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Abstract

The taxonomic rank and phylogenetic relationships of the pipizine flower flies (Diptera: Syrphidae: Pipizini) were estimated
based on DNA sequence data from three gene regions (COI, 28S and 18S) and 111 adult morphological characters. Pipizini has
been treated as a member of the subfamily Eristalinae based on diagnostic adult morphological characteristics, while the larval
feeding mode and morphology is shared with members of the subfamily Syrphinae. We analysed each dataset, both separately
and combined, in a total evidence approach under maximum parsimony and maximum likelihood. To evaluate the influence of
different alignment strategies of rDNA 28S and 18S genes on the resulting topologies, we compared the topologies inferred from
a multiple alignment using fast Fourier transform (MAFFT) program with those topologies resulting from aligning the second-
ary structure of these rDNA genes. Total evidence analyses resolved pipizines as a sister group of the subfamily Syrphinae.
Although the structural alignment and the MAFFT alignment differed in the inferred relationships of some clades and taxa,
there was congruence in the placement of pipizines. The homogeneous morphology of the Pipizini clade in combination with
their unique combination of characters among the Syrphidae suggest a change of rank to subfamily. Thus, we propose to divide
Syrphidae into four subfamilies, including the subfamily Pipizinae stat. rev.
© The Willi Hennig Society 2015.

Introduction

Syrphidae (flower flies, hover flies) is one of the
most abundant and conspicuous dipteran families with
over 6000 described species worldwide (Brown, 2009;
Thompson, 2013a). Adults are flower visitors and are
important pollinators both in natural ecosystems and
agricultural crops (e.g. P�erez-Ba~n�on et al., 2003; Ssy-
mank et al., 2009). Immature stages present a very
variable range of feeding modes (including sapro-
phagy, phytophagy, mycophagy, and predation), and
thus can be found in a very diverse array of habitats
(Rotheray and Gilbert, 1999; Rotheray et al., 2000;

Reemer and Rotheray, 2009; Ure~na and Hanson,
2010).
Traditionally, the Syrphidae has been classified into

three subfamilies, that is, Microdontinae, Eristalinae,
and Syrphinae (Thompson and Rotheray, 1998). The
first mentioned subfamily comprises taxa with larval
associations with ants (for a review see Reemer, 2013).
The majority of the Eristalinae larvae are sapropha-
gous in various decaying organic media, and some are
phytophagous in various plants (H€ovemeyer, 1987;
Rotheray, 1993; Stuke, 2000; Grosskopf, 2005; Fischer
et al., 2006; Morales and Wolff, 2010). The subfamily
Syrphinae contains taxa with predatory larvae that
prey on soft-bodied arthropods, mainly Hemiptera
(for a review see Rojo et al., 2003), while a few species
have recently been shown to develop as miners in
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plants (Nishida et al., 2002; Weng and Rotheray,
2008).
The tribe Pipizini is a well-defined aggregate exhibit-

ing a unique character combination for morphological
characters of both immature stages and adults
(Thompson, 1972; Rotheray and Gilbert, 1989;
Thompson and Rotheray, 1998). Pipizines are distrib-
uted worldwide but are absent from the Afrotropical
Region, and the greatest diversity is found in the Hol-
arctic Region. A total of eight genera and approxi-
mately 180 species are currently recognized
(Thompson, 2013a; Vuji�c et al., 2013): Claussenia
Vuji�c & St�ahls, 2013, Cryptopipiza Mutin, 1998, Herin-
gia Rondani, 1856, Neocnemodon Goffe, 1944, Pipiza
Fall�en, 1810, Pipizella Rondani, 1856, Trichopsomyia
Williston, 1888, and Triglyphus Loew, 1840.
Pipizini are medium-sized flower flies (5–10 mm)

mainly with a black coloured body and with pale
abdominal maculae present in some species. Pipizini
larvae are predatory, as are those of Syrphinae, but
pipizines show a preference for woolly or root aphids
with waxy secretions and other gall-forming hemipter-
ans, for example Pemphigidae, Psyllidae, Phylloxeri-
dae, and Adelgidae (Rojo et al., 2003).
The classification of the Pipizini has been a long-

standing taxonomic issue, as pipizines share the larval
feeding mode with the Syrphinae, but some external
morphological characters with the Eristalinae (Thomp-
son, 1972). The typically eristaline adult characters
include a pilose postpronotum (bare in Syrphinae) and
male abdomen with four unmodified pregenital seg-
ments (five in Syrphinae).
Williston (1885) introduced the family-group name

Pipizinae for Pipiza, together with Nausigaster Willis-
ton, 1884 and Paragus Latreille, 1804. Since then,
many authors have considered the tribe Pipizini a
member of the subfamily Syrphinae (Verrall, 1901; Ef-
flatoun, 1922; Brunetti, 1923; Glumac, 1960; Hartley,
1961; Wirth et al., 1965) based on the larval biology
and male genitalia. Also, studies on the structure and
number of chromosomes suggested the inclusion of
pipizines into the subfamily Syrphinae, as they shared
similar chromosome numbers (Boyes and van Brink,
1972). Pipizini were also treated as members of Eristal-
inae in many works, however, based on adult charac-
ters (Williston, 1887; Curran, 1921; Shannon, 1921,
1922a,b, 1923; Hull, 1949; Goffe, 1952; Du�sek and
L�aska, 1967; Thompson, 1969, 1972; Vockeroth, 1969;
Shatalkin, 1975b; Bartsch, 2009; Huang and Cheng,
2012). As members of the subfamily Syrphinae, pipi-
zines have been associated with the genus Paragus
(Verrall, 1901; Rotheray and Gilbert, 1989). In the
subfamily Eristalinae, pipizines were placed in the
Rhingiini tribe of similarly dark coloured hover flies,
with variable ranks: as a single genus Pipiza (Williston,
1887; Shannon, 1921), as different genera within

