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Introduction

Abstract. Syrphidae (Diptera) commonly called hoverflies, includes more than
5000 species world-wide. The aim of this study was to address the systematic
position of the disputed elements in the intrafamilial classification of Syrphidae,
namely the monophyly of Eristalinae and the placement of Microdontini and
Pipizini, as well as the position of particular genera (Nausigaster, Alipumilio,
Spheginobaccha). Sequence data from nuclear 28S rRNA and mitochondrial
COI genes in conjunction with larval and adult morphological characters of
fifty-one syrphid taxa were analysed using optimization alignment to explore
phylogenetic relationships among included taxa. A species of Platypezidae,
Agathomyia unicolor, was used as outgroup, and also including one representative
(Jassidophaga villosa) of the sister-group of Syrphidae, Pipunculidae. Sensitivity of
the data was assessed under six different parameter values. A stability tree sum-
marized the results. Microdontini, including Spheginobaccha, was placed basally,
and Pipizini appeared as the sister-group to subfamily Syrphinae. The monophyly
of subfamily Eristalinae was supported. The results support at least two independ-
ent origins of entomophagy in syrphids, and frequent shifts between larval feeding
habitats within the saprophagous eristalines.

At the beginning of the last century, Syrphidae was
divided into 2-20 subfamilies by different authors. A system

Syrphidae (Diptera: Lower Cyclorrhapha) commonly called
flower- or hoverflies, comprise more than 5000 described
species, one of the most speciose of dipteran families
(Thompson & Rotheray, 1998). In contrast to the fairly
uniform flower-feeding habits of adult syrphids, larvae are
found in a very diverse array of habitats. Those of subfam-
ily Eristalinae are saprophagous in dead wood, copropha-
gous, phytophagous, aquatic filterfeeders or inquilines in
social insect nests, whereas larvae of Microdontinae are
inquilines in ants’ nests, and larvae of Syrphinae are mostly
predaceous on soft-bodied Homoptera.
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of three subfamilies (subfamilies Microdontinae, Eristalinae
and Syrphinae) was adopted for Syrphidae more than
25 years ago, largely for the sake of convenience (Thompson
& Rotheray, 1998). The traditional classification of Syrphi-
dae is based largely on adult characters. In their cladistic
study of larval characters, Rotheray & Gilbert (1999)
considered all previous estimates of syrphid classification,
dealing with a reasonably large section of the family
and addressing hypotheses about syrphid phylogenetic
relationships based on non-traditional characters (e.g.
chromosomes).

Two recent studies address the monophyly of Syrphidae
and the systematic position of various clades within the
family. Skevington & Yeates (2000) investigated the use
of the mitochondrial genes 12S and 16S for developing
a phylogeny of superfamily Syrphoidea (Pipunculidae +
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Syrphidae). Their combined analysis presented convincing
support for this sister-group relationship (bootstrap sup-
port of 87%), but support for the monophyly of Syrphidae
was weak, and the resolution within Syrphidae was limited.
Rotheray & Gilbert (1999) presented a hypothesis of intra-
familial relationships of Syrphidae based on the first com-
prehensive study of larval morphological characters,
including many several outgroup taxa, and concluded
Syrphidae was monophyletic. Within the family, their
results differ fundamentally from the traditional classifica-
tion, with few traditional suprageneric taxa recovered. A
study by Cheng et al. (2000) employed both molecular and
morphological data to address the question of the place-
ment of Pipizini, but their small dataset (especially
the molecular component) was too limited to elucidate
relationships.

The studies of Rotheray & Gilbert (1999) and Skevington &
Yeates (2000) both questioned the monophyly of sub-
family Eristalinae (previously called Milesiinae). The

Platypezidae
~| Pipunculidae
Alipumilio
Eumerus
Merodon
— Cheilosia morio

Cheilosia-borer

Portevinia
— Cheilosia-fungivore
Ferdinandea
Rhingia

unique attributes of both the larvae and the adults of the
Microdontinae (containing the single tribe, Microdontini)
and lack of clear synapomorphies from adult characters to
combine it with other Syrphidae have led to many
hypotheses of its relationships (Skevington & Yeates,
2000). Thompson (1969, 1972) considered Microdontinae
to form a basal, monophyletic group with respect to the
rest of Syrphidae, and this view was partly supported by
Shatalkin (1975a). Contrary to the traditional monotypic
classification of Microdontinae, Shatalkin classified Sphe-
ginobaccha, Nausigaster and Microdon into Microdontinae.
Thompson (1969) and Speight (1987) discussed raising
Microdontinae to familial rank, but were not followed
by subsequent authors. In sharp contrast, larval characters
placed the Microdontinae within a monophyletic Syrphidae
as the sister-group to the Syrphinae + Pipizini, a placement
never suggested from studies of adult characters (Rotheray &
Gilbert, 1999; this study Fig. 1). The molecular phylogeny of
Skevington & Yeates (2000) showed a basal position for

Volucella inflata
_: Volucella pellucens
Volucella inanis

— Microdon mutabilis

L—— Microdon analis

Pipizella
_E: Pipiza
Trichopsomyia

Melanostoma

Toxomerus
Platycheirus

— Baccha
L—— Sphaerophoria

Paragus
—E Chrysotoxum

Syrphus
Hammerschmidtia
Chrysogaster
— Sphegina
Neoascia
Syritta
Xylota
Ceriana

Blera

Sericomya

Anasimyia
Eristalis
Helophilus

: Chalcosyrphus
Brachypalpoides
Nausigaster

_: Spilomyia
Milesia

Criorhina
_E: Temnostoma
Callicera

Fig. 1. Strict consensus of sixteen most parsimonious trees inferred from analysis of 187 larval characters (length = 578).
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Microdontini, thus supporting the hypothesis proposed by
Thompson (1972) and Shatalkin (1975a).

Like the Microdontinae, the classification of Pipizini
(geographical distribution world-wide) has been a long-
standing problem, the reason being that its members have
a syrphine-like larva, but a milesiine-like adult (Thompson,
1972). Vockeroth (1969), Thompson (1972) and Vockeroth
& Thompson (1987) referred Pipizini to Eristalinae,
whereas Shatalkin (1975a, b) classified them within Cheilo-
siinae. Rotheray & Gilbert’s (1989, 1999) work suggested
that Pipizini are the sister-group of Syrphinae. Kuznetzov
(1987, 1992) proposed elevation of Pipizini to subfamilial
rank, based on scanning electron microscope studies of
first-instar larvae of syrphines, pipizines and eristalines.
Like the Syrphinae, the pipizines have separated posterior
respiratory tubes in L1 larvae, but Kuznetzov claimed that
the long sclerotized tubes of the Pipizini were very different
from the small non-sclerotized protuberances of the Syrphi-
nae: such an autapomorphy is a weak basis for a change
rank. Parsimony analysis of molecular characters of Skeving-
ton & Yeates (2000) suggested a weakly supported sister-
group relationship between Pipizini (7riglyphus) and
Milesiini (Orthoprosopa). DNA sequences collected by
Cheng et al. (2000) to test specifically the placement of
Pipizini, included four representatives in a study comprising
only seven taxa in total. Their parsimony analysis showed
that the relationship between Pipizini and Syrphinae (Meta-
syrphus corollae) was closer than the relationship between
Pipizini and Eristalinae (Eumerus strigatus and Eristalis
tenax), and hence Pipizini should be transferred to Syrphi-
nae. This supports the earlier hypothesis of Rotheray &
Gilbert (1989, 1999) based on morphological characters of
the immature stages (Fig. 1).

