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1.  Introduction

On 25th July 1998 I caught a male Cheilosia inside my car in the vicinity of the High Alps research station at GrossGlockner in the National Park of the High Tauern (Austria), which at first sight resembled Cheilosia semifasciata Becker 1894, but clearly deviated in some characters. To clarify its identity, the next summer (1999) I returned somewhat later in the year. Together with A. Grossmann I searched all day for further evidence, at first in vain - until shortly before our planned return I brought with me a few stems of roseroot that contained some Cheilosia larvae. From the initial study it was already clear that these larvae resembled those of Cheilosia semifasciata in morphology and lifestyle, but obviously differed from them in many details. Thus it was probable that we had found the young stages of the Cheilosia species that we were looking for, later confirmed by successful rearing. Finally observations in the early summer of 2000 completed our understanding of the life cycle of this high-alpine species of hoverfly.


As far as is known, the larvae of the genus Cheilosia are entirely phytophagous apart from a few species feeding on mushrooms (e.g. Rotheray 1993). Most species live on or in roots and other underground organs, or in stems. Leaf miners are relatively rare. The larvae of Cheilosia caerulescens (Meigen 1822) hollow out the leaves of species of Sempervivum (Crassulaceae). Two closely related species are Cheilosia fasciata, whose larvae live in the leaves of the liliaceous plants Allium ursinum and A.victorialis (e.g. Dusek & Laska 1962, Schmid & Grossmann 1998), and Cheilosia semifasciata, which was taken from the leaves of Crassulaceae. Hering (1957) gives Sedum sp. and Umbilicus rupestris as hostplants. Among the numerous species of Sedum, probably only S.telephium and the very closely related S.maximum (previously not always clearly differentiated from it) are used (Hering 1924). We have Rotheray (1988) to thank for accurate information on the morphology and life cycle of the larva in Umbilicus rupestris. The larvae show a number of clear adaptations to their lifestyle.


Cheilosia saxifragae Hering 1924 were discovered as leaf miners in the Saxifragaceae Saxifraga rotundifolia, but apart from when they were described, they have not been found again.  Cheilosia rhodoliae is described here, a further species related to C.semifasciata.

2.  Materials and Methods

For study, 33 males and 14 females were available from the type locality: 16 males and 5 females were caught as adults, and 17 males and 9 females were reared from larvae collected there. About 15 larvae (L3) and 11 young larvae were preserved in alcohol.


Observations on feeding behaviour of mature larvae were mainly carried out on Aug 5th 1999 in the field and immediately afterwards in the laboratory (1430 to 2230 h Central European Time). The activity of adults in their natural habitat near foodplants was recorded on 20th June 2000 between 0650 and 1430 h CET. 


13 male and 5 female Cheilosia semifasciata were available from SW Germany, 3 males and 1 female from NW Germany, 1 male and 1 female from Belgium, 6 males and 16 females from the Alps from altitudes between 1000 and 2200 m (Austria, Switzerland, Italy, France), and 3 males with no locality data; in addition there were 4 puparia from SW Germany (Malsch) and 10 larvae from SW Germany (Nürtingen). In addition, larvae, puparia and adults of Cheilosia fasciata from SW Germany and the Alps were studied.


The characters were developed with the help of a Wild M8 stereomicroscope with a drawing tube. The genitalia were studied with a Zeiss Axioplan compound microscope with a drawing tube (original figures are reproduced here). Morphological terms of the genitalia follow Claussen (1998). Plant names are from Lauber & Wagner (1998).

3.  Taxonomy

3.1  Adult

Cheilosia rhodoliae sp.nov.
Holotype: male, Austria, High Tauern, Pfalzkogel, ......

The holotype and a female paratype are deposited in the Stuttgart Natural History Museum with puparia.

Etymology: the name comes from the larval foodplant, the thick leaves of the Roseroot (Rhodolia rosea L.)

Diagnosis:  closely related to Cheilosia fasciata Schiner & Egger 1853 and Cheilosia semifasciata Becker 1894. Differs from the very similar C.semifasciata in the following.  Males, in the strongly swollen frons, the broad face, the completely black legs, the extensive black hairs of the pleurae and abdomen, the black hairs of T2, the completely pollinose scutum, the abdomen shining only on the rear edge of T4, and the slightly thickened basitarsis of hind legs. Females, in completely black legs, a broader face, a broader frons and clearly thickened basitarsis of hind legs. It differs from the larger C.fasciata among other things in the smaller eye margins, shorter eye hairs and completely black legs.

Description

Male

Head (figs 1-3):  face in profile with small variously shaped central prominences (short nose-like, hump- or wart-shaped), separated from the upper mouth edge by a clear notch; face .......

