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1
Introduction

The hoverfly genus Cheilosia includes worldwide some 470 recent species according to the latest information (Stahls & Byblom 1999) and is therefore the most species-rich genus of hoverflies.  In addition there are 11 syrphid species described from amber that are placed in the genus Cheilosia (Hull 1945, Röder 1980). Various proposals for splitting have been made (see 4.1), but only the analysis of Stahls & Nyblom (1999) based on molecular data meets phylogenetic criteria. Various authors have drawn attention to the significance of the preimaginal stages for the taxonomic treatment of the Syrphidae (Dusek & Laska 1967, Heiss 1938:17, Kuznetsov 1988, 1992, Maibach & Goeldlin 1993, Metcalf 1916, Rotheray & Gilbert 1999, Vockeroth 1969:6, Vockeroth & Thompson 1987). Dusek (1962) and Rotheray (1990b) named this explicitly in connection with Cheilosia.

Two problems stand in the way of a phylogenetic analysis of the larval morphology of Cheilosia:

(a)  Although knowledge of the larvae of Cheilosia species started first with Frauenfeld (1866:975) and was subsequently summarized by a variety of authors (Brauer 1883:68, Becker 1894, Lundbeck 1916:124ff, Hennig 1968b:170, Smith 1979, Stubbs & Falk 1983, Brunel & Cadou 1990a, Röder 1990, Speight & Lucas 1992, Barkemeyer 1994, Torp 1994, Vujic 1996), there was information only for the morphology of the 3rd instar larva of 22 species. This information often consists of inadequate morphological description and the taxonomic assignments of historical data causes problems in many cases. There are almost no collections of syrphid larvae, and reared material is as a rule only of individual insects to be found widely dispersed in museums.

(b)  The morphology of Cheilosia larvae is inadequately known. Modern morphological descriptions of syrphid larvae are generally lacking in the german-speaking world, and descriptions of other families have only restricted applicability. The result is that we are unable to rely on the requisite (german) terminology for larval descriptions.

This situation leads to the following objectives of the present study:

· to set up a collection of Cheilosia larvae

· to establish a terminology for describing Cheilosia larvae

· to work out an hypothesis of the phylogeny of Cheilosia species

· finally from the example of the present study to discuss in what way syrphid larvae are usable for solving phylogenetic problems.

2
Methods

2.1
Collection of material


Collection of Cheilosia larvae from the field


Rearing

2.2
Preparation and preservation


Killing


Preservation


Labelling


Lodging of material

2.3
The study of morphology


Light microscopy equipment


Dealing with larvae and exuviae during study


EM studies


Measuring techniques


Drawing techniques

2.4
Describing the larvae


The taxonomic assignment of the obtained larvae

As a rule at least some of the larvae of each species were reared in order to be able to identify them. In a few cases an clear identification is possible from known Cheilosia larvae via comparison with exuviae. The larvae of albitarsis, burkei, longula, morio Merodon equestris, Portevinia maculata and Rhingia campestria were identified from extant descriptions and the circumstances where they were found. Larvae which could be clearly assigned either from reared material or from descriptions, and for which a strong evidence-based inference could be drawn about their identity on the basis of the circumstances of where they were found, were given the prefix "cf.".  Larvae which could not be assigned according to known criteria were labelled "Cheilosia sp.". The adults of two reared species could not be identified (Cheilosia aff. lenis, Cheilosia aff. vernalis).  In these cases probably we have species unrecognised at the moment.


Nomenclature follows Peck (188), Fluke & Hull (1946, 1947) and Hull & Fluke (1950). Supplementary works were borne in mind, those of Barkalov & Kerchner (1991), Barkalov & Stahls (1997) Claussen (1998), Claussen & Speight (1999), Claussen & Thompson (1996), Stahls & Barkalov (1999), Stuke & Claussen (in press) and Vujic & Claussen (1994).


Selection of terminology

There is no terminology available for larval morphology that could be adopted. Therefore the terms had to be chosen. The criteria for these choices was orientated towards practical considerations: the objective is a terminology that is clear, easily remembered, and connects with what is known.

This should

· recognise clearly defined morphological unities whereby the demarcations ideally result from ontogenetic considerations;

· other than in this study, be able to describe the delimited unities as taxonomically relevant identified structures

· avoid overlapping meanings

· seize the normal terms for homologous structures in the literature (and only for these)

· by various conjoined terms, use as far as possible the same roots of words

· avoid creating new words

· be similar to the english terminology

· and express strongly defined terms

The result of these requirements was realised only exceptionally in concrete cases. The sequence of the criteria is an allusion to the significance I ascribe to them (Stuke 1999). For the acquisition of terminology I was able to take into account only a representative part of the present literature. The necessary choice should guarantee that the terminology put forward here should allow a comparison with previous descriptions of Cheilosia larvae and the larvae of other dipteran taxa. The choice of the literature comprised (a) descriptions of Cheilosia larvae; (b) comprehensive considerations of the morphology of syrphid larvae; (c) modern and comprehensive treatments of other Cyclorrhapha; and (d) general statements of individual morphological terms of larvae.


The following works or sections were used: Bastian (1986), Bhatia (1939), Becker (1910), Dolezil (1972), Dusek (1962), Ferrar (1987), Foote (1987), Gäbler (1932), Hartley (1961, 1963), Hennig (1968a,b), Holmgren (1910), Jacobs & Seidel (1975), Keilin (1944), Metcalf (1919), Meyer (1995b), Roberts (1970), Rotheray (1990b, 1993), Seifert (1995), Sinclair (1992), Snodgrass (1935), Stoffolano (1970), Teskey (1981), Wahl (1914), Wallace & Lavallee (1973), Ziegler (1998).


In order to be able to identify clearly the related terms in the literature, the syrphid larvae described there, or at least larvae from the same genus were compared with my descriptions. In Appendix 9.2 there is a tabular overview of the terminology and a list of synonyms of the terms used in the publications I studied.


Evaluating the literature

Particular morphological results were compared with descriptions of Cheilosia larvae to hand. Data in the literature that deviated led to a critical assessment of the characters. Of the Cheilosia larvae described up til now, only those of illustrata, pallipes and vulpina were not studied, and in these cases we only have recourse to the descriptions. The description of the larva of vulpina by Brunel & Cadou (1990) is so inaccurate that it was considered no further. The description of illustrata by Rotheray (1999b) was published too late to be used. The larva of baroni described by Jones (1922) is according to Wallace & Lavallee (1973) not a Cheilosia larva. I have neither larvae nor the original description of this species.

2.5
The investigation of larval biological characters

Larval biological characters are just as applicable as morphological ones in phylogenetic reconstruction (Miller & Wenzel 1995). Larval biological characters should satisfy the same criteria as morphological characters (section 2.6). A list of characters for the preimaginal stages of the Cheilosia larvae at hand are collated in Table 2. While collecting material, the relevant data were noted as far as possible. Despite this, the information remains full of gaps since (a) for a comprehensive listing, regular sampling are necessary over a long period of time; (b) the literature data are often incomplete or inaccurate; and (c) museum material often have no data at all. On this basis, in the folowing only the foodplant spectra are considered.


Evaluating the literature is difficult since the identification of Cheilosia species is often questionable. As examples for discussion, Barkemeyer (1994) set out taxonomically one by one the historical information. The literature data can be taken note of in these cases only if (a) the diagnosis of the species of Cheilosia is likely on the basis of information on the identifiers, the identification literature used, diagnostic characters of the larvae or adults, or the description of characteristic lifestyles; (b) verified rearing records were possible; or (c) at least reliable records of the same species of Cheilosia are present from the same plant genus. Opinions about foodplants were not considered, unless oviposition at least had been observed (for example Torp 1994:247, Stuke 1996), nor data from laboratory rearing (Boldt 1978, Manojlovic et al 1995, 1998, Rizza et al 1988). The following diagnoses of species were given a new interpretation on the basis of information in the original work: 

"Cheilosia gigantea" sensu Brischke (1880) is clearly variabilis on the basis of the larval description and lifestyle.

"Cheilosi sparsa" sensu Carpenter (1913) from the photograph in the work is not the same as the species placed here under antiqua and cannot be recognised.

"Cheilosia chrysocoma" sensu Weyenburgh (1869) is from its biology and adult characters clearly albipila.

"Portevinia maculata" sensu Röder (1990) and "Cheilosia maculata" sensu Speight et al (1975) from their bulb-free lifestyle belong to fasciata.

The Cheilosia rufimana data from Bothe (1986) is based on a communications failure (since) oviposition or oviposition behaviour was not seen (Wolff, pers.comm.)

Despite intensive efforts, I have no evidence that vulpina or chrysocoma use Asteraceae as foodplants. There are no reliable pointers to the foodplants of gigantea, hercyniae, lasiopa, mutabilis, rufimana or velutina. Data on mushrooms whose species names could not be resolved were not used.

Table 2: Classification of larval biological characters of Cheilosia, with examples

Criterion
Character
Character states

Oviposition
number of eggs per plant 
mostly single, up to ten, more than 10


distribution of eggs
single, scattered, in batches


oviposition site
direct on plant, in immediate vicinity


site on plant
leaves, petiole, flwr stalk, stem


type of attachment
loose, strong

Foodplants
species


diet breadth
monophagous, oligophagous, polyphagous

Usage
organ
shoot, leaf lamina, petiole, rhizome


organ condition
growing, mature, dying


substrate
comminuted plant, xylem- or phloem-fluid, tissue

Feeding strategy
feeding traces
mine, long tunnel, short tunnel, no traces


mobility
sessile, one plant, several plants

Pupation
position
rhizome, stem, outside plant

Phenology
diapause
L1, L3, none


# generations
univoltine, polyvoltine


overwintering
pupa, larva

Communities

gregarious, with other Cheilosia, with other spp

Parasites
spp


spectrum

2.6
Methods of phylogenetic analysis


Phylogenetic reconstruction from morphological data can carried out either by computer or by hand. A critical comparison of both methods is presented in, for example, Meier (1995a) and Mossakowski & Prüser (1999). In the hand method (a) characters are selected and character states established; (b) the polarity of the characters is identified a priori; and (c) monophyletic groups are based on synapomorphies. The last step is directed towards the simplest explanation (maximum parsimony) (Ax 1984, Hennig 1982, Sudhaus & Rehfeld 1992).


In the operation of the computer program (a) characters are selected and character states established; (b) the information is placed in a character matrix; (c) the topologies that involve the fewest changes are calculated (maximum parsimony); and (d) the topologies are rooted a posterior by choosing an outgroup (Forey et al 1992, Kitching et al 1998, Meier 1992, Mossakovski & Prüser 1999, Riepel 1999).


The result of a phylogenetic reconstruction are represented as a "diagram of phylogenetic relationships (Ax 1984:57) or cladogram for short.


Selection of characters

For the analysis of relationships, a character is useful "if in two of a minimum of three taxa suspected of being a monophyletic group show similar or identical expression" (Ax 1984:117). By critical examination of all the studied Cheilosia species, the suitability of characters was extracted. I took notice of characters of the integument, the pseudocephalon, the cephalopharyngeal skeleton and the digestive system between mouth opening and anus. I did not consider for phylogenetic analysis any character where:

· because of few larvae, the ontogenetic dependence of character states could not be excluded (for example, stronger sclerotisation, the surface structure of the spiracles)

· with the assigned method, the character states could not be identified (for example, size information of the larvae)

· character states showed continuous variation, and hence could not be coded as discrete (Rieppel 1999:40).

It so happens that at present for the characters studied, there is no understanding of their evolution which would be helpful a prior for phylogenetic reconstruction. All characters were therefore set as unordered (Fitch parsimony).


Criteria for providing a priori hypotheses for polarity

The polarity was established by outgroup comparison. As outgroups, the genera Ferdinandea (cuprea, ruficornis) and Rhingia (campestris) were selected. These two genera have been placed as close relative to the genus Cheilosia by several authors; they do not belong to the ingroup, and we have larvae and exuviae (Fig 2). The unique Portevinia species whose larval biology is known, lives in plants as many Cheilosia.  Because of this similarity of lifestyle, the risk increases of interpreting convergent character expression as plesiomorphic. Therefore Portevinia was not designated as an outgroup.  When character states could not be established for the outgroups Ferdinandea and Rhingia, or where two different character states were present in Ferdinandea and Rhingia which were equally present in Cheilosia, then the polarity was not determined.