Chilosiinae (= Rhingiini) (Sack, 1932), as subtribe Pi-
pizina within the supertribe Pipizaria (Goffe, 1952), or
as a tribe comprising several genera (Curran, 1921;
Hull, 1949; Thompson, 1972; Shatalkin, 1975b).
Previous phylogenetic analyses on the family Syrphi-

dae were based either on one character type, that is,
immature stages morphology (Rotheray and Gilbert,
1999) or adult morphology (Hippa and St�ahls, 2005), or
researchers used a very limited dataset of characters and
taxa (Cheng et al., 2000). St�ahls et al. (2003) used for
the first time a combined dataset with molecular data
and morphological characters of adults and larvae, but
their taxon sampling remained limited. They found that
Pipizini and Syrphinae were resolved as sister groups
under the different character weighting schemes, except
in the equal weight maximum parsimony analysis where
Pipizini was resolved as sister group to Eristali-
nae + Syrphinae.
For our analyses we used the majority of the adult

morphological characters of Hippa and St�ahls (2005)
and three molecular markers, the mitochondrial pro-
tein-coding gene cytochrome c oxidase subunit I (COI),
the D2–D3 region of the nuclear ribosomal 28S rRNA
gene, and a small fragment of the nuclear ribosomal 18S
rRNA gene. Aligning rRNA genes, as opposed to pro-
tein-coding genes, is not a straightforward task, and the
use of the gene’s secondary structure has been shown to
be useful to establish positional nucleotide homologies
for phylogeny reconstruction (Kjer, 1995; Gillespie
et al., 2005; Subbotin et al., 2007; Marvaldi et al., 2009;
Murienne et al., 2010). Therefore, we decided to con-
trast the topologies that were inferred based on multiple
sequence alignment versus those inferred using the sec-
ondary structure of the rRNA genes for evaluating the
placement of the Pipizini.
The aims of this study are threefold: (i) to re-address

the systematic position and taxonomic ranking of the
tribe Pipizini based on morphological and molecular
characters; (ii) to elucidate the phylogenetic relation-
ships among pipizines and other syrphid groups; and
(iii) to explore the effects of the rRNA gene align-
ments based on the secondary structure on these phy-
logenetic relationships. Previous studies provide a
model of the secondary structure of the 28S rRNA
gene for Syrphidae (Mengual et al., 2012), but for the
first time we use the secondary structure of the rRNA
18S gene to align the DNA sequences in order to
perform the present analysis.

Material and methods

Taxonomic sampling

Taxa were selected to represent all the 16 recognized
tribes of Syrphidae (Bacchini, Paragini, Syrphini,
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Toxomerini, Microdontini, Spheginobacchini, Brachyo-
pini, Callicerini, Ceriodini, Eristalini, Eumerini, Milesi-
ini, Pipizini, Rhingiini, Sericomyini, and Volucellini).
Several genera of each tribe were included as ingroup,
with the exception of Callicerini, Ceriodini, and Seric-
omyini, and the monogeneric tribes Paragini, Sphegi-
nobacchini, and Toxomerini with only one
representative each. All eight genera of Pipizini were
included in the analysis. A member of the genus
Megaselia Rondani, 1856 (family Phoridae) was con-
strained as outgroup. We also included six additional
outgroup genera from the families Platypezidae and
Pipunculidae, which are the closest families to Syrphi-
dae (Skevington and Yeates, 2000; Wiegmann et al.,
2011; Lambkin et al., 2013). A total of 96 taxa were
used in the analyses, including 89 ingroup syrphid
taxa. Appendix S1 of the online Supporting Informa-
tion lists the species included in the analysis, the col-
lection data and the GenBank accession numbers.

Adult morphological character coding

We used the morphological character matrix of Hip-
pa and St�ahls (2005) (hereafter HS), which comprises
120 characters for 48 species, although a number of
characters were excluded (see below). The matrix by
HS includes scorings for characters of many of the
taxa used in the present study, but new scorings were
added for 62 taxa. Morphological studies were based
on specimens present in the collection of the Zoologi-
cal Museum of the Finnish Museum of Natural His-
tory (MZH) and at the Zoological Museum Alexander
Koenig (ZFMK). A number of characters were
excluded because the coding of the states would
require scanning electron images (SEM) and these
were not available (e.g. character numbers HS64,
HS72, HS78, HS79), and a few other characters were
also excluded as not being informative for the present
study (e.g. HS5, HS60, HS108, HS109, HS116). As a
result, a data matrix of 111 characters for adult mor-
phology was scored for all 96 taxa for which molecular
characters were available (see Appendices S2 and S3
of the online Supporting Information).
The coding of HS30 (pilosity of the dorsal part of

the propleura) was changed, and in some taxa of
Syrphinae the state 1 was coded instead of state 0
for the species with usual soft pile intermixed with
shorter and stouter pile. For character HS32 (vesti-
ture of postpronotum) an additional state was added:
state 2 = postpronotum setose. The coding of HS43
(pilosity of the anterior part of the mesothoracic
anepisternum) was undertaken for all taxa, including
cases in which the anterior part of anepisternum is
not differentiated as a flat area (coded as inapplicable
by HS).

DNA extraction and sequencing

A large fragment of the mitochondrial cytochrome c
oxidase subunit I (COI) gene, a fragment of the nuclear
18S rRNA gene (variable region V4), and the D2–D3
region of the nuclear 28S rRNA gene were used to per-
formed the analyses. One to three legs, the entire abdo-
men or the entire specimen, either dry pinned or
ethanol preserved, were typically used for DNA extrac-
tion. Extractions were carried out using the NucleoSpin
Tissue DNA Extraction kit (Machery-Nagel, D€uren,
Germany) following manufacturer’s instructions; sam-
ples were resuspended in 50 lL ultrapure water.
Remnants of specimens were preserved and labelled

as DNA voucher specimens and deposited at the Zoo-
logical Museum of the MZH and at the ZFMK, as
listed in Appendix S1.
The DNA primers and PCR amplification protocols

for mitochondrial COI, and nuclear 28S and 18S
rRNA genes were the same as those described in Men-
gual et al. (2008a). Amplified DNA was electrophore-
sed on 1.5% agarose gels for visual inspection of
amplified products. The PCR products were enzymati-
cally treated with ExoSap-IT (USB, Cleveland, OH,
USA) and then sequenced in both directions using the
PCR primers. The sequences were edited for base-call-
ing errors and assembled using Sequence NavigatorTM

(Version 1.01, Applied Biosystems) and Geneious R6
(Version 6.1.6, Biomatters Ltd).

