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1	Introduction





The Syrphidae, one of the most species-rich dipteran families with a world-wide distribution, are next to bees some of the most important flower visitors.  In contrast to the very diverse feeding methods of their larvae, adult hoverflies make use exclusively of floral food resources.  Males chiefly suck nectar, a watery solution of glucose, fructose and saccharose, in order to satisfy their energy requirement.  The females, on the other hand, take in addition considerable quantities of pollen, which provides the protein necessary for egg production.  Unlike most bees and butterflies which are only able to suck fluid nectar with the proboscis, hoverflies can also use dry food from flowers.  (For exceptions among Hymenoptera and Lepidoptera which do eat pollen, chiefly southern European and tropical species, see Schremmer 1959, 1962).


	The manner of food ingestion in hoverflies, in comparison with that of other flower-visiting insects, has been little studied so far.  Whilst there exist morphological and anatomical descriptions of the flies’ mouthparts (Gouin 1949; Schiemenz 1957 - overview of the older literature; Graham-Smith 1930 - exemplary study of the Calliphora proboscis), the individual steps of ingestion, particularly functional morphological relationships, have as yet not been explained in a satisfactory manner.  Schiemenz was able to clarify the mechanism for converting liquid food in the labral food tube back to the pharynx in Eristalis arbustorum.  Up to now, however, there have only been vague suggestions as to the ways and means by which food, especially pollen, is conveyed from the flower, over the labella, and back into the food tube.  The following study concerns this method of transportation, which is not obvious to external observation.





2	Material and Methods





The study is based cheifly on the following species (following Sack 1930):  Rhingia campestris, Melanostoma mellinum, Epistrophe balteata, Syrphus ribesii, Volucella pellucens, Eristalomyia tenax, Eristalis arbustorum, Eristalis pertinax, Tubifera trivittata, Syritta pipiens.  Field observations and experimental studies were set up by the first author in the course of a regional study of the hoverfly fauna of the Heidelberg area (Schuhmacher 1968) and in a later similar study in Bochum.  The SEM studies were done chiefly by the second author.  


	The flies were caught with a trap, fed in the lab, and meanwhile observed under the binocular microscope up to a magnification of 50 x.  Starved insects were fastened by their back to a small rod.  Marabu Fixogum was used, which could be easily removed.  They could be brought take honey or pollen in a situation offering any amount of room desired;  this was brought about even on the underneath of slides, so that one could observe the inner surface of of the spread labella through the glass.  Flies which would not eat pollen presented on a flower or a slide would at least dab it up if it were dusted onto their legs (the cleaning reflex).  Labella, maxillae, and individual muscles were manipulated using small pins, bent or filed as appropriate, in drugged flies or freshly amputated heads.


	In order to fix the animals rapidly (with shock tactics!) while feeding, they were fastened to a small stick and dipped into liquid freon which had been colled with liquid nitrogen.  A successful histological fix was made using osmium tetroxide (2% solution in acetone) by freezing substitution.  Epon (7:3) or Araldite was the medium for semi-thin sections (1(m).  In order to fix flies while feeding (taking pollen) from flowers, they were sprayed with Cold-Spray (Kälte-Spray 75: Kontakte Chemie, Rastatt).  This stunned the flies immediately;  in smaller species a second spray, a few seconds long (done practically by placing in a yoghurt pot with a gauze bottom), was sufficient to freeze them completely (the coolant can produce a temperature of -42 C).  Larger species (S. ribesii, Eristalinae, Volucella) were sprayed with the Cold Spray in an insulated container with liquid nitrogen.  The frozen animals were decapitated, and the heads fixed histologically in a 5% glutaraldehyde (water) solution;  then, having been transferred step by step to acetone, they were embedded in araldite.  For SEM study(Jeol, JSM-43), flies’ heads were dried over the ‘critical point’.


	For the nomenclature of individual anatomical and morphological features, this description follows the work of Schiemenz (1957), who has undertaken a critical revision of previous findings.





3	Results





3.1	Morphology of the hoverfly proboscis





The construction of the proboscis is essentially similar in all hoverfly species.  As is typical for Diptera Cyclorrhapha, it is divided into a basal section, the ristrum, and a distal section, the haustellum.  In the latter, the particular development of the labium as an organ for the dabbing up and sucking of food is characteristic.  The lower hastellum expands at its distal end to form a double cushion, the labella (homolgous with the palpi labiales) (Fig 1, 7).