A further criterion for identifying polarity is based on the biogenetic ground rule. Earlier ontogenetic character expression was studied intensively in the first instar larvae of fasciata, himantopus and albitarsis.  The critical opinion of this criterion (summary in Ax 1984:132ff, Kluge & Strauss 1985, Mabee 1989, Remane 1956:149ff) warns of a suppressed interpretation (section 3.4.1): when the character state of L1 differs from that of L3 in a given polarity repeated in the outgroup comparison, polarity was not determined.

[ Fig 2a-j: The phylogenetic arrangements of the genus Cheilosia according to various authors. *=larval descriptions from the genus available ]


Computer software

Computations were carried out with PAUP 4.0b2 (Swofford 1998). If possible I used the exact branch-and-bound procedure (bandb). If this was not possible because of the quantity of data, a heuristic procedure was used (hsearch): From 1000 random starting points (addseq = random, nreps=1000) the branch swapping mode "tree bisection and reconnection" was used (swap=tbr). All characters were unordered (unord) and equally weighted. The outgroups Ferdinandea and Rhingia were included in the calculation of the most parsimonious topologies.


Statistical testing methods

The assessment of the resulting cladogram and the underlying data was done with a series of statistical indices (Table 3). Description of these indices can be found in Farris (1989), Forey et al (1992) or Swofford & Begle (1993:54). None of these indices provides an absolute identification of the quality of a cladogram, since they depend on the number of taxa and characters, and the number of uniformative characters (Farris 1989, Forey et al 1992, Meier 1995a).


To assess the quality of individual nodes of a cladogram, the Bremer support index can be used.  This provides for each node of a cladogram, by how many steps the strict consensus of the most parsimonious trees decays to this position in the polytomy (Bremer 1994, Kitching et al 1998).


To assess the quality of a dataset for phylogenetic reconstruction, the skewness of the distribution of lengths of randomly selected topologies (randtree nreps = 1,000,000) drawn from the dataset (Hillis 1991, Swofford et al 1996, see Table 3). The skewness value (g1) depends on the number of taxa and characters, and provides no absolute measure of the quality of the data matrix.


All indices were calculated with PAUP 4.0b2.

Table 3: Mathematical definition of the indices calculated

3
Results

3.1
The material

A total of 1195 larvae and 210 exuviae of 35 species of Cheilosia were analysed (Table 4). Literature data on the morphology of the 3rd instar was present for 22 species. In total, 36 Cheilosia species could be treated (section 2.4).

3.2
The morphology of Cheilosia larvae

3.2.1
The developmental stages

In the egg laid by females, the first instar larva (L1) develops from the fertilized egg cell of the embryo. The larva leaves the egg, begins to feed, and moults to the 2nd and eventually to the third instar (L2 and L3).  The L3 transfers to the prepupal stage (Pl) in some species (= "postfeeding larva" sensu Fraenkel & Bhaskaran 1973). During the Pl the larvae takes no more food and sclerotisation of the cuticle increases. Finally the larva contracts and the puparium (Pp) is created from the cuticle.  In the puparium, the pupa (Pp) (sensu Fraenkel & Bhaskaran 1973) develops after the prepupal and cryptocephalic pupal stages. Finally the adult (Im) ecloses and the puparium with the cephalopharyngeal skeleton and the pupal skin remain together as the exuviae (Ex).

3.2.2
The ground plan


Overview  (Figs 3-7, 18, 22, 29, 32)

The body of the larva is like the adults divided into the head (Kop), thorax (Tho) and addomen (Abd). The head consists of the skin-like pseudocephalon (Psc) and the cephalopharyngeal appartus (Cpa) with the sclerotised cephalopharyngeal skeleton (Cps). The head in Cyclorrhapha is mostly withdrawn into the thorax. What is striking about the head of Cheilosia from outside are the mouthhooks (Muh) and the antennomaxillary lobes (Aml) with antennal and maxillary sensilla (Ans and Mxs).  The prothorax (Prt) surrounds the visible part of the head. It bears the anterior spiracles (Vst), and here there is in some species the prothoracic plate (Ptp). The meso- and metathorax (Mst and Mtt) resemble the first seven abdominal segments (A1-A7). Between the seven abdominal segments and the anal segment (A8) one finds the anal opening (Anö), in which lies the anal organ (Ano) surrounding the anus (Anu). The anal segment differs markedly from the other abdominal segments: on it we find the striking fused posterior spiracles (Hst) and three pairs of various developed lappets (Asa). In morio and burkei the anal segment is drawn out into a spiracular respiratory siphon (Rss) (Fig 7:j). The surface of the larva is divided by integumentary folds (Igf) ("secondary segmentation" sensu Hennig 1968a:40).


Subdivisions of the thorax and abdomen  (Figs 3-7)

A clear-cut arrangement of segmental boundaries is not possible from external study (Dusek 1962:69, Hennig 1968a:40, 1968b:160). The divisions into segments can be accomplished via the following conditions:

there are 8 abdominal segments (Teskey 1981:77, Hennig 1968a), pseudo-segments are possible (Hennig 1968a:40ff, 1968b:159)

· the anterior spiracles lie on the prothorax, the posterio spiracles on the anal segment, the other body segments have a pair of non-functional spiracles (Keilin 1944).

· the anus lies ventrally on the anal segment (Teskey 1981:77)

· the disposition of integumental folds and sensilla is as similar as possible to abdominal segments 1-7

· the mesothorax and metathorax differ as little as possible from A1-A7

The obvious subdivisions of the larva by integumentary folds does not correspond to the segmental boundaries ("apparent segmentation" sensu Hennig 1968a:40). The integumentary folds serve as muscle insertions, occasionally apparent through the integument as tonofibrils and muscle fibres. The extent to which one can recognise these folds depends on the sclerotisation and contraction of the larva after preparation. On each segment one finds several folds:

· A1-A7: dorsally there are in each case three cross-folds; laterally there are 5-6 areas mostly incompletely separated by integumentary folds, with (a) L1 (b) L2 (c) L3 (d) VL1 (e) in front of L2+L3, and (f) between VL1 and L3 [L2 and L3 are not separated in some species, so that (a) and (b) coincide]; ventrally there are three cross-folds and a longitudinal fold between the medial ventral sensilla.

· anal segment: dorsally between A7-D1 and the posterior spiracle 0-5 crossfold; laterally the lappets are more or less clearly distinct; ventrally between A8-9 and the posterior spiracular 0-3 crossfold, 0-1 cross-fold between A8-9 and the anal opening, often there is a medial longitudinal fold, in each case 0-1 folds between A8-9 and A8-7/8, A8-7/8 and A8-6, and A8 and A7-V1.  In some species the anal segment is isolated by an anal segmental ring (Asr), a region completely separated by a ring-like integumentary fold which carries the sensilla A8-1 and A8-2 of the anal segment (Fig 7:d).

· Metathorax: dorsally three cross-folds between Mtt-D1 and A1-D1; laterally as A1-A7 but without the area in front of L2+L3 and the integumentary folds less clear; ventrally three cross-folds between Mtt-V1 and A1-V1.

· Mesothorax:  dorsally two cross-folds between Mst-D1 and Mtt-D1; laterally as the metathorax; ventrally a cross-fold between Mst-V1 and Mtt-V1.

· Prothorax: dorsally shortly before Mst-D1 there is an obvious cross-fold, and in front of Prt-D1 a less-obvious second; laterally in each case there is one obvious fold which delimits the lateral thorax, and between Prt-L3 and Prt-VL1; ventrally two cross-folds in front of Mst-V1.

The integumentary folds in the anal segmental region provide extraordinarily important characters directly for phylogenetic reconstruction. The analysis of these characters here is done in only a very restricted [sense], for two reasons: (a) the visible structure of the integumentary folds from the exterior depends on the age of the larva and its contraction when killed; to exclude this methodological source of error, studies of the musculature are necessary; (b)  homologisation is a problem because of reductions in the integumentary folds. Comparative anatomical studies are also needed here.


Clearly delimited regions of individual segments (Figs 3-7)

On the anal segment there are three pairs of variously developed lappets. In morio and burkei only there is a further ventral pair of lappets. In the prothoracic region clearly delimited from one another there are the anterior-dorsal prothorax (a.Prt), the lateral prothorax (l.Prt) and the often microtrichia-free ventral prothorax (v.Prt). The prothorax is not as in Rhingia campestris completely retractable into the rest of the body. In Cheilosia larvae there are no pseudopodia (Psp).

Remarks

· Rotheray (1988a:20, 1988b:868, 1990b14) found 1-4 pairs of lateral lappets in Cheilosia larvae. Dusek (1962:69) also gives a variable number of lateral lappets in the larvae of various Cheilosia species. In the present study the lateral lappets were established from the sensilla: A8-4, A8-5 (or A8-4/5) on the posterior (apical) lappet, A8-3 on the central (medial) lappet, and A8-1 and A8-2 (or A8-1/2) on the anterior (basal) lappet (for the labelling of the sensilla, see section 3.2.8). From this there are at most three pairs of lateral lappets present in Cheilosia larvae.

· The ventral prothorax can be differentiated from the immediately adjoining pseudocephalon from the (I must admit, often difficult to detect) ventral sensilla.

· Teskey (1981:80) distinguished the term "proleg" for the pseudopodia of the prothorax, and "creeping welt" for those of the abdominal segments. The term "pseudopodia" is used here for body protuberances which are used in moving and which are furnished with proportionately matched microtrichia.

[ Fig 3: Thorax of the 3rd instar of Cheilosia himantopus, lateral view. bar = 1 mm. The expression of the integumentary folds varies individually according to the state of preservation. The non-functional spiracles are hardly recognisable under the light microscope. a.Prt = anterio-dorsal prothorax; A1 = first abdominal segment; Amb = antennomaxillary bases; Aml = antennomaxillary lobes; D1-D3 = sensilla labels ..... ]

[ Fig 4: Abdominal segments 5-8 of Cheilosia himantopus, lateral view. bar = 1 mm. The expression of the integumentary folds varies individually according to the state of preservation. The non-functional spiracles are hardly recognisable under the light microscope. ....labels... ]

[ Fig 5: Abdominal segments 7-8 of Cheilosia himantopus in ventral view. bar = 1mm. ]

[ Fig 6: EM picture of the anal segments of L3 of different Cheilosia species, dorsal view. a. = aerea, b = antiqua ]

[ Fig 7a-k:  Different developments of the L3 anal segment of palaearctic Cheilosiini, dorsal view. bar = 1mm. The inteugmentary folds are represented by dotted lines. Sensilla A7-D1 are incorporated as black dots for orientation.

a = pagana, b = lenis, c = rhynchops, d = longula, e = chlorus, f = fasciata, g = aerea, h = variabilis, i = antiqua, j = morio, k = Portevinia maculata.  

Asp = anal segmental plate, Asr = Anal segmental ring, h.Asa = posterior lappet, m.Asa = medial lappet, Per = peritrema, Stp = spiracular plate, Stt = spiracular tube, v.Asa = anterior lappet ]

3.2.3
The integument


Sclerotisation

As a rule the cuticle is not sclerotised and has a whitish to light brown colour.  Tracheae, fat-body or muscle traces are as a rule not recognisable through the integument.  More strongly sclerotised is the larva in the prepupal stage (Table 5). This change begins dorsally on the prothorax, the prothoracic plate becomes clearly visible (Fig 8). Less clearly one finds a similar sclerotisation and together with it a recognisable prothoracic plate also occasionally in the first two instars just before moulting.  The sclerotisation of the microtrichia becomes clearer with increasing age of the L3.

