Tigroviy, on Betula sp., 16 VIII 1961, E.M. Danzig, ZIN RAS, 47-67) studied by me, demonstrate 
the facultative ovoviviparity: some females form the loose long ovisac and lay the eggs before the 
germ band formation; the other females have totally developed larvae (covered by the chorion) 
inside of their bodies. According to Koteja & Zak-Ogaza (1981), different females produce 280–
420 eggs.

Each female of Stomacoccus platani Ferris, 1917 lays from 50 to 100 eggs in the wax sac (Brown 
& Eads, 1965); there is no information about the incubation period, but the cited authors noted up 
to five generations annually in this species in California (USA). 

Brown & Eads (1965) noted (probably erroneously) four larval instars in the female of 
Stomacoccus platani Ferris, 1917 with the secuno- and tertiolarvae legless and “football-shaped”. 
Moreover, these authors described the “forth instar” as “like a pupal instar” which moults inside of 
the exuviae of tertiolarva. Probably this “forth instar” is the imago which than emerges from the 
ultimolarval exuviae and considered by Brown & Eads (1965) as the fifth adult instar in the life 
cycle. The adult female has normally developed legs, antennae and mouthparts.

There were no special studies on the reproduction and the life cycle in monotypic Arau-
caricoccus, but Brimblecombe (1960) noted that the heavily sclerotised ultimolarva (second 
instar) inhabits large fleshy gall on twigs of a host plant, whereas the soft adult female with the 
normally developed legs and antennae emerges from the gall. During oviposition “the abdomen 
is invaginated from the posterior and the whole derm becomes hard and brittle” (Brimblecombe, 
1960). The species of Conifericoccus demonstrate similar life cycle, but the mature adult females in 
different species either have the invaginated posterior abdominal segments (pseudomarsupium) 
or lay eggs in a soft wax sac without invagination of the abdomen (Brimblecombe, 1960). 

9.1.3. Tribe XYLOCOCCINI Pergande, 1898

Accepted genera (2): Xylococculus Morrison, 1927 (Nearctic), Xylococcus Löw, 1882 
(Palaearctic).

Comparative morphology (Figs 9.1.4, 9.1.5). Antennae and legs. In Xylococcus, legs and 
antennae strongly reduced to unsegmented tubercles in adult females, secundolarvae of both sexes 
and in female tertiolarvae. In Xylococculus, adult females with normally developed antennae and 
legs. Legs of adult females and males of Xylococculus, with 2-segmented tarsus. Claw without 
denticle or with very faint denticle; claw digitules short, with pointed apices. Trochanter with 
eight poorly visible sensillae on each face. 

Wings of males always well developed (Hodgson & Foldi, 2006). 
Eyes of males represented with pair of larger compound eyes and pair of small unicorneal eyes; 

according to Hodgson & Foldi (2006), each compound eye of Xylococcus japonicus Oguma, 1926 
comprising about 150 ommatidia, eye of  Xylococculus betulae (Pergande, 1898) — 110 ommatidia.

Mouthparts totally absent in adult females and in three last male instars.
Respiratory system. Two pairs of thoracic spiracles and eight pairs of abdominal spiracles 
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Fig.  9.1.4. Xilococcus japonicus, adult female, Russian Far East (Sakhalin Is.).

present; each spiracle with ring of pores in atrium. Spiraculariae of thoracic spiracles absent. 
Tracheal system multitrunked chiasmocommissural (see Chapter 7 and Fig. 7.11) Abdominal 
spiracles in males not detected (Hodgson & Foldi, 2006).
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Fig. 9.1.5. Xilococcus japonicus, female ultimolarva, Russian Far East (Vladivostok).
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Anal apparatus in adult female of Xylococcus represented by small anal opening; in adult female 
of Xylococculus and in larvae of both discussed genera, anal apparatus with sclerotised anal tube; 
in larvae, this tube with internal rings of long tubular ducts (Fig. 9.1.5).

Wax glands. Adult female with numerous multilocular pores (with 1–3 central loculi). In  
female ultimolarva, multilocular pores invaginated internally (Fig. 9.1.5) and looking similarly 
with collar tubular ducts in some neococcids. Long tubular ducts also forming two rings in anal 
tube of ultimolarva. Transverse bands of large tubular ducts with collars present on abdominal 
tergites VI and VII in males.

Cicatrices. Numerous small round cicatrices present on both body sides; in primolarva these 
cicatrices forming single median ventral row on abdomen. 

Cytogenetics. There are no any data.
Ontogenesis and mode of reproduction. Tait et al., 1990 noted that the primolarvae of Xy-

lococculus macrocarpae Coleman, 1908 hatched over a period of three to 16 days after depositing 
of eggs. So, the incomplete ovoviviparity can be presumed. Moreover, the figure of the life cycle 
of this species in the mentioned paper includes the adult female with numerous eggs inside of 
the body. Any ovisacs are absent and the females lay eggs beneath the abdomen. The life cycle of 
X. macrocarpae includes the apodal secundo- and tertiolarvae in females and the movable, but 
arostrate adult female (Tait et al., 1990). There is only one nymphal instar in the male life cycle.

Oguma (1919) studied Xylococcus japonicus and found that one female lays up to 100 eggs 
beneath the body and these eggs are not developed from the end of September till the next spring. 
So, the normal oviparity probably takes place in this species.  In Xylococcus japonicus, the adult 

Fig. 9.1.6. Xilococcus japonicus, life cycle.
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females are apodal as well as two previous larval instars (Oguma 1926) and only one nymphal 
instar is present in the male life cycle (Fig. 9.1.6). 

9.1.4. Tribe STIGMACOCCINI Morrison, 1927

Accepted genus: Stigmacoccus Hempel, 1900 (Neotropical).
Comparative morphology (Figs 9.1.7,  9.1.8). Antennae and legs normally developed in all 

instars excluding secundolarva of both sexes and female tertiolarva; in male, antennal segments 
II–VIII each with long finger-like extension. Tarsus 2-segmented in both sexes. Claw without 
denticle; claw digitules very short, with pointed apices.  Trochanter with 8–17 sensillae on each 
face. 

Wings of males normally developed (Hodgson & Foldi, 2006). 
Eyes of males represented with 17–18 stemmata (very variable in size) in addition to unicor-

neal larval eye on each side of head.  

Fig. 9.1.7. Stigmacoccus paranaensis Foldi, 2006, adult female, after Foldi, 2006. A, quinquelocular pore; B, tubular 
duct; C,  abdominal spiracle; D, setae; E, segmented pores; F, hind tarsus; G, thoracic spiracle. 
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Mouthparts totally absent in adult females and in three last male instars.
Respiratory system. Two pairs of thoracic spiracles (each with narrow spiracularia) and eight 

pairs of abdominal spiracles present. Atrium of each abdominal spiracle divided into three parts; 
outer atrium with one or two rings of wax pores. 

Anal apparatus in adult females represented by small simple anal opening; apodal larvae having 
peculiar compound anal tube with eight finger-like extensions in distal part (Fig. 9.1.8). 

Wax glands. Different types of disc pores (multilocular, simple pores, spinose pores, and pecu-
liar “segmented pores”) and collar tubular ducts of different sizes present. Transverse bands of 
large tubular ducts present on abdominal tergites VI and VII in males; opening of each large 
tubular duct with 25–35 associated minute tubular ducts.

Cicatrices absent. 
Cytogenetics. There are no any data.
Ontogenesis and mode of reproduction. The life cycle includes three immature instars in 

the female and four (two larval and two nymphal) in the males; the secundolarvae of both sexes 
and the tertiolarvae of females are apodal, cyst-like. After the mating, the female secretes “a loose 
white cottony cocoon… and lays at least 70 eggs” (Hodgson et al., 2007).

Fig. 9.1.8. Stigmacoccus paranaensis Foldi, 2006, female secundolarva, after Foldi, 2006. A, spines; B, abdominal 
spiracle; C, convex pore; D, anal apparatus; E, bilocular pore; F, thoracic spiracle; G, antenna; H, tubular duct. 
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9.1.5. Tribe PITYOCOCCINI McKenzie, 1942

Accepted genera (2): Desmococcus McKenzie, 1942 (Nearctic), Pityococcus McKenzie, 1942 
(Nearctic).

Comparative morphology (Figs 9.1.9, 9.1.10). Antennae and legs normally developed in all 
instars of Pityococcus excluding secundolarva of both sexes; in Desmococcus, adult females and 
secundolarvae apodal and with antennae reduced to unsegmented tubercles. Tarsus 1-segmented 
in females, but 2-segmented in males. Claw with denticle; claw digitules long, with clavate apices.  

Fig. 9.1.9. Desmococcus captivus McKenzie, 1942, adult female, after McKenzie, 1942. 
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Trochanter with two sensillae on each face. 
Wings of males (known in Pityococcus only) hyaline, covered with microtrichia (Hodgson & 

Foldi, 2006). 
Eyes of males represented with row of five stemmata (in addition to unicorneal larval eye) on 

each side of head.  
Mouthparts normally developed in all female instars, but absent in three last male instars.
Respiratory system. Two pairs of thoracic spiracles (each with narrow spiracularia) and eight 

pairs of abdominal spiracles present in females; in males abdominal spiracles not detected. Atrium 
of each abdominal spiracle with one or several multilocular wax pores. 

Anal apparatus represented by anal opening with short internal anal tube. 

Fig. 9.1.10. Pityococcus ferrisi McKenzie, 1942, adult female, after McKenzie, 1942. 
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Wax glands. Different types of disc pores (multilocular, large simple pores, and stellate pores) 
and tubular ducts with small fringe present in females. Males with only one type of wax glands: 
disc pores with loculate center (Hodgson & Foldi, 2006). 

 Cicatrices small, round or oval, situated on ventral surface of female abdomen along midline. 
Adult females of all three species of Pityococcus as well as Desmococcus captivus McKenzie, 1942 
have cicatrices situated along midline on venter, but immature instars as well as adult males 
lacking such cicatrices. In Desmococcus sedentarius McKenzie, 1942, cicatrices absent in all instars 
of both sexes. 

Ostioles present on abdominal segment VI in male (known for one undetermined species 
of Pityococcus only) in contrast to all immature and adult instars of all other studied species of 
Margarodidae s. l.  

Cytogenetics. There are no any data.
Ontogenesis and mode of reproduction. There is very limited information on th reproductive 

biology and life cycle of two Nearctic genera Desmococcus and Pityococcus, both connected with 
Pinus spp. There are only two immature instars in females; the female secundolarva is apodal; the 
adult female is with normally developed mouthparts; the adult females of both species of Desmo-
coccus are apodal, whereas those in Pityococcus — with the normally developed legs. The adult 
female lays eggs in the posterior ovisac (McKenzie, 1942a).

9.1.6. Tribe KUWANIINI MacGillivray, 1921

Accepted genera (4): Jansenusm Foldi, 1997 (Oriental), Kuwania Cockerell, 1903 (Afrotropi-
cal, Nearctic, Oriental, Palaearctic), Neogreenia MacGillivray, 1921 (Oriental, Palaearctic), 
Neosteingeliam Morrison, 1927 (Nearctic).

Taxonomic notes. The genera of the tribe were recently considered by Wu & Nan (2012). 
These authors transferred monotypic Jansenus to Kuwaniini (from Xylococcini) and provided a 
key to the genera. 

The morphology of Kuwania oligostigma De Lotto, 1959 is rather different from other species 
of the genus and the other genera of the tribe. According to the original description and figure, K. 
oligostigma totally lost the abdominal spiracles and has the small tubular ducts. 

Comparative morphology (Figs 9.1.11, 9.1.12,  9.1.13, Colour Fig. 1.2b, c). Antennae and legs. 
In monotypic Jansenus, adult females with very small legs and reduced antennae; in some species 
of Neogreenia, legs of adult female also rather small, but antennae normally developed. In Kuwania 
and Neosteingelia, legs and antennae normally developed in all instars excluding secundolarva 
of both sexes and female tertiolarva. Secundolarva apodal in both sexes of all species. Tarsus 
1-segmented in both sexes. Claw with one or several denticles; claw digitules short, with pointed 
apices.  Trochanter with 3–5 sensillae on each face. 

Wings of males (known in Neosteingelia and Neogreenia) well developed (Green, 1922; 
Hodgson & Foldi, 2006). 

Eyes of males (known for Neosteingelia and Neogreenia) represented with pair of large 
compound eyes and pair of small unicorneal eyes; according to Hodgson & Foldi (2006) each 
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Fig. 9.1.11. Kuwania pasaniae Borchsenius, 1960, adult female, China (Yunnan Prov.).
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Fig. 9.1.12. Jansenus burgeri, adult female, Laos (Pak Beng).
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Fig. 9.1.13. Neogreenia sophorica, adult female, China (Beijing).
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compound eye of Neosteingelia comprising about 150–160 ommatidia.
Mouthparts totally absent in adult females and in thre last male instars in Kuwania, but 

normally developed in adult females of three other genera.
Respiratory system. Two pairs of thoracic spiracles (each with narrow spiracularia) and four–

eight pairs of abdominal spiracles present; abdominal spiracles totally absent in Kuwania oligostig-
ma (see comments above). Each abdominal spiracle with one or several wax pores inside of atrium.  
In Jansenus, six anterior abdominal spiracles present, each with 6–8 multilocular pores in atrium, 
but seventh and eighth pairs smaller and without pores. Tracheal system (studied by me in Neo-
greenia sophorica Wu, 2006) multitrunked chiasmocommissural (see Chapter 7 and Figs 7.9, 7.11).

Anal apparatus in adult females represented by small simple anal opening with or without 
short internal tube. Sclerotised anal semi-ring present in Jansenus. 

Wax glands. Multilocular pores numerous, present on both body sides in adult females and 
larvae. Transverse bands of large tubular ducts present on abdominal tergites VI and VII in males 

Fig. 9.1.14. Jansenus burgeri, life cycle.     
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(known for Neosteingelia and Neogreenia).
Cicatrices. Usually numerous cicatrices present (sometimes they looking like large discoidal 

pores), but may absent in adult females of some species (in Kuwania oligostigma and Neosteingelia 
texana).

Cytogenetics. Hughes-Schrader (1963) reported the bisexual reproduction and 2n=16 for 
Kuwania oligostigma. I was able to study Jansenus burgeri Foldi, 1997 (material: K 1385, Laos, Pak 
Beng, on stem under the bark of unidentified tree, 14.VI.2017, I. Gavrilov-Zimin) and found that 
the species reproduces bisexually, has the XX/X0 genetic system and 2n=6/5 (Fig. 4.1c, d); the 
diploid karyotype includes two pairs of long autosomes and one pair of shorter X-chromosomes 
(Gavrilov-Zimin, 2017). There are no any cytogenetic data for the other genera of the tribe. 

Ontogenesis and mode of reproduction. Studied species of Kuwania have the life cycle with 
two apodal larval instars in the female and one apodal instar (secundolarva) in the male (Wu, 
2008; Wu et al., 2013); the adult female is arostrate; the eggs are laid in a soft wax sac. Similar 
ontogenesis was found by me in Jansenus burgeri (the above mentioned material), but the adult 
females exhibit the normally developed mouthparts (Fig. 9.1.14); adult and preadult males were 
not collected. There is the normal oviparity in this species; the adult female of this species lays 
eggs before the cleavage divisions in a soft wax sac (Gavrilov-Zimin, 2017).

There were no special studies on the reproduction and life cycle of Neogreenia spp., but the 
adult females have the mouthparts and normally developed legs; there are only two larval instars 
in female life cycle and the ultimolava is apodal (Wu & Nan, 2012).

There is no detailed information about the life cycle of monotypic Neosteingelia, but the 
adult females have the mouthparts and normally developed legs; the ultimolarva is apodal; the 
reproduction is clearly bisexual; eggs are laid inside a cottony wax threads (Morrison, 1928; 
Kosztarab & Watson, 1994).
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9.2. Subfamily CALLIPAPPINAE MacGillivray, 1921, s. l.
(= Coelostomidiinae Morrison, 1927, syn. nov. = Marchalininae Morrison, 1927, syn. nov.)

Taxonomic notes. Subfamily Callipappinae combines the large (up to 4 cm long) and midsiz-
ed giant scale insects (Colour Figs 1.3, 1.4) which lost ancient Xylococcinae-type of the antennal 
structure, but else save alternation of the movable/immovable instars and/or arostrate females in 
most genera. The body surface of movable females covered with numerous long flagellate setae. 
The subfamily is subdivided here into the tribes Callipappini MacGillivray, 1921, Coelostomidiini 
Morrison, 1927 and Cryptokermesini Foldi et Gullan, 2014. A systematics and reconstruction of 
the phylogeny of the genera placed in these tribes seem to be most problematic and disputable 
among all Margarodidae s. l. 

The genus Callipappus Guérin-Méneville, 1841 was originally the only genus of the approp-
riate monotypic tribe and the monotypic subfamily Callipappinae MacGillivray, 1921. Then 
Morrison (1928) placed monotypic Callipappini in the subfamily Margarodinae. Gullan & Sjaarda 
(2001) shown the relationship of Callipappus and Platycoelostoma Morrison, 1923 and transfer-
red the last genus to the tribe Callipappini, considered this tribe related to both Xylococcinae and 
Margarodinae. To my mind, Callipappus and Platycoelostoma do not exhibit any unusual characters 
for the separation them into a distinct family or subfamily (as, for example, in Hodgson & Foldi, 
2006); the characters of these genera (Fig. 9.2.1) are very similar with these in different genera 
placed here in Coelostomidiini (Figs 9.2.3–9.2.7), and so, both Callipappini and Coelostomidiini 
are considered here in the same subfamily. 

The genera Coelostomidia Cockerell, 1900, Cryptokermes Hempel, 1900, Marchalina Vayssiѐre, 
1923, Mimosicerya Cockerell, 1902, Paracoelostoma Morrison, 1927, Platycoelostoma Morrison, 
1923, and Ultracoelostoma Cockerell, 1902 were considered by Morrison (1928) as members of 
the subfamily Coelostomidiinae Morrison, 1927. Later, Hempel (1932) additionally placed in this 
subfamily his new monotypic genus Neocoelostoma Hempel, 1932. 

The monotypic genus Marchalina was often considered last time in the separate monotypic 
family Marchalinidae (for example, in Hodgson & Foldi, 2006) in view of the presence of tubular 
ducts on the abdominal tergite VII in the males of Marchalina hellenica (Gennadius, 1883), in 
contrast to the presence of such ducts on both segments VI and VII in Callipappus and some other 
genera of Margarodidae s. l. (see the key in Hodgson & Foldi, 2006: 14). However, in the same 
paper (in Addendum, p. 250) Hodgson & Foldi noted that the presence/absence of tubular ducts 
on tergite VI varies individually in males of M. hellenica depending on the body size. The males of 
this species, studied and figured by me (Fig. 9.2.5), have such ducts on both segments VI and VII. 
Moreover, the presence of such ducts is a plesiomorphic character of all Margarodidae s. l. and it is 
known in most of Xylococcinae s. l., in all Margarodinae and in Callipappus. Moreover, the males 
of only 25 species of different Margarodidae s. l. were described in the work of Hodgson & Foldi 
(2006). So, there were no enough data to compare the male characters of Marchalina with other 
Margarodidae s. l. Also this character is present in the males of separate family Ortheziidae. Other 
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characters of the males and females of Marchalina overlap with the characters of different genera 
of Coelostomidiini (Callipappinae s. l.).

Recently, Foldi & Gullan (2014) erected the new tribe Cryptokermesini for four genera 
(Cryptokermes, Mimosicerya, Neocoelostoma, and Paracoelostoma) formerly assigned to 
Coelostomidiini, and transferred the new tribe to Monophlebinae. These changes were based 
“on the morphology of adult males, as supported by phylogenetic data of Hodgson & Hardi 
(2013) and by unpublished DNA data”. However, the males of only two species are known in 
Cryptokermesini sensu Foldi & Gullan, 2014, and any key for separation the tribe from other 
tribes of Margarodidae s. l. or at least from tribes considered by these authors in Coelostomidiinae 
or Monophlebinae was not provided. The males of both studied species, Mimosicerya schraderae 
(Vayssiѐre, 1939) and Neocoelostoma xerophila Hempel, 1932, are rather different morphologically 
and do not provide any general diagnostic characters for the tribe separation (see also discussion 
below).  Moreover, the placement of the considered genera in Monophlebinae contradicts to the 
phylogeny reconstruction presented by the same author (P.J. Gullan) previously (see Gullan & 
Sjaarda 2001: 263), where Cryptokermes and Paracoelostoma were considered as sister genera to 
Coelostomidia and Ultracoelostoma. The diagnostic characters of the tribe Cryptokermesini in its 
original composition are obscure and overlap with characters of the other margarodoid tribes. The 
adult females of Cryptokermes, Mimosicerya, and Neocoelostoma are arostrate; the ultimolarvae of 
Cryptokermes, Neocoelostoma, and Paracoelostoma have the rudimentary legs and are immovable.  
In Neocoelostoma, the adult females have the well-developed legs and antennae (in contrast to its 
secundo- and tertiolarvae) and numerous setae which densely cover all the body surface. The adult 
females of three other genera (Cryptokermes, Mimosicerya, and Paracoelostoma) have the reduced 
appendages and sparse body setae. In view of all these characters which Cryptokermesini share 
with Callipappini, I am placing both these tribes into the subfamily Callipappinae s. l. In the same 
time, I consider Neocoelostoma as a member of the tribe Coelostomidiini (subfam. Callipappinae 
s. l.) where it was originally described by Hempel (1932). To the contrary, I am transferring 
Ultracoelostoma, whose females have the reduced legs and live inside of the exuviatrium (as well 
as the females of Cryptokermes, Mimosicerya, and Paracoelostoma), into the tribe Cryptokermesini. 
So, after these changes, the tribe Cryptokermesini became a compact and morphologically 
homogenous group with clear apomorphic characters: the adult females are immovable, with the 
rudimentary legs or totally apodal and live inside of the exuviatrium.

The taxonomic position of Paramoandesia Foldi, 2009 is rather questionable. The adult females 
of both species of this genus lack the mouthparts and cicatrices. Foldi (2009) noted that the adult 
females are similar with Marchalina, but he considered the genus in Monophlebinae based on the 
characters of the adult macropterous males. As it was noted above, only 25 species of different 
Margarodidae s. l. and only six species of Monophlebinae were described in the work of Hodgson 
& Foldi (2006). So, there are no enough data to use any male characters as arguments for higher 
taxa separation. Meanwhile, there were several male characters used by Hodgson & Foldi (2006: 
15) for diagnosing Monophlebinae: “caudal extensions present on margins of at least abdominal 
segment VIII; antennal segments either bi- or trinodose and with long antennal setae in rings 
on each node; penial sheath situated beneath abdominal segment VIII, with no part of penial 
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sheath extending past posterior margin of abdominal segment VIII; bifurcated setae present on 
profemora”. Below I shall try to consider these characters more attentively.

a) The caudal extensions (Fig. 7.28) and bi/trinodose antennal segments with long setae are 
the characters having a very gradual appearance in different Monophlebinae and in Callipappinae 
s. l. For example, the caudal extensions are very long and numerous in Drosicha Walker, 1858 
and Laurencella Foldi, 1995, but poorly developed in all studied species of Iceryini. The male 
of Protortonia ecuadorensis Foldi, 2006 has caudal extensions, but lack the nodose segmentation 
of antennae and the bifurcate setae on femur (Foldi, 2006). The long numerous extensions are 
known in Neocoelostoma which was considered as a member of Coelostomidiinae at the time when 
the paper by Hodgson & Foldi (2006) was published. Moreover, Neocoelostoma does not have 
“long antennal setae in rings on each node”, but has “profemur with many bifurcate setae” (Foldi 
& Gullan, 2014). 

The males of Mimosicerya, which is also traditionally considered as a member of  Coelostomidi-
inae,  have the poorly developed caudal extensions, but have not “nodose antennal segments” 
or “long antennal setae in rings on each node” or “bifurcate setae” (Foldi & Gullan, 2014). 
Meanwhile, both Neocoelostoma and Mimosicerya were transferred by Foldi & Gullan (2014) 
to Monophlebinae. So, we see that the “diagnosis” of Monophlebinae, based on male characters 
is obscure and can not be used in reality. The gradual appearance of the discussed characters 
is correlated, to my mind, with the body size in species living openly on stems and branches of 
tropical trees. All these extensions and setae are probably convergent adaptations to flying of 
comparatively large and massive males which must find their females in crowns of trees. The huge 
(up to 4 cm) females of many Monophlebinae and some Callipappinae s. l. live singly on trunks of 
trees and their large males need to fly significant distances for search a copulation partner. To the 
contrast, the males of colonial species, as, for example, most of Iceryini, develop together with th 
females or closely to them and so, they do not need to fly a lot. Such males have the very small caudal 
extensions (Fig. 7.28). In Margarodinae, some large Callipappinae s. l. and Xylococcinae s. l. the 
same function of the “sail” is performed by the caudal wax filaments. In some other Callipappinae 
s. l., Xylococcinae s. l., Phenacoleachiidae, and in all neococcids, the males are small, often live in 
colonies and probably do not need additional “sails” to flying. So, I suppose the caudal extensions 
and caudal wax filaments are adaptations which originated multiply in different and not closely 
related genera of archaeococcids, as shown in Fig. 7.28. Therefore, these structures of the male 
abdomen cannot be used as taxonomic characters (see also Chapter 7). 

b) The position of penial sheath on the abdominal segment VIII varies even amongst those 
scanty males which were studied by Hodgson & Foldi (2006) and Foldi & Gullan (2014). 
The penial sheath significantly protrudes beyond the posterior margin of abdominal segment 
VIII in Mimosicerya schraderae (Vayssiѐre, 1939) transferred by Foldi & Gullan (2014) to 
Monophlebinae, but it does not protrude in Coelostomidia pilosa (Maskell, 1891) (Callipappinae 
s. l.: Celostomidiini). Moreover, in the genus Coelostomidia, this character varies between studied 
species (see Hodgson & Foldi, 2006: 174–185).

The genus Protortonia Townsend, 1898 was placed in the tribe Llaveiini of the subfamily Mo-
nophlebinae by Morrison (1928), but in contrast to all other genera of the tribe Llaveiini and the 
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subfamily Monophlebinae, the adult females of Protortonia do not have the mouthparts and starve 
after the last moult. Here I am transferring Protortonia to the tribe Coelostomidiini in the subfamily 
Callipappinae s. l. The male of Protortonia ecuadorensis Foldi, 2006, figured and discussed in the 
original description of the species, has the caudal extensions, but lack the nodose segmentation 
of antennae and bifurcate setae on femur. So, the male of this species demonstrates a mixture of 
“diagnostic” characters used by Hodgson & Foldi (2006) for separation of Monoplebinae from 
other groups of Margarodidae s. l.

Finally, after all mentioned changes and clarifications, I consider three tribes inside of the 
subfamily Callipappinae s. l., with the following placement of genera:

Tribes Genera
Calipappini Callipappus,  Platycoelostoma

Coelostomidiini Coelostomidia,   Crambostoma gen. nov.,  Eremostoma gen. nov.,  Marcha-
lina,  Neocoelostoma,  Paramoandesia, Protortonia

Cryptokermesini Cryptokermes, Mimosicerya, Paracoelostoma, Ultracoelostoma

Key to tribes of Callipappinae 

1(4) Adult females movable, with normally developed legs, not exuviatrial.
2(3) Thoracic spiracles with wax pores within atrium. Abdominal spiracles numbering eight pairs. 

Mature females laying eggs in pseudomarsupial chamber formed by invagination of three 
posterior abdominal segments............................................................................................... Callipappini

3(2) Thoracic spiracles without wax pores within atrium, but such pores may present on cuticle 
just near atrium. Abdominal spiracles numbering seven pairs. Mature females laying eggs in soft 
wax sac or in thick-walled protective wax test………..………...................................... Coelostomidiini

4(1) Adult females immovable, with reduced, non-functional legs or totally apodal, exuviatrial (i.e. 
living inside of sclerotised larval exuviae).…...………….........................................…. Cryptokermesini 

9.2.1. Tribe CALLIPAPPINI MacGillivray, 1921

Accepted genera (2): Callipappus Guérin-Méneville, 1841 (Australasian), Platycoelostoma 
Morrison, 1923 (Australasian, Neotropical).

 Comparative morphology (Fig. 9.2.1, Colour Fig. 1.3). Antennae and legs well developed in 
all instars excluding secundolarva and female tertiolarvae.  Legs with 1-segmented tarsus in adult 
female and larvae, but 2-segmented in adult males. Claw without denticle; claw digitules present 
as one pair, with pointed apices in female and larvae; in adult males of Callipappus, claw with four 
short pointed digitules. Trochanter with numerous (up to 16) sensillae on each face. 

Wings of males (known in Callipappus only) well developed.  
Abdomen of males (known in Callipappus only) without caudal extensions.
Eyes of males (known in Callipappus only) represented with pair of large compound eyes, each 
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Fig. 9.2.1. Platycoelostoma compressum (Maskell, 1892), adult female, New Zealand (Dunedin).
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with about 180–200 ommatidia and pair of small unicorneal eyes (Hodgson & Foldi, 2006). 
Mouthparts totally absent in adult females and in three last male instars.
Respiratory system. Two pairs of thoracic spiracles and eight pairs of abdominal spiracles 

present; each thoracic and abdominal spiracle of female with wax pores in atrium, excluding last 
pair of abdominal spiracles. Females of Callipappus lacking spiraculariae of thoracic spiracles 
and wax pores in atrium of two posterior pairs of abdominal spiracles. Thoracic and abdominal 
spiracles in adult males without wax pores in atrium.

Anal apparatus of adult females represented by anal opening and weakly sclerotised anal tube 
without wax pores inside.

Wax glands. Adult female with numerous multilocular pores of different structure with 
2–5 central loculi and convex simple pores. Adult males with discoidal loculate pores and with 
transverse bands of large tubular ducts on abdominal tergites VI–VII.

Cicatrices absent. 

Key to genera of Callipappini

1(2) Sclerotised spiracularia of thoracic spiracles present…...........................………… Platycoelostoma
2(1) Sclerotised spiracularia of thoracic spiracles absent...…………..................................… Callipappus

Cytogenetics. According to unpublished data of S. Hughes-Schrader (provided in White, 

Fig. 9.2.2. Platycoelostoma tasmanicum Gullan et Sjaarda, 2001, life cycle. Adult male and nymphs are unknown.
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1973), Callipappus rubiginosus (Maskell, 1893) has XX-X(0) chromosome system and 2n=14/13.
Ontogenesis and mode of reproduction. In the species of both genera, Callipappus and 

Platycoelostoma, the adult females are movable and do not form the ovisac, but lay eggs in the 
pseudomarsupial chamber (Fig. 9.2.2) which is formed by three invaginated posterior abdominal 
segments (Gullan & Brookes, 1998; Gullan & Sjaarda, 2001). 

The male tertiolarva (nymph) of Callipappus sp. is with the poorly visible protoptera (Gullan 
& Brookes, 1998). The male tertiolarva of Platycoelostoma is without the protoptera (Gullan & 
Sjaarda, 2001). 

The mature female of Callipappus rubiginosus produces 1000–2000 crawlers (primolarvae) at 
rate of 94–234 per day during 16 days, according to the observation of Gullan & Brookes, 1998. 
To my mind, so rapid exit of the crawlers in combination with a comparatively small volume of the 
pseudomarsupium may means that at least some part of the embryonic development occurs inside 
of maternal body before the laying egg in marsupium, i.e. the incomplete ovoviviparity is probably 
present.  Moreover, the same authors (l. c.) noted that “some gravid females collected… during late 
April and late May and housed in the laboratory at about 20°C, produced crawlers in early July”.  

The species of Callipappus live on roots of host plants (trees of the families Myrtaceae, 
Proteaceae, Casuarinaceae and Fabaceae) and emerge from the soil for mating and oviposition 
only, whereas the species of Platycoelostoma live on branches or trunks of host plants (from the 
families Cupressaceae, Podocarpaceae, and Fabaceae) during all their life.

9.2.2. Tribe COELOSTOMIDIINI Morrison, 1927, s. l. 
(= Marchalinini Morrison, 1927, syn. nov.), revised composition

Accepted genera (7): Coelostomidia Cockerell, 1900 (Australasian: New Zealand), 
Crambostomam gen. nov. (Oriental), Eremostomam gen. nov. (Oriental), Marchalinam Vayssiѐre, 
1923 (Palaearctic), Neocoelostomam Hempel, 1932 (Neotropical), Paramoandesia Foldi, 2009 
(Neotropical), Protortonia Townsend, 1898 (Neotropical).

Comparative morphology (Figs 9.2.3–9.2.7, Colour Fig. 1.4 a, b, d). Antennae and legs  always 
well developed in imago of both sexes and in primolarvae.  In Coelostomidia and Neocoelostoma, 
secundolarva and female tertiolarvae immovable, with strongly reduced legs and antennae.  To 
the contrary, species of Marchalina, Paramoandesia and Protortonia having movable secundo- and 
tertiolarvae with normally developed antennae and legs. Larval instars of Crambostoma gen. nov.  
and Eremostoma gen. nov. unknown. Legs with 1-segmented tarsus in adult female and larvae, 
but 2-segmented in adult males. Claw usually without denticle; claw digitules present as one pair, 
usually with pointed apices in female and larvae, but knobbed in Coelostomidia; in adult males of 
some Coelostomidia species claw with up to 50 knobbed digitules (Morales, 1991). Trochanter 
with 2–4 sensillae on each face. 