[ Figure 1.  Head, with mouthparts arranged separately:  Rhingia campestris, freshly killed specimen.  Magnification 40x.  Pm - Palpus maxillari.  Lc - Laciniae.  Lr - Labrum.  Hp - Hypopharynx.  Lb - Labellum. ]


These are minimally sclerotized, and by variation of haemolymph pressure can cushion themselves to any underlying surface.  At rest, the labella fold up along the mid-line, and the proboscis is drawn up and slipped inside a depression in the underside of the head.  In species with a particularly long proboscis (eg Rhingia, Fig 1), the clypeus projects correspondingly like a beak.  Further, more detailed features of the construction of the labella will be considered separately.


	Next to the labella, the labium forms a broad channel for the additional mouthparts.  This section of the labium is sclerotized on the concave fore-wall (=hypoglossa), and the convex rear-side (=prementum).  The labrum has developed as a quite heavily sclerotized incomplete tube, open at the back, roof-shaped on its upper side, which closes off the labial gutter from the front.  The semi-tube of the labrum is closed off towards the floor of the labial gutter by the bodkin-shaped heavily sclerotized hypopharynx.  The labrum and hypopharynx are grooved together along their lateral edges.  Together they form the labral food tube.  This runs proximally into the cibarium, and finally into the pharynx.  In its proximal section, the food tube rests quite freely on the labium;  distally the labium encloses it progressively, until at its tip it is completely enclosed by the base of the labella (Fig 2).  The distal end of the labrum is drawn out into six heavily sclerotized points which curve gently outwards, and which hold the soft inner wall of the labella away from the opening of the food tube.


	The labium also encloses the maxillary laciniae, which run laterally alongside the food tube.  These are flat and knife-shaped, and are not as long as the food tube.  The maxillary palps, which tand away from the fore-side of the base of the proboscis, are somewhat longer than the laciniae, round, covered with bristles, and stand out at the sides;  their base is at the division between the laciniae and stipes.  This latter is wider at its base andis entirely hidder beneath the rostral membrane.  There are no mandibles.  The rostrum is enveloped by the rostral membrane.  On its rear wall lies the salivary pump (salivarium) which conveys saliva through the ductus salivarius (which uns through the hypopharynx and opens at its tip) and into the pseudotreacheal system of the labella.





3.2	Morphology of the inner surface of the labellum





In order to understand the mode and method of ingestion, close anatomical and morphological examination of the labella was necessary, since these organs are the first to come into contact with the food.  The musculature of the head has been thoroughly described by Schiemenz (1957);  the function of the individual muscles will therefore be dealt with only in particular cases.  Besides this, the hydraulic system of the haemolymph functions in correspondance with the musclature.  Very little research has been done on the former - various air-sacs (“pressure-equalizing cushions”) in the head capsule and in the labella would indicate a complex mode of function.





[ Figure 2:  Position of the labral food tube in the labial gutter of Eristalis species in schematic cross-sections of the proboscis.


A:  Section distal to the lower edge of the rostral membrane (altered to accord with Schiemenz (1957); the laciniae still lie on the ‘roof’ of the labrum.


B:  Section proximal to the base of the labella; the laciniae lie in front of the fold between labrum and hypopharynx;  the food tube is almost completely surrounded by the labium.


C:  Sketch of the position of the two section-planes A and B


Pm - Palpus maxillaris. Lr - Labrum. Lc - Laciniae. Hp - Hypopharynx with (centrally) Ductus Salivarius.  Hy - Hypoglossa.  Pa - Paraphysis.  Pr - Prementum.  Mlep - M. labro-epipharyngalis.  Mphy - M. praemento-hypoglossalis.  Mpep - M. praemento-epifurcalis.  Mpfu - M. praemento-furcalis.  R - Rostrum.  H - Haustellum.  Sclerotized portions are shaded. ]





	The inner surfaces of the labella are made up of a washboard-like system of parallel grooves running almost perpendicular to the longitudinal axis of the labellum, and thus decreasing in length towards the tip of the labellum (Fig 3).  Close beneath each furrow runs a tube known as the pseudotracheal canal, or pseudotrachea; stiffened with sclerotized rings, this breaks through the floor of each furrow with a zipper-like opening.  The pseudotracheae are therefore not-totally-enclosed tubes, but have fine slits along their entire length, and are not disconnected from their surroundings (Figs 4,11,12).  Pseudotracheae which have been described extensively (especially those of Calliphora erythrocephala [Graham-Smith 1930]) are a typical element in Cyclorrapha and Brachycera. but also occur in some Nematocera and even Gryllinae.  Although, in accordance with their function, they can be better described as “salivary ducts” (Peters 1965), the earlier term is retained here due to their broad range (of function).