[ Table 5. Sclerotisation of the larvae of Cheilosia during the transition from L3 to prepupal stages. + = beginning or strong sclerotisation; - = no sclerotisation ]

[Fig 8a-d:  Development of the prothoracic plate of L3 Cheilosia albipila, dorsal view. bar = 1 mm. a = freshly moulted larva without a recognisable plate; b = plate clearly sclerotised and sharply delimited; c = beginning of sclerotisation of the lateral prothorax; d = almost completely sclerotised prothorax of the prepupal stage with no clearly delimited plate ]


Microtrichia  (Figs 6, 9, 29, 31)

The integument is overwhelmingly set with microtrichia. Microtrichia can be missing on the integumentary folds, on the ventral prothorax, laterally on the thorax, around the anterior spiracles, in the region of the prothoracic plate, dorsally on the posterior abdominal segments, and dorsally and ventrally on the anal segment. On the pseudocephalon, microtrichia are present on the dorsal and ventral lips and occasionally on the ventral part of the antennomaxillary lobes

[ Fig 9: Schematic representation of different shapes of microtrichia. Relative width: hair-shaped, bristle-shaped, cone-shaped, plate-shaped.  Orientation:  straight, curved, hooked.  Tip:  pointed, rounded. ]

Microtrichial development on the larvae is not uniform: (a) they are shorter ventrally; (b) those on the thorax are often shorter and broader; (c) in the integumentary folds they are shorter and narrower, and often are completely lacking. (d) a denser covering of finer microtrichia occurs as a rule on the weak spots for the pupal horns on A1 between the sensilla D1 and D2. This region is noticeable only when the more strongly sclerotised microtrichia create a contrast. From the sclerotisation of the integument, in the prepupal phase this area is still scarcely recognisable. (e) In a few species there are two clearly differentiated microtrichial shapes next to one another on the abdomen. (f) On the anal segment the plate-shaped microtrichia can fuse together into the anal plate (Asp) (Figs 6,7i,7k).


The shape (relative width, orientation and tip) of the microtrichia is an important character (Fig 9). If the microtrichia are several times longer than broad and if they are basally negligibly broader than at the tip, they are called hair-shaped; if they are several times ...[see Fig 9]....  The microtrichia are sclerotised to various degrees. The developmentally dependent variation of this sclerotisation largely conceals interspecific differences.

3.2.4
The spiracles

In the L1 of Cheilosia larvae there is only one pair of functional spiracles (Sti) on the anal segment (metapneustic). The L2 and L3 both have an additional pair of anterior spiracles on the prothorax (amphipneustic).  Finally there are the scarcely perceptible (from external study) non-functional spiracles (Nst).

Remarks

· Hennig (1968a:44) called the opening of the tracheae the "primary spiracular opening", and the opening of the atrium as the "secondary spiracular opening".  Since in syrphid larvae only secondary spiracular openings are known, the term "spiracular opening" always refers to the secondary openings.

· The term "spiracle" is defined by various authors as the respiratory opening. The term should only be applied to the spiracular openings, as Bastian (1986:26) proposed. This narrow definition does not entail, however, any consequences for most authors. Foote (1987:792) and Hartley (1961:507) called for example the spiracular tube the "breathing tube" and separated it from the "posterior spiracles".  Thus they called only the spiracular plate the "posterior spiracles".  In order to avoid confusion, it seems therefore wise to label as "the spiracle" the whole area between the tracheal openings and cuticle with the primary and secondary spiracular openings.


Posterior spiracles

The peritrema (Per) represents the connection of the posterior spiracles with the integument of the anal segment. During growth of L1 and L2 the peritrema expands until it is clearly broader than the adjoining spiracular tube (Fig 15). The peritrema is at first transparent and skin-like. When larval growth is finished, sclerotisation of the peritrema increases in most Cheilosia species. In species with retractable posterior spiracles, the peritrema is never sclerotised, and is covered with microtrichia.


The surface structure of the peritrema and spiracular tube varies with the development more strongly than interspecific variation. At first the surface structure of the peritrema and spiracular tube is understandable because it is derived from a smooth surface after moulting. After growth ends it becomes more strongly sclerotised and then joins in with a contraction of the spiracles.  If in this way it consists of irregular lump-shaped protrusions, I then speak of a wrinkled surface. If it contracts mainly in length, it consists of more or less regular longitudinal folds, which confer a striped impression to the surface, and then I call this a ribbed surface. A surface with regularly arranged rings, as in the eristalines, does not occur in Cheilosia larvae.  The apical part of the spiracular tube is different, often with a smoother and rather ribbed surface than the basal part. Dorsally and ventrally the spiracular tube is variously strongly indented in the longitudinal direction.


The spiracular tube becomes closed apically by the spiracular plate (Stp). This can be sharply delimited at the sides, or curved around onto the tube. The plate consists of two mirror-image halves, separated from one another in some species by a clear furrow. This furrow is often a continuation of the dorsal and ventral indentation of the spiracular tube, and betrays the fact that originally in the syrphids two separate spiracles have fused. Each half of the spiracular plate seals a felt chamber lying in the spiracular tube (Fzk).  On each half of the spiracular plate in the L2 and L3 in the middle lie the spiracular scars (Stn): the spiracles belong to type II sensu Keilin (1944). More weakly sclerotised spiracular scars reveal underneath the spiracular-scar trace (Sts) as a darker region. The spiracular scars are surrounded by at least three spiracular openings (Stö) of very varied construction. These are (at least according to the preparation for the SEM) largely closed by a spiracular membrane (Stm). The pattern of openings can be slightly different on the two sides of the plate. The rimae (Rim) that are typical for various genera of the Syrphini are missing. Trabeculae are often developed, which suffice as teeth-like projections of the spiracular plate into the spiracular openings. Trabeculae are only detectable with the light microscope, and not with SEM. On each half of the spiracular plate, the spiracular glands (Std) end in the four gland openings (Sdö). From there arise from each a spiracular-gland hair. These hairs in Cheilosia larvae are mostly branched basally several times, and of various lengths. Between the dorsal and dorso-lateral gland openings lie exteriorly a further non-obvious opening, which in accordance with Bhatia (1939:89) is interpreted as supplementary spiracular-gland openings (Zsd) of the dorsolateral gland exit. This opening lacks the hairs, and below the opening runs a cord, undescribed until now in the literature. Species-specific thorn- or plate-shaped projections of the spiracular tube or spiracular plate are present.

Remarks

· The sclerotized peritrema in species without a respiratory siphon can easily become separated from the spiracular tube, since (a) as a rule its surface structure clearly differs, (b) it has no dorsal or ventral indentation, (c) it is as a rule broader than the adjoining spiracular tube, and (d) the boundaries between the spiracular tube and peritrema are often narrowed ("eingeschnürt", strangled).  Doubtful cases arise in syrphids in which the posterior spiracles are drawn out (eg morio, burkei, all eristalines). In these species the peritrema becomes turned inside out. Because of this, the peritrema lacks sclerotisation, and on its upper side microtrichia are found (cf. "protuberances" sensu Dolezil 1972:343). These microtrichia possibly have the function of preventing the surfaces of the peritremas that lie against one another from sticking together. The most posterior region of the anal segment, that adjoins the peritrema, is characterised by the posterior sensilla (A8-5 and A8-4, or A8-4/5 in Cheilosia larvae). The homologies of the sclerotized microtrichia-free region with the unsclerotised region beset with microtrichia is a result of the position and the function.

· In many Cheilosia larvae on the spiracular tube, a basal and an apical area can be distinguished, based on the differentiated surface structure. It can only be conjectured at the moment, that here we have a differnt morphological structure: it is possible that the basal region is homologous with the unsclerotised area of the spiracular tube of other syrphids with respiratory siphons. The apical region could be placed with the spiracular plate. The following observations support this hypothesis: (a) in some species, the spiracular place is evidently bent over the spiracular tube, and thus creates the apical region. A clear demarcation between the spiracular plate and the tube is then not possible. (b) When the plate is sharply delimited against the tube, a clearly differentiated apical region is missing, or is only formed as narrower stripes. (c) In the Cheilosia larvae with respiratory siphons and unsclerotised basal spiracular tubes, the spiracular plate cannot be distinguished from the tube. Since  homology of the various regions is not possible, and the character also varies intraspecifically, this character is not available for phylogenetic reconstruction.

· Various authors give fewer than four pairs of spiracular glands for Cheilosia larvae. This is certainly due to the fact that individual glands in older larvae can be completely missing (broken off or worn out), and the glandular openings are very difficult to recognise by the light microscope.

· Identification by light microscope of the number of spiracular openings is only possible in the weakly sclerotised region between the trabeculae. With the help of SEM studies, this advance can be shown.

[ Fig 10a-k:  Posterior spiracles of L3 of various Cheilosiini, dorsal (left) and lateral (right) views. bar = 0.5 mm. The different surface structures are not represented. a = himantopus, b = cf. canicularis, c = grossa, d = albipila, e = fasciata, f = scutellata, g = longula, h = soror, i = Ferdinandea cuprea, j = F.ruficornis, k = semifasciata ]


Anterior spiracles

The anterior spiracles are comparatively inconspicuous. The peritrema is as a rule not sclerotised. A flat spiracular plate only occurs in a few species. Trabeculae are present. The spiracular openings are difficult to see with the light microscope, but they lie between the trabeculae. The spiracular scar lies at the base of the spiracles, surrounded by peritrema, and as a rule cannot be seen under the light microscope. Spiracular glands were not demonstrated. Two types of anterior spiracles were differentiated in Cheilosia larvae (Table 6).

Table 6: Characterisation of two types of anterior spiracles present in Cheilosia larvae [Table 7 repeated here in error!!!]

Remarks
· Teskey (1981) thought it possible that in cyclorrhaphan L1 the anterior spiracles were normally present but only establishable using the SEM. Kitching (1976) demonstrated them in individual Calliphoridae, Muscidae and Sarcophagidae. Although in the few Cheilosia L1 studied here using EM there were no recognizable anterior spiracles, I cannot exclude their discovery in the future.


Non-functional spiracles

The non-functional spiracles are recognisable from exterior view unclear as weak, thickened, microtrichia-free areas of the integument. They lie underneath sensilla L1. On the mesothorax of syrphids these non-functional spiracles have not been demonstrated by external examination (Hartley 1961). From accurate studies, however, a non-functional spiracle is anticipated (Keilin 1944) [????what???? - does he not know the literature here !!!!].

[ Fig 11a-e: SEM photographs of the L3 spiracular plate of various species of Cheilosia. bar = 0.1 mm. a = rhynchops, b = aerea, c = antiqua, d = fasciata, e = himantopus.  Sdh = spiracular gland hair, Sdö = gland opening, Stn = scar, Stö = spiracular opening, Zsd = accessory gland opening ]

[ Fig 12a-c: SEM of L3 spiracular plate of various species of Cheilosia. a = accessory gland opening of pagana, bar = 1 (m; b = spiracular scar of pagana, bar = 10 (m; c = gland hair of rhynchops, bar = 10 (m.  Sdh = hair, Sdö = gland opening, Zsd = accessory gland opening ]

[ Fig 13a-l:  Spiracular plates of L3 Cheilosia. bar = 0.1 mm. The hairs, accessory gland openings and trabeculae are not shown. a = morio, b = longula, c = fasciata, d = cf. subpictipennis, e = coerulescens, f = aerea, g = antiqua, h = impressa, i = variabilis, j = chlorus, k = orthotricha, l = cf. canicularis.  Per = peritrema, Sdö = gland opening, Stn = scar, Stp = plate, Stt = tube, Stö = spiracular opening ]

[ Fig 14a-d: SEM of posterior spiracles of L1 and L2 of fasciata. a = L1 in dorsal view, bar = 10 (m; b = L2 in lateral view, bar = 0.1 mm; c = plate of L1, bar = 10 (m; d = plate of L2, bar = 10 (m. h.Asa = posterior lappet, Per = peritrema, Stt = spiracular tube ]

[ Fig 15a-d. Development of the posterior spiracles of himantopus in lateral view. bar = 0.5 mm. The different surface structure is not represented. a = young L2, b = young L3, c = old L2, d = old L3 ]

[ Fig 16a,b: SEM of anterior spiracles of L3 Cheilosia species. bar = 10 (m. a = albipila, b = aerea ]

[ Fig 17a,b: Anterior spiracles of L3 Cheilosia species, bar = 0.1 mm. a = albipila, b = pagana ]

3.2.5
The head

The head in Cheilosia larvae consists of the cephalopharyngeal apparatus and the surrounding skin-like pseudocephalon, which is fused to the prothorax. The sclerotised or skin-like region of the cephalopharyngeal apparatus studied here is called the cephalopharyngeal skeleton.