[...]

Female

[...]

3.2  Egg

The white, elongated oval egg is about 1 mm long (Fig 24, 55); it carries a pole with a clearly recognisable brownish micropyle. The exochorion shows a pattern of silvery-white, slightly irregularly arranged elongated lozenges; at the boundaries of the lozenges the brownish endochorion shines through like a net (Fig 25).

3.3 Larva (L3)

The following short description of the mature larva (L3) makes secure identification possible, especially (noting) differences from the larva of C.semifasciata described by Rotheray (1988).

Appearance (Fig 26): the leaf-mining larvae are elongated and narow (max about 10 mm long and 2 mm wide), in cross-section somewhat flattened (but rounded when fixed [in alcohol]), at the anterior end clearly pointed (in both lateral and dorsal view), but rounded posteriorly. They are opaque-transparent, the fat body is whitish, whilst the full gut is visible as greenish. Equally clearly recognizable in the body are the distal parts of the strongly sclerotised cephalopharyngeal skeleton; the points of the mouthhooks are visible from the outside. The brownish posterior spiracular process points upwards at a slant.


Head (Figs 27-29): strongly pointed, antenno-maxillary complex is terminal. Outwards/outside they consist of a sclerotised ring with a small transparent tip; underneath/inside they form a small dome whose base makes a sclerotised ring (Fig 30). The mouth opening is surrounded in front by a very thick region of extremely short, brownish dagger-like little hairs (Fig 29) (in C.semifasciata here there are very many fewer and longer microtrichia). Cephalopharyngeal skeleton (Fig 36): studied in the puparia. The very mobile, strongly sclerotised mandibles each bear up to eight hooks that are directed backwards a little, with which the mesophyll is rapsed off. The form of the mandibular teeth can vary somewhat. The second tooth in particular is often a bit smaller and closer to the first tooth so that there is a gap between the first two and the rest (Fig 37).


Thorax (Figs 27-29): the upperside of the prothorax and a small area of the anterior edge of the mesothorax have very small dagger-like brown setae about 0.008-mm long, (whereas) other parts of the thorax have more inconspicuous whiter hairs. Anteriorly the prothorax on its upperside has cross-folds, further back it has flat protuberance-like unsclerotised areas without longitudinal folds. Anterior spiracles have a 3- or 5-lobed opening (Fig 31). Prothorax with 11 pairs of sensilla pairs, meso- and metathorax with 9 pairs.


Abdomen: only A1 has whitish hair as difficult to see as on most of the thorax. Otherwise the abdomen is completely bare of hair. Abdominal segments have 10 sensilla pairs, and the anal segment has 7 pairs. Anal segment (Fig 35) has paired extrusible papillae immediately behind the anus which serve to help move from leaf to leaf. Underneath the posterior spiracular protuberances there is a small paired lappet-like process. The morphology of the anal segment and the arrangement of the sensilla largely correspond to the condition in C.semifasciata and C.fasciata (Rotheray 1988, 1990). The posterior spiracles (Fig 32) are light brown, slightly shining, 0.3 mm long, 0.48 mm wide at the base, 0.24 mm wide at the tip; the basal surface is warty, distally with cross-folding. The posterior spiracular plate is almost flat, with a shallow and narrow median furrow, with about 10 pairs of radially arranged elongated-oval slits (Fig 33). Varation in the shape and number of slits are common (Fig 34).

Diagnosis: Resembles the larvae of C.semifasciata and C.fasciata described by Dusek & Laska (1962) and Rotheray (1988, 1990). The characters in common are in particular the strongly sclerotised mandibles with the numerous teeth (fasciata and semifasciata: 6, rhodoliae: 7), the region lying in front and at the side of the mouth opening (the "dorsal lip" sensu Rotheray) with fine setae, and the extrusible sack-like structures that aid movement. These emphasize the close relationship of the three species. There are clear differences in the abdomen, which in fasciata and semifasciata is covered with fine hairs, whilst it is bare in rhodoliae, and in the number of spiracular openings on the plate. In fasciata and semifasciata there are only three pairs (although occasionally one of the slits is divided so that on one side there are four), whilst in rhodoliae there are about 10 pairs (Figs 33, 34).

3.4 Puparium

Light brown with almost completely smooth surface, with dark brown posterior respiratory process and mid-brown pupal spiracles (Figs 38, 57). Under greater magnification one can see very fine cross-stripes. The extrusible ventral grasping organ on the anal segment is discernable in some puparia. The pupal spiracles (Fig 39) are about 0.4 mm long, straight or slightly curved, basally smooth and on the distal 3/4 to 2/3 they have numerous warts which each have several slit-like spiracular openings. Measurements (n=20): length 5.49 mm (4.9-6.2), width 2.53 (2.2-2.8) mm, ratio of length to width 2.17 (1.96 - 2.38).