[Figure 3:  Diagram of the pseudotracheal system of the inner surface of the labellum.  Sk - collecting channel. Pt - pseudotracheae ]





[Figure 4:  Strengthening elements in the pseudotracheae.


A:  branching-off of pseudotracheae from collecting channel on the innder surfaces of the labellum in Rhingia campestris in cross-section.  Stiffeners appear as dark rings. Bar = 20 (m


B:  diagram of the alternating positions of the strengthening rings in a pseudotrachea. Diameter of rings is about 15 (m.  Sk - collecting channel. Pt - pseudotracheae. Io - interpseudotracheal organ ]





[Figure 5:  Labella with pseudotracheal system in cross-section.


A:  Rhingia campestris, with simple, straight collecting channel and short pseudotracheae branching off at right angles.  Bar = 200 (m


B:  Syritta pipiens, with a collecting channel forked at the basis, as is typical for most syrphids. Bar = 100 (m ]





The pseudotracheae stem from the collecting channels (designated as ‘saliva conductors’ by Peters) - broad tubes which run along the fore-edge of the labellum to its tip.  At their root, the two collecting channels pass in the form of a wide funnel over the labial gutter, and thus enclose the distal end of the labral food tube.  Of the two points into which each of the ‘opening funnels’ seem to be drawn, one is continued upwards to form the stick-like paraphysis sclerite.  To the other, central and downward-pointing tip is attached what Schiemenz (1957) described as the discal sclerite.   From the opening of the collecting channels to their tip, a crack runs distally, which continues into the zig-zagging slits of the pseudotracheae.  Through these fine slits the system of channels remains openly connected in it whole length with the oral surface (inner surface) of the labella.





The pseudotracheal canal system has two clear functions:  i) to act in capillary fluid transportation (chiefly saliva);  and ii) to act as a supporting skeleton for the labella cushion.





The pseudotracheae owe their name to the sclerotized stiffening rings which stabilize their cylindrical lumen (Figs 4,12).  However, unlike the helical taenidium in the tracheae, these are individual rings that are not quite complete.  They have one forked end, and one end which runs to a point (as distinct from the situation in Calliphora, described by Graham-Smith [1930]).  The zigzag pattern of the series of rings is due to the fact that from time to time consecutive rings can turn 180 degrees (they are thought to turn on an axis perpendicular to the direction of the tubes);  also due to this fact is the zipper-like appearance of the longitudinal fissure (Fig 4B).  The collecting channels have similarly reinforced walls.  These stiffening rings are strikingly dark-pigmented on the closed side, and are clearly thickened.  


	In the species we examined, the pseudotracheal stiffening rings are set 2-3 (m apart.  Their diameter is 15-18 (m at the basal section of an individual pseudotrachea, decreasing by about a half towards the distal end.  The inner diameter of a collecting channel is between 60 (m by the proximal ‘opening funnel’, and 20 (m at the distal end;  the breadth of the longitudinal slit of the pseudotracheae is about 6-3 (m.  The dimensions of the pseudotracheae vary relatively little between hoverfly species;  however, their relative number per labellum is very variable, depending not only on the length of the labellum, but also on the distance between individual pseudotracheae.  Table 1 gives an idea.





[ Table 1.  Mean size of labella and pseudotracheal furrows in different syrphid species ]





Between the pseudotracheae run membraneous strips of cuticle which (only in the living creature) curve outwards (lit.) “like lips” (Figs 9-12).  These folds, known as interpseudotracheal folds, form channels between each other which (on inspection of the inner surfaces of the labella) run over the pseudotrachea and are in contact with them through their (the pseudotracheae) longitudinal fissure.  Since from studying shock-fixed pollen-feeding flies, the pollen grains are found only in these channels, we call these ‘food-furrows’.  They lead into a large collecting furrow that runs the length of the collecting channel of the pseudotracheal system.  In the closed-together labella both collecting furrows complement each other to form a labellar food-tube.  It represents a functional lengthening of the labral food tube, the distal end of which is surrounded by the soft front border of the labella.  


