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Introduction

The generic name Phylloxera (Greek: phyllos = leaf; xeros = dry)
was given by Boyer de Fonscolombe (1834) to an aphid, which he
found all over the underside of oak leaves in Province (France)
producing "rust spots" which caused the drying out and shedding of
the leaves.

The family name "Phylloxériens” was introduced by Planchon
(1868), but was later changed to Phylloxeridae at the International
Congress of Zoology in Paris (Dreyfus, 1889b). This family consists
of about 14 genera (Grassi et al., 1912} the species of which are so
small that they are classified by Borner (1952) as "Zwerglause”. These
minute aphids initiate galls on the aerial parts of plants, necrotic
lesions on leaves and fruits, necrotic areas on the bark of stems, or
swellings on roots and rootlets. The most noxious species, the grape
louse Daktulosphaira vitifoliae (Fitch) (Table 1), produces both leaf
galls and root swellings. In the second half of the last century this
aphid devastated the vineyards in many countries, especially Europe.

Within the family Phylloxeridae the various internal organs of a
number of species has been investigated. The alimentary tract of
Phylloxera florentina (Targioni Tozzetti, 1877), Phylloxera punctata
(Lemoine, 1893; Dreyfus, 1894), Daktulosphaira vitifoliae
(Krassilstschik, 1893a, b; Grassi et al., 1912; Breider, 1952; Gersch,
1953; Federov, 1959; Rilling, 1960), and Phylloxera coccinea
(Dreyfus, 1894; Kunkel, 1966) consists of a pharynx, a very short
foregut, a somewhat dilated transparent stomach, a very short tubular
intestine, a transparent "hindgut” which shows vigorous peristaltic
movements, but lacks Malpighian tubules.

The purpose of this study is to investigate the anatomy of the
alimentary tract of the Phylloxeridae. This information is used to
determine the phylogenetic relationships of the phylioxerids within the
superfamily Aphidoidea.

Life cycle

Excellent biological studies, morphological descriptions and
illustrations of species of the family Phylloxeridae have been produced
by many investigators whose results are summarized in Table 2 and 7.
Their life cycles are depicted in Figure 1-3. They characteristically
produce eggs parthenogenetically and do not defecate (Borner, 1929).
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The Ihife cycle 1s made up of four principal morphs, viz. wingless
fundatrices, winged and/or wingless fundatrigeniae, winged and/or
wingless sexuparae, and wingless sexuales (Lampel, 1968).

In spring the plump fundatrices (stem mothers) hatch from the
overwintering eggs and the first instar larvae crawl to the newly
emerging leaves. The feeding by Daktulosphaira vitifoliae stimulates
the leaves to produce a gall and the second instar is enclosed within by
the developing gall. Inside the gall it grows, matures, and deposits its
eggs which give rise to the fundatrigeniae (Figure 3 C). As observed
by Shimer (1866a), the presence of the aphid is necessary for the
development of the gall, and as soon as the aphid leaves, the gall
ceases (0 grow.

The fundatrigeniae are dimorphic, viz. gallicolae or leaf gall
formers and radicicolae, which initiate root swellings. The former
appear in great numbers when the vine is actively growing. The
gallicolae remain on the leaf, either feeding in the maternal gall or
founding new galls on the same or other leaves. The radicicolae
migrate as larvae down to the roots before taking food and producing
several parthenogenetic generations which remain in succession on
the roots. Their feeding stimulates the roots to produce swellings (gall
tissue) and stunts root growth.

In all phylloxerid species (Table 2) the fundatrices as well as the
fundatrigeniae are wingless parthenogenetic oviparous females (Figure
1-3). The latter give rise to three or more generations, dependent on
the weather during the summer and food quality. The number of
generations of both gallicolae and radicicolae of Daktulosphaira
vitifoliae that develop during hot summers might be as many as eleven
(Grassi et al., 1912). In the life cycle of Acanthochermes quercus,
Phylloxera deplanata, Phylloxera caryaecaulis, Aphanostigma
ulmifoliae, Phylloxera russellae, Phylloxera perniciosa, and
Phylloxera devastatrix (Table 2) the fundatrigeniae are lacking; in the
first three species the fundatrix 1s the sexupara (Figure 1 A and C), but
in the last four species the first generation of the fundatrigeniae
(Figure 1 B and D). The fundatrix (= sexupara) of Acanthochermes
guercus matures inside the gall and crawls out of the gall and dies
after rapidly depositing about 15 eggs on an oakleaf (Kollar, 1848).
Fundatrices of Phylloxera caryaecaulis (Figure 1 C) deposit white
eggs of two sizes, both with a smooth chorion: small eggs may give
rise to the alate form that produces only males, and large eggs may be
future female producers, or the difference in size may reflect normal
size variation (Caldwell & Schuder, 1979). Inside the galls on Ulmus
and Carya caused by Aphanostigma ulmifoliae and Phylloxera
russellae, respectively, three morphs occur, viz. fundatrices, wingless
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sexuparae and the sexuales (Stoetzel, 1993).

