
INTRODUCTION

Scale insects (coccoids) are classified as the super-
family Coccoidea in the suborder Sternorrhyncha within
the order Hemiptera. The Coccoidea superfamily contains
nearly 8000 species worldwide (Gullan & Martin, 2009).

Informally coccoids are subdivided into two groups:
Archaeococcoidea (archaeococcoids or archaeococcids)
with about 700 species and Neococcoidea (neococcoids
or neococcids) with over 7000 species (see e.g. Borchsen-
ius, 1958; Cook et al., 2002; Gullan & Cook, 2007;
Kondo et al., 2008; Gullan & Martin, 2009 for further
details). In spite of numerous earlier morphological and
even most recent molecular studies, the classification of
the Archaeococcoidea remains a matter of debate.
Archaeococcoids have many plesiomorphic features
(XX–XO sex chromosome system, abdominal spiracles
and generally compound eyes in males). Thus, their
monophyletic origin is not evident. In contrast to the
archaeococcoids, neococcoids are a monophyletic group,
characterized by derived features (e.g. paternal genome
elimination and absence of abdominal spiracles) (Koteja,
1974, 1996; Foldi, 1997; Cook et al., 2002; Gullan &
Cook, 2007, Gullan & Martin, 2009). There are, however,
numerous structures that indicate the rich diversity and
intermediate states of these two groups (Koteja 2000,
2004, 2008; Koteja & Poinar, 2001; Koteja & Azar,
2008).

One of the important taxonomical problems concerning
the Coccoidea is the position of the genus Puto Signoret,
1875. Puto superbus was originally described by Leon-
ardi (1907) as Macrocerococcus superbus. This species
was assigned to different genera by many authors: to
Ceroputo Šulc, 1898 (e.g. Lindinger, 1912), to Mac-

rocerococcus Leonardi, 1907 (e.g. Borchsenius, 1949;
Koteja, 1974) and more recently to Puto (e.g. Tereznik-
ova, 1975; Marotta & Tranfaglia, 1993; Kosztarab &
Kozár, 1988; Williams et al., 2011). Genus Puto was con-
sidered to belong to Pseudococcidae (e.g. Koteja, 1974;
Danzig, 1986, 1999; Kosztarab & Kozár, 1988) or
Putoidae (Beardsley, 1969; Cook et al., 2002; Gullan &
Cook, 2007; Gullan & Martin, 2009; Kondo et al., 2008,
Williams et al., 2011). The family Putoidae was placed
with either the archaeococcoids (Gullan & Cook, 2007;
Gullan & Martin, 2009; Kondo et al., 2008) or neococ-
coids (Koteja & Azar, 2008). Gavrilov-Zimin & Danzig
(2012) did not accept the concept presented by Williams
et al. (2011) and placed Puto within the family Pseudo-
coccidae.

The genus Ceroputo that was synonymized with the
genus Puto (Ferris, 1918) was resurrected by Hardy at al.
(2008) and is now considered to be one of the genera of
the Pseudococcidae placed in the subfamily Phenacocci-
nae.