The phylogenetic position of Spheginobaccha (with its
Afrotropical and Oriental distribution) has been an enigma.
In short, Spheginobaccha or its species have been included in
six different tribes and in each of the three subfamilies of
Syrphidae (Thompson, 1974): for example, using adult
characters, Shatalkin (1975a) classified Spheginobaccha
into the Microdontinae.

The Neotropical genera Alipumilio and Nausigaster were
classified into Eumerini by Thompson (1972), who sug-
gested that they form a special group within the tribe,
because they share a unique character state within syrphids
(an undifferentiated thoracic mesopleuron). However,
Shatalkin (1975a) placed these genera in Microdontinae,
referring to the supposed primitive type of aedeagus shared
among Alipumilio, Nausigaster, Microdon and Spheginobac-
cha. From larval morphology, the relationships of these
taxa are unequivocal (Rotheray et al., 2000): Alipumilio is
indeed close to Eumerus, but Nausigaster is distantly related
and has the standard morphology of a hook-bearing xylo-
tine larva (Fig. 1).

The aim of this study, as far as classification is con-
cerned, was to address the systematic position of the
disputed elements in the intrafamilial classification of
Syrphidae, namely the monophyly of Eristalinae and the
placement of Microdontini and Pipizini, as well as the
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position of particular genera (Nausigaster, Alipumilio,
Spheginobaccha). In addition, we examined the evolution
of the larval feeding modes in the light of the phylogeny
recovered. We used three different independent datasets:
molecular (this study), and larval (Rotheray & Gilbert,
1999) and adult (H. Hippa & G. Stahls, unpublished data)
morphology. We discovered considerable conflict between
phylogenetic hypotheses based on any one of these datat-
sets, and hence we employ combined analysis (Total Evi-
dence, Kluge, 1989) to evaluate syrphid relationships in
light of the diverse and comprehensive dataset we gath-
ered for this purpose. We explored which groupings
consistently appeared in the phylogenetic trees under dif-
ferent weighting schemes. Such a sensitivity analysis (sensu
Wheeler, 1995) gives information on node stability and
congruence. We restrict our analyses to this kind of
taxonomic congruence within a combined dataset. The
result is summarized in a stability tree (sensu Schulmeister
et al., 2002).

Materials and methods
Taxa and characters

The taxon sampling covered as much taxonomic diversity
as possible, representing thirteen of the fourteen recognized
syrphid tribes (Thompson & Rotheray, 1998), totalling
fifty-one syrphid taxa (Tablel). Most included species
have Palaearctic or Holarctic distributions, but a few spe-
cies are from other biogeographical regions (Table 1). In the
molecular and morphological matrices (closely) related taxa
were equated. Morphological or molecular data are incom-
plete for a few species (Table 1). The platypezid Agathomyia
unicolor was chosen as outgroup, but one representative
of the putative sister-group of Syrphidae, Pipunculidae
(Jassidophaga villosa), was included as well.

The mitochondrial gene cytochrome c oxidase subunit
I (COI) (a 1128-bp fragment), and the D2-3 region of the
nuclear 28S rRNA gene (c. 640-bp fragment) were chosen
for sequencing. The dataset of 187 larval morphological
characters is that of Rotheray & Gilbert (1989, 1999). The
dataset of 122 adult morphological characters was scored
from all parts of the syrphid body (H. Hippa & G. Stahls,
unpublished data). Whereas many of these characters are
‘traditional’, many are novel, including characters of
prothoracic sclerites, characters of male and female
postabdomen, chaetotaxy of legs and wing and the ultra-
structure of hairs and other vestiture on different parts of
the body. Morphological datasets are available at
www.fmnh.helsinki.fi/users/stahls.

DNA manipulation
Genomic DNA samples were obtained from fresh, dry,

frozen or ethanol-preserved larvae or adult flies. DNA
extraction, PCR amplification (primers and profiles) of

© 2003 The Royal Entomological Society, Systematic Entomology, 28, 433—450



436 Gunilla Stdahls et al.

SO Stusaduwd
(‘rred) vivpnovw

(-doog) va.dno
‘eq vivjjainos
ORI SUOL[IXIAUO0D

Y10 + (SLIeH) vIvaisnyji
NN Snonjisny

s0109ds [BI0ADS

(udBN) s1suvpranyf

(1) pavnpia

-ds vzidig

VN

Y10 + (AeS) smppurdiviu
UOSIOIN Stuuadiiia ‘(7 )usaqgre

(‘1) pidiios
(‘S1OIN) wimipauriagul

Crred) syvign

(‘SoN) smvgjad
"1qe 24D[DIs

(-1qeyq) vIv3uojo

SO stusadumd
‘[red pivmovu

(N) JoeS-18Q sodidiu
{(*doag) va.udno

‘e vivjjainos <(-1397) vjnsuoj

(N) sisuaxysvp 1397 oriout
saAneIuasaIdar

oidnnw + (SLIRH) piv.AIsnyj
VN

‘puoy avjourds
“wnyog vfind ‘(1SS0 ) VIDND

(udB1oN) s1suvitanyf

(‘SRIN) sodLiva
(-1) vomjupo0U
‘("1197) s1savpaing
SN DovLIISHD

SN
"UOTIBWLIOJUI ON]

(Dusaqre
(") prdrios (1) 1uSOYIUIW
ul[[o)) 1Jjp.1124

‘SN snoy.Liowany

-1da1 onoreaered

oidnmnw + (Iqeq) snuvunqgp
"1qe 24npos

SN stuuadrinisgo

‘(1qe) pw3uoja

YYLI9CAV
EVLIOTAV
SN

CELI9TAV
8ELIGTAV
LELTIOTAV
6ELI9TAYV
LTLI9TAV

VN
6CLI9TAY

SN
CYLI9TAV

IVLI9CAV

CSLI9CAV
8CLI9TAV
SSLI9TAYV
[TLI9CAV

VN
9SLI9CAYV
ESLIOTAYV

VN

YSLI9TAV

L69I9TAV
96919CAV
SN

98919CAV
C6919CAV
[6919CAV
€6919CAV
96LCTICAV

SN
86LTITAYV

SN
S6919CAYV

6SYVLIAV

SOLI9TAV
L6LTITAV
80LI9TAYV
[8LTITAV
OLYYLTAV
9IPYLIAV
90LI9CAV
66LCITAYV

LOLI9TAYV

019WOS NI
Younz \IMS
I)SUNN “YdO

umaamﬂuwo “m—am
D{UISPH NI
Inwy yinos :sNy
3BIPY OV VLI
PUBIOD HMS
ysmquipg 3N
puerddn :HMS

uasuLIYL YD
epunjuIQlg :qMS

udureisnoN ‘NIJg
D uoiBuysepy 1y s
S[I0X MIN (VSN
SOQSYT ‘HIYD

1ddoT :NId

AUEIY VdS
AUEINY VdS

oSueH NI

o1owosS NTA

PURlY NI

idwejsesuey] NIq

"SI Stsadund viSuiyyy
(‘[red) pivpnovut vruaagiog

(-doo]) va.dno vapuvuip.ia,]

(‘1197) pjnsuoy -H
NORIS SUOLJIXIAUO0D "))

