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Introduction

Larvae of hoverflies (Syrphidae) have turned out to be frequently useful destroyers of aphids, mites, and even of small butterfly caterpillars, in forest husbandry and fruit growing.  In spite of this, however, it should not escape one's notice that there are also among the syrphids, in contrast to the many entomophages, some species have become pests via a phytophagous feeding habit, as miners in living plant parts. The plant-injuring syrphid species belong above all to the subfamilies Milesiinae, Brachyopinae and Cheilosinae, of which the larvae feed in or on living plants partly as phytophages and partly as schizophytophages.


Thus the larvae of Milesiinae and Brachyopinae live for example in ulcerated wound tissue or bark fissures of damaged sapping deciduous trees (birch, oak, maple, poplar, beech, etc), whilst those such as the Cheilosiinae live in and damage above all by mining the stems of composites like thistles (Carduus, Cirsium), butterbur (Petasites) and chamomile (Matricaria), and occur similarly in bulbs of lilies (Liliaceae) and even occasionally in fungi (e.g. mushrooms) (Seguy 1951; Brauns 1976). Besides these, in the insides of lower plants there are more of the less phytophagous syrphid larvae as compared with those in oozing wounds and sap flows of deciduous trees, and these include at least one Cheilosia species in resin-exuding conifers, and even in spruce.


This is the Spruce Resin fly, Cheilosia morio Zett.  Oddly enough this species is not mentioned in the standard forest entomological texts of Schwerdtfeger (1981, 4th edition) and Schwenke (1982, vol. 4), while Brauns (1976) merely adduces a short reference on it.  This is all the more remarkable, since this species appears to be in no way uncommon and in addition the species gives rise to striking depredations, that are easily confused with the damage which is caused by the Giant Bark Beetle Dendroctonus micans Kug. (Coleoptera, Ipidae).

     In the following, I shall report about a remarkable incidence of this syrphid species in 1990/91 in south Tyrol and in Trentino, and I will give an overview of what is hitherto known.

Results and Discussion

In August 1990 in a spruce forest near Vignola/Levico in Trentino, we first noticed small resin exudations on living spruce trees, which were very similar to signs of D. micans.  A study of the resin barrels, however, brought to light no bark beetles, but rather single whitish legless larvae about 10-15 mm long were found in and under the resin exudations, which crawled about in tunnels in the malleable doughy resin. They were undoubtedly fly larvae.


This appearance of relatively large fly maggots in the middle of the resin exudations, which was repeated in a further 5 - 10 spruce trees in the wider environment, in which in each case produced one to three larvae, seemed so unusual that at first we were led to suppose that it could be a parasitic larva of some other resin-inhabiting insect, feeding on for example the Resin Pyralid Dioryctria splendidella (Lepidoptera, Pyraloidea).  Subsequently, however, we found no remains or frass traces of other insects of any kind in or under the resin masses, and we must conclude from this that these fly larvae must feed either directly on the resin or from the adjacent cambium of the living spruce.


In fact the fly larvae were found in the resinous area under the spruce bark, for preference at the edge of the living bark tissue, from where there came a tunnel through the resin to the outside, without however - as in Dendroctonus - ending so noticeably at the outer surface of the resin mass.  This finding admits only one conclusion, that the larva feeds on the living cambium rather than the sap production, and through this causes the resin flow. Brauns (1976) also reported exactly this.


At the end of September 1990 we were on the lookout for similar resin exudations also in the spruce forests of the South Tyrol in the middle of Eisack valley. Here in the spruce forests at middle altitudes between Mittewald/Flaggertal (800 m) and Vahrn/Spilluck (700-900 m) we came across the same signs everywhere more or less commonly. The 60- to 100-year old spruces were attacked preferentially at knee- to breast-height, whereby each tree attacked had only a single fresh case, and per hectare there were between 1 and 20 trees attacked.


As previously mentioned, these resin exudations strongly resemble those caused by the Giant Bark Beetle D. micans, only the resin barrel is rounded off more spherically, and it has no conspicuous funnel-hole boring in.  Also there is a decided similarity to the exudations of the Resin Pyralid D.spendidella occurring on spruce, particularly concerning the malleable, doughy, plastically deformable consistency of the resin (but not melted away). The very clearly stored frass crumbs in the resin exudations of D.splendidella are undoubtedly missing here, but nevertheless there are also here many small irregular red-brown inclusions in the resin (probably likewise excretory products), which confer on it a slightly reddish colour - as in Dioryctria splendidella and also Dendroctonus micans;  sometimes the resin is not or is only barely tinted, and has then a more ivory-whitish tone.


To establish identity, in September 1990 several larvae were collected and together with resin masses, placed in a rearing vessel. Although the resin coalesced into doughy lumps after a few days, which completely surrounded the enclosed fly larvae, it appeared to create in the closed vessel neither want of air nor intensive resin vapours (the larvae made no attempts to create ventilation holes to the surface).  Nevertheless after a few days the cover of the rearing vessel was equipped with small air-holes.  The rearing vessel was left for the entire autumn in the open air, and was taken into a warm room after a long period of frost at the end of December.  After about a month, on the 21.1.1991 the first fly emerged, and then a further one on 30.1.1991 (2 females, 8.5 - 10.5 mm) (Fig 2).


The larva that is ready to pupate pierces through the resin surface and produces a puparium, in such a manner that the front part - that later has the eclosion opening - terminates flush with the resin surface, whilst the rest of the red-brown puparium remains sunk deep into the resin.  On the 31.1.1991 a further identifiable puparium was dissected out from the viscous resin;  it contained an already dark-coloured pupa, from which a further imago emerged on the 2.2.1991 (1 male, 7.5 mm).