In the first generation fundatrigeniae of Phylloxera quercus and
Phylloxera florentina there occur both wingless and winged
individuals (Figure 3 A-B). The latter migrate within or between the
same species of host (Grassi & Foa, 1911) or fly from their winter to
their summer host (Table 2} where they produce a number of wingless
parthenogenetic generations, after which the sexuparae fly back to the
winter host. Winged sexuparae occur also on Quercus ilex and Q.
suber (Mimeur, 1937). According to Grassi et al. (1912) Phylloxera
florentina Targioni Tozzetti is possibly synonymous with Phylloxera
quercus Boyer de Fonscolombe (Barbagallo & Binazzi, 1991).

Both Phylloxera species alternate between Quercus species, but
host alternation from one plant family (Juglandaceae) to another
(Fagaceae) has been reported in Phylloxera texana and Phylloxera
castanea (Table 2). The fundatrix of the latter two species initiates leaf
galls on their winter host, but the fundatrigeniae do not produce galls
on their summer hosts (Stoetzel, 1981, 1983, 1985a) (Figure 2 D). In
Phylloxera notabilis the first generation fundatrigeniae consists of two
winged morphs, viz. migratory females and brachypterous sexuparae
(Figure 2 C). The former matures after four moults and flies at once to
another part of the same tree or to other trees. The brachypterous
sexuparae oviposit after three moults and although wing pads are
present, functional wings are not developed (Whitehead & Eastep,
1937, Stoetzel & Tedders, 1981).

Several generations of leaf galls of both Daktulosphaira vitifoliae
and Phylloxera notabilis are produced each year, and the galls become
smaller with each successive generation (Balbiani, 1874; Stoetzel,
1981). According to Anders (1957b) this fact is caused by the decrease
in the number and frequency of cell divisions as the leaves age.
Detailed morphological and histological descriptions of the structure
of galls are given by Riley (1870), Cornu (1878), Millardet (1898),
and Pergande (1904).

Towards the end of summer or in autumn the fundatrigeniae
produce eggs from which hatch the sexuparae. In Aphanostigma piri,
Aphanostigma  iakusuiense, Aphanostigma ulmifoliae, Phylloxera
notabilis, Phylloxera russellae, and Phylloxerina the sexuparae are
wingless, but in Daktulosphaira vitifoliae, Moritziella corticalis,
Phylioxera caryaecaulis, Phylloxera castanea, Phylloxera devastatrix,
Phylloxera perniciosa, Phylloxera releyi, and Phylloxera texana they
are winged. Both sexuparous morphs occur in Phylloxera coccinea,
Phyllioxera glabra, Phylloxera spinulosa, Phylloxera florentina, and
Phylloxera quercus (Figure 1-3). The winged sexuparae of the last two
species and those of Phylloxera castanea and Phylloxera texana return

Wageningen Agricultural University Papers 97-1 {1997) 13
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Figure 1. Schematic representation of the life cycle of Acanthechermes guercus and Phylloxera
deplanata (A), Aphanostigma ulmifoliae and Phylloxera russellae (B), Phylloxera caryaecaulis
(C), Phylloxera perniciosa and Phylloxera devastatrix (D), Phylloxerina and Aphanostigma
iakusuiense (E), and Aphanostigma piri (F). The first two phylloxerid species lay their winter egg
in June (A), the next five species in July (B-D), and the last three species in October. The
fundatrices emerge in the following May. The letters A-F correspond with those in Table 2.
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16 Wageningen University Agricultural Papers 97-1 (1997)



from the summer host to the winter host (Table 2). The remaining
winged sexuparae fly to branches of the same oak or to other oaks of
the same specics. The sexuparae of Daktulosphaira vitifoliae complete
their larval stages on the roots of vine, emerge from the soil, and fly to
the aerial parts of vines to lay their eggs. In the genera Aphanostigma
and Phylloxerina winged morphs do not occur in the fundatrigeniae
and in the sexuparae (Table 2).

The eggs of the sexuparae are of two kinds, viz. the smaller give
rise to males and the larger to females. Daktulosphaira vitifoliae
produce more small eggs than large ones, but the latter hatch more
rapidly than the former (BoOrner, 1908). On the other hand, the
sexuparae of Phylloxerina produce three times more female eggs than
male eggs (Iglisch, 1965). Among the sexuparae there are three
morphs, viz. those that produce only small eggs (androparae), or only
large eggs (gynoparae), or both small and large eggs. The latter morph
occurs in all phylloxerid species, except Phylloxera caryaecaulis and
Phylloxera devastatrix which only have androparae and gynoparae
(Table 2; Figure 1 C), whereas in Daktulosphaira vitifoliae (Figure 3
C) all three morphs are present (Grassi, 1909b). All sexuales,
summarized in Table 7, lack stylets, but in Southern Russia about 9%
of the Daktulosphaira vitifoliae sexuales have well-developed
mouthparts and are able to feed on the roots of vine (Nikolaev & Ass,
1973).