3.5 Synonomy

[...]

3.6 Identification key to the fasciata group

[...]

4.  Ecology

4.1  Locality where found and habitat

In the locality where rhodoliae was found, there are horizontal layers of ancient rock with strongly twisted ('bewuchs'). At 2380 m altitude two very strong plants of Roseroot grow on a rather steep east-facing cliff with moist earth, each with 20-30cm long flowering shoots, a female plant with >250 stems with blind inflorescences and a male plant with >100 blind inflorescences on the passage between nearby precipitous cliffs and a connecting slope below (Fig 47). The nearby vegetation is concentrated on somewhat flatter ledges and humus-rich crevices. Dominant plants in the surroundings are Loiseleuria procumbens, Vaccinium myrtillus and Empetrum nigrum. Within about a metre from the spot where they were found on the 20.6.2000, Arabis alpina, Cardamine resedifolia, Coeloglossum viride, Juncus trifidus, Oreochloa disticha, Poa alpina, Polygonum vivparum and Saxifraga bryoides were flowering. The commonest flowers were those of Saxifraga bryoides.

4.2 Behaviour of the adults

4.2.1 Foodplants, flower biology, feeding behaviour

The Roseroot Rhodolia rosea (L.) has been placed in the genus Sedum by many authors, and is a succulent (Crassulaceae) with a thickened fleshy rhizome; it is a circumpolar floral element distributed in Europe as an arctic-alpine. In the Alps it grows in the subalpine-alpine zone in acidic poor new humous lawns and crevices, preferring the semi-shade (Lauber & Wagner 1998). It is also present in the highest zones of some european highlands. In addition the Roseroot used to be planted for its scent and medicinal use in gardens, and sometimes one finds it gone wild (Sebald et al 1992).


The plant (Figs 46, 47) is dioecious [zweihäusig]. The yellow flowers are about 4-6 mm in size and occur in dense inflorescences. The male flowers (Fig 49) have four narrow yellow sepals [Kronblätter] above which the eight stamens rise. In female flowers (Figs 48, 50) the sepals are sometimes atrophied, but in the plants at the spot where the larvae were found, they were present. Between the petals and the four little carpels [Balgfrüchtchen] basally there lie four large orange-coloured nectaries, that can clearly be seen in Fig 50. The variously angled leaves are delicately fleshy, and grow to about 1.5 - 4 cms long (at the site the longest leaves measured mostly about 3-3.5 cm).


Pollination results above all from flies (Sebald et al 1992). From observations of the 20.6.2000, apart from C.rhodoliae, very few insects were evident on the flowers, although many insects were around. Only a few insects in the early morning settled on the female flowers at length. They sat mostly under the flowers, tring to reach the nectaries from underneath. Scaeva selenitica and Eupeodes lapponicus were common, for example, but other syrphid species only settled on the flowers extremely rarely. Food uptake was only seen in a male Eupeodes corollae and a female Eristalis tenax. In contrast, C.rhodoliae took food almost exclusively from Rhodolia. Flowers of other plants in the neighbourhood were not visited. Females sought out both sexes of the plant. The did not only drink nectar from female inflorescences, but were also very common on the male flowers where they ate pollen. As in other syrphids, pollen was taken up using the labella, with which individual anthers were dabbed or embraced (Fig 49). Afterwards the rubbing movements of the labella against one another transferred the food to the mouth opening. The female nectar-containing flowers were vitally attractive to the male flies (Fig 48). Male inflorescences were indeed more often used as resting places, and pollen uptake was only very rarely seen in males. Pollen uptake was never observed from the body hairs or from the legs. However, Rhodolia-pollen was found on the hairs of almost every individual. The underside of the thorax is often particularly strongly coated with pollen, which is stripped off onto the stigmas of female flowers when flies were taking nectar there. To reach the nectaries, the flies almost always settle on the flowers (and not underneath, as most of the other Diptera do). Since the nectaries are difficult to gain access, because they lie deep between the closely adjoining petals and carpels, the animals extend their proboscis completely, plunging the head between petals and carpels and pressing their thorax against the stigmas. In this way the pollen is transferred.


These observations suggest that not only is C.rhodoliae associated with Rhodolia in its larval biology, but also the plant profits from this effective pollination. Since the flight and pollination periods can be very short in the high mountains on climatic grounds (see 4.2.2 and 4.5), such a connection is surely profitable for both partners.