Sequence alignment

No gap was needed to manually align the sequences
of the protein-coding COI gene. A total of 1128 nucle-
otide characters was obtained for the COI data matrix.
We approached the alignment of 18S and 28S rRNA
genes in two different ways, in order to also explore
the effects of the rRNA alignment using its secondary
structure. Initially, both genes were aligned using the
multiple alignment using fast Fourier transform (MA-
FFT) program (Katoh et al., 2005, 2009), version 7,
which implements iterative refinement methods (Katoh
and Standley, 2013). The E-INS-I strategy was chosen
because it is optimized for a small-scale alignment and
recommended for sequences with multiple conserved
domains and long gaps, such as rRNA genes (Katoh
et al., 2009). The aligned small fragment of 18S used
in this analysis had a total sequence length of 373 bp
including gaps, and the D2–D3 region of 28S a total
of 710 bp including gaps.
Second, 18S and 28S rRNA genes were aligned with

reference to their secondary structure (e.g. Kjer, 1995,
2004; Kjer et al., 2001; Gillespie et al., 2004). For the
28S gene we implemented the model provided by Men-
gual et al. (2012). For the 18S gene we generated a

X. Mengual et al. / Cladistics 31 (2015) 491–508 493



new secondary structure model based on the gene
model published by Gillespie et al. (2006). For the first
time the secondary structure of 28S and 18S is estab-
lished and used for sequence alignment for the families
Phoridae, Platypezidae, and Pipunculidae, and it is
also the first time to provide a secondary structure
model for 18S of Syrphidae (Fig. 1). Although we used
only a small fragment of 18S in our analysis (variable
region V4), this model represents a larger section that
includes variable regions V3 and V4, and helices
before, after, and between them (approximately 720 bp
long without gaps). Regions of expansion and contrac-
tion (REC), which are small regions of ambiguous
alignment (see Kjer et al., 2009), were not excluded
from the phylogeny inference analysis in order to com-
pare the exact same sequence using MAFFT and sec-
ondary structure alignment methods. As a result
369 bp were included in the analysis for 18S, and
669 bp for the D2–D3 region of 28S, including gaps.
A pruned, short version of 28S gene aligned using

the secondary structure (613 bp) was used only as a
test to explore whether regions of ambiguous align-
ment might bias the analyses results (see Table 1 and
section Phylogenetic analyses). A pruned fragment was
obtained by deleting the insert between 1c and 1c’, the
REC between 3c and 3c’, the REC between 3d and 3e,
the insert between 3e and 3e’, and the REC between
3e’ and 3d’ (see Mengual et al. (2012) for reference).

Phylogenetic analyses

We used two different phylogenetic analysis method-
ologies, maximum likelihood (ML) and maximum par-
simony, to compare the results of the different
alignment strategies independently of the methodology
used to analyse the data. The ML analyses were per-
formed using the program Garli (genetic algorithm for
rapid likelihood inference) Version 2.01.1067 (Zwickl,
2006, 2013), and maximum parsimony analyses using
the program TNT (tree analysis using new technology)
Version 1.1 (Goloboff et al., 2008). For both datasets,
that is, data aligned using MAFFT and data aligned
using the secondary structure, several runs using the
datasets separately or in combination under ML and
maximum parsimony were performed as follows: (i)
morphological matrix; (ii) whole D2–D3 region of 28S
gene; (iii) D2–D3 region of 28S gene excluding the
regions with ambiguous alignment; (iv) all molecular
data (COI, 28S and 18S); (v) all molecular data but
using the pruned version of 28S; (vi) combined molec-
ular and morphological data; and (vii) combined
molecular and morphological data but using the
pruned version of 28S (see Table 1).
Analytical runs using the Garli were performed on

the Topaz cluster at the National Museum of Natural
History, Smithsonian Institution (Washington, DC).

Maximum parsimony analyses using TNT were per-
formed on desktop PC, with 8 Core 3.40 GHz i7 and
8 Gb RAM. All trees were drawn with the aid of Fig-
Tree Version 1.3.1 (Rambaut, 2009).

Maximum parsimony analyses. Phylogenetic analyses
using maximum parsimony were executed using the
computer program TNT Version 1.1 and gaps were
treated as missing data. The maximum parsimony
analysis was carried using TNT search commands with
default values for Sectorial Searches, Ratchet, Tree
fusing and Drift algorithms. Bremer support values
were calculated using TNT. Bootstrap support values
were calculated with 1000 replicates.

Maximum likelihood analyses. For ML, the molecular
dataset was divided into five partitions: first codon
position of COI, second codon position of COI, third
codon position of COI, 28S gene, and 18S gene. We
determined the best choice of model for each partition
using jModelTest 2.1.1 (Darriba et al., 2012) under the
Akaike information criterion (AIC), as recommended
by Posada and Buckley (2004), and analysed the data
under the recommended models. For the
morphological dataset we selected the Mkv model of
Lewis (2001), which assumes that the data collected
contain only variable characters (datatype =
standardvariable) as suggested by Zwickl (2013). The
TIM3 + I+G model was selected for COI position 1,
GTR+I+G for COI position 2 and GTR+G for
COI position 3. When MAFFT was used for the
alignment, the TIM1 + I+G model was the best fit
for 28S and the GTR+I+G model for 18S. These
models differ from the the best-fit ones when the
secondary structure of the rRNA genes was used:
GTR+I+G model for 28S and TVM+I+G model
for 18S.
Thirty independent runs (three different runs with the

command searchreps = 10) were conducted for each of
the analyses performed and the different datasets, using
scorethreshforterm = 0.05 and significanttopo-
change = 0.0001 settings and using the automated stop-
ping criterion, terminating the search when the ln score
remained constant for 50 000 consecutive generations.
Bootstrap support values were estimated from 1000 rep-
licates using the same independent models in the Garli.

Results

Data

A total of 89 different flower fly species comprised
the ingroup, representing 75 different genera. The
mitochondrial COI dataset comprised 1128 nucleotide
characters, and this gene was only partially obtained
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for six species: Callicera aurata (Rossi, 1790), Copesty-
lum vagum (Wiedemann, 1830), Metadon wulpii (Mik,
1899), Pipiza luteitarsis Zetterstedt, 1843, Pipiza

femoralis Loew, 1866 and Rohdendorfia alpina Sack,
1938 (see Appendix S1). Five hundred and seventeen
nucleotides were maximum parsimony informative

Fig. 1. The secondary structure model of the V3 and V4 variable regions and related core sequence of the SSU 18S nuclear rRNA from the syr-
phid Caliprobola speciosa (Rossi, 1790). Unambiguously aligned regions are in grey and notated following Gillespie et al. (2005). Base-pairing is
indicated as follows: standard canonical pairs by lines (C–G, G–C, A–U, U–A); wobble G∙U pairs by small black circles (G•U); A∙G pairs by
open circles (A○G); other non-canonical pairs by large black circles (e.g., U●U).
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sites. The mean AT content of the ingroup COI
sequences was 71.2%. The uncorrected pairwise
sequence divergences for the COI gene between the
ingroup taxa ranged from 0.6%, between Sphaeropho-
ria rueppellii (Wiedemann, 1830) and Sphaerophoria
scripta (Linnaeus, 1758), to 19.9% between Peradon bi-
dens (Fabricius, 1805) and Mesembrius peregrinus
(Loew, 1846), and between Criorhina ranunculi (Pan-
zer, 1805) and Pipizella certa Violovitsh, 1981. The
ribosomal D2–D3 region of the 28S rRNA gene was
obtained for all ingroup taxa, and the 18S rRNA
could not be amplified for five taxa (see Appendix S1).