Wings of males. In Marchalina, both macropterous and apterous males (Fig. 9.2.5) present in 
different populations (Hadzibejli, 1969a). Males of all other studied genera are macropterous.

Abdomen of males in Neocoelostoma, Paramoandesia and Protortonia with long caudal 



Fig. 9.2.3. Coelostomidia pilosa (Maskell, 1891), adult female, New Zealand (Egmont Mt.).
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Fig. 9.2.4. Marchalina hellenica (Gennadius, 1883), adult female, Russia (North Caucasus: Adygea).  
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Fig. 9.2.5. Marchalina hellenica, adult apterous male, Georgia.
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extensions (Fig. 7.28) in contrast to males of Coelostomidia and Marchalina, which lacking such 
extensions. 

Eyes of macropterous males represented with pair of large compound eyes, each with about 
100–150 ommatidia and with pair of small unicorneal eyes (Foldi, 2009; Hodgson & Foldi 2006; 
Foldi & Gullan, 2014). In apterous males of Marchalina, each compound eye with 50–55 ommatidia 
only (Hodgson & Foldi, 2006) in addition to pair of unicorneal eyes.

Mouthparts totally absent or vestigial in adult females and in three last male instars. Sometimes 
adult females with poorly developed mouthparts which clearly non-functional.  

Respiratory system. Two pairs of thoracic spiracles (with spiracularia) and seven pairs of 
abdominal spiracles present; each thoracic spiracle without wax pores within atrium; each 
abdominal spiracle of female with wax pores in atrium in Coelostomidia, Neocoelostoma, and 
Paramoandesia, but without pores in other genera. Abdominal spiracles in adult males represented 
by seven pairs or invisible. Tracheal system (studied by me in Marchalina and Neocoelostoma, 
rectocommissural (see Fig. 7.11 and Chapter 7). 

Anal apparatus of adult females represented by anal opening and weakly sclerotised anal tube 
with or without sclerotised internal ring; in Eremostoma gen. nov. this ring bearing irregular pores 
like in some Monophlebinae.

Wax glands. Adult female with numerous multilocular pores of different structure, with 1–5 
central loculi. Adult males with discoidal loculate pores on both body sides. Additionally, adult 
males of Marchalina having transverse bands of large tubular ducts on abdominal tergites VI–VII 
(Fig. 9.2.5).

Cicatrices usually absent in adult females or present in small number in ventral head region (in 
some species of Coelostomidia). However, in monotypic Crambostoma gen. nov., numerous large 
cicatrices scattered on both body sides; in Protortonia adult females with three large cicatrices, 
situated in group on venter posterior to vulva. Female larvae of Coelostomidia, Neocoelostoma, and 
Platycoelostoma having numerous small cicatrices on both body sides. 

Key to genera of Coelostomidiini

1(6) Abdominal spiracles with wax pores inside of atrium or inside of cuticular depression just 
around atrium.

2(3) Claw digitules in adult female knobbed. Adult males without caudal extensions. New 
Zealand…………………………..……………………………………......................................................... Coelostomidia 

3(2) Claw digitules in adult female with pointed apices. Adult males with caudal extensions. 
Neotropical.

4(5) Female tertiolarva immovable, with reduced legs and antennae, enclosed in resinous test.………
………………………………………………………………….…...............................................................… Neocoelostoma

5(6) Female tertiolarva movable, with normally developed legs and antennae, not enclosed in 
resinous test………………………..…………………………………………............................................ Paramoandesia

6(1) Abdominal spiracles without wax pores inside of atrium or just around atrium.
7(10) Cicatrices in adult female absent. 



Fig. 9.2.6. Eremostoma klugei gen. et sp. nov., holotype.
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8(9) Anal tube with ring of irregular pores inside. All multilocular pores with only two large central 
loculi. Oriental……..…………………………….............……........................................… Eremostoma gen. nov.

9(8) Anal tube simple, without ring of irregular pores inside. Multilocular pores with 2–5 small 
central loculi. Western Palaearctic………………………………....…………................................… Marchalina

10(7) Cicatrices in adult females present, large.
11(12) Cicatrices numerous on both body sides. Multilocular pores with 2–3 central loculi. 

Oriental (Borneo)….……………………………………................................................ Crambostoma gen. nov.
12(11) Cicatrices in adult female numbering three, situated in group posterior to vulva. Multilocu-

lar pores of adult female each with one central loculus. Neotropical…….................... Protortonia

Descriptions of new taxa

Eremostoma gen. nov.

Type species: Eremostoma klugei sp. nov.
Description. Adult female. Antennae and legs normally developed. Mouthparts reduced. 

Thoracic spiracles and abdominal spiracles without wax pores inside of atrium. Abdominal spiracles 
numbering seven pairs, located along abdominal margin on dorsum. Anal tube with internal 
sclerotised ring of irregular pores. Wax glands represented by numerous multilocular pores, each 
with two large tubular central loculi. Both body sides covered with very numerous hair-like setae. 

Comments. The new monotypic genus differs from other genera of the tribe Coelostomidiini in 
the presence of only one type of multilocular pores (with two large central loculi), anal tube with 
internal sclerotised ring of irregular pores and in the presence of only two sensillae on each face of 
trochanter (see the key to genera of Coelostomidiini above).

Etymology. The name is derived from Ancient Greek words έρημος – devoid and στόμα – mouth. 
Gender neuter.

Eremostoma klugei sp. nov. 
(Fig. 9.2.6)

Holotype. Adult female, K 1301, Indonesia,  Java, “Buitenzorg” [Bogor], 1907, host plant and collector’s 
name unknown, ZIN RAS. 

Paratype. One female on separate slide with the same collecting data as in holotype, ZIN RAS.

Description. Adult female. Body broadly oval, about 6 mm long, yellow in ethanol, without any 
wax secretions. Antennae 9-segmented, covered with numerous flagellate setae. Legs normally 
developed; trochanter with two sensillae on each face; claw elongate, without denticle; claw 
digitules short, setose. Mouthparts reduced to soft unsclerotised vestiges of clypeolabrum. Tho-
racic spiracles and abdominal spiracles without wax pores inside of atrium. Thoracic spiracles with 
sclerotised spiraculariae. Abdominal spiracles numbering seven pairs, located along abdominal 
margin on dorsum; each abdominal spiracle with double atrium.  Anal tube with sclerotised ring of 
irregular pores inside. Cicatrices absent. Wax glands represented by oval multilocular pores , each 
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8–12 μm long, with two large central loculi (which tubular in profile), very numerous, scattered 
more or less evenly over all body surface.  Numerous hair-like setae densely covering all body on 
dorsum and venter. 

Males and morphology of larvae unknown.
Etymology. The species is named in honor of professor N.Yu. Kluge, who made a significant 

contribution in different fields of entomology and in the study of scale insect metamorphosis.  

Crambostoma gen. nov.

Type species: Crambostoma largecicatricosum sp. nov.
Description. Adult female. Antennae and legs normally developed. Mouthparts reduced. 

Thoracic spiracles and abdominal spiracles without wax pores inside of atrium. Abdominal 
spiracles numbering seven pairs, located along abdominal margin on dorsum. Internal sclerotised 
ring of anal apparatus without irregular pores. Numerous large cicatrices present on both body 
sides. Wax glands represented by two types of multilocular pores: with two and with three central 
loculi (which tubular in profile), scattered more or less evenly on all body surface. Both body sides 
densely covered with numerous flagellate setae of two main sizes: smaller setae more numerous, all 
without basal sockets; larger setae less numerous, all with basal sockets. 

Comments. The new monotypic genus differs from the other genera of the tribe Coelostomidiini 
in the presence of numerous large cicatrices on both body sides of adult female (see the key to 
genera of Coelostomidiini).

Etymology. The name is derived from Ancient Greek words κράμβος – withered and στόμα – 
mouth. Gender neuter.

Crambostoma largecicatricosum sp. nov.
(Fig. 9.2.7)

Holotype. Adult female, K 823, Malaysia, Borneo, Sabah, park of Sepilok rainforest center, on stem of 
tree, 26.XI.2010, I. Gavrilov-Zimin, ZIN RAS. 

Description. Adult female. Body broadly oval, about 6 mm long. Antennae 9-segmented, 
covered with flagellate setae of different thickness. Legs normally developed; trochanter with 
three sensillae on each face; tarsus with unusual group of small conical setae in apical part (Fig. 
9.2.7); claw without denticle; claw digitules short, with pointed apices. Mouthparts reduced to 
soft unsclerotized vestiges of clypeolabrum. Thoracic spiracle with spiraculariae, without wax 
pores inside of atrium, but with group of multilocular pores on ventral cuticle near spiracular 
atrium. Abdominal spiracles numbering seven pairs, located along abdominal margin on dorsum; 
each abdominal spiracle with double atrium, without wax pores inside. Internal sclerotised ring 
of anal apparatus without irregular pores. Numerous large cicatrices present on both body sides; 
each cicatrix convex, with cellular surface. Wax glands represented by two types of multilocular 
pores, each about 12 μm long, but with two or three central loculi (which tubular in profile), 
scattered more or less evenly over all body surface. Minute microducts, each about 3 μm long, 



Fig. 9.2.7. Crambostoma largecicatricosum gen. et sp. nov., holotype.
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Fig. 9.2.8. Marchalina hellenica, life cycle.  

forming transverse bands in medial zone of abdominal sternites. Both body sides densely covered 
with numerous flagellate setae of two main sizes: smaller setae more numerous, all without basal 
sockets; larger setae less numerous, all with basal sockets. 

Males and morphology of larvae unknown.
Etymology. The specific name is an adjective derived from the Latin adverb “large” – abundan-

tly, copiously and adjective “cicatricosus” – having numerous cicatrices. 

Cytogenetics. Protortonia primitiva (Townsend, 1898) was comprehensively studied by 
Schrader (1931). This species shows 2n=6/5, XX/X(0) genetic system and anomalous meiosis, 
when all chromosomes form a chain stretched between the two poles of the cell (see Chapter 4). 

The obligate thelytocous reproduction was reported for Protortonia navesi Fonseca, 1979 
(Oliveira et al., 2008), but the species was not studied cytogenetically. 

The karyotype of Marchalina hellenica was briefly studied by Hovasse (1930), who reported 
2n=18, but erroneously supposed that the species is “exclusively parthenogenetic”. In reality, 
the males are present in both Western European and Caucasian populations (Hadzibejli, 1969a; 
Hodgson & Foldi 2006).

Ontogenesis and mode of reproduction. All studied genera of the tribe seem to be oviparous; 
at least most part of the embryonic development occurs outside of maternal body in the soft wax 
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Fig. 9.2.9. Coelostomidia wairoensis, life cycle.  

sac or in the thick-walled protective wax test. The females of Marchalina hellenica (Gennadius, 
1883) lay each 60–325 eggs in the soft ovisac; the hatching of larvae started after 24–28 days 
(Hadzibejli, 1969a; Gounari, 2004). I myself was able to study females and eggs of this species 
from Greece (Rhodos Is., coll. by S. Gounari) and found that the embryonic development starts 
only after the oviposition. The species has one or two generations per year in Greece (S. Gounari, 
pers. comm.) and only one generation per two years in Georgia (Hadzibejli, 1969a).

The life cycle of M. hellenica (Fig. 9.2.8) includes three immature instars in female (all with 
the well-developed legs and antennae) and four immature instars (two larval and two nymphal) 
in the alate male. The males may be alate or apterous,  but alate males known in a Transcaucasian 
(Georgia) population only and there they are rare in comparison with the apterous males (Hadzi-
bejli, 1969a).   

The similar life cycle is known in Protortonia, but the male tertiolarvae have not the protoptera 
(Williams & Gullan, 2008; Oliveira et al., 2008).

The fertilised females of Protortonia primitiva (Townsend, 1898) lay 16–65 eggs in soft wax 
sac and the average duration of the embryogenesis is 24 days; the unfertilised females of this 
species produce 2–20 eggs per one female, but all such eggs are inviable (Schrader, 1930). The 
embryogenesis of P. primitiva (even the earliest cleavage divisions), starts only after the oviposition 
(Scharader, 1930). Obligate thelytocous Protortonia navesi  lays about 240 eggs per one female; 
the species is oviparous (Oliveira et al., 2008).
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There are no any special data on the ontogenesis and reproduction biology of Paramoandesia, 
but the life cycle (according to the morphological descriptions in Foldi, 2009) is probably similar 
with it in Protortonia.  

The females of Coelostomidia wairoensis (Maskell, 1884) lay up to 110 eggs (Morales, 1991), but 
there is no information about the duration of embryogenesis. The secundolarva of both sexes and 
the female tertiolarva are with the vestigial legs and antennae and are enclosed inside a resinous 
test; the adult female has the normally developed legs and antennae, but is arostrate; usually the 
female lays eggs inside of the test and dies (Morales, 1991). There are two nymphal instars (with 
the protoptera) in the males of this species (Fig. 9.2.9).  

In Neocoelostoma, the life cycle is similar with this in Coelostomidia, but there is no information 
about the morphology of male immature instars.  The female leaves the wax test and exuviae of the 
ultimolarva via the circular opening at the anal end and then exudes a mass of a cottony white wax 
prior to the oviposition (Foldi & Gullan, 2014).  

9.2.3. Tribe CRYPTOKERMESINI Foldi et Gullan, 2014, revised composition

Accepted genera (4): Cryptokermes Hempel, 1900 (Nearctic, Neotropical), Mimosicerya 
Cockerell, 1902 (Nearctic, Neotropical), Paracoelostomam Morrison, 1927 (Neotropical), 
Ultracoelostoma Cockerell, 1902 (Australasian: New Zealand).

Comparative morphology (Figs 9.2.10, 9.2.11, Colour Fig. 1.4c, e). Antennae and legs stron-
gly reduced or totally absent in adult females of all four genera.  Female tertiolarvae and male 
secundolarvae with reduced legs in Cryptokermes, Paracoelostoma, and Ultracoelostoma, but with 
normally developed legs in Mimosicerya. Legs (if present) with 1-segmented tarsus in larvae, but 
2-segmented in males (known in Mimosicerya and Ultracoelostoma only). Claw with denticle; 
claw digitules usually present as one pair, with pointed apices, but in adult females and males of 
Ultracoelostoma claw with 1–3 pairs of knobbed digitules (Morales, 1991). Trochanter with two 
sensillae on each face in larvae and with 3–4 sensillae on each face in known males. 

Wings of males well developed. Most part of wing heavily sclerotised, with reticulated 
micro-ridges in Mimosicerya (Foldi & Gullan 2014) or membranous, without micro-ridges in 
Ultracoelostoma (Hodgson & Foldi 2006). 

Abdomen of males in Mimosicerya with bulbous, rounded caudal extensions on last abdominal 
segment; abdomen of Ultracoelostoma without caudal extensions.

Eyes of males represented with pair of large compound eyes, each with about 110–120 
ommatidia and pair of small unicorneal eyes (Hodgson & Foldi, 2006; Foldi & Gullan, 2014).

Mouthparts totally absent in adult females and in three last male instars, excluding monotypic 
Paracoelostoma which adult females have normally developed mouthparts. 

Respiratory system. Two pairs of thoracic spiracles (with spiraculariae) and seven pairs of 
abdominal spiracles present; each abdominal spiracle with wax pores in atrium in Cryptokermes 
and Paracoelostoma, but without such pores in Mimosicerya and Ultracoelostoma. Abdominal 
spiracles in males hardly detected and not countered exactly (Hodgson & Foldi, 2006; Foldi & 
Gullan, 2014). Tracheal system (studied by me in Cryptokermes) rectocommissural (Fig. 7.11). 
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Fig.  9.2.10.  Cryptokermes oaxacaensis Foldi, 2011, adult female, after Foldi, 2011. A, conical setae; B, flagellate setae; 
C, multilocular pore; D, abdominal spiracle; E, ultimolarval anal apparatus saved attached to cuticle of adult female; 
F, cicatrix; G, ventral flagellate setae; H, vestige of leg; I, thoracic spiracle; J, vestige of antenna.   

Anal apparatus (if present) represented by anal opening and sclerotized anal tube with wax 
pores inside.

Wax glands. Adult female with numerous multilocular pores (with 1–3 central loculi). Adult 
males with numerous discoidal loculate pores on both body sides.

Cicatrices. Cicatrices absent in adult females of Cryptokermes, Mimosicerya, and Ultracoelo-
stoma, but numerous in Paracoelostoma. Larvae of all four genera with numerous round cicatrices 
scattered on both body sides or only on venter.
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Fig. 9.2.11. Ultracoelostoma assimile (Maskell, 1890), adult female, New Zealand (Tongariro National Park).
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Fig. 9.2.12.  Ultracoelostoma brittini Morales, 1991, life cycle.
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Key to genera of Cryptokermesini

1(4) Antennae of adult females with several distinct segments.
2(3) Adult females with functional mouthparts. Neotropical………...............……….… Paracoelostoma
3(2) Adult females arostrate. New Zealand……….......…..….…………............................... Ultracoelostoma
4(1) Antennae of adult females totally reduced and replaced by sclerotised plate with group of 

setae.  
5(6) Exuviatrium covered with a thickly-walled test……………………..….......................... Cryptokermes
6(5) Exuviatrium not covered with any test………….……………………..............................…… Mimosicerya

Cytogenetics. Chromosomal  data are known only for Mimosicerya schraderae (Vayssiѐre, 
1939), studied in detail by Hughes-Schrader (1942):  the diploid chromosome number is six in 
female and five in male in the frame of XX-X(0) genetic system; from one to several additional 
(B) chromosomes are present in a considerable proportion of the studied specimens. The 
spermatogenesis of this species occurs in the secundolarva in contrast to the most other studied 
scale insects which have the spermatogenesis during third or fourth (nymphal) instars (Hughes-
Schrader, 1942).

Ontogenesis and mode of reproduction. It seems that all species of the tribe have the 
immovable exuviatrial females which live inside of the ultimolarval exuviae (Colour Fig. 1.4, c). In 
the life cycle of Ultracoelostoma (Fig. 9.2.12), there are two nymphal instars (with the protoptera) 
(Morales, 1991).
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The females of Ultracoelostoma brittini Morales, 1991 lay up to 245 eggs (Morales, 1991), but 
there is no information about the duration of embryogenesis.

The female life cycle of Cryptokermes (according to the morphological descriptions in Foldi, 
2011 and Foldi & Gullan, 2014) is similar with this in Ultracoelostoma, but there is no information 
on the morphology of male instars.  Foldi (2011) figured and described a sclerotised opening on 
the abdominal venter of Cryptokermes mimosae Foldi, 1995 and noted that this opening is used by 
the primolarvae for exit from the maternal body. However, Foldi & Gullan, 2014 supposed that 
this species must be excluded from the genus Cryptokermes, but the argumentation of this idea was 
not provided, unfortunately.

In Paracoelostoma peruvianum Morrison, 1927, the adult female has the well-developed 
mouthparts and vestigial legs; the ultimolarva has very small legs with partly reduced segments; 
any data on the secundolarva and male instars are absent (Foldi & Gullan, 2014).

In Mimosicerya schraderae, the oviposition starts from the seventh day after mating and the 
female lays more than 350 eggs inside of the ultimolarval exuviae. The embryogenesis starts inside 
the ovaries and at the moment of oviposition, the eggs exhibit the cleavage divisions or blastulation 
or early organogenesis (Vayssiѐre & Hughes-Schrader, 1948). So, the incomplete ovoviviparity 
occurs in this case. The female ultimolarva has the normally-developed legs; the secundolarva of 
both sexes and tertiolarva are unknown till now.
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Fig. 9.2.13. Mimosicerya schraderae, life cycle.  
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9.3. Subfamily MARGARODINAE Cockerell, 1899
(= Porphyrophorinae Signoret, 1876, syn. nov. = Eumargarodinae Jakubski, 1965, syn. nov. 
= Neomargarodinae Jakubski, 1965, syn. nov. =  Termitococcinae Jakubski, 1965, syn. nov. = 
Margarodesiinae Foldi, 2005, syn. nov.)

Tribe MARGARODINI Cockerell, 1899, s. l.
(= Dimargarodini Jakubski, 1965, syn. nov. = Porphyrophorini Jakubski, 1965, syn. nov. 
= Eumargarodini Jakubski, 1965, syn. nov. = Neomargarodini Jakubski, 1965, syn. nov. 
= Termitococcini Jakubski, 1965, syn. nov. = Eurhizococcini Jakubski, 1965, syn. nov. = 
Margarodesiini Foldi, 2005, syn. nov.)

Accepted genera (9): Dimargarodes Silvestri, 1938 (Afrotropical, Nearctic, Palaearctic), 
Eumargarodesm Jakubski, 1950 (Australasian), Eurhizococcus Silvestri, 1936 (Neotropical), 
Heteromargarodes Jakubski, 1965 (Nearctic), Margarodes Guilding, 1829 (Afrotropical, Nearctic, 
Neotropical, Oriental, Palaearctic), Margarodesiam Foldi, 1981 (Afrotropical), Neomargarodes 
Green, 1914 (Afrotropical, Oriental, Palaearctic), Porphyrophora Brandt, 1833 (Afrotropical: 
Socotra Is., Oriental, Palaearctic), Termitococcus Silvestri, 1901 (Neotropical).

Taxonomic notes. The clearly defined, morphologically and ontogenetically homogeneous 
subfamily Margarodinae comprises nine hypogeal genera with about 100 species of so-called 
“ground pearls”. In all species, the imago possesses the peculiar fossorial legs. 

Jakubski (1965) considered Margarodidae s. s. as a separate family with four subfamilies 
(five tribes) and additionally erected family Termitococcidae (with two tribes) for two ground 
pearl genera, Termitococcus and Eurhizococcus. Foldi (2005) synonimised Termitococcidae with 
Margarodidae s. s. and noted six subfamilial and eight tribal names in the last family. Both 
Jakubski (1965) and Foldi (2005) (as well as anyone else till now) did not provide exact diagnostic 
characters for the separation of all these subfamilies and tribes from each other. The subfamilial/
tribal key of Jakubski (1965: 182) is, to my mind, an example of everything that an identification 
key should not be; the couplets in this key are full of overlapping characters of subjective and 
gradual appearance: the form and colour of body, the well/not well visible segmentation, etc. The 
other characters in these couples simply do not correspond to each other or are correct for some 
species only, but not for other species of “tribas” and “subfamilies”.  Foldi (2005: 121) provided the 
key based on exact structural characters, but only for the type species of the recognised genera of 
the ground pearls, not for genera as a whole or for higher taxa. 

After all I am unable to understand for what is it need to segregate nine genera into eight tribes 
and what is the theoretical and practical purpose of such system. I consider all ground pearls as 
a single subfamily Margarodinae with the only tribe Margarodini, following to Morrison (1928), 
Danzig (1980), Kosztarb & Kozár (1988), Jashenko (2008) and Ben-Dov (2011). 

Comparative morphology (Figs 9.3.1–9.3.4, Colour Fig. 1.5). Antennae and legs present in all 
instars, excluding secundolarva of both sexes. Antennae of imago usually 5–11-segmented (up to 
18 segments in Porphyrophora hisutissima (Hall, 1924)). In adult males of some Neomargarodes spp. 
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Fig. 9.3.1. Porphyrophora polonica, adult female, Kazakhstan (Northern slopes of Tarbagatay Mt.).
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Fig. 9.3.2.  Neomargarodes festucae, adult female, after Hadzibejli, 1966. 

antennae with peculiar extensions of some segments (see Foldi, 2005). In secundolarva, antennae 
reduced to unsegmented vestiges or group of short setae. Primolarvae with 1–4-segmented antennae. 
Imago and male tertiolarva with fossorial legs; anterior legs strongly enlarged in comparison with 
middle and hind legs. Anterior legs of primolarvae also often enlarged and fossorial. Tarsus always 
1-segmented.  Claw usually heavily sclerotised, always without denticle; claw digitules with 
pointed apices. Trochanter with five sensillae on each face in adult females, with 6–12 in adult 
males and with only two sensillae in primolarvae. Secundolarva of both sexes without legs, almost 
circular, covered by protective test and soil capsule. In primolarva of Dimargarodes mediterraneus 
(Silvestri, 1908) the only anterior legs present (Jakubski, 1965; Foldi, 2005). 

Wings of males always well developed (Fig. 9.3.3, Colour Fig. 1.5b, c). 
Abdomen of males without caudal extensions.
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Eyes of males represented with pair of large compound eyes and pair of small unicorneal eyes. 
Number of ommatidia in each compound eye varying in different genera from 30 to 120 (Foldi, 
2005; Hodgson & Foldi, 2006).  

Mouthparts totally absent in adult females and in three last male instars of all species. In 
primo- and secundolarvae mouthparts usually well-developed, but in primolarva of Dimargarodes 
mediterraneus mouthparts not detected (Jakubski, 1965; Foldi, 2005).

Respiratory system. Both pairs of thoracic spiracles always well developed, each with spira-
cularia in imago and without spiracularia in larvae. Number of abdominal spiracles significantly 
varying in different genera and species (see Table 3). Some species of Porphyrophora lacking 
abdominal spiracles at all. Both thoracic and abdominal spiracles (when present) with wax pores 

Fig. 9.3.3.  Neomargarodes festucae, adult male, after Hadzibejli, 1966, with changes. a, general view; b, enlarged 
head; c, enlarged antenna; d, enlarged abdomen. 
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Fig. 9.3.4.  Neomargarodes festucae, apodal secundolarva of female, after Hadzibejli, 1966, with changes.

inside of atrium. Tracheal system (studied by me in Porphyrophora polonica (Linnaeus, 1758) and 
Eurhizococcus colombianus Jakubski, 1965) multitrunked chiasmocommissural (see Chapter 7 and 
Fig. 7.11).

Anal apparatus poorly developed and represented by simple anal opening with more or less 
sclerotised anal tube.

Wax glands. Adult female and larvae usually with numerous multilocular pores of different 
structure and minute simple pores. In Termitococcus, wax glands present in spiracles only and 
absent on body surface. All studied adult males with transverse bands of large tubular ducts on 
abdominal tergites VI–VII.

Cicatrices absent in imago, but often present in larvae as groups of small round depressions.  
Cytogenetics. Only two species of the subfamily, Porphyrophora hamelii (Brandt, 1833) 

and P. polonica (Linnaeus, 1758), have been studied cytogenetically up to now (Matevossyan, 
1977; Gavrilov, 2007). Both these species exhibit 2n=14/13, X/X(0) genetic system and obligate 
bisexual reproduction. The facultative or obligate parthenogensis was presumed for some species 
of Margarodes, Dimargarodes, and Eurhizococcus (see DeKlerk et al., 1980; Foldi, 2005).  

Ontogenesis and mode of reproduction. All the ground pearls studied up to now exhibit 
the ancient ontogenesis with the apodal secundolarva of both sexes and with the arostrate adult 
females (Fig. 9.3.5). Foldi (2005) noted that the apodal secundolarva of female of different species 
may undergo from one to three moults before transformation into the neotenic imago. Apodal 
instars of Margarodes vitis (Philippi, 1884) can survive up to 17 years inside of their tests and 
soil capsules without feeding (Ferris, 1919). In South Africa, the larval instars of Margarodes spp. 

abdominal 
spiracle
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were collected in soil at depths 60 cm or even 120 cm; the preimmature instars  can survive 3–4 
years inside of their tests without feeding (DeKlerk, 1980; DeKlerk et al., 1980).  Neomargarodes 
ramosus Jashenko, 1989 lives during most part of its annual life cycle (from mid-August till mid-
June of the next year) as an apodal cyst-like instars and all other instars (eggs, primolarvae, 
nymphs of males and adult males and females) exist during a short summer time from mid-June 
till mid-August (Jashenko, 1989).  

After the last moult, the adult females and males migrate to the soil surface for mating (Colour 
Fig. 1.5b). The mature females of different species oviposit from 45 to 900 eggs per female 
(Hadzibejli, 1966; DeKlerk et al., 1980; Foldi, 2005) in soft wax sac, but the common quantity 
of the eggs per female is 100–150. According to Foldi (2005), some females of Eurhizococcus 
brasiliensis (Wille, 1922) lay their eggs within the ultimolarval exuviae and moreover, the 
invaginated posterior segments of female form the pseudomarsupial chamber like that in some 
Matsucoccini and Callipappini. 

The formation of the peculiar protective test of apodal larvae was comprehensively studied by 
Foldi (1997b, 2005). 

Fig. 9.3.5. Typical life cycle of Margarodinae.
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9.4. Subfamily MONOPHLEBINAE Signoret, 1875

Taxonomic notes. Diagnostic characters of the tribes in the subfamily Monophlebinae partly 
overlapped, starting from the first review of Margarodidae s. l. by Morrison (1928: the key on 
page 119). The descriptions of numerous new Monophlebinae genera in subsequent years (see 
the lists of genera below) “enlarged” (= destroyed) the diagnoses of the tribes ultimately, and 
nobody provided an accurate key for the tribes separation until now. Here I am providing a revised 
concept of the tribes, synonymising one of the tribes and erecting one new tribe.

Tribes Genera

Monophlebulini Gullania, Insulococcus, Melaleucococcus, Modicicoccus, 
Monophlebidus, Monophlebulus, Nodulicoccus, Peengea, 
Perissopneumon, Tessarobelus 

Monophlebini 
(= Llaveiini syn. nov.)

Afrodrosicha, Buchnericoccus, Corandesia, Etropera, Gueriniella, 
Laurencella, Llaveia, Llaveiella, Monophleboides, Monophlebus, 
Neohogsonius, Nietnera, Pseudaspidoproctus, Vrydagha

Labioproctini tr. nov. Aspidoproctus, Hemaspidoproctus, Labioproctus, 
Lecaniodrosicha, Misracoccus, Walkeriana

Drosichini Drosicha, Drosichoides, Matesovia, Palaeococcus, Sishania

Iceryiini Crypticerya, Echinicerya, Icerya, Steatococcus

The genera and species of Monophlebinae extremely need a total taxonomic revision which 
is preparing now by Dr. Imre Foldi (Muséum National d’Histoire Naturelle, Paris). I hope this 
revision will be published soon, and I am providing below only the figures of some genera and 
species, mainly those whose specimens are preserved in the Zoological Institute, Russian Academy 
of Sciences and/or collected by me during recent expeditions in the Oriental and Australasian 
Regions.   

Key to tribes of Monophlebinae (adult females)

1(2) Quadrilocular pores present……….......…………………….……..........................…... Labioproctini tr. nov.
2(1) Quadrilocular pores absent.
3(8) Abdominal spiracles numbering 4–7 pairs.
4(7) Anal tube with internal sclerotised ring (with or without pores); anal opening simple, without 

sclerotisation.
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5(6) Abdominal spiracles with ring of wax pores inside of atrium or just around spiracular 
opening……………………………………...………..............................................................………… Monophlebulini

6(5) Abdominal spiracles without wax pores, but occasional grouping of pores may present near 
spiracular opening*….….….........………………………........……….............................................. Monophlebini

7(4) Anal tube without internal sclerotised ring and without internal pores, but with more or less 
sclerotised external ring around anus; this ring may bear occasional pores.....……...… Drosichini 

8(7) Abdominal spiracles numbering 2–3 pairs…......…….…............................………………………….. Iceryiini

9.4.1. Tribe MONOPHLEBULINI Morrison, 1927, revised composition

Accepted genera (10): Gullaniam Foldi, 1994 (Australasian), Insulococcusm Bhatti, 1991 
(Australasian: New Caledonia), Melaleucococcus Bhatti, 1990 (Australasian), Modicicoccus 
Bhatti et Gullan, 1990 (Australasian: New Guinea), Monophlebidusm Morrison, 1927 (Oriental), 
Monophlebulus Cockerell, 1902 (Australasian), Nodulicoccusm Morrison, 1923 (Australasian), 
Peengeam Bhatti et Gullan, 1990 (Australasian: New Guinea), Perissopneumon Newstead, 1927 
(Oriental), Tessarobelus Montrouzier, 1864 (Australasian: New Caledonia)

Taxonomic notes. Diagnostic characters of the tribe Monophlebulini were obscure from the 

time of the tribe erection by Morrison, 1927. The type species of Monophlebulus, M. fuscus Maskell, 

1893, is known only from two larvae and “an antenna, a leg and a portion of the derm of adult fe-
male” (Morrison & Morrison, 1922). There is no any modern description of this species, based on a 
newly collected material and such taxonomically important characters as the abdominal spiracles, 
anal apparatus and cicatrices are unknown. Most of other species, described by subsequent authors 
in Monophlebulus and other genera of Monophlebulini have the wax pores within the atrium of 
abdominal spiracles and/or just around the spiracular openings. This character is used here as 
diagnostic for the tribe. 

Species of the endemic New Guinean genus Etropera Bhatti et Gullan, 1990 formerly assigned 
to Monophlebulini, totally lack the wax pores of abdominal spiracles and exhibit the internal 
marsupium in contrast to all other species of this tribe; the genus is transferring here from the tribe 
Monophlebulini to the tribe Monophlebini. 