(SLRH) pIpAISnyj1 DISOJIY )
NN snotuiisn] snydidsapuimy)
unguIyy

WNYIS pfind 04221100
tuLRoIE)
(UABN) s1suminanyf vidwosdoyori|

(1) vivnpia vjpozidid

“ds vzidig
ruizidig
JruIRISLIT

(onoreaN )(AeS) snpuI3.vuL SNAUIOXO ]
(eordoajoaN pue 9130IBAN]) TULIQWOXO ],

UASIOIN stuuadrigia snydidg

(‘1) pidiios vrioydosovyds

(‘SOIN) wmipauriaiul wnxojosd.ay)
turydikg

UASIRIN SNOY.LIOWIDY SNIDIDJ
uigereq

('S10IN) smvijad snarayod1v)g
"1Qe 24D[DIS DUI0ISOUD]I P

(-1qeyq) piwsuojo vy2IVY
rargaoeyq
JeurydiAg

s10j0eIRYd JoydIouw
jnpe 10j pasn sowadg

s1910€IRYD "[oydIow
[eATE] 10J Pasn sa10adg

S8 SUOISSadIE
yueguon

10D SsuoIssadoe
JuegquUon

Kpesor 10D

SI0)OBIRYD JB[NOJ[OW I0J pasn saadg

"Pa1BOIPUI ATk $A10AdS [RIUSLIQ PUB O1IOIBON UBUID) 0) PIPIWQNS JoU =GN ‘PIsA[eur 10U = YN

“WOPSULY PANUN =[] ‘PULMOZIIMS =[MS ‘UIPIMS =HMS ‘UledS = ydS ‘BIsSnyY =S Y BISKBRIN =TVIN “A[BI] VLI ‘Auetiion = ygO ‘pue[ulf = NIJ “Iopenbg :nDd “eory 150D
D ‘eiarjog 109 ‘BUISNY SNV “(SRUNSIIN) 2rUIRISLY 10] (8.61) BddIH pue (7.61) uosdwoy ] pue ‘oruiydiAS 10J (696]) YIOINO0A JO 1Y) SMO[[O] BISUZ Pu® sA10ads Jo judwosuelie
Y} (6961) YIOIYI0A SUIMO[[OJ PIZIUT0II IR SIA[IWRIQNS dAIY [, "SIdqUINU UOISSIOIR JUuRGUID) Jurpnpour ‘saskjeur [edorgojoydiow pue remodjow ay) ur pasn Surjdures uoxe], *| ajqeL

2003 The Royal Entomological Society, Systematic Entomology, 28, 433-450

©



437

Phylogeny of Syrphidae — combined analysis

(1) suardid

(10319) visoorosnf

(1red) poyisy

(r1qe]) winiowou
(‘SeIN) snuay

(D xoynf

(-1) puoddpy

(1) smnpuad
SN

1 Xpuaj
(1qeq) vvouiy
-dds

(r1qey) srpsonba
‘[red smppno.agng

[IOINO0A SpdSsian

“ds urpora)

oeIS PILIGIS

(suuey) J4nuap
(‘ireq) vourdn.iiaf
(1red) syvusios

‘(N (‘boeN) poruvaso

(N 11®) 100D 1S “(mo07T)
S1U10213U0] OO A

putd “(N[ep\) snuaio]n
(N) (AmaQ) sisuorurs.aia

‘zued yynounun.
<SRN psoadopf 194
PULIGLIq “(‘[[e]) DI1jIsD
(N) (1939 suaosajora
‘(y031g) vuafijprow
‘(N) (porm) smoimiowt
‘(1qey]) winiowou
(‘SeIN) snuay

(ND CTIrAn) sip-towiny
(1) xopnf

suIey syuajis ‘(1) puoddn)

(N) IoM[em\ smp1osnf

(1) snprgdy

‘(1) smynpuad

SN

sa10ads onorede[ed

oyjo o dnmuw 4 Xpudj
("1) v3nfsup.y ‘UadIOIN
vippnung “("1qeq) vinoul]

PUASUMO |, DIDJnIDULIUN

‘uerLIn)) pULXY

("1qey) sruysonba

‘e smpmodagny e Snp3Lgs
PUISUMO ], S1IDAOUDS

so100ds onjoIBoR[EJ PUER JNOIBIN

ulop

ppunz2424 *(N) "M

pUnIUIY “ WWNYOS

sun3aja ‘(‘|red) sodmunyo
(suIey) 4nuaj

‘(1qe) poredvpod

“doog vsomonowt

‘(‘SN) I3

(‘red) voursn.iiaf

(1red) syvusjos ‘M0 vy

EILI9CAYV

SYLI9TAV
CCLI9TAY
VN

61LI9TAYV

8VLIOTAV
LILI9TAV

€ELIOTAYV
9CLI9TAYV
SN

ISLI9TAV

0SLI9TAV
SILI9TAV
SN ‘Apred
91LI9TAV
CILI9CAYV
STLIOTAV

ICLI9TAV

LYLI9TAV

VILI9TAV
6VLI9TAV
VN

E8LCITAY

86919CAV
COLTITAY
SN

68LCICTAYV

[0L19TAV
L8LTITAV

L89T9TAV

S6LCICTAV

SN

VOLI9CAV

€0LI9TAV
S8LTITAV

SN
98LTITAV
C8LTITAV
60L19CAV

16LCITAV

00LI9CTAYV

V8LCITAV
COLI9CAV
YOLCITAYV

ereped NI

SEUYH NI
Sunod “IVIN
eLIquIn 3N

elasng-ruwnN NJIJ

IoIsuny ¥dD
puerddn :GMS

dwesesuey] NI
»wu -sNv

PUBLY NIA
ellejref “HMS
AUBY VIS
PUBlY NId
PUBlY NId
BUOZIIY VSN
AUBIY VdS
oxg-spuelddn :gMS
zed ©7 104

Sutod IVIN

oxg-spueiddn :HMS

PUELY NI
NY[ILWIOON N
012WOoS NTJ

(‘1) suordrd v1114dS
(1) vuyviyrydotp

(-1) puypyrydorp vidwopnds
(reyuer10)(1081g) »ISo21ISHS VIS

(1red) voisv vuy.ior>

(r1qe) winiowou snydidsoopy)
(‘S10IN) smuay saprodpddyov.ig

(1) xoynf viojg
TUns9[IN
(1) puoddp] pidui0d1128

(-1) smynpuad snpydojapy

(‘1) xpuay syvistLg

(r1qe) vivouy viuwisvuy
rurrelsuy

+ds .a1s0315ND N

(r1qey]) snadourd uopoa

1197 SISADIIAD] SHAUNTT

YIOIYO0A Spdsiap onnundl]y
uLwng

(reyuorrQ) ~ds ruiporia)y
HaIpoLRy

Sraqaxoris voruqis vurdayds

(SLLIRY) 4nuaj vIdSPOIN

(‘[red) voursn.Laf pupIUYISIOUILUD E]

('[red) syvuusjos 1215030544
urdoAyoerg

2003 The Royal Entomological Society, Systematic Entomology, 28, 433—450

©



438  Gunilla Stdhls et al.

“ds mdwoy sy

“ds snmnoundig

‘dds sazs11g)