Pseudocephalon (Figs 3,18)

The pseudocephalon joins the prothorax with the cephalopharyngeal skeleton and thus partly surrounds the pre-oral space and the opening of the mouth. Some areas of the pseudocephalon can be more or less well differentiated: in Cheilosia larvae the antennomaxillary bases (Amb), which touch each other mostly basally, consitute the largest part of the antennomaxillary lobes and the most conspicuous region of the pseudocephalon. The antennomaxillary bases as a rule have no sharp boundary with the rest of the antennomaxillary lobes, as is the rule in Xylotini or Eristalini. Mostly they are only shallowly developed. Dorsally the antennomaxillary lobes are joined to the anterior-dorsal prothorax, the join is turned inwards and is usually not recognizable externally. Between the antennomaxillary lobes and mouthhooks is the dorsal lip (Mil) ("central lappets" - see Appendix 8.2). In contrast to the Eumerini, in Cheilosia larvae the dorsal lip is extended in the space between the mouthhooks, and medially are not constricted. Laterally the dorsal lip merges into the mandibular lobes (Mdl) lying along the sides of the mouthhooks. The mandibular lobes are fused to the mouthhooks. On the mandibular lobes we find the oral ridges (Mur), and apically on these are the mandibular filaments (Mrf). In Cheilosia larvae these filaments consist of teeth of various sizes, but they can be lacking in some species.  Sheet-like ("flächige") formations as in Ferdinandea or Rhingia, or hair-like ones as in Myathropa, could not be demonstrated in Cheilosia larvae. In Myathropa larvae the parallel oral ridges turn down anteriorly at a right angle, making a sharp corner, which separated a region with ridges from a region without. The region with ridges is restricted to the inner side of the mandibular lobes. In Ferdinandea, Rhingia and Cheilosia there are no such corners, and the oral ridges are not restricted to the inner surface of the lobes. The ventral lobe (Vtl) underneath the mouthhooks joins the manibular apodemes (Mda) of the mandibular adductor with the ventral prothorax. Normally this area is not distinguishable, but in some species such as fasciata it can sometimes be extruded.  Between the ventral processes of the mouthhooks lies the ventral lip (Lbl) ["labial lobes" - see Appendix 8.2]. Together with the ventral part of the dorsal lip, the ventral lip can close the functional mouth opening.

Remarks

· Mandibular lobes and dorsal lip have often been described as a single unit. This is not adopted here, because the two areas bear important characters unconnected with one another

· Under the term "dorsal lip", Hartley (1961:507) and Rotheray (1993:7) understood a part of the pseudocephalon, and under the term "lateral lips" a part of the prothorax. From a functional viewpoint this is certainly correct, but morphologically it is confused. Consistent regions of the pseudocephalon I therefore label with the term "lobes" (Lappen).  In order not to have to use the term "lip" for part of the prothorax, the corresponding distinctions are described as anterior-dorsal, ventral and lateral prothorax.

· Although the antennomaxillary bases often has no separate morphological distinction from the antennomaxillary lobes, they are terminologically distinct here, to make a comparison possible with the corresponding structures of other syrphids.

· The current anglo-saxon term "anterior fold" and "dorsal fold (Hartley 1961:507) refer to an intrusion ("Einstülpung") between the anterio-dorsal prothorax and the antennomaxillary lobes. Introducing a corresponding german term does not seem to me to be important, since I could not discover any any relevant diagnostic characters in this structure, and the area can be circumscribed exactly.

· The oral ridges create a characteristic pattern in some dipteran larvae, the facial mask, which can be an important character (Ferrar 1987:16, Meier 1995b:104, Foote 1987:792). In Cheilosia the pattern of ridges has no corresponding significance.


Cephalopharyngeal skeleton (Figs 22-27)

The cephalopharyngeal skeleton consists of three main components: anteriorly the mouthhooks (Muh), the hypopharyngeal sclerite (Hps) and fused with it the tentoropharyngeal sclerite (Tps). There are also accessory sclerites.


Mouth-hooks

The paired mouthhooks of Cheilosia larvae are complex fusion products (Hennig 1968a:38) whose homologies can only be treated in a restricted way in the space of this study. For orientation, I base my considerations on the following assumptions:

· the mandibular sclerite is the main part of the mouthhooks (Teskey 1981:76)

· the mandibular sclerite abuts onto the tentorial bars [Längsstrebe - see App 8.2] of the hypopharyngeal sclerite (Teskey 1981:76)

· the mandibular abductor is joined directly to the mandibular sclerite, the mandibular adductor to the dental sclerite (Sinclair 1992:246, Teskey 1981:76)

· part of the mandibular lobe can be sclerotised and fused to the mandibular sclerite (Rotheray 1993:32, Rupp 1989:112)

· a pair of sensory cells is anticipated on each of the mandibular lobes and ventral lip (Roberts 1970:55ff)

Based on these assumptions, the simplest hypothesis of the construction of the mouthhooks in Cheilosia larvae is the following: the dental sclerite (Dsk) and mandibular sclerite (Msk) are usually completely fused, the mandibular abductor (Mab) and adductor (Mad) inserting directly on this fusion product. The mandibular sclerite can be fused dorsally to the mouthhook bridge (Mdb). Tha mandibular lobes are expanded and sclerotised in various ways, and fused to the mandibular and dental sclerites. The surface of this sclerotisation supplied with ridges creates the "Kaufläche" [presumably the filter]. The dental sclerite is variously developed and can reach right to the ventral mouth opening.  The dental sclerite can be fused at its ventral ends in some individuals. To create a ventral bridge between the mouthhooks, a weakly sclerotised ventral lip and an expanded sclerotised mandibular lobe can contribute. Distinguishing this area is not possible. The mouthhooks end in the mouthhook points (Mhs). In addition the mandibular teeth (Mdz) can be developed, found either laterally or medially on each half of the mouthhooks.


Two clearly different types of mouthhook points occur in Cheilosia larvae (Table 7). At the point of contact between the mouthhooks and the hypopharyngeal sclerite one can find a functional indentation of different extents, lying in the angle between the fused dental sclerite and the mandibular sclerite. A 'mouth sclerite' (Mus) [see App. 8.2] could not be demonstrated in Cheilosia larvae.

Table 7: Characterising two types of the anterior ends of the mouthhooks in Cheilosia larvae

longula type
albipila type

no obvious mouthhook points present
definite dominant mouthhook points present

dorsal view: spoon-like broadened ending
dorsal view: mouthhooks converge into dominant 



mouthhook points

lateral view: uniform narrower anterior part of the 
lateral view: uniformly convergent anterio part of mouthhooks

     mouthhooks

Remarks

· Since it was derived from it, that the mouthhooks are a fusion product of different sclerites and the new formation of the mandibular lobes, the term "mandible" should be avoided for this position. In spite of the use of the expression 'mandible' in compound terms, in other respects it should only apply to a series of neologisms and normally refer to the mandibular sclerites.

· Sinclair (1992:246) interpreted the dental sclerite as a separate region of the mandibular sclerite, and an apomorphy of the Schizophora. In spite of this the term 'dental sclerite' should not be dispensed with, since it is extraordinarily important for understanding the literature and for the description of the head skeleton of other syrphid genera.

· It is not impossible that the sclerites of the mouth established in other syrphid genera and several other dipteran families are fused also to the mouthhooks in Cheilosia larvae, and have created the mouthhook tips and the mandibular teeth (Teskey 1981:76). Brauer (1883:32) even homologised the entire "mouthhooks" of the larvae of the genera Cheilosia, Merodon and the Syrphini (sic!) with one another.  Also Sinclair (1992:246) supposed that the mouthhooks of the Cyclorrhapha represented the fusion product of two sclerites, whereby he understood the mandibular and dental sclerites as the same thing.  In this connection it is remarkable that I have the mouthhooks of not one central european hoverfly genus (Cheilosia, Eumerus, Merodon, Microdon, Portevinia), (but) a clearly separate mouthsclerite is present [don't really understand this sentence!].  A possible transitional situation is found in Volucella bombylans: a large part of the mandibular lobes is sclerotised, and, according to the interpretation set out here, would be labelled as the mouth sclerite, since it it is fused either with the dental or with the mandibular sclerite. Rupp (1989) called this structure the "mandibular lobes", Rotheray (1999a) the "mandibular lobe" and "apical hook".  Portevinia maculata also has stronger sclerotisation of the mandibular lobes, which is clearly separate from the mouthhooks. However, this sclerotisation does not create an obvious sclerite. Further morphological studies are necessary on this question.

· I consider it possible that the anterior part of the mouthhooks was originally flat ("flächig"), bent down ventrally. This is because (a) laterla and medial teeth are present; (b) the point of the mouthhooks is hollow; (c) exceptionally in some individuals no ventral sclerotisation can be detected, interpreted as atavistic; and (d) the mouthhooks of larvae of the genus Ferdinandea and the subgenus Cartosyrphus can be interpreted as the first stage [in evolution]. This hypothesis advocates/supports the idea that part of the mouthhooks have developed from the mandibular lobes.

· In laeviventris one can see the smooth [lit. "flowing"] transition between oral ridges and the filter ["Kaufläche"]. These two structures are certainly homologous. It is likely that the lateral and medial mandibular teeth are also homologous to explain cross-sections of the oral ridges. This observation also supports the idea that part of the mouthhooks have evolved from mandibular lobes.

· Both the individual provision of mandibular teeth and the number of ridges in the filter ["Kaufläche"] vary even within one individual. The numerical figure always represents only the minimum determined value ["Spannbreite"]. The diagnostic value of this information in small amongst closely related species.

· Sensory pores can be recognised on the mouthhooks of Cheilosia larvae, when the mandibular lobes are sufficiently sclerotised. This makes it probable that these are the sensory pores of the maxillary sense organ (sensu Roberts 1970:55ff). However it is questionable whether these are homologous with the sensilla described as 'sensilla campaniformia' (sensu Sinclair 1992:239) which are said to be characteristic of mouthhooks.

[ Fig 19a-c: Mouthhooks of L3 Cheilosia larvae, dorsal view, bar = 0.1 mm. a = albipila, b = burkei, c = pagana.

  d.Mdb = dorsal mandibular bridge, Lbs = labial sclerite, Lgs = tentorial bars, Mds = mandibular point, Mdz = mandibular teeth, Msk = mandibular sclerite ]

[ Fig 20a,b:  Mouthhooks of L3 Cheilosia larvae, ventral view, bar = 0.1 mm. a = albipila, b = pagana.

  d.Mdb = dorsal mandibular bridge, Dsk = dental sclerite, Kfl = filter, Lbs = labial sclerite, Lgs = tentorial bars, Mds = mandibular point, Mdz = mandibular teeth, Msk = mandibular sclerite, v.Mdb = ventral mandibular bridge ]

[ Fig 21a-i:  Mouthhooks of L3 Cheilosia larvae, lateral view, bar = 0.1 mm. The labial sclerite could not be recognised in some individuals in lateral view, and is therefore not drawn. a = morio, b = fasciata, c = albipila, d = aerea, e = semifasciata, f = rhynchops, g = pagana, h = antiqua, i = vernalis.  Dsk = denstal sclerite, Kfl = filter, Lbs = labial sclerite, Lgs = tentorial bars, Mds = mandibular point, Mdz = mandibular teeth, Msk = mandibular sclerite ]


Hypopharyngeal sclerites

The hypopharyngeal sclerite consists of two lateral tentorial bars (Lgs) [see Appendix 8.2] which in most Cheilosia larvae are joined ventrally by a cross-brace (Qus). The tentorial bars abut anteriorly against the mouthhooks, joined to them by cuticle. Posteriorly the bars are fused with the outside of the side sclerites of the tentoropharyngeal sclerite. This fusion can start immediately at the start of the tentoropharyngeal sclerite, or more posterior. Occasionally the bars are only weakly sclerotised in the central region. In many Cheilosia species a weakly sclerotised, anteriorly directed semicircular strap could be detected, making direct connection with the cross-band.

Remarks

· I consider it probable that the tentorial bars are made up from two regions: one posterior section joined with the tentorium and the cross-band, and one anterior section joined by cuticle with the mandibular sclerite. This allows us to explain the occasionally present, more weakly sclerotised central region of the bars in Cheilosia larvae as an incomplete fusion. A similar explanation presents itself also for a series of other syrphid larvae, where the anterior and posterior sections are clearly separate, and where these sections have been interpreted by different authors as distinct sclerites (Bhatia 1939:88, Hartley 1963:274).