Combined datasets

Here we present the results of the combined analyses
of the three gene regions and the adult morphological
characters using maximum parsimony and ML for the
two alignments, that is, MAFFT and secondary struc-
ture.
The combined maximum parsimony analysis using

MAFFT resulted in a single most parsimonious tree of
length 10 601 steps, CI = 0.192, RI = 0.452 (Appen-
dix S4, Fig. A15 of the online Supporting Informa-
tion). The combined maximum parsimony analysis
using secondary structure alignments resulted in 28
equally most parsimonious trees of 10 654 steps,
CI = 0.192, RI = 0.444 (Appendix S4, Fig. A16),
with all the polytomies located inside the subfamily
Syrphinae. Both phylogenetic analyses resolved Syrphi-
dae as monophyletic. Within Syrphidae, the subfami-
lies Microdontinae and Syrphinae were resolved as
clades and microdontines placed as sister group of Syr-
phinae + Eristalinae. Pipizines were resolved as a
monophyletic group, sister group of Syrphinae with
the genus Pipiza as sister group of the rest of pipizines.
The subfamily Eristalinae was resolved as non-mono-
phyletic. The maximum parsimony analysis with the
MAFFT alignment recovered Eumerini and some
members of Brachyopini as sister group of the rest of
Eristalinae + Syrphinae. On the other hand, the maxi-
mum parsimony analyses using the secondary structure
resolved Neoascia and Sphegina as sister group of Eris-
talinae + Syrphinae.
The likelihood score for the best maximum

likelihood tree, using MAFFT alignment, was
–44 998.345073 (Appendix S4, Fig. A17). When the
secondary structure alignment was used, the most
likely tree score was –45 092.604947 (Fig. 2). Both
likelihood trees compare favourably with the maxi-
mum parsimony trees (the resulting single tree using
MAFFT and the strict consensus tree for the struc-
tural alignment) for the higher groupings: Microdonti-
nae, Syrphinae, and pipizines as monophyletic groups
(latest two resolved as sister groups) and Eristalinae as
polyphyletic, with genera Neoascia and Sphegina as

sister group of (rest of Eristalinae + (Syrphi-
nae + pipizines)).
Results from each of the above four analyses differ

below the family level, although some pattern may be
seen in all of them, summarized here in Fig. 2. In Syr-
phinae, for example, the tribe Syrphini was always
recovered as divided in two major clades: one group of
syrphines including the genus Paragus (single genus of
the tribe Paragini) and another group of Syrphini
including Toxomerus (single genus of the tribe Tox-
omerini). In addition, the tribe Bacchini was never
resolved monophyletic and mostly divided into two
groups.
Relationships among the genera of Pipizini were

very similar across methodologies and different align-
ments (Fig. 3). The genus Pipiza was always recovered
as the sister group of the other pipizines, and Neoc-
nemodon was always placed as sister group of Pipizella.
Furthermore, the phylogenetic relationships among eri-
stalines varied among methodologies and alignments.
Despite this variation, Neoascia and Sphegina were
always recovered together as the sister group of the
rest of Eristalinae, Syrphinae, and pipizines (Fig. 2),
except for the MAFFT alignment under maximum
parsimony where the tribe Eumerini was placed in this
position. Tribes Eumerini, Eristalini, Rhingiini, and
Xylotini were recovered as monophyletic groups in all
the combined analyses; the Volucellini tribe was also
recovered as monophyletic but only in the ML trees.

Discussion

Differences between alignment strategies

Two different alignment strategies were used in the
present study for the 28S and 18S rRNA genes. When
we compare the inferred topologies using maximum
parsimony and ML, we find that the most parsimoni-
ous tree, the one with fewer steps, and the phylogram
with the best likelihood score were obtained when the
MAFFT alignment was used. Both alignments basi-
cally differ in length, with the MAFFT alignment
being 710 bp long for 28S and 372 bp for 18S, and the
structural alignment being 669 bp and 368 bp respec-
tively. Even with shorter global alignments, the analy-
ses using the structural alignment reported longer
cladograms and less likely trees (see Results section).
The structural alignment and the MAFFT alignment

resolved the major groupings within Syrphidae in a
similar way only when a “total evidence” approach was
performed, following the terminology of Kluge (1989)
(see Fig. 3). Combined analyses with all three molecu-
lar markers plus morphology resolved most of the
tribes with the same sister-group relationships indepen-
dently of the optimality criterion or alignment used.
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Fig. 2. The ML phylogenetic tree based on the combined dataset using the Garli and the structural alignment for 28S and 18S.. Values of bootstrap
support are depicted above the nodes (>50%); Bremer support values (left) and bootstrap resampling values (right) frommaximum parsimony analy-
sis are indicated below each node (>50%). Legend: black: outgroups; green: Microdontinae; orange: Eristalinae; red: Pipizinae; and blue: Syrphinae.
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Fig. 3. Topological differences between maximum parsimony cladogram using the MAFFT alignment for 28S and 18S (left) and ML phylogram
using the structural alignment for 28S and 18S. Black lines link the same taxon/taxa in both trees; where the taxon is found exactly opposite
each other in both trees, no line is present.
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Different analyses with only the morphological data,
the 28S gene, and the combined molecular markers
were performed as indicated in Table 1. Analyses
using the same optimality criterion and dataset but dif-
ferent alignments show differences in the major group-
ings (see Appendix S4). The ML analysis using the
three molecular markers resolved pipizines in two
different positions: with Callicera and Graptomyza as
sister groups when MAFFT alignment was used, or as
sister group of the subfamily Syrphinae with the struc-
tural alignment. Maximum parsimony analyses based
on the three molecular markers resolved the major
groups of Eristalinae, pipizines as sister group of syr-
phines, and eristalines as non-monophyletic in a differ-
ent way, with some members of the tribe Bacchini
(Syrphinae) within Eristalinae.
Our analyses indicate that the type of alignment has