“ds uopo.orpy

(‘boey) syvuv

(1) siypgoinut

“ds vzdwoydv.n

(1) suaonjjod
‘("1) suvjdquioq
(1qeq) pwjfur
(1) sumuy

ppodo.ovur 1 pY22PqoUISIYdS
“ds pyoovqourSoydg

(-1) s1udas

(1) aurtofidsaa
VN

oeare| oepizadAie[d

seAre] oeprnoundig

(D sipqoinu
(1) smuaop
‘(‘boeN) sypup
(1) syrgoimu
‘(1) smaap
‘(‘boey) syvuv
(1) sipgoimu
‘(D) smaap
‘(‘boe) syvup

(D sipqoinu
(1) smaap N Sypuv

VN

BPOJ DLIDUOZ
‘(1) suaonjjod
‘("1) suvjdquioq
(1qeyq) pwjfur
(1) sy

VN
VN

UI[[0D) PUUIOYIUDX
“SOIN DpID)

‘(1) wnawajds

‘("1) s1udas

1107 SLIIUIAI2|NI20D
‘('S suargp

("1) auttofidsaa
‘(C1qe) suvjdquiog
‘(M207) suvu.ia}jn

SN
(1) suordid

0€LI9CAV

[ELT9CAV

VN

SN

8ILI9TAV

VN

OVLI9CAV

ECLI9TAYV

SELIOTAV
VELIOTAV
9ELI9TAV

SN
SN

0CLI9CAV

IYLI9CAYV

Y8919CAV

S89I9CAV

OILI9CTAV

SN

88LTITAV

SN

Y6919CAV

€OLTITAY

68919CAV
88919CAYV
06919CAV

SN
SN

06LCICAV

66919CAV

SRy AN

SO3UL] A1IAIS SA (IMS

'soy eyoueg uelny ‘odeN :NDH

ensutuad BSQ ‘seuareiung ¥Dd

pUBlY NI
®LIqIS SO

oig-spueiddn :gmsS

suuod "TVIN

ZMIOM D
010wWog NJIq

Sutod TV
Sutod VN

puerddn :HMS

Q3ueH NI
uweyseuAN :GMS

310quap|Q 0jo21un vidwoyp3y
Jepizadfield
(1950 "A) vsojjia v3vydopissnf
aeprnoundig
exe) dnoisinQp

UeLIND) wWnpnnoinual] $ajs1iqg )

~ds uopo.orpy

(‘boeN) sypuv - py

(1) syrqoimut uopoo1
TUNUOPOIIIA
QRUNUOPOIIIIA

“ds vzdwoydp.in

("1) suaonyjod - 4

(1qeq) pwjfur "

(1) sruvui vjjaomjo 4
TUI[2oNOA

ppodo.oput “Ju pyY2oPqoUI3IYdS

(Teruon1Q) “ds py2ovqourSaydg
urgooeqoursaydg

(-zueq) vavust vjojdx

(") ourtofidsaa vuiosouwia |

s1910RIRYD ‘[oydIiow
jInpe 10j pasn sowadg

s19108IRYD ‘[oydIow
[eAlR[ 10J pasn sA10adg

S8 SUOISSadIE
Jueguan

10D SuoIssadoE
yueguan

Aredof "[0D

SI0)ORIBYD JB[NOJ[OW I0J pasn soadg

“ponunuo) °Lo|qeL

2003 The Royal Entomological Society, Systematic Entomology, 28, 433-450

©



the mitochondrial COI gene followed procedures described
in Stahls & Nyblom (2000). The D2-3 region of the nuclear
28S rRNA gene was amplified with primers and PCR pro-
files described in Belshaw & Quicke (1997) and Campbell
et al. (1993).

All PCR products were cleaned with the GFX-kit
(Amersham Pharmacia Biotech, Little Chalfont, U.K.).
The Big Dye Terminator sequencing kit (original and ver-
sion 2, Applied Biosystems, Foster City, CA) was used for
sequencing reactions. Sequencing was carried out on an
ABI 377 (Applied Biosystems) sequencer. The PCR primers
served also as sequencing primers, and sequences were
obtained for both strands. Sequences were inspected and
assembled using Sequence Navigator™ (Applied Biosys-
tems), and are available in GenBank under the accession
numbers listed in Table 1. When possible, more than one
specimen of a species from geographically different areas
(Table 1) was used to verify the sequence and detect possible
sequence variation.

Direct optimization and simultaneous analysis

The combined data were analysed using direct optimiza-
tion (optimization alignment), a method described by
Wheeler (1996) and implemented in the computer program
poy (Gladstein & Wheeler, 1996-2000). The direct optimiza-
tion is a maximum parsimony algorithm that can process
unaligned molecular sequences in addition to morphological
and aligned molecular data. Like other heuristic parsimony
algorithms, direct optimization strives to find the shortest
cladogram by determining the lengths of many different
topologies, but unlike other optimization algorithms, it
works with unaligned sequences (which may be of unequal
length) (Wheeler, 1996; Schulmeister et al., 2002).

Direct optimization is the only currently available solu-
tion to the problem of including the alignment procedure
into the simultaneous analysis framework. A unique scheme
of positional homologies is created for each examined
topology during the tree search. Hence the length of the
shortest combined (simultaneous) analysis cladogram is
based on a positional homology scheme generated specif-
ically for this particular topology. The (most parsimonious
molecular and co-optimized) positional homologies can be
output after the analysis in an implied alignment. In direct
optimization, molecular and morphological data are ana-
lysed in the same context. Homology statements among
nucleotide bases are affected by their co-optimization with
morphology (Wheeler, 1996; Schulmeister ez al., 2002).

Sensitivity analysis and congruence

To examine the sensitivity of a cladogram to the align-
ment and analysis parameters, and to remove the arbitrari-
ness of the choice of these values, Wheeler (1995)
introduced the concept of sensitivity analysis (Schulmeister
et al., 2002). We explored the results of parsimony analyses
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by varying the gap cost (insertion—deletion) and change cost
(transversion—transition) values, weighting the morpho-
logical characters equal to the gap-cost value. We repeated
the analyses with six different sets of values for the analysis
parameters, and examined under which of the parameter
sets a given clade or taxon was recovered as monophyletic.
The chosen parameter sets for the sensitivity analysis are the
combinations of ‘gap cost:transversion cost:transition
cost’” of 1:1:1, 2:1:1, 2:2:1, 4:1:1, 4:2:1, 4:4:1,
weighting the morphological characters equal to the gap
cost. This can be graphically represented in a sensitivity
plot. In this way, a sensitivity analysis can discern between
robust clades (those that appear under most or all of the
parameter sets) and less robust clades (those that appear
under one or a few of the parameter sets) (Schulmeister
et al., 2002). We follow Schulmeister et al. (2002) and call
this a stability tree, a kind of majority-rule consensus tree
that summarizes cladograms resulting from repeated ana-
lyses of the same data with different parameter values; this
distinguishes it from the usual majority-rule consensus tree
made from equally most parsimonious trees resulting from
a single analysis. In this case, the stability tree shows clades
that are present in at least half of the eight combined
analyses trees, which can be regarded as relatively stable.
This can be regarded as taxonomic congruence, but within
a dataset under different weighting schemes. We did not
examine the character congruence, commonly performed
with the ILD-test (Mickevich & Farris, 1981). This test is
used to choose the parameter set (and resulting trees) that
maximize the congruence between the datasets and thereby
also maximize support. Although many congruent datasets
also are the best supported, this is not always the case. Some
studies (e.g. Yoder et al., 2001) show that lowest incongru-
ence does not necessarily mean highest support (Bremer
support). Using the ILD-value as the optimality criterion
for choosing the best (or preferred) tree remains ambiguous.
For our purpose of evaluating the phylogenetic placements of
certain clades, taxonomic congruence within the datasets as
presented in a stability tree is sufficient to present the results.