To the contrary, the females of two genera, placed formerly in the tribe Monophlebini, 
Monophlebidus and Perissopneumon, have numerous wax pores inside of the atrium of abdominal 
spiracles; these genera are transferring here in Monophlebulini. 

The genus Laurencella Foldi, 1995 was placed formerly in the tribe Llaveiini (synonymized 
here with Monophlebini), but its type species, L. marikana Foldi, 1995, and L. colombiana Foldi 
et Watson, 2001 have the wax pores associated with the opening of abdominal spiracles. On the 
other hand, Laurencella jonmartini Foldi et Williams, 2013 does not have such pores. In view of 
these characters the position of Laurencella is rather questionable in the present tribal system.

In addition, many genera of the tribe do not have the distinct diagnostic characters (see key 
below) and, to my mind, their names probably should be synonymised with older generic names.  

*The genus Laurencella Foldi, 1995 combines species with or without group of pores around spiracular opening.



Cicatrices

Abdominal
   spiracleAnal apparatus

Multilocular pore

Loculate
   pore

Thoracic
 spiracle

Multilocular pores

Fig. 9.4.1. Tessarobelus guerini Montrouzier, 1864, morphology of adult female (New Caledonia).
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Key to genera of Monophlebulini (adult females)

1(4) Large tritubular wax glands present*.
2(3) Ampulate setae present……………....................................…...………..……....……………. Melaleucococcus
3(2) Ampulate setae absent……………………....................….. Monophlebulus**, Modicicoccus, Peengea
4(1) Large tritubular wax glands absent.
5(12) Cicatrices small, numerous, clustered on venter and sometimes also on dorsum. 
6(7) Cicatrices arranged in semicircle……………......…………............................……………..….. Nodulicoccus
7(6) Cicatrices not arranged in semicircle.  
8(9) Cicatrices present on both body sides. Antennae very small (about 450 μm long), with stron-

gly shortened segments…………………………………………....……………..…......................................... Gullania 
9(8) Cicatrices present on venter only. Antennae normally developed.
10(11) Anal tube with broad band (about eight pores wide) of wax pores. Monotypic genus from 

India………………………………………………………….............................................................…….  Monophlebidus 
11(10) Anal tube with thin band (1–3 pores wide) of wax pores. New Caledonian 

endemics……………………………………………..............................................… Tessarobelus**, Insulococcus
12(5) Cicatrices large, numbering three, located posterior to vulva….......………….. Perissopneumon  

Comparative morphology (Figs 9.4.1–9.4.2, Colour Fig. 1.6a–b). Antennae and legs well 
developed in all instars. Antennae of adult females 3–11-segmented. Legs with 1-segmented tarsus 
in adult female, larvae and studied adult males (Monophlebulus only). Claw without denticle; claw 
digitules present as one pair, short, with pointed apices. Trochanter with 3–5 sensillae on each 
face. 

Wings of males (Monophlebidus and Monophlebulus) well developed. 
Abdomen of males (Monophlebidus and Monophlebulus) with long caudal extensions on 

posterior segments.
Eyes of males (Monophlebidus and Monophlebulus) represented with pair of large compound 

eyes, each with about 130–150 ommatidia and pair of unicorneal eyes (Morrison, 1928; Foldi & 
Watson, 2001).

Mouthparts normally developed in all instars, excluding three last male instars; however, 
in Gullania, Melaleucococcus, Modicicoccus, and Tessarobelus, mouthparts of adult females 
comparatively small, similar in size with coxa or even smaller.  

Respiratory system. Two pairs of thoracic spiracles (with spiraculariae) and seven pairs of 
abdominal spiracles present; thoracic and abdominal spiracles with wax pores within atrium and/
or just around opening. Abdominal spiracles in adult males represented by seven poorly detected 
pairs. Tracheal system (studied by me in Perissopneumon) rectocommissural (see Figs 7.10–7.11 
and Chapter 7). 

*Some non-type species of Monophlebulus and Melaleucococcus lack tritubular glands, but their congenerity with the type species is questionable 
and must be tested in course of total revision of Monophlebinae.
**I am unable to understand the diagnostic characters of the genera Modicicoccus and Peengea in comparison with Monophlebulus as well as the 
diagnostic characters of Insulococcus in comparison with the older Tessarobelus.
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Fig. 9.4.2. Perissopneumon tamarindus, morphology of adult female, India (New Dehli).
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Anal apparatus of adult females represented by anal opening and anal tube with internal 
sclerotised ring or band of strongly sclerotised wax pores and with or without additional wax 
pores on walls of anal tube.

Wax glands. Adult females with different types of multilocular pores with one or several central 
loculi and several or numerous (up to 12–13) peripheral loculi; in some species multilocular pores 
have tritubular or quadritubular extention; simple discoidal pores also often present. Females of 
most species of Melaleucococcus, Monophlebulus, Modicicoccus, and Peengea, have large tritubular 
wax glands which usually forming marginal clusters. Adult males with numerous multilocular 
pores. 

Cicatrices in adult females usually small and numerous, scattered (or forming rows and groups) 
on venter; in Perissopneumon, three large cicatrices located posterior to vulva.

Cytogenetics. No one species of the tribe was cytogenetically studied till now.
Ontogenesis and mode of reproduction. The data on the reproduction and ontogenesis of 

the species belonging to the tribe are very scanty. It seems that all studied species have a simple 
direct life cycle of females as all studied Monophlebinae (Fig. 6.5). For example, the life cycle of 
Melaleucococcus spp. was comprehensively studied by Bhatti (1990). The adult females continued 
to feed and grow after copulation, and after 2–3 months buried in the soil, where they produced a 
soft wax sac and laid the eggs.

A female of Monophlebulus pilosior (Maskell, 1893) lays about 1000 eggs in a wax sac during   
2–3 months; there are 3–4 generations per year (Richards, 1985). The females of Melaleucococcus 
spp. entered the soil and lay the eggs in an external ovisac (Bhatti, 1990). The females of L. 
colombiana lay the eggs on the ground under a white waxy secretion (Foldi & Watson, 2001). 

The large adult females of Perissopneumon tamarindus (Green, 1908) from India (New Delhi), 
dissected by me contained only the slightly developed ovarioles and no any embryos inside of the 
body.

There are no any data on the reproductive biology and ontogenesis of Gullania, Insulococcus, 
Modicicoccus, Monophlebidus, Nodulicoccus, Peengea, and Tessarobelus.
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9.4.2. Tribe MONOPHLEBINI Signoret, 1875, revised composition
(= Llaveiini Morrison, 1927, syn nov.)

Accepted genera (14): Afrodrosicham Vayssière, 1968 (Afrotropical), Buchnericoccus 

Reyne, 1965 (Oriental), Corandesiam Foldi, 2009 (Neotropical), Etropera Bhatti et Gullan, 
1990 (Australasian: New Guinea), Gueriniella Fernald, 1903 (Palaearctic), Laurencella Foldi, 
1995 (Neotropical),  Llaveia Signoret, 1876 (Nearctic), Llaveiella Morrison, 1927 (Nearctic), 
Monophleboides Morrison, 1927 (Afrotropical, Palaearctic: Egypt), Monophlebus Guérin-
Méneville, 1827 (global distribution), Neohogsonius Foldi, 1998 (Neotropical), Nietneram Green, 
1922 (Oriental), Pseudaspidoproctus Morrison, 1927 (Afrotropical, Palaearctic), Vrydagham 
Vayssière, 1957 (Afrotropical).

 Taxonomic notes. The type genus of the tribe, Monophlebus, was introduced for the first 
time by Guérin-Méneville, 1827 who did not include any species in this genus, but provided a 
diagnosis: “Genre de 1’ordre des Hémiptères, section des Homoptères, famille des Gallinsectes, 
établi par Latreille (Familles Naturelles du Règne Animal) et dont il ne donne pas les caractères; 
il dit seulement qu’il diffère des Dorthésies et des Cochenilles, parce que les antennes sont 
moniliformes et composées d’environ vingt-deux articles” (Guérin-Méneville, 1827: 99). Probably, 
Guérin-Méneville wrote about a male, because most of the Monophlebinae males described at 
now have “les antennes sont moniliformes” in contrast to all known females. The first two species 
of Monophlebus were described eight years later by Burmeister (1835), who provided very brief 
and incomplete descriptions of the males of M. atripennis Burmeister, 1835 from Java (Indonesia) 
and M. fuscipennis Burmeister, 1835 from Germany. The type specimens of both these species 
then were lost. Cockerell (1902a: 232; 1902b: 317) designated M. atripennis as the type species of 
the genus Monophlebus, inspite of the absence of any characters for identification of this species. 
Reyne (1965) accomplished extensive studies of the Monophlebinae males, collected from Java, 
but he was unable to identify M. atripennis. Moreover, scale insect systematics and identification 
are mainly based on the female characters, whereas the females of M. atripennis remain unkown. 
At the present time, it is impossible to identify M. atripennis and this name is must be considered 
as a nomen dubium. The second species of Burmeister, M. fuscipennis, was transferred by Cockerell 
(1894) to his genus Palaeococcus, and latter Cockerell (1902a: 233) used M. fuscipennis as the type 
species of this genus. Other authors (Westwood, 1845; Hempel, 1920; Vayssière, 1932) described 
species in the genus Monophlebus from other regions of the World (all not from Java!) and all of 
those descriptions were also incomplete or even were based on the males only. Moreover, there are 
no any arguments to consider these species as congeners with the unrecognisable M. atripennis. On 
the other hand, below I am providing a detailed description and figure of a new Monophlebini-like 
species, collected from Java. This species cannot be placed into any recognisable well defined genus 
of Monophlebini (see a key below) based on its characters. However, there is no any restriction 
for placing it in Monophlebus with a hope to designate this new species, Monophlebus neglectus sp. 
nov., as a new type of the genus instead of M. atripennis. It is need to appeal to the International 
Commission on Zoological Nomenclature for the formal decision of this problem. 



Anal apparatus

  Sclerotised
      pores

Abdominal spiracle

Multilocular pores

Simple pore

Fig. 9.4.3. Pseudaspidoproctus hyphaeniacus, adult female (Armenia). 
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The diagnostic characters of the tribe Llaveiini Morrison, 1927 were obscure even in the wor-
ks of Morrison (1927; 1928), because the characters of both original genera of this tribe, Llaveia 
and Llaveiella, were totally covered by the diagnosis of Monophlebini. Subsequent descriptions 
of new species and genera in both discussed tribes complicated this problem only. I do not see any 
possibility to identify Llaveiini as a separate tribe even in its original composition and especially 
in its “broad concept” (as in Foldi, 2016) and consider it as a new junior subjective synonym of 
Monophlebini.   

The genus Laurencella Foldi, 1995 was placed formerly in the tribe Llaveiini (synonymised 
here with Monophlebini), but its type species, L. marikana Foldi, 1995, and L. colombiana Foldi et 
Watson, 2001 have the wax pores associated with the opening of the abdominal spiracles. On the 
other hand, Laurencella jonmartini Foldi et Williams, 2013 does not have such pores. In view of 
these facts, the position of Laurencella is rather questionable in the present tribal system.

The genus Protortonia was traditionally placed in the tribe Llaveiini of the subfamily 
Monophlebinae, but in contrast to all other genera of this tribe (and the subfamily as a whole), 
the adult females of Protortonia do not have the mouthparts and starve after the last moult. I am 
transferring here Protortonia to the tribe Coelostomidiini of the subfamily Callipappinae s. l.

Species of the endemic New Guinean genus Etropera Bhatti et Gullan, 1990, formerly assigned 
to Monophlebulini, totally lack the wax pores of the abdominal spiracles and exhibit the internal 
marsupium in contrast to all other species of this tribe; the genus is transferred here from the tribe 
Monophlebulini to the tribe Monophlebini. 

To the contrary, the females of two genera, Monophlebidus and Perissopneumon, placed formerly 
in the tribe Monophlebini, have numerous wax pores inside of the atrium of abdominal spiracles; 
these genera are transferred by me here in Monophlebulini. 

The genus Palaeococcus Cockerell, 1894 was formerly placed in Monophlebini, but its type 
species and probably two other species, whose descriptions are incomplete, have the anal tube 
without any sclerotised ring or pores inside of the anal tube. According to the tribal concept, 
accepted in this monograph, this genus is transferred to the tribe Drosichini. 

The genera Aspidoproctus Newstead, 1901, Hemaspidoproctus Morrison, 1927 (Oriental), 
Labioproctus Green, 1922, Lecaniodrosicha Takahashi, 1930 (Oriental), Misracoccus Rao, 1950, 
and Walkeriana Signoret, 1876 having the peculiar quadrilocular pores are transferred here in the 
new tribe Labioproctini tr. nov. 

The Palaearctic genus Gueriniella Fernald, 1903 was traditionally considered in the tribe 
Iceryini, but significantly differs from the other genera (Fig. 9.4.4); it has the well-developed anal 
tube with internal ring of pores, four (instead of 2–3) pairs of abdominal spiracles and diploid 
chromosome number six instead of four in other studied Iceryini (see Table 1). In view of these 
facts, I am transferring here Gueriniella to the tribe Monophlebini. 

Monophleboides arachidis Vayssière, 1957, according to the original description and figures, 
has only three pairs of abdominal spiracles and does not have the sclerotised ring inside of anal 
tube. To my mind, this species must be transmitted to the genus Crypticerya Cockerell, 1895 — C. 
arachidis (Vayssière, 1957), comb. nov.



Fig. 9.4.4.  Gueriniella serratulae, adult female (Armenia).
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Fig. 9.4.5. Llaveia axin (Llave, 1832), Mexico (Huetamo).
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Key to genera of Monophlebini (adult females)

1(20) Abdominal spiracles numbering seven pairs.
2(11) Cicatrices 1–3 in number, located posterior to vulva or cicatrices absent at all.
3(6) Cicatrices 1–2 in number or absent.
4(5) Anal apparatus with well-developed internal ring of sclerotised pores…............ Monophlebus* 
5(4) Anal apparatus with simple internal ring, not bearing pores…………................... Monophleboides
6(3) Three cicatrices present, located posterior to vulva.
7(8) Bottle-shaped conical setae numerous on dorsum………………..…......….................... Buchnericoccus
8(7) Bottle-shaped conical setae absent.
9(10) Mature female marsupial………………………………………....................................... Pseudaspidoproctus
10(9) Mature female non-marsupial…………………………………………........................................ Afrodrosicha 
11(2) Cicatrices small, numerous, scattered on venter and sometimes also on dorsum.  
12(13) Large tritubular wax glands present, forming clusters along body margin. Mature female 

marsupial. New Guinean endemics……………………………….…….............…................................. Etropera 
13(12) Large tritubular wax glands absent. Mature females non-marsupial. Neotropical and 

Oriental genera.
14(19) Cicatrices clearly visible, arranged in one or two semicircles on ventral side of abdomen or 

scattered on both body sides. Neotropical.
15(16) At least some cicatrices of cribriform structure……….............................……………… Laurencella
16(15) Cribriform cicatrices absent.
17(18) Each cicatrix with double rim (Fig. 9.4.4)……..................................…….………………………. Llaveia
18(17) Each cicatrix with single rim…………………...........................………… Llaveiella+Neohogsonius** 
19(14) Cicatrices minute, very inconspicuous, arranged in transverse rows or clusters on posterior 

abdominal sternites. Oriental…………………………………….............................................…………… Nietnera 
20(1) Abdominal spiracles numbering 4–5 pairs.
21(22) Abdominal spiracles numbering 4 pairs………………………......…..........................………… Gueriniella
22(21) Abdominal spiracles numbering 5 pairs.
23(24) Multilocular pores with 2–3 central loculi. Antennae 7-segmented…….............….. Corandesia
24(23) Multilocular pores with one central loculus. Antennae 10-segmented……...............Vrydagha

Comparative morphology (Figs 7.1, 9.4.3–9.4.8, Colour Fig. 1.6c–e). Antennae and legs 
well developed in all instars. Antennae of adult females 7–11-segmented. Legs with 1-segmented 
tarsus in adult female and larvae. Tarsus of studied adult males 1-segmented (Monophlebus and 
Laurencella) or 2-segmented (Neohogsonius,  Pseudaspidoproctus). Claw without denticle; claw 
digitules present as one pair, short, with pointed apices or long, with clavate apices. Trochanter 
with 3–4 sensillae on each face. 

Wings of males (Monophleboides, Monophlebus, Laurencella, Neohogsonius, and Pseud-

*The characters of the genus Monophlebus are based here on the characters of the only adequately described species, Monophlebus neglectus sp. nov.
**I do not understand the diagnostic characters of the genus Neohogsonius Foldi, 1998. In the recently published key of Foldi (2016), the characters 
of Neohogsonius and Llaveiella overlap. 
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aspidoproctus) well developed. 
Abdomen of males (Monophleboides, Monophlebus, Laurencella, Neohogsonius  and Pseud-

aspidoproctus) with very short caudal extensions on posterior abdominal segment.
Eyes of males (Monophleboides, Monophlebus, Laurencella, Neohogsonius and Pseudaspido-

proctus) represented by pair of compound eyes, each with numerous ommatidia and pair of uni-
corneal eyes (Vayssière, 1926; Morrison, 1928; Theron, 1958; Hodgson & Foldi, 2006; Foldi, 2016).

Mouthparts normally developed in all instars, excluding three last male instars; however, 
in Afrodrosicha, Monophleboides, Monophlebus, and Nietnera mouthparts of adult females 
comparatively small, similar in size with coxa or even smaller.  

Respiratory system. Two pairs of thoracic spiracles (with spiraculariae) and 4–7 pairs of 
abdominal spiracles (four pairs in Gueriniella, five pairs in Corandesia  and Vrydagha) present; 
thoracic and abdominal spiracles without wax pores within atrium and/or just around the opening. 
Abdominal spiracles in adult males represented by seven poorly detected pairs. Tracheal system 
(studied by me in Buchnericoccus and Laurencella) rectocommissural (see Fig. 7.11). 

Anal apparatus of adult females represented by anal tube with internal sclerotised ring or band 
of strongly sclerotised wax pores and with or without additional wax pores on walls of the anal 
tube; to the contrary, anal opening simple, without sclerotisation.

Wax glands. Adult females with different types of multilocular pores having one or several cen-
tral loculi and several or numerous (up to 12–13) peripheral loculi; in some species multilocular 
pores with significant tritubular or quadritubular extention; simple discoidal pores also often 
present. Females of Etropera having marginal clusters of large tritubular glands. Very small 
microtubular ducts also present in adult females of Llaveia (Fig. 9.4.5). Adult males with numerous 
discoidal pores with different number of loculi. 

Cicatrices in adult females usually large, three in number and located posterior to vulva, but 
Monophleboides with only one large cicatrix posterior to vulva, whereas in Etropera, Llaveia, 
Llaveiella, Laurencella,  Neohogsonius and Nietnera cicatrices small and numerous, clustered on 
venter. In Laurencella maricana Foldi, 1995, cicatrices present also on dorsum; some cicatrices of 
Laurencella spp. with peculiar cribriform structure.

Descriptions of new taxa

Genus Monophlebus Guérin-Méneville, 1827

Monophlebus neglectus sp. nov.
(Figs 9.4.6–9.4.7)

Holotype. Adult female, K 1301-a, Indonesia, Java, “Buitenzorg” [Bogor], 1907, host plant and 
collector’s name unknown, ZIN RAS.

Paratype. One adult female and one ultimolarva with the same collecting data on two separate slides; 
two else females on two separate slides, K 1303, Indonesia, Java, “Buitenzorg” [Bogor], 1907 year, E. 
Bruggen, ZIN RAS.
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Fig. 9.4.6. Monophlebus neglectus sp. nov., holotype.
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Description. Adult female in ethanol without any wax secretions. Body broadly oval, up to 
10 mm long. Antennae 6–8-segmented, covered with flagellate setae of different thickness. Legs 
normally developed; trochanter with three sensillae on each face; claw elongated, without denticle; 
claw digitules short, setose. Mouthparts well developed. Thoracic spiracles with spiraculariae and 
with multilocular pores on edges of atria. Abdominal spiracles numbering seven pairs, located 
along abdominal margin on dorsum; each abdominal spiracle with bilocular atrium, without wax 
pores inside or just near spiracular atrium (excluding pores, scattered on body surface). Cicatrices 
absent (in holotype and two paratypes) or two small round cicatrices present posteriorly to 
vulva (one of paratypes, Fig. 9.4.7). Wax glands represented by two types of discoidal pores: 1) 
multilocular pores (each about 5 μm in diameter) with trilocular centre and eight outer loculi, 
very numerous, evenly scattered on both body sides; 2) simple discoidal pores (each about 2 μm 
in diameter), less numerous than multilocular ones, but also scattered over body surface. Conical 
setae absent. Body surface densely covered with uniform hair-like setae.

Female ultimolarva similar with adult female, but with numerous (18) small round cicatrices, 
scattered in medial zone of three posterior abdominal sternites (Fig. 9.4.7).

Males and morphology of other larval instars unknown.
Comments. The genus Monophlebus currently includes nine species (Ben-Dov, 2011). Six of 

these species, including two extinct, are known from old (XIX century) inadequate descriptions 
of the males only and are in fact unrecognisable.  Two North-African species, M. dumonti Vayssière, 
1932, M. hoggarensis Vayssière, 1932 and one Brazilian species, M. niveus Hempel, 1920, are known 
as the adult females, but were described incompletely and without total figures. The females of all 
these three species have 11-segmented antennae and the multilocular pores with round unilocular 
centre, whereas, M. neglectus sp. nov. exhibits 6–8-segmented antennae and the pores with 
triangular trilocular centre. M. neglectus sp. nov. is advised as a new type of the genus Monophle-
bus instead of unrecognisable M. atripennis (see discussion and the key for genera above).

 Etymology. The specific name is a Latin adjective which means “neglected” in English. 
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Fig. 9.4.7.  Location of cicatrices on abdomen of some paratypes of Monophlebus neglectus sp. nov.
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Genus Buchnericoccus Reyne, 1965

Buchnericoccus reynei sp. nov. 
(Fig. 9.4.8)

Holotype: adult female, K 781a, Malaysia, Borneo, Sabah, Kinabalu National Park, on stem of tree, 
under bark, 16.XI.2010, I.A. Gavrilov-Zimin, ZIN RAS.

Paratype: ultimolarva on separate slide with the same collecting data as in holotype, ZIN RAS. 

Description. Adult female in life covered with thick plates of wax. Body broadly oval, about 
11 mm long. Antennae 10-segmented, covered with flagellate setae of different thickness. Legs 
normally developed; trochanter with three sensillae on each face; claw without denticle; claw 
digitules short, setose. Mouthparts well developed. Thoracic spiracles with spiraculariae and 
groups of multilocular pores near atria. Abdominal spiracles numbering seven pairs, located along 
abdominal margin on dorsum; each abdominal spiracle with unilocular atrium, without wax pores 
inside or just near spiracular atrium. Internal sclerotised ring of anal apparatus with poorly visible 
pores of unclear structure; additionally, ring of minute pores present on wall of anal tube near 
sclerotised ring. Three large cicatrices present in group on venter posterior to vulva. Oval and 
round cuticular pouches of different sizes forming rows along body margin on dorsum and venter 
(Fig. 9.4.8). Wax glands represented by four types of discoidal pores: 1) senilocular pores (each 
about 13–15 μm in diameter) with small central loculus and six peripheral loculi, very numerous, 
scattered on dorsum, in marginal zone of venter and forming transverse bands on abdominal 
sternites; 2) senilocular pores (each about 16–18 μm in diameter) with large central loculus and 
six peripheral loculi, present on venter among pores of first type in zone of “ovisac band”, i.e. in 
marginal zone of abdomen and in transverse band on anterior abdominal segment; 3) multilocular 
pores (each about 10–12 μm in diameter), forming group around anal opening on dorsum and 
scattered in medial and submedial zones of thorax on venter; 4) unilocular pores, each about 10 
μm long, present on dorsum around groups of conical setae; occasional pores present also inside 
of groups of conical setae. Conical setae of characteristic bottle-shaped form present on dorsum 
in compact groups; these groups varying in size and forming transverse rows on dorsal surface of 
body (Fig. 9.4.8); each group surrounded with unilocular pores. Flagellate setae of different size 
scattered among senilocular pores on both body sides; these setae especially numerous and long in 
marginal zone of abdominal sternites.

Female ultimolarva similar to adult female, but with 6-segmented antennae and significantly 
less numerous wax glands on both body sides; senilocular pores with large central loculus absent.

Males and morphology of other larval stages unknown.
Comments. Up to now, the genus included the only type species, B. javanus Reyne, 1965, known 

from Java. The new species differs from the type one in the structure and distribution of wax 
glands:
1(2) Dorsal wax glands scanty; most of them have square center with four loculi and 12 peripheral 

loculi; dorsal unilocular pores absent…………………................................................……………… B. javanus
2(1) Dorsal wax glands very numerous; most of them senilocular (with small central loculus and 



Fig. 9.4.8. Buchnericoccus reynei sp. nov., holotype.
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six peripheral loculi); pores with square center absent; dorsal unilocular pores surround groups 
of conical setae…………………………......................................................................………… B. reynei sp. nov. 
Etymology. The species is named in honor of Dr. A. Reyne in view of his contribution in the 

study of the Oriental scale insects.  

Cytogenetics. Gueriniella serratulae (Fabricius, 1775) was comprehensively studied by 
Hughes-Schrader & Tremblay (1966) who found the thelytocous parthenogenesis and 2n=6 in 
this species. The diploidy is restored by the fusion of two haploid cleavage cells originated from 
the female pronucleus.

The chromosomes and meiotic divisions in Llaveia and Llaveiella were studied by Hughes-
Schrader (1931, 1940, 1948). All three studied species, Llaveia axin (Llave, 1832), L. oaxacoensis 
Morrison, 1927 and Llaveiella taenechina Morrison, 1897, have the same number of chromosomes, 
2n=6 and XX-X0 genetic system. The spermatogenesis is complicated by the enclosure of the 
meiotic prophase I chromosomes in peculiar separate vesicles, instead of a single nuclear membrane 
as in some other Margarodidae s. l. (see Chapter 4). Reproduction is strictly bisexual.

The other genera of the tribe are unfortunately unstudied cytogenetically up to now.   
Ontogenesis and mode of reproduction. It seems that all studied species of the tribe have 

the simple gradual life cycle of females as all studied Monophlebinae (Fig. 6.5). There are three 
immature instars in the females and four in the males. 

The females of Etropera and Pseudaspidoproctus have an internal marsupium where the eggs 
are deposited until hatching (Fig. 5.4). The marsupium is formed inside of abdomen of adult 
female as a deep invagination of the ventral surface of the abdominal segments. The oviduct opens 
inside of marsupium and the eggs are passed into a marsupial pouch (see Chapter 5). The external 
opening of the marsupium is usually narrowed and is used by the crawlers for exit outside. Brain 
(1915) noted that the females of Pseudaspidoproctus fulleri (Cockerell, 1901) are “viviparous”, but 
perhaps it was erroneous interpretation of the marsupiality. 

The mature females of Gueriniella serratulae cancel their feeding and migrate from their host 
plants to secluded places for the oviposition (Hughes-Schrader & Tremblay, 1966); the eggs are 
deposited in a loose wax sac posterior to body. 

The females of Monophleboides produce a loose mass of the eggs covered with a cottony 
wax secretion (Morrison, 1928). The females of Llaveia axin have three immature instars, one 
generation per year and lay each about 500 eggs in a flocculent sac which covers both female 
and eggs; the incubation period of the egg in a sac is about one month and threfore, the normal 
oviparity takes place (Hughes-Schrader, 1931;  Rosas-Pérez et al., 2014).

There were no special studies on the reproduction biology and ontogenesis of Afrodrosicha, 
Buchnericoccus, Laurencella, Llaveiella, Neohogsonius, and Vrydagha, but species of these genera 
are clearly non-marsupial. 
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9.4.3. Tribe LABIOPROCTINI tr. nov.

Type genus: Labioproctus Green, 1922
Accepted genera (6): Aspidoproctus Newstead, 1901 (Afrotropical), Hemaspidoproctus 

Morrison, 1927 (Oriental), Labioproctusm Green, 1922 (Oriental), Lecaniodrosicham Takahashi, 
1930 (Oriental), Misracoccus Rao, 1950 (Oriental), Walkeriana Signoret, 1876 (Afrotropical, 
Oriental).

Taxonomic notes. The new tribe combines the monophlebine genera with the peculiar 
quadrilocular wax pores, which are absent in any other Margarodidae s. l. Such pores seem to be 
a synapomorphic character of Labioproctini tr. nov. and Ortheziidae, lacked then in Phenaco-
leachiidae and their descendants. 

It seems that all species of Labioproctini tr. nov. have the sclerotised dorsal surface of body in 
mature females (Colour Fig. 1.8). 

Key to genera of Labioproctini tr. nov. (adult females)

1(8) Large bitubular wax glands present, forming clusters along body margin. Atria of abdominal 
spiracles without wax pores.

2(7) Cicatrices 3–5 in number, located posterior to vulva. Oriental.
3(4) Marsupium present….……………………………………………............................................….….. Labioproctus
4(3) Marsupium absent; eggs deposited under body.
5(6) Ovisac band well developed……………..………………………...................................... Hemaspidoproctus
6(5) Ovisac band absent……………………....……………………………................................................….Walkeriana

Fig. 9.4.9. Labioproctus poleii (Green, 1896), females (a) and male (b) in life, after Green, 1922.
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7(2) Cicatrices very numerous, forming wide band along ventral body margin and transverse rows 
on abdominal sternites. Afrotropical…………………...….…............................................... Aspidoproctus

8(1) Large bitubular wax glands absent. Atria of abdominal spiracles with numerous wax pores.
9(10) Marsupium and wide marsupial band present. Cicatrices numerous, forming rows on 

abdominal sternites…………………………………………………………............................................... Misracoccus
10(9) Marsupium and marsupial band absent. Single cicatrix present……..……..… Lecaniodrosicha

Comparative morphology (Figs 9.4.9–9.4.13, Colour Fig. 1.8). Antennae and legs well 
developed in all instars. Antennae of adult females 9–11-segmented. Legs with 1-segmented tarsus 
in adult female and larvae, but 2-segmented in adult males (Aspidoproctus). Claw without denticle; 
claw digitules present as one pair, short, with pointed apices. Trochanter with 2–4 sensillae on 
each face. 

Wings of males (Aspidoproctus and Labioproctus) well developed. 
Abdomen of males (Aspidoproctus and Labioproctus) with two long caudal extensions on 

Fig. 9.4.10. Walkeriana floriger (Walker, 1858), morphology of adult female (a, c–l) and larva (a–b), after Green, 
1922, with changes. a, adult female and larva on bark; b, larva; c, antenna; d, mid leg; e, tarsus with claw; f, anal area; 
g, pores and bases of setae in anal area; h, spines and pores from ceriferous area of dorsum; i, pores and spines from 
interrmediate are of dorsum; j, one of the pores in profile; k, one of the abdominal spiracles; l, group of pores from 
venter of abdomen.
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Fig. 9.4.11. Labioproctus poleii, morphology of adult female, Thailand (Doi Suthep Mt.).



Fig. 9.4.12. Misracoccus convexus (Morrison, 1920), morphology of adult female, Laos (Luang Prabang). 
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posterior abdominal segment.
Eyes of males (Aspidoproctus and Labioproctus) represented with pair of large compound eyes 

(each with numerous ommatidia) and pair of small unicorneal eyes.
Mouthparts normally developed in all instars, excluding three last male instars.  
Respiratory system. Two pairs of thoracic spiracles (each with spiracularia and often with 

wax pores inside and around atrium) and seven pairs of abdominal spiracles present. Abdominal 
spiracles with wax pores in atria in Misracoccus and Lecaniodrosicha, but without such pores in 
other genera. Abdominal spiracles usually located on dorsum of abdomen. Abdominal spiracles in 
adult males (Aspidoproctus, Labioproctus) represented with seven poorly detected pairs. Tracheal 
system (studied by me in Misracoccus) rectocommissural (see Fig. 7.11 and Chapter 7). 

Anal apparatus of adult females represented by anal opening and anal tube with internal 
sclerotised ring or band of strongly sclerotised wax pores and with or without additional wax 
pores on walls of anal tube.

Wax glands. Adult female having numerous quardilocular pores (which present on both body 
sides or only on venter), multilocular pores with one round or triangular central loculus and 
different number of peripheral loculi. Females of Aspidoproctus, Hemaspidoproctus, Labioproctus, 
and Walkeriana having marginal groups of large bitubular glands. Adult males (Aspidoproctus, 
Labioproctus) with discoidal pores, having one central loculus and four peripheral loculi.

Fig. 9.4.13. Hemaspidoproctus cinereus (Green, 192), morphology of adult female, after Green, 1922, with changes. a, 
female in life; b, ventral view of female; c, anal apparatus; d, antenna; e, mid leg; f, tarsus with claw; g, dorsal spines; 
h, circumgenital (lower) and other ventral abdominal pores; i, pores of anal area of dorsum; j, pores of submarginal 
zone of venter.
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Cicatrices of Aspidoproctus and Misracoccus small and very numerous, forming rows on 
abdominal sternites and wide band (in Aspidoproctus) along ventral body margin. Cicatrices of 
Hemaspidoproctus, Labioproctus, and Walkeriana large, numbering three (or rarely five), located 
on venter posterior to vulva. Lecaniodrosicha, according to original description, with only one 
large cicatrix located on abdomen (without more detail localisation).  