an evident effect on the inferred phylogeny, as MAFFT
and structural alignments resolved the syrphid groups in
different ways. This effect concerns the alignment of
rRNA genes, which have their own evolutionary history
and rate of nucleotide substitution. These genes are
exposed to numerous deletions and additions of DNA
fragments of different size resulting in a crucial length
heterogeneity for different taxa, favoured by the absence
of a protein-coding process (Giribet and Ribera, 2000;
Gillespie et al., 2005; Laurenne et al., 2006). Based on
our results and dataset, it seems that the D2–D3 region
of the 28S rRNA gene is more similar among members
of the tribe Syrphinae than among the eristalines. The
sequence length differences found inside the D2–D3
region of 28S between members of the subfamily Eristal-
inae are larger than between Syrphinae members, and
the multiple sequence alignment algorithms in programs
such as MAFFT might not be sufficiently sensitive to
find and align homologous nucleotide sites due to this
sequence length disparity of the 28S, even between clo-
sely related taxa.
Also, we observed that regions of expansion and

contraction (REC) and inserts in rRNA genes, deleted
in the pruned version of the 28S gene, do have a phy-
logenetic signal and may help resolve some relation-
ships. Inferred phylogenies with the pruned version of
28S resolved major groupings in a different way, espe-
cially when maximum parsimony was used as optimal-
ity criterion (see Appendix S4).

Syrphidae clades

In agreement with previous studies, the results of
our work also hint towards an evolutionary scenario
where three subfamilies within Syrphidae are easily
distinguishable, although this scenario was not fully
recovered (Figs 2 and 3). The subfamily Microdonti-
nae, including Spheginobaccha, was always placed as
sister group of the remaining ingroup taxa, in agree-

ment with previous results and hypotheses (Hull, 1949;
Thompson, 1969, 1972; Shatalkin, 1975a; Skevington
and Yeates, 2000; St�ahls et al., 2003; Hippa and
St�ahls, 2005; Rotheray and Gilbert, 2008; Reemer and
St�ahls, 2013). This position, and its high support val-
ues, does not contradict the opinion that microdon-
tines might be considered an independent family
(Thompson, 1969, 1972; Speight, 1987), nor does it
contradict the taxonomic rank of subfamily within
Syrphidae (Reemer and St�ahls, 2013).
Syrphinae was also recovered as monophyletic in all

the combined analyses. Results from the present analy-
ses agree broadly with those of Mengual et al. (2008b).
The current concept of the tribe Bacchini (Vockeroth,
1992) is polyphyletic and members of this tribe are
recovered in two main groups (three groups using maxi-
mum parsimony as optimality criterion; Fig. 3) in par-
tial congruence with previous classifications (Hull,
1949; Wirth et al., 1965; Shatalkin, 1975a): one clade
with the genera Xanthandrus, Melanostoma and Leuco-
podella, and another clade with Baccha, Pyrophaena,
Rohdendorfia and Platycheirus. The tribe Syrphini is
resolved into two main groups as in Mengual et al.
(2008b), with tribes Paragini and Toxomerini clearly
embedded within Syrphini. In our opinion, the tribal
classification of Syrphinae needs a better understanding
and new morphological characters to define clades
within the subfamily. What seems obvious is that there
are two main evolutionary lineages within Syrphini,
that the tribe Toxomerini is part of a larger lineage,
based on molecular and morphological evidence (Men-
gual et al., 2008a, 2012), and that there is no clear evi-
dence about the possible sister group of the tribe
Paragini.
On the other hand, we never recovered Eristalinae

as monophyletic in any combined analysis (Figs 2 and
3). Hippa (1978) suggested that the aphidophagous
(predatory) and the non-aphidophagous Syrphidae do
not represent equivalent divisions. It is not our inten-
tion here to discuss in depth the groupings in Eristali-
nae, as this study was not designed for that purpose,
although some notes are given based on our results.
Genera Neoascia and Sphegina were consistently
recovered as the sister group of Eristalinae + pipi-
zines + Syrphinae, a position similar to that obtained
for these two genera in the cladogram based on mor-
phological characters by Hippa and St�ahls (2005).
Neoascia and Sphegina belong to Brachyopini, subtribe
Spheginina, and form a natural group in the words of
Thompson (1972) and based on male genitalia charac-
ters (Glumac, 1960). In the present study, the subtribe
Brachyopina (Brachyopini) was placed in two different
positions: as the sister group or first branch within
Eristalinae (except Spheginina) in ML analyses or as
the sister group of the tribe Rhingiini in the maximum
parsimony analyses.
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Rhingiini was found monophyletic in all our com-
bined analyses with high bootstrap values, in agree-
ment with previous works (Thompson, 1972;
Shatalkin, 1975b; St�ahls et al., 2004). Genus Rhingia
was always recovered as sister group of the other
Rhingiini members in the ML analyses, but Cheilosia
took this position in the maximum parsimony analy-
ses. We consistently found a clade formed by the gen-
era Ferdinandea, Portevinia and Chamaesyrphus with
relatively high bootstrap values. The present results
largely agree with results of St�ahls et al. (2004).
Volucellini was recovered in all the combined analy-

ses with relatively high support, and the genus Grap-
tomyza was placed as sister group of Volucella and
Copestylum. This arrangement supports the diphyletic
origin of the Old World forms of this tribe, which was
one of the phylogenetic scenarios suggested by
Thompson (1972) and according to the subdivision by
Hull (1949). Our results show a difference between
maximum parsimony analyses, where the genus Chy-
sogaster (tribe Brachyopini) was recovered as sister
group of Graptomyza, and ML analyses, where the
tribe is monophyletic. St�ahls et al. (2003) included one
Graptomyza and three species of Volucella in their
combined analysis using maximum parsimony under
optimization alignment, and did not recover the taxa
as sister groups in any of the different weighting
schemes. The present data are not sufficient to suggest
a placement for Chrysogaster, but it would not be
within Volucellini. There are many good morphologi-
cal characteristics that support Volucellini as mono-
phyletic as resolved in the ML analyses (see
Thompson, 1972; Shatalkin, 1975b).
Another monophyletic tribe always recovered in our

combined analyses was Eumerini, as suggested by
Thompson (1972). Genus Nausigaster, previously
referred to its own subfamily (Hull, 1949) or to Micro-
dontinae (Shatalkin, 1975b), was placed as sister group
of the remaining members of the tribe. Hull (1949)
related Nausigaster to Eumerini but pointed out the
morphological resemblances between this tribe and
Microdontinae. St�ahls et al. (2003) recovered the taxon
in various positions under the different weighting
schemes. The placement of the tribe varied between
ML and maximum parsimony analyses (Fig. 3).
Tribes Ceriodini and Callicerini were represented in