Cladistic analysis

The 28S data were divided into three datasets (using the
conserved sequence regions as guide-lines), and the COI
into two datasets, speeding up the computations. The
morphological characters were treated as unordered. The
analyses were performed with a parallel version of oy using
eight processors in a UNIX cluster. The command line
was as follows: -norandomizeoutgroup -noleading -maxtrees
5 -multibuild 15 -random 20 -treefuse -fuselimit 25 -fitchtrees
-slop 5 -checkslop 30 -seed -1 -driftspr -numdriftspr 5
-drifttbr -numdrifttbr 5. The commands used are explained
in the poy manual, available online (Janies & Wheeler, 1996—
2000; Janies & Wheeler, (2002). In general, the commands
refer to known tree-building strategies as implemented in
a parallel-processing environment. A few comments are in
place, however.
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The ‘-slop’ value was set to 5, and the lengths were later
tested with ‘-checkslop 30’. The command ‘-noleading’ pre-
vented the counting of leading and trailing gaps. The
‘-fitchtrees’ option ensures that the trees kept in memory
are a random subset of all trees that would have been kept
had the tree buffer been larger — a extremely useful option.
The commands ‘-treefuse’ and ‘-fuselimit 25’ set the
maximum value for donor—recipent treefuses to 25 (see
Goloboff, 1999). The commands with ‘drift’ in their name
implement tree-drifting sensu Goloboft (1999).

The trees in parenthetical notation were converted into
strict or majority-rule consensus trees (or the most parsi-
monious tree if only one topology was retained) with the
program JACK2HEN (available at http://www.cladistics.com).

Results
Sequences

The obtained nucleotide sequences of the mitochondrial
gene cytochrome ¢ oxidase subunit I (COI) spanned the
positions 1776-2904 in COI (numbering is based on Droso-
phila yakuba sequence: Clary & Wolstenholme, 1985),
together comprising 1128 nucleotide characters, of which
587 were variable and 440 parsimony informative. There
was no evidence of insertions or deletions. Base frequencies
were: A 31.7%, C 14.4%, G 14.1% and T 39.6%. The
intraspecific variation detected was 0.1-0.3%.

The obtained sequence of the D2-3 region of the nuclear
28S rRNA gene varied between 603 and 640 nucleotides for
the species sequenced. An 11-bp insertion present only in six
taxa (Microdon mutabilis and M. analis, Merodon cinereus,
Neoascia tenur, Milesia fuscicosta and Ceriodini sp.) was
removed prior to analyses.

The larval dataset of 187 characters had 132 parsimony
informative characters, and the adult dataset of 122
characters had 119 parsimony informative characters.

Larval data

The larval data of Rotheray & Gilbert (1999) with the
inclusion of Alipumilio and Nausigaster (Rotheray et al.,
2000) was analysed separately using parsimony analysis with
Nona Version 1.8 (Goloboff, 1993. Computer program dis-
tributed by the author). This equal weighting analysis resulted
in 16 most parsimonious trees (L = 578 steps); the strict con-
sensus of these is shown in Fig. 1. The original dataset of
Rotheray & Gilbert (1999) used 85 taxa; the taxon set of the
present study with 51 taxa produced an identical topology, and
hence the conclusions were not altered.

Adult data

Parsimony analysis using Nona of equally weighted adult
dataset with the 122 characters resulted in 59 most parsi-

monious trees (L = 682 steps). The strict consensus of these
is shown in Fig. 2. The clades that are unambiguously sup-
ported by the adult characters include subfamily Syrphinae,
and tribes Eristalini, Eumerini, Rhingiini, Microdontini
and Xylotini, but relationships among all clades remain
unresolved.

Molecular data

The molecular data were analysed separately using poy
under five different parameter schemes (gap cost: transver-
sion cost:transition cost) 1:1:1; 2:1:1; 2:2:1; 4:2:1;

Platypezidae

Pipunculidae

Blera fallax
Temnostoma vespiforme
Hammerschmidtia ferruginea
Criorhina asilica

— Ceriodini sp.

I—— Chrysogaster solstitialis
Callicera sp.

— Alipumilio avispas
Sericomya lappona

_(: Spheginobaccha sp.
Spheginobaccha nr macropoda
_: Graptomyza sp.
Nausigaster sp.
_: Spilomyia diophthalma
Milesia fuscicosta
e Sphegina sibirica
Neoascia tenur
Volucella inflata
_(:(: Volucella pellucens
Volucella inanis
Syritta pipiens
_(:(: Eumerus tuberculatus
Merodon equestris
Chalcosyrphus nemorum
_(:: Brachypalpoides lentus
Xylota segnis
Eristalis tenax
_(:: Helophilus pendulus
Anasimyia lineata

Ubristes sp.
Microdon mutabilis
Microdon analis
Microdon sp.

Ferdinandea cuprea
[ Rhingia campestris
Portevinia maculata
Chamaesyrphus lusitanicus
Cheilosia illustrata
Cheilosia convexifrons
Chelosia ilongula

Pipiza sp.
_(:: Pipizella viduata
Trichopsomyia flavitarsis

Platycheirus peltatus
Baccha elongata
Paragus tibialis
Melanostoma scalare

Chrysotoxum intermedium
Syrphus vitripennis
Toxomerus marginatus
Sphaerophoria scripta

Fig.2. Strict consensus of 59 most parsimonious trees inferred
from analysis of 122 adult characters (length = 682).
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Ubristes tenuicaudum
Microdon sp.
Microdon mutabilis
Microdon analis

==_-|: Alipumilio avispas

Nausigaster sp.
Graptomyza sp.
Eumerus flavitarsis
Merodon cinereus

Fig. 3. Stability tree: a majority rule |21

consensus tree (50%) of the trees 2:2:1|4:2:118:2:1
resulting from combined molecular

data under five parameter schemes.

The dark fields indicate those para-

meter sets in which the respective clade

came out as monophyletic.

8:2:1. The results were summarized in a stability tree (50%
majority rule consensus tree), Fig. 3. The molecular stability
tree supported Microdontini + Spheginobaccha, but rela-
tionships between and within Syrphinae and Eristalinae
remained unresolved. Notably, the Pipizini was never recov-
ered as sister to Syrphinae.

Combined analysis

The trees resulting from the combined analyses with the
six different parameter regimes are shown in Figs4-9.
Although these trees have many clades in common, the
resolution does vary to some extent between weighting
schemes. Four parameter schemes result in nearly identical
topologies; 1:1:1(1),2:1:1(2),2:2:1 (2)and 4:2:1 (4),

Milesia fuscicosta
Neoascia tenur
Ceriodini sp.
—— Spilomyia diophthalma
—— Syritta pipiens
Criorhina asilica
Melanostoma scalare
Brachypalpoides lentus
Xylota ignava
Blera fallax
Chalcosyrphus nemorum
Sericomya lapponica
Sphegina sibirica
Pipiza sp.
Pipizella viduata
Trichopsomyia flavitarsis

Eristalis tenax
_E: Helophilus pendulus

Anasimyia lineata

mm Volucella inflata
V. pellucens

V. inanis
_: Hammerschmidtia ferruginea
Callicera rufa
Platycheirus peltatus
Paragus haemorrhous
Baccha elongata
Chrysotoxum intermedium
—— Syrphus vitripennis
_: Toxomerus marginatus
Sphaerophoria scripta
Temnostoma vespiforme
[ Cheilosia convexifrons

|_: C. longula

C. illustrata
_: Rhingia borealis
Chrysogaster solstitialis

Portevinia maculata
_E: Ferdinandea cuprea

Chamaesyrphus lusitanicus!

whereas the parameter schemes of 4:1:1 (4) and 4:4:1 (4)
result in topologies that are quite close to the larval phylo-
geny presented by Rotheray & Gilbert (1999).

