Ann. Soc. entomol. Fr. (n.s), 2002, 38 (1-2) : 177-200.

ARTICLE
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Abstract — The accumulation of descriptive data of recent and fossil diversity is the base of systematic
knowledoe but can not alone answer major evolutionary guastions, Last century brought & huge amount
of information and new paradigms moving our understanding of Diptera evalution to high standards.
However, the interlace of descriptive data and analytical tools to date was still not sufficient to determine
which groups of Diptera ware already present in the Pangaesa before its break-up in the Jurassic. The
presence of fossils demonstrates that some groups wers presant at that time, but are not per se evi-
dence of absence of groups — the nature of the palasontological record is such that clade age inferences
based on fossils tend to be very conservative, Biogeographical analyses considering vicariance, support
much more precise evolutionary reconstructions, but demand refined phylogenetic reconstruction and
distributional data not available for key groups. The constraints of the methods involved with evolutio-
nary inferences are considered, as well as a checklist of fossil and biogeographical data so as to infer
how far advanced was Diptera evolution in the Pangaea. The fossil record points o a Cretaceous /
higher Tertiary diversification of the schizophorans, while biogeographical data may show some avi-
dence of intercontinental disjunction in schizophoran families dus 1o lectonics. The phylogenetic support
for this data, however, is insufficient 1o support conclusions. The answer 1o these questions allows
undarstanding whether the presence of calyptrate and acalyptrate groups in different continents is due
to large waves of south to north or north to south invasions after continents were split or to vicariance
related to tectonics.

Résumé — Ou en était I'évolution des Diptéres dans la Pangée? — L'accumulation de données décrivant
la diversité, récente et fossile, est le fondement de la connaissance systématigue mais elle ne suffit pas
pour répandre aux guestions essentielles sur I'évolution. Le siécle écoulé a apporté quantité d'informa-
tions et de nouveaux paradigmes, qui ont énormeément fait progresser notre comprahension de 'évolu-
tion des Diptéres. Cependant, la compréhansion des donnséas descriptives et les outils analytiques n'ont
pas suffit jusqu'a présent a déterminer quals aroupes de Diptéres existaient dans la Pangée avant son
démantélement au Jurassigue. La présence de fossiles démontre que certains groupes éaient présents
4 cette période, mais non que d'autres étaient absents = la nature des données paléontologiques est
telle que 'estimation de 'age des clades fondée sur des fossiles est irés conservatrice. Les analyses
bipgéographiques examinant la vicariance permettent des reconstructions évolutives beaucoup plus
précise, mais exigent une reconstruction phylogénétique et des données sur la distribution qui ne sont
pas disponibles pour les groupes clés. Dans le but d'estimer le niveaw d'@volution atteint par les Diptéres
dans la Pangée, nous avons pris en compte les confraintes liees aux méthodes dinférence dvolutive
ainsi quune liste des données fossiles et biogéographiques. Les données fossiles sugoérent une diver-
sification des schizophores au Crétace / Tertiaire supérieur, tandis que les données biogéographiques
semblent indiquer que la disjonction intercontinentale des familles de schizophores est liée a la tecto-
nigua. La phylogénie ne permet cependant pas de tirer des conclusions précises. La réponse a ces
questions permeat de savoir si la présence de groupes calyptéres et acalyptéres sur les différents conti-
nents est due & de grandes vagues dinvasion du Sud vers le Mord, ou du Mord vers le Sud, aprés la
separation des continents, ou & une vicariance lige a la tectonique.

PHYLOGENY, PALAEONTOLOGY AND BIOGEO-
GRAPHY: COMPOSING A PICTURE OF DIPTERA
EVOLUTION

here was a time in which the understanding of
dipteran diversity corresponded to the description
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or redescription of species and to the gathering of these
species on the base of similarities. This period can be
traced mainly from Linnaeus’s early works to the first
decades of the XXt century. The effort of these first
systematists and the many excellent descriprions pro-
duced was the base upon which the building of pres-
ent knowledge was constructed. An understanding of
the Diptera in a historical perspective, however, is
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more recent and grew in the XX century with the
interlacing of three complementary approaches: phy-
logeny, palacontology and biogeography.