As in all hemipterans, ovaries of scale insects, are com-
posed of ovarioles of telotrophic type (for classification
and organization of insect ovaries see Biliński, 1998;
Büning, 1994). An individual ovariole of hemipterans
consists of a terminal filament, trophic chamber (trophar-
ium), vitellarium and ovariolar stalk (pedicel). The latter
element joins the ovariole to the lateral oviduct. The tro-
pharium encloses trophocytes (nurse cells) and early mei-
otic oocytes (termed arrested oocytes). Linearly arranged
developing oocytes are present in the vitellarium.
Numerous extensive studies on the ovaries of representa-
tives of various hemipteran suborders (i.e. aphids, scale
insects, psyllids, whiteflies, cicadomorphans, fulgoromor-
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phans and heteropterans), have shown that in spite of
numerous morphological differences between them they
share several synapomorphic characters: (1) in each
ovariole only a single cluster of germ cells (oocytes and
trophocytes) is present, (2) in each cluster more than one
oocyte develops and (3) the centre of the tropharium is
occupied by a common cytoplasmic area filled with
microtubules, termed a trophic core (e.g. Büning, 1985;
Książkiewicz-Kapralska, 1985; Huebner, 1981; Biliński
et al., 1990; Simiczyjew et al., 1998; Szklarzewicz,
1998a; Štys et al., 1998; Szklarzewicz et al., 2000, 2009).
In contrast to the ovarioles of other hemipterans, the
ovarioles of scale insects do not possess terminal fila-
ments and contain a small number of germ cells in each
ovariole and single oocyte in the vitellarium (scale insect
synapomorphies) (Książkiewicz, 1980; Szklarzewicz &
Biliński, 1995; Szklarzewicz, 1997, 1998a, b, c; Koteja et
al., 2003; Szklarzewicz et al., 2002, 2005, 2010, 2013;
Niżnik & Szklarzewicz, 2007). It is noteworthy that their
ovaries appeared to be so different from those of other
hemipterans that they were formerly classified as polytro-
phic (Jura, 1958; Magakyan et al., 1975). Szklarzewicz
and co-workers in a series of papers have shown that the
ovaries of archaeococcoids exhibit significant differences
in their organization from those of neococcoids (Szklarze-
wicz & Biliński, 1995; Szklarzewicz, 1997, 1998a, b, c;
Szklarzewicz et al., 2002, 2005, 2010, 2013; Koteja et al.,
2003; Niżnik & Szklarzewicz, 2007). First, the ovarioles
of archaeococcoids contain a greater number of germ
cells (trophocytes + oocytes) than those of neococcoids.
Second, tropharia of archaeococcoids contain trophocytes
and arrested oocytes (except for members of the family
Monophlebidae), whereas those of neococcoids contain
only trophocytes (except for members of the families Ker-
mesidae and some representatives of Eriococcidae).
Moreover, the arrested oocytes of archaeococcoids may
develop, whereas those of neococcoids are not capable of
further development. As a consequence, in each ovariole
of a neococcoid scale insect a single egg is produced.
Based on these observations, Szklarzewicz (1998a) postu-
lated that: (1) during the evolution of scale insects there
was a gradual reduction in germ cell number per ovariole
and (2) the organization of the ovaries of archaeococcoids
is more similar to those of aphids (i.e. a sister group of
scale insects) than neococcoids. This all indicates that
studies on ovaries may be useful for determining phylo-
genetic relationships. Therefore the aims of this study
were to: (1) describe the organization of the ovaries in
Puto superbus and Ceroputo pilosellae, (2) verify the
taxonomic placement of both these species and (3) pro-
vide further information about the phylogeny of scale
insects and anagenesis of their ovaries.

MATERIAL AND METHODS

Insects

The ovaries of Ceroputo pilosellae Šulc, 1898 and Puto
superbus Leonardi, 1907 were examined using ultrastructural,
histological and histochemical methods.

Adult females of Ceroputo pilosellae were collected from
leaves of the mouse-ear hawkweed, Hieracium pilosella near

Będzin (Southern Poland) in April. Adult females of Puto
superbus were collected from the grass, Arrhenatherum elatius
in Katowice (Southern Poland) and near Wolsztyn (Western
Poland) in June.

Light and transmission electron microscopy

The dissected ovaries were fixed in 2.5% glutaraldehyde in
0.1 phosphate buffer (pH 7.4) for 3 months. The material was
then rinsed in the same buffer with the addition of sucrose (5.8
g/100 ml) and postfixed for 1.5 h in 1% osmium tetroxide and
dehydrated in a graded series of ethanol and acetone. The mate-
rial was next embedded in epoxy resin Epon 812 (Serva, Heidel-
berg, Germany). Semithin sections (1 µm thick) were stained
with 1% methylene blue in 1% borax and photographed with the
aid of Nikon Eclipse 80i and Leica DMR microscopes. Ultrathin
sections (90 nm thick) were contrasted with uranyl acetate and
lead citrate and examined under a JEOL JEM 100SX electron
microscope at 80 kV.

Fluorescence microscopy

The dissected ovaries were fixed in 4% formaldehyde in
phosphate buffered saline (PBS) for 45 min at room tempe-
rature. The material was next rinsed in the same buffer and
stained in a mixture of rhodamine-labeled phalloidin (2 µg/ml)
and DAPI (12 µg/ml) for 90 min in complete darkness. Stained
ovaries were examined using an Axiovert 200M confocal micro-
scope.

