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The digestive system of Anoecia (Homoptera: Aphidoidea)
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Abstract

The digestive system of Anoecia has a short foregut which opens into a dilated sto-
mach via a valve. The stomach is made up of triangular cells with a merocrine se-
cretion. The transition from the stomach to the intestine is marked by a sharp loop.
The first and second regions of the intestine form a compact structure. The second
region contains groups of three small cells (triplets) among the strongly vacuolated
intestinal cells. The descending intestine opens into the rectum, which terminates
at the anal opening. These findings are in accordance with the conception of Heie
(1980) that Anoecia must be placed outside the family Thelaxidae.

Introduction

The genus Anoecia belongs to Borner’s family Thelaxidae (Borner, 1952). The di-
gestive system of Anoecia sp. is illustrated by Borner (1938) and consists of a fore-
gut, a dilated stomach, a short intestine, and a hindgut, but lacks a filter system
(Borner, 1952; Borner & Heinze, 1957).

In the present study the anatomy of the digestive system of Anoecia is investiga-
ted in more detail.

Material and methods

Specimens of the species listed in Table 1, were collected randomly from the host
plant and put in Duboscq-Brasil’s fluid. Prior to embedding in paraplast the larvae
were dehydrated in ethanol, methyl benzoate followed by methyl benzoate cellui-
din (2 %) for three days or longer. The sections (8 um thick) were stained in 1 %
methyl green aqueous solution (Calberla, 1887) for one hour. After staining the
sections were rinsed in tap-water, dehydrated in methanol and in methyl benzoate,
cleared in xylene, and finally mounted in xylene-dammar.



M. B. PONSEN

Table 1. List of species of Anoecia studied their host plant, and relevant locality data.

Aphid Host plant Locality, date

a Anoecia corni (F) Agrostis stolonifera Bennekom, 5.VIII.1982
b Anoecia sp. Cornus sp. Wageningen, 7.1X.1977

¢ Anoecia sp. Poa annua Wageningen, 14.VII.1982
Results

The alimentary tract starts as the food canal in the firmly interlocked maxillary
stylets. The food canal passes into the pharyngeal duct which leads into the pharyn-
geal valve, pharyngeal pump, foregut, oesophageal valve, stomach, intestine, and
rectum which terminates at the anal opening (Fig. 1). The total length of the gut is
about twice that of the body.

The foregut (oesophagus) runs posteriad from the tentorium, between the two
salivary glands and dorsal to the nervous system, to end into the oesophageal valve.
The valve is an invagination of the foregut into the stomach and consists of two
layers of cells. The inner layer is the continuation of the foregut consisting of squa-
mous epithelium, whereas the outer layer is made up of cuboidal cells; both types
of cell secrete a chitinous intima (Fig. 2A).

The midgut is the longest part of the alimentary tract and consists of a stomach,
first and second regions of the intestine,and descending intestine. The three regions
of the intestine are each about one and a half times as long as the stomach. In dis-
sections the descending intestine is a transparent, sac-like structure that shows
vigorous peristaltic movements generated by circular and longitudinal muscles. The
stomach and intestine are opaque, show slow peristaltic movements, and have only
circular muscles.

The stomach has a dilated structure and lies centrally in the dorsal region of the
aphid and dorsal to the descending intestine. It starts in either the meso- or meta
thorax and runs directly posteriad to the first, second, third, or fourth abdominal
segment (Table 2). The transition from the stomach to the intestine is marked by a
sharp loop (Fig. 1).

The maximum diameter of the stomach is at the end of the oesophageal valve.
The epithelium is made up of a single layer of 19-26 triangular cells decreasing to 6-
8 cells at the posterior end. Each cell contains basophilic cytoplasm with small va-
cuoles and a spherical nucleus that is usually situated in the basal region of the cell.
The cells secrete continuously vacuoles (merocrine secretion) into the stomach lu-
men, where they dissolve (Fig. 2B). The lumen is completely filled with coagulated
material, but does not occur in the intestinal lumen after the stomach passes into
the intestine. The secretion of the stomach cells continues during larval life and
proceeds into the adult stage without degeneration of cells.

The intestine is the tubular continuation of the stomach and can be divided histo-
logically into two distinct regions. The first region of the intestine runs anteriorly
from the stomach, loops back in the metathorax or first abdominal segment and
subsequently passes into the second region of the intestine. This broader intestine
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Fig. 1. Dorsal view of the digestive system of a wingless oviparous larva of Anoecia sp. from Cornus sp.
(left) and a winged viviparous larva of A. corni (right) reconstructed from serial transverse sections. The
siphunculi (pores, co) are situated on the sixth abdominal tergite.

1-2, meso- and metathoracic spiracles; 3-9, abdominal spiracles. ao, anal opening; di, descending intesti-
ne; ei, epidermal invagination; f, foregut; il, first region of intestine; i2, second region of intestine; in,
intima; ov, oesophageal valve; 1, rectum; st, stomach; to, triommatidion.

The letters A-I correspond with transverse sections given in Fig. 2.

starts in the first, second, third, or fourth abdominal segment and runs either di-
rectly to the anterior part or the aphid to open into the descending intestine or as in
A. corni it forms another coil before entering the descending intestine (Fig. 1).
Within each species the first part of the intestine bends either to the right or to the
left of the descending intestine. The absence of a long voluminous abdominal loop
gives the digestive system of Anoecia a very compact structure. In transverse sec-
tion, the intestine consists of 5-8 triangular cells; the cells of the first region of the
intestine contain some vacuoles, wheras those of the second region are strongly va-
cuolated (Fig. 2C and D). The apical surfaces of both cell types have striated bor-
ders.

