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1. Opening remarks

On the occasion of a sojourn at the marine laboratory at Porto-Pi (at Palma, Mallorca) in summer 1925, in the vicinity of the station under especially remarkable circumstances I found fly larvae of the genus Eristalis. The various characteristics of their habitat - detailed further below - provoked directly the following laboratory observations. Unfortunately I did not have any entomological literature at the station, and I thought at first that was I observed in these larvae was already known. Regrettably I soon had to cut short my observations because my time at the station was over. Afterwards when I returned to Germany, I asked some experts on fly larvae what was known about the life cycle of Eristalis larvae. To my surprise, I was told by everyone that our knowledge originates from the classic studies of Reaumur (1738). Study of the literature confirmed this information. I established that newer studies were lacking on the ecology and physiology of Eristalis larvae in particular. In the current handbooks (Heymons 1915, Lampert 1925) they fall back upon Miall (1912), who in turn relied very strongly on the studies of Reaumur (1738). Since comparatively little is known about the life history of Eristalis larvae, I therefore have published my newer observations. Obviously the task is not fully and thoroughly worked out. My explanation should help to make productive this type of biological and physiological study in the future. The large and strikingly shaped larvae can be found almost the entire year, directly allowing detailed study, as shown here. As I mentioned above, I had to cut short my observations, and hence cannot make any claim to completeness.


If our knowledge of the life history of these fly larvae is incomplete, in comparison our understanding of anatomy and morphology is somewhat better placed. There are good studies of these features from Trybom (1875), Buckton (1895), Wahl (1900), Giacomini (1900) and Wilkinson (1901). In these previous works we find brief outlines of biological information; the same is true of other systematic works on the genus Eristalis, which bring meagre ecological information and almost without exception repeat the same established facts.


Unfortunately I was not able to determine to which species of Eristalis my larvae belong. Moragues (1894) dealt with the four Balearic Eristalis species, in fact [Eristalinus] aeneus, E.tenax, E.arbustorum and E.taeniops. I myself captured at the same location some male and female E.tenax and Er.aeneus. Whether they were the larvae of one of these, I cannot say. I could dispense with general descriptions, found sometimes with good figures in: Reaumur (1738), Bouché (1834), Zetterstedt (1843), Letzner (1856), Trybom (1875), Buckton (1895), Wahl (1900), Grünberg (1910), Miall (1912) and Lundbeck (1916). At this place I should also make a correction. Doflein (1914) figured (p.189) a “larva of E.tenax at the edge of a pool, magnified 4 x, original from nature”. The figure is drawn from Kissling, but it not of a larva, but a pupa ! The larvae that I found - in total about 50 - varied considerably in size. The largest measured 20 mm, of which 12 mm was the body and 8 mm the extended tail. I also had individuals of 16 (10 + 6), 13 (8 + 5) and 9 mm (5 + 4). Unfortunately in Porto-Pi at that time I was unable to start any observations on the growth of these fly larvae. This would be a profitable undertaking.

2. On the places and times where they were found

First should be collated the data on the places and times where the Eristalis larvae were found. Whatever species it was cannot be determined from these data since identification keys to these larvae have not yet been written. Some researchers give various forms that they believe the larvae in hand have, but others leave this question open. The following shows the words of the observers:

· Frisch (1722) says: “of the long-tailed maggot in manure, and the fly that comes from it”

· Swammerdamm (1752) called the larvae the “dungfly or privy fly”

· Zetterstedt (1843) says (p.668): “live in rotting seaweed on seashores”

· Scholtz (1847/9) wrote (p.22): “[Helophilus] pendula and Eristalis nemorum in foul places; tenax in sewers; Eristalis larvae mainly live, as Meigen and others have already observed, in wholly foul waters, in gutters, street filth, sludge, in treeholes within which rainwater collects, and even in the stinking water of the latrine”.

· Schiner (1862) added (p.332): “the known larvae live in decaying vegetable and animal matter, in filthy water, in mud, in cesspools and similar places.”

· Wulp (1858) described the larvae of Eristalinus sepulchralis and said about it (p.18): “Zij verbergen zich aldaar onder steenen, tusschen de ruigte der platgedruckte planten, om hare vordere veranderingen te ondergaan”. He assumed that these larvae also lived in water, as those of E.tenax. 