our study by only one species each. Ceriodini com-
prises high-fidelity mimics of wasps and four genera
are currently recognized (Thompson, 2013b). Ceriana
was placed in two different positions dependent upon
the methodology used: it was recovered as sister group
of Eumerini in ML analyses or it was found as sister
group of Milesia under maximum parsimony. Results
from the combined analyses placed Callicera in several
positions, although in all of them somehow related to
Volucellini and/or Rhingiini (Fig. 3). Only the parsi-

monious analysis using a structural alignment recov-
ered Callicera as sister group of Eristalini. Neither
Ceriana or Callicera show clear affinities to other
groups based on male genitalia and morphological
characters, as they are either quite unique (Shatalkin,
1975b) or show a mix of derived traits and very primi-
tive ones, as in the case of ceriodines (Thompson,
1972), and increased taxon sampling is vital in future
analyses for resolving the placements of these taxa.
The tribe Eristalini was always recovered as mono-

phyletic. This tribe was previously divided in three
subtribes, namely Sericomyiina, Helophilina, and Eris-
taliina (Thompson, 2003). Recently, Skevington and
Thompson (2012) recognized Sericomyini as a different
tribe comprising four genera, in congruence with previ-
ous classifications (Hull, 1949 as subfamily; Glumac,
1960; Wirth et al., 1965; Thompson, 1972; see com-
ments in Shatalkin, 1975b; p. 133; Peck, 1988). Our
results mostly agree with this division. Sericomyia was
never resolved as sister group or close to Eristalini,
but in several positions within Eristalinae sensu lato.
The tribe Milesiini is a heterogeneous group, best

defined by the exclusion of morphological characters
(Thompson, 1972). The included members of this tribe
were resolved in variable positions in the resulting
topologies. The monophyly of the tribe should be
tested in future studies including a much larger repre-
sentation of milesiines.
Finally, Xylotini was recovered as monophyletic in

all our combined analyses (as stated by Glumac, 1960;
Thompson, 1972; Shatalkin, 1975b; Hippa, 1978), with
the genus Xylota placed as sister group of Chalcosyr-
phus and Brachypalpoides in congruence with the
results of St�ahls et al. (2003), except for the maximum
parsimony analysis using the MAFFT alignment
(Fig. 3).
Results from the present study indicate that single

representatives of particular clades, such as Ceriana,
Callicera, Nausigaster, and Neoascia among others,
have no consistency in placement between the optimi-
zation (St�ahls et al., 2003), MAFFT or structural
alignments. Thus their phylogenetic affinities must be
explored separately in studies with particular emphasis
on these taxa and broad sampling of many species
from these genera. The monophyly of most tribes of
Eristalinae needs to be re-evaluated in phylogenetic
studies including larger taxon representation.

Types and evolution of predation in Syrphidae

Larval predatory habits are found in the three main
lineages of Syrphidae: (i) Microdontinae; (ii) Eristali-
nae, genera Volucella and Nepenthosyrphus; and (iii)
the clade Pipizinae + Syrphinae. Each of these lin-
eages exhibits very different biological and ecological
requirements with distinctive morphological character
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adaptations. In the case of Eristalinae, the larval
morphology of the few species with zoophagous habits
is greatly altered in response to the challenges involved
in predation (Rotheray and Gilbert, 2011). Seven spe-
cies of genus Volucella are associated with social wasps
and bees but only one species is strictly predatory, the
remainder has a mixed saprophagous–predacious
feeding mode (Rotheray, 1999). The known larvae of
Nepenthosyrphus are sit-and-wait aquatic predators in
water tanks of pitcher plants. In both cases the preda-
tory way of life probably arises from a different larval
feeding mode such as saprophagy (Rotheray, 2003;
Rotheray and Gilbert, 2011). Conversely, the mono-
phyletic lineages of the Pipizinae + Syrphinae and
Microdontinae are extremely large radiations that
exploit two main types of prey: a wide range of soft-
bodied arthropods (mainly hemipterans) in the former
case, versus the high specialization of the myrmecoph-
agous habits of microdontines. Thorax and mouth-
parts vary between both groups, and they have
different means of gripping and piercing prey and
locomotory mechanisms (Rotheray and Gilbert, 1999),
which suggest an independent origin for each group of
predatory syrphids.
As result of the present study, a common predatory

ancestor for Pipizinae and Syrphinae seems plausible,
with this particular larval feeding mode on soft-bodied
hemipteran evolving only once in the evolution of the
Syrphidae. Nonetheless, some interesting differences
can be observed when comparing life cycle and feeding
habits of both groups.
Compared with Syrphinae, larvae of Pipizinae are

related only with three of the five groups of hemipter-
an sternorrhynchans, that is, Aphidoidea, Phylloxeroi-
dea, and Psylloidea. Moreover, they prey on a narrow
range of aphids, adelgids, phylloxerans, and jumping
plant lice (Rojo et al., 2003), frequently gall-forming
species with waxy secretions and/or subterranean feed-
ing habits (Heiss, 1938; Stubbs and Falk, 2002). How-
ever, pipizines have not been reported preying on
other sternorrhynchans such as Aleyrodoidea and Coc-
coidea, which are prey of syrphines in different parts
of the world (Rojo et al., 2003). In the first case, gall
formation is rare among whiteflies (Byrne, 2005), but
waxy secretion, gall-inducing, and subterranean habits
are known in many species of scale insects (Gullan
and Kosztarab, 1997). Gall-inducers are known from
ten coccoid families, but the highest proportion
belongs to Eriococcidae (felt scales) and reaches close
to 60% of the total if species that produce simple pits
or depressions are excluded (Cook and Gullan, 2004).
Furthermore, more than 80% of eriococcid gall-induc-
ers around the world occur in Australia (Gullan et al.,
2005), predominantly on sclerophyllous plants of the
Myrtaceae. The absence of coccidophagous pipizines
could be explained by the special characteristics of the

scale insect’s galls. Most adult female scale insects
never leave their galls and their offspring exit via the
small apical orifice through which she can eliminate
her waste honeydew and also mate with males. Nor-
mally a single female is oriented with its head towards
the base of the gall and its anal lobes towards the apex
with heavily sclerotized anal lobes that act as protec-
tion against parasitoids and predators. In contrast,
galls induced by aphids, adelgids, phylloxerans, and
psyllids are occupied by offspring during their develop-
ment. These reasons are also valid in the case of syr-
phines, because only a single eriococcid species has
been cited as prey of syrphines until now, that is, the
cottony scale Capulina aff. jaboticavae (Cermeli and
Geraud-Pouey, 1997). This gregarious scale insect
occurs on the bark of the trunk, branches, and the leaf
underside of the Myrtaceae Psidium guajava L., but do
not induce galls (Cermeli and Geraud-Pouey, 1997).
Due to the fact that some aphidophagous syrphines