The impact of the concept of evolution in XX
century Zoology can be realised, for example, through
Haeckel's papers (e.g., Haeckel 1886). However, it
took some time before phylogenetic discussion of any
kind entered Diprera systemarics. EW. Edwards was
one of the earliest systematists who tried to draw phy-
logenetic conclusions in the Diptera (e.g., Edwards
1925). Furthermore, Edwards (1925) was able to
launch a discussion of rudiments of phylogenetic
concepts. A thorough consideration of the phylogene-
tic method, however, came with Willi Hennig. Hennig
has a long list of publications on the taxonomy of
many dipteran families, and many of his papers inclu-
ded phylogenetic considerations. Discussions abourt
the higher level phylogeny of the Diprera can be found
in Hennig (1968, 1969, 1973), but the Fligelpedder
ind System der Dipteren unter Beriicksichtigung der aus
dem Mesozotkum beschriebenen Fossilien (Hennig
1954) still stands as a landmark by the originality it has
in many respects: it is an early contribution in the phy-
logenetic period and is the very first effort to combine
in a single paper recent and fossil groups using cladis-
tic methodology.

Another source of change in systematics came from
biogeography. Dispersionists had only dispersionist
concepts and dispersionist reconstructions to offer as
explanations for taxonomic biogeographical disjunc-
tions, Hennig (1960) himself proposed some disper-
sionist reconstructions for some dipteran taxa, as well
as some conceptual contributions to a dispersionist
biogeography. With the advent of vicariance biogeo-
graphy (Croizat 1958, 1964, 1976; Croizat, Nelson &
Rosen 1974; Rosen 1975, 1978; see Nelson &
Platnick 1981; Humphries & Parenti 1986), biogeo-
graphic reconstructions could finally recognise both
dispersion or vicariance as possible causes of disjunc-
tion. The development of modern biogeography,
however, is quite recent and not much has been publi-
shed to dare on Diprera biogeography.

Finally, a major contribution to the understanding
of Diptera evolution comes from palaeontology. Many
early authors described fossil species of Diprera, but
particularly thorough contributions came from A.
Handlirsch, W. Hennig, and B.B. Rohdendorf, among
others. Recent knowledge on compression, bur espe-
cially on Tertiary and Cretaceous amber fossils, howe-
ver, has dramatically altered the picture of Diptera evo-
lution (e.g., Kovalev 1981, 1982, 1986, 1987, 1989,
1990; Krzeminski 1985, 1990, 1991, 1992a, b, 1993,
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1998; Evenhuis 1994; Blagoderov er al 1993:
Blagoderov, 1994; Scherbakov er al 1995; Grimaldi
1989, 1990, 1991, 1999, 2000; Grimaldi & Amorim
1995; Borkent 1995, 1996; Fraser er all 1996;
Grimaldi & Cumming 1999; Grimaldi er al 2000;
Currie & Grimaldi 200070,

We have moved from a purely descriptive approach
of Diptera diversity, dominant some decades ago, to a
stage in which phylogenetic methods add to vicariance
biogeography and detailed palacontological informa-
tion to compose a complex framework for dipteran
evolurion. Whart does this general picture show about
Diptera diversity in time and space? The picrure is far
from complete, bur it clearly shows an origin of the
Diprera late in the Permian or in the Triassic, with an
carly diversification of the dipterans in the Triassic.
Because major clades of Diptera are clearly present in
Triassic and Jurassic deposits (sce Krzeminski 1992h),
it is certain that a number of dipteran species already
existed in Pangaea before its geologic break-up. These
Pangaean ancestral species underwent divisions pro-
moted by the sequence of continental disruptions
during the Upper Mesozoic, diversifying in each conti-
nent in the Tertiary to generate the present diversity of
[hf urdtr.