According to Leclant (1963) and Geoffrion (1971) the larval
sexuales of Aphanostigma piri moult four times within the egg, after
which the larva is surrounded by four exuviae pressed together against
the inner wall of the egg. The larvae are immobile, lack mouthparts,
and the legs and antennae lie flat against the body. Within the egg of
the three species of Phylloxerina (Iglisch, 1965; Table 2) the four
exuviae are firmly telescoped into each other at the posterior end of
the immobile, styletless larva. On the other band, in the pecan
phylloxerids, Phylloxera caryaecaulis, Phylloxera caryaevenae,
Phylloxera deplanata, Phylloxera devastatrix, Phylloxera notabilis,
and Phylloxera russellae the eggs hatch into sedentary, pupiform
larvae which lack mouthparts, often stand vertically on the substrate,
and make undulating movements as they moult. Each pupiform larva
moults four times, and the exuviae pile up in circular layers at the
posterior end of the abdomen (Stoetzel, 1981, 1985c). The larvae do
not grow during their larval instars and after the last moult the adult
sexuales are produced and mating occurs soon after. They are
wingless, dwarfish individuals, which lack mouthparts and
consequently do not feed. The male is smaller than the female and
both morphs are active (Table 7), cxcept the female sexuales of
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Phylloxerina, which are plump and immobile (Pergande, 1904; Iglisch,
1965). The sexuales of Daktulosphaira vitifoliae are able to mate
directly (Lichtenstein, 1878), or about five days (Moritz, 1908) after
shedding of their eggshell.

Males copulate with a maximum of three females and soon after
this he dies. After mating the female seeks out a crevice in the bark
and lays one egg, which is almost as large as the female. The female
sexuales of Daktulosphaira vitifoliae (Kirk, 1897) and Aphanostigma
piri (Leclant, 1963) deposit their egg with violent contractions of the
mother's body, and die alongside the egg. The winter egg of
Daktulosphaira vitifoliae expands slightly after having been laid (Kirk,
1897). In Phylloxerina (Iglisch, 1965) and the pecan phylloxerids
{Stoetzel, 1985c¢) the egg retains within the body which then shrivels
around the egg (see page 22). Overwintering eggs are oval, yellow
when first laid and then darken to black. The unfertilized winter eggs
shrivel within a few days (Borner, 1908). The winter eggs of
Daktulosphaira vitifoliae (Lichtenstein, 1878), Phylloxera coccinea,
Phylloxera foae, Phylloxera glabra (Bomer, 1909), Phylloxerina
(Iglisch, 1965), and Aphanostigma piri (Geoffrion, 1971) are attached
to the bark by means of a pedicel (see page 22).

In general the overwintering eggs are laid in autumn and do not
hatch until the following spring. The sexual females of
Acanthochermes quercus, Phylloxera deplanata, Aphanostigma
ulmifoliae, Phylloxera russellae, Phylloxera caryaecaulis, Phylloxera
perniciosa, and Phylloxera devastatrix deposit their winter eggs at the
beginning of summer (Figure 1 A-D).

The number of eggs produced by the parthenogenetic females of
Phylloxera quercus and Dakiulosphaira vitifoliae diminishes with
each generation. This is associated with an increase in the number of
atrophied ovarioles. The fundatrix of Dakfulosphaira vitifoliae
produces about 450 eggs, the fundatrigeniae from 250 to 50 in
successive generations, to 2-4 eggs for the sexuparac. The sexual
female lays just one egg produced in a single ovariole, the counterpart
of which having atrophied (Balbiani, 1884). According to Riley (1874)
the Phylloxera species, with which Balbiani worked in Paris, is not
quercus because "the tubercles which are characteristic of the species
in Southern France are entirely wanting around Paris".

The fundatrigeniae of Phylloxera releyi (Riley, 1875),
Aphanostigma piri, Moritziella corticalis (Borner, 1908, 1909; Cheng
and Yeh, 1992), Phylloxera florentina, Phylloxera spinulosa (Grassi
and Foa, 1911), and the gallicolac and radicicolae of Daktulosphaira
vitifoliae may hibernate as first and/or second instar larvae in crevices
in the bark of the trunk, branches, or roots of their hostplants, or in the
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galls on the tendrils and limbs of vine (Shimer, 1866a; Planchon &
Lichtenstein, 1869b; Carriere, 1888; Federov, 1959). The over-
wintering larvae mature the following spring, and give rise on the
leaves and roots to a succession of parthenogenetic generations of
fundatrigeniae, gallicolae, and radicicolae, during summer and autumn

(Table 2; Figure 1-3).