The six different parameter regimes resulted in eight most
parsimonious trees (Table 2), and the strict consensus tree of
these is shown in Fig. 10. The clades that are present in the
strict consensus tree have been regarded as monophyletic
groups by most authors, but the tree is not very informative.
The topologies of the eight trees were summarized in a stabil-
ity tree (Fig. 11) to extract more information from the results.

Discussion

The most basal syrphid clade of the stability tree is a clade
that contains Spheginobaccha and Microdontini (Fig. 11).
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Platypezidae
Pipunculidae

| Spheginobaccha sp.
— L Spheginobaccha nr. macropoda

Ubristes tenuicaudum
Microdon sp.
Microdon mutabilis
Microdon analis
Pipiza sp.
—:: Pipizella viduata
Trichopsomyia flavitarsis

Melanostoma scalare
Platycheirus peltatus
Baccha elongata

Graptomyza sp.
Alipumilio sp.
Eumerus flavitarsis
Merodon cinereus

—— Rhingia borealis

Volucella inflata
_:: Volucella pellucens
Volucella inanis

This clade is supported in all parsimony analyses under the
different parameter schemes. Based on adult characters,
Shatalkin (1975a) classified the genus Spheginobaccha into
Microdontinae, and this result is supported by the present
combined analyses. The basal position of the clade is sup-
ported in all different parameter regimes, except 4:1:1 (4)
and 4:4:1 (4) (Figs7, 9). In his study on Neotropical
Microdontinae, Thompson (1969) proposed a basal pos-
ition of Microdon in syrphid evolution. Gilbert et al. (1994)
and Rotheray & Gilbert (1999) proposed a sister-group
relationship of the Microdontini to the Syrphinae + Pipi-
zini, presenting a single clade for syrphids with predatory
larvae (Fig. 1). The molecular study of Skevington & Yeates
(2000) also suggested a basal placement of Microdontini,
both in the separate and combined parsimony analyses of
the included molecular data. The basal placement of this
subfamily (consisting of Spheginobaccha and the Microdon-
tini) was supported by almost all the different parameter
schemes in the present analysis, and by the majority of
studies cited, suggesting that both the clade and its place-
ment may be very stable. Thompson (1972) and Speight
(1987) discussed raising Microdontinae to familial rank, as
both the larval and adult morphology differ considerably
from that the rest of the syrphids. By contrast, the larval
characters scored by Rotheray & Gilbert (1999) supported

Paragus haemorrhous

Toxomerus marginata

Sphaerophoria scripta
Chrysotoxum intermedium
Syrphus vitripennis

Cheilosia illustrata
_:: Cheilosia convexifrons
Cheilosia longula
Portevinia maculata
_:: Ferdinandea cuprea
Chamaesyrphus lusitanicus

Hammerschmidtia ferruginea
—L Chrysogaster solstitialis

Sphegina sibirica

Neoascia tenur

Syritta pipiens
Ceriodini sp.
Nausigaster sp.

Spilomyia diophthalma
Criorhina asilica

=

Temnostoma vespiforme

Milesia fuscicosta
Callicera rufa

Sericomya lappona

Eristalis tenax
Helophilus pendulus
Anasimyia lineata

Blera fallax

Xylota ignava H : analvsis: nars
Chalcosyrphus nemorum Fig.4. Combined analysis: parameter

Brachypalpoides lentus scheme 1:1:1 (1).

the traditional classification of the Microdontini within the
Syrphidae.

The long-standing dispute of whether the Pipizini is
a member of the subfamily Syrphinae (the larval evidence)
or the Eristalinae (the traditional evidence from adult mor-
phological characters) was resolved in this study in favour
of the larval evidence. Our separate analysis of adult char-
acters recovered the sister-group relationship of Pipizini +
Syrphinae (Fig. 2). In the stability tree the tribe was placed
as sister-group to Syrphinae (Figs5-9), or as a separate
clade basal to Syrphinae only in the equal weighting scheme
(Fig. 4). In the stability tree this sister-group relationship is
supported (Fig.11). The monophyletic clade Pipizini is
robustly supported, as it was recovered under all weighting
schemes. Placement of Pipizini as an evolutionary lineage
separate from Syrphinae was proposed by Goffe (1952) and
Thompson (1969). Larval evidence (Rotheray & Gilbert,
1989, 1999) suggested consistently that Pipizini were the
sister-group to the rest of Syrphinae, as does the present
adult dataset. Cheng et al’s (2000) molecular data also
suggested that Pipizini were closer to Syrphinae than to
Eristalinae. The molecular study of Skevington & Yeates
(2000) placed their single representative of the Pipizini
(Triglyphus fulvicornis) as sister to Eristalini (Eristalinus
punctulatus) + Brachyopini (Cyphipelta rufocyanea), but
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Pipunculidae
_: Spheginobaccha sp.
Spheginobaccha nr. macropoda

Ubristes tenuicaudum
Microdon sp.
Microdon mutabilis
Microdon analis

Pipiza sp.
_E: Pipizella viduata
Trichopsomyia flavitarsis

Melanostoma scalare

Platycheirus peltatus

—— Baccha elongata
L—— Paragus haemorrhous

Chrysotoxum intermedium
Syrphus vitripennis
Toxomerus marginata
Sphaerophoria scripta

_: Alipumilio avispas
Nausigaster sp.

Graptomyza sp.
_E: Eumerus flavitarsis
Merodon cinereus

Portevinia maculata

Cheilosia longula
_E: Cheilosia convexifrons
Cheilosia illustrata

Fig.5. Combined analysis: parameter
scheme 2:1:1 (2).

branch support was low. Separate analysis of our molecular
data never recovered the Pipizini + Syrphinae relationship.
In light of our combined analysis, supported by the
several studies cited above, Pipizini belongs to subfamily
Syrphinae.

Eumerini + Cheilosini form a sister-group relationship
under certain weighting schemes. The larvae of members of
these two tribes have the same feeding modes being essen-
tially phytophagous, but some are saprophagous. Eumerini
always included Alipumilio, and under some parameter
schemes also Nausigaster (Fig.5). Graptomyza was placed
in the Eumerini under several weighting schemes (Figs 4-6)
as well. Graptomyza is classified into the tribe Volucellini
(Volucella + Graptomyza + Ornidia + Copestylum). Neither
our separate analysis of adult or molecular characters nor
of the combined analyses suggested a Graptomyza + Volu-
cella relationship. As the Graptomyza data were incomplete

Rhingia campestris
_E: Ferdinandea cuprea
Chamaesyrphus lusitanicus
Volucella inflata
_E: Volucella pellucens
Volucella inanis

—1 Hammerschmidltia ferruginea

Chrysogaster solstitialis
Sericomya lappona
[ Xylota ignava

|_: Chalcosyrphus nemorum
Brachypalpoides lentus

Blera fallax
Eristalis tenax
Helophilus pendulus
Anasimyia lineata

_: Sphegina sibirica
Syritta pipiens
_: Spilomyia diophthalma
Criorhina asilica
Temnostoma vespiforme
Callicera rufa
Milesia fuscicosta

Neoascia tenur
Ceriodini sp.

