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Received: 4 February 2011 / Revised: 29 July 2011 / Accepted: 12 August 2011 / Published online: 28 August 2011

� The Author(s) 2011. This article is published with open access at Springerlink.com

Abstract The present study provides new data concern-

ing the morphology of the male genitalia of Aphididae and

unifies their nomenclature. The structure of the male gen-

italia of 31 species from 26 genera of Aphididae was

studied with light and scanning electron microscopy. In the

studied species, the genitalia of males consist of a phallus

composed of the sclerotized basal part with its articulation

and a membranous apical part—an aedeagus. Laterally of

the phallus, there is a pair of setose parameres. The shape

of the aedeagus, the shape and length of the sclerotized

basal part and its articulation as well as the variability of

parameres in their form and the number of setae are rec-

ognized as important systematic signs of the genitalia.

These characters are considered in conjunction with the

phylogenetic relationships among the studied taxa.

Keywords External reproductive system � Insects � SEM

Introduction

Among Hemiptera, Aphidoidea have a special status

because of their high polymorphism and distinctive mode

of reproduction—cyclical parthenogenesis. In the complete

life cycle (holocycle) of most aphids, the parthenogenetic

phase ends with the appearance of sexuales—oviparous

females and males. In most species, the sexual forms

appear in autumn; rarely earlier, at the beginning of the

summer. Daylength, temperature and nutrition are the most

important factors, which influence the production of sex-

uales (Kawada 1987).

In comparison with females, aphid males are slender and

characterized by numerous rhinaria on the antennal seg-

ments III and IV, shorter cauda, visible sclerotization on

the abdomen and sclerotized genital structures. Males,

winged or wingless, are also less numerous and smaller

than females. If they are less than 50% of female size, they

are considered to be dwarfs (Vollrath 1998).

The structure of the male internal reproductive system has

been studied in about 80 species so far (Vitlaczil 1882;

Blochman 1887; Cholodkovsky 1900; Wojciechowski 1977;

Klimaszewski et al. 1973; Głowacka et al. 1974a, b; Bochen

et al. 1975; Polaszek 1987a, b in lit.; Wieczorek and Woj-

ciechowski 2004; Wieczorek 2006, 2008; Wieczorek and

Świątek 2008, 2009), and these studies have made an

important contribution to unravelling the phylogeny of Aph-

ididae. However, in contrast to others groups of Hemiptera,

the male genitalia of Aphididae have only been used margin-

ally in their taxonomy and classification (Essig and Abernathy

1952; Iglisch and Sobhani1972; Sobhaniand Iglisch 1972) and

have never been documented in a comparative study. Only

Polaszek (1987b in lit.) reviewed these structures and revealed

a number of characters which are of potential use in the phy-

logeny and higher classification of Aphidoidea.
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The male genitalia of aphids are relatively large and

discernible under a hand lens or even with the naked eye

and are composed of the median intromittent organ (the

phallus) and 2 pairs of sclerotized appendices located lat-

erally of the phallus. Nevertheless, the nomenclature and

drawings of these appendices are a source of confusion (see

Table 1). In general description of the male genitalia of

Aphidoidea Ossiannilsson et al. (1970) recognized claspers

or opercula lateral to the penis, and the sclerotized basal

part of the penis consists of a pair of valves, whereas

Matsuda (1976) mentioned the tubular penis and more-or-

less reduced parameres. Heie (1980) described only a sin-

gle pair of structures that he termed parameres or claspers,

with the aedeagus having a sclerotized basal part; while

according to Miyazaki (1987), both of the pairs of appen-

dices are called valves, claspers or parameres. Yang and

Chang (2000) comprehensively investigated the external

male genitalia in Hemiptera. According to these authors,

the male genitalia of aphids [based on the study of a single

species, Periphyllus koelreuteriae (Takahashi, 1919)]

consist of the aedeagus, phallobasal plates with distinct

cone-shaped projection—a connective directly connected

Table 1 Comparison of the terms for male genitalia in Aphidoidea applied so far and proposed in the present paper

Terms used in the

present paper

Phallus Parameres

Basal part

(sclerotized)

Articulations of basal part

(proximal and distal part

of sclerotized arms)

Aedeagus (penis)

(membranous)

Balbiani (1869)

Macrosiphoniella millefolli

(De Geer, 1773)

Valves - ? Claspers

Baker (1915)

Eriosoma lanigerum

(Hausmann, 1802)

Large, fan-shaped structures - ? Claspers

Essig and Abernathy (1952)

Periphyllus species

Supporting plates Coriaceous ring ? Harpagones (gonapophyses)

Takahashi (1960)

Aiceona japonica

Takahashi, 1960

- - - Claspers

Sorin (1965)

Stomaphis species

Basal sheath - ? Claspers

Ossiannilsson et al. (1970)

Aphidoidea, generally

Valves - ? Claspers (opercula)

Iglisch and Sobhani (1972),

Sobhani and Iglisch (1972)

Macrosiphoniella species

? ‘‘Sclerotized fastener’’ ? ?