RESULTS

Gross morphology of the ovaries of Puto superbus and
Ceroputo pilosellae

The ovaries of Puto superbus and Ceroputo pilosellae
are composed of numerous (about 200) short telotrophic
ovarioles in various stages of development (Fig. 1A). The
ovarioles protrude radially from along two thirds of the
length of the lateral oviduct (Fig. 1A). They are con-
nected with the lateral oviduct by very short ovariolar
stalks (Fig. 1A).

Structure of an ovariole

The ovarioles studied are devoid of terminal filaments
(Fig. 1A). An individual ovariole consists of a distal tro-
pharium and a proximal vitellarium (Fig. 1A–D, H). A
single oocyte develops in each vitellarium (Fig. 1A, H).
All germ cells (trophocytes and oocytes) in an ovariole
are interconnected and belong to one cluster. The analysis
of serial sections of 10 ovarioles of each species has
shown that the total number of germ cells per ovariole is
not constant and ranges from 8 to 10 in C. pilosellae and
from 16 to 51 in P. superbus (see Table 1). As a rule, the
clusters in C. pilosellae were composed of 8 germ cells.
Only one ovariole contained 10 germ cells. The largest
cluster recorded in P. superbus was composed of 51 germ
cells and the smallest 16 germ cells. The number of germ
cells recorded in the 10 ovarioles of C. pilosellae and P.
superbus analyzed is shown in Table 1.

In both species the tropharia are surrounded by a single
layer of flattened cells that form an inner epithelial sheath
(Fig. 1A, C, D, H). The tropharia contain individual tro-
phocytes (Fig. 1A, B, D, H) and arrested oocytes (Fig.
1A, C, D). The latter are localized in the proximal region
of the tropharium (Fig. 1C, D). Analysis of serial sections
of 10 ovarioles of C. pilosellae revealed that the tropharia

528



contained from 5 to 7 trophocytes and 1 or 2 arrested
oocytes. Arrested oocytes were only recorded in one
ovariole. In tropharia of P. superbus there were from 13
to 43 trophocytes and from 2 to 7 arrested oocytes. The
centre of the tropharium is occupied by a cytoplasmic
area termed a trophic core (Fig. 1A, B, D, H), which is
connected with both trophocytes and oocytes. Tropho-
cytes communicate with the trophic core by means of
cytoplasmic processes (Fig. 1B, D, H) and oocytes by
means of nutritive cords (Fig. 1B, D). Both processes of
trophocytes and nutritive cords contain numerous micro-
tubules (not shown). Fluorescent labeling with
rhodamine-phalloidin has revealed that there are
numerous microfilaments in the trophic core (Fig. 1H). In
addition to these cytoskeletal elements there are
numerous microtubules in this region (Fig. 1E). Tropho-
cytes are large and cone-shaped (Fig. 1A, B, D, H). They
are characterized by giant, lobated nuclei (Fig. 1A–D, F,
H) containing several prominent nucleoli (Fig. 1A–D).
Trophocyte nuclei stain intensely with DAPI (Fig. 1H).
Trophocyte cytoplasm is filled with numerous ribosomes
and mitochondria (Fig. 1F). In the cortical cytoplasm of
the trophocytes there are numerous microfilaments (Fig.
1H). The trophocyte membranes that directly communi-
cate with the trophic core form long intertwined projec-
tions (Fig. 1E). Arrested oocytes have large spherical
nuclei with single nucleoli (Fig. 1A, C, G). The cyto-
plasm of arrested oocytes contains fewer ribosomes (Fig.
1G) than that of trophocytes (Fig. 1F).

The vitellaria of both species contain single developing
oocytes (Fig. 1A, H) that are connected to the trophic
core via broad nutritive cords (Fig. 1B, C, D). The nutri-
tive cords are tightly packed with bundles of microtubules
(not shown). The vitellarial oocyte is encompassed by a
one-layered follicular epithelium (Fig. 1A, H). The fol-
licular cells do not undergo diversification into distinct
subpopulations (Fig. 1H).