Materials and methods

Specimens of the species listed in Table 3 were collected from the
hostplants and put in Duboscq-Brasil's fluid. After fixation the aphids
were dehydrated in a graded series of ethanol and in methyl benzoate,
stored in methyl benzoate celluidin (2%) for three days or longer, and
then in toluene and finally embedded in paraplast. Serial sections, 5-8
pm thick, were stained in 0.5% methylgreen aqueous solution, rinsed
in tap-water, dehydrated in methanol and in methyl benzoate, cleared
in xylene, and finally mounted in xylene-dammar. The sections were
examined under a Wild phase microscope; the drawings were made
with the aid of a Wild drawing tube.

The morphology of the internal organs was reconstructed from the
drawings of serial sections of a whole aphid viewed at a magnification
of 600 times. The number of nuclei with their conspicuous big
nucleoli, which correspond to the number of cells, were counted at a
magnification of 1500 times. The length of the aphid and that of the
digestive system was calculated by multiplying the number of serial
sections by the thickness of each section.

In order to dissect the internal organs, aphids were placed on
double sided self-adhesive tape attached to a black plastic plate. Under
a Carl Zeiss dissecting microscope (magnification 80x) each aphid
was covered with a drop of Levy solution and dissected using
watchmakers forceps.

Biological observations

In spring and during the summer of 1986 all Quercus robur oak
trees in Wageningen were heavily infested with Phylloxera coccinea
(Table 3). After hatching from the overwintering eggs the larvae
settles at the margins on the underside of young growing leaves and
starts to penetrate the parenchymous tissue close to a vein. Their
feeding initiates a yellow spot in the parenchymous tissue and hyper-
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trophy of the vein. Then the leaf margin folds back towards the
underside forming a small fold gall with a diameter of about 4 mm,
After the fourth moult the gall is completely folded and harbours one
adult pyriform fundatrix. She lays many smooth, oval-shaped eggs in
an urregular scatiered pattern or in two to four half-concentric circles
close together around the feeding puncture. After death of the adult the
green fold gall becomes brown to black and shrivels finally. If the
larva stops feeding or dies during gall development, the gall stops
folding and shrivels. The fundatrices of Phylloxera glabra also initiate
a fold gall on Quercus robur (Kunkel, 1967).

Directly after hatching the larvae leave the gall and scatter over
the underside of the leaves. They moult four times and after the first
moult they change from oval or suboval to pyriform in shape. The
adult fundatrigeniae are smaller than the fundatrices (Figure 9). They
lay their smooth, oval-shaped eggs one by one in a circle by turning on
their stylets which are inserted into the plant. If the circle of eggs is
closed, she deposits a second circle of eggs around the first or she
leaves the place, inserts her stylet at another site and deposits a new
circle of eggs. Their feeding stimulates the leaves to produce yellow
spherical spots, so that the dark green leaves become speckled in
appearance. If the fundatrigeniae stop feeding or leave, the yellow
spots gradually change into brown necrotic areas. Winged individuals
are never observed in spring, indicating that Phylloxera coccinea does
not have a secondary hostplant.

Wax coating honeydew droplets, as inside the galls of the
Adelgidae and Pemphigidae, are never observed in the fold galls. The
oak leaves do not show any trace of honeydew, and the aphids are not
attended by ants.

As reported carlier the wingless fundatrigeniae of Phyiloxera
coccinea, Phylloxera glabra (Heyden, 1837, Kaltenbach, 1867,
Kunkel, 1967; Barson & Carter, 1972), Phylloxera rileyi (Riley,
1874), Phyilloxera quercus (Balbiani, 1874), Phylloxera punctata
(Lichtenstein, 1877), and Phylloxera kunugi Shinjii (Miyazaki &
Teramoto, 1991) deposit their eggs singly around the feeding site on
the underside of oak leaves and their feeding initiates the formation of
necrotic spots. Phylloxera florentina deposits its eggs on the winter-
host in the same way as described above, but on the summerhost along
the midrib on the underside of the leaves (Targioni Tozzetti, 1875).
Phylioxera texana produces only one generation of galls per year on
the leaflet surface of Carya illinoinensis, whereas feeding may cause
discolouration and depressions on the leaves of several species of
Quercus (Stoetzel, 1985b) (Table 2).

Late in July of 1986 the leaves of a large number of trees were
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completely brown and dried out due to the multitude of necrotic
lesions. Only very young, heavily infested trees were Kkilled.
Phylloxera coccinea was only found on Quercus robur, never on Q.
cerris, Q. frainetto, Q. macon, Q. palustris, Q. petraea, and Q. rubra.
All these species grew in the immediate neighbourhood of the Q.
robur infested with Phylloxera coccinea.