Matsuda (1976)

Aphidoidea, generally

- - ? Reduced parameres

Heie (1980)

Aphidoidea, generally

? - ? parameres (claspers)

Miyazaki (1987)

Aphidoidea, generally

- - ? parameres (claspers, valves)

Polaszek (1987b in lit.)

comparative study of Aphidoidea

Valves - ? Claspers

Blackman et al. (2001)

Trama troglodytes

von Heyden, 1837

Valves - ? Claspers

Favret et al. (2004)

Iowana frisoni Hottes, 1954

Apophyses - ? Claspers

Grimaldi and Engel (2005)

Aphidoidea, generally

Reduction in or a loss of male genitalia

? Structure described as the same name as in the present paper; - structure not described
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with genital styles. The phallobase and the connective form

the upper half-circle-shaped periandrium, and this structure

is hypothetically considered to be a primary characteristic

among hemipterans. Grimaldi and Engel (2005) mentioned

that Aphidomorpha have a reduction in or even a loss of

male genitalia. Generally, these structures were believed to

be similar across species and not useful taxonomically.

Because numerous terms have been applied to the var-

ious components of the external male genitalia of Aphidi-

dae, our study firstly standardizes the terminology. We

used light (LM) and scanning electron microscopy (SEM)

to show the detailed structure of the male genitalia, i.e., the

phallus composed of the sclerotized basal part with its

articulations (proximal and distal arm), the membranous

apical part—aedeagus and parameres (see Table 1).

In the present paper, the general morphologies of these

structures are described and compared in those represen-

tatives of the Aphididae in which the genitalia are not

modified. This paper is part of a larger study into the

phylogeny of the Aphididae will provide new data con-

cerning the morphology of the male genitalia in selected

species of Aphididae (subfamilies: Aiceoninae, Anoecii-

nae, Eriosomatinae, Hormaphidinae, Greenideinae, Lach-

ninae, Mindarinae and Thelaxinae), Adelgidae and

Phylloxeridae—i.e. representatives of aphids with strongly

modified structures of the male genitalia.

Materials and methods

Taxon sampling

The structure of the male genitalia of 31 species belonging

to the Drepanosiphinae, Chaitophorinae, Calaphidinae,

Phyllaphidinae, Saltusaphidinae, Lizeriinae, Spicaphidinae,

Tamalinae, Parachaitophorinae, Phleomyzinae and Aphid-

inae was studied using light (LM) and scanning electron

microscopy (SEM). The adult males of 18 studied species

were collected in Poland from 1999 to 2009 (see Table 2).

Samples of Drepanosiphum oregonensis Granovsky, 1939;

Chaetosiphella stipae subsp. setosa Wieczorek, 2008;

Mexicallis spinifer Remaudiere, 1982; Diphyllaphis

mordvilkoi (Aizenberg, 1932); Lizerius ocoteae E.E.

Blanchard, 1923; Neuquenaphis edwardsi (Laing, 1927);

Tamalia sp. (accession number, MNHN (EH) 16392-

163930); Parachaitophorus yamashitai Sorin, 1979; Phle-

omyzus passerini (Signoret, 1875); Cavariella saxifragae

Remaudiere, 1959; and Cavariella theobaldi (Gillette &

Bragg, 1918), were borrowed from the Muséum national

d’Histoire naturelle, Paris, France; samples of Periphyllus

singeri (Börner, 1952), were borrowed from the Natural

History Museum of Denmark, Copenhagen, Denmark, and

samples of Subsaltusaphis flava Hille Ris Lambers, 1939,

were borrowed from the Department of Zoology, Univer-

sity of Silesia, Katowice, Poland. Because of the rarity of

males, sample sizes consisted of 10 studied individuals for

each species, with exception of M. spinifer, L. ocoteae and

P. passerini which were studied from 3-4 specimens only.

The genitalia of 31 species were studied from aphid

material preserved in alcohol and slide-mounted specimens

(LM); 9 species were also observed using SEM techniques;

nymphs and adult males of Appendiseta robiniae (Gillette,

1907) were prepared for semi-thin sectioning. Collection

data and the microscopic techniques used are summarized

in Table 2.

Light and electron microscopy

Alcohol-preserved specimens and slides were examined

and photographed using the light microscope Nikon

Eclipse 600. Drawings were made with a camera lucida. A

magnified view is provided for each of the photographs and

drawings. Additionally, the nymphs and adult specimens of

Appendiseta robiniae were fixed for 2 h with 2.5% glu-

taraldehyde in a 0.1 M phosphate buffer (pH 7.4), then

washed 5 times in a phosphate buffer, postfixed for 2 h in

1% OsO4 in the same buffer, dehydrated in a graded series

of ethanol replaced by acetone and then embedded in an

Epoxy Embedding Medium Kit (Sigma). Semi-thin sec-

tions (0.8 lm thick) were cut on a Leica Ultracut UCT

ultramicrotome, stained with methylene blue and examined

under an Olympus BX60 microscope equipped with a

DP12 digital camera and AnalySIS 3.2 (Soft Imaging

System) software.

The procedure for preparing samples for SEM was as

described earlier (Płachno and Świątek 2009, 2010).

Briefly, whole specimens were fixed with 2.5% glutaral-

dehyde in a 0.1 M phosphate buffer (pH 7.4) for several

days or fixed in 70% ethanol. Later, the samples dehy-

drated in ethanol as well as acetone series were critical

point dried in liquid CO2 and coated with gold using a

JEOL-JFC 1100E sputter coater. The specimens were

viewed in a HITACHI S-4700 microscope (Scanning

Microscopy Laboratory of Biological and Geological Sci-

ences, Jagiellonian University, Cracow) at 20 kV.