(larval data lacking), a definite conclusion about the rela-
tionships seems out of place at the moment.

Cheilosia and Volucella, and Cheilosiini (Rhingiini), were
always monophyletic, and thus these nodes are insensitive
to variation in weighting schemes. The hypothesis of
Rotheray & Gilbert (1999) suggested that both Cheilosia
and Volucella were non-monophyletic, possibly because
multiple larval feeding modes are found within these genera.
Adult and molecular characters support the monophyly of
these genera.

Most nodes in Eristalinae are sensitive to changes in the
different weighting schemes, but some general conclusions
may be drawn. For example, Sericomya lapponica is placed
as sister-group to Eristalini under four weighting schemes.
Blera (traditionally in the Milesini) appeared as sister-group
to Xylotini under five parameter schemes, and as sister-
group to the Eristalini once. According to the larval
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— Platypezidae
Pipunculidae

{ Spheginobaccha sp.
— Spheginobaccha nr. macropoda

Ubris tenuicaudum
Microdon sp.
Microdon mutabilis

Microdon analis

Pipiza sp.
4(:(: Pipizella viduata

Trichopsomyia flavitarsis
—— Melanostoma scalare
Platycheirus peltatus

{ Baccha elongata
Paragus haemorrhous

Chrysotoxum intermedium
Syrphus vitripennis
Toxomerus marginata
Sphaerophoria scripta
Graptomyza sp.

Alipumilio avispas

Eumerus flavitarsis

Merodon cinereus

Portevinia maculata
Chamaesyrphus lusitanicus

{ Ferdinandea cuprea
Rhingia campestris
Cheilosia longula
4(:(: Cheilosia convexifrons
Cheilosia illustrata
{ Hammerschmidtia ferruginea
Chrysogaster solstitialis
Volucella inflata
4(:(: Volucella pellucens
Volucella inanis
I Blera fallax
Xylota ignava
‘—(:(: Chalcosyrphus nemorum
Brachypalpoides lentus
Eristalis tenax
4(:(: Helophilus pendulus
Anasimyia lineata
Sericomya lappona
Sphegina sibirica
’—‘: Neoascia tenur
Syritta pipiens
‘—(:(: Ceriodini sp.
Nausigaster sp.
Spilomyia diophthalma

Criorhina asilica
Temnostoma vespiforme

characters scored by Rotheray & Gilbert (1999), Blera (and
Caliprobola + Lejota not included in the present study)
and the Eristalini are the only taxa that exhibit an extended
anal segment (long-tailed larvae). In Blera, the third ring is
extended, whereas in Eristalini the first ring is extended.
Nausigaster was placed as the sister-group to Ceriodini
under four parameter schemes, and as sister-group to
Alipumilio or Graptomyza once each. These four taxa are
represented in this study by one terminal only. These taxa
express a considerable diversity of morphological form,
Alipumilio and Nausigaster being among the most aberrant
syrphids that are known. The systematic positions of Alipu-
milio and Nausigaster were studied by Rotheray et al.
(2000), including scoring the character states of Alipumilio
and Nausigaster in the larval dataset. Parsimony analysis
(details in Rotheray et al., 2000) suggested Alipumilio as the
most basal taxon within Syrphidae, immediately followed

Fig.6. Combined analysis: parameter
scheme 2:2:1 (2).

Milesia fuscicosta
Callicera rufa

by Eumerus; it also strongly suggested that Nausigaster was
completely unrelated, placing it within Milesiinae (Fig. 1).
The stability tree of the present analyses shows Alipumilio +
Graptomy:za as the sister-group to the Eumerini, again close
to Eumerus, and Nausigaster as the sister-group to the
included ceriodine species within Milesiini. These place-
ments are largely in agreement with the systematic position
proposed by Rotheray et al. (2000). Ceriana was placed
as the sister-group to the milesine genus Orthoprosopa by
Skevington & Yeates (2000): our results do not support the
classification of Ceriodini as a tribe separate from Milesiini.

What are the implications of our results for the evolution
of larval feeding habits? Platypezid larvae are associated
with fungi and feed on hyphae, fruiting bodies and fungal
breakdown products (Ferrar, 1987). Pipunculidae are endo-
parasitoids of various Homoptera (Ferrar, 1987). By con-
trast, larvae of Syrphidae have multiple feeding modes
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] Pipunculidae

Graptomyza sp.

Alipumilio avispas
Eumerus flavitarsis
Merodon cinereus
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_: Ferdinandea cuprea
Rhingia campestris
Portevinia maculata
Chamaesyrphus lusitanicus
Cheilosia longula
Cheilosia convexifrons
Cheilosia illustrata

Volucella inflata
4‘:': Volucella pellucens
Volucella inanis
_: Spheginobaccha sp.
Spheginobaccha nr macropoda

_: Ubristes tenuicaudum

Microdon sp.
Microdon mutabilis
Microdon analis

Pipiza sp.
4‘:': Pipizella viduata

Trichopsomyia flavitarsis
Melanostoma scalare

Platycheirus peltatus

Baccha elongata
_: Toxomerus marginata
Sphaerophoria scripta

Paragus haemorrhus
4‘:': Chrysotoxum intermedium
Syrphus vitripennis

—— Chrysogaster solstitialis
Hammerschmidtia ferruginea

_: Sphegina sibirica
Neoascia tenur

Fig.7. Combined analysis: parameter scheme 4:1:1 (4).

involving mycophagy, phytophagy, saprophagy, predation
and parasitism. Except for Cheilosia and Volucella, all gen-
era are true to particular feeding modes, and species within
genera occur in the same microhabitat (Rotheray & Gilbert,
1999). Syrphid entomophages (Microdon, Volucella species,
except for V.inflata, Pipizini and Syrphinae) exploit two

[ Syritta pipiens
|_: Ceriodini sp.
Nausigaster sp.
Blera fallax
Xylota ignava
Chalcosyrphus nemorum
Brachypalpoides lentus

Sericomya lappona

Eristalis tenax

Helophilus pendulus
Anasimyia lineata

_: Spilomyia diophthalma
Criorhina asilica

Temnostoma vespiforme
4‘:': Milesia fuscicosta
Callicera rufa

main groups of prey. Volucella and Microdon prey on larvae
of social Hymenoptera, Volucella in nests of social aculeates
and Microdon in ant nests (preying on eggs, larvae and
puparia of ants) (see Rotheray & Gilbert, 1999). Pipizini
and Syrphinae eat soft-bodied Homoptera. The present
results do not support the hypothesis proposed in Rotheray &
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Platypezidae
Pipunculidae

_: Spheginobaccha sp.
— Spheginobaccha nr. macropoda

Ubristes tenuicaudum
Microdon sp.
Microdon mutabilis
Microdon analis
Pipiza sp.
_E: Pipizella viduata
Trichopsomyia flavitarsis

Melanostoma scalare

Platycheirus peltatus

—— Baccha elongata
L—— Paragus haemorrhous

Chrysotoxum intermedium
Syrphus vitripennis
Toxomerus marginata
Sphaerophoria scripta
Alipumilio avispas
_E: Eumerus flavitarsis
Merodon cinereus

Portevinia maculata

Cheilosia longula
_E: Cheilosia convexifrons
Cheilosia illustrata
Rhingia campestris
_E: Ferdinandea cuprea
Chamaesyrphus lusitanicus
Volucella inflata
_E: Volucella pellucens
Volucella inanis

_: Hammerschmidtia ferruginea
Chrysogaster solstitialis

_: Sphegina sibirica
Neoascia tenur
—— Syritta pipiens

Graptomyza sp.
Nausigaster sp.
Ceriodini sp.
Milesia fuscicosta

Blera fallax
Xylota ignava
Chalcosyrphus nemorum
Brachypalpoides lentus
Sericomya lappona
Eristalis tenax
Helophilus pendulus
Anasimyia lineata

Temnostoma vespiforme
Callicera rufa

Spilomyia diophthalma
Criorhina asilica

Fig.8. Combined analysis: parameter
scheme 4:2:1 (4).