Observations during the autumn of 1993 in a heavily infested oak
show that unlike the fundatrigeniae, the wingless sexuparous adults of
Phylloxera coccinea leave the leaves and wander as white dots on the
brown branches. The winged sexuparae migrate from the leaves to the
branches of the same oak or to other trees of the same species.
Presumably the sexuparae do not feed in the adult stage because in the
majority of the sectioned adults their stomach lumen 1s less filled with
fine-grained material or empty compared with the fundatrices and
fundatrigeniae in which the stomach lumen is completely filled with
fine-grained material (see page 32). According to Blankenhorn and
Moritz (1875) and Kirk (1897) the sexuparac of Daktulosphaira
vitifoliae stop feeding after the third moult, leave the roots and come
up to the surface of the soil, crawl up the stem and after the final moult
they fly to the aerial parts of the vine.

At the end of the summer the sexuparae lay their eggs scattered in
clusters of one to four eggs on the underside of the leaves and on the
inner surface of the scales of the apical bud of last year. The smooth,
white, and oval-shaped eggs are of two sizes: small eggs and large
eggs with a ratio of 2 to 3, of which the former produce the males and
the latter the female sexuales. The eggs are firmly attached to the
leaves and scales with their posterior end. When the eggs are about
three days old, the egg-shell, embryonic cuticle, and first instar cuticle
are shed partly posteriad up to the sixth abdominal segment. Within
about five days three more moults follow. The first instar larva
positions its three pairs of legs and one pair of antennae immobile
against the body; one pair of red-pigmented triommatidia is visible,
but the larva lacks the mouthparts. During the fourth moult the
sexuales raise and stretch their body several times perpendicular on
their cauda (see Figure 18-3 E). During this process the cuticle breaks
open in front of the head and the adult leaves its old cuticle with
undulating movements of its flexible abdomen. Thereby, first the
antennae are liberated and start to move, and subsequently the three
pairs of legs.

A part of the egg-shell (like an "egg-cup") remains behind firmly
attached to the leaf or bud scale. The shrivelled exuviae are left
attached to the inner wall of the posterior part of the egg-shell. When
the egg is not firmly attached to the substrate, the sexuales are not able
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to emerge from the final cuticle and die. One bud scale was observed
to have about 21 empty "egg-cups” on its inner surface.

The empty "egg-cups”, from which the sexuales of Daktulosphaira
vitifoliae and Phylloxera quercus emerge, illustrated and named "les
Pupes" by Lichtenstein (1878), suggest that these sexuales moult in the
same way as those of Phylloxera coccinea. According to Moritz
(1908) the sexuales of an oak Phylloxera become active a few days
after shedding their egg-shell.

The immobile larvae do not grow during their development. Soon
after emerging from the final cuticle the adult sexuales mate and
wander as minute wingless dots on the brown branches among the
much bigger sexuparae. The males are light brown and somewhat
smaller than the white transparent female sexuales. The latter have
only one opaque white egg which during the adult life increases in size
until it occupies nearly the whole body (Figure 15 N). Then the body
of the female shrivels around the egg and disappears, but between the
egg and the bud scale the shrivelled remnants of the legs and a part of
the head with the antennae and triommatidia are still present.

The cylindrical white winter egg is nearly twice as large as the egg
from which the female sexuales emerge. The egg-shell has a very fine
crenated structure. The anterior pole of the egg has a small, knob-
shaped organ, presumably the germarium, which is firmly attached to
the egg, but not to the bud scale. The eggs of the remaining morphs of
Phylloxera coccinea lack this organ.

The winter egg gradually darkens to black and does not hatch until
the following spring. The knob-shaped organ is shriveled or has
disappeared.

The pale orange colour of the wingless morphs of Phylloxera
coccinea is caused by the presence of dark orange spots inside their
transparent bodies. These spots are the oenocytes, which are lacking in
the transparent sexuales (see page 54).

Both Phylloxera coccinea and Moritziella corticalis may feed on
the same oak tree, viz. the former on the leaves and the latter on the
trunk and branches in minute bark cavitics. The eggs are laid singly
under flakes of bark, in crevices, and under and between lichens
growing upon the trunk. Winged sexuparae of Moritziella corticalis
are only observed feeding on the thin bark of young oaks, never on old
ones. Probably this species hibernates on young oaks as a winter egg,
and on old oaks as first-instar larvae of the fundatrigeniae (Figure 2
A). In one instance Lady-bird beetles on the bark of a young oak
indicated the presence of a colony of Moritziella corticalis. Colonies
of this species are found in cracks in the bark of 8 to 50 years old
Quercus robur oaks, as well as 12 to 18 years old oaks (Kaltenbach,
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1867).

As a result of a heavy infestation of Moritziella corticalis the bark
of three oaks (Q. robur) of about 8 years old in the arboriculture at
Lienden (Table 3) developed black cankerous spots and swellings that
were filled with a clear liquid. A multitude of these swellings causes a
spongy bark by which some areas of the bark release (Barson &
Carter, 1972) resulting in the death of the tree. Similar black swellings
are also caused by the feeding of Daktulosphaira vitifoliae on the roots
of Vitis vinifera (Westwood, 1869; Riley, 1870; Blankenhorn &
Moritz, 1875; Cornu, 1878; Millardet, 1898), Aphanostigma
iakusuiense (Tanabe & Mishima, 1929) and Aphanostigma piri on the
stem, branches, and fruit of Pyrus communis (Leclant, 1963;
Geoffrion, 1971; Cheng & Yeh, 1992), Moritziella castaneivora on the
burs of Castanea crenata (Miyazaki, 1968), and Phylloxerina salicis
on the stem of Salix alba.