Results

Morphology

In adult aphids, the abdomen consists of visible segments

I-VIII (tergites and sternites) (Fig. 1a). Tergite IX is

reduced. The phallus is situated ventrally on the abdominal

sternite IX and is composed of a sclerotized basal part

(visible in slide-mounted specimens) and a membranous

Zoomorphology (2011) 130:289–303 291
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apical part—aedeagus (usually not visible in slide-mounted

specimens). The basal part is composed of a pair of vari-

ous-shaped, partially sclerotized lobes fortified by furcate,

strongly sclerotized appendages which consist of a short

proximal and a long distal arm. The lobes cover the genital

opening, while the aedeagus is withdrawn, during

Table 2 Collection data for species included in the study

Subfamily/tribe/species Collection locality Host plants LM SEM

Drepanosiphinae

Drepanosiphum platanoidis (Schrank, 1801) Katowice, Poland Acer pseudoplatanus ? ?

D. oregonensis Granowsky, 1939 Karaj, Iran Acer sp. ?

Chaitophorinae: Chaitophorini

Chaitophorus populeti (Panzer, 1801) Katowice, Poland Populus nigra ?

Ch. tremulae Koch, 1854 Katowice, Poland Populus tremula ?

Periphyllus coracinus (Koch, 1854) Katowice, Poland Acer platanoides ?

P. singeri (Börner, 1952) Copenhagen, Denmark Acer pseudoplatanus ?

Chaitophorinae: Siphini

Chaetosiphella stipae Hille Ris Lambers, 1947 Owczary, Poland Stipa capillata ? ?

Ch. stipae subsp. setosa Wieczorek, 2008 Durance, France Calamagrostis arundinacea ?

Sipha (Rungsia) maydis Passerini, 1860 Dąbrowa Górnicza, Poland Arrhenatherum elatius ? ?

Laingia psammae Theobald, 1922 Siewierska Góra, Poland Calamagrostis epigejos ?

Calaphidinae: Calaphidini

Clethrobius comes (Walker, 1848) Katowice, Poland Betula pendula ?

Calaphidinae: Panaphidini

Appendiseta robiniae (Gillette, 1907) Poznań, Poland Robinia pseudoacacia ?

Mexicallis spinifer Remaudiere, 1982 San Pedro, Mexique Quercus sp. ? ?

Myzocallis (Lineomyzocallis) walshii Monell, 1879 Katowice, Poland Quercus rubra ?

Panaphis juglandis (Goeze, 1778) Katowice, Poland Juglans regia ?

Pterocallis alni (De Geer, 1773) Katowice, Poland Alnus glutinosa ?

Phyllaphidinae

Phyllaphis fagi (Linne, 1767) Katowice, Poland Fagus silvatica ? ?

Diphyllaphis mordvilkoi (Aizenberg, 1932) Adana, Turkey Quercus sp. ?

Saltusaphidinae: Thripsaphidini

Subsaltusaphis flava Hille Ris Lambers, 1939 Rhön, Germany Carex sp. ?

Lizeriinae

Lizerius ocoteae E.E.Blanchard, 1923 Buenos Aires, Argentina Ocotea acutifolia ?

Spicaphidinae

Neuquenaphis edwardsi (Laing, 1927) Chile Nothophagus obliqua ?

Tamalinae

Tamalia sp. Mexico Arctostaphyla sp. ? ?

Parachaitophorinae

Parachaitophorus yamashitai Sorin, 1979 Oda Iitaka, Japan Spiraea cantoniensis ?

Phleomyzinae

Phleomyzus passerini (Signoret, 1875) Turkey Populus nigra ?

Aphidinae: Aphidini

Aphis pomi De Geer, 1773 Katowice, Poland Malus domestica ?

Aphidinae: Macrosiphini

Brachycaudus divaricatae Shaposhnikov, 1956 Poznań, Poland Prunus cerasifera ? ?

Cavariella saxifragae Remaudiere, 1959 Haute Alpes, France Saxifraga aizoides ? ?

C. theobaldi (Gillette & Bragg, 1918) Haute Savoie, France Salix sp. ? ?

Hyperomyzus pallidus Hille Ris Lambers, 1935 Koziegłówki, Poland Ribes uva-crispa ?

Myzus cerasi Fabricius, 1775 Koziegłówki, Poland Prunus cerasus ?

Pterocomma populeum (Kaltenbach, 1843) Katowice, Poland Populus nigra ?
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copulation take part in everting the aedeagus and main-

taining it in position. Laterally of the phallus, there is a pair

of setose parameres (visible in slide-mounted specimens).

The cauda (a various-shaped tail-like structure at the end of

the abdomen prevents the sticky excrements from flowing

into the body) is abdominal tergite X. The anal plate is

abdominal sternite X (Fig. 1a–f). In nymphs, the male

external genitalia are hidden inside the abdomen and after

the last moulting, they are everted (Fig. 1g).

The general morphologies of these structures of selected

species of Aphididae were described, and individual species

were then studied systematically (the classification of

Aphidoidea after Nieto Nafria et al. 1998 with the exception

of Pterocomma populeum (Kaltenbach, 1843) which,

according to a molecular study (von Dohlen et al. 2006), now

belongs to the tribe Macrosiphini, subfamily Aphidinae).