Cytogenetics. The chromosomes and meiosis of Aspidoproctus maximus Lounsbury, 1908 
were comprehensively studied by Hughes-Schrader (1955) who found in this species 2n=6, XX-
X(0) genetic system and vesiculation of prophase nuclei as in some other Margarodidae s. l. (see 
Chapter 4). Moharana (1990) reported 2n=16 in Hemaspidoproctus sp. without any details. The 
other genera of the tribe are unfortunately unstudied cytogenetically up to now.   

Ontogenesis and mode of reproduction. The females of some species of Walkeriana lay the 
eggs beneath body (Morrison, 1928), but W. tosariensis Reyne, 1957 forms a dense wax ovisac;  
there are three immature instars in the females and four in the males; the tertiolarva of the male is 
without the protoptera (Reyne, 1957).   

The females of Aspidoproctus, Labioproctus, and Misracoccus lay the eggs in the large internal 
marsupium having a midventral opening.

The females of Hemaspidoproctus deposit the eggs beneath their body in a “half-marsupium” 
formed in the ventral abdominal area and contained more than 150 eggs (Morrison, 1928; Reyne, 
1965).

There is no any information on the ontogenesis and reproductive biology of Lecaniodrosicha.

9.4.4. Tribe DROSICHINI Morrison, 1927, revised composition

Accepted genera (5): Drosicha Walker, 1858 (Australasian, Oriental, Palaearctic), Drosichoides 
Morrison, 1927 (Oriental), Matesoviam Jaschenko et Danzig, 1992 (Palaearctic), Palaeococcus 
Cockerell, 1894 (Neotropical, Palaearctic), Sishania Ferris, 1950 (Oriental). 

Taxonomic notes. The monotypic genus Drosichoides was described basing on the male 
characters only. The genus Palaeococcus Cockerell, 1894 was formerly placed in Monophlebini, 
but its type species and probably two other species, whose descriptions are incomplete, have the 
anal tube without any sclerotised ring or pores inside of anal tube. According to the tribal concept 
accepted here, this genus is transferred to the tribe Drosichini. 

Key to genera of Drosichini (adult females)

1(4) Cicatrices numbering three, situated on venter posterior to vulva.
2(3) Antennae 7–9 segmented. Body covered with very numerous flagellate setae…........... Drosicha
3(2) Antennae 11-segmented. Body covered with sparse spine-like setae……...............…... Matesovia
4(1) Cicatrices absent. 
5(6) Dorsum with pathes of black spines. Anal ring (external) with wax pores……............… Sishania
6(5) Dorsum without black spines. Anal ring without wax pores……………....................... Palaeococcus



Fig. 9.4.14. Drosicha ? townsendi Cockerell, 1905, adult female, Indonesia (Flores Is.).
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Fig. 9.4.15. Palaeococcus fuscipennis, adult female, Israel.
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Comparative morphology (Figs 9.4.14–9.4.15, Colour Fig. 1.7). Antennae and legs well 
developed in all instars. Antennae of adult females 7–11-segmented. Legs with 1-segmented 
tarsus in adult females and larvae, but 2-segmented in adult males (Drosicha, Drosichoides, and 
Palaeococcus). Claw without denticle; claw digitules present as one pair, with pointed apices. 
Trochanter with 3–4 sensillae on each face. 

Wings of males (Drosicha, Drosichoides, and Palaeococcus) well developed. 
Abdomen of males (Drosicha, Drosichoides, and Palaeococcus) with long caudal extensions on 

posterior segments.
Eyes of males (Drosicha, Drosichoides, and Palaeococcus) represented with pair of large com-

pound eyes (each with numerous ommatidia) and pair of small unicorneal eyes.
Mouthparts normally developed in all instars, excluding three last male instars.  
Respiratory system. Two pairs of thoracic spiracles (each with spiracularia and often with wax 

pores around atrium) and seven pairs of abdominal spiracles present. Abdominal spiracles in adult 
males represented with seven poorly detected pairs. Tracheal system (studied by me in Drosicha 
and Palaeococcus) rectocommissural (see Fig. 7.11 and Chapter 7). 

Anal apparatus of adult females and larvae consisting of weakly sclerotised anal tube without 
any sclerotised rings and wax pores inside, but with external sclerotised ring which often bearing 
several wax pores.

Wax glands. Adult female having numerous multilocular pores with 1 central loculus and 
different number of peripheral loculi. Adult males with different types of discoidal pores.

 Cicatrices in Drosicha and Matesovia large, numbering three, situated on venter posterior to 
vulva. In Palaeococcus and Sishania any cicatrices absent.

Cytogenetics. Moharana (1990) reported 2n=8 without any details for unidentified species of 
Drosicha. 

Ontogenesis and mode of reproduction. The females of Drosicha spp. produce a soft cottony 
wax sac which covers oviposited eggs (Morrison, 1928; Danzig, 1980). There are three immature  
instars in the female life cycle (Jashenko, 1994). I was able to study the fully developed adult fema-
les of D. corpulenta (Kuwana, 1902) from the Russian Far East and D. turkestanica Archangel-
skaya, 1931 from Uzbekistan. The females of both these series were before the oviposition and had 
only the poorly developed ovarioles inside of the bodies.  

Palaeococcus fuscipennis (Burmeister, 1835) has two generations per year (Mendel et al.,  
1998).

There is no information about the reproduction and ontogenesis of the monotypic genera 
Matesovia and Sishania.
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9.4.5. Tribe ICERYINI Cockerell, 1899, revised composition

Accepted genera (4): Crypticerya Cockerell, 1895 (pantropical distribution), Echiniceryam 
Morrison, 1930 (Neotropical), Icerya Signoret, 1876 [= Gigantococcus Pesson et Bielenin, 1966, 
syn. nov.] (global distribution), Steatococcus Ferris, 1921 (pantropical distribution). 

 Taxonomic notes. The tribe Iceryini was recently revised by Unruh & Gullan (2007, 2008) 
who recognised Auloicerya Morrison, 1923 as a junior synonym of Icerya, whereas Steatococcus 
Ferris, 1921 — as a junior synonym of Crypticerya. Additionally, Unruh & Gullan (l. c.) significantly 
reconsidered taxonomic composition of Crypticerya, Gigantococcus and Icerya, mainly basing on 
the data of molecular cladograms presented in the first of the cited papers. The generic key in 
Unruh & Gullan (2007, 2008) provides the overlapping characters for the genera and in fact, 
the identification is based mainly on geographical distribution: Crypticerya — Neotropical, 
Gigantococcus — Afrotropical, and Icerya — Oriental and Australasian, with some exclusions only. 
These taxonomic changes completely destroyed the traditional system of Iceryini, elaborated by 
Morrison (1928) and used widely during many years. The main conceptual contradiction between 
the system of Morrison (1928) and the system of Unruh & Gullan (2007, 2008) is a phylogenetic 
evaluation of reproductive strategies (with appropriate morphological characters) in different 
traditionally accepted genera: the marsupiality in Steatococcus, constructing of a wax ovisac in 
Icerya, and laying the eggs directly beneath the body in Auloicerya, Crypticerya, and Echinicerya. 
According to the molecular cladogram of Unruh & Gullan (2007), the marsupium originated many 
times separately in different lines of Iceryini or it is a plesiomorphic character. The last presum-
ption is more reliable to my mind, because the marsupium of the same structure as in Iceryini is 
known also in five other genera, considered here in the tribes Monophlebini and Labioproctini tr. 
nov. and both these tribes according to other characters seem to be more ancient and “primitive” in 
comparison with Iceryini. Therefore, it is more logic to speculate that the marsupium was present 
in the common ancestor of Iceryini and was saved in the species of Ferris’s genus Steatococcus, but 
was lost in more divergent genera of Iceryini, i.e. Steatococcus is probably paraphyletic. In contrast 
to the cladistic approach, the evolutionary systematics widely uses paraphyletic taxa (Simpson, 
1961; Mayr, 1974; Mayr & Ashlock, 1991; Gorochov, 2001; Kerzhner & Danzig, 2001; Hołyński, 
2005; Rasnitsyn, 2010; Danzig & Gavrilov-Zimin, 2014 and others). I consider Steatococcus as 
a comfortable taxonomic unit, whose members are closely related to each other, because they 
probably originated from the same ancestral species. On the other hand, it must not be excluded 
that the formation of ovisac and laying eggs directly under the body (without ovisac) originated 
several times in different species of Steatococcus. In this case, the large genera Crypticerya and 
Icerya may be subdivided into several smaller genera, but the borders of such possible genera 
would  be unclear at the present level of knowledge.  

The “compound multilocular pores” used by Unruh & Gullan (2007, 2008) as an apomorphic 
diagnostic character of the Afrotropical genus Gigantococcus, are in fact the multilocular pores of 
very different structure in different species, transferred by these authors to Gigantococcus from 
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Steatococcus, Crypticerya, and Icerya (see Fig. 2 and Table 2 in Unruh & Gullan, 2007, 2008). 
The terminological difference between “compound multilocular pores” and “simple multilocular 
pores” are, unfortunately, unclear. To my mind, it is impossible to use such characters and such 
terms for taxonomic and phylogenetic considerations. In the result, the genus Gigantococcus sensu 
Unruh & Gullan (l. c.) does not have clear diagnostic characters. Its type species, Icerya maxima 
Newstead, 1914, does not exhibit any peculiar characters in comparison with different other 
species of Icerya from different regions of the world. For example, the same type of the “compound 
multilocular pores” with star-shaped centre and reniform outer loculi was figured by Unruh 
& Gullan (2008: 17) for I. maxima and for Brazilian species I. schrottkyi Hempel, 1900, which 
however was not placed by these authors (l. c.) in Gigantococcus. Finally, I consider Gigantococcus 
as a new subjective synonym of Icerya.

The Palaearctic genus Gueriniella Fernald, 1903 was traditionally considered in the tribe 
Iceryini, but significantly differs from the other genera (Fig. 9.4.4); it has the well-developed anal 
tube with internal ring of pores, four (instead of 2–3) pairs of abdominal spiracles and diploid 
chromosome number six instead of four in the other studied Iceryini (see Table 1). In view of these 
facts, I am transferring here Gueriniella to the tribe Monophlebini. 

Monophleboides arachidis Vayssière, 1957, according to the original description and figures, has 
only three pairs of abdominal spiracles and does not have sclerotised ring inside the anal tube. To 
my mind, this species must be transmitted to the genus Crypticerya Cockerell, 1895 — C. arachidis 
(Vayssière, 1957), comb. nov.

Key to genera of Iceryini

1(4) Marsupial/ovisac band present. 
2(3) Mature female forming wax ovisac or wax pad on abdominal venter..…................…….…. Icerya
3(2) Mature female forminng internal marsupium………………………….................................. Steatococcus 
4(1) Marsupial/ovisac band absent. 
5(6) Body covered with numerous spiniform setae…………………...……................................. Echinicerya 
6(5) Body covered with flagellate or hair-like setae only………………......………...................... Crypticerya

According to this generic conception, the following placement of species is accepted: 
Steatococcus: S. assamensis Rao, 1951, S. bicolor (Newstead, 1917), comb. nov., S. burserus 

(Unruh, 2008), comb. nov., S. caudatus (Newstead, 1917), S. euphorbiae (Brain, 1915), S. gowdeyi 
(Newstead, 1920), S. longisetosus (Newstead, 1911), comb. nov., S. madagascariensis Mamet, 1951, 
S. mexicanus Cockerell et Parrott, 1899, S. morrilli Cockerell, 1914, S. nudatus (Maskell, 1896), 
S. rodriguesi (Castel-Branco, 1952), comb. nov., S. samaraius Morrison, 1927, S. tabernicolus 
Ferris, 1921, S. theobromae (Newstead, 1908), S. townsendi (Cockerell, 1896), and S. tuberculatus 
Morrison, 1941.

Crypticerya: C. abrahami (Newstead, 1917), C. acaciae (Morrison et Morrison, 1923), comb. 
nov., C. aegyptiensis Foldi, 2010, C. arachidis (Vayssière, 1957), comb. nov., C. australis Maskell, 
1894, C. cajani (Newstead, 1917), C. clauseni Rao, 1951, C. ewarti (Newstead, 1896), C. jacobsoni 
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(Green, 1913), C. jaihind Rao, 1951, C. kumari Rao, 1951, C. mangiferae Tang et Hao, 1995, C. 
marocensis Foldi, 2010, C. natalensis Douglas, 1888, C. nuda Green, 1930, C. ovivivipara sp. nov., 
C. pimentae (Newstead, 1917), C. rosae (Riley et Howard, 1890), and C. thibaudi Foldi, 2010

Icerya: I. aegyptiaca (Douglas, 1890), I. albolutea Cockerell, 1898, I. bimaculata De Lotto, 1959, 
I. brachystegiae Hall, 1940, I. brasiliensis Hempel, 1900, I. callitri (Froggatt, 1923), I. colimensis 
Cockerell, 1902, I. crocea Green, 1896, I. flava Hempel, 1920, I. flocculosa Hempel, 1932, I. 
formicarum Newstead, 1897,  I. gaponiana Gavrilov-Zimin, 2013, I. hanoiensis Jashenko et Danzig, 
1992, I. genistae Hempel, 1912, I. imperatae Rao, 1951, I. littoralis Cockerell, 1898, I. koebelei 
Maskell, 1892, I. luederwaldti Hempel, 1918, I. maxima Newstead, 1914, I. menoni Rao, 1951, I. 
minima Morrison, 1919, I. minor Green, 1908, I. montserratensis Riley et Howard, 1890, I. morrisoni 
Rao, 1951, I. multicicatrices (Kondo et Unruh, 2009), comb. nov., I. nigroareolata Newstead, 
1917, I. oculicicatricata sp. nov., I. palmeri Riley et Howard, 1890, I. pattersoni Newstead, 1917, I. 
pilosa Green, 1896, I. pulchra Leonardi, 1907, I. purchasi Maskell, 1879, I. rileyi Cockerell, 1895, 
I. schoutedeni Vayssière, 1926, I. schrottkyi Hempel, 1900, I. seychellarum (Westwood, 1855), I. 
siamensis sp. nov., I. similis Morrison, 1927, I. splendida Lindinger, 1913, I. subandina Leonardi, 
1911, I. sulfurea Lindinger, 1913, I. sumatrana Rao, 1951, I. travancorensis Rao, 1951, I. zeteki 
Cockerell, 1914, and I. zimmermanni Green, 1932.

Echinicerya: E. anomala Morrison, 1930

Key to species of Steatococcus*
(Some couplets were adapted from the key of Unruh & Gullan, 2008)

1(2) Cicatrices absent…………………………………………............................................………………... S. theobromae
2(1) Cicatrices three in number, located posterior to vulva.
3(6) Dorsal surface of body with numerous long tubercles, covered with robust setae.
4(5) Dorsal tubercles long, each with 3–7 robust setae and several multilocular po-

res………………………………………………………………..................................................… S. burserus, comb. nov.
5(4) Dorsal tubercles short, each with 1–2 robust setae and without  multilocular po-

res............................................................................................................................................ S. tuberculatus
6(3) Dorsal surface without tubercles or with only poorly developed tubercles, not covered with 

robust setae.
7(8) Multilocular pores with 8–12 lobed centre and reniform outer loculi present. Group of 

Afrotropical species with unclear diagnostic characters**.................S. longisetosus, comb. nov.,
S. bicolor, comb. nov., S. caudatus, S. euphorbiae, S. gowdeyi, S. madagascariensis

8(7) Multilocular pores with 8–12 lobed centre and reniform outer loculi absent. Oriental, 
Australasian or Neotropical species.

9(12) Open-centre multilocular pores present.
10(11) Open-centre multilocular pores each with small triangular cleft and 5–7 outer loculi………

………………………………………………….…………………....................................................................……..S. nudatus

*S. rodriguesi (Castel-Branco, 1952), comb. nov. is known only from the original incomplete description and is incomparable with other species.
**Nominal species which have no distinct characters for separation to my mind, basing on the descriptions and figures in Unruh & Gullan (2008).  



Anal apparatus

o lAbd mina
 p  s iracle

Cicatrix

Multilocular 
     pore

Multilocular 
     pores

Multilocular 
     pore

Open-centre
      pore

Multilocular 
     pore

Fig. 9.4.16. Steatococcus samaraius, adult female, Malaysia (Borneo Is.).
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11(10) Open-centre multilocular pores each without cleft and with 14–16 outer loculi……………………
…………………………………………………………….................................................................................S. samaraius

12(9) Open-centre multilocular pores absent.
13(14) Multilocular pores with stalked profile present on both body sides….............. S. assamensis 
14(13) Multilocular pores with stalked profile absent throughout.
15(16) Dorsal surface of body densely covered with robust setae……………...................... S. mexicanus
16(15) Dorsal surface of body with scattered slender hair-like setae.
17(18) Anterior edge of marsupial band formed by single sparse row of multilocular pores………

……………………………………………………………………....................................................................S. tabernicolus
18(17) Anterior edge of marsupial band composed of 3–4 rows of multilocular pores.
19(20) Anterior edge of marsupial band with submedial bare patches………...................…….. S. morrilli
20(19) Anterior edge of marsupial band without submedial bare patches……...............… S. townsendi

Key to species of Crypticerya*
(Some couplets were adapted from the key of Unruh & Gullan, 2008)

1(18) Cicatrices 1–3 in number or absent.
2(3) Cicatrices absent……………………………………..................................................………..………………… C. nuda 
3(2) Cicatrices one or three in number.
4(13) Cicatrices three in number.
5(10) Open-centre multilocular pores present.
6(9) Open-centre multilocular pores significantly larger than other multilocular pores.
7(8) Open-centre multilocular pores each with a small cleft…..………….................…………. C. clauseni
8(7) Open-centre multilocular pores each without a cleft………...……………..................… C. natalensis
9(6) Open-centre multilocular pores similar in size with other multilocular po-

res.......................................................................................................................… C. arachidis, comb. nov.
10(5) Open-centre multilocular pores absent.
11(12) Multilocular pores with stalked profile numerous**….........…..C. jacobsoni, C. mangiferae
12(11) Multilocular pores with stalked profile absent. Group of very similar nominal 

species**……….....…… C. rosae, C. australis, C. abrahami, C. pimentae, C. acaciae, comb. nov.
13(4) Only one cicatrix present.
14(17) Open-centre multilocular pores present. Multilocular pores with stalked profile absent.
15(16) Open-centre pores about two times larger than other pores. Multilocular 

pores with bilocular and trilocular pores present. Sclerotised simple pores absent 
throughout……….........................................................................................................................… C. kumari

16(15) Open-centre pores similar in size with other multilocular pores.  Multilocular pores with 
bilocular and trilocular pores absent. Strongly sclerotised simple pores scattered on all body 
surface..………………………………………….……………......................................………….. C. ovivivipara sp. nov.

* C. ewarti and C. cajani are known from the original incomplete descriptions and incomparable with other species. 
**The species which have no distinct characters for separation to my mind, basing on the descriptions and figures in Unruh & Gullan (2008).  
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17(14) Open-centre multilocular pores absent. Multilocular pores with stalked profile present………
…………………………………………………………………………........................................................................C. jaihind

18(1) Cicatrices numerous (six or more).
19(20) Cicatrices six in number. Multilocular pores forming dense groups, which arranged in 

transverse rows on all tergites…………………………………………….……................................... C. marocensis
20(19) Cicatrices seven and more in number. Multilocular pores not forming groups.
21(22) Cicatrices 7–10 in number…………………………………………………...................................... C. thibaudi
22(21) Cicatrices 12–23 in number…………………………………………….................................. C. aegyptiensis

Key to species of Icerya*
(Some couplets were adapted from the key of Unruh & Gullan, 2008)

1(68) Cicatrices one or three in number, located posterior to vulva.
2(17) Only one cicatrix present.
3(8) Open-centre multilocular pores present.
4(7) Open-centre pores each with 14–24 outer loculi.
5(6) Open-centre pores each with 18–24 outer loculi………...........................…..…………………… I. menoni
6(5) Open-centre pores each with 14–16 outer loculi…………………………............................. I. formicarum
7(4) Open-centre pores each with 6–8 small, widely spaced outer loculi…….….......…............ I. pilosa
8(3) Open-centre multilocular pores absent.
9(10) Multilocular pores with reniform outer loculi present on both body sides…...… I. aegyptiaca
10(9) Multilocular pores with reniform outer loculi absent.
11(12) Multilocular pores with 4–5-locular centre numerous on venter…..................… I. morrisoni
12(11) Multilocular pores with 4–5-locular centre absent throughout.
13(16) Ovisac band forming complete band around abdomen.
14(15) Clusters of robust hair-like setae present on dorsum………………….........................… I. colimensis
15(14) Clusters of hair-like setae absent on dorsum………………………………................................. I. palmeri
16(13) Ovisac band incomplete towards posterior abdomen……………….....................……... I. imperatae
17(2) Cicatrices 3 in number.
18(25) Abdominal spiracles in two pairs (“Pericerya” group of species).
19(24) Body densely covered with hair-like setae.
20(21) Dorsal multilocular pores of several types: with bilocular, trilocular or quadrilocular 

centre………………………………………………………………………...................................................…………. I. callitri
21(20) Dorsal multilocular pores of one type only: with bilocular centre.
22(23) Antennae 9–10-segmented. Adult female in life with “pencil” of wax on dorsum, 

corresponding to dense cluster of wax pores on middorsum…………....................………… I. koebelei
23(22) Antennae 11-segmented. Adult female in life without “pencil” of wax on dorsum and 

correspondingly without dense cluster of wax pores on middorsum…......................... I. purchasi

*I. luederwaldti, I. splendida and I. sulfurea are known only from the original incomplete descriptions and incomparable with other species. 
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24(19) Body sparsely covered with hair-like setae……………………………............................…. I. sumatrana
25(18) Abdominal spiracles in three pairs.
26(63) Multilocular pores with stalked profile absent.
27(42) Multilocular pores with reniform outer loculi present.
28(29) Large multilocular pores with square or star-shaped centre present on both body sides. All 

multilocular pores in ovisac band with quadrilocular or quinquelocular centre…......... I. maxima
29(28) Large multilocular pores with square or star-shaped centre absent. All multilocular pores 

in ovisac band with bilocular or trilocular centre.
30(35) Multilocular pores with 8–12-lobed centre and 6–8 reniform outer loculi present at least 

in ventromedial zone of head and thorax.
31(34) Multilocular pores with large trilocular centre and 6–8 reniform outer loculi present in 

marginal clusters on head and thorax.
32(33) Multilocular pores with large trilocular centre and 6–8 reniform outer loculi form 3–4 

clusters on head and thorax………………………………………………………....................................... I. albolutea
33(32) Multilocular pores with large trilocular centre and 6–8 reniform outer loculi form 1–2 

clusters on head and thorax……………………………………………………......................................… I. pattersoni 
34(31) Multilocular pores with large trilocular centre and 6–8 reniform outer loculi absent 

throughout……………………………………………………………………................................................ I. schoutedeni
35(30) Multilocular pores with 8–12-lobed centre and 6–8 reniform outer loculi absent throughout.
36(37) Multilocular pores with trilocular centre and three elongate rectangular outer loculi 

scattered in dorsal medial and submedial zones of head and thorax…..............……… I. bimaculata
37(36) Multilocular pores with trilocular centre and three elongate rectangular outer loculi 

absent throughout.
38(39) Multilocular pores with quadrilocular centre and 7–10 outer loculi scattered on dorsum and 

marginal zone of venter………..…….………………………………………........................................... I. schrottkyi
39(38) Multilocular pores with quadrilocular centre and 7–10 outer loculi absent throughout.
40(41) Dorsal surface of body covered with pores of two types: multilocular pores with trilocular 

centre and 6–9 outer loculi and multilocular pores with 6-lobed centre and 6–8 elongate reni-
form outer loculi………………....…………………………...................................................…….… I. nigroareolata

41(40) Dorsal surface of body covered with pores of one type only: multilocular pores with large 
trilocular centre and minute outer loculi with distinctive elongate profile…...... I. brachystegiae 

42(27) Multilocular pores with reniform outer loculi absent.
43(48) Open-centre multilocular pores present.
44(47) Open-centre multilocular pores with triangular cleft.
45(46) Open-centre pores forming occasional irregular groups on dorsum; each pore with 14–16 

outer loculi…………………………………………….…................................................…………………  I. seychellarum
46(45) Open-centre pores forming tranverse rows on all tergites; each pore with 23–25 outer 

loculi……..……………………………………………………….....................................................…………… I. hanoiensis
47(44) Open-centre multilocular pores without triangular cleft…………......................….…..…. I. crocea 
48(43) Open-centre multilocular pores absent.
49(58) Multilocular pores with quadrilocular centre numerous on both body sides or only on 
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Fig. 9.4.17. Icerya gaponiana, adult female, Indonesian New Guinea.
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venter. 
50(57) Multilocular pores with quadrilocular centre present on both body sides. 
51(56) Long hair-like setae forming marginal clusters.
52(53) Multilocular pores forming inner ovisac band 6–8 pores wide..…….......….................… I. flava
53(52) Multilocular pores forming inner ovisac band with more than 8 pores wide.
54(55) Long hair-like setae forming clusters with 3–5 setae each…………......................… I. brasiliensis
55(54) Long hair-like setae forming clusters with 1–3 setae each………..................... I. montserratensis
56(51) Long hair-like setae not forming marginal clusters…………………......…................... I. subandina
57(50) Multilocular pores with quadrilocular centre present on venter only**...................I. pulchra

I. minor, I. flocculosa
58(49) Multilocular pores with quadrilocular centre absent throughout or only occasional pores 

present.
59(62) Multilocular pores with trilocular centre present on both body sides.
60(61) Ovisac band with only one type of multilocular pores (trilocular centre)…............ I. minima
61(60) Ovisac band with two types of multilocular pores: pores with bilocular and trilocular 

centre**………………………………………………….....................................…… I. rileyi, I. littoralis, I. genistae
62(59) Multilocular pores with trilocular centre present on venter only….............  I. travancorensis
63(26) Multilocular pores with stalked profile numerous.
64(65) Multilocular pores with stalked profile present on dorsum only…….............… I. zimmermanni
65(64) Multilocular pores with stalked profile present on both body sides; on venter these pores 

also forming ovisac band.
66(67) Crown-shaped multilocular pores forming wide marginal band along all ventral surface of 

body. Asteroid multilocular pores absent…………………….................................… I. siamensis sp. nov.
67(66) Crown-shaped multilocular pores absent. Asteroid multilocular pores forming groups alo-

ng body margin………………………………………………..……………..…............................................ I. gaponiana 
68(1) Cicatrices numerous (five or more), forming semicircle on venter of abdomen or present in 

three groups (one posterior to vulva and one near each eye).
69(70) Cicatrices present in three groups: group of three larger cicatrices posterior to vulva and 

two groups of smaller cicatrices near eyes……….................................…. I. oculicicatricata sp. nov.
70(69) Cicatrices numerous (five or more), forming semicircle on venter of abdomen.
71(72) Cicatrices five in number………………………………………............................................…………... I. similis
72(71) Cicatrices seven or more in number.
73(74) Cicatrices seven in number………………………………………………………....................................... I. zeteki
74(73) Cicatrices 11–13 in number………………………….............................. I. multicicatrices, comb. nov.

** Groups of species which have no distinct characters for separation to my mind, basing on the descriptions and figures in Unruh & Gullan (2008).  
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Comparative morphology (Fig. 9.4.16–9.4.22, 
Colour Fig. 1.9). Antennae and legs well developed in all 
instars. Antennae of adult females 8–11-segmented. Legs 
with 1-segmented tarsus in adult female and larvae, but 
2-segmented in adult males (Gigantococcus and Icerya). 
Claw without denticle; claw digitules present as one pair, 
short, with pointed apices or long, with clavate apices. 
Trochanter with 3–4 sensillae on each face. 

Wings of males (Icerya) well developed. 
Abdomen of males (Icerya) with short caudal 

extensions on posterior abdominal segment.
Eyes of males (Icerya) represented with pair of large 

compound eyes (each with numerous ommatidia) and 
pair of small unicorneal eyes.

Mouthparts normally developed in all instars, 
excluding three last male instars.  

Respiratory system. Two pairs of thoracic spiracles 
(each with spiracularia, but without wax pores inside of 
atrium) and 2–3 pairs of abdominal spiracles (without 
wax pores), located on posterior abdominal segments. 

Fig. 9.4.18. Respiratory system in adult 
male of I. nigroareolata (anterior thoracic 
spiracles and left part of tracheal system 
were not shown), after Vayssière, 1926.

Respiratory system of males similar with it in females (Fig. 9.4.18). Tracheal system (studied by 
me in different Crypticerya and Icerya) rectocommissural (see Fig. 7.11 and Chapter 7). 

Anal apparatus of adult females and larvae with weakly sclerotized anal tube without wax 
pores inside; sclerotised ring may present inside of anal tube or located externally around anus. 

Wax glands. Adult female having numerous and very diverse multilocular pores with one or 
several central loculi and different number of peripheral loculi. In some species, central loculus of 
multilocular pore so large, that these glands are named “open-centre pores”. Such enlarged central 
loculus usually tubular in profile. Some species having multilocular pores with stalked profile (Fig. 
9.4.17, 9.4.20, 9.4.21), asteroid (Figs 9.4.17, 9.4.20) or crown-shaped pores (Fig. 9.4.21).

“Compound pores”, used by Unruh & Gullan (2007, 2008) as an apomorphic diagnostic 
character of Gigantococcus are in fact various multilocular pores of  very different structure in 
different species, transferred by these authors to Gigantococcus from Steatococcus, Crypticerya, 
and Icerya (see Fig. 2 and Table 2 in Unruh & Gullan, 2007, 2008). To my mind, it is impossible to 
use such character and such term for taxonomic and phylogenetic considerations.

Cicatrices usually large, numbering three, located on venter posterior to vulva, but in some 
species cicatrices more numerous and forming semicircle on abdominal sternites. Rarely the only 
one large cicatrix present.  
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Descriptions of new taxa

Genus Crypticerya Cockerell, 1895

Crypticerya ovivivipara sp. nov. 
(Fig. 9.4.19, Colour Fig. 1.9f)

Holotype: adult female, K 1147, Thailand, Surat Thani Prov., near the main entrance to Khao Sok 
National Park, on stem of bamboo, 19.XI.2013, I. Gavrilov-Zimin, ZIN RAS.

Paratypes: three females with the same collecting data; four females, K 1162, Thailand, Ranong Prov., 
about 2 km E Ranong city, on stem of bamboo, 26.XI.2013, I.A. Gavrilov-Zimin, ZIN RAS.

Description. Adult female in life orange, nude or covered by scanty powdery wax. Body broadly 
oval, hemispheric in mature females, up to 12 mm long. Antennae 10-segmented, covered with 
flagellate setae of different thickness. Legs normally developed; trochanter with four sensillae on 
each face; claw without denticle; claw digitules longer than claw, with capitate apices. Mouthparts 
well developed. Thoracic spiracles with sclerotised spiraculariae; each spiracle placed in deep 
cuticular pouch, covered with numerous multilocular pores. Abdominal spiracles numbering 
three pairs, located in marginal zone of posterior abdominal sternites; each abdominal spiracle 
with unilocular fungiform atrium, without wax pores inside or just near spiracular atrium. Anal 
apparatus without internal sclerotised ring of pores, but with simple external sclerotised ring 
around anus. One small round cicatrix with granular structure present on venter posterior to vulva. 
Cuticular pouches of different sizes present on dorsal and ventral surface of abdomen. Wax glands 
represented by four types of pores: 1) open-centre pores (each about 10–12 μm in diameter) with 
large round central loculus (tubular in profile) and 5–6 minute outer loculi, forming transverse 
bands on dorsum and scattered in marginal zone of dorsum and venter; 2) usual multilocular pores 
(each about 10 μm in diameter) with oval central loculus and 9–12 outer loculi, very numerous, 
scattered on dorsum and venter; 3) oligolocular pores (each about 7–10 μm in diameter), with oval 
central loculus and 3–6 minute  outer loculi, scattered in medial and submedial zone of ventral 
thorax; 4) simple strongly sclerotized pores of unclear structure, each about 3 μm in diameter, 
scattered on all body surface. Conical setae absent. Flagellate and hair-like setae of different size 
scattered on both body sides; longest setae located along body margin.

Female complete ovoviviparous, with fully developed larvae (covered by chorion) inside of 
maternal body.

Males and morphology of larvae unknown.
Comments. The new species is morphologically similar with Icerya kumari (Rao, 1951). How-

ever, the last species, according to the figures in Unruh & Gullan (2008: 18), has the open-centre 
pores which are two times larger than usual multilocular pores, whereas I. ovovivipara sp. nov. 
exhibits the open-centre pores similar in size to multilocular ones. Also in contrast to I. kumari, the 
new species has the strongly sclerotised simple pores scattered on all the body surface. 