	Finally we draw attention to the papillae which can be seen on the interpseudotracheal folds (Fig 6).  According to Peters (1965) these ‘interpseudotreacheal organs’ are to be interpreted as chemoreceptors (Graham-Smith’s [1930] ‘gustatory papillae’).  His given description of Calliphora erythrocephala also corresponds largely with those of the studied Syrphidae.  From TEM studies the receptor organ contains 4 sensory cells, as in Calliphora.  (On the other hand, according to Altner (1977) the taste-hairs of dipteran labella should be furnished with only two sensory cells).  The sensory cells give rise to sensitive processes which become sheathed with a ca. 25-(m-long tube of a hair cell terminating distally in a papilla (Fig 6 D).  The latter lies in a pit of the interpseudotracheal fold.  The terminal organ, as Peters (1965) and Graham-Smith (1930) described in Calliphora, could only be detected in Volucella pellucens, of the studied species of Syrphidae.








3.3	The sucking up of nectar





For the clarification of real problems, the taking up of solid pollen food, we must first establish the functioning of the individual mouthparts in the sucking up of fluids (nectar):





First the proboscis is extended;  this follows in a reflex manner as soon as the tarsi of the P-I (?) with their taste receptors touches a (sweet) fluid.  The extrusion of the proboscis comes about via contraction of the M. fronto-frontalis (Protractor fulcri) and an increase in blood pressure;  thereby the twice-folded rostral membrane is almost stretched out.  The two labella remain in the normal position still with their inner surfaces close together (Fig 8A).  Rarely the proboscis becomes repeatedly successively and only partly stretched and again drawn in.


	If the proboscis is (properly) extended, the labella become separated from each other and angled to the front.  This happens, still before any drops of food are touched, undoubtedly via contraction of the paired M. praemento-hyoglossalis, which each run from the side of the prementum to the distal end of the hypoglossa (Fig 8B).  





[Fig 6:   Sensilla on the inner surface of the labella.  All except C are REM-pictures


A.  Eristalis sp., the buckled-out interpseudotracheal folds with interpseudotracheal organs (Io),  bar = 50 (m.


B.  Similar part to A;  dried example with collapsed interpseudotracheal folds, bar = 50 (m


C.  Longitudinal section through an interpseudotracheal organ between two transverse pseudotracheae; Sz - complex of four sensory/hair cells; from the tube-shaped hair they give off four sensory processes and end in a papilla (arrow);  bar = 10 (m


D.  View of a single interspeudotracheal organ with the sensory papilla in the cuticular pit; bar = 3 (m


E.  Volucella pellucens, row of terminal organs (To) on the edge of the labellum; bar = 50 (m


F.  A single terminal organ; bar = 10 (m





[ Fig 8.  Scheme of movement of the labella of the hoverfly proboscis during food uptake (partly after Schiemenz 1957)


A.  Labella in resting position;  all muscles are relaxed


B.  Angling of the labella; contraction of M. praemento-hypoglossalis


C.  Separation of the labella and pressing against the substrate; contraction of the M. praemento-hypoglossalis and M. praemento-furcalis.


D.  Lifting of the rear section of the labella; contraction of the M. praemento-furcalis


     Pa - Paraphysis, Hy - Hypoglossa, Pr - Prementum, Ds - Discal sclerite, Pt - Pseudotracheal collecting channel, Fu - Furca, Ep - Epifurce, Mphy - M. praemento-hypoglossalis, Mpfu - M. praemento-furcalis, Mpep - M. praemento-epifurcalis.   Contracted muscles are shaded.





When the hypoglossa is retracted backwards, it changes the angle of the collecting canals (and therefore the ‘backbone’ of the labella) forwards over the paired discal sclerites, which work as a lever.  Separation of the labella occurs via contraction of the paired M. praemento-furcalis, which stretch from the side-wall of the prementum to the basal end of the furca (a sclerite in the rear half of the labellum) (Fig 8C).  The separated labella are pressed against the substrate (often with simultaneous raising of the haemolymph pressure), and remain in a spread-out layer via relaxation of the labellar musculature.  Hence the inner surfaces of the labella together with its broad smooth edge lies right against the substrate with the interpseudotracheal folds arched out.  However, the pseudotracheae are lifted off somewhat from it (the substrate).  The furrows thus developed create the transport path for the food (fluids and solid particles in the fluids).


	The fluid then spreads via capillary action into the food furrows.  Further transport then follows with the help of three previously undescribed pumps.  With this help, fresh fluid can be brought under the labella, brought about by lifting up either only the rear section of the labella (about 5-10 times per sec) via contraction of the M. praemento-furcalis (Fig 8D), or rather the entire proboscis (1-2 times per sec).  Usually 30-45 secs pass before the proboscis is retracted and the feeding site changed or left.