Phylloxerina salicis has been found on Salix alba at Halle and
Lienden (Table 3). At Halle the cracks in the bark of the bole were so
heavily infested by this species, with its fine white waxy threads, that
the bole had the appearance of a zebra. On some areas of the bole the
bark was transformed into a black spongy mass, which came off
without damaging of the tree.

The dense colonies in the bark fissures consist of fundatrigeniae,
sexuparae, and sexuales. The sexuparae have fewer wax gland plates
and consequently produce less wax than the fundatrigeniae. The
sexuales are very smaill and not coated with wax threads (Iglisch,
1965), like the sexuales of Pemphigus venafuscus (= Prociphilus
americanus (Walker)) (Patch, 1909), Eriosoma pyricola (Baker &
Davidson, 1916), Eriosoma lanuginosum (Fluiter, 1933), and
Prociphilus (Stagona) xylostei (Heie, 1980).

An interesting phenomenon was the absence of wax-coated
honeydew droplets of various sizes among the wax threads of
Phylloxerina salicis. In contrast, honeydew droplets were observed
among the wax threads of the wingless viviparous females of
Phloeomyzus redelei Hille Ris Lambers feeding in dense colonies in
the fissures of the bark of Populus nigra (Doom & Hille Ris Lambers,
1962) in the Millingerwaard (V.1993) at Kekerdom (Gelderland).

The leafgall-inhabiting form of Daktulosphaira vitifoliae has been
found in France on a cultivar of Vitis vinifera (Table 3). Thesc galls
contained one or two adults, young larvae, and eggs as previously
observed by Fitch (1854), Shimer (1866a), and Planchon and
Lichtenstein (1869b), as they do there on Carya caused by Pemphlgus
caryaecaulis (= Phylloxera caryaecaulis), Phylloxera caryae-scissa,
Phylloxera caryae-avellana (Fitch, 1854; Riley, 1880), and Phylloxera
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devastatrix (Stoetzel, 1985b).

Alimentary tract

In all phylloxerid morphs (Table 3), except the sexuales (see page
41), the ectodermal part of the anterior region of the alimentary tract
consists of the stylets, pharynx, foregut, and the oesophageal valve.
The alimentary tract starts with the food canal, which is formed by the
interlocked maxillary stylets (Figure 4).

The piercing and sucking organ of the phylloxerids consists of
four stylets. Each of them originates from a retort-shaped organ
situated in the posterior part of the head. The interior of these glands
is made vp of a matrix of cells that secrete the chitinous substance,
which is formed into a new stylet at each larval moult. The two pairs
of retort-shaped organs are previously reported for the radicicolae of
Daktulosphaira vitifoliae (Krassilstschik, 1892, 1893; Grassi et al.,
1912} and for Phylloxera punctata (Dreyfus, 1894).

From these organs the stylets run ventral to the pharynx (Figure 5
G and 6 C) and converge in the chitinous cavity of the epipharynx on
the ventral face of the clypeo-labrum and labrum to form the stylet
bundie. The stylets fit snugly into the cavity, and are held firmly in
position yet have freedom of movement for protraction or retraction.
After leaving the head the stylet bundle crosses over into the
longitudinal labial groove and runs along it to the extremity of the
rostrum. In Daktulosphaira vitifoliae the stylet bundle shows in its
way a torsion of 180° (Rilling, 1960).

The stylet bundle consists of one pair of mandibular and one pair
of maxillary stylets. The latter are firmly interlocked enclosing two
canals formed by opposing grooves. The mandibular stylets are closely
applied to the maxillary pair, as illustrated by Geise (1888) for the
radicicolaec of Daktulosphaira vitifoliae. The dorsal or food canal
communicates with the pharyngeal duct, and the ventral one joins the
efferent salivary duct. Moreover, within each mandibular stylet is a
minute canal running from the base to the tip (see Figure 3 in Rilling,
1960). There is also a minute canal within each maxiltary stylet, but
this canal ends before entering into the cavity (Figure 5 G and 6 C).

According to Foa and Grandori (1908) and Janicki (1908) the
stylets of the radicicolae are longer than those of the gallicolae,
varying between 122 and 163 pm for the gallicolae, between 180 and
215 pm for the spring radicicolae, and between 150 and 170 pum for the
overwintering radicicolae. Moleas er al. (1992) found that the length
of the stylets in seven generations of gallicolae varied from 90 to 160
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Figure 4. Sagittal section of the head of an adult winged sexuparous Moritziella corticalis showing
the 14 pairs of muscles of the pharynx {(M4) and the three pairs of retractor muscles of the salivary
pump (M17). Note the situation of the sensillary pores in the epipharynx, pharyngeal duct, and at
the foot of the pumpstem. Bar represents 10 pm. For list of abbreviations see page 77.
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The stylets of the fundatrigeniae of Phylloxerina capreae and
Phylloxerina salicis have an average length of 294 um and 355 pm,
respectively (Borner, 1942).