In both species the constriction between the tropharium
and vitellarium is surrounded by giant cells (termed bac-
teriocytes) that harbor endosymbiotic bacteria (Fig. 1D,
H).

DISCUSSION

Morphology of ovaries

Results of previous (Węglarska, 1961; Bielenin, 1962;
Książkiewicz, 1980; Szklarzewicz & Biliński, 1995;
Szklarzewicz, 1998a, b, c; Szklarzewicz et al., 2002,
2005, 2010, 2013; Koteja et al., 2003; Ramirez-Cruz et
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511743
351430
291325
301425
261322
321427
271422
301425
161213
301227

Puto
superbus

8116
8116
8125
8107
8116
8116
8116
10127
8116
8116

Ceroputo
pilosellae

Total
Developing

oocytes
Arrested
oocytes

TrophocytesSpecies

TABLE 1. Number of germ cells recorded in 10 ovarioles of
Ceroputo pilosellae and Puto superbus.

Szklarzewicz, 1998b
this study

8
8–10

1
1–3

7
5–7

Trionymus newsteadi (Green, 1917)
Ceroputo pilosellae (Sulc, 1898)

Pseudococcidae

Szklarzewicz, 1998b8–202–66–14Kermes quercus (Linnaeus, 1758)Kermesidae

Szklarzewicz, 1998b
Szklarzewicz, 1998b

4–11
4

1–4
1

3–7
3

Eriococcus spurius (Modeer, 1778)
Cryptococcus fagisuga Lindinger, 1936

Eriococcidae

Węglarska, 1961413Diaspidiotus ostreaeformis (Curtis, 1843)Diaspididae

Ramirez-Cruz et al., 20088–926–7Dactylopius coccus Costa, 1829Dactylopiidae

Bielenin, 1962413Parthenolecanium pomeranicum (Kawecki, 1954)Coccidae

NEOCOCCOIDEA

Koteja et al., 200321–413–615–35Steingelia gorodetskia Nasonov, 1908Steingeliidae

Szklarzewicz et al., 2010
this study

25–45
16–51

2–3
3–8

23–43
13–43

Puto albicans McKenzie, 1967
Puto superbus (Leonardi, 1907)

Putoidae

Szklarzewicz, 199729–5812–2917–29Newsteadia floccosa (De Geer, 1778)Ortheziidae

Szklarzewicz et al., 2005817Palaeococcus fuscipennis (Burmeister, 1835)Monophlebidae

Szklarzewicz, 1998c12–194–67–14Porphyrophora polonica (Linnaeus, 1758)Margarodidae

Szklarzewicz et al., 201325–320–223–30Marchalina hellenica (Gennadius, 1883)Marchalinidae

ARCHAEOCOCCOIDEA

SourceTotalOocytesTrophocytesSpeciesFamily

TABLE 2. Number of germ cells recorded in 10 ovarioles of representatives of the scale insect families studied.
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al., 2008) and present studies on the ovaries of scale
insects have revealed that they exhibit several synapo-
morphic features (see Introduction), which strongly sup-
port the monophyly of this group (e.g. Koteja, 1974,
1996; Danzig, 1986; Foldi, 1997; Cook et al., 2002).

The ovaries of scale insects are composed of telotrophic
ovarioles that as a rule develop asynchronously. As a con-
sequence, the ovary of an adult female consists of ovari-
oles in different stages of development (see Fig. 1A).
According to Koteja et al. (2003), asynchronous develop-
ment of ovarioles may result in a prolonged oviposition
period.

In spite of the several synapomorphic characters men-
tioned in the Introduction, there are however, significant
differences in the number of germ cells in the ovarioles of
primitive versus advanced scale insects (see Intro-
duction). The analysis of serial sections has shown that
tropharia of Puto superbus enclose many more germ cells
(i.e. as a rule about 30) than tropharia of Ceroputo
pilosellae (i.e. 7–9) (see Table 1). Since in ovarioles of
both P. superbus and C. pilosellae only one oocyte devel-
ops, the total number of germ cells per ovariole in P.
superbus is much greater than in C. pilosellae. As a rule,
ovarioles of C. pilosellae are composed of 8 germ cells,
i.e. they conform to the N = 2n rule (where ‘N’ is the
number of cystocytes and ‘n’ the number of divisions of
the initial cystoblast). This suggests that clusters of germ
cells in the ovarioles of C. pilosellae arise as a result of
three synchronous divisions of the initial cystoblast. The
10-cell cluster in one of 10 ovarioles of C. pilosellae ana-
lyzed was formed as a result of three synchronous divi-
sions and one additional one of two cystocytes. In P.
superbus, clusters arise as a result of at least 4 divisions
(7 out of 10 ovarioles analyzed were composed of less
than 32 germ cells and 3 were composed of 32 or more
germ cells), but as a rule the number of germ cells per
ovariole does not conform to the N = 2n rule.