· On the basis of the fusion of the hypopharyngeal sclerites with the tentoropharyngeal sclerite, it is easily possible to interpret a cross-band of the hypopharyngeal sclerite lying right on the tentoropharyngeal sclerite as the ventral bridge of the tentoropharyngeal sclerite. From the position of the salivary canal, this region is clearly characterised as a cross-band.

· A weakly sclerotised, anteriorly directed semicircular strap was also found in the genus Volucella ("horseshoe-shaped strap sclerite" sensu Rupp 1989:113).


Tentoropharyngeal sclerites

The tentoropharyngeal sclerite consists of two lateral side sclerites (Ssk) [see App. 8.2], which are joined dorsally by a membrane. In some species the clearly differentiated dorsal sclerite (Dos) [see App.8.2] is recognisable on this membrane. In the L1 this projects between the mouthhooks as an egg-tooth (Eiz). Occasionally there is a dorsal bridge (Dbr), created from the sclerotised dorsal membrane and the dorsal sclerite (Hartley 1963:262). Underneath the dorsal bridge is found a weakly sclerotised area, the optical window (Opf). Occasionally below this delimits a conspicuous lengthening of the tentorium, and anterior tentorial arm (a.Tea) [see App.8.2]. A ventral bridge (Vbr) is not present in Cheilosia larvae. The side sclerites consist of the tentorium (Ten) with dorsal (Dfl) and ventral (Vfl) wings. These wings are created on each side from a stronger sclerotised tentorial arm (Tea) and a cuticular phragma (Phr) joined with it. The tentorial arms can be completely reduced, and the phragmata are variously strongly constructed, depending on species.  The ventral tentorial arm is joined to the cibarium-pharynx anteriorly. Posteriorly it bifurcates into two ends: medially it is fused with the pharyngeal wings, and laterally it joins to the phragma. The lateral part is mostly substantially more weakly sclerotised, and both parts can independently be missing.

Remarks

· The tentorium is a fusion product of several areas, according to my own observations on the syrphid genera Brachyopa, Neoascia, Sphegina and Volucella. The clear demarcation of the tentorium from the tentorial arm is impossible using the present methods in many of the syrphids I studied. The demarcation of the dorsal tentorial arm is impossible in all the syrphid larvae I studied.


Accessory sclerites

In addition to the dorsal and dental sclerites already mentioned, there are also further accessory sclerites: ventrally to the connection of the mouthhooks with the hypopharyngeal sclerite we find the two labial sclerites (Lbs) [see App.8.2]. From the inner side of the tentoropharyngeal sclerite there stretch the two parastomal bars (Pst) [see App.8.2] right over the hypopharyngeal sclerite. The parastomal bars can easily be confused with the anterior tentorial arms (Wahl 1914:14), and therefore their characteristics are contrasted in Table 8.  Under the ends of the parastomal bars lies the epipharyngeal sclerite (Eps) [see App. 8.2].  This can be fused with the parastomal bars. A clearly separate unpaired labial plate (Lbp) [see App. 8.2] on the labial lobes is not present in Cheilosia larvae.


The list of synonyms in the appendix documents that homologising the accessory sclerites represents a problem. Therefore the characteristics of the accessory sclerites is summarised in Table 9.

Table 8:  Differences between the parastomal bars and the anterior tentorial arms in L3 Cheilosia larvae

Anterior tentorial arms
Parastomal bars

· start at the front edge of the tentorium
adjacent basally to the inner side of the tentorium

· basally not bent down
often bent down basally towards the tentorium

· directly adjacent to the optical window
directly adjacent to the cibarium-pharynx

· apical ends without underlying sclerites
under the apical ends is found the epipharyngeal sclerite,

       
with which it can be fused

· broader, obscurely delimited
narrower, clearly delimited

· unrecognizable in several species, since
well recognised in almost all species

       are reduced or fused with the tentorial bars

Table 9: Characterisation of the accessory sclerites of the head skeleton in L3 Cheilosia larvae

dental
paired, fused with the mandibular sclerite, and therefore forms part of the mouthhooks, insertion of the mandibular adductors

labial
paired, always separate, function unknown, lies on the ventral side of the atrium

epipharyngeal
unpaired, variously strongly fused with the ends of the parastomal bars, carries pores of the labral sensilla, lies on the dorsal side of the atrium

parastomal bars
paired, variably strongly fused with the epipharyngeal sclerite, possibly strengthen the alimentary canal, lie at the side of the cibarium-pharynx and the atrium

dorsal
unpaired, can be missing and possibly sometimes makes up the dorsal bridge together with the sclerotised dorsal membrane, function unknown, lies between the side sclerites of the tentoropharyngeal sclerites on the dorsal membrane.

Remarks
· Teskey (1981:75) suggested that the sclerites of the ventral wall of the atrium (in front of the salivary canal opening) must be derived from a labial sclerite. From this, I call the paired sclerites "labial sclerites", without establishing myself the exact homology. The sclerite lying ventral to the mouthhooks has various names in the literature, and it is often not obvious on what criteria the homology is based. One can also rank with the labial sclerites the occasionally sclerotised region of the ventral lip, which creates the ventral mouthhook bridge. The position of the labial sensilla makes it probable that this section is homologous to the labial plate.

· The assigment of the terms "anterior tentorial arm" and "parastomal bars" is problematic, since these two units have been used differently by various authors (App. 8.2, Teskey 1981:76). The reason for this is probably because both sclerites are only rarely clearly recognizable at the same time in one species. The anterior tentorial arm (in my sense) is equivalent to the ventral or dorsal tentorial arm part of the tentoropharyngeal skeleton [??unclear??].

[ Fig 22a-c:  Cephalopharyngeal skeleton of the L3 of pagana, bar = 0.5 mm. a = lateral, b = ventral, c = dorsal. ]

[ Fig 23a-c: Cps of L3 Cheilosia larvae, lateral view, bar = 0.5 mm. a = morio, b = fasciata, c = aerea ]

[Fig 24a-c: Cps of L3 Cheilosia larvae, lateral view, bar = 0.5 mm. a = cf. subpictipennis, b = coerulescens, c = antiqua]

[ Fig 25a-c: Cps of L3 Cheilosia larvae, lateral view, bar = 0.5 mm. a = albipila, b = variabilis, c = cf. canicularis ]

[ Fig 26a-c: Cps of L3 larvae, lateral view, bar = 0.5 mm. a = Rhingia campestris, b = Ferdinandea cuprea, c = Portevinia maculata ]

[ Fig 27:  Cps of L3 Merodon equestris, lateral view, bar = 0.5 mm ]

3.2.6
The digestive organs (Figs 18, 22-28)

The pre-oral space (Por) is enclosed by the prothorax and pseudocephalon. The mouth opening (Muö) lies between the ventral lip, the dorsal lip and the mouthhooks. By extensively sclerotised mouthhooks, it becomes separated from the dorsal and ventral mandibular bridges and the sclerotised parts of the mandibular lobes.  The atrium (Atr) joins here, running between the labial and epipharyngeal  sclerites, the parastomal bars and the hypopharyngeal sclerite, ending in front of the entrance to the salivary canal (Spk).  The canal comes from the salivary glands (Spd), opening by the cross-band of the hypopharyngeal sclerite into the cibarium-pharynx (Cph).  Here is the anatomical mouth.  The cibarium-pharynx is joined to the ventral tentorial arms. Dorsolaterally it broadens like a wing, creating the pharyngeal wings (Phü).  On the pharyngeal wings in some species a weakly sclerotised area can be recognised.  Dorsal to the cibarium-pharynx lie the dilator muscles. In longula, scutellata and pallipes the dorsal wall is strongly sclerotised here. Ventrally is the pharyngeal filter (Phf). This consists of nine pharyngeal ridges (Pfr), from which arise dorsally the pharyngeal filter filaments (Pff).  These filaments subdivide the cibarium-pharynx into the ventral chamber (Vka), divided by the pharyngeal ridges, and the dorsal chamber (Dka).  On the ventral side of the dorsal wall in some eristalines there is a dense layer of hairs, which could not be found in the Cheilosia species studied here.  The fluid collected in the ventral chamber is led off through the ventral pharyngeal outlet (Phu) and eventually the mouth opening.  The pharyngeal outlet in Cheilosia is not sclerotised like in Merodon, and is hence difficult to see.  The pharyngeal ridges converge in front of the transition to the narrow oesophagus (Oes). At the pharyngeal exit one can find dorsally and ventrally on each side a sclerotised pharyngeal exit plate (PhP). In some species with these characters one finds additional variously constructed areas, which can be interpreted as muscle insertions (Table 10).  The arrangement described of two sclerotised plates at the exit of the cibarium-pharynx and a muscle insertion point corresponds in principle to the structure described by Hartley (1963) and Roberts (1970) as a "grinding mill" in Eumerus and Merodon.  At the entrance to the pharyngeal filter in Cheilosia larvae there is no ventral sclerotised plate, as can be seen in Eumerus larvae.  Also a row of bristles found in Myathropa is missing.

Table 10: Various types of possible muscle insertions for the dorsal exit plate of the pharynx.

Rhingia type
the pharyngeal wings are turned turn posteriorly (Fig 26a)

proxima type
the pharyngeal wings are turned down posteriorly. Starting already beforehand, a sclerotisation of the pharyngeal wings increases towards the pharyngeal exit (Fig 23c)

Ferdinandea type
at the ends of the pharyngeal wings, there is an additional membrane (Fig 26b)

Merodon type
there is a sclerotised arm on the pharyngeal wings, with a membrane at its end (Fig 27)

[ Fig 28:  cross-section through the pharyngeal filter of L3 pagana. bar = 0.1 mm. ]

Remarks
· A clear difference between the cibarium and the pharynx is not possible here, especially since the terms have not been used uniformly (Teskey 1981:76). Therefore it is practical to speak of the "cibarium-pharynx". By putting together terms with the prefix "pharyngeal-" we can always deal with sections that doubtless are to be considered as pharyngeal.

· As the mouth opening, in the literature in fact the secondary mouth opening at the beginning of the atrium is labelled (as this) just as is the anatomical mouth opening ("primary mouth opening" sensu Hennig 1968a:35) at the start of the pharynx. I follow most authors iand call the secondary mouth opening as "mouth opening" and accordingly the space lying in front of it surrounded by the prothorax as the "pre-oral cavity".

· The nine pharyngeal ridges, a number established by Hartley (1963:263) for the L3 larvae of syrphids obviously belongs to the groundplan of the syrphids.  Outside of the Cheilosia larvae and the outgroups studied here, I can confirm this number also for Brachypalpoides lentus, Xylota spp., Temnostoma bombylans and Brachyopa spp. In Portevinia maculata I could only see fewer pharyngeal ridges.

· Hartley (1963) and Roberts (1970) labelled parts of the grinding mill as the "pestle" and "mortar". Equivalent german terms for these areas in Cheilosia larvae are avoided here: (a) a series of structural differences in the construction of the equivalent structures in Cheilosia larvae and the Eumerini could be judged as an indication that this was convergent evolution. (b) The function deduced ["induzierte"] from the choice of terms by Hartley (1963) and then postulated by Roberts (1970), a comminution of food particles between the two plates, I consider not sufficiently supported (by the evidence). According to Martin (1934), Eumerus tuberculatus does not take up larger pieces of food, but decomposed plant substances. An alternative plausible function of these plates could be that this is a stopper. This could prevent a flowing back of the food out of the oesophagous, since in order to suck in the food into the atrium a lowered pressure is produced.

3.2.7
The anal organ (Figs 4-5, 29-30, 32)

The anal organ fills most of the anal opening and surrounds the anus. In Cheilosia larvae it consists above all of 4-5 apirs of anal papillae (Anp). The anal papillae can be withdrawn into the body, and then cannot be seen from the outside.  If the anal papillae are several times longer than broad, they are called 'long', otherwise 'stump-like'. If no individual papillae could be differentiated, then I speak of "reduced anal papillae". At the end of long papillae are the insertion points of the muscles, recognised as apical narrowed regions.  In various syrphid genera the anal opening can be drawn in so that adjoining integument is drawn together and blocks up this area. In cf. subpictipennis valve-like areas were seen around the anal segment, which could take over this function.  Most Cheilosia larvae apparently have no ability to block the anal opening. This character complex is certainly very interesting, but from external study alone on the grounds of methodological problems was scarcely worked at.