Etymology. The species name is an adjective derived from two Latin words: “ovum” and 
“viviparus”.  



Fig. 9.4.19. Crypticerya ovivivipara sp. nov., holotype. 
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Genus Icerya Signoret, 1876
  
Icerya oculicicatricata sp. nov. 
(Fig. 9.4.20)

Holotype: adult female, K 786, Malaysia, Borneo, Sabah, Kinabalu National Park, Summit trail, about 
1700 m altitude, on leaf of three, 16.XI.2010, I.A. Gavrilov-Zimin, ZIN RAS.

 Description. Body broadly oval, about 6 mm long. Antennae 11-segmented, covered with 
flagellate setae of different length. Legs normally developed; trochanter with four sensillae on 
each face; claw without denticle; claw digitules with pointed apices. Thoracic spiracles with wide 
sclerotised spiracularia; hind thoracic spiracles significantly larger than anterior ones; both pairs 
without pores inside of atria. Abdominal spiracles numbering three pairs, located in marginal 
zone of posterior abdominal sternites; each abdominal spiracle with small cup-shaped atrium, 
without wax pores inside or just near atrium. Anal apparatus without internal sclerotised ring 
of pores, but with simple external sclerotised ring around anus. Cicatrices forming three groups: 
first group consisting of three circuli (central cicatrix largest) present posterior to vulva and 
two groups, located symmetrically on venter near eyes; each group near eye includes 4–6 small 
round cicatrices. Cuticular pouches of different size present on most tergites and on abdominal 
sternites. Wax glands represented by six types of pores: 1) multilocular pores (each about 10 μm in 
diameter) with trilocular centre, 6–8 outer loculi and with a stalked profile, scattered on dorsum 
(especially numerous in medial zone of head and thorax), forming marginal band along all body 
and forming ovisac band on venter; 2) multilocular pores (each about 10 μm in diameter) with 
quadrilocular centre, 6–8 outer loculi and with a stalked profile, present in ovisac band; 3) usual 
multilocular pores (each about 10–12 μm in diameter) with oval central loculus and 8–10 outer 
loculi, present around anus and around vaginal opening; 4) small oligolocular pores (each about 7 
μm in diameter) with bilocular centre and 4–5 outer loculi, scattered on venter of abdomen inside 
of zone limided by ovisac band; 5) small oligolocular pores (each about 7 μm in diameter) with 
trilocular centre and 4–5 outer loculi, scattered in submedial and submarginal zones of ventral 
thorax and head; 6) asteroid multilocular pores (each about 10 μm in diameter) with one central 
loculus, sclerotised asteroid ring and 5–8 outer loculi, forming groups together with long hair-
like setae along body margin on dorsum and venter and also scattered in medial zone of ventral 
thorax. Ovisac band (2–3 pores wide) made of multilocular pores with trilocular/quadrilocular 
centre and with a stalked profile. Conical setae absent. Flagellate and hair-like setae of different 
size scattered on both body sides. 

Ventral surface of abdomen concave and forming a cavity for deposition of eggs; 42 eggs were 
found under holotype female; any developing eggs inside of body were not detected. 

Males and morphology of larvae unknown.
Comments. The new species differs from all other known species of Iceryini in the presence of a 

group of small cicatrices near each eye. In other characters, the new species is similar with Icerya 
gaponiana Gavrilov-Zimin, 2013. Both these species have the multilocular pores with a stalked 
profile and asteroid multilocular pores; however, in I. oculicicatricata, the asteroid pores are more 
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Fig. 9.4.20. Icerya oculicicatricata sp. nov., holotype.  
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numerous and present not only in marginal groups, but also in the medial zone of ventral thorax.
Etymology. The species name is an adjective derived from two Latin words “oculus” and 

“cicatrix” in connection with the main diagnostic character of the species — the presence of small 
cicatrices near eyes.

Icerya siamensis sp. nov. 
(Fig. 9.4.21)

Holotype: adult female, K 1356, Thailand, Chiang Mai, Doi Suthep mountain, territory of buddhist 
temple Wat Phra, on branch of tree, 2.VI.2017, I.A. Gavrilov-Zimin, ZIN RAS.

 Description. Adult female in life orange, covered by plates of dense wax; ventral surface of 
abdomen concave and forming cavity for deposition of wholly developed primolarvae; this cavity 
closed by wax cap.  Body broadly oval, about 7 mm long. Antennae 11-segmented, covered with 
flagellate setae of different length. Legs normally developed; trochanter with four sensillae on 
each face; claw without denticle; claw digitules with pointed apices. Mouthparts  comparatively 
small, but normally developed. Thoracic spiracles with wide sclerotised spiraculariae; hind 
thoracic spiracles significantly larger than anterior ones; both pairs without pores inside of atria. 
Abdominal spiracles numbering three pairs located in marginal zone of posterior abdominal 
sternites; each abdominal spiracle with small fungiform atrium, without wax pores inside or just 
near atrium. Anal apparatus without internal sclerotised ring of pores, but with simple external 
sclerotised ring around anus. Cicatrices three in number (central cicatrix largest). Cuticular 
pouches of different size present on most tergites. Wax glands represented by five types of pores: 
1) multilocular pores (each about 10–12 μm in diameter) with trilocular centre, 6–8 outer loculi 
and with a stalked profile, scattered on dorsum and forming ovisac band; 2) usual multilocular 
pores (each about 10 μm in diameter) with oval central loculus and 8–10 outer loculi, present 
around anus and around vaginal opening; 3) crown-shaped multilocular pores (each about 15 μm 
in diameter), with oval central loculus and 10  outer loculi, forming wide marginal band along all 
ventral surface of body and scattered in medial and submedial zone of venter on head and thorax; 
4) small multilocular pores (each about 7 μm in diameter) with bilocular/trilocular centre and 
6–7 outer loculi, scattered on dorsum and in medial and submedial zones of venter; 5) oligolocular 
pores (each about 12 μm in diameter) with two large central loculi and four smaller outer loculi, 
present in marginal band together with crown-shaped multilocular pores. Conical setae absent. 
Flagellate and hair-like setae of different size scattered on both body sides. 

Female complete ovoviviparous, with fully developed larvae (covered by chorion) inside of 
maternal body.

Males and morphology of larvae unknown.
Comments. The new species has the peculiar multilocular pores with a stalked profile. There 

are only three other species of Icerya with such kind of pores: I. zimmermanni Green, 1932, which 
has such pores on the dorsum only (according to the description in Unruh, 2008) in contrast to 
I. siamensis sp. nov., which has these pores in the ovisac band also; I. gaponiana Gavrilov-Zimin, 
2013, which differs from the new species in other types of pores (see the key for Icerya above); 
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and I. oculicicatricata sp. nov., which differs from all mentioned species in the presence of minute 
cicatrices near eyes.  Several other species, placed here in Crypticerya, also have multilocular pores 
with a stalked profile, but all these species do not have the ovisac band at all (see the Key for  
Crypticerya above).

Etymology. The species name is an adjective and indicates a provenience of the holotype from 
Siam (the ancient name of Thailand).

Cytogenetics. Iceryini is one of the most studied groups of the scales insects in respect of 
the cytogenetics. The chromosome numbers are known at now for 21 species from all five genera 
of the tribe (see Table 1) and this number is always four in the diploid set (Hughes-Schrader, 
1925, 1930, 1963; Hughes-Schrader & Ris, 1941; Parida & Moharana, 1982; Moharana, 1990; 
Hughes-Schrader & Monahan, 1966; Gavrilov-Zimin, this report). The males, when present, are 
haploid and are developed from unfertilized eggs. Some species (Icerya bimaculata, I. purchasi, I. 
multicicatrices, comb. nov.) exhibit a hermaphroditism that seems to be a unique example of such 
reproductive pattern amongst Insecta. The hermaphrodites are diploid and similar to the neotenic 
larva-like females in their morphology and mode of life. During the embryogenesis, the gonads of 
these insects do not undergo a sexual differentiation. Later, in the crawlers, haploid nuclei appear 
in the gonads and form the central testicular part of a hermaphroditic gland.  The haploid nuclei 
appear as a result of degeneration and elimination of one set of chromosomes. The peripheral 
ovarian part of the gland is diploid and formed a little later (Fig. 4.5a). Fertilisation occurs either 
in the ovarian part or in the cavity of the ovo-testis. Fertilised eggs always develop into female-
like hermaphrodites, which usually reproduce by self-fertilisation. However, the hermaphrodites 
may also copulate with accidental haploid males, which sometimes develop from unfertilised eggs 
(Hughes-Schrader, 1948; Gavrilov-Zimin, unpublished).

Ontogenesis and mode of reproduction. All studied species of the tribe have simple gradual 
life cycle of females as other Monophlebinae (Fig. 6.5). There are three immature instars in fe-
males and four in males; the male tertiolarva is without protoptera. 

Different species of the tribe exhibit very diverse modes of reproduction (Fig. 9.4.22). Thus, 
the females of Steatococcus spp. form an internal marsupium and lay partly developed eggs inside 
of it, i.e. the marsupial incomplete ovoviviparity occurs in this case. For example, during the 
preparation of female of Steatococcus samaraius (K 1053, Malaysian Borneo, Sarawak, 9.I.2013, 
on unidentified tree, I.A. Gavrilov-Zimin) I have found 80 fully developed embryos inside of the 
marsupium + 6 embryos at initial stages of development (before anatrepsis) inside of the ovarium. 
Prepared females of Steatococcus sp. (K 1422, N. Africa, Mali, 9.X.2017, A. Stekolschikov) 
contained the embryos with developed appendages inside of the ovarium before the marsupial 
pouch was formed.  

Most species of Icerya form a solid long ovisac posteriorly to the body with numerous (up to 
1000) eggs inside (Colour Fig. 1.9a–b).

At least some species of Icerya and Crypticerya are complete ovoviviparous. Crypticerya rosae   
is complete ovoviviparous, according to Hughes-Schrader (1930); C. nuda — according to Green, 
1930. Two other species, C. abrahami and C. pimentae, lay eggs under the body which becomes 
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Fig. 9.4.22. Reproductive strategies of Iceryini.

concave ventrally and sclerotised dorsally (Hughes-Schrader, 1930; Unruh & Gullan, 2008); 
therefore, at least the incomplete ovoviviparity may be presumed for these species. The females of 
Crypticerya jacobsoni from different populations (two from Laos, K 1375 and 1399, and one from 
Indonesian Sumatra, K 1022) collected and studied by me, were complete ovoviviparous. The 
same mode of reproduction was found by me in Crypticerya ovivivipara sp. nov., Icerya siamensis 
sp. nov., described here, and in I. imperatae (K 1062, Malaysian Borneo, Sarawak, 13.I.2013, on 
stem of Poaceae grass, I.A. Gavrilov-Zimin). 

The females of Echinicerya anomala do not construct any ovisac, but lay the eggs under the 
body which becomes concave ventrally (Hughes-Schrader, 1930). There is no clear note of the 
ovoviviparity for this species, but Hughes-Schrader, 1930 noted the embryos (it is unclear, at 
which stage of embryogenesis?) inside of the ovaries.
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10. Family ORTHEZIIDAE Amyot et Serville, 1843

Taxonomic notes. The family Ortheziidae (ensign scale insects) is morphologically and onto-
genetically very uniform group of the archaeococcids with about 200 species and 17 nominal gen-
era in the recent fauna. Different extinct species and genera of Ortheziidae described mainly from 
amber inclusions are not considered here; the information about them may be found in Koteja & 
Azar, 2008 and Vea & Grimaldi, 2012.

The main diagnostic characters of the family are the following: fused trochanter and femur, nu-
merous wax-secreting spines (without basal collars), quadrilocular pores, drop-ejecting anal appa-
ratus (with numerous pores, spinulae and six setae), and thoracic spiracles without spiraculariae 
(Figs 10.1, 10.3, 10.5). The adult female is usually covered by plates of a solid wax and at maturity 
secrets a solid ovisac which is not attached to the surface of the host plant, but transported by the 
female during her movements (Colour Fig. 1.10).

 A modern taxonomic revision of the world fauna of the family was done by Kozár (2004), who 
erected two new subfamilies and seven new tribes inside of Ortheziidae in addition to two sub-
families and two tribes that were considered before. Paleontologists Vea & Grimaldi (2012) syno-
nymised three of Kozár’s tribes and one of his subfamilies. In the result, Vea & Grimaldi (l. c.) used 
the system of the family with only three subfamilies (Ortheziinae, Newsteadiinae, and Nipponorth-
eziinae) and six tribes. However, even in such system, the subfamily Newsteadiinae is monotypic 
and its diagnostic characters have gradual appearance (long scapus and pedicel in contrast to short 
ones) or overlap with Nipponortheziinae+Ortheziolinae (see the key in Kozár, 2004: 29). I do not 
see any theoretical or practical necessity to separate the only genus, Newsteadia Green, 1902, from 
other similar genera; in the result, both Nipponortheziinae Kozár, 2004, syn. nov. and Orthezioli-
nae Kozár, 2004 are considered here as junior subjective synonyms of Newsteadiinae Koteja, 1974.

Key to subfamilies (adult females)

1(2) Tibia and tarsus fused or not clearly separated...…......................…....………….………. Newsteadiinae 
2(1) Tibio-tarsal separation well developed…..……………………......…....................………........... Ortheziinae

10.1. Subfamily ORTHEZIINAE Amyot et Serville, 1843

Taxonomic notes. The genus Arctorthezia Cockerell, 1902 in contrast to other four genera of 
this subfamily has the wax pores in thoracic spiracles. This character was used by Kozár (2004) 
for erecting the new monotypic tribe Arctortheziini. Other characters of this well-known genus 
are overlapped with the characters of four other genera of the subfamily. Thus, in this case, Kozár 
(2004) simply used the generic diagnosis as a diagnosis of the new tribe without any argumenta-
tion why and for what it is need to erect the separate tribe for the only genus.  I am placing here 
Arctortheziini Kozár, 2004, syn. nov. in synonymy under Ortheziini Amyot et Serville, 1843.  
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10.1.1. Tribe ORTHEZIINI Amyot et Serville, 1843 
(=Arctortheziini Kozár, 2004, syn. nov.)

Accepted genera (5): Arctorthezia Cockerell, 1902 (Holarctic, Australasian: Hawaii), Grami-
northezia Kozár, 2004 (Nearctic, Neotropical), Insignorthezia Kozár, 2004 (global distribution), 
Orthezia Bosc d’Antic, 1784 (Holarctic, Neotropical, Oriental), Praelongorthezia Kozár, 2004 (Ne-
arctic, Neotropical). 

Comparative morphology (Fig. 10.1, Colour Fig. 1.10). Antennae and legs normally devel-
oped in all instars. Antennae of adult females 7–8-segmented.  Pseudobasal antennal segment 
absent. Legs with 1-segmented tarsus. Claw with or without denticles; claw digitules present as 
one pair, shortened, with pointed apices. Trochanter and femur fused; tibia and tarsus clearly sepa-
rated. Trochanter with 2–4 sensillae on each face. 

Wings of males well developed.  
Abdomen of males without caudal extensions.
Eyes of males represented with pair of large compound eyes, each with 60–160 ommatidia (the 

number varying between genera and species) and one pair of small unicorneal eyes (Koteja, 1986; 
Hodgson & Foldi, 2006; Vea, 2014). 

Mouthparts present in all female instars, but absent in three last male instars.
Respiratory system. Two pairs of thoracic spiracles and usually 7–8 pairs of abdominal spiracles 

(located mainly on dorsum) present. Some species of Graminorthezia and Insignorthezia having 
only 2–4 pairs of abdominal spiracles. Both thoracic and abdominal spiracles without spiraculari-
ae and usually without any wax pores, but in females of Arctorthezia wax pores present in thoracic 
spiracles. Thoracic spiracles in adult males of Orthezia with spiraculariae. Tracheal system (stud-
ied by me in Orthezia urticae (Linnaeus, 1758) rectocommissural (see Fig. 7.11 and Chapter 7). 

Anal apparatus of drop-ejecting type (see Fig. 7.14), with rows of pores, spinulae and six long 
setae.

Wax glands. Adult female with numerous quadrilocular, quinquelocular, multilocular and sim-
ple discoidal pores. Adult males (studied in Orthezia only) in addition to quadrilocular and simple 
discoidal pores having transverse band of large tubular ducts on abdominal tergite VII.

Cicatrices small, round, present at least in some species (Fig. 10.1). 
Cytogenetics. Chromosomal studies of ensign scale insects are significantly impeded by the 

presence of numerous solid inclusions in the early embryos and by the rare collection of the male 
nymphs, i.e. the instars which are usually used for chromosome preparations in the scale insects.  
Brown (1958) worked with the tropical species, Praelongorthezia praelonga (Douglas, 1891), col-
lected abundant material on all instars of this species and found 2n=16 in both male and female 
specimens, i.e. 2n-2n genetic system (see also Chapter 4). After the male meiosis a quadrinucleate 
spermatid is formed and four sperms are produced. Ovarian predetermination of sex by environ-
mental factors is one of the possible explanations of the chromosomal behavior in this species 
(Brown, 1958).

Orthezia urticae (Linnaeus, 1758) was briefly studied by me (Gavrilov, 2007), basing on early 



Fig. 10.1. Orthezia urticae, adult female, Crimean Peninsula. 
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cleavage divisions in the eggs from ovisacs; approximately 18 chromosomes were found in cells of 
all studied embryos. 

Ontogenesis and mode of reproduction. All studied species have the life cycle without al-
ternation of movable/immovable instars in the female ontogenesis. All female instars are always 
sap-sucking, with the normally developed mouthparts. The ontogenesis of Orthezia urticae was 
recently comprehensively studied by Kluge (2010b) and the species was the first in which the 
paradoxical moult was discovered (see Chapter 6 and Figs 6.8, 10.2).

The embryogenesis of Orthezia urticae and Insignorthezia insignis (Browne, 1887) starts only 
after the egg is laid in an ovisac (Gavrilov-Zimin, unpublished), i.e. the normal oviparity occurs.  

The females of Arctorthezia cataphracta (Olafsen, 1772) lay each up to 120 eggs (Hadzibejli, 
1963) in a solid ovisac, attached to the abdomen; each female of Orthezia urticae lays 150–500 eggs 
(Kosztarab & Kozár, 1988).

Fig. 10.2. Life cycle of Orthezia urticae and probably of most other Ortheziidae. 
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10.2. Subfamily NEWSTEADIINAE Koteja, 1974
(= Nipponortheziinae Kozár, 2004, syn. nov. = Ortheziolinae Kozár, 2004)

Taxonomic notes. The synonimisation of Nipponortheziinae Kozár, 2004 was discussed above. 
The names of tribes Matileortheziolini Kozár, 2004, Ortheziolacoccini Kozár, 2004 and Orthezi-
olamametini Kozár, 2004 were synonymised under Ortheziolini Kozár, 2004 by Vea & Grimaldi 
(2012). 

The tribes Mixortheziini Kozár, 2004, syn. nov. and Nipponortheziini Kozár, 2004, syn. nov. 
differ from each other in the only presence of four or three segments in the antennae, correspond-
ingly (Kozár, 2004: 171). Meanwhile the number of antennal segments is one of the most variable 
characters in all scale insect families (see, for example, Morrison, 1928; Danzig, 1980; Danzig & 
Gavrilov-Zimin, 2014) and this number is even may be different in the left and right antennae of 
the same female. Moreover, monotypic Orthezinella Silvestri, 1924, considered by Morrison (1925, 
1952) as a junior synonym of Nipponorthezia Kuwana, 1926 and by Kozár (2004) as a separate 
genus in Nipponortheziini, has 4-segmented antennae in direct contradiction to Kozár’s (2004) 
diagnosis of the tribe. The recently described myrmecophilous monotypic genus Acropygorthezia 
LaPolla et Miller, 2008 exhibits only 2-segmented antennae in the imago and larvae. In view of 
these facts, both noted tribal names are considered here as subjective synonyms to each other and 
to Newsteadiini Koteja, 1974.

Key to tribes of Newsteadiinae

1(2) Pseudobasal antennal segment well developed, located proximally to scapus and fused with 
eye................................................................................................................................................ Ortheziolini

2(1) Pseudobasal antennal segment (if present) not fused with eye or such segment absent and the 
first antennal segment is a true scapus………………..………............................................…… Newsteadiini

10.2.1. Tribe NEWSTEADIINI Koteja, 1974
(=Mixortheziini Kozár, 2004, syn. nov. = Nipponortheziini Kozár, 2004, syn. nov.)

Accepted genera (8): Acropygortheziam LaPolla et Miller, 2008 (Australasian), Jermycoccusm 
Kozár et Konczné Benedicty, 2002 (Neotropical), Mixorthezia Morrison, 1925 (Neotropical), 
Neomixorthezia Kozár, 2004 (Neotropical),  Neonipponorthezia Kozár, 2004 (Australasian), New-
steadia Green, 1902 (Afrotropical, Australasian, Holarctic, Oriental),  Nipponorthezia Kuwana, 
1916 (Australasian, Holarctic, Neotropical, Oriental, Palaearctic),  Nipponorthezinella Kozár, 
2004 (Afrotropical, Australasian, Oriental).

Taxonomic notes. Monotypic Orthezinella Silvestri, 1924 (Palaearctic: Spain) is considered 
by Morrison (1925, 1952) and by me here as a junior synonym of Nipponorthezia Kuwana, 1926. 
Moreover, Morrison (1952) studied specimens which almost exactly match the Silvestri’s descrip-



Fig. 10.3.  Newsteadia floccosa, adult female, Russia (St Petersburg). 
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tion and figures and supposed that Orthezinella hispanica Silvestri, 1924 may prove to be identi-
cal to the Nearctic species Nipponorthezia obscura Morrison, 1952. However, all syntypes of O. 
hispanica are larvae and this fact significantly impedes the comparison of both nominal species 
(Kozár, 2004).

Comparative morphology (Fig. 10.3). Antennae and legs normally developed in all instars. 
Antennae of adult females 2–7-segmented.  Legs with 1-segmented tarsus. Pseudobasal antennal 
segment (if present) not fused with eye. Claw without denticles; claw digitules present as one 
pair, shortened, with pointed apices. Trochanter and femur fused; tibia and tarsus also fused or not 
clearly separated in females, but not fused in male of Newsteadia. Trochanter with 2–4 sensillae 
on each face. 

Wings of males in Newsteadia normally developed.  Adult males of Acropygorthezia apterous, 
larva-like (LaPolla & Miller, 2008). Males of other genera unknown.

Abdomen of males (studied in Newsteadia and Acropygorthezia) without caudal extensions.
Eyes of males represented in Newsteadia with pair of compound eyes, each with only 30–50 

ommatidia and one pair of unicorneal eyes (Koteja, 1986; Vea, 2014). Eyes of males in Acropy-
gorthezia unicorneal only, one pair (LaPolla et al., 2008).

Mouthparts present in all female instars, but absent in three last male instars.
Respiratory system. Two pairs of thoracic spiracles and usually 5–8 pairs of abdominal spira-

cles (located in marginal zones of dorsum or venter) present. In some species of Nipponorthezia 
and in Jermycoccus, only two pairs of abdominal spiracles present, whereas in Neonipponorthezia 
and in some Newsteadia abdominal spiracles not detected at all (Kozár, 2004). Both thoracic and 
abdominal spiracles without spiraculariae and usually without wax pores, but groups of quadril-
ocular or multilocular pores often present near thoracic spiracles. Thoracic spiracles in adult males 
of Newsteadia with spiraculariae. 

Anal apparatus of drop-ejecting type (see Figs 7.14 and 10.3), with rows of pores, spinulae and 
six setae in all genera, excluding Acropygorthezia, whose imago and larvae having simplified anal 
apparatus, consisting of short tube with simple anal opening, without setae, pores and spinulae.

Wax glands. Adult female with numerous quadrilocular, multilocular and simple discoidal 
pores. Many species of Newsteadia having peculiar evaginated tubular ducts (Fig. 10.3), which 
probably originated from wax-secreting spines. Adult males of Newsteadia in addition to quadril-
ocular and simple discoidal pores having also transverse band of large tubular ducts on abdominal 
tergite VII, whereas in adult male of Acropygorthezia any ducts absent.

Cicatrices absent. 
Cytogenetics. Nur (1980) reported XX-X(0) genetic system and 2n=14/13 in Newsteadia sp., 

but without any details. Other species of the tribe are unstudied in respect of chromosomes.  
Ontogenesis and mode of reproduction. Most species of the tribe probably have the same life 

cycle as in Ortheziini (Fig. 10.2). However, in myrmecophilous Acropygorthezia williamsi LaPolla 
et Miller, 2008, the ontogenesis is more divergent (Fig. 10.4). The adult males of this species is 
apterous, larva-like and do not have the nymphal instars in the life cycle, but the adult male, its 
ultimolarva and penultimolarva are all arostrate (LaPolla et al., 2008). The adult females of A. wil-
liamsi do not construct ovisac and are probably ovoviviparous.
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Fig. 10.4. Life cycle of Acropygorthezia williamsi.

Newsteadia floccosa (De Geer, 1778) exhibits bisexual reproduction. The mature female lays 
40–80 eggs (Kosztarab & Kozár, 1988).

10.2.2. Tribe ORTHEZIOLINI Kozár, 2004
(= Matileortheziolini Kozár, 2004, = Ortheziolacoccini Kozár, 2004, = Ortheziolamametini Kozár, 
2004)

Accepted genera (4): Matileortheziola Kozár et Foldi, 2004 (Afrotropical), Ortheziola Šulc, 
1895 (Oriental, Palaearctic), Ortheziolacoccus Kozár, 2004 (Afrotropical), Ortheziolamameti 
Kozár, 2004 (Afrotropical, Oriental, Palaearctic).

Comparative morphology (Fig. 10.5). Antennae and legs normally developed in all instars. 
Antennae of adult females 3-segmented.  Pseudobasal antennal segment well developed and fused 
with eye. Legs with 1-segmented tarsus. Claw without denticles; claw digitules present as one 
pair, shortened, with pointed apices. Trochanter and femur fused; tibia and tarsus also fused. Tro-
chanter with 2–4 sensillae on each face. 

Males unknown.
Mouthparts present in all female instars.
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Fig. 10.5. Ortheziola vejdovskyi, adult female, Poland. 
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Respiratory system. Two pairs of thoracic spiracles and 0–3 pairs of abdominal spiracles (lo-
cated mainly in marginal zone of venter) present. Both thoracic and abdominal spiracles without 
spiraculariae. Thoracic spiracles often with wax pores inside or just near atrium. 

Anal apparatus of drop-ejecting type (see Figs 7.14, 10.5), with rows of pores, spinulae and six 
setae.

Wax glands. Adult female with quadrilocular and multilocular pores and with peculiar thumb-
like tubular ducts, which form cluster on each side of anal apparatus. In addition, many species 
having microtubular ducts (scattered on dorsum and venter) and numerous tubular spines with 
orifice at apex (Fig. 10.5).

Cicatrices absent. 
Cytogenetics. No one species of this tribe was studied till now in respect of chromosomes.
Ontogenesis and mode of reproduction. Ortheziola vejdovskyi (Šulc, 1895) has the life cycle 

usual for Ortheziidae (Fig. 10.2); each female lays 20–40 eggs in a short ovisac (Kosztarab & 
Kozár, 1988).
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11. Family CARAYONEMIDAE Richard, 1986

Taxonomic notes. The small Neotropical family comprises four monotypic genera only: 
Baloghicoccus Kozár, 2000, Carayonema Richard, 1986, Foldicoccus  Kozár, 2000, and Mahunka-

coccus Kozár, 2000. The females and larvae of all species were collected in very humid leaf-litter 
or on plants growing in water. 

The erection of three subfamilies and three tribes for four monotypic, very similar genera by 
Kozár, 2000 (in Kozár & Konczné Benedicty, 2000) was unreasonable and groundless; in fact he 
used the generic diagnoses as diagnoses of the higher taxa without any explanation of theoretical 
or practical purpose of such actions. Moreover, Kozár (l. c.) used his own name for the authorship 
of the subfamily Carayoneminae and the tribe Carayonemini in direct contradiction to The Inter-
national Code of Zoological Nomenclature (Article 36), whereas Richard (1986) was the first au-
thor who established the family-group name (including a superfamily, family, subfamily, tribe and 
subtribe), derived from the name of genus Carayonema. I am considering here all four mentioned 
genera in the only nominative subfamily, with the only tribe.

Such characters of Carayonemidae as a drop-ejecting anal apparatus, fused trochanter+femur, 
decreased number of abdominal spiracles and antennal segments, and a reduction of cicatrices 
probably testify the close relationships of the family with Ortheziidae and especially with its tribe 
Ortheziolini. 

11.1. Subfamily CARAYONEMINAE Richard, 1986
(= Carayoneminae Kozár, 2000, syn. nov. = Mahunkacoccinae Kozár, 2000, syn. nov. = Foldicoc-
cinae Kozár, 2000, syn. nov.)

11.1.1.Tribe CARAYONEMINI Richard, 1986
(= Carayonemini Kozár, 2000, syn. nov. = Mahunkacoccini Kozár, 2000, syn. nov. = Foldicoccini 
Kozár, 2000, syn. nov.)

Accepted genera (4): Baloghicoccusm Kozár, 2000 (Neotropical), Carayonemam Richard, 1986 
(Neotropical), Foldicoccusm Kozár, 2000 (Neotropical), Mahunkacoccusm Kozár, 2000 (Neotropi-
cal). 

 Comparative morphology (Fig. 11.1). Antennae and legs developed in all instars. Antennae 
of females and larvae  3-segmented.  Legs with 1-segmented tarsus. Claw without denticle; claw 
digitules short, spine-like. Trochanter and femur fused; tibia and tarsus fused in Mahunkacoccus, 
but separated in other three genera. Trochanter with 2 sensillae on each face. 

Males unknown. 
Mouthparts present in all female instars.
Respiratory system exhibits very unusual characters: two pairs of thoracic spiracles and two 

pairs of anterior abdominal spiracles located on dorsum and having periscope-like structure (Fig. 
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Fig. 11.1.  Carayonema orousseti, adult female, after Richard, 1986, with changes. 

11.1). Other abdominal spiracles (3–8 pairs) absent; spiraculariae and any wax pores inside of 
atria also absent.  

Anal apparatus of drop-ejecting type, without pores and spinulae, but with sclerotised anal 
ring, invaginated in anal tube and with six long setae, attached to anal ring.
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Wax glands represented by only one type – bilocular pores. 
Cicatrices absent. 
Body setae fimbriate or umbelliform.
Cytogenetics. There are no any data.
Ontogenesis and mode of reproduction. The life cycle is almost unstudied; Richard (1986) 

reported about two preadult instars in Carayonema orousseti Richard, 1986, whereas Kozár & 
Konczné Benedicty (2000) described three larval instars in Foldicoccus monicae Kozár, 2000. All 
species of the family seem to be ovoviviparous (Kozár & Foldi, 2001).
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12. Family PHENACOLEACHIIDAE Cockerell, 1899

Taxonomic notes. The monotypic family Phenacoleachiidae comprised up to now the two 
nominal species only, Phenacoleachia zealandica (Maskell, 1891) and Ph. australis Beardsley, 1964; 
both are endemics of New Zealand and nearest subantarctic islands. Diagnostic characters of the 
second species, provided in the original description, are obscure, because were based on variable 
and gradual appearance of the morphological structures (number of antennal segments is 9 or 11, 
well or not well developed claw denticle, presence/absence of both pairs of ostioles). I was able to 
study two females collected by J.M. Cox and identified by her as Ph. australis and two females col-
lected by C.F. Buther and by J.M Cox (in different localities and different time) and identified by 
them in both cases as Ph. zealandica. These four females have 10- or 11-segmented antennae and 
one of females has 10 segments in the right antenna and 11-segments in the left antenna, i.e. in-
dividual and even mosaic variation of the character occurs. In general, individual and geographic 
variation of the number of antennal segments is well known in species from all scale insect families 
(see, for example, Morrison, 1928; Danzig, 1980; Danzig & Gavrilov-Zimin, 2014). Both pairs of 
ostioles are present in Ph. australis as well as in Ph. zealandica. The apterous larva-like adult males 
described by Beardsley (1964) for Ph. australis are also present amongst large collections of the 
macropterous males of Ph. zealandica made at one time from one locality (see Gullan & Cook, 
2001), i.e. male polymorphism occurs here as in many other species of the scale insects (see Chap-
ter 6). Therefore, there are no any distinct diagnostic characters of Ph. australis Beardsley, 1964 
and this name is considered by me as a new junior subjective synonym of the polymorphic Ph. 

zealandica.

Phenacoleachiidae is considered as a related or even an ancestral group to the basal neococ-
cid family Pseudococcidae (Danzig, 1980; Cox, 1983; Miller & Miller, 1993; Gavrilov-Zimin & 
Danzig, 2012; Danzig & Gavrilov-Zimin, 2014). Some authors, for example Beardsley, 1964 and 
Tang, 1992, even advised to place Phenacoleachia inside of Pseudococcidae based on obvious 
synapomorphies of this genus with the mealybugs: the presence of trilocular pores, ostioles and 
drop-ejecting anal apparatus. However, Phenacoleachia saves a number of plesiomorphic char-
acters which are unknown in any mealybug species (about 2000 in the world fauna), that allows 
to consider Phenacoleachiidae as a separate family which was probably more diverse in previous 
geological eras, but now remains as a single polymorphic species in New Zealand Islands, isolated 
from other regions of the world. These characters are: the evaginated tubular ducts, numerous 
cicatrices, and the presence of seven pairs of tracheas with simple openings in marginal zone of 
abdomen (in place of the abdominal spiracles).  