This view contrasts to the mid-X2X* century
understanding of the evolution of the recent fauna. A
synthesis of this pre-vicariance view of biogeographical
evolution can be seen, e.g., in Darlingron (1957) and
Simpson (1953, 1963). Darlington (1952), in a 4-
page article, makes a very nice review of cases of inver-
tebrate transtropical relationships, as well as of circu-
mantarctic disjunctions. Considering the family
Paussidae in Coleoptera, he describes in detail the dis-
tribution of two main grades in the family. However,
when he comes to the discussion of the causes of the
patterns he uses a number of arguments to dismiss the
connection of these cases of intercontinental disjunc-
tions to the shift of continents. In some parts, his argu-
ments are technically equivocal from an evelutionary
point of view, e.g., “So far as | can determine, the
South American paussids are not directly related to
any other living ones.” (Darlington 1952). In other
parts, his points are purely rhetoric: “Schuchert (1932)
has thought not [of disjunction of marine molluses to
be due to larval dispertion], but his long argument
does not seem to me to be very convincing.” He also
raises some unfocused arguments, “I repear thar it is a
fact beyond argument that some living South
American invertebrates are related to tropical African
forms or to south temperate Australian or South
African forms. But these relationships involve only



Diptera svolution in the Pangaca

i1

v

A

-

Eapla g |

—
EFEILIIY

i

odoun’y

]

[

EAMOILIETY I

il ‘]‘1
rappiaanadeily

&

EIPHLPAY L

e iomonspgyg

mypdouiopigaisg

!

dwy | egdaowne
ot {perg GURBAIIAR,

-anmla{qdnmm

ELITRITIN] )

\

_‘_
—|[lap|nqusua"| ] B
EapoEiwons  wpoagda), waposdoig

kmbdy

ra

e sy

wapd i usany

WRAE],
enp a0
[
wipelowadie

mdm\mﬂllw

LIETITTT T

B

A LD LA TS

mAx

ﬁ

enia

parts of the South American fauna; the relationships
are often general rather than direct; and they can often
be explained in several different ways.”

Darlington (1965, 1979) to his very end was
against the new paradigm —intercontinental disjunc-
tion related to plate tectonics—, as were most of the
biogeographers of his generation. But tectonic-based
biogeographical reconstructions grew slowly and
solidly in the last 40 vears. Croizar was completely
alone in the beginning (e.g., Croizar 1958, 1964), ata
time when even geologists were skeptical abour conti-
nental drift. More recent papers have discussed vica-
riance from conceptual and methodological view
points, and many others have shown congruence bet-
ween biological disjunction and geological divisions
(e.g., Rosen 1976, 1978; Platnick & Nelson 1978;
Platnick 1976; Humphries 1982; Humphries &
Parenti 1986; Marile 1990; Amorim & Tozoni 1995;
Amorim & Pires 1996; Nelson & Ladiges 1996, etc.),
but there is still some resistance and/or insufficient
understanding.

Data from different sources make it now unde-
niable that at least part of recent dipteran diversity was
already evolving in the Triassic and, hence, at least part
of present cases of disjunction are related to tectonics.
But a question still remains: how much of it? Or even
better, what part of ie?

The central point we want to address in this paper
is how much had the Diptera diversified in Pangaea.
The implications of the answers to this question are
manifold. We want to address here, however, a parti-
cular one: how to discriminate which major groups of
Diptera presently with world-wide distributions have
this condition due to ancestral distribution in Pangaca
and which achieved this world-wide distribution due
to dispersion events berween already separated coni-
nents. It is beyond the scope of this paper to examine
the phylogeny and biogeography of the entire Diprera.
Rather, we call attention to the question itself, to some
of the data available, to some of the methodological
problems to be considered, and to the implications of
the answers. This will shed light on the understanding
of the temporal and spatial evolution of the Diptera as
a whole and to the evolution of families, so particular
cases can be properly addressed in the furure.

Figure 1

General scheme of Diptera evolution with two hypotheses for degree of
Diprera diversification ar the beginning of the Jurassic, The "paleonolog-
cal line” is based on the fossil record and poines o a more limited diversi-
ficarion of Diprera ar the tme of the division of Pangaea. Schizophoran
families would not have appeared. The “biogeographical line” is based on
cases of inrercontinental disjunction and points w a larger diversificarion
at the fime of the division of Pangaea, Taxa originated at chat time would
appear only much later on the fossil record.
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Table 1 - Fossil geners of Diprera from Triassic to Eocene, Middle / Upper Jurassic genera are placed under Middle Jurassic; Lower § Middle Jurassic pla-
ced under Lower Jurassic. Ar the Palaeocene / Eocene column, first appears the number of known extinct geners, followed by the aumber of recent genera
knewn ar that period. Escene data includes the Eocene / Ofligocene border. Question marks indicare groups of uncertain affiniries.