Drepanosiphinae

Drepanosiphum platanoidis (Schrank, 1801) (male win-

ged)—parameres dusky, large, subtriangular with

numerous, rather short setae on the whole surface

(Fig. 2a). Basal part of phallus is rather long, finger-like

and slightly curved backwards in distal part with few

setae. The scanning electron micrographs show a few

circular pits distributed mostly in its medial part. Scler-

otized arms with distal part rather long and thin, and

proximal part shorter and wider. Aedeagus long, inverted

question mark-shaped (Fig. 2b).

Drepanosiphum oregonensis Granovsky, 1939 (male

winged)—similar to those of D. platanoidis with pale,

lobate parameres and wider basal part of phallus.

Chaitophorinae

Chaitophorus populeti (Panzer, 1801) (male winged or

wingless)—parameres dusky, large, rounded (triangular in

lateral view) with numerous, long setae on the whole sur-

face. Basal part of phallus rather long, flattened, oval

paddle-shaped with few fine setae. Distal parts of sclero-

tized arms with rounded processes (Fig. 2c). Aedeagus

long, shapeless. In material preserved in alcohol (winged

males), membranous area in front of subgenital plate

clearly visible.

Fig. 1 External genitalia of

males Cavariella saxifragae
laterodorsal view of abdominal

segments I–VIII (a),

lateroventral view (b).

Chaitophorus populeti, basal

part of phallus (bp) with

sclerotized arms consists of

short proximal (solid arrows)

and long distal (dotted arrows)

part, dorsal view (c), lateral

view (d). Appendiseta robiniae,

adult, tip of abdomen (e, f).
Nymph, tip of abdomen (g).

a, b scanning electron

microscopy; c, d drawings

according to light microscopical

preparations; e–g semi-thin

sections through abdomen,

methylene blue staining.

a aedeagus, ag accessory

glands, ap anal plate, bp basal

part of phallus, c cauda, g gut,

p parameres, ph phallus
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Chaitophorus tremulae Koch, 1854 (male winged)—

very similar to those of Ch. populeti, with narrower basal

part of phallus. In material preserved in alcohol (Fig. 2d)

and in the scanning electron micrographs (Fig. 2e), mem-

branous area in front of subgenital plate clearly visible.

Periphyllus coracinus (Koch, 1854) (male winged)—

parameres darker on the apices, large, triangular, with

numerous, very long setae on the whole surface. Basal part

of phallus rather short, flattened, with numerous setae.

Distal parts of sclerotized arms with rounded processes.

Aedeagus long, shapeless. In material preserved in alcohol,

membranous area in front of the subgenital plate clearly

visible (Fig. 2f).

Periphyllus singeri (Börner, 1952) (male winged)—very

similar to those of P. coracinus with paler parameres and

wide, subquadrangular basal part of phallus (Fig. 2g).

Chaetosiphella stipae Hille Ris Lambers, 1947 (male

wingless)—parameres uniformly dark, rather small, lobe-

shaped with numerous, rather long setae on the whole

surface (Fig. 3a). Basal part of phallus rather short, flat-

tened, with few fine setae (Fig. 3b). Sclerotized arms much

wider than in above-studied species (Fig. 3c). Aedeagus

short, shapeless (Fig. 3b).

Chaetosophella stipae subsp. setosa Wieczorek, 2008

(male wingless)—very similar to those of Ch. stipae with

darker and wider parameres (Fig. 3d).

Fig. 2 External genitalia of males. Drepanosiphum platanoidis,

ventral view (a), lateroventral view (b). c Chaitophorus populeti,
lateral view. Ch. tremulae, dorsal view, membranous area in front of

the subgenital plate (asterisk) (d), lateral view membranous area in

front of the subgenital plate (asterisk) (e). f Periphyllus coracinus,

ventral view, membranous area in front of the subgenital plate

(asterisk). g P. singeri, dorsal view. a, c, d, f, g light microscopy; b,

e scanning electron microscopy. a aedeagus, bp basal part of phallus

with sclerotized arms consists of short proximal (solid arrows) and

long distal (dotted arrows) part, c cauda, p parameres
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Sipha (Rungsia) maydis Passerini, 1860 (male wing-

less)—similar to those of Ch. stipae with darker parameres,

and basal part of phallus sharply pointed distally. Aedeagus

slightly curved (Fig. 3e).

Laingia psammae Theobald, 1922 (male wingless)—

parameres pale, small, triangular with numerous, rather

long setae. Basal part of phallus rather short, flattened, with

few fine setae; distal and proximal part of arms short

(Fig. 3f). Aedeagus rather short, shapeless.

Calaphidinae

Clethrobius comes (Walker, 1848) (male winged)—

parameres dark, large, broadly rounded with numerous

(more numerous than in the above-studied species) long

setae on the whole surface. Basal part of phallus is long,

with few, short setae; sclerotized arms similar to those of

Drepanosiphum platanoidis (Fig. 4a). Aedeagus long,

shapeless.

Fig. 3 External genitalia of

males. Chaetosiphella stipae,

ventral view (a), laterodorsal

view (b), dorsal view (c). d Ch.

stipae subsp. setosa, dorsal

view. e Sipha (Rungsia) maydis,

laterodorsal view. f Laingia
psammae, ventral view. a, b,

e scanning electron microscopy;

c, d, f light microscopy.

a aedeagus, ap anal plate, bp
basal part of phallus with

sclerotized arms consists of

short proximal (solid arrows)

and long distal (dotted arrows)

part, c cauda, p parameres
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Appendiseta robiniae (Gillette, 1907) (male winged)—

parameres dark, large, lobate, with numerous long setae on

the whole surface. Basal part of phallus long, flattened with

few setae; sclerotized arms are of a similar length to the

proximal and distal parts. Aedeagus long, with distal part

about two times wider than its basal part (Fig. 4b).