Comparative morphology (Fig. 12.1). Antennae and legs normally developed in all instars. 
Antennae of adult females 9-11-segmented.  Legs with 1-segmented tarsus. Claw with small denti-
cle; claw digitules strongly asymmetrical: one digitule spine-like, whereas the second one clavate. 
All segments of legs well separated. Trochanter with four sensillae on each face. 

Labium unusually long, 4-segmented.
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Fig. 12.1. Phenacoleachia zealandica, adult female, New Zealand (Tuatapere). 
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Individual wing polymorphism of males: macropterous and larva-like apterous males present 
in collections made at one time from one locality.  

Abdomen of males without caudal extensions.
Eyes of males represented with nine (in macropterous males) or six (in apterous males) pairs of 

unicorneal eyes (Theron, 1962; Beardsley, 1964; Hodgson & Foldi, 2006). 
Mouthparts present in all female instars, but absent in adult males and probably in ultimo- and 

penultimolarvae of males.
Respiratory system. Two pairs of thoracic spiracles with spiracularia and without wax pores 

inside of atrium present. Abdominal spiracles not developed, but seven pairs of tracheas with min-
ute simple openings present in marginal zone of abdominal segments (Gullan & Cook, 2001 and 
my own observation). 

Anal apparatus of drop-ejecting type (Fig. 12.1), with rows of pores, spinulae and six long setae.
Wax glands. Adult female with trilocular and multilocular pores and with peculiar evaginated 

tubular ducts, located near bases of long flagellate setae. Adult males having only discoidal pores 
(multilocular or simple). 

Cicatrices small, round, scattered on both body sides. 
Cytogenetics. Brown & Cleveland (1968) provided the only short note on the mitotic chro-

mosomes of Ph. zealandica; it exhibits XX-X(0) genetic system and 2n=8/7.
Ontogenesis and mode of reproduction. The life cycle is without alternation of movable/im-

movable instars in females. Larval and nymphal instars of males were not described till now, but 
probably the macropterous males have two nymphal instars (with the protoptera), whereas the 
ontogenesis of apterous males inludes only larval instars without the protoptera.

Reproduction is complete ovoviviparous as it was reported by Gullan & Cook, 2001 and was 
also observed by me on available slides (see Appendix).
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13. DISPUTABLE TAXONOMIC POSITION OF XENOCOCCIDAE TANG, 1992

Taxonomic notes. The small family Xenococcidae comprises 33 myrmecophilous species in 
three highly specialised genera: Eumyrmococcus Silvestri, 1926 (Afrotropical, Australasian, Ori-
ental, Palaearctic), Neochavesia Williams et Granara de Willink, 1992 (Neotropical) and Xeno-

coccus Silvestri, 1924 (Australasian, Neotropical). All these species do not have the conical setae, 
ostioles, cylindrical and discoidal wax glands (with the only exclusion, discussed below); their 
anal apparatus consists of a simple sclerotised ring or semi-ring around the anus; the body is cov-
ered with numerous flagellate or hair-like setae; many species have small convex cicatrices located 
along the midline of anterior abdominal sternites. The only xenococcid species, Neochavesia cal-

dasiae (Balachowsky, 1957), exhibits few wax pores (Fig. 13.3) which seem to be similar with 
trilocular pores of mealybugs. This character was used as an argument for the placing of the xeno-
coccids inside of Pseudococcidae, whereas the simplified morphology and the presence of convex 
“circuli” — for the consideration of the xenococcids inside of the subfamily Rhizoecinae of Pseu-
dococcidae (Williams, 1969, 1978, 1998; Beardsley, 1970). Tang (1992) placed Xenococcus and 
related genera in the separate tribe Xenococcini Tang, 1992 inside of the subfamily Rhizoecinae. 
However, Williams (2004) noted that the structure of “circuli” in Rhizoecini and Xenococcini is 
different. Unfortunatelly, any anatomical studies of Rhizoecini were not provided till now, but it 
is possible to compare a microtome section of the circulus in the ordinary mealybug species Pseu-

dococcus maritimus (Ehrhorn, 1900) with a section of “circulus” in Xenococcus annandalei Silves-
tri, 1924 and with a section of the cicatrix in Walkeriana tosariensis Reyne, 1957 (Margarodidae 
s. l.: Monophlebinae), provided in the works of Silvestri (1924), Ferris & Murdock (1936) and 
Reyne (1957), correspondingly (see Fig. 13.1). It is easily to see that the cicatrices have a group 
of secretory (probably wax-secreting) cells just under the cuticle, whereas the true circulus is an 
adhesive organ (Pesson, 1939; Reyne, 1957) and does not have such cells, but has a cavity just un-
der the cuticle. Thereby, the round structures located along the midline on abdominal sternites of 
Xenococcini are probably the cicatrices, not circuli. A similar location of small round cicatrices is 
known in some archaeococcids, for example in Pityococcini and in the larvae of some Margarodini 
(see Chapters 9.1.5 and 9.3).    

The structure of trilocular pores of the mealybugs and pores in Neochavesia caldasiae is also 
different as it was figured in the book of Williams & Granara de Willink (1992) and as I myself was 
able to observe during the study of this species.

The absence of any cylindrical wax glands in the xenococcids is probably a primary character, 
because such glands are unknown in all their species, including larval instars. Moreover, as it was 
shown by Williams (1988) and Kishimoto-Yamada et al. (2005), the xenococcids exhibit a life 
cycle with alternation of movable/immovable instars in females (Figs 13.4–13.5), in contrast to 
the direct gradual cycle of all neococcids, including Pseudococcidae (see Chapter 6). Delabie et al. 
(2004) studied chromosomes in the embryos of Neochavesia caldasiae and did not found a pater-
nal genome heterochromatinisation, which is one of the apomorphic characters of the mealybugs 
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Fig. 13.1. Microtome sections of cicatrices and circuli. a, Xenococcus annandalei (Xenococcidae), after Silvestri, 
1924, with changes; b, Walkeriana tosariensis (Margarodidae s. l.), after Reyne, 1957, with changes; c-d, Pseudococcus 
maritimus (Pseudococcidae), after Ferris & Murdock, 1936; c, young adult female; d, mature adult female.  

and neococcids as a whole (see, for  example, Gavrilov-Zimin & Danzig, 2012; Gavrilov-Zimin et 
al., 2015). Moreover, N. caldasiae exhibits the haplo-diploidy (see Chapter 4 and Table 1) which 
is known in the archaeococcids, but was never reported in neococcids. 

Thereby, we see that there are no any synapomorphic characters of the xenococcids with the 
mealybugs (Pseudococcidae). On the other hand, the cicatrices of different structure, discoidal 
pores, alternation of movable/immovable instars in the female life cycle and haplo-diploidy are 
known in different subfamilies of the family Margarodidae s. l. In view of all these facts, it would 
be logic to speculate that the xenococcids originated not from any Pseudococcidae, but inde-
pendently from any Margarodidae s. l. ancestors, for example, from some hypogeal ground pearls 
(Margarodinae).  In this case, the loss of the abdominal spiracles in Xenococcini happened inde-
pendently from the phylogenetic line Phenacoleachiidae + Pseudococcidae, but probably in the 
connection with strong decreasing of body size, as it is known in some other archaeococcids (see 
Table 3); the cylindrical wax glands did not appear at all, because it was not need to construct 
ovisacs and/or any wax covers living inside of underground ant galleries. 

Recently, Hodgson (2012) without any analysis of females of Xenococcini, Rhizoecini and the 
mealybugs as a whole, without providing any new phylogenetic reconstruction or reconsideration 
of relationships between the scale insect families placed Xenococcini and Rhizoecini in the new 
separate “family” Rhizoecidae. However Rhizoecus and related genera are always considered by 
all specialists on the mealybug morphology and systematics as undoubted members of the family 
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Fig. 13.2. Xenococcus acropygae Williams, 1998, adult female, Australia (Queensland).
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Fig. 13.3. Neochavesia caldasiae, adult female, Colombia.
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Pseudococcidae. This approach is based on obvious unique synapomorphies of Rhizoecus group 
of genera with the other mealybugs: the presence of ostioles and swirled trilocular pores and also 
on non-unique synapomorphies: the similar structure of tubular ducts and multilocular pores and 
similar structure of drop-ejecting anal apparatus. In the paper of Hodgson (2012), Xenococcini 
were automatically upgraded to the subfamily rank within his “family” Rhizoecidae. However, 
Hodgson (2012) did not provided any new arguments for the relationship between Xenococcini 
and Rhizoecini and/or the other mealybugs, but, per contra, underlined the detached position of 
Xenococcini. Then we (Danzig & Gavrilov-Zimin, 2014) considered “Rhizoecidae” sensu Hodg-
son (2012) as a polyphyletic taxon which combines two unrelated groups of genera and advised 
to use the family rank for the xenococcids only – Xenococcidae Tang, 1992. Here I am presum-
ably placing this family in Orthezioidea with some doubts. Arguments and counterarguments of 
such approach are summarised in the Table 4. In addition to the characters noted above, the table 
includes the characters which must be commented additionally. The Xenococcidae have the long, 
well-developed antennae, but these antennae are only 2-4-segmented, similar with these in some 
Ortheziidae (Ortheziolini), Carayonemidae and in some ground pearls (Margarodinae, especially 
in larvae), whereas different morphologically simplified mealybugs exhibit either the vestigial an-
tennae or short, but multisegmented antennae (see, for example, large taxonomic revisions of Wil-
liams, 2004; Kozár, 2007; Danzig & Gavrilov-Zimin, 2014, 2015). The total absence of the abdomi-
nal spiracles is known as in the neococcids as well as in some archaeococcids, for example in some 
species of Porphyrophora (Margarodinae), in Phenacoleachiidae, in some genera of Newsteadiinae 
s. l. (Ortheziidae) — see Chapters 9.3, 10, 12. The unpaired bacteriome (= mycetome), reported 
by Silvestri (1924) in Xenococcus annandalei, seems to be similar with such organ in most of stud-
ied Pseudococcidae, whereas studied archaeococcids have the paired bacteriomes or do not have 
bacteriome at all (see Chapter 7). However, the paired bacteriome originates in the ontogenesis 
from an unpaired organ (Buchner, 1965) and therefore so, it is rather easily to imagine a multiple 
appearance of the unpaired bacteriome in course of the evolution of different phylogenetic lines of 
the scale insects.  

Table 4. Comparison of Xenococcidae with other scale insects.

Similarities of Xenococcidae with Margarodidae  s. l. 
and some other archaeococcids 

Similarities of Xenococcidae with Pseudococcidae 
(including Rhizoecini) 

Absence of any tubular ducts 
Absence of ostioles
Absence of drop-ejecting anal apparatus
Few-segmented antennae
Presence of cicatrices, but not circuli
Female life cycle with alternation of movable/immovable 
instars
Haplo-diploidy and absence of paternal genome hetero-
chromatinisation

Unpaired mycetome

Absence of abdominal spiracles
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It is also useful to compare the xenococcids with other obligatory ant-attended group of scale 
insects — mealybugs of the tribe Allomyrmococcini. We can see, that in the result of symbiosis 
with ants, these mealybugs have the long multisegmented antennae, enormously developed osti-
oles and comparatively large circuli (see Williams, 1978, 2004), whereas the obligatory myrme-
cophilous xenococcids have 2—4-segmented antennae and do not have ostioles and circuli. There-
by, it is logic to assume that the characters of the xenococcids are not a result of simplification of 
the characters of any mealybug ancestor due to symbiosis with ants. 

The males of Xenococcidae exhibit deep simplification or reduction of morphological struc-
tures which normally developed in usual males of the scale insects. All known xenococcid males 
are larva-like, wing-less, eyes-less, with the strongly reduced antennae and legs (Beardsley, 1970; 
Williams, 1998; Hodgson, 2012). Similar cases of male larvalisation are known in different groups 
of the scale insects, both in the archaeococcids and in neococcids (see Chapter 6). For example, 
amongst the archaeococcids, such males are known in Stomacoccus (Margarodidae s. l.: Steingeli-
ini), Phenacoleachia (Phenacoleachiidae) and Acropygorthezia (Ortheziidae), i.e. the larvalisation 
originated many times in the scale insect evolution.  Remarkably, that Beardsley (1970: 511) af-
firmed that the male genitalia of Neochavesia (Xenococcidae) “are rather similar” with these in 
Puto (Pseudococcidae), Steingelia (Margarodidae s.l.: Steingeliini) and Matsucoccus (Margarodi-
dae s. l.: Matsucoccinai). Therefore, the poorly studied male characters may be easily used for 

L1

L2

L3

(Ovo)viviparous
  mature female

L4

L3

Fig. 13.4. Hypothetical life cycle of Xenococcus annandalei, speculated by Williams, 1986 and refigured here. 
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“proving” of the similarity of the males from one scale insect group with the males from any other 
scale insect group, according to the phylogenetic hypothesises of different authors.

Comparative morphology (Figs 13.2, 13.3). Antennae and legs normally developed in pri-
molarvae and imago. Secundolarvae of both sexes and male tertiolarvae quiescent, with non-seg-
mented antennae and legs. Adult males of some species with small, strongly simplified antennae 
and legs. Antennae of adult females 2–4-segmented; antennae of adult males 1–5-segmented. Legs 
with 1-segmented tarsus. Claw without denticle; claw digitules present as one pair, shortened, 
with pointed apices. All segments of legs clearly separated. Trochanter with two sensillae on each 
face. 

Wings of males always absent; males larva-like (Beardsley, 1970; Williams, 1998; Hodgson, 
2012).  

Abdomen of males without caudal extensions.
Eyes of males absent. 
Mouthparts present in all female instars, but absent in three last male instars.
Respiratory system. Two pairs of thoracic spiracles with spiracularia and without wax pores 

inside of atria present. Abdominal spiracles absent.
Anal apparatus represented by simple anal opening with thin sclerotised anal ring or semi-ring, 

with or without body setae just around ring.
Wax glands absent in most species, but Neochavesia caldasiae having few trilocular pores of 

peculiar structure — with attached filament. 

Fig. 13.5.  Life cycle of Xenococcidae, according to comparative ontogenetic analysis of scale insects and modern 
direct data (see discussion in the text).  
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Cicatrices usually present, numbering 1–3, small, round, located along midline on anterior 
abdominal sternites (Figs 13.1a, 13.2, 13.3). 

Cytogenetics. Delabie et al. (2004) studied chromosomes in the embryos of Neochavesia cal-
dasiae and did not found a paternal genome heterochromatinisation. The female embryos had 
2n=14, whereas male embryos showed n=7. Thus, the species exhibits the haplo-diploidy.  Delabie 
et al. (2004: 187) certainly eroneously interpreted the cells with seven chromosomes as “meta-
phases of the second  meiotic division”, because the meiosis in all studied scale insects occurs in 
the preimaginal larvae, but  never in the embryos.

Ontogenesis and mode of reproduction. Williams (1986) was the first who discovered immov-
able “pupa-like” instars in the ontogenesis of Xenococcus annandalei Silvestri, 1924 and provided 
a hypothetical scheme of the life cycle of this species (Fig. 13.4). According to this scheme, there 
were two first movable immature instars and one immovable “pupa-like” instar in female ontogen-
esis that seemed to be unique character amongst all scale insects and the evolutional origin of such 
cycle was absolutely unclear. However, in subsequent publication, Williams (1998) clarified that 
he had material for only one movable immature instar of X. annandalei (interpreted by him as a 
second instar), whereas the first instar was Xenococcus acropygae Williams, 1998 in reality. The 
reported sizes of these two larval instars (1.15 mm long and 0.7–1.05 mm long correspondingly) 
are very similar and there are no any morphological characters for a distinct understanding of why 
one stage is the first, but another is the second. Also Williams (1998) supposed that the available 
movable female larvae of Eumyrmococcus taylori Williams, 1998 and E. sarawakensis Williams, 
1998, described in the cited paper, are the second instars, basing on his hypothetical scheme of the 
life cycle, but he had not any material for the first instars of these species or any other species of 
the genus. Recently, Kishimoto-Yamada et al. (2005) studied extensive material on all instars of 
Eumyrmococcus smithii Silvestri, 1926 and revealed that the species has only one (first) movable 
larval instar in the female ontogenesis and the second instar is quiescent, “pupa-like”. Such onto-
genesis looks like very similar with the ontogenesis of many archaic Margarodidae s. l. and seems 
to be much more reliable (Fig. 13.5).

Silvestri (1924: 312; 1926: 272) recorded “viviparity” in Xenococcus annandalei Silvestri, 1924 
and Eumyrmococcus smithii Silvestri, 1926 without detailing. Probably all species of the family are 
ovoviviparous since any ovisacs are always absent.
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APPENDIX 

Direct data on distribution of complete ovoviviparity and viviparity
in Coccinea (preliminary overview)

The data below are based mainly on the study of slides and/or ethanol material from the 
collection of the Zoological Institute of the Russian Academy of Sciences (ZIN RAS) including 
my material from different regions of the world, the collections of Muséum National d’Histoire 
Naturelle (MNHN), The Natural History Museum in London (BMNH) and on direct data about 
the ovoviviparity/viviparity reported in the papers of different authors (cited below). The material 
and literature were studied in different years by me and my student I.V. Trapeznikova and were 
partly published (for part of the mealybugs only) in Russian (Trapeznikova & Gavrilov, 2008). 

The families are listed in the phylogenetic order, from the most “primitive” to most “diverged”; 
the genera and species inside of families are listed in alphabetic order.

Family MARGARODIDAE s. l.

Matsucoccus feytaudi Ducasse, 1941 
Complete ovoviviparity revealed from the material: France: Les Landes, at vicinity of Dax, Leon and Bordeaux, 

on Pinus maritima, 29.IX.1938, G. Ducasse, paralectotype, MNHN 5086-1.

Steingelia gorodetskia Nasonov, 1908 
Complete (facultative) ovoviviparity revealed from the material: Russian Far East, Tigrovii, on Betula sp., 16. 

VIII.1961, E.M. Danzig, ZIN RAS.

Crypticerya jacobsoni (Green, 1913) 
Complete ovoviviparity revealed from the material: Indonesian Sumatra, Gunung Leuser National Park, on twigs 

of tree, 26.XII. 2012, K 1022; Laos, about 10 km S of Houayxay, on twigs of Fabaceae tree, 10.VI.2017, K 1375; Laos, 
Luang Prabang, on leaf of tree, 18.VI.2017, K 1399; all material collected by I.A. Gavrilov-Zimin, ZIN RAS). 

C. ovivivipara sp. nov. 
Complete ovoviviparity revealed from the material: Thailand, Surat Thani Prov., near the main entrance to Khao 

Sok National Park, on stem of bamboo, 19.XI.2013, I. Gavrilov-Zimin, K 1147, ZIN RAS.

C. rosae (Riley et Howard, 1890)
Complete ovoviviparity according to Hughes-Schrader, 1930

Icerya imperatae Rao, 1951 
Complete ovoviviparity revealed from the material: Malaysian Borneo, Sarawak, near Kuching, Damai beach, on 

stem of Poaceae grass, 13.I.2013, I.A. Gavrilov-Zimin, K 1062, ZIN RAS.

I. siamensis sp. nov.
Complete ovoviviparity revealed from the material: Tailand, Chiang Mai, Doi Suthep Mt., territory of buddhist 

temple Wat Phra, on branch of tree, 2.VI.2017, I.A. Gavrilov-Zimin, K 1356, ZIN RAS.
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Family CARAYONEMIDAE

Carayonema orousseti Richard, 1986
A note “viviparity” in the original description of the species.
Kozár & Foldi (2001) noted that all species of this small family are ovoviviparous.

Family PHENACOLEACHIIDAE

Phenacoleachia zealandica (Maskell, 1891)
Complete ovoviviparity revealed from the material: 82-1819, New Zealand, under bark of Olearia oporina, 

24.V.1982, G.F. Butcher, ZIN RAS.

Family XENOCOCCIDAE

Eumyrmococcus smithii Silvestri, 1926
A note “viviparity” in the original description of the species.

Xenococcus annandalei Silvestri, 1924
A note “viviparity” in the original description of the species.

Family PSEUDOCOCCIDAE

Adelosoma phragmitidis Borchsenius, 1948
Complete ovoviviparity revealed from the material: 30-69, Afghanistan, Baglan, on Phragmites, 15.VIII.1966, E.S. 

Sugonyaev, ZIN RAS.

Amonostherium parcispinosum (Leonardi, 1911)
Complete ovoviviparity revealed from the material: Argentine, Mendoza, Cacheuta, 1300 m. alt., on Chenopodium 

sooanum, 5.XII.1993, D. Matile, MNHN.

Anisococcus Ferris, 1950
According to Ferris (1950), all species of this genus are ovoviviparous.

Antonina Signoret, 1875
Probably all species of the genus are ovoviviparous; direct data are available for the following species.

A. crawi Cockerell, 1900 
Complete ovoviviparity revealed from the material: Japan, on Phyllostachys sp., 16.XI.1977, W.T. Denny, 

paratype of A. nakaharai Williams et Miller, 2002, MNHN 14185.

A. diversiglandulosa Gavrilov-Zimin, 2016
Complete ovoviviparity revealed from the material: type series, Southern Thailand, about 2 km E Ranong city, 

under the leaf sheathes of bamboo, 26.XI.2013, I.A. Gavrilov-Zimin, K 1168, ZIN RAS.

A. evelynae Gavrilov, 2003
Complete ovoviviparity revealed from the material: Russia, Sochi, on Phyllostachis sp. 10.05.2003, I.A. Gavrilov-

Zimin, K 324, ZIN RAS.
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A. graminis (Maskell, 1897)
Complete ovoviviparity according to McKenzie, 1967 and my own preparation from different regions: Gavrilov-

Zimin, 2016.

A. milleri Williams, 2004
Complete ovoviviparity revealed from the material: Vietnam, Tam Dao, on Bamboo, 12.VI.1994, E.S. Sygonyaev, 

ZIN RAS.

A. pretiosa Ferris, 1953
Complete ovoviviparity revealed from the material: Indonesia, New Guinea (Irian Jaya), vicinity of Jayapura city, 

slopes of Cyclop Mt. above Entrop, under leaf sheathes of bamboo, 1.XI. 2011, I.A. Gavrilov-Zimin, K 881, ZIN RAS.

 A. purpurea Signoret, 1875
Complete ovoviviparity revealed from the material: France, Montpellier, on  stem of Poaceae grass, 15.V.2007, 

I.A. Gavrilov-Zimin, K 521, ZIN RAS. France, Alpes-de-Haute-Provence, Moustiers-Sainte-Marie, on underground 
stems of unidentified Poaceae grass (probably Agropyron sp.), 1.V.2014, I.A. Gavrilov-Zimin, K 1205, ZIN RAS.

A. thaiensis Takahashi, 1942
Complete ovoviviparity revealed from the material: Southern Thailand, about 2 km E of Ranong city, under the 

leaf sheathes of bamboo, 26.XI.2013, I.A. Gavrilov-Zimin, K 1167, ZIN RAS.

A. transcaucasica (Borchsenius, 1949)
Complete ovoviviparity according to Ter-Grigorian, 1973.

A. vera Borchsenius, 1956
Complete ovoviviparity revealed from the material: North Korea, on stem of grass, 11.VII.1950, N.S. 

Borchenius, ZIN RAS.

A. vietnamensis Williams, 2004
Complete ovoviviparity revealed from the material: Vietnam, Ho Chi Minh, on Bamboo, 24.I.1992, H. Le Ruyet, 

MNHN 13357-3.

Antoninella parkeri (Balachowsky, 1936)
Complete ovoviviparity according to: Kosztarab & Kozár, 1988.

Antoninoides parrotti (Cockerell, 1903) 
Complete ovoviviparity revealed from the material: USA, Mississippi, Starkville, 7.I.1927, L.N. Roney, MNHN 

4726.

Atrococcus Goux, 1941
A. brevicruris (McKenzie, 1960)
Complete ovoviviparity revealed from the material: Belgium, Meise, botanical garden, on Huernia pendula, 

16.I.1991, A. Ronse, MNHN 11678-2.

A. halli (McKenzie et Williams, 1965) 
Complete ovoviviparity revealed from the material: Hungary, on Chrysopogon gryllus, 18.VI.1981, Szarsomlyo, 

ZIN RAS.

Brevennia rehi (Lindinger, 1943)
Complete ovoviviparity revealed from the material: California, on Cynodon dactylon, XI. 1967, D. Harris, ZIN RAS.

Chaetococcus Maskell, 1898
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Probably all species of the genus are ovoviviparous; direct data are available for the following species.

Ch. bambusae (Maskell, 1893)
Complete ovoviviparity revealed from the material: South Thailand, Phang Nga Prov., vicinity of Khura Buri 

Greenview Resort, under leaf sheathes of bamboo, 29.XI.2013, I.A. Gavrilov-Zimin, K 1172, ZIN RAS. 

Ch. sulci (Green, 1934)
Complete ovoviviparity revealed from the material: Italy, Valle d’Aoste, 11.VI.1980, D. Matile, MNHN 8473-2.

Chorizococcus McKenzie, 1960
Ch. graysoni Brachman et Kosztarab, 1996
Complete ovoviviparity according to Kosztarab, 1996.

Ch. mireorum Matile-Ferrero, 1979 
Complete ovoviviparity revealed from the material: Cameroun, Guetale, on Oryza sativa, VIII.1977, De Mire, 

MNHN 7053-2.

Cirnecoccus pollicis (Mamet, 1940) 
Complete ovoviviparity revealed from the material: some females of the type series, MNHN. 

Crisicoccus Ferris, 1950
C. saudiensis (Matile-Ferrero, 1988)
Complete ovoviviparity revealed from the material: Saudi Arabia, Wadi Bani Malek, on Acacia asak, 1.XI.1984, 

A.S. Talhouk, paratype, MNHN 9893-2.

C. monodi (Balachowsky et Ferrero, 1969)
Complete ovoviviparity revealed from the material: Kenia, Nairobi, on Acacia drepanolobium, 9.II.1963, Th. 

Monod, paratype, MNHN 2847-19.

Coccidohystrix Lindinger, 1943
C. artemisiae (Kiritshenko, 1937)
Complete ovoviviparity revealed from the material: Tian Shan Mts., on Artemisia sp., 18.VI.1959, V.A. Zaslavskii, 

ZIN RAS. 

C. splendens (Goux, 1946)
Complete ovoviviparity revealed from the material:  Morocco, at sea dunes near Agadir, on the roots of an 

unidentified plant, 4.III.1934, holotype of C. echinata (Balachowsky, 1936), MNHN 5308.

Coccura Šulc, 1891
C. comari (Kunow, 1880)
Complete ovoviviparity according to Danzig, 1959.
C. convexa Borchsenius, 1949 
Complete ovoviviparity according to Danzig, 1980.

C. suwakoensis (Kuwana et Toyoda, 1915)
Complete ovoviviparity according to Danzig, 1980.

Chnaurococcus trifolii (Forbes, 1885)
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Complete ovoviviparity according to Hough, 1925.

Cucullococcus  arrabidensis (Neves, 1954) 
Complete ovoviviparity according to Gómez-Menor Ortega, 1957.

Distichlicoccus megacirculus McKenzie, 1967
Complete ovoviviparity according to McKenzie, 1967.

Dysmicoccus Ferris, 1950
D. angustifrons (Hall, 1926)
Complete ovoviviparity revealed from the material: Russia, Voronezh, “Mashmet” district, on underground stems 

of Medicago falcata, 10.VI.2003, I.A. Gavrilov-Zimin, K 352, ZIN RAS and other series of females from Voronezh 
Prov. of Russia and from Crimea (near Yalta), ZIN RAS. 

D. brevipes (Cockerell, 1893)
Complete ovoviviparity according to McKenzie, 1967.

D. carens Williams, 1970 
Complete ovoviviparity according to Razak et al., 1994.

D. cocotis (Maskell, 1890)
Complete ovoviviparity revealed from the material: New Caledonia, 13.IV.1966, Cochercau, MNHN 3246-4.

D. grassii (Leonardi, 1913)
Complete ovoviviparity revealed from the material: Nigeria, Ikot Akpan Eda, 1.XII.1994, F. Gauhl, MNHN 

12873-1. 

D. junceus (McConnell, 1941)
Complete ovoviviparity according to Kosztarab, 1996.

D. lepelleyi (Betrem, 1937)
Complete ovoviviparity revealed from the material: Thailand, Khao Yai National Park, 29.XI.1985, Loebl and 

Burckhardt, MNHN 10693-1.

D. neobrevipes Beardsley, 1959
Complete ovoviviparity revealed from the material: Vietnam, Ho Chi Minh, on Musa sp., 30.XII.1996, H. Le 

Ruyet, MNHN 13373-1.

D. radinovskyi Miller et Miller, 2002
Complete ovoviviparity revealed from the material: USA, Florida, Brevard, Florida beach S. side of Mullett 

Creek Rd., on Psychotria nervosa, 26.II.2001, K. Hibbard, MNHN.

D. texensis (Tinsley, 1900)
Complete ovoviviparity revealed from the material: Guatemala, San Feo Zapotitlan, on Coffea sp.,  IX.1989, A. 

Garcia, MNHN 11788-1. 

D. vaccinii Miller et Polavarapu, 1997
Complete ovoviviparity revealed from the material:  USA, New Jersey, Atlantic County, Hammonton, Variety 

Farms, on Vaccinium, 5.IV.1996, D.R. Miller, paratype, MNHN 13634-2.

Eurycoccus blanchardii (King et Cockerell, 1897)
Complete ovoviviparity according to Kosztarab, 1996.
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Exallomochlus hispidus (Morrison, 1921)
Complete ovoviviparity revealed from the material: Malaysia, Singapore, on Melastoma malabothricum, 

12.IX.1964, Krauss, ZIN RAS.

Ferrisia virgata (Cockerell, 1893)
Complete ovoviviparity revealed from the material: Congo, Lembra, 30.I.1913, R. Mayné, MNHN 955.

Fonscolombia Lichtenstein, 1877
F. amnicola (Borchsenius, 1948)
Complete ovoviviparity according to Danzig, 2007a.

F. asphodeli Goux, 1942
Complete ovoviviparity revealed from the material: France, Montpellier, on roots of unidentified herb, 16.V.2007, 

I.A. Gavrilov-Zimin, K 528, ZIN RAS.

F. europaea (Newstead, 1897)
Complete ovoviviparity according to Borchsenius & Ter-Grigorian, 1956

F. graminis Lichtenstein, 1877
Complete ovoviviparity according to Danzig, 2007.

F. phenacoccoides (Kiritshenko, 1932)
Complete ovoviviparity revealed from the material: Russia, Belgorod Prov., Chernyanka Vill., on roots of Poa sp., 

4.VII.2007, I.V. Trapeznikova, ZIN RAS.

F. tomlinii (Newstead, 1892)
Complete ovoviviparity according to Matesova, 1968

Formicococcus Takahashi, 1928
F. cameronensis (Takahashi, 1951) 
Complete ovoviviparity revealed from the material:  India, Poona, on Citrus, 2.VIII.1965, ZIN RAS.

F. cocotis Williams et Matile-Ferrero, 2005
Complete ovoviviparity revealed from the material: Tanzania, Zanzibar, Kidichi, on Cocos nucifera, 10.IV.1953, 

M.J. Way, paratype, MNHN 14551-7.

F. njalensis (Laing, 1929) 
Complete ovoviviparity revealed from the material: Ivory Coast, on Tarrietia utilis, IX.1964, F. Brunck, ZIN 

RAS.

F. latens Williams, 2004
Complete ovoviviparity revealed from the material: India, West Bengal, Kalimpong, on roots of mulberry Morus 

sp., 12.XI.1963, paratype, MNHN 14306.

F. matileae Williams, 2004
Complete ovoviviparity revealed from the material: Cambodia, Phnom Penh, probably on Manilkara zapota, L. 

Caresche, holotype, MNHN 14307-1.

F. polysperes Williams, 2004
Complete ovoviviparity revealed from the material: Malaysia, Selangor, Ulu Gombak, 2 m below ground, on 

roots of Macaranga triloba, IX.1997, paratype, MNHN 14309.
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Heliococcus Šulc, 1912
According to Danzig (2007b) all species of the genus are ovoviviparous.

Hypogeococcus pungens Granara de Willink, 1981
Complete ovoviviparity revealed from the material: France, Monaco botanical garden, 17.III.1998, S. Andre, 

MNHN 13739.

Idiococcus maanshanensis Takahashi et  Kanda, 1939
Complete ovoviviparity revealed from the material: Chine, Anhui Prov., Maanshan City,  on Indocalamus migoi, 

18.IX.1979, Tang and Wu, MNHN 10629-9.

Komodesia circuliplurima Gavrilov-Zimin, 2016
Complete ovoviviparity revealed from the material: Indonesia, Flores Is., vicinity of Labuan Bajo, under the leaf 

sheathes of Poaceae grass, 15.XII.2012, I.A. Gavrilov-Zimin, K 979, type series, ZIN RAS.