Reports on the formation of clusters of germ cells in
scale insects are very rare. The first description of this
stage of ovary development in the Diaspididae was pro-
vided by Węglarska (1961). Szklarzewicz observed

development of clusters of cystocytes in the Ortheziidae
(1997), Pseudococcidae (1998b), Eriococcidae (1998b)
and Margarodidae (1998c). All of these studies indicate
that the formation of clusters of germ cells in scale insects
is similar to that in other insects with meroistic ovarioles
(reviewed in King, 1970; Telfer, 1975; King & Büning,
1985). Initially as a result of incomplete mitotic divisions
the cystocytes remain interconnected by intercellular
bridges that are filled by electron-dense, amorphous
fusomal material (= fusome). Then, the fusomes in all the
intercellular bridges coalesce forming a polyfusome and
as a consequence the cystocytes become arranged in the
form of a rosette, which subsequently elongates forming
an ovariole.

As in other scale insects, the tropharia of both the spe-
cies examined consist of individual trophocytes with large
and lobated nuclei with several prominent nucleoli (see
Szklarzewicz, 1998a for further details). It is generally
known that trophocyte nuclei with this type of structure
have a particular function, i.e. synthesis of RNA. On the
other hand, the presence of microfilaments in the cyto-
plasm of trophocytes and trophic core as well as microtu-
bules in trophocyte processes, nutritive cords and trophic
core is associated with the transportation of macromole-
cules (e.g. ribonucleoproteins) and organelles (e.g. mito-
chondria) from trophocytes to the developing oocyte
(Gutzeit, 1986; Münz & Dittman, 1987; Szklarzewicz &
Biliński, 1995; Szklarzewicz et al., 2002).

Our studies have revealed that in the tropharia of both
the species examined arrested oocytes are present. This
finding is of special interest, because arrested oocytes
have not been reported in other representatives of the
family Pseudococcidae (Büning, 1994; Szklarzewicz,
1998b). Since we did not observe more than one oocyte
in the vitellarium of an ovariole, it is not known whether
the arrested oocytes in C. pilosellae and P. superbus are
capable of further development. The large size of these
cells and ultrastructure of their cytoplasm seem to indi-
cate that they may indeed develop. It should be noted that
the occurrence of arrested oocytes capable of further
development is typical of archaeococcoids as well as
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Fig. 1. Organization of the female reproductive system in Ceroputo pilosellae and Puto superbus. A – Ceroputo pilosellae. Cross
section of an ovary. Ovarioles are arranged around the distal part of the lateral oviduct; ao – arrested oocyte, f – follicular
epithelium, lov – lateral oviduct, oc – oocyte, on – oocyte nucleus, p – pedicel, t – trophocyte, tc – trophic core, tn – trophocyte
nucleus, tr – tropharium, white arrow – cell of an inner epithelial sheath. Methylene blue, scale bar – 10 µm. B – Ceroputo
pilosellae. Longitudinal section through tropharium; f – follicular epithelium, t – trophocyte, tc – trophic core, tn – trophocyte
nucleus, asterisk – nutritive cord, white arrowhead – cytoplasmic process joining trophocyte with the trophic core. Methylene blue,
scale bar – 10 µm. C – Puto superbus. Cross section through the proximal region of tropharium; aon – nucleus of arrested oocyte, t –
trophocyte, tn – trophocyte nucleus, asterisk – nutritive cord, white arrow – cell of inner epithelial sheath, red arrow – arrested
oocyte. Methylene blue, scale bar – 10 µm. D – Puto superbus. Longitudinal section through tropharium. In the close neighborhood
of the ovariole there are bacteriocytes with endosymbiotic bacteria (bc); f – follicular epithelium t – trophocyte, tc – trophic core, tn
– trophocyte nucleus, asterisk – nutritive cord, white arrow – cell of inner epithelial sheath, black arrowhead – trophocyte nucleolus,
white arrowhead – cytoplasmic process joining trophocyte with trophic core, red arrow – arrested oocyte. Methylene blue, scale bar
– 10 µm. E – Ceroputo pilosellae. Fragment of a trophic core; m – mitochondrium, tc – trophic core, black arrow – microtubules,
encircled – intertwined projections of trophocyte membranes. TEM, scale bar – 2 µm. F – Ceroputo pilosellae. Fragment of nucleus
and cytoplasm of a trophocyte; m – mitochondria, t – trophocyte, tn – trophocyte nucleus. TEM, scale bar – 2 µm. G – Ceroputo
pilosellae. Fragment of a trophocyte and arrested oocyte; ao – arrested oocyte, aon – arrested oocyte nucleus, m – mitochondrium, t
– trophocyte. TEM, scale bar – 2 µm. H – Puto superbus. Longitudinal section through a young ovariole; bn – bacteriocyte nucleus,
f – follicular epithelium, oc – oocyte, t – trophocyte, tc – trophic core, tn – trophocyte nucleus, white arrow – cell of inner epithelial
sheath. DAPI + rhodamine-phalloidin, confocal microscope, scale bar – 10 µm.