	The work required to take the food from the proboscis to the pharynx is performed by three pumps.  The first pump lies immediately in front of the end of the labral food tube in the median space (lit. inlet, bay) of both labella, and will be called here the ‘prelabral pump’.  It is responsible for the suction in the food furrows.  From observation of the pulsating muscular contractions, successive searches (Zugversuche) in the open preparations of individual muscles and from the anatomical study of shock-fixed animals, we arrived at the following functional interpretation:  Via contraction of the M.praemento-hypoglossalis (by which the twitching labella becomes slightly angled) the distal end of the hypoglossa is pulled somewhat to the prementum and thereby the labial gutter is deepened.  Thus a small space (0.2 - 0.5 mm long) is created immediately in front of the opening of the food tube, which fills with fluid from the food furrows.  From relaxation of the M.praemento-hypoglossalis, the hypoglossa takes once again its original shape, and displaces the fluid volume that invaded the prelabral expansion.  This follows the suction simultaneously appearing in the labral food tube (the second pump, see below).  The prelabral pump works with a frequency of 5-10 cycles per second.  The path of the sucked fluid would follow right from the edge of the labella (the distal end of the food channels) into the start of the labral food tube.  Its further path through the labral food tube and cibarium to the pharynx has already been studied thoroughly by Schiemenz (1957) and will only be summarized here briefly.


	The labral food tube functions as the next pump behind the prelabral, the lumen of which expands and contracts via raising and lowering of the epiphrynx (the inner wall of the labrum).  The pumping force, the M.labro-epiphryngalis, lies in the double-walled labrum itself.  The third pump arises from the cibarium, of which the front wall, the palatum, can be lifted away from its rear wall using the M.clypeo-palatalis.  The prelabral, labral and cibarial pumps all work as suction and pressure pumps.  Since a backwards flow of food out of the distal end of the food canals cannot be observed,  a very good coordination of the series of pumps must be assumed, so that suction and pressure phases are mutually self-supporting.  In particular the following time sequence occurs:


While the prelabral pump is in the sucking phase, the adjacent labrum-hypoglossa tube contracts, i.e. the labral pump is closed.  This sucks up first when the prelabral pump is in the pressure phase.  At the same time the cibarium is still closed.  This latter is first open when the labral tube again contracts (M.labro-epipharyngalis relaxes).  While the cibarial pump is sucking, the entrance to the pharynx (anatomically the mouth opening) is closed.  When subsequently the cibarium functions as a pressure pump, the labral food tube remains closed, so that the fluid food can flow only further inwards through the now open anatomical mouth.  At the same time the next stroke of the prelabral pump can come into play with the sinking of the hypoglossa.


	Concentrated viscous nectar such as is found, for example, on open nectaries of umbellifers,  cannot easily be sucked up except after first diluting with saliva.  The taking up of such viscous fluids was therefore subject to special study.


	In experiments we used bee honey.  The indispensable saliva for dilution comes from two different salivary glands.  There are labial salivary glands lying in the base of the labella, which keep the pseudotracheal system moist.  The main quantity of saliva come from glands in the abdomen, emerging from the ductus salivarius at the end of the hypopharynx (floor of the labral food tube) and spreading via capillary action over the inner surfaces of the labella.  Whilst the labial salivary glands probably keep the labella moist by continual secretion, the salivarium pumps a drop of saliva in 10-20 secs to the pseudotracheae particaulrly during food uptake.  The M.fulcro-fulcralis thus functions as a Dilatator salivarii.  During salivary secretion, the prelabral pump pauses for a moment.  The drop of saliva is occasionally so large that it not only fills the tubes of the pseudotracheae but also floods the food furrows and even emerges at the base of the labella onto the outside.  Honey diluted with isolated saliva was subsequently sucked up as described above.  Usually the taking up of honey lasted several minutes with intermittent delivery of saliva.





3.4	Eating pollen





The above picture of the uptake of fluid food clarifies the principle delivery mechanisms in the hoverfly proboscis.  In the case of dry pollen food, the question arises whether for this a special transport mechanism should have developed or not.