Gilbert (1999) that entomophagy in syrphids has a single
origin, but rather suggest at least two independent origins.
Our results support entomophagy as the basal larval feeding
mode, because the two basal lineages constitute taxa with
predatory larvae.

Phytophagous larvae are found in Eumerini, sapropha-
gous, phytophagous and mycophagous larvae in Cheilo-
siini, and in this study Eumerini and Cheilosini clades are
basal within Eristalinae. The remaining taxa of Eristalinae
are species with saprophagous larvae (except for Volucella
pellucens and V.inanis). The saprophages have a large
mouth and a mechanism to filter bacteria suspended in
fluids of varying viscosity, but unlike the entomophages,
their mouthparts are very uniform (Rotheray & Gilbert,
1999). Saprophages exploit three main habitats: wet decay-
ing vegetation, decaying tree sap and wet decaying heart-

wood. Rotheray & Gilbert (1999) propose that shifts
between these modes are frequent, e.g. larvae of Ham-
merschmidtia (Chrysogasterini), Sphegina (Milesiini) and
Chalcosyrphus (Xylotini) in decaying tree sap, larvae of
Blera (Xylotini) and Criorhina (Milesiini) in wet decaying
heartwood. Our results support this hypothesis.

This is the first combined analysis of the phylogenetic
relationships of Syrphidae. Although the morphological
datasets are smaller than the molecular datasets, they
carry some considerable weight in the results because this
is ‘ensured’ by always giving the morphological data the
weight of the insertion—deletion event (gap cost). Our study
entails a rather broad representation of taxa; future studies
will focus on a more thorough taxon sampling of the diverse
clades represented by single terminals in this survey.
The potential complementary nature of the datasets is
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Fig.9. Combined analysis: parameter
scheme 4:4:1 (4).

the strength of the combined analysis, and results are
evaluated in a stability tree. The present classification of
Syrphidae into three subfamilies is supported. Placement

Table2. Parameter schemes, number of resulting most parsimo-
nious trees and their lengths (in weighted steps), consistency index
(CI) and retention index (RI) for the combined molecular and
morphological datasets.

Length of

Gap:tv:ts No. of combined tree

(morph. weight) trees (weighted steps) CI RI
1:1:1(1) 3 7742 0.16 0.72
2:1:1(2) 1 9815 0.22 0.81
2:2:1(2) 1 13155 0.22 0.78
4:1:1(4) 1 13679 0.28 0.83
4:2:1(4) 1 17216 0.19 0.75
4:4:1(4) 1 23860 0.19 0.75
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Pipunculidae

Graptomyza sp.
Alipumilio avispas

_: Eumerus flavitarsis
Merodon cinereus

Portevinia maculata

Cheilosia longula

Cheilosia convexifrons

Cheilosia illustrata

Rhingia campestris

Ferdinandea cuprea

Chamaesyrphus lusitanicus

Spheginobaccha sp.

Spheginobaccha nr. macropoda

Ubristes tenuicudum

Microdon sp.

Microdon mutabilis

Microdon analis

Pipiza sp.

Pipizella viduata

Trichopsomyia flavitarsis

Melanostoma scalaris

Platycheirus peltatus

Baccha elongata

Paragus haemorrhous
Chrysotoxum intermedium
Syrphus vitripennis
Toxomerus marginata
Sphaerophoria scripta
Volucella inflata

Volucella pellucens

Volucella inanis

Hammerschmidtia ferruginea

Chrysogaster solstitialis

Sphegina sibirica

Neoascia tenur

Syritta pipiens

Ceriodini sp.

Nausigaster sp.

Spilomyia diophthalma
Criorhina asilica
Temnostoma vespiforme
Milesia fuscicosta
Callicera rufa
Sericomya lapponica
Eristalis tenax
Helophilus pendulus
Anasimyia lineata

Blera fallax
Xylota ignava

Chalcosyrphus nemorum
Brachypalpoides lentus

of Microdontinae as the basal lineage in the family was
supported by the majority of the parameter schemes, as
well as the inclusion of Pipizini in Syrphinae. The explora-
tion of the intrasubfamilial phylogenetic relationships
and stability of clades of both the Syrphinae and the
Eristalinae requires a substantial increase in included ter-
minal species.

Acknowledgements

We are indebted to Ward Wheeler (AMNH) for his
help with earlier poy analyses. We thank the following
who provided specimens used for the molecular work:
A. V. Barkalov, H. Bartsch, P. Chandler, D. Doczkal,
F. Dziock, M. A. M. Garcia, N. Laurenne, S. Marshall,
B. Merz, M. Metz, S. Rojo, M. Schmaedick, D. Quicke,
F. C. Thompson and K. Westman. Financial support from
the Niilo Helander Foundation and Carl Cedercreutz
Foundation is gratefully acknowledged.

© 2003 The Royal Entomological Society, Systematic Entomology, 28, 433—450



448  Gunilla Stdahls et al.

Platypezidae

Pipunculidae

Graptomyza sp.

Alipumilio avispas

Blera fallax

Sericomya lapponica

| Temnostoma vespiforme

— Milesia fuscicosta

Callicera rufa

Sphegina sibirica

Neoascia tenur

Syritta pipiens

Ceriodini sp.

Nausigaster sp.

Hammerschmidtia ferruginea

Chrysogaster solstitialis
Eumerus flavitarsis
Merodon cinereus

_: Spilomyia diophthalma

Criorhina asilica

4:'% Sp'
Ly Pipizella viduata
— /

Trichopsomyia flavitarsis

Pipizini Volucella inflata
4‘:': Volucella pellucens

Volucella inanis

Xylota ignava
/»4|:': Chalcosyrphus nemorum

Brachypalpoides lentus

Eristalis tenax
/T:': Helophilus pendulus

Anasimyia lineata
_: Spheginobaccha sp.
Spheginobaccha nr. macropoda

Ubristes tenuicaudum
v Microdon sp.
Microdon mutabilis
Microdontinae Microdon analis
Ferdinandea cuprea
Chamaesyrphus lusitanicus
Portevinia maculata
Rhingia campestris
Cheilosia convexifrons
Cheilosia illustrata
Cheilosia longula
Melanostoma scalare
Platycheirus peltatus
Toxomerus marginata
Sphaerophoria scripta
Baccha elongata
Paragus haemorrhous

_: Chrysotoxum intermedium

Syrphus vitripennis

Xylotini

Eristalini

Cheilosiini

/'

Syrphinae

Fig.10. Strict consensus of eight trees result-
ing from combined analysis under six different
parameter schemes.
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