Lankacoccus ornatus (Green, 1922)
Complete ovoviviparity according to Narasimham & Chako, 1988.

Leptococcus metroxyli Reyne, 1961
Complete ovoviviparity according to personal communication of Dr D.T. Kondo.

Madacanthococcus philippicolus Mamet, 1959 

Complete ovoviviparity revealed from the material: some females of the type series, MNHN. 

Mauricoccus pileae (Mamet, 1940) 
Complete ovoviviparity revealed from the material: some females of the type series, MNHN. 

Mascarenococcus pandani Mamet, 1940 

Complete ovoviviparity revealed from the material: some females of the type series, MNHN. 

Mirococcopsis Borchsenius, 1948
M. borchsenii (Ter-Grigorian, 1964).
Complete ovoviviparity revealed from the material: Russia, Voronezh, on roots of Festuca sp., 11.06.2003, 

4.06.2004, I.A. Gavrilov-Zimin, K 366 and K 440, ZIN RAS.

M. ptilura Gavrilov-Zimin, 2017
Complete ovoviviparity revealed from the material: South Africa, Western Cape Prov., near Lower Palmiet 

River, 34°19.713 S/ 18°58.841 E, on twigs of Aspalathus sp. (Fabaceae), 7.XI.2016, S. Neser and Ph.E. Chetverikov, 
type series, K 1326, ZIN RAS.

M. rubida Borchsenius, 1948
Complete ovoviviparity according to Gavrilov, 2007b.

M. salsolae (Vayssiѐre, 1933)
Complete ovoviviparity revealed from the material: one female of the type series, MNHN.
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M. subterranea (Newstead, 1893)
Complete ovoviviparity revealed from the material: Russia, Voronezh, “Mashmet” district, 21.VI.2006, I.A. 

Gavrilov-Zimin, K 500, ZIN RAS.

Mirococcus Borchsenius, 1947
M. inermis (Hall, 1925)
Complete ovoviviparity revealed from the material: Russia, Astarchan, near Tinaki Lake, under the leaf sheathes 

of Dodartia orientalis , 15.V.2004, I.A. Gavrilov-Zimin, K 413, ZIN RAS.

M. oligadenatus Danzig, 1982
Complete ovoviviparity revealed from the material: Mongolia, Govi-Altai Prov., 35 km SW Bayan, on Stipa 

gobica, 28.VI.1980, I.M. Kerzhner, ZIN RAS.

Mutabilicoccus  simmondsi (Laing, 1925)
Complete ovoviviparity revealed from the material: Solomon Islands, Guadalcanal kukum, 5.VII.1955, E.S. 

Brown, ZIN RAS.

Nesopedronia hawaiiensis (Ferris ex Zimmerman, 1948)
Complete ovoviviparity revealed from the material: USA, Hawaii, Oahu, Wiliwilinoi Ridge, on Gleichenia linearis, 

31.III.1956, J. Beardsley, MNHN 9497.

Nipaecoccus Šulc, 1945
N. delassusi (Balachowsky, 1926)
Complete ovoviviparity revealed from the material: France, Provence-Alpes-Côte d’Azur, Var, on Erica arborea, 

22.VII.1965, Balachowsky, MNHN.

N. nipae (Maskell, 1893)
Complete ovoviviparity revealed from the material: France overseas department, Guadeloupe, La Soufrierre, 

8.III.1977, on Balisier, L. Matile, MNHN 7018-3. 

N. rorismarinis (Boyer de Fonscolombe, 1834)
Complete ovoviviparity revealed from the material: France, B. du Rhone, 1924, C. Vayssiere, MNHN 12536-1.

N. viridis (Newstead, 1894)
Complete ovoviviparity revealed from the material: Vietnam, Ho Chi Min, 18.VIII.1996, H. Ruyer, MNHN 

13365-3.

Nudicauda Gavrilov, 2006
N. nigra (Matesova, 1957)
Complete ovoviviparity revealed from the material: Russia, Astarchan, near Tinaki Lake, on roots of Artemisia 

austriaca, 15 V 2004, I.A. Gavrilov-Zimin, K 412, ZIN RAS.

N. orientalis (Borchsenius, 1949)
Complete ovoviviparity revealed from the material: Mongolia, Sükhbaatar Prov., Tumen-Tsogt, on Artemisia sp., 

7.VIII.1983, Ulykpan, ZIN RAS. 
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Palmicultor Williams, 1963
P. lumpurensis (Takahashi, 1951)
Complete ovoviviparity revealed from the material: Indonesia, Bali Is., near Buyan Lake, about 1200 m altitude, 

on leaf of bamboo, 14.XI.2011, I. Gavrilov-Zimin, K 940, ZIN RAS.

P.  palmarum (Ehrhorn, 1916)
Complete ovoviviparity revealed from the material: on Rhapsis sp., 25.V.2004, slide MNHN 14570.

Paraputo Laing, 1929
Probably all species of the genus are ovoviviparous; direct data are available for the following species.

P. domatium Williams, 2004
Complete ovoviviparity revealed from the material: Malaysia, on Saraca thaipingensis, 24.IV.1994, G. Riedel, 

MNHN 14318-3.

P. kaiensis (Kanda, 1932)
Complete ovoviviparity according to Danzig, 1980.

P. loranthi (Strickland, 1947)
Complete ovoviviparity revealed from the material: Ghana, on Loranthus, 24.X.1945, A.H. Strickland, MNHN 

48-52.

P. sugonyaevi Williams, 2004
Complete ovoviviparity revealed from the material: Vietnam, Ba Vi forest, on Bamboo, 20.XI.1995, E.S. Sugonyaev, 

ZIN RAS.

P. theaecola (Green ex Green & Mann, 1907)
Complete ovoviviparity revealed from the material: India, on Camellia sinensis, ZIN RAS.

P. wistariae (Green, 1923)
Complete ovoviviparity according to Danzig, 1978.

Paratrionymus halocharis (Kiritshenko, 1932)
Complete ovoviviparity according to Matesova, 1966 (as Metadenopsis halogetonis).

Paulianodes madecassus Mamet, 1953
Complete ovoviviparity revealed from the material: paratype, MNHN 19928-3.

Pedronia strobilanthis Green, 1922
Complete ovoviviparity according to Mamet, 1942.

Peliococcopsis priesneri (Laing, 1936)
Complete ovoviviparity revealed from the material: Greece, Epanomi, on Cynodon dactylon, 23.VII.1983, F. 

Kozar, ZIN RAS.

Peliococcus Borchsenius, 1948
P. tritubulatus (Kiritshenko, 1940)
Complete ovoviviparity revealed from the material: Georgia, on roots of unidentified plant, 9.VII.1984, E.M. 

Danzig, 184-84, ZIN RAS.

P. turanicus (Kiritshenko, 1932)
Complete ovoviviparity according to Matesova, 1968.
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Peridiococcus ethelae (Fuller, 1897)
Complete ovoviviparity revealed from the material: Australia, Queensland, on Casuarina glauca, 10.1955, A.R. 

Brimbecombe, ZIN RAS. 

Phenacoccus Cockerell, 1893
Ph. butorinae Danzig et Gavrilov, 2005 
Complete ovoviviparity revealed from the material: Russia, Voronezh, “Mashmet” district, under the leaf 

sheathes of Koeleria sabuletorum, 11 VI 2003, I.A. Gavrilov-Zimin, K 355, ZIN RAS.

Ph. dearnessi King, 1901
Complete ovoviviparity according to Kosztarab, 1996.

Ph. pumilus Kiritshenko, 1936
Complete ovoviviparity revealed from the material: Russia, Astrachan, near Solyanka Vill., under the leaf sheathes 

of Prangos odontalgica, 17.V.2004, I.A. Gavrilov-Zimin, K 417 ZIN RAS. 

Ph. solani Ferris, 1918
Complete ovoviviparity according to Kosztarab, 1996.

Planococcus lilacinus (Cockerell, 1905)
Complete ovoviviparity according to Mukhopadhyay & Ghose, 1999.

Pleistocerarius capensis Matile-Ferrero, 1970
Complete ovoviviparity revealed from the material: some females of the type series, MNHN.

Porococcus tinctorius Cockerell, 1898
Complete ovoviviparity revealed from the material: slide from MNHN.

Pseudococcus Westwood, 1840
P. cryptus Hempel, 1918
Complete ovoviviparity revealed from the material: Vietnam, Hanoi, on Citrus sp., 27.XI.1994, E.S. Sygonyaev, 

ZIN RAS.

P. longispinus (Targioni Tozzetti, 1867)
Complete ovoviviparity according to Borchsenius, 1949.

P. sorghiellus (Forbes, 1885)
Complete ovoviviparity according to Kosztarab, 1996.

Pseudoripersia brevipes Froggatt, 1933 
Complete ovoviviparity revealed from the material: Australia, on Casuarina, 1908, W.W. Froggatt, ZIN RAS.

Puto Signoret, 1876
Probably all species of the genus are ovoviviparous; direct data are available for the following species.

P. antennatus (Signoret, 1875)
Complete ovoviviparity according to Reyne, 1954
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P. barberi (Cockerell, 1895)
Complete ovoviviparity revealed from the material: Trinidad Is., Monastere, on Tecoma stans, 28.IX.1981, G. 

Fabres, MNHN 8961-4.

P. borealis (Borchsenius, 1948)
Complete ovoviviparity revealed from the material: Russia, Tula Prov., near Olen’ River, 4.VIII.1984, 129-84, 

ZIN RAS.

P. janetscheki Balachowsky, 1953
Complete ovoviviparity revealed from the material: France, Hautes-Alpes, Serre Chevalier, on Salix sp., G. 

Remaudiere, MNHN 2999.

P. kondarensis (Borchsenius, 1948)
Complete ovoviviparity revealed from the material: Kazakhstan, 12 km E of Chantau, under stone, 16.VI.1978, 

E.M. Danzig, 46-79, ZIN RAS.

P. pilosellae (Šulc, 1898)
Complete ovoviviparity according to Matesova, 1957

P. superbus (Leonardi, 1907)
Complete ovoviviparity revealed from the material: Turkey, Igdir-Digor road, 40°10’451” N/ 43°40’389” E, on 

steams of grass, 04.06.2009, M.B. Kaydan & I.A. Gavrilov-Zimin, K 607, ZIN RAS.

P. usingeri McKenzie, 1962
Complete ovoviviparity revealed from the material: Peru, slide MNHN 9215-1.

Rastrococcus Ferris, 1954
Probably all species of the genus are ovoviviparous; direct data are available for the following species.

R. expeditionis Williams, 1989 
Complete ovoviviparity revealed from the material: Indonesia, New Guinea, vicinity of Manokwari, on leaf of 

unidentified dicotyledonous tree, 8.XI.2011, I.A. Gavrilov-Zimin, K 913, ZIN RAS.

R. iceryoides (Green, 1908)
Complete ovoviviparity revealed from the material: Singapore, on Enterolobium, 8.VIII.1949, P. Vayssiѐre, MNHN 

10306-5.

R. invadens Williams, 1986
Complete ovoviviparity revealed from the material: Pakistan, Karachi, on Mangifera indica, 29.III.1973, ZIN 

RAS.

R. spinosus (Robinson, 1918) 
Complete ovoviviparity revealed from the material: Malaysia, Malacca, on Mangifera sp., D. Moore, ZIN RAS.

Rhizoecus Kunckel d’Herculais, 1878
Rh. albidus Goux, 1942
Complete ovoviviparity according to Kozár & Kosztarab, 1988.

Rh. cacticans (Hambleton, 1946)
Complete ovoviviparity according to Hambleton, 1946.

Rh. cyperalis (Hambleton, 1946) 
Complete ovoviviparity according to Hambleton, 1946.

Rh. dianthi Green, 1926 
Complete ovoviviparity revealed from the material: Russia, St Petersburg, in greenhouse, 2007, E.V. Drugova, 
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ZIN RAS.

Rh. falcifer Kunckel d’Herculais, 1878 
Complete ovoviviparity revealed from the material: “England”, 23.I.1965, C.I.E. 8652, ZIN RAS.

Rhodania Goux, 1935
Rh. aeluropi Williams et Moghaddam, 2007
Complete ovoviviparity revealed from the material: two paratypes, BMNH.

Rh. porifera Goux, 1935
Complete ovoviviparity according to Ter-Grigorian, 1973

Ritsemia pupifera Lichtenstein, 1879
Complete ovoviviparity according to Hadzibejli, 1958

Stricklandina williamsi (Matile-Ferrero et Le Ruyet, 1985)
Complete ovoviviparity revealed from the material: Ivory Coast, Tai, on Diosyros soubreana, 22.II.1980, G. 

Couturier, MNHN 8805-1. 

Trabutina mannipara (Hemprich et Ehrenberg, 1829)
Complete ovoviviparity revealed from the material: series of females from Morocco collected by I.A. Gavrilov-

Zimin and preserved in ZIN RAS: High Atlas Mts, road from Marrakesh to Imlil, Asni Vill., about 1150 m altitude, 
on twigs of Tamarix sp., 20.IX.2013, K 1094;  Uarzazat, on stem and branches of large tree of Tamarix sp., 26.IX.2013 
K 1105; 10 km S of Ouarzazate, oasis Fint, on twigs of Tamarix sp., 27.IX.2013, K 1106; the same collecting data, but 
29.IX.2013, K 1114. 

Trionymus Berg, 1899
T. boninsis (Kuwana, 1909)
Complete ovoviviparity revealed from the material: slide 5169-13 in MNHN collection.

T. hamberdi (Borchsenius, 1949)
In Gavrilov& Trapeznikova, 2010 this species was misidentified as Balanococcus radicum (Newstead, 1895).
Complete ovoviviparity revealed from the material: K  575, Bulgaria, Rila Mts., Yasterbets, 2300 m amcl, under 

leaf sheaths of Poaceae gras, 9.VII. 2008, I.A. Gavrilov-Zimin.

T. smithii (Essig, 1910)
Complete ovoviviparity according to Kosztarab, 1996.

Trochiscococcus speciosus (De Lotto, 1961) 
Complete ovoviviparity revealed from the material: Russia, St. Petersburg, under glass, on roots of Gasteria sp., 

IX.2016, D.A. Gapon & I.A. Gavrilov-Zimin, ZIN RAS.

Tylococcus Newstead, 1897
T. madagascariensis Newstead, 1897 
Complete ovoviviparity revealed from the material: Madagascar, Ambatoloana, IX.1954, A. Robinson, MNHN.

T. westwoodi Strickland, 1947
Complete ovoviviparity revealed from the material: Benin, Abomey, on Anacardium occidentale, 21.XII.1977, M. 
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Desinidts, MNHN 7060-5.

Family ERIOCOCCIDAE

Apiomorpha Rübsaamen, 1894
True viviparity is probably present in all species of the genus. Direct data were reported by Buchner, 1957 for four 

species: A. minor (Froggatt, 1893), A. munita (Schrader, 1863), A. strombylosa (Tepper, 1893), and A. urnalis (Tepper, 
1893). The eggs of these species are very small and yolk-poor; the developing embryo receives the nutrition from 
maternal body through placenta-like structures.

Acalyptococcus eugeniae Lambdin et Kosztarab, 1977
Complete ovoviviparity revealed from the material: Singapore, Bukit Batok Forest, on Eugenia linocieroides, 

2.VIII.1972, D.H. Murphy & M.Kosztarab, ZIN RAS.

Eriococcus Targioni Tozzetti, 1868
E. williamsi Danzig, 1987 
Complete ovoviviparity revealed from the material: Russia, Sochi, on twigs of Buxus colchica, 31.05.2003, I.A. 

Gavrilov-Zimin, K 323, ZIN RAS. 

E. spurius Modeer, 1778

Complete ovoviviparity revealed from the material: Russia, Voronezh, on branches of Ulmus sp., V.-VI. 2002, I.A. 
Gavrilov-Zimin, K 289, ZIN RAS.

E. salicicola (Borchsenius, 1949)
Complete ovoviviparity according to Matesova, 1967.
E. tripartitus (Fuller, 1897) 
Complete ovoviviparity according to Fuller, 1899.

E. turanicus (Matesova, 1967)
Complete ovoviviparity according to Matesova, 1967.

Cryptococcus williamsi Kosztarab et Hale, 1968
Complete ovoviviparity according to Kosztarab & Hale, 1968.

Ovaticoccus agavacearum Pellizzari et Kozár, 2011
Complete ovoviviparity revealed from the material: Italy, Valenzano, 19.V.2008, G. Pellizzari, paratype, ZIN 

RAS.

Family DACTYLOPIIDAE

Dactylopius Costa, 1829
D. ceylonicus (Green, 1896)
Complete ovoviviparity revealed from the material: India, Poona, on cactus, 10.XI.1965, C.I.E. 8952, ZIN RAS.

D. coccus (Costa, 1829)
Complete ovoviviparity revealed from the material: Portugal, Madeira, Funchal, on Opuntia luna, 26.02.2005, 
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V.G. Kuznetsova, K 445, ZIN RAS.

D. confusus (Cockerell, 1893)
Complete ovoviviparity revealed from the material: India, T. Dikshith, C.I.E. 8936, ZIN RAS.

Family KERRIIDAE

Austrotachardiella Chamberlin, 1923
A. gemmifera (Cockerell, 1893)
Complete ovoviviparity revealed from the material: Jamaica, “on Chrysob”, 1920, MNHN 12141.

A. sexcordata Matile-Ferrero, 1993
Complete ovoviviparity revealed from the material:  Peru, Loreto, Tenaro Herrera, on branche indeterm. plant, 

17.V.1991, G. Gouturier, MNHN 11818-4.

Kerria lacca (Kerr, 1782)
Complete ovoviviparity according to Hadzibejli, 1968.

Tachardina Cockerell, 1901
T. aurantiaca (Cockerell, 1903) 
Complete ovoviviparity revealed from the material: Indonesia, Flores Is., vicinity of Labuan Bajo, on leaves of 

Morinda citrifolia, 15.XII.2012. I. Gavrilov-Zimin, K 980, ZIN RAS. Indonesian part of New Guinea, vicinity of 
Jayapura, without information on host plant, VIII.2012, N.Yu. Kluge, K.1300, ZIN RAS. 

T. lereddei Balachowsky, 1950.
Complete ovoviviparity revealed from the material: Algeria, Tassili N’Ajjers, gorges d’Ahrar, Sa central, 1300 m. 

altitude, on Tamarix f. gallica, syntype, slide MNHN 5285-11.

Family MICROCOCCIDAE

Micrococcus confusus Miller et Williams, 1995 
Complete ovoviviparity revealed from the material: Algeria, on Vine, V.1932, Delassus, MNHN 5328-3.

Family COCCIDAE

Coccus Linnaeus, 1758
Complete ovoviviparity for the genus as a whole according to Williams & Watson, 1990

C. alpinus De Lotto, 1960 
Complete ovoviviparity revealed from the material: Ethiopia, Harar, Comboleia, on Coffea arabica, 5.IX.1964, 

D.J. Greathead, C. I. E. 8602, ZIN RAS.

C. capparidis (Green, 1904) 
Complete ovoviviparity revealed from the material: Israel, Amka, on Citrus paradisi, 2.IX.1978, Y. Ben-Dove, ZIN 

RAS.

C. celatus De Lotto, 1960 
Complete ovoviviparity revealed from the material: Vietnam, 17.X.1988, A. Sharkov, 16-89, ZIN RAS.



Appendix. direct dAtA on distribution of complete ovovivipArity/vivipArity in coccineA230

 © 2018 Zoological Institute, Russian Academy of Sciences, Zoosystematica Rossica, Supplementum 2

C. formicarii (Green, 1896) 
Complete ovoviviparity revealed from the material: Vietnam, on Camellia sinensis, 25.I.1989, E.S. Sugonyaev, 

62-89, ZIN RAS.

C. hesperidum Linnaeus, 1758
Complete ovoviviparity revealed from the material: numerous series of female from different regions of the 

world, ZIN RAS.
C. longulus (Douglas, 1887) 
Complete ovoviviparity revealed from the material: India, Andaman Is., on Areca , 18.V.1989, T.K. Jacob, CIE A 

21231, ZIN RAS. 

C. moestus De Lotto, 1959 
Complete ovoviviparity revealed from the material:  Seychelles, Make, Botanic Gardens, 6.VII.1937, D. Vesey 

Zitzgerald, 5693, ZIN RAS.

C. pseudomagnoliarum (Kuwana, 1914) 
Complete ovoviviparity revealed from the material: numerous series of females from different regions of the 

world, ZIN RAS.
C. viridis (Green, 1889) 
Complete ovoviviparity revealed from the material: Malaysia, Sabah, on Gardina, 15.VII.1986, CIE 18090, ZIN 

RAS.

Cryptinglisia millari Gavrilov-Zimin, 2017
Complete ovoviviparity revealed from the material: South Africa, Western Cape Prov., near Lower Palmiet Riv., 

34°19.713 S/ 18°58.841 E, on twigs of Passerina sp., 9.XI.2016, S. Neser and Ph.E. Chetverikov, type series, K 1320, 
ZIN RAS.

Crystallotesta fagi (Maskell, 1890)
Complete ovoviviparity according to Hodgson & Hendersn, 2000.

Drepanococcus chiton (Green, 1908)
Complete ovoviviparity revealed from the material: Vietnam, Sophora, 7.I.1996, E.S. Sygonyaev, ZIN RAS.

Eucalymnatus tessellatus (Signoret, 1873)
Complete ovoviviparity revealed from the material: ? Black Sea coast of Russian Caucasus, 8.IX.1990, E.S. 

Sygonyaev, ZIN RAS.

Kalasiris depressa (Maskell, 1884)
Complete ovoviviparity according to Hodgson & Hendersn, 2000.

Mesolecanium nigrofasciatum (Pergande, 1898)
Complete ovoviviparity according to Kosztarab, 1996.

Milviscutulus mangiferae (Green, 1889) 
Complete ovoviviparity revealed from the material: Mexico, Cuernavaca, on Jasmine, 10.III.1958, ZIN RAS.
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Neolecanium cornuparvum (Thro, 1903)
Complete ovoviviparity according to Kosztarab, 1996.

Plumichiton Henderson et Hodgson, 2000
P. elaeocarpi (Maskell, 1885) 
Complete ovoviviparity according to Hodgson & Henderson, 2000.

P.  nikau Henderson et Hodgson, 2000 
Complete ovoviviparity according to Hodgson & Henderson, 2000.

Prococcus acutissimus (Green, 1896) 
Complete ovoviviparity revealed from the material: Vietnam, Bari, on Bamboo, 18.VIII.1993, E.S. Sygonyaev, 

168=95, ZIN RAS.

Pseudokermes vitreus (Cockerell, 1894)
Complete ovoviviparity according to Hamon & Williams, 1984.

Saissetia vivipara Williams et Watson, 1990 
Complete ovoviviparity according to the original description.

Sphaerolecanium prunastri (Boyer de Fonscolombe, 1834) 

Complete ovoviviparity revealed from the material: Russia, Voronezh, on branches of Prunus armeniaca, 
3.06.2003, I.A. Gavrilov-Zimin, K 348.

Toumeyella Cockerell, 1895
T. cerifera Ferris, 1921
Complete ovoviviparity according to Kosztarab, 1996.

T. liriodendri (Gmelin, 1790)
Complete ovoviviparity according to Kosztarab, 1996.

T. virginiana Williams and Kosztarab, 1972
Complete ovoviviparity according to Kosztarab, 1996.

Trijuba oculata (Brain, 1920)  
Complete ovoviviparity revealed from the material: Nigeria, Kaduna, on Caesalpinia pulcherrima, 24.I.1962, W. 

J. Hall, ZIN RAS.

Udinia catori (Green, 1915)
Complete ovoviviparity revealed from the material: Ghana, Aburi, on Garcinia sp., Patterson, ZIN RAS.
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Family ACLERDIDAE

Aclerda Signoret, 1874 
A. pseudozoysiae Gavrilov-Zimin, 2012
Complete ovoviviparity revealed from the material: Indonesia, New Guinea (Irian Jaya), vicinity of Jayapura city, 

slopes of Cyclop Mts above Entrop, dry primary forest interrupted by agricultural crops and sandy burrows, under 

the leaf sheaths of unidentified grass (Poaceae), 1.XI. 2011, I.A. Gavrilov-Zimin, type series, K 884, ZIN RAS.

A. takahashii Kuwana, 1932 
Complete ovoviviparity revealed from the material: Indonesia, South-Eastern Sulawesi, vicinity of Kendari city 

near Haluoleo airport, chaotic agricultural plantations after recent deforestation, under the leaf sheaths of Saccharum 
sp., 12.XI.2011, Ilya Gavrilov-Zimin, K 933, ZIN RAS.

Family STICTOCOCCIDAE

True viviparity is probably present in all species of the family. Direct data were reported by Buchner (1954, 1955, 
1963) for different species of Stictococcus Cockerell, 1903 and Parastictococcus Richard, 1971; the eggs of these species 
are very small and yolk-poor; the developing embryo receives the nutrition from maternal body through placenta-like 
structures.

Family ASTEROLECANIIDAE s. l.

Antecerococcus Green, 1901
A. cistarum (Balachowsky, 1927)
Complete ovoviviparity revealed from the material: Cyprus Is., on Cistus sp., 30.XII.1931, E.E. Green, MNHN 

4853-3.

A. longipilosus (Archangelskaya, 1930)
Complete ovoviviparity revealed from the material: Greece, Athens, Voula, 29.VII.1983, F. Kozár, ZIN RAS.

A. perowskiae (Archangelskaya, 1931)
Complete ovoviviparity according to Borchsenius, 1960.

Asterodiaspis Signoret, 1877
A. borboniae (Brain, 1920)
Complete ovoviviparity revealed from the material: South Africa, Western Cape Prov., near Lower Palmiet Riv., 

34°19.713 S/ 18°58.841 E, on twigs of Aspalathus sp., 7.XI.2016, S. Neser and Ph.E. Chetverikov, K 1327, ZIN RAS.

A. quercicola (Bouché, 1851)
Complete ovoviviparity revealed from the material: Russia, Voronezh, on twigs of Quercus robur, 5.05.2004, I.A. 

Gavrilov-Zimin, K 398, ZIN RAS.

A. minor Russell, 1941
Complete ovoviviparity according to Hadzibejli, 1983. 
A. variolosa (Ratzeburg, 1870)
Complete ovoviviparity revealed from the material: Crimea, N.S. Borchsenius, 71-49, ZIN RAS.

Cerococcus deklei Kosztarab et Vest, 1966
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Complete ovoviviparity revealed from the material: Brazil, State of Paraná, on Hibiscus sp., 25.IX.1920, MNHN 
8765.

Hyalococcus mali Borchsenius, 1950 
Complete ovoviviparity revealed from the material: Russian Far East, Primorskiy Terr., Okeanskaya railway 

station, on Malus domestica,  21.VII.1949, N.S. Borchsenius, 157-49, ZIN RAS.

Palmaspis  phoenicis (Ramachandra Rao, 1922)
Complete ovoviviparity revealed from the material: Iran, 1.IX.1950, Sarkisyan, 73-87, ZIN RAS.

Planchonia zanthenes (Russell, 1941)
Complete ovoviviparity revealed from the material: Spain, on Anthylis, IV.2003, E.M. Danzig, 15-03, ZIN RAS.

Family BEESONIDAE

Beesonia napiformis (Kuwana, 1914)
Complete ovoviviparity revealed from the material: Nepal, Bagmati, on Quercus glauca, 29.IX.1975, MNHN 

8999-3.

Family PHOENICOCOCCIDAE s. l.

Colobopyga coperniciae Ferris, 1952
Complete ovoviviparity according to Kӧhler, 1987

Phoenicococcus  marlatti Cockerell, 1899
Complete ovoviviparity revealed from the material: Spain, Costa Blanca, Moraira, on Phoeninx canariensis, 

26.IV.2003, E.M. Danzig, 14-03, ZIN RAS.

Family DIASPIDIDAE

Abgrallaspis Balachowsky, 1948
A. cyanophylli (Signoret, 1869)
Complete ovoviviparity revealed from the material: Turkmenia, Ashgabat, botanical garden, under glass, on 

cactus, 27.III.1947, Bashkirtseva, 87-81, ZIN RAS.

Acutaspis Ferris, 1941
A. perseae (Comstock, 1881)
Complete ovoviviparity revealed from the material: Ukraine, Kiev, greenhouse in botanical garden, on Anthurium 

digitatum, 9.IX.1934, Shuvalova, ZIN RAS.

A. scutiformis (Cockerell, 1893)
Complete ovoviviparity revealed from the material: USA, Texas, on Pithecolobium flexicaule, 1927, ZIN RAS.
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Adiscodiaspis Marchal, 1909
A. ericicola (Marchal, 1909) 
Complete ovoviviparity according to Danzig, 1993 (as A. tamaricicola Malenotti, 1916).

Aonidia Targioni-Tozzetti, 1868
A. echinata Green, 1905
Complete ovoviviparity revealed from the material: Sri Lanka, on Hemicyclia sepiaria, IX.1905, 89-59, ZIN RAS.

A. isfarensis (Borchsenius, 1962) 
Complete ovoviviparity according to Bazarov & Shmelev, 1971.

A. lauri (Bouché, 1833) 
Complete ovoviviparity according to Danzig, 1993.

A. mediterranea (Lindinger, 1910) 
Complete ovoviviparity revealed from the material: Armenia, on cupressus, IX.1956, V.A. Trjapitzin, 97-81, ZIN 

RAS.

A. mesembryanthemae Brain, 1919 
Complete ovoviviparity revealed from the material: South Africa, 15-83, ZIN RAS.

A. rhusae Brain, 1919 
Complete ovoviviparity revealed from the material: South Africa, Cape Prov., on Rhus sp., C.P. Lounsburg, 14-83, 

ZIN RAS.

Aonidiella Berlese et Leonardi, 1896
A. citrina (Coquillett, 1891)
Complete ovoviviparity revealed from the material: Afghanistan, 70 km N Jalalabad, 16.XI.1966, E.S. Sugonyaev, 

107-69, ZIN RAS.

A. orientalis (Newstead, 1894)
Complete ovoviviparity revealed from the material: China, on Papaya, 11.XI.1954, N. Shutova, 80-63, ZIN RAS.

A. sotetsu (Takahashi, 1933)
Complete ovoviviparity revealed from the material: China, in greenhouse, on jasmine, 21.VIII.1954, N. Shutova, 

360-56, ZIN RAS.

Aonidomytilus concolor (Cockerell, 1893)
Complete ovoviviparity revealed from the material: USA, New-Mexico, 117-38, ZIN RAS.

Antakaspis terminaliae Mamet, 1959 
Complete ovoviviparity revealed from the material: Madagascar, on Terminalia sp., XII.1952, E.S. Brown, 128-61, 

ZIN RAS.

Aspidiotus Bouché, 1833
A. combreti Hall, 1928
Complete ovoviviparity revealed from the material: “Rhodesia”, on Combretum sp., 26.I.1932, ZIN RAS.

A. destructor Signoret, 1869
Complete ovoviviparity revealed from the material: Russia, Krasnodar Terr., Adler, on Buxus sp., 15.VII.1952, 

T.N. Bustshik, 6-87, ZIN RAS.
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A. nerii Bouché, 1833
Complete ovoviviparity revealed from the material: Ethiopia, on oleander, 25.IX.1984, V. Pilipyuk, 70-87, ZIN 

RAS.

A. pothos Takagi, 1969
Complete ovoviviparity revealed from the material: Georgia, Batumi, on Camellia sinensis, IV.1970, N. 

Gaprindashvili, 76-70, ZIN RAS.

Asymmetraspis distorta (Newstead, 1917)
Complete ovoviviparity revealed from the material: South Africa, Winderboom Nature Reserve, 1914, 91-82, ZIN 

RAS.

Aulacaspis Cockerell, 1893
A. mali Borchsenius, 1938
Complete ovoviviparity revealed from the material: Russian Far East, Primorskiy Terr., Okeanskaya railway sta-

tion, 25.VII.1949, N.S. Borchsenius, 69-51, ZIN RAS.

A. megaloba Scott, 1952
Complete ovoviviparity revealed from the material: China, Yunnan, 17.III.1957, N.S. Borchsenius, 329-64, ZIN 

RAS.

A. rosae (Bouché, 1833)
Complete ovoviviparity revealed from the material: Armenia, on root of unidentified plant, Martynskoe Vill. 

19.V.1953, M. Ter-Grigorian, 330-53, ZIN RAS.

A. thoracica (Robinson, 1917)
Complete ovoviviparity revealed from the material: Vietnam, 2.V.1986, V.A. Trjapitzin, 163-86, ZIN RAS.

Chionaspis Signoret, 1868
Ch. dryina (Ferris, 1953)
Complete ovoviviparity according to Hadzibejli, 1983. 
Ch. etrusca Leonardi, 1908
Complete ovoviviparity revealed from the material: Tajikistan, 1.VII, E.S. Sugonyaev, 123-70, ZIN RAS.

Ch. saitamaensis Kuwana, 1928
Complete ovoviviparity revealed from the material: Russian Far East, Primorskiy Terr., near Khanka Lake on 

Quercus mongolica, 30.VIII.1961, O. Kovalev, 139-68, ZIN RAS.