The second region of the intestine contains 6-9 groups of three small cells (Fig.
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Fig. 2. Transverse sections of the digestive system of Anoecia. A, foregut and oesophageal valve; B, sto-
mach; C, first region of the intestine; D, second region of the intestine; E, composition of five successive
serial sections of the second region of the intestine showing triplet cells (tpc); F, descending intestine; G,
descending intestine; H, rectum; I, epidermal invagination.

For explanation of abbreviations see Fig. 1. The position of the transverse sections A-I are given
in Fig. 1.
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Table 2. The position of the digestive system in the body cavity of the species of Anoecia studied. The
letters a - ¢ correspond with the host plant given in Table 1.

Aphid Morph Stomach Stomach Abdominal Thoracic Additional
starts in ends in loopofin- loopofin-  loop of in-
testine in testine in testine in
a Anoecia  wingless I 2 2 I II1-1
corni viviparous (2)
winged /11t 172 2/3 I/ I11-1/2
viviparous (4)
b Anoecia  wingless I 2/3 3 11
sp. oviparous (4)
wingless I 172 172 11
males (4)
¢ Anoecia  winged T/IIT 2/4 3/4 IVIIT T2
sp. viviparous (5)

I-IT1 refer to thoracic segments; 1-9 refer to abdominal segments. In brackets number of aphids sec-
tioned.

2E). Sometimes a triplet may occur singly, but the majority of them occur as two
pairs of triplets among the epithelial cells. In each pair of triplets, the middle cell of
one triplet has a relatively large spherical nucleus. The triplet cells contain nume-
rous minute vacuoles, the microvilli of the apical cell membrane are shorter than
those of the intestinal cells, and the basal cell membrane has abundant invagina-
tions.

The fourth region of the midgut is the descending intestine. This runs from the
thoracic loop directly caudally, to open into the rectum (Table 2). The triangular
cells of the descending intestine are situated around a wide lumen (Fig. 2F and G).
They contain small vacuoles, oval nuclei, and their luminal surfaces have smail
striated borders. Waxy droplets originating from fat cells and scattered throughout
the body cavity do not occur in the lumen and inside the cells of the descending in-
testine. The transition from the second region of the intestine to the descending in-
testine is marked, in transverse sections, by a gradually increase in the number of
strongly vacuolated intestinal cells then by an abrupt change to the typical cellular
structure of the descending intestine. Histologically, the descending intestine of
Anoecia is identical with that of the family Chaitophoridae (Ponsen, 1983).

The rectum begins in the eight abdominal segment and is made up of small co-
lumnar cells (Fig. 2H). It passes into an epidermal invagination of which the cuticu-
lar lining is thicker than that of the rectal epithelium (Fig. 21). The anal opening is
connected by muscles both laterally and dorsally to the ninth abdominal segment.

Discussion

The morphology of the digestive system of Anoecia described here agrees with Bor-
ner’s (1938) illustration. The second region of the intestine of Anoecia living on the
roots or basal parts of grass possesses one more coil than sexuales of Anoecia living
on the leaves of Cornus sp. The transparent hindgut of Anoecia is of endodermal
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origin, and therefore more correctly termed a descending intestine (Fig. 2F and G)
like that of callaphidids, chaitophorids, Glyphina, and Thelaxes (Ponsen, 1983).

The genus Anoecia is placed by Borner (1952) in his family Thelaxidae. How-
ever, the digestive system of Anoecia differs from that of Glyphina and Thelaxes in
the presence of a dilated stomach and a compactly coiled intestine, with the transi-
tion from the stomach to the intestine being marked by a sharp loop (Fig. 1). Con-
sequently Anoecia does not belong in the same group as Glyphina and Thelaxes.
This work supports Heie’s (1980) placing the genus Anoecia in a separate family,
the Anoeciidae.

Acknowledgements

I am most grateful to Dr D. Hille Ris Lambers, whose inspiring enthusiasm and sti-
mulating criticism greatly promoted the studies on the histology of aphids until his
death on 8 April 1984.

I wish to express my thanks to Professor Dr A. F. G. Dixon (University of East
Anglia, Norwich, England) for correcting the English text and to Professor DrJ. C.
van Lenteren for his approval to prepare this investigations in the Department of
Entomology.

References

Borner, C., 1938. Neuer Beitrag zur Systematik und Stammesgeschichte der Blattlause. Abhandlungen
des Naturwissenschaftlichen Verein zu Bremen 30: 167-179.

Borner, C., 1952. Europae centralis Aphides (Die Blattlduse Mitteleuropas). Mitteilungen der Thiiringi-
schen botanischen Gesellschaft, Beiheft 3 : 1-484.

Boérner, C. & K. Heinze, 1957. Aphidina-aphidoidea, Blattlduse, plantlice (aphids), pucerons (aphi-
des). In: P. Sorauer, Handbuch der Pflanzenkrankheiten, Vol. 5 : 1-402. Paul Parey, Berlin and
Hamburg.

Calberla, E., 1887. Ein Beitrag zur mikroskopischen Technik. Morphologisches Jahrbuch 3 : 625-629.

Heie, O. E., 1980. The Aphidoidea (Hemiptera) of Fennoscandia and Denmark. I. The families Minda-
ridae, Hormaphididae, Thelaxidae, Anoeciidae, and Pemphigidae. Klampenborg, Denmark.

Ponsen, M. B., 1983. The digestive system of some species of Chaitophoridae (Homoptera: Aphidoi-
dea). Mededelingen Landbouwhogeschool Wageningen 83-5 : 1-10.

6 Netherlands Journal of Agricultural Science 35 (1987)