aphids (Szklarzewicz & Biliński, 1995; Szklarzewicz,
1997, 1998c; Szklarzewicz et al., 2000, 2002, 2009, 2010,
2013; Koteja et al., 2003). Within neococcoids arrested
oocytes are only present in some representatives of two
families (Eriococcidae and Kermesidae) (Szklarzewicz,
1998b). According to Szklarzewicz (1998b), arrested
oocytes in neococcoids do not develop but degenerate
even in the tropharium. On the basis of the above obser-
vations, Szklarzewicz (1998b) suggested that the occur-
rence of arrested oocytes in aphids, archaeococcoids and
some neococcoids represents a symplesiomorphy, while
their tendency to degenerate and absence in neococcoids
may be regarded as an autapomorphic character of this
group.

Phylogenetic and taxonomic conclusions

The analysis of serial sections of 10 ovarioles of each
species has revealed that ovarioles of P. suberbus are
composed of many more germ cells than those of C.
pilosellae (i.e. 8–10 in C. pilosellae, 16–51 in P.
superbus). Moreover, these results indicate that the
number of germ cells in ovarioles of P. superbus is
similar (or even higher) to that found in ovarioles of rep-
resentatives of archaeococcoid families of scale insects so
far investigated, i.e. 29–58 in Newsteadia floccosa
(Ortheziidae), 12–19 in Porphyrophora polonica (Marga-
rodidae s. str.), 21–41 in Steingelia gorodetskia (Steinge-
liidae), 25–45 in Puto albicans (Putoidae) and 25–32 in
Marchalina hellenica (Marchalinidae) (see Table 2)
(Szklarzewicz & Biliński, 1995; Szklarzewicz, 1997,
1998c; Koteja et al., 2003; Szklarzewicz et al., 2010,
2013). On the other hand, the number of germ cells per
ovariole in C. pilosellae is comparable with that described
for representatives of neococcoid families, i.e. 8–20 in
Kermes quercus (Kermesidae), 4–11 in Eriococcus spu-
rius (Eriococcidae), 8–9 in Dactylopius coccus (Dacty-
lopiidae), 8 in Trionymus newsteadi (Pseudococcidae)
and 4 in Cryptococcus fagisuga (Eriococcidae), Parthe-
nolecanium pomeranicum (Coccidae) and Diaspidiotus
ostreaeformis (Diaspididae) (see Table 2) (Węglarska,
1961; Bielenin, 1962; Szklarzewicz, 1998b; Ramirez-
Cruz et al., 2008). Thus, the differences in the ovariole
organization in P. superbus and C. pilosellae confirm the
view that these species are phylogenetically distant (Wil-
liams et al., 2011).