	Only occasionally could free-living hoverflies be observed taking flower pollen directly from the anthers.  In most cases the flies were dusted with pollen on the head, legs and the underneath of the thorax when they inserted their extended proboscis into flower corollae (of, for example, Compositae), reaching for nectar.  From subsequent cleaning, the pollen grains were brushed off the body by the tibiae and tarsi of the front legs.  The pollen was dabbed from the leg hairs with the labella in the same way as from anthers.  Holloway (1976) also observed that especially in large strongly hairy hoverfly species, pollen was almost always taken from the body hairs and not direct from flowers.


	From the dabbing of pollen from a substrate (anthers, microscope slides) the spread labella, moistened on the inner surfaces with saliva, rub (stossen) against the pollen masses staccato-like 2-6 times per sec.   Rarely does the proboscis touch only once, before the labella (while the proboscis remains extended) are folded together.  In large species (Rhingia, Eristalis, Tubifera, Volucella spp.) the labella are so large that in composites (observed on various Chrysanthemum species, as well as Cirsium oleracea) they grasp the pistil in the region of the (Fegehaare?) like forceps.  The labella then become very rapid moving up and down, so that one can scarcely resolve any more the individual movements.  The pollen grains are thereby stripped off the pistil brush (Griffelbürste), and then remain stuck to the saliva-moistened inner surfaces of the labella.


	After the dabbing up of the pollen, the labella close together whilst the proboscis remains extended.  Sometimes one can see a scissor-like movement of the closed labella, by which each labellum is twisted 10-20 ( relative to one another (the axis of rotation is perpendicular to the median plane of the proboscis and is to be thought of as at the proximal end of the furca sclerite).  These shearing movements continue at 6-10 times per sec.  With these movements the clumps of pollen are probably dispersed and spread out over the inner surfaces of the labella, so that the individual pollen grains lie in the food furrows.  Via the coming together and pressing against one another of the labella, the arched interpseudotracheal folds lie against one another.  Simultaneously the food furrows lying next to one another, complement each other to form closed ‘food tubes’.  These now form the transportation pathways for pollen grains to travel from the peripheral edge of the labella to the labral food tube (Figs 9-11).  How does the dry or at most moistened pollen grains move in the food tubes ?





[ Fig 9.  Section through the distal part of the closed labella of Syrphus ribesii with an enclosed pollen grain of Heracleum sphondylium.  The labella are filled with haemolymph and nerve- and gland-cells and tracheae not further identified.  Bar = 25 (m.  Pt - Pseudotrachea, If - Interpseudotracheal fold, Io - Interpseudotracheal organ, Cu - cuticle, Hd - Hypodermis. ]





	As soon as both labella are brought together, one observes that they swell twitchily by a rise in haemolymph pressure.  To prevent the labella from coming apart from one another, above all the M.praemento-epifurcalis must contract.  Whilst the turgor in the labella is increased, pollen grains become clamped to the wall of the interpseudotracheal folds, pushed forward to the middle of the tubes.   It is taken that as a drop of saliva is exuded from the end of the hypopharynx into the pseudotracheal system,  the salivarium swells rhythmically to and fro as do the closed labella (1-2 times per sec).  If in this phase the food tube is experimentally lifted out of the labial gutter, a drop of saliva exudes from its tip.  Each batch of saliva spreads out distally in the pseudotracheae.  At the same time the haemolymph pressure in the labella decreases somewhat, so that the interpseudotracheal folds relax a little and the food tubes correspondingly broaden.  Thus the developing suction causes saliva to flood from both pseudotracheae, which overly each other and accompany each food tube, from each longitudinal fissure into the food tubes.  The pollen grains in the widened food tubes, now free to move, are now no longer dry but are suspended in salivary fluid.  This pollen suspension succumbs to the pressure in the prelabral and labral pumps, just like dilute nectar.


	It is remarkable that the saliva on the inner surfaces of the labella - as if on two tiers - flows in opposite directions.  In the canal system of the pseudotracheae the saliva spreads out distally.  In the overlying food furrows or tube-system it collects and flows - together with suspended food particles (pollen) - proximally towards the end of the labral food tube.  Probably contributing to the maintenance of this system of flow, apart from the directional pressure from the salivarium, fluids spread automatically via capillary action in the relatively narrow pseudotracheae, but the suction of the prelabral and labral pumps is effective above all in the food furrows.  


	In the labral food tube, the pollen suspension is transported further in the same manner as fluids.  As was established in animals dissected immediately after food uptake, the pollen passes through the food tube only as single separate grains and not as compact masses.  After three minutes the crop can be so full of pollen that one can clearly