Remarks
· The region laterally immediately next to the anus was assigned to the anal organ, although in Cheilosia larvae it can never be extruded. This area is the only part of the anal organ recognisable in Portevinia maculata.

· This region, which Rotheray (1988, 1990b) labelled the "grasping organ", should be considered as belonging to the anal organ. The anal organ is in fact present in all the Cheilosia species studied and in at least most syrphids, in contrast to the statements of Rotheray (l.c.).

[ Fig 29: SEM of the anal organ of L3 pagana, lateral view, bar = 0.1 mm. ]

[ Fig 30a-d: Anal opening and anal organ of various Cheilosini. bar = 0.1 mm. a = Portevinia maculata with round anal opening and reduced anal organ; b = morio with long anal papillae and muscle insertions, the limits of the anal opening are obscured by the anal organ; c = pagana with stump-like anal papillae without muscle insertions; d = himantopus with reduced anal organ and longish oval anal opening ]

3.2.8
The sensilla (Figs 3-8, 29, 31)

The sclerotised papillae of the dorsal antenal sensilla and the maxillary sensilla on the antennomaxillary bases are easily recognised. The papilla of the maxillary sensilla is somewhat higher and lies lateroventral to the papilla of the antennal sensilla. Cheilosia larvae mostly have only very narrowly separated sensillar papillae. The papilla of the antennal sensilla sits on the antennal pegs (Anz). In some species this is clearly longer than broad, and is only then conspicuous. The pores are on the pseudocephalon, recognisable on the maxillary sensilla (Mss) lying on the ventral mandibular lobes, and the labial sensilla (Lis) lying on the ventral lip (Roberts 1970:55ff). The presuposition for this is a sclerotisation of the mandibular lobes and ventral lip in this region. Also the pores of the labral sensilla (Lrs) on the epipharyngeal sclerite could only be found in species with clearly sclerotised epipharyngeal sclerites.  The optical sense organ can be detected only from the transparent cells of the tentoropharyngeal sclerite.


The sensilla (Sen) of the thorax and abdomen consist of a sensillary papilla (Sep), in which the sensillum (Sum) itself is found, and from which different-shaped sensillar hairs emerge (Seh).  The number of sensillar hairs varies in an individual despite the same groundplan. Often there are smaller ones next to the conspicuous sensillar hairs. The shape is normally bristle-like, straight or bent, and pointed. In many species the sensilla are obvious and rise above the surrounding microtrichia. The arrangement and number of sensilla follow the constant Cheilosia groundplan, differeing only in morio and possibly burkei. In these species nine pairs of sensilla were recognised on the anal segment. Exceptionally sensilla can be missing in some individuals, or additional ones can appear. Hartley (1961:510) studied the sensilla of syrphids systematically, and proposed a naming system, which is used here. I count as individual sensilla only those whose papillae are clearly separate.

· prothorax: dorsomedial from anterior to posterior D1, D2, D3; dorsoventral from anterior to posterior D4, D5; lateral from dorsal to ventral L1, L2 L3, VL1, VL2, V1 (altogether 11 pairs of sensilla).

· mesothorax: from dorsal to ventral D1, D2, D3, L1, L2/3, VL1, V1, V2/3 (altogether 8 pairs)

· metathorax: from dorsal to ventral D1, D2, D3, L1, spiracle, L2/3, VL1, V1, V2, V3 (total of 9 pairs, occasionally V2 and V3 are fused together into V2/3)

· A1-A7: from dorsal to ventral D1, D2, D3, L1, spiracle, L2 (always anterior), L3 (always posterior), VL1, V1, V2, V3 (altogether 10 pairs)

· anal segment: on the lappets from anterior to posterior 1 and 2 or 1/2 (anterior lappet), 3 (central lappet), 4 and 5 or 4/5 (posterior lappet); around the anal opening from lateral to medial 6, 7 and 8 (or 7/8) and 9 (total of 6 to 9 pairs)

To name particular sensilla, the sensillar naming system places the corresponding segment in front (e.g. A8-7, Mst-D1).

The sensilla are clearly marked on the surface of the larva. Therein lies their methodical significance. The position of individual sensilla in relation to each other, and the number of sensilla are important characters. The strongly divergent data on the state of the sensilla in the literature for a species (e.g. Dusek 1962, Hartley 1961, Speight 1986) are already an indication of methodological difficulties. For an extensive phylogenetic interpretation, a study of the nervous system is necessary.

[ Fig 31a-c: SEM of the sensilla of the abdomen of L3 Cheilosia, bar = 10 (m. a = aerea, b = pagana, c = antiqua ]

Remarks
· The "homonomiesierung" [??]of the sensilla of the prothorax implied by Hartley (1961) in his terminology I consider to have little basis, and I only follow this terminology in order not to have to introduce a new system.

· In spite of the similar naming of the sensilla, Hennig's (1968b:160) system differs from that used here

· Rotheray (1990b) determined nine pairs of sensilla on the mesothorax of Cheilosia larvae. Rotheray (1990b) and Hartley (1961:514) specify basically two sensillar pairs for the posterior lappets on Cheilosia larvae. These two pairs (A8-4 and A8-5) can often not be distinguished under the light microscope. In these cases I call these sensilla A8-4/5.

· The long projections of the anal segment of Rhingia campestris were interpreted in the literature either as sensillar papillae or as projections, which is reflected in the terminology: "papillae" (Hartley 1961:534), "stick-like lappets" (Rotheray 1993:86), "stick-like papillae" (Rotheray 1993:86) or "segmental spine" (Coe 1942, Dixon 1960:371). I consider these processes as sensillar papillae, since otherwise (a) one must have started from in each case several segmental lappets from the posterior abdominal segments, and (b) a total reduction of the sensillar papillae must be called for.  Similar structures in Rhingia campestris appear in the chrysogastrines, and were called "lateral peduncles" by Maibach & Goeldlin (1994:389). Also on this point, clarifying studies are necessary.

3.2.9
The puparium  (Fig 32)

The puparium differs from the L3 in its squat form and the tough integument. By shortening the long axis it takes on a ribbed surface. The single pair of spiracles of the pupa make conspicuous spiracular horns (Sth) which pierce the puparium on the first thoracic segment. The pupa spiracles of Cheilosia pupae have a surface adorned with wart-like prominences. On these wartlike elevations are the spiracular openings. On the inner sides of the horns these wartlike elevations can be missing.  The anal opening is closed by the anal scar (Ann). The anal organ makes two sclerotised anal plates (Anl).  The head is completely turned inwards and the mouth opening closed by the grown together prothorax in the region of the head-scar (Kon). In eclosion, the imago tears open the puparium at (a) between the prothorax and the pupal spiracles, (b) behind the pupal spiracles, and (c) laterally. The dorsal flap consists thereore of two parts. An anterior part which comes from the prothorax, carried the anterior spiracles and if necessary the prothoracic plate, and is occasionally joined with the head-scar after eclosion. A posterior part bears the pupal spiracles and normally is not completely separated from the puparium. A ventral flap (Vkl) is not separated in syrphids, so that the cephalopharyngeal skeleton remains joined to the exuviae. Cheilosia puparia are not fastened to the substrate, as is typical for representatives of the Syrphini. I could find no important diagnostic characters from Cheilosia puparia that were lacking in the L3 larvae.

Remarks
· Ziegler (1998:26ff) distinguishes the terms "thoracic horns" and "spiracular horns" for the lengthening of the anterior thoracic spiracles. Thoracic horns are outgrowths of the puparial wall, as present in Nematocera and orthorrhaphan Brachycera. Spiracular horns are creations of the pupa, which pierce the puparium, present in Cyclorrhapha. This distinction should be followed, and therefore in syrphids the term "spiracular horns" was used.

· Ferrar (1987:17) called the anal organ basically the "anal plate". Here there was a difference between the functional anal organ of the larva and the sclerotised and non-functional anal plate of the puparium emerging out of it.

3.3
The foodplants of Cheilosia larvae

44 species of Cheilosia have data about their food plant spectrum (Table 11).  Under Cheilosia sp. were placed data on foodplants when there was no accurate data on these plants, or where obviously several species of Cheilosia were developing in the plant.

[ Table 11. Food spectrum of known larvae of Cheilosia and Portevinia in the field with information on the sources. (“Eiablage” : the information comes only from observations of oviposition, “unter”: identification of the species published by the author, “coll.” - the collection in which the sampled reared material is deposited,  “m.” - my own data hitherto unpublished) ]

3.4
The phylogeny of the Cheilosia species studied

3.4.1
The characters

A total of 219 characters were found where the individual Cheilosia species differed. 81 of these characters have proven to be useful according to the designated criteria (section 2.4) for the reconstruction of relationships of Cheilosia species. The resulting character matrix is presented in Table 13. The corresponding skewness G1 was 0.44 (topology based on 81 characters for all the Cheilosia species considered).


In 54 of these characters, an hypothesis about the plesiomorphic state was provided by the outgroup comparison (Table 12).  The skewness of the topologies based only on these characters was 0.4. Six characters of the posterior spiracles (#36, 37, 39, 40, 41, 44) and one of the mouthhooks (#56) had no polarity because of the character states of the L1.  In the other 20 characters the outgroup had no or inconsistent character states. 

Table 12:  Short description of the characters useful in phylogenetic reconstruction within the genus Cheilosia (column 2) with data on the number (col 1), the coding (column 2, brackets) and whether the plesiomorphic state could be determined (column 3). * = plesiomorphic state determined, corresponding to the code 0.

3.4.2
Phylogenetic relationships

On the basis of 54 characters whose plesiomorphic character states could be identified a priori, a phylogenetic reconstruction was possible by hand. The resulting cladogram is presented in Fig 33. Branchings were not resolved when either no suitable characters occurred or different divisions were possible of which none were favoured. 33 of the character changes were interpreted as synapomorphies.


Proceeding from all 81 characters resulted in 7 shortest cladograms from the computer analysis. The strict consensus cladogram is presented in Fig 34, with the Bremer support values and homoplasy indices.

4
Discussion

First, the hand-done and computer cladograms are compared, and from the differing results a synthesis is derived (section 4.1). This synthesis is compared to the proposals of other authors about the divisions of the genus Cheilosia (section 4.2). From this comparison I discuss in what way larval morphological characters are useful for a phylogenetic reconstruction (4.3).  Finally I consider the evolution of hostplant use according to the cladogram (4.4), and in conclusion how the use of larval characters in phylogeny reconstruction is a a meaningful path (4.5).

4.1
Comparison of the cladogram resulting from the manual method with that from computer-based estimation

There were nine differences between the computer (Fig 34) and hand-done (Fig 33) cladograms. In the following the differences between them (Table 14) are discussed. From this a synthesis of the two results (Fig 35) is derived, which is then the basis of a further discussion.

[Table 14: Differences between the hand-done and computer (strict consensus) cladograms.

Col1 = number, Col2 = comparison with the strict consensus cladogram from 81 characters, Col3 = comparison with the strict consensus cladogram resulting from 54 characters. [n = number of shortest cladograms, S = length of shortest cladogram, SV = lengthening of cladogram necessary to equal the hand-done cladogram, + = difference found again in the strict consensus, - = difference not found again in the strict consensus, +/- = difference found again only in some of the shortest topologies.


81 characters
54 characters

n
7
4319

S
221
115

SV
+6
+1

#

1
Rhingia placed as sister-group to pallipes+ scutellata+longula, Cheilosia not monophyletic    +/-

2
Ferdinandea not monophyletic
+

3
cf. subpictipennis placed in a different position
+/-

4
relationship of albitarsis, cf.urbana and sp.(on Pilosella) resolved differently
+/-

5
grossa, cf.canicularis, himantopus, orthotricha shown as not monophyletic
+/-

6
relationship within the monophyletic longula, pallipes & scutellata was further resolved
-

7
relationship within the monophyletic caerulescens, antiqua, laeviventris & sp. (from


Saxifraga) were resolved differently
+/-

8
relationship within the monophyletic rhynchops, albipila, lenis & aff.lenis were 


resolved further
-

9
bergenstammi not placed as sister-group to the monophyletic vernalis, aff.vernalis,


cynocephala, chlorus, fraterna & melanura
+


Was only a local minimum achieved using manual techniques ?