· Batelli (1879) characterised the nature of the waters in which Eristalis larvae lived (p.115): “the latrine liquids contain a large amount of sulphuric acid and ammonia products; just here Eristalis relies on these for its larval life and grows in this cradle of rotting matter, up to the time when it abandons them to pupate.”

· Brauer (1883) wrote (p.69) of Eristalis: “the larvae occur in liquid manure of rotting vegetable matter, particularly in cesspits”.

· Schmidt-Schwedt (1891) says (p.90) that “the well-known rat-tailed larvae of the mudfly are found in ditches with lots of algal slime and little clean water”

· Wahl (1900), to whom we have to thank for the best anatomical study of the rat-tailed larva, says (p.3): “they live in liquid manure”.

· Smith (1901) says (p.300): “the larvae are numerous in the stagnant water and mud of the swamp throughout the summer and autumn”

· Grünberg (1910) repeatedly states in his data on where he found them: “overall in pools, puddles, ditches with filthy manured waters, in gutters, drains, wet manure, cesspools”.

· Lundbeck (1916) in the most detailed recent systematic study of the genus Eristalis, believed that he had the larvae of Eristalis arbustorum and intricarius. He wrote with regard to these larvae (p.412): “the larvae live in stagnant and putrid waters, ditches, in manure and the like; they may be found together in very great numbers.” and on p.419 he wrote more on [Eristalinus] aeneus: “the larva was taken on Vesterfaelled on sand below sea-weed at the shore on 24/7”.

· Lampert (1925) characterized the places to find Eristalis larvae in general (p.159): “dung-pits, places where decaying organic matter collects” and “rat-tailed larvae only live in the most unassuming [bescheidensten] accumulations of water”.

Concerning the times of finding the adults it is sufficient to point to the data of Lundbeck (1916), who says that the adults can be found from the middle of May to the end of October. To my knowledge there are no systematic obsevrations on the times of finding the larvae. When the first larvae appear cannot be inferred from the current literature.


The Eristalis larvae that I observed were first found on 24th August 1925. Most were already mature (see below). At the beginning of September the animals were scarce, and towards the middle of September the appropriate pools of water were no longer present. In other similar water pools, some adjacent and some lying about 150 m away, despite diligent searches I found no more larvae. I caught a number of adults at the edges of these water pools from 12th-15th September, later identified as Eristalis tenax and Eristalinus aeneus. Since these adults were roving about on the edge of the pool, I hoped to find some eggs or young larvae, but this proved not to be the case. The data on the places where they were found were interesting in that they also referred to adults near the sea and larvae in salt water (cf Zetterstedt 1843, Schiner 1847, Lundbeck 1916). The water pools in which I found the larvae were about 15 m from the sea in limestone rocks on the shallow sloping coast. In rough seas the pools received an injection of seawater, whilst heavy showers filled them with rainwater, the more so since the limestone rock was not very porous. As I have already mentioned, this was a pool of very modest size. The Spanish call such collections of sea- or brackish water “charcos” or “pozas”. In these small pools very particular conditions dominate, recognized since the most extreme variations in salt content can occur. When I first discovered the larvae, in some their bodies were embedded in the level layer of mud, and in others they were wedged in rock crevices; the breathing tubes in all cases were raised up perpendicular to the water surface. Since the given environmental circumstances were so distinctive, so the corresponding temperature measurements and salt content of this pool were taken for a period of time. In the following I reproduce briefly a few results from these particular measurements. It is particularly to be noticed how the salt content increases from day to day in this pool, since additions from sea- or rainwater during this period did not occur. The weather continuously sunny and almost windless, and hence the rapid drying of the pool occurred. The pool was in the sun continuously from 0600 to 1700 h. 

· 25th August 1925: air temperature in the sun = 28.2 C, wind strength = 0. The water smells and is a turbid green colour. The greatest water depth is 12 cms. Approximate measurements of the pool 70 x 38 cms. Surface temperature = 24.3C, bottom temperature = 26 C. Salt content at the surface = 2.9%, at the bottom = 4.9%

After stirring up the whole water mass from the bottom, the average salt content was 3.7%. The bottom of the pool was covered with fine greenish mud and chalk sand to a depth of 1-2 cms. Just now it was stated that the greatest depth was 12 cms, and nevertheless these noteworthy differences were found in salt content and temperature.By stirring the water, the well-known “schlieren” is created, which as everyone knows consists of mixtures of various concentrations of solutions. The consequence of this is that the body of the larva - which is after all buried in mud - finds itself in water of a higher salt content and temperature than the endpiece of the breathing tube.