4.2.2 Is the Roseroot as good as other plants ?

Apparently not. Only precisely these two studied shrubs were infested with eggs and young larvae, and one more male plant which was about 30 m away in a similar situation in an area of steep crags.


The Roseroot grows as numerous other individuals in the vegetation-poor connecting scree [Blockhalde] of a [Kare] immediately underneath this spot. It was already conspicuous in 1999 that these plants contained only very sporadic larvae of C.rhodoliae. At least 50 plants were searched in June 2000 for larvae, but only a few isolated eggs and larval mines were found. Only a single adult was seen on these plants.

There are several possible causes for this:

· On 20.6.2000 there were only three strongly infested plants had developed further; they were at the end of full flowering. Most of the plants developing in the connecting scree [Blockhalde] in contrast had just come out because of the much later snow melt in the somewhat flatter [Karlage] (and on this point we are still not completely certain). Only a few shoots showed the first flowers that were suitable for adult feeding (4.2.1).

· Sudden falls in temperature with subsequent snowfall made it clear that the factor "snow cover" still plays a large role also during the flight period of C.rhodoliae, and the active phase of the adults can be strongly constricted. An example: on 25.6.2000 after a distinct period of fine weather, within a short time the snowline came down to below 2000m over NN [?]. Whilst the Roseroot shrub of the connecting scree [Blockhalde] was subsequently covered in snow for a longer period of time (at least several days), scarcely any snow remained lying on the few plants of the exposed rock ledges [Felsbändern]; the little bits of snow over them vanished very much quicker due to the high wind speeds and very intense insolation. On the 11.7.2000 a new period of poor weather saw again a continuous 20-cm layer of snow that remained until 18.7 at 2200m altitude (Illich, in press) (cf. 4.5).

· The activity of the adults was strongly influenced by insolation, according to the observations described below (4.2.3). Probably the rock ledges exposed to the sun have a more favourable microclimate than the more level scree with it stronger relief.

· The "rock-ledge plants" are adapted to a very clear habitat type. It is conceivable that this plays a positive role in the orientation of mating male groups (4.2.3). Very many male syrphids including some species of Cheilosia seek out places with topographic characteristics for their mating flight (hill-topping, etc.).

Among these factors probably the snow cover is of decisive significance; more or less casually made observations of the weather changes in the year 2000 made it clear that the flight period of adults can be constrained to a few days in many years. In addition, for oviposition the plants must be well developed, available and accessible.


Further observations should show whether these or other factors determine the choice of plant in C.rhodoliae. It also remains open whether a large supply of Roseroot is used only very selectively by the hoverfly.

4.2.3  Diurnal activity patterns: mating, eating, oviposition

The following descriptions rely on continuous observations in the type locality from 20.6.2000 (0650 h to 1430 h CET). On this day, almost windless cloudless sunny conditions prevailed (1026 hPa). Direct insolation occurred from 0630 until 1330 h. At the locality it was 14 (C at 0700 h. The air shade temperature near the ground rose to 18(C at 0900 h at the find-spot; this temperature prevailed until direct sunshine finished.

0650
Start of observations

0708
a male settled for a short time on a female inflorescence, and flew up again immediately

0709
a male landed on a leaf, moved immediately to an inflorescence and exposed its abdomen to the sun with slightly separated wings. Occasionally it changed position spontaneously or flew at other flies.

0720
another male landed on a female inflorescence and began to sun itself

0725
Both males weaved about the site with short patrol flights in front of plants, settling on the most exposed false umbels

0730
a third male appears and shows the same behaviour

0735
fourth male. Alongside sunning and  short patrols, there now begins intensive cleaning. At first the anterior tarsi are rubbed together, and then the head cleaned, only occasionally also the thorax and finally the abdomen and wings included. As before the males sat almost exclusively on female inflorescences. On patrol flights other insects (conspecific or not) were sometimes approached and followed over short stretches.

0755
Six males were there

0820
a male began feeding on a female inflorescence

0830
the first female appeared and landed on a male inflorescence. Immediately it moved downwards with extruded ovipositor to the stem and sampled a few leaves intensively with the abdomen tip. A little later she flew to a female inflorescence and took nectar, then changed to the male plant, searched again some leaves for oviposition sites, then climbed up the inflorescence and ate pollen.

0845
The males all left the shrub more or less at the same time to hover in the air overhead 3-5 m away at an angle in a small swarm. There they flew at each other, occasionally seizing each other. The males did not hover on the spot, but swayed in a dance in the swarm. After a short time (ca. 1-3 min) they came down again at about the same time to a narrowly delimited area of the female Rhodolia shrubs, where each male sat in sight of the others and on a plant turned towards the sun. A short time later they all started again a new dance.