F‘m[[a- Triassic Lower Jurassic facddlle Jurassic U pper Jurassic Upper Jurassic Lawer Cregaceous Pkl Upger Pakamacens /
Lawer Cretaceo Cretncesus Cretsceaus Eocene
Mot Dipdern Bripvocpieciz
Sngplecia
Driptern decerie sedls Jurolaemargas Messtraclyopterss
Preudoplasia
Arcur
ansuplecia
Sumaplectc
Visdipleridue Prichoti
Viediplera
Granvogelimorpha
Grawvogeldae ]Cﬂ"ﬂumgﬁl.lﬂ
Tipulomorpha
Mumicds Musidoromiman
Fiipalndicty Tipulods
TEapalysssridas Lapalyngira
Parecpoiyoera
Diplapatimeurid Diplapat
Ehasgohiidae Lesdhomiued
Ehamgobiz
Limecsiidae Archidguta | Arch et Al Cretalimsnia Arclatipula ialiur 429
b trehilipul Eoipp = Eotipull - p—
& a | L ) Ently XYutipaia Nemumein Muoraiping
Diplarchitipeda Muonipad Tipaniia THkasewrs
Dipterodiciya Dicramphoha
Entipats (Fymapistia
Haplatpeda
Lepucsipulaides
Licecintipula
Mesntisula
Mikrotguls
ety
(sracilitipalidas Gracifinpue
Tipulidae Tipuia (-
Cylindrasmilie [
Bibionomorpha
3 I i Faks Prexcramy
Bshaldoyides Beoldma Behvoldoye Dhniampia
Pt idee Tega Pivas
Vim Vinwlezphs
Frateriophidar Archirkgpius FProforkyphur Archirfyphes Frotorhypius
FHeterarkyplms Bruchyopens
Siberhyphidar Siberkpgiue
Anisopadidae Mesprhypheer Swariyplus Megarkyphurs Megarhypis Masviekin Myveinkia [
Miinbrackyoptingr | Masorkyphus ilbiogasier
Ci Crasgphis
Hibisaitae Penifieiria Mesaplecivile Plecia 2
Seinridae [
Ceeidamyiidee Caratricha Cretocatcha | 2001
Cretocordylamyia
Crelpmisiior
Creloeianerizia
Plecislangivoride Archibesprrimue Archiplecisfimgivore | Brymika Bryuha
Archiplecigfmgliara | Brynka i Pie i
Bryamka Enhasperises Fungiverites
Maniia Fangiveriplecie
Placiofungivara Fungivarplsia Farapivcinfmgvong
Plagfafusgivarells | Ghilaroviona Plecisfmgivora
Prohesp K i Flecipmpivoraiia
Rl Fircinhmpivons Probesperious
N 'mr ..
Fera
Archizelmirides Archizainirg
Angofungroridar P givord driefutgivorn Lycnrismiond
el . - M P
Sricromims Avricming Seiaromives
Buiskwiiinge iy
Iyeoriomimodes
Ml tomears
Paralycorioming
Pleciaming
Sriaromimy
Tipulopleciidae Tiuloplecia
Fromed n F'
Palacogdeciidac FPalsepmecia
Mycetaphiliformis gemern Pardcpmpia Esompeiophia
imceriae sedls
Frotopleciidee Archiplesionma Paraoliges Haibeiplecio Sl
Thapalynewra Flariopris Meroplecia
Mryoplecia Ainogicels Preudoy
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Table 1. feontinuea