There are two muscles attached to the basal end of each stylet: a
retractor muscle on the inner side originating from the tentorial bar
(M15 and M16), and a protractor muscle (M13 and M14} inserted on
the outer side of the stylet and originating from the ventral wall of the
maxillary sclerite. More proximally on the outer side of the stylet
another muscle is inserted originating from the lateral (M8 and M9,
Figure 6 C) wall of the maxillary sclerite. On the inner side there are
muscles attached to the pharynx (M23 and M24, Figure 5 G) floor
(Figure 8 and 13 in Ponsen, 1972). The skeleton and musculature of
both the gallicolae and radicicolae of Daktulosphaira vitifoliae were
studied by Grassi ef al. (1912) and in detail by Rilling (1960).

According to Millardet (1898) the radicicolae of Daktulosphaira
vitifoliae take their nourishment from the cortex of the roots and not
from the vascular tissue cells. The stylets penetrate intracellularly
through the cortex and parenchyma of vine roots (Petri, 1909) and
leaves (Koch, 1952). Moreover, the radicicolae can feed directly on
callus tissue cultures indicating that they do not need the sieve tubes
for their nourishment (Rilling & Radler, 1960). Phylloxera coccinea
and Phylloxera glabra ingest their food mainly from the non-vascular
tissue cells (Kunkel, 1967) and Phylloxera devastatrix larvae feed in
the phloem cells by puncturing between cuticular cell walls (Hedin et
al., 1985).

The food canal leads into the pharyngeal duct, which is formed by
the epipharynx and the lip of the hypopharynx (Figure 4). This portion
does not exert any sucking action, simply forming a duct, which
conveys the plant-sap to the pharyngeal pump. The pharyngeal duct is
separated from the pharyngeal pump by a valve, of which both the
dorsal and ventral walls are marked by two cuticular dome-shaped
prominences (Figure 5 and 6). These structures are present in
Daktulosphaira  vitifoliae and named "Protuberanzen” by
Krassilstschik (1892), "Naroiden” by Dreyfus (1894), "Bottoni" by
Grassi ef al. (1912), and "Mundknépfe"” by Rilling (1960).

The dorsal wall of the pharyngeal valve is controlled by two pairs
of divaricator muscles, each pair being attached to a short tendon. The
muscles diverge from each side of the tendon and are attached
bilaterally of the clypeo-labrum. On the lateral side of the valve a
muscle (lateral pharyngeal valve muscle, M10) is inserted, which
originates from the lateral wall of the clypeus. In a closed position the
pharynx protuberances and the valve fit closely together (Figure 5 E-G
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Figure 5. Oblique section of the pharyngeal system (A) of a winged sexuparous Phylioxera
caryaecaulis and the pharyngeal duct with two hypopharyngeal sensillary pores (B) of a wingless
fundatrigenious Aphanostigma piri. Note the 8 sensillum pores in the epipharynx, the 6 pores of
the pharyngeal valve, and 2 hypopharyngeal sensillary pores. Transverse sections of the
pharyngeal duct (C) and the pharyngeal duct anterior to the valve (D) of a brachypterous
Phylloxera punctata, the pharyngeal valve in an open (E) and closed position (F), and the
pharyngeal pump posterior to the valve (G) of a wingless fundatrigenious Moritziella
castaneivora, the anterior region of the pharyngeal pump in an open (H) and closed position (I),
‘the posterior region of the pharyngeal pump (I} of a radicicolous Dakmulosphaira vitifoliae, and
the pharyngeal valve (K) of a wingless viviparous Forda marginata Koch (Family Pemphigidae).
Bar represents 10 pm. For list of abbreviations see page 77.
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and 6 O).

The pharyngeal pump extends from the valve across the middle
region of the head through the oesophageal connectives and joins the
foregut in front of the tentorial bar. The movement of the flexible
dorsal wall of the pump is controlled by 12 pairs of muscles (Figure
4). In the anterior region they are attached to 10 short tendons arising
from the midline of the dorsal pump wall. The muscles diverge from
each side of the tendon and have their origin on each side of the
mediodorsal line of the wall of the clypeus (Figure 5 H-1). Both in the
middle and posterior regions of the pump one pair of fan-shaped
muscles is attached to the edges of the flexible dorsal wall and
originates from the junction of the clypeus and epicranium, and the
middle region of the epicranium, respectively (Figure 5 J).