In order to show whether the hand-done cladogram found only a local minimum, a computer analysis using the same 54 characters used in the manual anlysis was done.  In this analysis there were no differences found from the hand analysis that had not already been established previously. The computer found a cladogram that was one step shorter. A manual cladogram can find only a local minimum as a consequence of the methodological problem of finding the shortest cladograms from 39 taxa from the incalculably large number of possible cladograms (Meyer 1992). On this basis the prior experiences and expectations influenced the result.


What should a synthesis of the different results look like ?

The differences between the two hypotheses about relationships (Figs 33,34) are, to clarify, that (a) the hand analysis does not find the most parsimonius cladogram; and (b) in the computer analysis used 27 additional characters. In the following, the differences are discussed individually to achieve a synthesis.


For differences 6-9, the computer-based hypothese were placed into the synthesis, since here a greater number of characters were taken into consideration. For differences 1-5 the hand-based hypotheses were placed in the synthesis because:

· difference 1: the monophyly of Cheilosia is supported by no larval-morphological synapomorphy. With adult and DNA characters, however, this monophyly can be supported (Fig 2, Claussen pers.comm.).  For this reason both Rhingia and Ferdinandea were considered as outgroups, and Cheilosia as monophyletic.

· difference 2:  character 77/1 (muscle insertions on the pharyngeal exit) used in the hand analysis can only be scored in Ferdinandea cuprea to establish the monophyly of Ferdinandea. For ruficornis we only have exuviae, and the expression of this character can therefore not be determined. I consider it probable that this character is the same in both species, and can be taken as a synapomorphy. Over and above this the monophyly of Ferdinandea is supported by adult morphological characters (Fig 2). Ferdinandea was therefore placed as monophyletic in the synthesis.

· difference 3:  in the hand analysis, character 45 (microtrichia on the dorsal lip) was allotted a high significance. If this character was given a weighting of 3 in the computer analysis, then cf.subpictipennis was placed similarly to the hand analysis. I consider this weighting justifiable since apart from Cheilosia, variation in this character within a syrphid genus has only been established for Eumerus (Rotheray & Gilbert 1999).

· differences 4&5: in both cases, character 17 (width of the dorsal microtrichia) was used to base the monophyly of the group in the hand analysis. This character was interpreted in the computer analysis as evolving once and reverting twice. I consider it unlikely that this character is a synapomorphy, since the form of the microtrichia in the relavant species is constructed very differently (character 16).  If one considers the various forms and codes the character accordingly as different in individual cases, when this character is given a weight of 3, the computer analysis produces the same pattern of relationships as the hand analysis.

[ Fig 35.  Synthesis of the hand and computer analyses with a suggestion about the boundaries and names of the species groups within Cheilosia ]


Can monophyletic groups be recognised within Cheilosia ?

Dividing up the individual monophyletic species groups within Cheilosia is based both on synapomorphies (Fig 33) and also from relatively high Bremer support (Fig 34).  The suggestions of Fig 35 about the divisions into species groups comes from a computer analysis in which only Cheilosia was studied with the character weightings presented above.  Each monophyletic group was separated off as a species group where the Bremer support had a value of at least 4. Differing from this obtained result, the two species of the subgenera Chilomyia and Neocheilosia were separated and designated, since they are clearly different on the basis of adult morphological characters. The separation of the albitarsis-group and the urbana-group from Dasychilosia is supported by a Bremer-support value of only 3. Since a different picture resulted from the unweighted analysis, these groups were separated.


To designate the species groups, subgeneric names were used that are established but so far unused (available) (Table 15).  The nomenclature is orientated to the groups names of other authors [??ansonsten] (Table 16, Fig 36).

[ Table 15:  Names of the genera and subgenera whose type actually lies within the genus Cheilosia ]

[ Table 16: Assessment of the status of species groups of Cheilosia. Designations in the original spelling with information of the species studied here, the authors and the assessment based on the results presented here. Groups distinguished from one another are numbered consecutively.  + = the present studies do not contradict the monophyly of the group, - = according to the present studies the group is not monophyletic, ? = the status of the group cannot be assessed from the present studies.

Headings:  Author, groups named, included species, status ]

4.2
In what way do the results of  various attempts at reconstructing relationships provide equivalent results?

I give first a brief overview of the subdivisions of Cheilosia suggested up til now.  The cladogram arrived at here (Fig 35) is compared to the suggestions for classification and cladograms of other authors.


Overview of discussions about subdivisions of Cheilosia
To discuss the subdivision of Cheilosia, three phases can be distinguished:

First, the listing of the species catalogue is used as the focus of interest.  A subdivision is necessary on practical grounds, since the number of described species is difficult to handle. With the increasing number of species, this subdivision should be refined with additional characters. The first division of Cheilosia was done by Meigen (1822), who distinguished the species with bare and with hairy eyes (after Goff 1944). Loew (1857) used colour characters, thoracic bristles, and the hairs of the face for division. Becker (1894) provide the most comprehensive monograph of the genus, which expressed a proposal for subdivision still used today: the genus was separated into four groups according to four characters (hairs of the face, colouration, thoracic bristles, and eye hairs). Becker (1894:212) himself thought that “a division of this genus would be a completely useless effort, because all contrasts [“Contraste”] are only apparent”.  A further quotation of Becker (1894:213) illustrates how very different the presentation of Becker on the phylogeny of Cheilosia is from the various theoretical assumptions of modern authors: “there remains nothing else, to pronounce these facts open and to take them into account. We have to deal here with a genus whose numerous members create a cohering whole which cannot be carved up any further in a natural manner”.  Nevertheless, Becker’s classification is still used today as the basis for elaborating further proposals for subdivision (e.g. Hellen 1912, Hull & Fluke 1950, Fluke & Hull 1947, Stubbs & Falk 1983).


The use of new characters, particularly of the genitalia, show that Becker’s system is an insufficient description of the actual phylogenetic relationships (Gaunitz 1960). Shatalkin (1975) divided Cheilosia into three subgenera according to the male genitalia (Cheilosia s.str., Nigrocheilosia, Hiatomyia).  Barkalov (1983) proposed a division of Cheilosia in which he arranged the siberian species into 8 groups according to their male genitalic characters (Table 16).  Boyes et al (1980) arranged 27 Cheilosia species into six groups according to their karyotypes (Table 16).


As a result of morphological studies of the adults, the divisions of Cheilosia have always been modified, and today a series of subgenera have been described. An overview of this development was given by Goffe (1944), Hull (1949), Hull & Fluke (1950) and Peck (1988).  In Table 15, the described genera and subgenera whose types are placed today within Cheilosia are summarized.  Recently various authors have divided up Cheilosia into species groups, without arranging them in any Linnean categories. Examples of such groups are shown in Table 16.


I will first discuss the most recent proposals for division, which ought to grasp the phylogenetic connections within Cheilosia: Rotheray & Gilbert (1999) arranged five groups of Cheilosia species on the basis of larval characters with a maximum parsimony analysis. Stahls & Nyblom (1999) used mitochondrial DNA data to work out the relationships of 20 Cheilosia species.


Further information on the investigation of the taxonomy of Cheilosia can be found in Loew (1857), Becker (1894), Goffe (1944), Hull & Fluke (1950), Barkalov & Kerzhner (1991) and Vujic (1996).


Comparison of my final cladogram with “typological” divisions

In contrast to phylogenetic divisions, typological ones do not claim to establish genealogical connections between species, but establish groupings based on similarity.  In spite of this, it is not excluded that monophyletic groups are characterised with typological divisions. If this is the case, then characters used for the division could at least partly be interpreted as synapomorphies.  The assessment of typologically based Cheilosia species according to phylogenetic criteria (based on the results presented here) is shown in Table 16.  A contradiction occured to the system worked out here from larval characters, when the species of different groups separated from one another could not be arranged into various contradiction-free monophyletic groups.   (The resulting) unendorsed groups were the caerulescens-group of Nigrocheilosia (Barkalov & Stahls 1997, Stahls & Barkalov 1999) and the “borer”-group established from lifestyle and larval morphology (Rotheray & Gilbert 1999).  I could not assess groupings where I had no more than one species.


Comparison of my final cladogram with the cladogram of Stahls & Nyblom (1999)

Stahls & Nyblom (1999) presented the very first maximum parsimony analysis of a syrphid genus, based on mitochondrial DNA sequences. The basis of their cladogram (Fig 36) is the nucleotide positions 1563-2904 (numbering according to Drosophila yakuba, Clary & Wolstenholme 1985) of the COI gene of 20 Cheilosia species.


The most obvious difference in the allocation of species to species-groups is the arrangement of pagana, which was placed as the nearest relative to melanura.  It is noteworthy that the Bremer support for this grouping is +15. Aprt from this, the arrangement of the species groups does not contradict the proposal suggested here. It is true that this could compare only seven Cheilosia species common to both cladograms. Basically the result of Stahls & Nyblom (1999) differs in the arrangement of the groups in relation to each other. The nodes joining the various groups of the cladogram of Stahls & Nyblom (1999) were arranged with Bremer support values greater than +1 or +2 ("with the exception of values of +1 or +2").


Comparison of my final cladogram with the cladogram of Rotheray & Gilbert (1999)

Rotheray & Gilbert (1999) produced the first comprehensive maximum-parsimony analysis of the palaearctic syrphids based on larval characters. In this, the genus Cheilosia was split into five groups (Table 16) incorporated separately in the analysis.


For the basal genera Eumerus, Merodon, Portevinia, Cheilosia, Ferdinandea and Rhingia there were 39 variously coded characters available, of which 24 were phylogenetically informative (skewness of all topologies, g1 = -0.72).  The result of an analysis of these characters is presented in Fig 37.  If only the five Cheilosia groupings were considered, there are 10 phylogenetically informative characters available.  The resulting pattern of relationships of the two shortest topologies was supported by a maximum Bremer support of +1.


Additionally to the analysis of the data matrix, all 39 characters were checked using all the species considered by Rotheray & Gilbert (1999) (except illustrata).  In 26 of the 39 characters, I arrived at a different character-state coding, because (a) the variation of individual characters was often assessed to be greater, and hence I could not distinguish distinct characters; (b) in a series of groups the characters were not uniform; or (c) the morphological interpretation of various areas differed, and hence their homologies (section 3.1).  Some of the species not considered by Rotheray & Gilbert (1999) could not be allocated to any group on the basis of the character matrix used (e.g. proxima, Eumerus compertus).


Wilson (1996) drew attention to the problem in working with ground patterns. In Rotheray & Gilbert (1999) these were normally taken to be genera. A series of problems mentioned by Wilson (1996) are also found in the work of Rotheray & Gilbert (1999). These are: the monophyly of the five Cheilosia groupings was assumed, but was not supported in the same study.  In this connection, the shortcomings can be shown (Table 16). In working with ground patterns the most parsimonious cladogram applied to all species-groups will result. However, that is not to say that the most parsimonious cladogram will result applied to all species. If the dataset used by Rotheray & Gilbert (1999) is multiplied corresponding to the number of species actually studied, and is analysed (together?) with the dataset used here, the genera Eumerus and Ferdinandea are not monophyletic in the strict consensus of the 8 shortest cladograms.


Summary

In summary we can conclude that the typological and phylogenetic proposals studied for separating species into species-groups contradict each other hardly at all. From comparing the phylogenetic proposals, there are clear differences in the arrangements of the species-groups in relation to one another.

4.3
Are larval morphological characters suitable for disentangling relationships within the genus Cheilosia ?

The 81 informative characters was sufficient for phylogenetic reconstruction of 36 taxa. Problems occur in the present study with the high homoplasy content of the data.  This is seen in the relatively low homoplasy index (Fig 34). The result could be the low value for skewness (section 3.4.1).


A reason for the high homoplasy content could lie in the use of adaptive characters.  Since a relatively high selection pressure acts on these, they develop more quickly than characters without an equivalent selection pressure (Mayr 1975:204). In the following I will first discuss in what way adaptive characters were assigned, and subsequently how these characters are useful in phylogenetic reconstruction.


Which characters of Cheilosia larvae are adaptive ?

The poverty of characters in Cheilosia larvae is an indication of a high selection pressure to reduce "superfluous" characters. In Cheilosia larvae, the collection of energy obviously plays a central role. The "waste of energy" can represent a "superfluous" character, and hence is avoided. I know of no character in Cheilosia to which with some imagination a function cannot be attributed. Several authors indicate a high adaptive nature to the larval morphology of syrphids (e.g. Rupp 1989, Rotheray 1988a,b, 1990b, Rotheray & Gilbert 1999, Tinqueu & Hance 1998).