A study of these specimens by Dr U Schmid (State Nature Museum, Stuttgart) established that they were Spruce-Resin Flies Cheilosia morio (Zetterstedt 1838).  U Schmid, whom I take this opportunity to thank for his efforts, pointed out that a similar incidence of larvae of the fly in Europe has not been described since Sweden about 70 years ago, following which it obviously fell into oblivion.


Tragardh (1923) studied the incidence and the larva of C. morio in southern Sweden for the first time, and he was astonished at that time "that hitherto the larva of this fly (which he named the 'Gradkadflugan' i.e. the Spruce-Resin fly) has escaped the attention of european forest entomologists."  Only W Baer from Tharandt near Dresden had very briefly demonstrated a similar situation from collected larvae, identified by the Dipterologist A Kuntze from Dresden as C. morio.  Baer (1906) also mentioned briefly this incidence of Chilosia morio larvae (at that time written Chilosia) in a footnote to an article on Diorytria splendidella and D.abietella, but did not describe them in any detail.  The larval material forwarded to him for identification following Tragardh he recognised as identical to the resin-fly larvae that he had collected.


Indeed, Tragardh (1923) himself was not successful in obtaining adult flies from rearing, and therefore he gave the first accurate description of the larva (whereby he correctly provided the species name "Chilosia morio Zett" with a question mark), and described their occurrence in resin exudations of spruce in Sweden.  He also drew attention to the great similarity of the resin flow to those of Dendroctonus micans and thought it even possible that the places where the flies occurred, which were installed  by Dendroctonus and subsequently abandoned, could be utilized for their oviposition.  Likewise he reported on casual chance associations with Dioryctria larvae, as indeed the title of the cited work of Baer had already indicated.  After all, these Cheilosia larvae were more often found in resin exudations of spruce in Sweden by Tragardh and forest superintendent E. Lundberg (who had first discovered them), but these were almost always alone and not associated with other insects.  From this Tragardh deduced that these larvae could not be predators, but that their food must be taken from the sap of the spruce.


Following Tragardh's observations, it looks as if the spruce-resin fly prefers to oviposit on places where the bark has been injured, and that the larvae occur particularly commonly on resinous wounds caused by impacts on the tree of the marking blazes (for scheduled cuttings).  Tragardh was himself not clear whether these Cheilosia larvae occurrences arose from direct or indirect damage.


It is interesting that there is also in the USA a related species, Cheilosia alaskensis Hunt, that occurs in wholly identical circumstances, at least according to Burke (1905 fide Tragardh).

     As far as the actual damage of the spruce-resin fly is concerned, this must now be studied more closely, and above all the exact physiological chain of events.  About this there appear to be a few fundamental assertions, which have been put forward for the Resin Pyralid D. splendidella, and also have validity for this hoverfly species.  Of the Resin Pyralid, which occurs mainly on pine species as a secondary pest following basidiomycete or fungal (Hallimasch) attack, and moreover sometimes occurs also on spruce, it is unanimously called:

"The pest lives in a irregular local tunnel between the bark and the sapwood.  The often funnel-shaped resin exudations greatly resemble the resin funnels of D.micans.  D.splendidella occurs sometimes in the resinified wounds in the spruce bark caused by Red Deer, and they prevent or interfere up to a point with the healing process." (Brauns 1976; Schwerdtfeger 1981; Schwenke 1978).

As far as the healing process is concerned, we must assume exactly the same thing for the spruce-resin fly as in the resin pyralid.  Already present mechanical wounds play a stimulating role in attack (and in relation to this, this calls into question the ruled-out animal-debarking damage as a cause in the prevailing south Tyrol study sites, and also after wounds via stone-strikes or Ruckeschaden), it can not yet be said with certainty, but it can be assumed.  Attack in places that have been injured have been established unequivocally in several cases;  in connection with this I found also such places of attack where there was no recognizable damage to the bark.  Subsequently, in the resin of the place of attack next to the living larva, the remnants of the delicate puparia were repeatedly found, and it appears that attacks could extend over several years.  The resin-filled wounds or apparently regular dungpiles under the bark were of variable size and extent, from coin- to palm-sized.


In their damage to spruce, the spruce-resin fly, according to the prevailing data, seems to be classified with the Resin Pyralid D.splendidella.  Taking into consideration that the spruce-resin fly is a great deal commoner in south Tyrol on spruce than either the Resin Pyralid or the Great Bark Beetle, it appears that in future it should be referred to as a "forest pest".

     From the 1991 studies in several forested areas in south Tyrol, it has been established that the spruce-resin fly occurs more or less regularly at higher altitudes than was established in 1990 (700-900m).  Thus we observed cases in Pusertal in Niederdorf (1200m), in lower Eisacktal by Gummer (1400m) and in Vinschgau by Burgeis (1600m).  Its wide distribution comes also with a considerable vertical distribution.

     Undoubtedly the direct damage of Dendroctonus micans is much greater than either the Resin Pyrald or the Spruce-Resin Fly, since their attack commonly leads to death or at least great illness in the attacked trees.  Thus the occurrence of the Great Bark Beetle in existing spruce stands in the mountains - in contrast to its occurrence in the flat lands of middle europe - is much rarer and in particular it is confined to altitudes between 1400 and 1700 m, where normally only single trees are attacked.  Thus in the entire region of South Tyrol/Trentino up to 1986 there were only 10 cases of D.micans registered (Battisti 1986).  To these in the last 5 years in South Tyrol there are a further six cases to be added: (list).