lay fertile eggs freely on non-infested plants, Chandler
(1968a) proposed that predatory flower flies in which
the prey is the paramount oviposition stimulus may be
termed primarily aphidozetic (prey-seeking), whereas
those predatory species for which the plant stimulus is
dominant may be called primary phytozetic (plant-
seeking). Pipizinae species feed mostly on gall-forming
and root hemipterans, the colonies of which are not
exposed at the surface of the plant or soil. Thus, the
stimulus for laying fertile eggs might be the presence
of the gall or the vegetal tissue malformation, plus the
possible release of kairomones by the plant, which
could help in the location of the colonies. This has
been reported for different species of Pipizinae. Rojo
and Marcos-Garc�ıa (1997) detailed the behaviour
observed for Pipiza festiva Meigen, 1822 (now Pipiza
noctiluca (Linnaeus, 1758)) and Heringia heringi
(Zetterstedt, 1843) whose “females laid the eggs on the
surface of the galls and the larvae got into the gall by
cracks or by the hole formed by the aphid exit.” Bergh
and Short (2008) indicated a similar behaviour for
Neocnemodon calcarata (Loew, 1866) and they also
observed eggs in the soil where an aphid colony was
2 cm below the soil surface. Females of this species
can be found flying and walking near the bases of trees
that can exhibit galls on exposed roots.
Pipizinae could be considered phytozetic like some

members of the current Bacchini, for example, genera
Melanostoma and Platycheirus that lay batches of eggs
in plants free of prey (see Chandler, 1967, 1968a,b;
and references therein). Chandler (1968a) hypothesized
that the plant location system was the most primitive
and the aphid location system gradually replaced it in
the evolution of the truly aphidophagous Syrphinae.
Unfortunately most of the evidence that Chandler pre-
sented, especially facultative phytophagy of phytozetic
species, is actually questionable as predatory larvae do
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not eat plant tissues (Rotheray and Gilbert, 2011).
However, the phytozetic behaviour of pipizines, that
is, the gall as stimulus for oviposition and laying eggs
on the soil, is genuine. In this sense, we agree with
Du�sek and L�aska (1966) that the narrow oligophagy
of pipizines might start with the use of galls as shel-
ters, as some pipizines use larval galleries of poplar
clearwing moth, Paranthrene tabaniformis (Rottem-
burg, 1775), and poplar longhorn beetle, Saperda pop-
ulnea (Linnaeus, 1758), as winter shelters (Georgiev
et al., 1998, 2004). Secondarily, pipizines using these
galls started to prey on waxy aphid inhabitants, which
frequently have root-feeding habits. Galls as phytozet-
ic stimulus could also explain the presence of pipizine
larvae preying on gall-inducer psyllids (Rojo et al.,
1999) and on non-gall forming aphids but that cause
important leaf-curling damage (Rojo and Marcos-
Garc�ıa, 1997). According to this hypothesis, the pipi-
zine predatory ancestor probably was phytozetic, with
the plant (galls) being the stimulus for laying eggs, and
their larvae preyed on gall-former hemipterans.
The evolutionary scenario presented by (previous

authors) is in agreement with the results obtained in
the present study: Pipizinae is the sister group of Syr-
phinae and the current tribe Bacchini, or some of the
groups in which it is divided, resolved as sister group
of the remaining Syrphinae. Thus, phytozetic syrphids
might have evolved into aphidozetic taxa, which
became predatory specialists of Sternorrhyncha
(Hemiptera), mainly aphids (Aphidoidea) but also
whiteflies (Aleyrodoidea), psyllids (Psyllidae), and
scale insects (Coccoidea). Later in the evolution of
the Syrphinae, other types of hemipterans and soft-
bodied arthropods were also preyed upon and even
some species became secondarily phytophagous or
pollen feeders (Riley and Howard, 1888; Mar�ın, 1969;
Nishida et al., 2002; Weng and Rotheray, 2008; Ree-
mer and Rotheray, 2009; Van Zuijen and Nishida,
2011).

Phylogenetic relationships and ranking of pipizines

In this section we discuss arguments towards revising
the taxonomic rank of the tribe Pipizini. The mono-
phyly of the pipizines was always supported by the
results of the combined datasets. As cited earlier, pipi-
zines are a well-defined aggregate based on morphologi-
cal characters of immature stages and adults, larval
biology, and male genitalia (Glumac, 1960; Thompson,
1972; Rotheray and Gilbert, 1989; Coovert, 1996; Hippa
and St�ahls, 2005). The biology of many Pipizini species
is still unknown, but notes about their prey (i.e. Rojo
et al., 2003) and studies about their role in biological
control of pests can be found in the literature (Rojo and
Marcos-Garc�ıa, 1997; Bergh and Short, 2008; and refer-
ences therein). In contrast to the aphidophagous syrphi-

nae larvae, the pipizines show a preference for woolly or
root aphids, usually with waxy secretions, and for gall-
forming species (see Heiss, 1938; Du�sek and Kř�ıstek,
1967; Rotheray, 1993; Stubbs and Falk, 2002). The lar-
vae of Pipizini have long posterior respiratory processes
and their spiracular slits are borne on tall carinae. These
characters may represent an adaptation of preying on
gall and root aphids, to avoid the spiracular slits becom-
ing coated with honeydew and wax secretions, which, in
the confined spaces in galls and around roots, tends to
build up in large quantities (Rotheray and Gilbert,
1989).
Pipiza was resolved as sister group of the rest of

pipizines in all combined analyses (Figs 2 and 3) in
congruence with results of Vuji�c et al. (2013), and as
suggested by Thompson (1972) based on the lack of a
postanal hood in males, a specialization found only in
the pipizines. Curran (1921) and Shatalkin (1975b)
also argued this separation of Pipiza from the rest of
pipizines genera. The other genera were resolved as a
clade with high support values and the relationships
among them were similar to those recovered by Vuji�c
et al. (2013), with Neocnemodon and Pipizella as sister
groups (Fig. 3).
Based on the present results, it seems clear that there

are three well-defined and well-supported clades within
the radiation of Syrphidae: Microdontinae, Syrphinae,
and pipizines (Fig. 3). In all combined analyses pipi-
zines were placed as sister group of a monophyletic
Syrphinae with very high support values, in agreement
with previous works (Rotheray and Gilbert, 1999,
2008; St�ahls et al., 2003; Hippa and St�ahls, 2005).
Thompson (1969) placed pipizines as sister group of