0905
A second female appeared and began immediately to search for oviposition sites, and five minutes later she laid two eggs on the underside of a small leaf (Fig 50).

0940
Meanwhile about 10 males and 5 females were present. The males continued their mating flight. The dancing troup of males sometimes seemed drawn more narrowly concentrated, and sometimes further from each other. The males always still settled more or less at the same time, but now they landed over the whole shrub and sometimes also on leaves of other plants or on nearby stones.  The females were intensively busy with feeding and in between times with vanishing again and again into the inside of the bush to lay eggs. Sexual interactions were not observed. Females feeding on flowers seemed to make no impression on the males.

1000
Individual males began profitable feeding on female inflorescences, and also with intensive cleaning, but always finishing with a cleaning of the abdomen and wings. In between the males still took part in their mating dances.

1100
With the movement of the sun, fly activity also shifted. Plants that were irradiated perpendicularly were sought out. Also the dancing assemblage was always between the sun and a Rhodolia bush.

1300
About 15 males and 7 females were present at the same time. The mating flight carried on undiminished.

1315
The Rhodolia bushes moved into the shade of the slope. The males concentrated themselves on the few still sunny parts of plants, the females were also in the way of the shade.

1330
Site completely in the shade. Still a few males participate in mating dances.

1350
Only one male and one female still present

1430
End of observations

Briefly summarizing gives the following pattern of activity.

Males appear in the early morning on the hostplant and at first they sun themselves. Later they perform intensive collective synchronous mating flights 3-5m up in the air obliquely over the hostplants. Individual phases of flight last only a few minutes, and then they settle again on the female inflorescences where they take nectar and clean themselves. Since the males do not react at all to the females sitting on the hostplant, it is probable that mate-finding and probably also pairing take place in the air.


Females appear later than the males and seek out inflorescences of both sexes and devote themselves to intensive feeding, in which not only on nectar but also pollen essential for maturing the eggs plays a large role. Repeatedly females leave the inflorescences to lay eggs.


The activity of the insects is strongly linked to direct sunshine. At the end of direct insolation, mating is quickly suspended. From then on until evening only occasional individual insects are to be chanced upon on the flowers.

4.2.4  Oviposition behaviour and the site of egg laying

Before oviposition the females are often excitedly wriggling and flying on their way through the maze of leaves and stems. The ovipositor is extended, and individual leaf surfaces are intesively tested. Finally the female orientates herself parallel to the leaf axis (often by holding the leaf edge with the tarsi) and lays an egg with pumping movements (usually on the underside of the leaf), stays for a short while, and then flies away. This scheme corresponds to that of other Cheilosia species (Doczkal 1996). All the eggs found (>100) were orientated longitudinally along the leaf. Because they are very obvious, as are the leaf mines, they make it easy to determine the presence of the species irrespective of the weather.


More eggs were found on male than female plants, probably because of pollen feeding by active female rhodoliae on the male shrubs. On the shdy moist side of the shrubs facing the mountain, strongly infested stems were more common than on the sunny and wind-exposed side.

Two highly infested stems of two different plants were studied in detail on 20.6.2000.

(1)  Stem of male Rhodolia, 30 cm long, relatively loose-leaved "shade shoot". 72 leaves, of which 38 were uninfested. 44 eggs (11 still unhatched, 32 hatched, 1 destroyed), of which 36 were on the underside of the leaf, 8 on the upper side concentrated at the tip of the shoot. 24 of the infested leaves had only one egg, 7 had 2 eggs, and 2 had 3 eggs. 26 larvae (i.e. 6 fewer than the number of hatched eggs), size 2 - 2.5 mm. 18 of the larvae were found in the leaf where the egg was found. 14 larvae had left their natal leaf, of which 8 were found in other leaves of the same stem, mostly (but not always) in the immediate vicinity. Entry into a new leaf usually occurs from the underside of the basal half. The fate of the other 6 larvae is not clear. Double infestation of a leaf with two larvae is normal when two eggs have been laid there. In one case two larvae changed from their natal leaf to the overlying leaf wherein a larva was already to be found, so that now there were three larval mines.  21 of the 44 eggs and 17 of the 26 larvae were found in the basal half of the stem, which therefore were infested first.

(2)  Stem of male Rhodolia, 25 cm long. 73 leaves, 59 without infestation. 15 eggs (2 unhatched, 13 hatched). 11 larvae (i.e. 2 fewer than had hatched; of three eggs on a single leaf there were 3 mines but only a single larva present. Since there was no exit hole, 2 larvae had died in the leaf). 10 of the infested leaves had a single egg, one had 2 eggs and one 3 eggs.