Mexicallis spinifer Remaudiere, 1982 (male winged)—

parameres dark, large, triangular, with numerous long

setae on the whole surface (Fig. 4c). Basal part of

phallus rather long, flattened, spatulate, with few, long

setae laying in a row in outer margin. Sclerotized arms

have a rather long and thin distal part; proximal part is

shorter and wider. Aedeagus rather short, shapeless

(Fig. 4d).

Myzocallis (Lineomyzocallis) walshii Monell, 1879

(male winged)—parameres dusky, large, subtriangular with

numerous, rather short setae on the inner margin. Basal part

of phallus similar to those of the above-studied species,

with the exception of few, short setae. Sclerotized arms

have a very long and thin distal part; the proximal part is

very short. Aedeagus long, with distal part about two times

wider than its basal part (Fig. 4e).

Panaphis juglandis (Goeze, 1778) (male winged)—

parameres darker on the inner margin, large, rounded, with

numerous short setae on the whole surface. Basal part of

phallus short, oval-shaped, with few, short setae. Distal and

proximal parts of sclerotized arms are of a similar length

(Fig. 4f). Aedeagus long, shapeless.

Pterocallis alni (De Geer, 1773) (male winged)—simi-

lar to those of P. juglandis with wider basal part of phallus.

Phyllaphidinae

Phyllaphis fagi (Linne, 1767) (male winged)—parameres

darker on the inner margin, large, half-rounded, with

numerous, long setae on the whole surface (Fig. 5a). Basal

part of phallus rather short, widely rounded, with few setae

(Fig. 5b). Distal and proximal parts of sclerotized arms are

of a similar length. Aedeagus long, inverted question mark-

shaped.

Fig. 4 External genitalia of

males. a Clethrobius comes,

lateral view. b Appendiseta
robiniae, ventral view.

Mexicallis spinifer, lateral view

(c), lateroventral view (d),

aedeagus (a) with spermatozoa

(s). e Myzocallis
(Lineomyzocallis) walshii,
ventral view. f Panaphis
juglandis, ventral view. a–c, e,

f light microscopy; d scanning

electron microscopy.

a aedeagus, bp basal part of

phallus with sclerotized arms

consists of short proximal (solid
arrows) and long distal (dotted
arrows) part, c cauda,

p parameres
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Diphyllaphis mordvilkoi (Aizenberg, 1932) (male

wingless)—parameres dusky, large, subtriangular with

sharply pointed edges and rather long, numerous setae.

Basal part of phallus is similar to those of P. fagi. Scler-

otized arms have a long and thin distal part; proximal part

is short and wide (Fig. 5c).

Saltusaphidinae

Subsaltusaphis flava Hille Ris Lambers, 1939 (male

wingless)—parameres dusky, large, elongated, lying

almost parallel with numerous long setae on the inner

margin (Fig. 5d). Basal part of phallus short, flattened.

Distal and proximal parts of sclerotized arms are of a

similar length.

Lizeriinae

Lizerius ocoteae E.E. Blanchard, 1923 (male wingless)—

parameres dusky, large, lobate with numerous setae. Basal

part of phallus wide with sharply pointed edges. Sclero-

tized arms have a long and thin distal part; proximal part is

short and wide (Fig. 5e).

Spicaphidinae

Neuquenaphis edwardsi (Laing, 1927) (male winged)—

parameres darker on the outer margin, large, triangular,

with numerous long setae on the whole surface. Basal part

of phallus long, pointed. Sclerotized arms have a rather

long and thin distal part; proximal part is shorter and wider

(Fig. 5f).

Tamalinae

Tamalia sp. (male winged)—parameres darker on outer

margin, large, triangular, with numerous long setae on

outer margin and shorter ones on the whole surface. Basal

part of phallus long, pointed. Proximal part of sclerotized

arms short and wider than in the above-studied species;

Fig. 5 External genitalia of

males. Phyllaphis fagi, ventral

view (a), dorsal view (b).

c Diphyllaphis mordvilkoi,
ventral view. d Subsaltusaphis
flava, ventral view. e Lizerius
ocoteae, ventral view.

f Neuquenaphis edwardsi,
lateral view. a, c–f light

microscopy; b scanning electron

microscopy. a aedeagus, bp
basal part of phallus, c cauda,

p parameres, short proximal

(solid arrows) and long distal

(dotted arrows) part of

sclerotized arms
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distal part long and thin (Fig. 6a). Aedeagus long, shape-

less (Fig. 6b).

Parachaitophorinae

Parachaitophorus yamashitai Sorin, 1979 (male win-

ged)—parameres pale with darker margin, large, lobate

with numerous, long setae on the margin. Basal part of

phallus rather long, flattened, with few setae. Distal parts

of sclerotized arms have distinct, rounded processes

(Fig. 6c).

Phleomyzinae

Phleomyzus passerini (Signoret, 1875) (male winged)—

parameres pale, large, almost circular with numerous, long

setae on the whole surface. Basal part of phallus paddle-

shaped, with few setae. Both proximal and distal parts of

sclerotized arms are rather long and thin (Fig. 6d).