Chortinaspis subterranea (Lindinger, 1912)
Complete ovoviviparity revealed from the material: Armenia, on roots of Agropyron sp., 24.VI.1957, M. Ter-

Grigorian, 78-81, ZIN RAS.

Chrysomphalus Ashmead, 1880
Ch. aonidum (Linnaeus, 1758) 
Complete ovoviviparity according to Danzig, 1993.

Ch.  bifasciculatus Ferris, 1938
Complete ovoviviparity revealed from the material: Ukraine, Odessa, botanical garden, on Xerophthalmia 
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chlorophytum, 1-87, ZIN RAS.

Ch. dictyospermi (Morgan, 1889) 
Complete ovoviviparity according to Hadzibejli, 1983.
Contigaspis MacGillivray, 1921
C. coimbatorensis Borchsenius et Williams, 1963
Complete ovoviviparity revealed from the material: India, Tamil Nadu, Madras, Coimbatore, on Tephrosia sp., 

18.I.1953, T.S. Muthukrishnan, 67-62, ZIN RAS.

C. euphorbiarum Borchsenius et Williams, 1963
Complete ovoviviparity revealed from the material: South Africa, Pretoria, on Euphorbia sp., IV.1917, C. Fuller, 

64-62, ZIN RAS.

C. farsetiae (Hall, 1926)
Complete ovoviviparity revealed from the material: Turkmenia, 16.V.1979, Smirnova, 75-79, ZIN RAS.

 C. kochiae Borchsenius, 1949
Complete ovoviviparity revealed from the material: Armenia, 13.VIII.1948, N.S. Borchsenius, 509-48, ZIN RAS.

C. salsolae Borchsenius et Williams, 1963
Complete ovoviviparity revealed from the material: Tajikistan, Murghab Valley, 18.IX.1974, S.N. Myartseva, 

7-85, ZIN RAS.

C. zillae (Hall, 1923)
Complete ovoviviparity revealed from the material: Tajikistan, Varzob Valley, on Scutellaria velutina, 7.VI.1964, 

E.M. Danzig, 167-84, ZIN RAS.

Cryptoparlatoreopsis Borchsenius, 1947
C. euphorbiae Hall et Williams, 1962
Complete ovoviviparity revealed from the material: India, Coimbatore, on Euphorbia antiquum, 3.X.1953, T.S. 

Muthukrishnan, ZIN RAS.

 C.  halli (Bodenheimer, 1929)
Complete ovoviviparity revealed from the material: Tajikistan, on Tamarix sp., 16.VI.1944, N.S. Borchsenius, 39-

47, ZIN RAS.

C. meccae (Hall, 1927)
Complete ovoviviparity revealed from the material: ? Algeria, on Zizyphus lotus, 24.IV.1949, A. Balachowsky, 

122-60, ZIN RAS.

 
Diaspidiotus Berlese, 1896
D. armenicus (Borchsenius, 1935) 
Complete ovoviviparity revealed from the material: Armenia, Erevan, on Populus sp., 30.X.1933, ZIN RAS.

D. ancylus (Putnam, 1878) 
Complete ovoviviparity revealed from the material: USA, 8.IV.1961, 85-61, ZIN RAS.

D. bavaricus (Lindinger, 1912)
Complete ovoviviparity revealed from the material: 1933, N.S. Borchsenius, ZIN RAS.

D. caucasicus (Borchsenius, 1935) 
Complete ovoviviparity according to Danzig, 1993.

D. danzigae Kuznetsov, 1976
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Complete ovoviviparity revealed from the material: Russia, Karachay-Cherkess Republic, Teberda, on Juniperus 
depressa, 9.VII.1976, E.M. Danzig, 95-81, ZIN RAS.

D. distinctus (Leonardi, 1900)
Complete ovoviviparity revealed from the material: ?Ukraine, bank of Tisa Riv., on Quercus sp.,  27.VI.1956, N.S. 

Borchsenius, 54-82, ZIN RAS.

D. elaeagni (Borchsenius, 1939)
Complete ovoviviparity according to Bazarov & Shmelev, 1971.

D. eurotiae (Bazarov, 1967) 
Complete ovoviviparity revealed from the material: Kazakhstan, Karaganda Prov., on Atriplex cana, 30.VI.1959, 

Kurchinskaya, 69-81, ZIN RAS.

D. forbesi (Johnson, 1896)
Complete ovoviviparity revealed from the material: USA, Missouri, on Malus domestica, 23.IV.1946, 82-46, ZIN 

RAS.

D. gigas (Thiem et Gerneck, 1934)
Complete ovoviviparity revealed from the material: Russia, Kabardino-Balkar Republic, Nalchik, on Populus sp., 

ZIN RAS.

D. lenticularis (Lindinger, 1912) 
Complete ovoviviparity revealed from the material: Crimea, Yalta, on Olea europaea, 1.IX.1935, M. Umnov, 136-

85, ZIN RAS.

D. leguminosum (Archangelskaya, 1937)
Complete ovoviviparity according to Matesova, 1958.

D. iranicus Kaussari et Balachowsky, 1953
Complete ovoviviparity revealed from the material: Iran, on Tamarix sp., 4.II.1950, Sarkissian, 69-85, ZIN RAS.

D. osborni (Newell et Cockerell, 1898)
Complete ovoviviparity revealed from the material: USA, Missouri, L. Hanning, ZIN RAS.

D. ostreaeformis (Curtis, 1843)
Complete ovoviviparity according to Matesova, 1968.

D. perieri (Goux, 1949)
Complete ovoviviparity revealed from the material: Azerbaijan, on Olea europaea, 15.VII.1973, Safarov, 135-85, 

ZIN RAS.

D. perniciosus (Comstock, 1881) 
Complete ovoviviparity according to Danzig, 1993.

D. prunorum (Laing, 1931)
Complete ovoviviparity according to Ter-Grigorian, 1956.

D. pyri (Lichtenstein, 1881)
Complete ovoviviparity revealed from the material: Russia, Stavropol Terr., Kislovodsk, 6.II.1948, Smolyannikov, 

70-48, ZIN RAS.

D. roseni Danzig, 2000 
Complete ovoviviparity according to Danzig, 2000.

D. slavonicus (Green, 1934)
Complete ovoviviparity according to Bazarov & Shmelev, 1971.

D. transcaspiensis (Marlatt, 1908) 
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Complete ovoviviparity revealed from the material: Iran, Teheran, on Salix sp., 1946, 160-49, ZIN RAS.

D. turanicus (Borchsenius, 1935) 
Complete ovoviviparity according to Bazarov & Shmelev, 1971.

D. zonatus (Frauenfeld, 1868)
Complete ovoviviparity revealed from the material: Georgia, Tbilisi, botanical garden, on Querqus sp., 12.X.1949, 

Z.K. Hadzibejli, 131-51, ZIN RAS.

D. wuenni (Lindinger, 1911)
Complete ovoviviparity revealed from the material: Ukraine, near Uzhgorod, on Fagus silvatica, 4.VII.1956, E.M. 

Tereznikova, 134-86, ZIN RAS.

D. uvae (Comstock, 1881)
Complete ovoviviparity according to Kosztarab, 1996.

Diaspis boisduvalii (Signoret, 1869)
Complete ovoviviparity revealed from the material: Abkhazia, Sukhum, on palm, 21.VI.1982, Z.K. Hadzibejli, 

1-89, ZIN RAS.

Duplachionaspis MacGillivray, 1921
D. berlesii (Leonardi, 1898)
Complete ovoviviparity revealed from the material: “Dalmatien”, on Asparagus acutifolius, 2.V.1912, Ono Jaap, 

125-63, ZIN RAS.

D. divergens (Green, 1899)
Complete ovoviviparity revealed from the material: Japan, Tadoma near Makayama, on Miscanthus sp., 3.VII.1956, 

Takahashi, 83-63, ZIN RAS.

D. graminella (Borchsenius, 1949)
Complete ovoviviparity revealed from the material: Uzbekistan, Bukhara, on Phragmites communis, X.1927, A. 

Archangelskaya, 144-56, ZIN RAS.

D. noaeae (Hall, 1925)
Complete ovoviviparity revealed from the material: Armenia, Erevan, on Noaea mucronata, 14.X.1936, A. Avetyan, 

390-48, ZIN RAS.

Duplaspidiotus quadriclavatus (Green, 1905)
Complete ovoviviparity revealed from the material: Great Britain, Royal Botanic Gardens, Kew, on Murraya 

exotica, 108-59, ZIN RAS.

Dynaspidiotus Thiem et Gerneck, 1934
D. amygdalicola (Borchsenius, 1952) 
Complete ovoviviparity revealed from the material: Iran, on Amygdalus sp., 21.VI.1952, Sarkissian, 4-85, ZIN 

RAS.

D. britannicus (Newstead, 1898)
Complete ovoviviparity revealed from the material: Crimea, Yalta, on Laurus sp., 1945, L. Nikolaeva, 238-53, ZIN 

RAS.

D. ephedrarum (Lindinger, 1912)
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Complete ovoviviparity according to Matesova, 1968.

Epidiaspis zygophylli (Borchsenius, 1964)
Complete ovoviviparity revealed from the material: Tajikistan, Shaartuz Distr., on Zygophyllum sp., 17.VI.1944, 

N.S. Borchsenius, 386-1962, ZIN RAS.

Ferreroaspis hungarica (Vinis, 1981)
Complete ovoviviparity revealed from the material: Tajikistan, near Ganzhino, on Acer pubescens, 21.V.1964, 

E.M. Danzig, 10-64, ZIN RAS.

Fiorinia sp.
Complete ovoviviparity revealed from the material: Iran, on Peristylus sp., 15.V.1954, Sarkissian, 21-85, ZIN RAS.

Formosaspis stegana Ferris, 1952
Complete ovoviviparity revealed from the material: China, Yunnan, Kunming, on bamboo, 2.VI.1957, N.S. 

Borchsenius, ZIN RAS.

Froggattiella  penicillata (Green, 1905)
Complete ovoviviparity revealed from the material: Iran, on bamboo, 27.VII.1955, Sarkissian, 44-83, ZIN RAS.

Furcaspis Lindinger, 1908
F. biformis (Cockerell, 1893)
Complete ovoviviparity revealed from the material: Colombia, on Cattleya sp., 13.IX.1923, F. Johnston, 115-82, 

ZIN RAS.

F. capensis (Walker, 1852)
Complete ovoviviparity revealed from the material: South Africa, on Aloe comosa, 8.V.1962, D.P. Annecke & I. 

Munting, 101-62, ZIN RAS.

F. oceanica Lindinger, 1909
Complete ovoviviparity revealed from the material: 1929, N.S. Borchsenius, ZIN RAS.

Furchadaspis zamiae (Morgan, 1890)
Complete ovoviviparity revealed from the material: Russia, St. Petersburg, greenhouse of Botanical Institute 

RAS, on Cycas sp., 19.II.1999, Drugova, ZIN RAS.

Greeniella tentaculata (Green, 1919)
Complete ovoviviparity revealed from the material: India, Quilon, Travancore, on Vateria indica, Ramarkrishna, 

90-59, ZIN RAS.

Hemiberlesia Cockerell, 1897
H. lataniae (Signoret, 1869)
Complete ovoviviparity revealed from the material: Crimea, Saki, in greenhouse, on Euonymus sp.,  25.V.1935, 

Umnov, 33-54, ZIN RAS.
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H. palmae (Cockerell, 1892)
Complete ovoviviparity revealed from the material: Vietnam, Bao Lok, on Coffea sp., 17.I.1986, Konstantinova, 

53-87, ZIN RAS.

H. rapax (Comstock, 1881)
Complete ovoviviparity according to Hadzibejli, 1983.

Howardia biclavis (Comstock, 1883) 
Complete ovoviviparity revealed from the material: Brazil, Rio de Janeiro, 90-48, ZIN RAS.

Kuwanaspis MacGillivray, 1921
K. howardi (Cooley, 1898)
Complete ovoviviparity revealed from the material: China, Shanghai, on Phyllostachis sp., 26.X.1954, N.S. 

Borchsenius, 23-57, ZIN RAS.

K. pseudoleucaspis (Kuwana, 1923)
Complete ovoviviparity revealed from the material: Georgia, Tbilisi, botanical garden, on Phyllostachis 

viridiglaucescens, 1.XI.1988, Chodzhhevanoshvili, 88-88, ZIN RAS.

K. suishana (Takahashi, 1930)
Complete ovoviviparity revealed from the material: Vietnam, Hanoi, on bamboo, 4.I.1986, Konstantinova, 42-87, 

ZIN RAS.

Leucaspis Signoret, 1869
L. coniferarum Hall et Williams, 1962
Complete ovoviviparity revealed from the material: Pakistan, on Pinus longifolia, 30.IV.1916, T.B. Fielcher, ZIN 

RAS.

L. loewi Colvée, 1882
Complete ovoviviparity revealed from the material: Russia, Kaliningrad Prov., on Pinus montata, 5.VII.1977, 

E.M. Danzzig, 49-77, ZIN RAS.

L. riccae Targioni Tozzetti, 1881
Complete ovoviviparity revealed from the material: Egypt, Faiyum, on Olea europaea, 2.IX.1958, Kalbergenova, 

76-60, ZIN RAS.

Lepidosaphes Shimer, 1868
L. conchiformis  (Gmelin, 1790)
Complete ovoviviparity according to Hadzibejli, 1983.
L. juniperi Lindinger, 1912
Complete ovoviviparity according to Hadzibejli, 1983.
L. pallida  (Maskell, 1895)
Complete ovoviviparity according to Hadzibejli, 1983.
L. yanagicola Kuwana, 1925 
Complete ovoviviparity revealed from the material: Russian Far East, Primorskiy Terr., Okeanskaya railway 

station, on Fraxinus sp., 21.VII.1949, N.S. Borchsenius, 55-51, ZIN RAS.
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Lineaspis striata (Newstead, 1897) 
Complete ovoviviparity revealed from the material: Algeria, on Thuja orientalis, XII.1927, A.S. Balachowsky, 200-

62, ZIN RAS.

Lopholeucaspis japonica (Cockerell, 1897)
Complete ovoviviparity revealed from the material: Vietnam, Hanoi, on Diospyros sp., 8.I.1985, Konstantinova, 

41-83, ZIN RAS.

Melanaspis Cockerell, 1897
M. aristotelesi Lepage et Giannotti, 1944
Complete ovoviviparity revealed from the material: Brazil, on Anacordium occidentalis, 127-87, ZIN RAS.

M. glomerata (Green, 1903)
Complete ovoviviparity revealed from the material: India, Burnwal, on Saccharum officinarum, 29.VIII.1965, 

K.M. Grupta, ZIN RAS.

M. inopinata (Leonardi, 1913) 
Complete ovoviviparity according to Ter-Grigorian, 1956.

M. louristana Balachowsky et Kaussari, 1953
Complete ovoviviparity revealed from the material: Iran, on Qercus, 22.IV.1951, Sarkissian, 76-84, ZIN RAS.

M. smilacis (Comstock, 1883)
Complete ovoviviparity revealed from the material: Russian Far East, Vladivostok, quarantine inspection, on 

imported Ananas comosus, 6.II.1978, Freiman, 9-79, ZIN RAS.

Mercetaspis Gómez-Menor Ortega, 1927
M. arthrophyti Borchsenius, 1962
Complete ovoviviparity revealed from the material: Turkmenia, Nebit Dag, 2.V.1947, N.S. Borchsenius, 401-84, 

ZIN RAS.

M. calligoni (Borchsenius, 1949)
Complete ovoviviparity revealed from the material: Turkmenia, Repetek, on Calligonum sp., 4.IX.1928, A. 

Archangelskaya, ZIN RAS.

M. halimodendronis (Borchsenius et Matesova, 1955)
Complete ovoviviparity revealed from the material: Tajikistan, Isfara Distr., on Caragana sp., 11.IX.1944, N.S. 

Borchsenius, 36-46, ZIN RAS.

M. halli (Green, 1923)
Complete ovoviviparity revealed from the material: Turkmenia, Kopet Dag, on Cerasus sp., 29.V.1985, E.M. 

Danzig, 17-86, ZIN RAS.

M. isis (Hall, 1923)
Complete ovoviviparity according to Bazarov & Shmelev, 1971.

M. sureyana (Bodenheimer, 1941)
Complete ovoviviparity revealed from the material: Turkmenia, ravine Ay-dere, on Astragalus sp., 10.V.1947, N.S. 

Borchsenius, 127-53, ZIN RAS.

Mitulaspis malayana Hall et Williams, 1962
Complete ovoviviparity revealed from the material: Vietnam, Son La Prov., 8.V.1986, A. Sharkov, 161-86, ZIN RAS.
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Morganella longispina (Morgan, 1889)
Complete ovoviviparity revealed from the material: China, on Bauchinia variegate, 10.XI.1954, N. Shutova, 91-

56, ZIN RAS.

Murataspis megapora (Balachowsky, 1928)
Complete ovoviviparity revealed from the material: Morocco, on Tamarix articulata, 23.III.1949, A.S. Balachowsky, 

119-82, ZIN RAS.

Mycetaspis personata (Comstock, 1883) 
Complete ovoviviparity according to Danzig, 1993.

Neochionaspis kirgisica Borchsenius, 1947
Complete ovoviviparity revealed from the material: ?Uzbekistan, Chatkal Range, on Ribes sp.,  17.VII.1961, E.S. 

Sugonyaev, 178-84, ZIN RAS.

Neoselenaspidus silvaticus (Lindinger, 1909)
Complete ovoviviparity revealed from the material: Ethiopia, Ambo, 16.12.1984, V. Pilipyuk, 75-87, ZIN RAS.

Oceanaspidiotus spinosus (Comstock, 1883)
Complete ovoviviparity revealed from the material: Georgia, Batumi, botanical garden, on cactus, 23.XI.1931, 

94-53, ZIN RAS.

Odonaspis secreta (Cockerell, 1896)
Complete ovoviviparity revealed from the material: Abkhazia, Sukhum, on bamboo, 10.V.1970, E.M. Danzig, 181-

71, ZIN RAS.

Opuntiaspis philococcus (Cockerell, 1893) 
Complete ovoviviparity revealed from the material: Mexico, on Myrtillocactus geometrizans, 16.VI.1967, 

MacGregor, ZIN RAS.

Parlatoria Targioni Tozzetti, 1868
P. asiatica Borchsenius, 1949 
Complete ovoviviparity according to Bazarov & Shmelev, 1971.

P. blanchardi (Targioni Tozzetti, 1892) 
Complete ovoviviparity revealed from the material: Turkmenia, Kyzyl-Atrek, on Phoenix sp., 27.VI. 1936, 

Ushinskiy, 121-60, ZIN RAS.

P. cinerea Hadden, 1909
Complete ovoviviparity revealed from the material: Israel, Tel Aviv, Jaffa, on Citrus aura, 28.IV.1966, Z.K. 

Hadzibejli, 149-82, ZIN RAS.

P. citri McKenzie, 1943 
Complete ovoviviparity revealed from the material: Vietnam, on Citrus sp., 7.I.1986, Konstantinova & Kravchenko, 

10-88, ZIN RAS.
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P. crypta McKenzie, 1943 
Complete ovoviviparity revealed from the material: Iran, Bandarabass, 15.IX.1954, Sarkissian, 72-83, ZIN RAS.

P. ephedrae (Lindinger, 1911) 
Complete ovoviviparity revealed from the material: Iran, on Ephedra sp., 25.V.1953, Sarkissian, 31-83, ZIN RAS.

P. parlatoriae (Šulc, 1895)
Complete ovoviviparity according to Matesova, 1968.

P. pergandii Comstock, 1881 
Complete ovoviviparity revealed from the material: China, Guangzhou, on Citrus sp., 11.1954, 168-55, ZIN RAS.

P. proteus (Curtis, 1843) 
Complete ovoviviparity revealed from the material: India, on Alpinia sanderae, 9.X.1963, 32-64, ZIN RAS.

P. oleae (Colvée, 1880) 
Complete ovoviviparity revealed from the material: Azerbaijan, Talysh, on Prunus sp., 2.V.1966, Kuchmenko, ZIN 

RAS.

P. ziziphi (Lucas, 1853) 
Complete ovoviviparity revealed from the material: Vietnam, Hanoi, on Citrus limon, 9.I.1986, Konstantinova, 

47-87, ZIN RAS.

Pseudaulacaspis MacGillivray, 1921
P. pentagona (Targioni Tozzetti, 1886)
Complete ovoviviparity revealed from the material: Georgia, Ajara, on Morus sp., 119-87, ZIN RAS.

P. prunicola (Maskell, 1896) 
Complete ovoviviparity revealed from the material: North Korea, on Prunus persica, 20.VII.1950, N.S. Borchsenius, 

249-51, ZIN RAS.

Pseudoparlatoria ostreata Cockerell, 1892
Complete ovoviviparity revealed from the material: Cameroon, Yaounde, 22.IV.1952, Rageot, 206-61, ZIN RAS.

Rhizaspidiotus MacGillivray, 1921
Rh. albatus Borchsenius, 1949
Complete ovoviviparity revealed from the material: Tajikistan, near Horog, on Ephedra sp. 27.VII.1965, E.S. 

Sugonyaev, 17-87, ZIN RAS.

Rh. balachowskyi Kozár et Matile-Ferrero, 1983
Complete ovoviviparity revealed from the material: Morocco, Tagounit, on Farsetia hamiltoni, 22.II.1934, C. 

Rungs, 103-51, ZIN RAS.

Rh. canariensis (Lindinger, 1911)
Complete ovoviviparity revealed from the material: Russia, Volgograd Prov., on Artemisia sp., 25.V.1949, N.S. 

Borchsenius, 119-81, ZIN RAS.

Rh. caraganae (Kiritchenko, 1940)
Complete ovoviviparity according to Matesova, 1968.

Rh. graminis Borchsenius, 1955
Complete ovoviviparity revealed from the material: Russian Far East, Primorskiy Terr., on Poaceae grass, 

11.VIII.1949, N.S. Borchsenius, 172-49, ZIN RAS.
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Spinaspidiotus fissidens (Lindinger, 1909)
Complete ovoviviparity revealed from the material: Ethiopia, Ambo, 16.12.1984, V. Pilipyuk 75-87, ZIN RAS.

Suturaspis Lindinger, 1906
S. archangelskyae (Lindinger, 1929)
Complete ovoviviparity revealed from the material: Armenia, near Erevan, on Pyrus sp., 21.V.1947, 56-82, ZIN 

RAS.

S. davatchi Balachowsky et Kaussari, 1951
Complete ovoviviparity revealed from the material: Iran, Shiraz Prov., on Pistacia mutica, 5.VI.1946, Kiryuchin, 

19-82, ZIN RAS.

Targionia Signoret, 1869
T. anabasidis (Borchsenius, 1952)
Complete ovoviviparity revealed from the material: Iran, 5.VIII.1955, Sarkissian, 79-84, ZIN RAS.

T. arthrophyti (Archangelskaya, 1931) 
Complete ovoviviparity according to Bazarov & Shmelev, 1971.

T. nigra Signoret, 1870
Complete ovoviviparity revealed from the material: “Dalmatia”, on Helichrysum italicum, 105-39, ZIN RAS.

T. porifera (Borchsenius, 1949)
Complete ovoviviparity revealed from the material: Armenia, on Targionia sp., 27.VI.1936, A. Avetyan, 389-48, 

ZIN RAS.

T. vitis (Signoret, 1876)
Complete ovoviviparity revealed from the material: Russia, Republic of Dagestan, on Quercus, 18. VI. 1983, E.M. 

Danzig, 155-83, ZIN RAS.

Unaspis MacGillivray, 1921
U. citri (Comstock, 1883)
Complete ovoviviparity revealed from the material: Vietnam, Hanoi, 7.I.1986, 57-87, ZIN RAS.

U. euonymi (Comstock, 1881)
Complete ovoviviparity revealed from the material: Crimea, Nikita botanical garden, on Euonimus japonicus, 

14.VI-6.VII.1951, T. Bustshik, 98-62, ZIN RAS.

Voraspis carpenteri (Laing, 1929)
Complete ovoviviparity revealed from the material: Uganda, 25.V.1928, G.D. Hale, 37-61, ZIN RAS.

Xanthophthalma concinnum Cockerell et Parrott, 1899 
Complete ovoviviparity revealed from the material: Trinidad Is., Mayaro, I.1968, F.D. Bennett, ZIN RAS.
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SUMMARY OF NOMENCLATURAL CHANGES

The tribe Labioproctini tr. nov. (Monophlebinae) is erected for six genera: Aspidoproctus Newstead, 1901, 
Hemaspidoproctus Morrison, 1927, Labioproctus Green, 1922, Lecaniodrosicha Takahashi, 1930, Misracoccus Rao, 
1950, and Walkeriana Signoret, 1876. 

The new genera and species are described: Eremostoma klugei gen. et sp. nov., Crambostoma largecicatrico-
sum gen. et sp. nov. (both in Callipappinae s. l.: Coelostomidiini s.l.), Buchnericoccus reynei sp. nov., Monophlebus 
neglectus sp. nov. (both in Monophlebinae: Monophlebini), Crypticerya ovivivipara sp. nov., Icerya oculicicatricata 
sp. nov., and I. siamensis sp. nov. (all three in Monophlebinae: Iceryini). 

The following synonymy is proposed:

Callipappinae MacGillivray, 1921 = Coelostomidiinae Morrison, 1927, syn. nov. = Marchalininae Morrison, 
1927, syn. nov.);

Margarodinae Cockerell, 1899 = Porphyrophorinae Signoret, 1876, syn. nov. = Eumargarodinae Jakubski, 1965, 
syn. nov. = Neomargarodinae Jakubski, 1965, syn. nov. = Termitococcinae Jakubski, 1965, syn. nov. = Margarodesiinae 
Foldi, 2005, syn. nov.;

Newsteadiinae Koteja, 1974 = Nipponortheziinae Kozár, 2004, syn. nov.; 

Carayoneminae Richard, 1986 = Carayoneminae Kozár, 2000, syn. nov. = Mahunkacoccinae Kozár, 2000, syn. 
nov. = Foldicoccinae Kozár, 2000, syn. nov.;

Margarodini Cockerell, 1899 = Dimargarodini Jakubski, 1965, syn. nov. =  Porphyrophorini Jakubski, 1965, 
syn. nov. =  Eumargarodini Jakubski, 1965, syn. nov. =  Neomargarodini Jakubski, 1965, syn. nov. =  Termitococcini 
Jakubski, 1965, syn. nov. =  Eurhizococcini Jakubski, 1965, syn. nov. =  Margarodesiini Foldi, 2005, syn. nov.;

Monophlebini Signoret, 1875 = Llaveiini Morrison, 1927, syn nov.;

Ortheziini Amyot et Serville, 1843 =Arctortheziini Kozár, 2004, syn. nov.;

Newsteadiini Koteja, 1974 = Mixortheziini Kozár, 2004, syn. nov. = Nipponortheziini Kozár, 2004, syn. nov.);

Carayonemini Richard, 1986 = Carayonemini Kozár, 2000, syn. nov. = Mahunkacoccini Kozár, 2000, syn. nov. 
=Foldicoccini Kozár, 2000, syn. nov.);

Icerya Signoret, 1876 = Gigantococcus Pesson et Bielenin, 1966, syn. nov.; 

Phenacoleachia zealandica (Maskell, 1891) = Ph. australis Beardsley, 1964, syn. nov. 

The following new combinations are used:

Steatococcus burserus (Unruh, 2008), comb. nov., S. longisetosus (Newstead, 1911), comb. nov., S. rodriguesi 
(Castel-Branco, 1952), comb. nov.;

Crypticerya acaciae (Morrison et Morrison, 1923), comb. nov., C. aegyptiensis Foldi, 2010, C. arachidis (Vayssière, 
1957), comb. nov.;

Icerya multicicatrices (Kondo et Unruh, 2009), comb. nov.
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ALPHABETIC LIST OF ARCHAEOCOCCID (ORTHEZIOIDEA)

GENERA WITH THEIR TRIBAL ATTRIBUTION
(Names of the valid genera are given in bold; synonymic names in regular font)

Acropygorthezia (Newsteadiini, p. 196) 
Afrodrosicha (Monophlebini, p. 153) 
Araucaricoccus (Steingeliini, p. 102) 
Arctorthezia (Ortheziini, p. 193)
Aspidoproctus (Labioproctini  tr. nov., p. 165)
Auloicerya (Iceryiini, p. 174)
Baloghicoccus (Carayonemini, p. 202)  
Buchnericoccus (Monophlebini, p. 153) 
Callipappus (Callipappini, p. 122)
Carayonema (Carayonemini, p. 202)  
Coelostomidia (Coelostomidiini, p. 125)
Conifericoccus  (Steingeliini, p. 102) 
Corandesia (Monophlebini, p. 153) 
Crambostoma gen. nov. (Coelostomidiini, p. 125) 
Crypticerya (Iceryiini, p. 174)
Cryptokermes (Cryptokermesini, p. 136)
Desmococcus (Pityococcini, p. 110)
Drosicha (Drosichini, p. 170) 
Drosichoides (Drosichini, p. 170) 
Echinicerya (Iceryiini, p. 174)
Eremostoma gen. nov. (Coelostomidiini, p. 125)
Etropera (Monophlebini, p. 153) 
Eumyrmococcus (Xenococcini, p. 208)
Foldicoccus (Carayonemini, p. 202)  
Gigantococcus syn. nov. (Iceryiini, p. 174) 
Graminorthezia (Ortheziini, p. 193)
Gueriniella (Monophlebini, p. 153) 
Gullania (Monophlebulini, p. 148) 
Hemaspidoproctus (Labioproctini  tr. nov., p. 165)
Icerya (Iceryiini, p. 174)
Insignorthezia (Ortheziini, p. 193)
Insulococcus (Monophlebulini, p. 148) 
Jansenus (Kuwaniini, p. 113)
Jermycoccus (Newsteadiini, p. 196)
Kuwania (Kuwaniini, p. 113)
Labioproctus (Labioproctini  tr. nov., p. 165)
Laurencella (Monophlebini, p. 153) 
Lecaniodrosicha (Labioproctini  tr. nov., p. 165)
Llaveia (Monophlebini, p. 153) 

Llaveiella (Monophlebini, p. 153) 
Mahunkacoccus (Carayonemini, p. 202)
Marchalina (Coelostomidiini, p. 125)
Matesovia (Drosichini, p. 170) 
Matileortheziola (Ortheziolini, p. 199) 
Matsucoccus (Matsucoccini, p. 100)
Melaleucococcus (Monophlebulini, p. 148) 
Mimosicerya (Cryptokermesini, p. 136)
Misracoccus (Labioproctini  tr. nov., p. 165)
Mixorthezia (Newsteadiini, p. 196) 
Modicicoccus (Monophlebulini, p. 148) 
Monophlebidus (Monophlebulini, p. 148) 
Monophleboides (Monophlebini, p. 153) 
Monophlebulus (Monophlebulini, p. 148) 
Monophlebus (Monophlebini, p. 153) 
Neochavesia (Xenococcini, p. 208)
Neocoelostoma (Coelostomidiini, p. 125)
Neogreenia (Kuwaniini, p. 113) 
Neohogsonius (Monophlebini, p. 153) 
Neomixorthezia (Newsteadiini, p. 196) 
Neonipponorthezia (Newsteadiini, p. 196) 
Neosteingelia (Kuwaniini, p. 113)
Newsteadia (Newsteadiini, p. 196) 
Nietnera (Monophlebini, p. 153) 
Nipponorthezia (Newsteadiini, p. 196) 
Nipponorthezinella (Newsteadiini, p. 196)
Nodulicoccus (Monophlebulini, p. 148) 
Orthezia (Ortheziini, p. 193)
Ortheziola (Ortheziolini, p. 199) 
Ortheziolacoccus (Ortheziolini, p. 199) 
Ortheziolamameti (Ortheziolini, p. 199) 
Palaeococcus (Drosichini, p. 170) 
Paracoelostoma (Cryptokermesini, p. 136)
Paramoandesia (Coelostomidiini, p. 125)
Peengea (Monophlebulini, p. 148) 
Perissopneumon (Monophlebulini, p. 148) 
Phenacoleachia (Phenacoleachiini, p. 205) 
Pityococcus (Pityococcini, p. 136)
Platycoelostoma (Callipappini, p. 122)
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Praelongorthezia (Ortheziini, p. 193)
Protortonia (Coelostomidiini, p. 125)
Pseudaspidoproctus (Monophlebini, p. 153) 
Sishania (Drosichini, p. 170)
Steatococcus (Iceryiini, p. 174)
Steingelia (Steingeliini, p. 102) 
Stigmacoccus (Stigmacoccini, p. 109)
Stomacoccus (Steingeliini, p. 102)

Tessarobelus (Monophlebulini, p. 148)
Ultracoelostoma (Cryptokermesini, p. 136)
Vrydagha (Monophlebini, p. 153)
Walkeriana (Labioproctini  tr. nov., p. 165)
Xenococcus (Xenococcini, p. 208)
Xylococculus (Xylococcini, p. 105) 
Xylococcus (Xylococcini, p. 105)