It is true, though, that there are only a few examples in which the function of the expression of a particular character has been verified, except from singular chance observations or derived from plausibility (e.g. the function of the anal organ, Wichard & Komnik 1974). How easily false conclusions are possible is shown by the detailed speculations of Lindner (1949) on the adaptations of the larva of Merodon equestris to its phytophagous lifestyle in flower bulbs - actually he described the larva of Volucella inanis, that lives in wasp nests.


In spite of the uncertainty of the particular function of characters, in no character of Cheilosia larvae can it be concluded that it is adaptive.


Where is the usage of these adaptive characters possible in phylogenetic reconstruction ?

Ax (1984:136) permits no doubt that in principle it is possible to do a phylogenetic study with the help of adaptive characters. Hennig (1968a,b), McAlpine (1989), Meier (1995a), Sinclair (1992), Wood & Borkent (1989) or Woodley (1989) show that phylogenetic conclusions are possible from the head skeleton of diptera larvae, and set out further examples for this advance.


In the present work, the severing of relationships of very closely related species is a problem, as for example in the genus Dasychilosia.  Here the larval morphological characters are not sufficient to distinguish the species (App. 9.1). Phylogenetic hypotheses are not possible.


The collation of species into species-groups causes the fewest problems (section 4.1). Apart from individual cases, the hypotheses suggested here on the monophyly of these groups do not contradict the hypotheses of other authors (section 4.1).  This is plausible, since nearest relatives have been separate for a relatively short time, relatively little time to bring about morphological variation, and hence the presence of convergence is relatively unlikely.


The ordering of the species groups relative to one another causes problems. The results of various authors are clearly different (section 4.1).  This is equally plausible, since species from the various species gorups have been separate for relatively longer periods of time, relatively a lot of time to bring about morphological variation, and hence the existence of convergence is likely. In this position, for phylogeny reconstruction either a priori synapomorphies and convergences must be distinguished, or additional synapomorphies be considered.


In basal branchings, the same problems occur as those that separate Cheilosia species-groups. Two examples should illustrate this:


Fig 38 shows how three members of the Eumerini (Merodon equestris, Eumerus tuberculatus, Eumerus compertus), one of the Eristalini (Myathropa florea) and four members of the Cheilosini (Ferdinandea cuprea, F.ruficornis, Portevinia maculata, Rhingia campestris) are placed in a maximum-parsimony analysis of all 81 characters relevant to Cheilosia larvae (Table 12).  The result of the analysis shows the genus Cheilosia as polyphyletic. The monophyly of Cheilosia can be verified from several synapomorphies of the adults (Claussen, pers.comm.), and is accepted by authors who argue from morphological characters of the adults or DNA sequences. From this, it must follow that in the placement of members of other syrphid genera within Cheilosia, we have a grouping based on convergence.


The equivalent situation occurs in the genus Volucella. The different lifestyles of the Volucella larvae necessitate the existence of different morphological adaptations (Rotheray 1999a, Rupp 1989). If these characters are used to place the Volucella species in a phylogenetic system of the Syrphidae, the genus appears to be polyphyletic (Rotheray & Gilbert 1999). The monophyly of the genus Volucella is sufficiently proven by a series of adult synapomorphies.


In summary, we can conclude that with the larval characters considered here in their totality, only a narrower part of the genus Cheilosia can be disentangled.  For terminal branchings separating very closely related Cheilosia species, there are (up til now) no morphological characters of the larvae recognised that are useful in phylogenetic reconstruction. Basal branchings separating the species-groups of Cheilosia and high-order taxa are not detected because of the high homoplasy. The intermediate cases are the most provable.  For a further understanding of the phylogeny of the genus Cheilosia, it is however not excluded that it will be possible in the future to be able to assess individual characters of differentiated larvae. On this, we need to enlist further characters, such as adult, biological, or DNA characters.


Providing hypotheses of the relationships among syrphid genera or higher taxa on the basis of larval characters alone seems to me to be problematic until now (Glumac 1960, Goffe 1952, Heiss 1938, Rotheray & Gilbert 1999, Vujic & Glumac 1993). On the other hand there is a series of examples where larval characters in addition to adult characters give important indications of the relationships within a syrphid genus, or between closely related syrphid genera (Dusek & Laska 1967, Maibach et al 1994, Maibach & Goeldlin 1993).

4.4
What conclusions are possible about the evolution of diet breadth in Cheilosia larvae ?

Fig 39 shows the connections between the systematic groups of foodplants (Appendix 9.3) and the cladogram of Cheilosia.  From this representation, I now discuss which of the four basic types of the evolution of phytophagous insects and their hostplant spectra have occurred within Cheilosia (according to Zwölfer 1990).


A parallel evolution (parallel cladogenesis) of Cheilosia and hostplants could be verified in no case as a probable hypothesis.  Equivalent examples of parallel evolution of phytophages and hostplants, which possibly could be interpreted as coevolution ("focussed coevolution" sensu Strong et al 1984:218), have until now been documented only very few times in the literature (Bernays & Chapman 1994:272, Brian & Mitter 1993:258, Strong et al 1984:218, Zwölfer & Herbst 1988). A parallel evolution is theoretically only conceivable in the Cheilosia living in Senecio species, since the equivalent plant species must be closely related and the diet breadths should not overlap.


A constriction of diet breadth is a possible explanation for the specialisation of individual Cheilosia species on several genera of the Asteraceae. At the moment the relationships among the Asteraceae-Cheilosia species are not yet sufficiently clear.


A series of monophyletic Cheilosia taxa is connected to clearly separated plant taxa: Cartosyrphus with the exception of the basally separated pagana to Basidiomycetes, two species of the subgenus Nigrocheilosia to Primula spp, Dasychilosia except variabilis to Asteraceae, and Chilomyia and Neocheilosia to Pinaceae.  In these cases one can deduce that a change of host spectrum has happened, and a specialisation to these host spectra has been arrived at. Equivalent situations occur in almost all phytophagous insects (Bernays & Chapman 1994:271, Brian & Mitter 1993:256, Futuyma 1990:562). The hypothesis of a connection between monophyletic Cheilosia taxa and particular hostplant spectra will be proven with further data: there is a series of Cheilosia species where the foodplants are known, but these Cheilosia species were not included in this phylogenetic analysis. In some of these species, the hostplant information complies well with the arrangement of the species by other authors according to morphological characters (Table 16): yesonica (Dasychilosia) lives in Petasites sp, chrysocoma (alpina-group) in Apiaceae, hoodiana (Chilomyia) in Pinaceae.


A widening of the hostplant spectrum to different hostplant families is a possible evolutionary process, where Cheilosia species are connected with plant parts that are convergent in different plant taxa.  semifasciata mines in succulent leaves such as are present in Crassulaceae and Saxifragaceae (Rotheray 1988). aerea, impressa and proxima live in rotting matter on or in large rootstocks such as are present in Apiaceae or Scrophulariaceae (Schmid 1999, own unpublished observations).


That also a monophagous lifestyle on the same plant genus can arise convergently within the syrphids is proved by the example of Portevinia maculata and fasciata, both living on Allium species.


In assessing the evolutionary processes, it must be taken into consideration that the hostplant spectrum of most Cheilosia species is at the moment only poorly known. Moreover, in the future the splitting up of Cheilosia species is to be reckoned with.

4.5
In what way are larvae suitable for the task of phylogenetic systematics in the Syrphidae ?

With the example of Cheilosia, it can be demonstrated that a phylogenetic reconstruction from larval characters is possible.  The question of whether this advance is meaningful should be answered with a comparison of the advantages and disadvantages.  In what way this advance is practicable is discussed under the question of whether knowledge gained from larval morphology could have nomenclatural consequences.


Advantages and disadvantages of working with larvae

(a) A series of necessary assumptions for using larvae in phylogeny are not or are only poorly provided: there exist hardly any larval collections, and collecting larvae is normally more painstaking than adults. Because there are hardly any keys for identification, the identification of larvae is often only possible after painstaking rearing. The morphology of larvae is less investigated than adults. Because altogether only few or often insufficient descriptions of larvae are available, normally both the actual group to be analysed and the surrounding related groups must be studied. Because there are hardly any phylogenetic studies based on larval morphology, analyses of the suitability of characters are continually lacking.  However, it can be positively stated that a phylogeny derived from larval characters will profit other field of knowledge.

(b)  Fly larvae are normally more character-poor than the corresponding adults. Because in contrast to adults, the larvae are subjected to strong growth processes, sclerotisation is continually missing. Unsclerotised characters are often difficult to study and have great intraspecific variation.

(c)  The present study suggests that the relationships of very closely or very distantly related species cannot be disentangled satisfactorily using unweighted larval characters.

(d)  In holometabolous insects it is assumed that larval and adult morphological characters develop independently. This increases the probability that hypotheses about relationships can be tested in this way independently. This statement of the "mutual elucidation" (Hennig 1982:121) realises cladistic analysis in "research cycles" (Kluge, cited in Rieppel 1999:37).


Are there nomenclatural consequences of the resulting cladogram ?

Intentionally and formally established in the nomenclatural rules in Article 17.3 is "the availability of a name is not affected even if it is based on [...] one stage in the life cycle" (ICZN 199:21). From practical considerations we should refrain from nomenclatural consequences: (a) the comparatively high homoplasy of the resulting cladogram and accordingly the uncertainty of the divisions of the taxa make it probable that the relationships proposed here should be modified. From this, resulting nomenclatural changes contradict demands for a stable nomenclature. (b) the derived cladogram only considers comparatively few of the known Cheilosia species. We must reckon that studying more species will detect additional informative characters. Hence modifications in the proposed relationships are possible. (c) The range of taxa placed in a Linnean category is established arbitrarily. For this reason practical aspects, as for example the number of species placed in a category, should determine decisions (Mayr 1975:94).  Such practical decisions however then only occur when as many known species as possible can be taken into consideration. This is not possible with only the 36 Cheilosia species used here (<8% of the known species). Because of the problem of discovering the larvae we cannot imagine that a representative section of the genus Cheilosia has been considered. Taxa whose larvae are easily found are numerically overrepresented. (d) A system set up on the basis of larval characters can (only) succeed in being put into practice when at the same time most species can be positioned (within in) from adult characters. (e) A series of subgenera already described could not be considered since the larvae of the type species are unknown. (f) Because larval collections hardly exist, and bringing together corresponding collections is very painstaking, the ability to verify and to perform afterwards ("Nachvollziehbarkeit") is limited.

5
Prospect

In a joint project, the (currently unpublished) results of adult morphology (Barkalov, Claussen, Doczkal, Vujic), molecular analyses (Stahls) and the results on larval morphology derived here will be joined together in a comprehensive phylogeny of Cheilosia. In progress is the listing of further larval biological data of the larvae in order to be able to draw in these data into a phylogenetic analysis. Further on is planned a study in which the species identity of larvae can be established from DNA analysis (Brückner & Stuke).


Interesting indications of the direction of evolution are anticipated when the head skeleton can be found of amber-derived Cheilosia larvae that live in resin. It is important to study the larvae of more Cheilosia species. An elegant solution of the problem of finding larvae would be rearing them on a nonspecific artificial substrate.


From descriptions of larval morphology, in many places questions arise which must be studied in depth. To answer these questions, the use of additional methods will be necessary, such as thin-section techniques or continuing with electron microscopic screening. A consideration of larval anatomy could bring many further interesting results, and help in understanding the morphology better.
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Appendices

8.1
Diagnosis of the 3rd-instar larvae of the known Cheilosia larvae, with a key.

Recognition of the different instars of Cheilosia larvae can be done with Key 1. The following key refers to the third instar. Most characters are present also in the puparium and exuviae. Identifying the L1 and L2 larvae is not possible with this key. Kuznetsov (1992) gave a key to identifying L1 Cheilosia larvae.

There are no known individual characters that separate Cheilosia larvae from those of other syrphids. Key 2 allows the separation of subgenera and species-groups of Cheilosia from all known palaearctic syrphid genera that have larval mouthhooks.

8.2
Synonymy of the morphological description of preimaginal stages of Diptera

8.3
List of the plants and fungi used by Cheilosia larvae

