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THE DIGESTIVE SYSTEM OF GLYPHINA AND THELAXES
(HOMOPTERA: APHIDOIDEA)

INTRODUCTION

THE aAPHIDS Glyphina betulae (L.), G. schrankiana BO6RNER, Thelaxes dryophila
(ScHRANK), and T suberi (del GUERCIO) belong to BORNER's family Thelaxidae
(BORNER, 1952). The digestive system of this tribe Thelaxini is structurally primi-
tive with a tubular stomach (BORNER and HEINZE, 1957) as illustrated in
BORNER’s (1938) drawing of the digestive system of Hamamelistes sp.

In the present study the anatomy of the digestive system of these four species
of ‘Thelaxidae’ is investigated in more detail,

MATERIALS AND METHODS
Inviduals of the species listed in Table 1, were fixed in DuBosQ BraAsIL’s fluid,
embedded in paraplast, and sectioned at 8 u. Sections were stained in EHRLICH's

haematoxylin-eosin.

TABLE 1. List of thelaxids studied, their hostplant, and relevant locality data,

Hostplant Locality
Glyphina besulae (L.) Betula pubescens Wageningen, 27. V1. 1980
Glyphina schrankiana BORNER Alnus glutinosa Ede, 25. VIII. 1981
Thelaxes dryophila (SCHRANK) Quercus sp. Wageningen, 30. V. 1979
Thelaxes suberi (del GUERCIO) Quercus suber Alcochete (Portugal), 27. VII. 1980
RESULTS

The alimentary tract starts with the food canal which is formed by the inter-
locked maxillary stylets. From the stylets the food canal passes into the pharyn-
geal duct which subsequently leadsinto the pharyngeal valve, pharyngeal pump,
foregut, oesophageal valve, stomach, intestine, and rectum terminating at the
anal opening (Fig. 1). The total length of the gut is about twice that of the aphid’s
body.

The foregut (oesophagus) runs posteriad from the tentorium, between the
two salivary glands and dorsal to the nervous system to terminate into the oeso-
phageal valve. It consists of a thin tube made up of a single layer of squamous
epithelial cells which secrete the chitinous intime,

The oesophageal valve marks the junction of the foregut and the stomach.
It consists of two layers of cells of which the inner layer is the continuation
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Fig. 1. Dorsal aspect of the digestive system of a Thelaxes dryophila larva and sagittal aspect of
that of a Glyphina schrankiana larva reconstructed from serial sections showing foregut (f), oesopha-
geal valve (ov), tubular stomach {st), first part of intestine (i1}, second part of intestine (i2), descen-
ding intestine (di), rectum {r), epidermal invagination (ei}, and anal opening {ac}. The cornicles
(pores, co) are situated on the sixth abdominali tergite. 1 -2, meso and metathoracic spiracles; 3-9,
ahdominal spiracies. to, triommatidion. The letters A—F correspond with transverse sections illus-
trated in Fig, 2.
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of the foregut. The outer layer consists of small cuboidal epithelial cells covered
with a chitinous intima.

The midgut is the longest part of the alimentary tract and is composed of
stomach, first and second part of intestine, and descending intestine. In G.
schrankiana and T. dryophila the first and second part of the intestine together
are about five times as long and the descending intestine about four times as
long as the stomach (Fig. 1).

The stomach either starts at the anterior part of the mesothorax, half-way
the mesothorax, or in the first abdominal segment and passes into the intestine
in the first, second, or third abdominal segment, respectively (Table 2). In the
region of the oesophageal valve the stomach is somewhat dilated and then con-
tinues as a tubular structure of which the diameter is the same as that of the
first part of the intestine. In transverse sections of the fore part of the stomach
there are twice as many cells (Table 2} as in sections of the following first and
second parts of the intestine. The number of cells in each section of the stomach
gradually decreases and is equal to the number of cells in sections of the first
and second parts of the intestine at the point where the hind stomach passes
into the first part of intestine. Both in longitudinal and in transverse sections
the epithelial cells of the stomach are smaller than those of the first and second
part of the intestine. The stomach wall is made up of triangular cells, with hetero-
genous basophilic cytoplasm, small vacuoles and a spherical to oval nucleus.
The basal cell membrane of each cell has numerous infoldings and the free sur-
face a striated border. The cells do not show any cytological manifestations
of secretion and the lumen of the stomach appears empty (Fig. 2A and B).

The first part of the intestine consists of a small tube which runs from the
tubular stomach directly to the ventral surface, then posteriorly before reversing
direction (abdominal loop) in the fourth, fifth, or sixth abdominal segment (Fig.
1 and Table 2). In each aphid species studied the stomach lies centrally in the
dorsal surface of the aphid and dorsal to the descending intestine, with the first
part of the intestine bent either to the right or to the left of the descending intes-
tine. The abdominal loop is connected to the cauda by ‘membranes’ which pre-
sumably keep the loop in position. The first part of the intestine passes into
the broader second part of the intestine which runs directly anteriad to the thor-
acic loop situated in the first, second, or third thoracic segment. The epithelial
cells of the first part of the intestine contain some vacuoles and a somewhat
spherical nucleus, whereas those of the second part of the intestine are strongly
vacuolated and have ovoid-shaped nuclei (Fig. 2C and D). The distal surfaces
of these cells are striated and line a stellate-shaped closed or partly closed lumen.