:p p— L
Proafine st
Protoplecia
Ahosofngvorella
Fredok s Frodobibio
Farapliciida Paruplecia
Mesasciophilides Tyl Messrelaphilipsis
Mesosziophiiodes
I iirls Arcur Pararynnda
Baolitophilidas Migear +2
Doy iidae [ o)
Daducidiidae [
Keroplatid: Sehluessringda =T
Lygatarthinidee [
Mycutophilides Frodagidin Reiuphilapsis Sriopfila 4452
Thimna
Culicomorpha
Culicomerpha (ncerior Leptoplacia
| awdis
Drighdae [iE ]
Dizamimitze Divarivey
Chesbaridee Char L ik i A Astraarsthra Chirgwateapiird 1+2
Eucoreilring s h Chir 7
Hafolviria
Hypescoretbra
Prasshasboras
Eh ¥ h o
Asischanbaridse Asioehaiborus
Chacborap
Sinochaoborns
Culicidan A Asboculieur? (5]
Amplipromera?
Clallesahex?
Empidoravp?
Propexis
Rbnpainacoles?
Thaumaleidae Mesohaumalea
Sinmliidae Samultimnimr? * Bivewiiiver” Kevalevmmi By L3
Brgvirasiris {ipdaring
Mesamimilinm
Caratapogonidar Adriculpider Lt
Astreanos
Brackypagon
Cerarapegon
Culiaider
Leptocanops
Lepeodalea
Protocaticoider
Lasiahelea crossa
Laviahalpy
pebosa .
Dusrhalea roeii
Sarpndimdan Seresdipa
awmritieruipes
Protendipedidee Prircotemdipes Friscoiendipes
Provendpacs
’M Mesophaisivg
Chironomidac Aenne Jar Farachis Covlockironsma (Far Ch Cresodiomess 28]
Poxduaoaiuy Mailaniz ezl L L Elvcrrotenia
Aanwe Mogrosame rura Shiskatia Artriocmmur
Crporachius irpctackins Sweivtka Spalotons
Frdmpmive Fmoryriochius Aruba ChiranomiteT
Tophookai Tandipopsis Hibdoeiver?
Ltk Thsdetas Dera
Limmaili Fieduatr
I aimail E, -
Y B —
= Tompodises™
gorchoezs
a- d‘- Lol i ¥
Lisanpingitidar iLicrpimpiler
Psychodomorpha
Tunyderaphryneidas Tepcdiraphiryne
Limnarhyphidse i
Eltiidae Effia Effia
Lolumbe
Bleg 240
Tanyderidae Prowtoacrockile Probasydera Protaseders 1
Tk -
achilrantus
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Table 1. {rantinsed)

P e Falavas prre— & -
Fuychodidss Evperioma Mo sepeyriads FPhirboinmivs Jeh
Trichaceridar Entrichecera Mavioirichocera Mezstrickocera Palecmichecers 1
Trickooera “Trichanomins™
Aaticrer
Fretiscitegsidae Mesoreaapia Protasculogv
Seatnpmidas [T}
Canthyloscelidae Profpperoscells Syomearon
Prychopteridae Pryckopera Prechoptesa 1+
VI
Ansirgidae Jrrem——
Eaptychopirridas e Enliwmunki Cremoptyehuoptens Evptychapiera Bolboia Crancptychoptera
Eopyyehoprera Eoptvchspiera Egptychopiering Esprychopering
Foptehoprird Eopiychapiiring FPropiychopiern Frophyohapiera
Archiendipe. Propiychopera PFreprychepiering Propipchkapiering
Cremaptyehop Proprychopuering Cramoptechoy Duptychopiera
Nedootrempters
Brachycera
Stratiomyomorpha
Crassmyiidae 1 i
| Mplomyide: Arehisoba 1
Ecstratiomylidee Enrranamia
| Seratiomyidae Cresscengater | 343
Dligaphrymeidas igmphome
Xylophagomorpha
| Kylaphugicas ] 2+
| Rachiorridas ! 3+
Vermileonomorpha
Vermileanidae [ 140
Tabanomorpha
Ehaginnidae B Archiriag drtivreh Aleriworpig Larsig 02
Suratrackevnen Mesorkagiaphryng Minpedempia
Kubabovka s amr@ienia Prioliag
Falasnbalbomyis [Pafasoniratianmin Prinlinigr
Palazobrachyceron Rhagiophrne CrETaCauE
Sealurkagio
Sarariommeiapsiy
Symphorangda
Fratorhagic?
inkidas Alinkg
Athrricidar
13 1
Tabasaidea ir. Bargana 0+
S
[ Eomytae Feic
Predobrachiceridee Prafobrosfyoaron
Memestrinsidea
Asroowiiis Archocyrius 1+
Memestrinidis I ———
Eokirmsneura
Prodvirpmndarg
Profonemesirinug
Nt sFIFHLE
Rhagionemesirims?
Asiloidea
Bl Eatae 4+
Thereviday 1
| Asiiiiey Arripagos 4
Ermnschetidae Ergoaclamitas Diigrage
Pareramochariar Eremocharicsoma
Archizargus
Fredomphralidee Frovomphraiy
Myihicsmylidae Palaeoplanpyqus Procwioit 2=1
Froplatymyeve
Empidoidea
| Prodempididae Frosopis
Rhagionempididae Paiusnpticli Frobaibaomy Shevisprera?
Lnsatohawie Rhagionemyis
Empididne Empiaha? Microphorifes Apafocnemr =22
Flosemiossg Tirichiises Archichraniur
Archipianypalpur
Cratamerapors
Cretaplabypaius
Eenmmoydroniiio
Prewdogearierus
Rarinius
| Bulichsgodidas Swmpicrites [
Cyelorrhapha
Platy pezoidea Lomchaprerites
 Leashopteridus | 0+l
L Platypezidne | Litheperia 1+1
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Table 1. frontmnes)