Aphidinae

Aphis pomi De Geer, 1773 (male winged)—parameres

dark, large, lobate with long setae on the outer margin.

Basal part of phallus short, hooked-shaped, with few setae.

Sclerotized arms have a long and thin distal part; proximal

part is much shorter (Fig. 6e). Aedeagus long, S-shaped.

Brachycaudus divaricatae Shaposhnikov, 1956 (male

winged)—parameres dark, large, subtriangular with visible

sculpturation and numerous, very long setae on the whole

surface (Fig. 6f). Basal part of phallus rather long, hooked-

shaped, without setae. Sclerotized arms have a long and

thin distal part; proximal part is much shorter. Aedeagus

rather short, oval-shaped (Fig. 6f).

Cavariella saxifragae Remaudiere, 1959 (male wing-

less)—parameres smaller than in above-studied species,

subtriangular with numerous, long setae on the whole

surface. Basal part of phallus short, hooked-shaped, with

distinctly stronger sclerotized articulations than in the

Fig. 6 External genitalia of

males. Tamalia sp., ventral view

(a). lateral view (b).

c Parachaitophorus yamashitai,
dorsal view. d Phleomyzus
passerini, dorsal view. e Aphis
pomi, dorsal view.

f Brachycaudus divaricatae,

ventral view. a, c–e light

microscopy; b, f scanning

electron microscopy.

a aedeagus, ap anal plate, bp
basal part of phallus with

sclerotized arms consists of

short proximal (solid arrows)

and long distal (dotted arrows)

part, c cauda, p parameres
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above-studied species (Fig. 7a, b). Aedeagus long, inverted

question mark-shaped (Fig. 1b).

Cavariella theobaldi (Gillette & Bragg, 1918) (male

winged)—parameres large, lobate with numerous, long

setae on the whole surface. Basal part of phallus short,

hooked-shaped but thinner than in C. saxifragae. The

scanning electron micrographs show a few circular pits

distributed in two rows on the inner margin of basal

part of phallus (Fig. 7c). Distal parts of sclerotized arms

are long and thin with distinct capitate processes;

proximal part is much shorter. Aedeagus long, with

distal part about two times wider than its basal part

(Fig. 7d).

Hyperomyzus pallidus Hille Ris Lambers, 1935 (male

winged)—parameres dusky on the apices, large, subtrian-

gular with numerous long setae on the inner margin. Basal

part of phallus and its sclerotizations are similar to those of

B. divaricatae.

Myzus cerasi Fabricius, 1775 (male winged)—para-

meres dusky on the inner margin, large, subtriangular with

numerous, very long setae on the whole surface. Basal part

of phallus large, oval-shaped, with few, short setae.

Aedeagus long, shapeless (Fig. 7e).

Pterocomma populeum (Kaltenbach, 1843) (male win-

ged)—parameres uniformly dark, large, inverted triangle-

shaped, with numerous, very long setae on the whole

surface. Basal part of phallus rather long and thin, club-

shaped, with few, short setae. Distal parts of sclerotized

arms are wide and robust (Fig. 7f). Aedeagus long, inver-

ted question mark-shaped.

Discussion

The external genitalia of males in many species of

Hemiptera are extremely characteristic and used for species

determination (e.g. Gullan 1978; Gnezdilov 2007; Chłond

and Junkiert 2010; Redei and Tsai 2010). However, these

structures have not been used in Aphididae taxonomy to

date—mostly because of the rarity of males. The present

study shows that in all examined species (representatives of

11 taxa traditionally classified as subfamilies within 24 of

Fig. 7 External genitalia of

males. Cavariella saxifragae,

dorsal view (a), dorsal view (b).

C. theobaldi, lateroventral view

(c), lateral view (d). e Myzus
cerasi, ventral view.

f Pterocomma populeum,

ventral view. a, e, f light

microscopy; b–d scanning

electron microscopy.

a aedeagus, ap anal plate, bp
basal part of phallus with

sclerotized arms consists of

short proximal (solid arrows)

and long distal (dotted arrows)

part, c cauda, p parameres
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the Aphididae), the external genitalia of males are well

developed and typically consist of the phallus composed of

the sclerotized basal part with its articulation and a mem-

branous apical part—aedeagus. Laterally of the phallus,

there is a pair of setose parameres.

The external genitalia of males—phallus

The phallus is a median intromittent organ as a whole,

arising embryologically from the interno-median parts of

larval phallic lobes, the externo-lateral parts of which give

rise to parameres (Dupuis 1970). The phallus is often used

synonymously with aedeagus or penis; however, in aphids,

it is distinctly composed of a membranous part—aedeagus

and the sclerotized basal part. The aedeagus is the largest

component of the male genitalia in most of the species

studied (Figs. 2b, 3e). This copulatory organ, continuating

ductus ejaculatorius, is withdrawn within the body and

everted during copulation. When the aedeagus is everted,

the ejaculatory duct and outlets of vasa deferentia and

accessory glands are pulled into it as has been shown in the

present paper in the case of Appendiseta robiniae (Fig. 1f).