It should be noted that within the family Pseudococco-
cidae only ovaries of representatives of the subfamily
Pseudococcinae have been examined so far (Büning,
1994; Szklarzewicz, 1998b). The ovarioles of all the
pseudococcids examined contained a relatively low and
constant number of germ cells, i.e. 8 (7 trophocytes + 1
developing oocyte). Results of our studies on ovaries of
members of the subfamily Phenacoccinae, C. pilosellae
(this study) and Phenacoccus aceris (unpublished data),
indicate that they, as a rule, have also only 8 germ cells
(only one of 10 ovarioles of C. pilosellae examined con-
tained 10 germ cells). The ovarioles of Pseudococcinae
and Phenacoccinae, however, differ significantly in terms
of the presence of arrested oocytes. Such oocytes occur
commonly in both species of the Phenacoccinae exam-

ined but have never been reported in the Pseudococcinae.
In the light of above observations it is possible that ova-
ries of pseudococcids are more diversified than previ-
ously supposed. Thus, to elucidate the evolutionary trends
in the ovaries of the Pseudococcidae further studies are
required.

Puto was placed in the Pseudococcidae for many years,
but species of this genus possess some features that are
distinct from those of pseudococcids: usually three or
sometimes four campaniform sensilla on ventral and
dorsal surface of each trochanter (in almost all Pseudo-
coccidae there are two sensilla of this type ) and general
occurrence of a pair of spurs at the base of the claw,
named basal spurs (apparently unique to Puto) (in adult
females), seven segmented antennae in first-instar of most
species (in pseudococcids there are at most six antennal
segments in the first larval stage) and adult males have a
row of unicorneal eyes encircling the head and a pair of
ocelli (males of pseudococcids possess only dorsal and
ventral pairs of unicorneal eyes and a pair of ocelli) (Wil-
liams et al., 2011). Taking into consideration the occur-
rence of these features it seems that Puto should be
placed in a separate family the Putoidae. Representatives
of Putoidae possess an XX–XO sex chromosome system,
which is a feature they share with archaeocoocoids
(Hughes-Schrader, 1944; Gavrilov, 2007). The males of
species of Puto do not have compound eyes (which is
characteristic for most archaeococcoids males) and com-
pound eyes have degenerated in some specialized groups
of archaeococcoids: Steingeliidae, Phenacoleachiidae,
Grimaldiellidae and Albicoccidae (the last two are fossil
groups) (Koteja, 2000, 2004). Abdominal spiracles are
present in representatives of extant archaeococcoids and
absent in neococcoids (see Introduction) and Putoidae do
not have such structures. In all representatives of fossil
archaeococcoid families abdominal spiracles have not
been detected (because of the state of preservation of the
material). The results of molecular analysis (Gullan &
Cook, 2007) and morphological studies on the ovaries
(Szklarzewicz et al., 2010) indicate that Putoidae should
be placed within the archaeococcoids.

Ceroputo pilosellae was classified as Puto pilosellae by
many workers (e.g. Tereznikova, 1975; Kosztarab &
Kozár, 1988; Danzig, 1999). In fact this species shares
features with the Phenacoccinae: only two campaniform
sensilla on ventral and dorsal surface of each trochanter
and claw lacking basal denticles (adult females), six seg-
mented antennae in first-instar nymph and only a pair of
dorsal and pair of ventral simple eyes plus a pair of lat-
eral ocelli in adult males (Hardy et al., 2008). According
to Hardy et al. (2008) Ceroputo pilosellae should be
placed in the subfamily Phenacoccinae within the neococ-
coid family Pseudococcidae.

Taking into consideration all the features discussed
above and the results obtained, we strongly support ear-
lier suggestions (Hodgson, 2002; Gullan & Cook, 2007;
Hardy et al., 2008; Williams et al., 2011) that: (1) the
genera Puto and Ceroputo should not be synonymized;
(2) species Macrocerococcus superbus should be placed
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in the genus Puto; (3) genus Puto should belong to its
own family the Putoidae within the archaeococcoid scale
insects; (4) the species Ceroputo pilosellae should belong
to the family Pseudococcidae (subfamily Phenacoccinae).
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