· 27th Aug 1925: temperature in the sun = 34.0 (C, wind strength 0.5. The water smells no longer. The little pools have dried up. The greatest water depth = 10.5 cm. Pool is 67 x 35 cm (round). General water temperature 27.5 (C. Salt content 5.3%

· 28th Aug 1925: water temperature = 28.0 (C, salt content = 6.6%

· 29th Aug 1925: greatest water depth 6 cm. Water completely clear, dried up even more, a thin salt crust at the edge. Water temperature = 26.5 (C. Salt content = 7.8%

· 31st Aug 1925: greatest water depth barely 5 cms. Pool measures 50 x 30 cms. Water temperature = 26.8 (C. Salt content = 11.7%. 

· 1st Sept 1925: greatest water depth 2.5 cm. Water slightly turbid and again smells. Water mass dried out even more. Water temperature = 23.5 (C. Salt content = 13.2%

· 2nd Sept 1925: water depth 2 cm. Water mass dried out even more, so that the surface is only 20 x 15 cms. Water temperature = 27.8 (C. Salt content = 27.0%

[...]

The environment in which the larvae are found also contains the following forms: small green algae of the Nostoc-Gloeocapsa type, diatoms of the Navicula-Melosira type, and in addition very small flagellates that colour the water green. There were no higher plants. At the same time there were some animals in the water pool: the beetle Ochthebius quadricollis and their larvae, the latter in very large numbers. In addition the larvae and pupae of the mosquito Aedes mariae Sergent, and a small copepod, probably Harpacticus fulvus. Occasionally pocket crabs lost their way into this pool, particularly Carcinus maenas and Leptocrapsus marmoratus. We can note here that in spite of the continuously changing environmental conditions, only in this small water collection was a rich community of organisms found together. In spite of similar conditions in other puddles and pools in this site - I examined thoroughly a number of them - I did not find Eristalis larvae in any other place. That the fly had chosen this pool for laying its eggs must have had its basis in the fact that the water was especially strongly polluted with organic matter (dung, rotting melons). [took some to the lab, but all died; ones in the pool were probably eaten by seagulls; couldn’t find pupae probably because larvae crawl long distances before pupation]

3.  On the food

Accurate studies on the nature of the food of Eristalis larvae seem not to have been done up to now. Batelli (1879), Buckton (1895), Giacomini (1900), Wahl (1900) and Wilkinson (1901) concerned themselves with the anatomy of the digestive tract of this animal, but information onn the food is only very generalised. Wahl said for example that the larvae feed on rotting organic material, and Lampert (1925) mentioned that the animals ingest a component of the foul liquid in which they live. I have myself studied the gut contents of a reasonable number of individuals immediately after capture, and I have been amazed at how extraordinarily uniformly sorted and “dry” (cum grano salis) the food is. One cannot connect these larvae at all with the frequently applied term ‘mud-feeding’. In my opinion the Eristalis larvae do not feed indiscriminately on “filth”, but they seek out with their sensory papillae food that is then filtered by the pharynx, as Wilkinson has shown in his nice studies, and then they swallow the comparatively dry foodstuff down into the alimentary canal. In Fig 1 the food of Eristalis larvae is depicted, as I have established. One sees that essentially it consists of algae of the Nostoc and Gloeocapsa groups, and also diatoms of the Melosira and Navicula groups. There are also unidentifiable bits. What is immediately striking is the comparatively uniform size sorting of the food, and also the situation that bits of food larger than a certain size do not occur in the gut. Studies of the gut show therefore that the very vargue term “filth-feeder” needs a critical and more accurate consideration. It would be much more correct to say that they “feed in filth”. The gut contents were mostly coloured greenish black or yellowish green, whilst the excreta which was deposited in ca. 1-1.5mm long garland-like strings, was a dirty yellow-red colour. 

4.  Behaviour in general, and the type of locomotion

[...]