The aedeagus is characterized by a large amount of vari-

ation in the shape—an inverted question mark-shaped

(Drepanosiphum platanoidis Fig. 2b) or an S-shaped (Sipha

(Rungsia) maydis Fig. 3e), sometimes oval-shaped but most

often shapeless (Tamalia sp. Fig. 6b). However, in slide

preparation, the aedeagus is not usually visible, and its shape

is estimated mostly on the basis of the material preserved in

alcohol or the scanning electron micrographs. The shape of

the aedeagus is variable between different genera and spe-

cies, but varies very little within each species (Polaszek

1987b in lit.). This characteristic is useful for the distinction

of males belonging to different species; however, for diag-

nosing species, larger sample sizes would be necessary.

Polaszek (1987b in lit.), after Bonhag and Wick (1953)

terminology, distinguished the basal part of the aedeagus—a

conjuctiva–– and its distal part—a vesica in some species.

The present study does not support this division; however, in

two species (Myzocallis (Lineomyzocallis) walshii Fig. 4e

and Cavariella theobaldi Fig. 7c, d), the distal part of

aedeagus was bulbous—about two times wider than its

proximal part.

Laterally to the aedeagus, there is a pair of partially

sclerotized lobes, which are called valves by some authors

(Balbiani 1869; Ossiannilsson et al. 1970; Polaszek 1987b

in lit.; Blackman et al. 2001). According to Snodgrass

(1957), the so-called penis valves are merely a lateral

sclerotization of the aedeagal wall. The scanning electron

micrographs clearly show the lateral sclerotization of the

otherwise membranous aedeagus which enfolds it and is

characterized by various shapes (finger-like Fig. 2b,

hooked-shaped Fig. 7f, paddle-shaped Fig. 2c and flattened

Fig. 6d) and sizes (from elongated Fig. 6c to rather short

Fig. 3f). Iglisch and Sobhani (1972), Sobhani and Iglisch

(1972) and Heie (1980) in descriptions of the male geni-

talia of aphids also termed these structures the sclerotic

basal part, as in the present paper. This paired dark pig-

mented and setose structure is distinctly visible in slide-

mounted specimens (Fig. 6c–e). In all of the species

studied, it is additionally fortified by the heavily sclerotized

arms. They are probably apophyses (spiniform projections

of the endoskeleton giving support for muscle attachment).

In descriptions of the male genitalia of Aphididae, they are

usually ignored; only Iglisch and Sobhani (1972) and

Sobhani and Iglisch (1972) called them a ‘‘sclerotized

fastener’’ and figured in Macrosiphoniella ptarmicae and

Macrosiphoniella usquertensis. They also were figured by

Balbiani (1869) in his description of the male genitalia of

Macrosiphoniella millefolli (De Geer, 1773) and men-

tioned as the coriaceous ring by Essig and Abernathy

(1952) in males of Periphyllus species. The present study

shows that these structures are not uniform and vary in

form and length. They are usually furcate; however, the

proportion of the proximal and distal part of the arm as well

as their width is different in particular species (e.g. rather

long and thin in Drepanosiphum platanoidis Fig. 2a, long

and wide in Pterocomma populeum Fig. 7f or short and

wide in Laingia psammae Fig. 3f). The distal parts of the

arms have additional distinct, rounded processes as in the

studied representatives of Chaitophorus, Periphyllus

(Fig. 2f) and Parachaitophorus yamashitai (Fig. 6c).

When the aedeagus is withdrawn, the lobes of the basal

part cover the genital opening, remaining in contact with

each other. During copulation, supported by sclerotized

arms, they take part in everting the aedeagus and main-

taining it in position. Moreover, in some species (e.g.

Drepanosiphum platanoidis Fig. 2b and Cavariella theo-

baldi Fig. 7c), the SEM micrographs show a few small

circular pits distributed in rows on the inner margin of the

basal part of the phallus. They may have a sensory func-

tion; however, no comparative study concerning these

structures has been investigated so far.

The external genitalia of males—parameres

At the anterior end of the genital area and above basal part

of phallus, there is a pair of cone-shaped ventral processes,

the parameres. These structures are described as synony-

mous with claspers by most authors (Sorin 1965; Polaszek

1987b in lit.), or opercula (Ossiannilsson et al. 1970).

Parameres are independent of the phallus but arise

embryologically from primary phallic lobes (Dupuis 1970).

As is shown in Fig. 1g in nymphs of Appendiseta robiniae,

parameres are positioned ventrally at the base of the canal

where the phallus is withdrawn. In adult males of all of the
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species studied, parameres are rather large, united and vary

in form: subtriangular in Drepanosiphum oregonensis,

D. platanoidis (Fig. 2a), Myzocallis (Lineomyzocallis)

walshii (Fig. 4e), Brachycaudus divaricatae (Fig. 6f),

Hyperomyzus pallidus, Myzus cerasi (Fig. 7e) and Ptero-

comma populeum (Fig. 7f) or rounded in Clethrobius

comes (Fig. 4a), Panaphis juglandis (Fig. 4f) or Pterocallis

alni. The most variable shape of parameres is observed in

Chaitophorinae (triangular in Periphyllus coracinus, sub-

quadrangular in Periphyllus singeri Fig. 2g, rounded in

Chaitophorus populeti and lobe-shaped in Chaetosiphella

stipae Fig. 3c), whereas the most variable length is in

Calaphidinae (e.g. elongated in Myzocallis (Lineomyzo-

callis) walshii (Fig. 4e) and shortened in Clethrobius

comes Fig. 4a). The largest parameres are present in

Pterocomma populeum (Aphidinae) (Fig. 7f), whereas in

representatives of the tribe Siphini (Chaitophorinae), the

parameres are small, lobe-shaped (Wieczorek 2010), and

especially in Laingia psammae weakly visible (Fig. 3f).