Leaves on the inside of the shrub or those on the rock-facing shaded sides were preferred for oviposition. Usually a single egg was laid per leaf, mostly on the underside of the leaf on the basal half.

4.3  Behaviour of the larva

4.3.1  Eclosion and mines of the young larva

The long (ca. 2mm) young larva leaves the egg straight into the leaf so that the egg appears undamaged from the outside. The adhering [kollabierte] egg chorion is at first white, but then turns brownish; it can remain on the leaf for weeks (Fig 56). From the egg there runs a 0.5mm-wide mine through the leaf (Fig 55). In almost all cases the larva moves towards the tip. There the mine not infrequently broadens at the surface (Figs 52-55). Often the larva then turns more or less parallel to the leaf edge in the direction of the base before leaving the leaf, which often happens at about the level of the middle of the leaf. The young larva then mostly infests leaves in the immediate neighbourhood, in which they make a hole basally in the epidermis through which they enter. Since in most cases only a single egg per leaf is laid, one normally also only finds a single larva per leaf. Sometimes leaves contain two or three larvae, where two eggs have been laid, or where wandering larvae have infested them. The small black mines of the young larvae containing frass crumbs can be seen from the upper- or lower sides of the leaf. The details of the path is usually much clearer from the upperside. After some time the surface part of the mine dries up and the leaf turns brown at this spot.

4.3.2  Food uptake and mines of the mature larva

While eating, the larvae sit with their ventral creeping surface on the inside of the epidermis. The strongly sclerotised and hence very obvious mouthhooks, each armed with 7-8 points, almost always work sideways with quick-striking movements onto the mesophyll, and the larvae alternate right and left, each for short period. A larva observed for several hours made about 120 strikes per minute with the mouthhooks. After about 15-20 strikes it drew back the head slightly, and also it clearly intensified the accompanying peristalsis of the dark-green visible gut. Perhaps the swallowed food is transported further into the gut. Finally the larva streches again and a new working phase ensues at a nearby spot. In this way the anterior part swings slowly to the left and right, broadening the mine evenly in front of the anterior end of the larva (Fig 53). There remains only the transparent undamaged epidermis which at most has in some places some bits of mesophyll still left. In addition the mine contains black frass crumbs.


Since a mature larva, about 1 cm long, eats almost completely the mesophyll of leaves mostly about 2.5-3.5 cm long in a few hours, they must regularly infest new leaves. Moreover, often only the upper half of the leaf is eaten out (Fig 54, Larva II). To leave the leaf, the larva cuts through the epidermis from the inside, squeezes itself through the resulting hole, and creeps in the direction of the stem. Then moving upwards or downwards it seeks a new leaf; young larvae usually infest the nearest leaf, whilst older larvae can search several leaves before choosing one. In highly infested stems it does not reject leaves that already have an old larval mine (Fig 56). However, I only rarely found two mature larvae at the same time in one leaf.


The larvae are very mobile both forwards and backwards. The amazingly fast crawling movements are made possible by an intensive peristalsis and facilitated by the paired processes at the hind end (Figs 26, 35) which function as "back-sliders". Since the larvae are very adhesive, they stick fast to the substrate and even in strong wind do not fall from the hostplant. Also although in several cases the larva creeps to the tip of the new leaf, it almost always cuts in near the base of the leaf. Most of the entry holes are at the side on the underneath of the leaf. With powerful strikes of the mouthhooks the larva mills a longitudinal slit in the epidermis in which it subsequently buries its anterior end in order to create a cavity in the mesophyll with mainly sideways movements of the mandibles, which it enlarges at the side immediately. Then the larva slowly squeezes itself through the narrow epidermal slit (Fig 56). In one case followed in detail, it took two hours before the larva had completely disappeared into its new feeding tunnel. In a previously undamaged leaf the mature larva also often worked in one half of the leaf right to the tip, and then crossed over the midvein and ate the other half downwards to the base. If the larva hits an old leafmine or a withered spot, it avoids this area (Fig 54). In a "hopeless" situation it crawls either backwards or turns round in its mine in order to go round the area.