Syrphinae using a Hennigian argumentation scheme
based on the number of abdominal segments and the
feeding habits of larvae. Previously, Hartley (1961)
assumed that aphidophagous larvae have developed
only once during the evolution of Syrphidae and
included pipizines into Syrphinae. Coovert (1996)
expressed himself in the same line of thought and
pointed out that the reduction of the pregenital
abdominal segments in pipizines would represent a
third line of reduction (parallelism) after microdon-
tines and eristalines, which also have this reduction in
number. Furthermore, Coovert (1996) stated that the
evolutionary history of the pipizines is an example of
discordant evolution (Michener, 1977), where pipizines
acquired a predatory larva like syrphines but retained
plesiomorphic adult characters. This argument fits well
with the phylogenetic relationships recovered in the
present study but disagrees with Thompson (1972),
who considered Pipizini the most primitive tribe of the
eristalines based on several adult morphological char-
acters. Vuji�c and Glumac (1993) reiterated the same
idea of an early separation between pipizines and
syrphines.
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Karyological data also support this placement for
pipizines, with a reduction of chromosome numbers
along the evolution of the Syrphidae family. Boyes
et al. (1980) reported that four studied members of
Microdontinae have 2n = 14. Earlier, Boyes et al.
(1971) proposed that the diploid number of chromo-
somes 2n = 12 was the more primitive chromosome
number in the Syrphidae. With some variation and
overlapping, most studied species of Eristalinae have
2n = 10 or 12 chromosomes, whereas most species of
Syrphinae have 2n = 8 or 10. Boyes and van Brink
(1972) reported that 22 out of 24 studied pipizines
have 2n = 8 chromosomes, suggesting also the inclu-
sion of pipizines into Syrphinae.
The relative ranking of a group depends on its posi-

tion in the phylogeny of the whole group (Thompson,
1969), although the ambiguity of the criteria by which
taxonomic ranks above the species level are deter-
mined is a serious problem in systematics (Hennig,
1966). Nazari et al. (2007) summarized the criteria to
formally recognize higher ranks based on other stud-
ies (references therein): (i) monophyly; (ii) taxonomic
stability; (iii) inclusion of a consistent number of spe-
cies; (iv) documentation of a decided gap, including
genetic distance, separating the higher taxon from
another taxon of the same rank; and (v) geological
age. Previous and present results corroborate the
monophyly of pipizines with different datasets and the
group is well defined, so there is stability and a con-
sistent number of species, even if we consider the new
intergeneric classification proposed by Vuji�c et al.
(2013) and followed here. Nowadays the molecular
distances are no longer used to define ranks, but tree
topology and branch support are (Nazari et al., 2007).
The tree topology and branch support using two dif-
ferent techniques for alignment and under different
optimality criteria for tree searching are congruent in
defining a well-supported clade including all the pipi-
zines.
There are more than 100 fossil taxa in Syrphidae

recognized within 38 genera, most of them from
Eocene and Oligocene epochs (Hull, 1945; Evenhuis,
1994; but see Kovalev, 1979). Interestingly, the major-
ity of the Eristalinae fossils date back from the Eocene
(56–34 Ma) and the majority of Syrphinae fossils are
from the Chattian age of the Oligocene (28.1–13 Ma),
with some older syrphines such as Asarkina and Syr-
phus (Eocene: Ypresian to Lutetian) (Evenhuis, 1994).
Earliest fossils of pipizines, Pipiza (Pseudopipiza), are
found in Baltic amber, that is, Eocene–Oligocene
epochs. Although the fossil record is incomplete, it
seems probable that eristalines are older and that syr-
phine and pipizine lineages appeared very close in time
during the evolution of Syrphidae (see Grimaldi and
Cumming (1999) and Blagoderov et al. (2002) for
more details).

Based on all the evidence mentioned above, we pro-
pose to revise the taxonomic rank of the tribe Pipizini
to subfamily Pipizinae stat. rev. This is not the first
time that pipizines are ranked above tribal level
because Williston (1885) originally introduced the fam-
ily-group name Pipizinae for this clade. Kuznetzov
(1987, 1992, 1993) studied the morphology of first
instar larvae of syrphids and found a unique state of
the posterior respiratory process (prp) for pipizines:
the prp consisting of separate tubes positioned on two
more or less strongly sclerotized processes on the
eighth abdominal segment. This characteristic and oth-
ers of the immature stages, such as quadrate mandibles
and the tip of the anal segment and its transverse bar,
prompted him to consider the subfamily rank for
Pipizinae (Kuznetzov, 1992), as previously suggested
by Rotheray and Gilbert (1989), also based on larval
characters of the third instar, and by Borisova (1983,
1984) based on the morphology of the female oviposi-
tor. Moreover, Kuznetzov (1988) studied the egg mor-
phology of syrphids and found a unique feature of
pipizines: instead of having complex elements of the
chorion ultrastructure to improve the active absorp-
tion of oxygen, pipizines have a ribbed egg surface.

Conclusion

Based on morphological and molecular evidence,
our results support an evolutionary scenario for Syr-
phidae where three subfamilies are easily recognized
and resolved as monophyletic: Microdontinae, Syrphi-
nae, and Pipizinae stat. rev. Eristalinae is recovered as
a non-monophyletic group in the present study. All
analyses of combined datasets using different align-
ment strategies resolve Pipizinae and Syrphinae as sis-
ter groups and strongly suggest a common origin of
the two groups, with predatory larvae feeding on soft-
bodied arthropods. Present results indicate that this
kind of predation has evolved only once in the evolu-
tion of the Syrphidae.
When small clades are well defined morphologically,

molecularly, and phylogenetically, they warrant recog-
nition. The results presented here, the supporting
molecular characters, immature stage morphology
(egg, first instar larva, third instar larva), adult mor-
phology, female ovipositor, and male genitalia charac-
ters lead us to recognize the subfamily Pipizinae stat.
rev., and to highlight this unique combination of
immature stage morphology, larval biology, and adult
morphological characters.
Finally, it is worth mentioning that the structural

alignment and the MAFFT alignment resolved the
major groupings within Syrphidae in a similar way
only when all the molecular markers and morphology
were combined. There is an evident effect of the
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alignment in the inferred phylogeny and regions with
ambiguous alignment may harbour important phyloge-
netic information, with the MAFFT alignment pro-
ducing the most optimal topologies as to tree length
or likelihood score.
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