Among the species studied, males of Siphini are the

smallest (but not dwarfish), and the small size of their

parameres results from their smaller body size. In most of

the species studied, parameres are dark pigmented, covered

with numerous setae and with visible sculpturation (visible

in SEM micrographs—e.g. Brachycaudus divaricatae

Fig. 6f). In male insects, these structures are used during

copulation to hold the female—the grasping apparatus;

however, data concerning the mating behaviour of aphids

are rather scarce (Kozłowski 1991; Dagg and Scheurers

1997; Dagg 2003; Hales 2005). Further research, i.e., to

describe the role of parameres in the copulation of aphids is

also necessary. Similarly, the role of the membranous area

in front of the subgenital plate, visible in some species of

the Chaitophorinae, is unknown. This membranous area

was observed only in winged males of Chaitophorus and

Periphyllus species (Fig. 2d–f) and was not present in

wingless males (own unpublished data) or in closely rela-

ted wingless males of Siphini species (Wieczorek 2010).

Similar structures were described in aphids only in vivip-

arous females of the Neophyllaphis species and Paoliella

(Lizerocallis) (Quednau 2010). These adhesive vesicles

were everted when insects were disturbed and may prevent

the aphid from being removed from the host plant (White

and Carver 1971). Nevertheless, in males, this membranous

area may be involved in mounting and copulation, but

observation of these species in copula is necessary.

The external genitalia of males—phylogenetic

implications

Males of the species studied, which represent the Drep-

anosiphinae, Chaitophorinae, Calaphidinae, Phyllaphidinae,

Saltusaphidinae, Lizeriinae, Spicaphidinae, Tamalinae,

Parachaitophorinae, Phleomyzinae and Aphidinae, taxa

that traditionally are classified as subfamilies, have normal

size (i.e. not dwarfish) and are mostly winged. Males with

modified genitalia are usually dwarfish (Anoeciinae, Erio-

somatinae, Hormaphidinae, Mindarinae and Thelaxinae

with the exception of Aiceoninae, Greenideinae and

Lachninae) and wingless, so these modifications may result

from their smaller body size (own unpublished data). On

the other hand, molecular studies on the phylogeny of

Aphididae (Ortiz-Rivas et al. 2004; Ortiz-Rivas and Mar-

tinez-Torres 2010) have indicated the existence of three

main lineages of aphids that have been named A?D

(Aphidinae, Calaphidinae, Chaitophorinae and Drepanos-

iphinae), E?T (Anoeciinae, Eriosomatinae, Hormaphidi-

nae, Mindarinae and Thelaxinae) and L (Lachninae)

(Ortiz-Rivas and Martinez-Torres 2010). The results of the

present study largely agree with this proposal. The male

genitalia studied in species representing lineage A?D are

well developed and typically consist of the phallus (com-

posed of the basal part and aedeagus) and parameres. Our

own preliminary data show that the lineage E?T comprises

taxa of dwarfish males with strongly modified genitalia,

whereas lineage L (Lachninae) has normal-sized males

with the most varied genitalia among Aphididae. Accord-

ing to Quednau’s (2010) morphological study, three major

groups of aphids can also be distinguished: 1. Eriosomat-

inae, Hormaphidinae and Anoeciinae; 2. Calaphidinae,

Chaitophorinae, Drepanosiphinae, Israelaphidinae, Phyll-

aphidinae, Pterastheniinae, Saltusaphidinae, Lizeriinae,

Macropodaphidinae, Mindarinae, Neophyllaphidinae,

Parachaitophorinae, Spicaphidinae, Taiwanaphidinae and

Tamalinae (the drepanosiphine aphids); and 3. Aphidinae,

Greenideinae and Lachninae. Our results support grouping

subfamilies in lineages 1 and 2. Lineage 1 comprises taxa

of dwarfish males with strongly modified genitalia. The

closely related drepanosiphine aphids (lineage 2) have

normal-sized males with not modified genitalia. The line-

age 3 comprises taxa with normal-sized males; however,

Aphidinae have not modified genitalia, whereas Greeni-

deinae and Lachninae have strongly modified genitalia

(own unpublished data). The present study shows that

Aphidinae are characterized by similar male genitalia to

those in the drepanosiphine aphids (lineage 2); neverthe-

less, Aphidinae was usually thought to be a sister to sub-

family Lachninae (Heie 1987; Wojciechowski 1992).

Summary

To unify the nomenclature of the external male genitalia

elements of Aphididae, we propose using the following

nomenclature: the phallus, which consists membranous

apical part—the aedeagus and basal part with its scleroti-

zation (proximal and distal part of sclerotized arms),
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parameres (Table 1). Representatives of the Drepanosiphinae,

Chaitophorinae, Calaphidinae, Phyllaphidinae, Saltusaph-

idinae, Lizeriinae, Spicaphidinae, Tamalinae, Parachaito-

phorinae, Phleomyzinae and Aphidinae have normal-sized

males without modified external genitalia. The paper sup-

ports the phylogenetic analysis of aphid evolution based on

molecular studies of Ortiz-Rivas and Martinez-Torres

(2010); our results are in agreement with the Quednau’s

division of aphids into three major groups (especially

relationships within drepanosiphine aphids), with the

exception of the position of Aphidinae and its relation to

Lachninae.
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