The fourth part of the midgut is the descending intestine which runs from
the thoracic loop directly caudad to open into the rectum. In dissections the
descending intestine is transparent and dilated forming a sac-like structure with
exhibits vigorous peristaltic movements. In contrast the stomach and the first
and second parts of the intestine are opaque tubular siructures showing slow
peristaltic movements. The basement membrane of the foregut, stomach, and
first and second parts of the intestine is surrounded by a layer of circular muscle
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Fig. 2. Transverse sections of the stomach posterior to the oesophageal valve {A) and half-way
along the stomach of Thelaxes dryophila (B), the first part of intestine (C) and second part of intestine
of Thelaxes suberi (D), the descending intestine (E) and the rectum of Glyphina beiulae (F). The
position of the sections (A-F) are given in Fig. 1.

fibres, that of the descending intestine by both longitudinal and circular muscle
fibres.

Transverse sections of the sac-like descending intestine have 11-13 cells in
all the thelaxids investigated. They surround a wide lumen and contain many
small vacuoles, ovoid-shaped nuclei, and their luminal surfaces have striated
borders (Fig. 2E). Histologically the descending intestine of all thelaxids investi-
gated is identical to that of the species of Callaphididae without a filtersystem
(PowseN, 1982). In the region of the rectum there are dorsal and lateral ‘mem-
branes’ which connect the descending intestine to the intersegmental membrane
and possibly serve to keep the descending intestine in position.

The rectum starts in the seventh abdominal segment and is made up of a
single layer of small cuboidal cells (Fig. 2F). It passes into an epidermal invagina-
tion of which the cuticular lining is thicker than that of the rectal epithelium.
The anal opening is both laterally and dorsally connected by muscles to the
integument of the ninth abdominal segment.
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Fig. 3. Diagrams illustrating the junction of the stomach with the intestine in the callaphidids (a),
thelaxids (b), and the aphid species mentioned in Table 3 (¢c-d}.

D1scussioN

Morphologically the digestive system (Fig. 1) of the thelaxids investigated
is similar to that of Hamamelistes sp., Sipha sp., Tranaphis sp. (= Chaitophorus
sp.), and Hormaphis hamamelidis FITcH. illustrated by BGRNER (1938) and LEwis
and WarLton (1958). The digestive system consists of a short foregut, tubular
stomach, primitive intestine with two loops, an abdominal and a thoracic one,
and a hindgut (BORNER, 1952; BGRNER and HEINZE, 1957). They reported a hind-
gut in their aphids, but did not describe it. However, in all the thelaxids investi-
gated (Table 2) the hindgut is of endodermal origin and an extension of the
midgut and therefore more correctly called a descending intestine (Fig. 1 and
2E).

The descending intestine has, morphologically and histologically, a similar
structure to that of the callaphidids without a filtersystem (Ponsen, 1982). In
both groups the aphid species investigated have a tubular stomach and lack
ahindgut of ectodermal origin, Only in the callaphidids is the ascending intestine
coiled in the anterior region of the aphid.

An important difference between the groups is thatin the callaphidids without
a filtersystem the stomach lies in the ventral surface of the aphid, whereas in
the thelaxids it is situated centrally in the dorsal surface of the aphid. Moreover,
in the callaphidids without a filtersystem the intestine lies in a direct line with
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the tubular stomach (Fig. 3a), whereas in the thelaxids the intestine passes from
the tubular stomach to the ventral side of the aphid (Fig. 3b). In other aphid
species the transition from the stomach to the intesting is marked by a sharp
loop (Fig. 3c), although there are some species in which the intestine runs poster-
iad from the stomach (Fig. 3d; Table 3).

SUMMARY

The digestive system of Glyphina and Thelaxes (Table 2) has a short foregut
which opens into the stomach by way of a valve (Fig. 1). The stomach has a
tubular structure and its diameter is the same as that of the first part of the
intestine. The intestine consists of a narrow tube which runs from the stomach
to the ventral side of the aphid and terminates in the abdominal loop. From
there a broader intestine, the second part, runs directly anteriad to the theracic
loop. The descending intestine runs from the thoracic loop directly caudad to
open into the rectum which terminates at the anal opening. A hindgut of ectoder-
mal origin is lacking,

SAMENVATTING

Het spijsverteringskanaal van Glyphina en Thelaxes heeft een korte slokdarm
die in de maag uitmondt via een oesophageale klep. De maag heeft een buisvor-
mige structuur waarvan de diameter dezelfde is als die van het eerste gedeelte
van de¢ darm. Dit darmdeel loopt van de maag direct ventraalwaarts en vervol-
gens caudaalwaarts om in de abdominale lis over te gaan. Vandaar loopt een
wijder darmdeel direct voorwaarts tot in de thorax, buigt zich om en gaat in
de neerdalende darm over. De neerdalende darm zet zich caudaalwaarts voort
in het rectum dat via de epidermale invaginati¢ in de anale opening uitmondt.
Een einddarm van ectodermale oorsprong ontbreekt.
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