4.4 Pupation and eclosion

On 5.8.1999 many larvae of various ages (mostly near pupation) were collected in their hostplants and taken to Nürtingen (SW Germany) on 6.8.1999. Since the Roseroot shrivelled quickly and moreover too few leaves were available, some of the larvae were transferred to the closely related Orpine (Sedum telephium). Cheilosia semifasciata develops in this crassulacean plant. After initial failure the larvae began at last to penetrate the leaves (because of their very much thicker epidermis/cuticle they were superficially abraded [angeritzen] by me) and to create their leafmines. Several times I observed later that the larvae were also able to cut into undamaged leaves. On 11.8 most of the mines were abandoned.

Larvae and pupae were handled differently:

(1)  Rhodolia rosea: on 13.8 from only superficial search between fallen leaves of the Roseroot, 10 puparia were found (still without pupal spiracles, which appeared the next day). They were overwintered in a frost-free semidark cellar. Emergence 22.1-21.4; 9 flies (7 males, 2 females); median 16.3; first female 8.4

(2)  Rhodolia rosea: on 29.8 the remaining puparia were collected from under Rhodolia (20 with pupal spiracles, 2 without, 3 dead). Most were in the layer of withered or dried leaves, or between the rhizomes and the roothairs [Wurzelfilz] of the plants, some had dug in slightly into the surrounding moist sand. Overwintering as in (1). Eclosion: 9.3-21.4; 11 flies (6 males, 5 females); median 14.4; first female 9.4.


(1)+(2) eclosion 22.1-21.4, 20 flies (13 males, 7 females) (Jan 1,0 / Feb 1,0 / March 6,0 / April 5,7), median 8/9.4.


male eclosion: 22.1-21.4, median 23.3.


female eclosion: 8.4-21.4, median 14.4

(3)  Sedum telephium. This treatment contained larvae which had left the withering roseroot on 7-9.8.99. The plant pot was overwintered outside (first groundfrost on 16/17.10.99, longer frost periods in November and December with temperatures down to -13 (C). On 26.3.2000 the puparia were sorted out. From (estimated) about 50 larvae there were only 8 puparia resulting, lying near the stem base directly under the sand surface. There were also some remains of dead larvae. Eclosion: 17.4-29.4, 6 flies (4 males, 2 females); median 25/26.4, first female 27.4

(4)  Sedum telephium. This treatment had about 30 larvae that had left the roseroot on 10-12.8.99 when it was nearly withered. Overwintering as in (1). On 26.3.2000 no puparia were found.

From this, the folowing conclusions can be drawn:

· As soon as larval development is completed towards mid-August, the larvae leave the leaves and move to near the extensive rhizome or superficially in the nearby moss, litter or earth layer, and there they pupate (Fig 57).

· C.rhodoliae overwinters as a puparium, and emerges in the following spring. The study animals certainly emerged earlier than in their natural high-alpine habitat when at this time frost prevails and the snow covers the land. Perhaps the winter temperatures together with other factors play a directing role. The flies that overwintered outdoors (3; median 25/26.4) emerged decidely later than those overwintered under frostfree conditions (1,2; median 23.3)

· C.rhodoliae is clearly protandrous. Moreover, the males emerge over a clearly longer period than females.

· C.rhodoliae is most probably monophagous, and can only develop in Rhodolia rosea. The few puparia found in (3) probably derive from larvae that had already stopped feeding and wanted to leave the hostplant to pupate.

4.5 Natural enemies

Predators:  very near to the Rhodolia shrubs there were Water Pipits (Anthus spinoletta), Alpine Accentors (Prunella collaris) and Snow Finches (Montifringilla nivalis). Above all the first two species were often seen as they picked off sunning or feeding insects from stones or leaves, or preyed on with a fluttering pounce from flowers. Indeed the flies were potentially endangered by their concentration in a few places, and certainly on "flying days" for C.rhodoliae there were so many insects on the move nearby that a real threat from birds was not proven.


Natural enemies of the larvae were not observed. In the mines the animals appear to be safe; however opened leafmines could result either from unknown effects, or from parasite- or parasitoid-infested larvae or puparia. During changes of leaf the powerful adhesion of the larvae prevents them from falling from plants that commonly wave in the wind. Nevertheless the discrepancy between egg and larval numbers draws attention to some small losses.


8 of the 13 of the puparia found under Rhodolia on the 5.8.99 successfully emerged, one did not emerge and four were eaten, a hint as to the significance of predation during the 10-month pupal stage.

Weather: the significance of the snow cover in summer has already been alluded to (4.2.2). In the year 2000 after heavy snows of winter, spring was so warm that the study site was quickly ??[ausaperte]. The second half of May then brought cold rainy weather with occasional snowfall. June was very warm and dry (Illich, in press). On 20.6.2000 summer conditions prevailed and there was ideal weather for mating, feeding and oviposition (4.2.3). From the 23.6 and after a short period of good weather, there was snow again from 11.7 lying sometimes for the whole day. Such weather conditions normal for the high alps could constrict significantly the activity period of a species during the year. Probably snowcover is responsible for the striking concentration of fly population onto very few plants (4.2.2).