Only the 10 pairs of muscles that are inserted on the dorsal wall of
the pharyngeal pump via a cuticular tendon are responsible for the
pumping action. Contraction of these muscles pulls the invaginated
dorsal wall (Figure 5 H) upwards. During this process, the lumen
increases in size and the reduced pressure draws plant-sap into the
pharynx lumen by opening of the pharyngeal valve. When the muscles
relax, the dorsal wall springs back to expel the sap into the foregut and
the pharyngeal valve is then closed (Figure 5 I).

Close to the tentorial bar, muscles are attached to the floor of the
pharyngeal pump: one pair originates from the tentorium (ventral
pharyngeal pump muscles), and one pair from the salivary pump
(retractor muscle of salivary pump, M17) (Figure 4 and 5 J).

The epipharyngeal gustatory organ has 14 sensillary pores. Eight
pores are arranged in a row in the epipharynx of the pharyngeal duct
(Figure 4, 5 A, and 6 A) as previously reported for Phyllloxera
punctata (Dreyfus, 1894) and in both gallicolae and radicicolae of
Daktulosphaira vitifoliae (Grassi et al., 1912; Rilling, 1960). Six
sensillary pores are located in the dorsal wall of the pharyngeal valve,
three on each side of the two insertions of the short cuticular tendons
to which the divaricator muscles of the pharyngeal valve are attached
(Figure 5 A and 6 A). These six pores arc illustrated by Grassi ef al.
(1912) in a drawing of the pharyngeal valve of Daktulosphaira
vitifoliae. The hypopharyngeal gustatory organ has four sensillary
pores: two in the hypopharynx of the pharyngeal duct just anterior to
the valve (Figure 5 B and D) and two at the foot of the salivary
pumpstem (Figure 4 and 17). The location of the 18 sensillary pores is
identical in all aphid species (Ponsen, 1991).

The pharyngeal pump passes into the digestive system which
consists of the foregut, midgut, and rectum, and terminates at the anal
opening. The midgut is composed of the stomach, crenated intestine,
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and caecal intestine. The total length of the digestive system is about
one and a quarter that of the aphid's body length (Table 4; Figure 18-
2). In dissections of living specimens of Moritziella corticalis,
Phylloxera coccinea, and Phylloxerina salicis (the remaining species
in Table 3 were not dissected), both the stomach and the caecal
intestine are relatively big transparent structures, which show vigorous
peristaltic movements. The very short tubular crenated intestine is
opaque and nearly completely covered with white dots that are the
triplets. The foregut, stomach, and the crenated intestine have only
circular muscles; movement of the caecal intestine is generated by
circular and four longitudinal muscles, the latter are external to the
circular muscles.

The foregut (oesophagus) runs posteriad from the tentorium and
terminates in the oesophageal valve (Figure 4 and 7 A). Of all aphid
species investigated, the phylloxerids have the shortest foregut. Its
length is about one tenth of that of the foregut of Myzus persicae
(Sulzer) (Table 4). This thin tube is made up of squamous epithelium
of which the nuclei protrude into the narrow lumen.

The oesophageal valve is a short invagination of the foregut into
the stomach. It consists of two layers of simple epithelium, which are
continuous with each other. The epithelium of the inner layer is a
continuation of that of the foregut, whereas the outer layer consists of
cuboidal cells each of which has a relatively large spherical nucleus.
The cells of both the foregut and the oesophageal valve secrete a
chitinous intima. The two cell layers of the valve are separated by an
intravalvular space which lacks muscles (Figure 7 (3).

Just before the stomach the foregut is supplied by a short nerve
originating from the medial dorsal nerve, which runs alongside the
dorsal vessel (Figure 4). Working with Daktulosphaira vitifoliae,
Anders (1961) concluded that amino-acids in the stomach fluid are
responsible for the formation of the leafgalls. Presumably this nerve
regulates the oesophageal valve so that fluid from the stomach can be
regurgitated into the non-vascular tissue cells of the host.

An oesophageal valve has been reported in gallicolae of
Daktulosphaira vitifoliae (Gersch, 1953} and Phylloxera coccinea
(Kunkel, 1966), but is absent in radicicolac of Daktulosphaira
vitifoliae (Krassilstschik, 1893), Phylloxera punctata (Lemoine, 1893),
and Phylloxera coccinea (Dreyfus, 1894).

The midgut is the endodermal part of the alimentary tract and
consists of stomach, crenated intestine, and caecal intestine. The
stomach is the biggest organ of the alimentary tract and in length is
about half that of the aphid's length, and as long as the stomach of
Myzus persicae (Table 4). It runs posteriad from the tentorium,
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Figure 6. Oblique section of the pharyngeal system of an adult fundatrix of Phylloxera coccinea
(A) and a wingless oviparous Israelaphis carmini Essig (Family Greenideidae) (B). Note the 14
pairs of pharyngeal pump muscles of P. coccinea and the 30 pairs of I carmini. Transverse
section of the pharyngeal valve of a gallicolous Daktulosphaira vitifeliae (C). Bar represents 10
pum. For list of abbreviations sce page 77.
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