Under-feeding: Both shrubs in the type locality on 5.8.1999 showed clear signs of their heavy utilization by C.rhodoliae (Fig 51). On the more strongly infested male plant there were many stems with scarecely a green leaf to be seen. Two stems singled out by chance had 62 (51) leaves, of which only 16 (3) were undamaged, whereas 46 (48) were mined, of which 4 (4) still contained a larva. The larvae must sometimes cover a long distance to find food. It is not impossible that in some years many larvae will starve. Theoretically equally not impossible is a lasting damage of the foodplant, but which was obviously not actually present even in the real case of the high infestations of 1999 and 2000.

Disease:  On 19.6.2000 I found three adult males on a blind shoot of a female plant with symptoms of infestation by the insect-parasitic fungus Entomophthora (Zygomycetes). One of these males was already dead. With the concentration of the population on a few plants, the transmission of infections is promoted. Infected animals die within 2-4 days; conidia finally develop between the segments of the abdomen. The conidia are projected 1-2 cms further and infect other flies (Schmiedeknecht 1991).

Figures:

24    
Egg outline

25
Egg exochorion structure. Line = 0.1 mm

26
L3 lateral view

27
L3 anterior end, lateral view

28
L3 anterior end, dorsal view

29
L3 anterior end, ventral view

30
L3 antenno-maxillary organ, lateral view

31
L3 anterior spiracular openings

32
L3 posterior spiracular process, dorsal view

33
L3 prp plate (hairs of the spiracular slits only shown for one slit)

34
L3 prp plate (without hairs)

35
L3 anal segment, ventral view, slightly schematic. Anteriorly (in the drawing, below) lying immediately behind the anus are the paired extrusible little sacks that help in movement.

36
L3 cephalopharyngeal skeleton, lateral view

37
L3 mandible of another individual, showing variation

38
Puparium, lateral view

39
Pupal spiracle, lateral view

46
Roseroot (Rhodolia rosea). Habitus and individual flowers of a female (left) and a male (right) bloom (from Rothmaler 1994).

47
Habitat of Cheilosia rhodoliae. Type locality. Rugged landscape (upper) and a female shrub of Rhodolia rosea in the High Tauern (Austria). Taken on 20.6.2000

48
Male on female inflorescence

49
Female on male inflorescence

50
Female ovipositing

51
heavily infested Roseroot plant with numerous dead leaves with larval frass.


Behaviour of the larva. 
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The larva penetrates the leaf directly from the egg. They lay a narrow mine clearly recognisable from the upperside in its actual course, which goes more or less direct to the tip of the leaf. There the mine broadens, before the larva moves again towards the base of the leaf. Length of the larva about 2 mm
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Since the Roseroot leaf is small, the larva needs many leaves during the course of its development. After the larva penetrates the epidermis of the underside of the leaf (opening underneath), it lays down a frass tunnel which, almost completely stripped of mesophyll, is whitish-transparent with some black frass crumbs. Alternating working right and left, the larva works the mine more. Length of the larva, ca. 9 mm.
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In a particularly heavily infested plant, food shortage can lead to complete stripping of the food. In this case an individual small leaf was attacked by three larvae one after the other (I-III). A photo of this leaf as the third larva emerged is shown in Fig 56.


Larva I: from an egg whose empty husk is still stuck to the base of the underside, the larva worked forward under the epidermis to the tip of the leaf. Finally the larva hollowed out the entire top third of the leaf, which dried up extensively in between. The size of the exit hole shows that the larva grew considerably during its sojourn in the leaf.


Larva II:  only a short stay ("guest performance") produced a relatively small larva, which the short mine (basal to distal points) shows.


Larva III: 1430 h, a mature larva bores into the underside of the leaf.  



1700 h: the larva has completely disappeared into the leaf



1800 h: within one hour the larva has already worked out almost a body length



1900 h: the larva comes up against yellow-coloured dying tissue, and eats along its exact edge. Since it cannot get any more, it turns round and moves towards the other half of the leaf.



2035 h: the larva leaves the leaf. It immediately crawls towards the stem and looks for more leaves there, before five minutes later it begins to cut into the next leaf.

55
egg on the underside of the leaf, and the mine of a young larva in a leaf of Rhodolia rosea
56
a mature larva bores into the base of a leaf (previously already infested by other larvae) of Rhodolia rosea
57
puparia between dried leaves of Rhodolia rosea
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