Aiesapenio
Palamperia
Preudoperia
Seipdeceridie Archischada ol
Archiphora
Pharidse 648
Syrphoidea
Pipunculidae 2+
M 11+9
Acalyptratae
Nerividea
Mm 1+
Micropezidae 140
Diopsoidea
 Miegamrinides I+
| Digpsidae [k}
Conopoiden
| Conpidas L 10
Tephritoidea
Richardiidae [
| Pallopteridas Bl
Lauxanioidea
Lauuaniidss 2+1
| Chamwemyidae 140
Sevomyzoidea
Drvomizidse I+
| Sciomyzidae #+1
| Sepaidar 1+
Opomyzoidea
Clusiidae 2+
| Acartophihalmidee 1+0
Outiniidue 140
L AgFomysidae 3+
| Anthomy sdar 1+
L Anbacigiairidae 1+
Mewrochietidee B i i+
| Preuddopomyridac 1+
Astelidas 1+3
Carnoides
Carnidee 1+
Milichidse 1+l
_Chioropidae 2+2
L ryptacisetidne 1+
Sphaerocersidea
Heleomyzidae 3=2
Sphaeroceridae []
Camillidae 1+
| Drasophilidar 1o
| Disstatidne 1+
o]
Fiilidas 1+
1+&
| Chy romyidae 150
Calyptratae
Hippoboscoidea
Muscoscoidea
| Seatuphagidae 1
L Antbaimyiides 0+1
Muscidas 140
Orestroidea
| callivheride]
| Sarenphagidae 0+1
Tackinidie 3+
Oeeniridae 142
1-+H1
Unplaeed Brackyeers ip 5 Palmeaphera 1+0
Cawganlifes Prarol Mucosmsra
Chorolimmoiis Prehodier
Disvires Rawalia
Epimeraphara Tipularia
Ciriphocanlon
Liarrosrmpbe
Chocaphaling
Flatyoerion
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Phylogenetic information

The last 15 years has shown more intense work on the
problem of Diptera phylogeny than in many decades
before. The “strict consensus” of the phylogenies pro-
posed to dare, however, results in a large, uninforma-
tive polytomy at the base of the Diprera (Yeates &
Wiegmann 1999). This could give the impression that
we know less now than Willi Hennig, which is false.
Congruence between different sources of information
confirm the monophyly of a number of groups and
clarifies the relationships among some taxa. This is
relevant here, since the implications of fossil dara
depends on the phylogeny accepred.

Hennig (1968) published a frequently overlooked
paper. in which he addressed the question of basal rela-
tionships in the Diptera, indicating for the first time
that the “Nematocera” are not monophyletic. His
conclusions pointed to the relationships among five
main stems: (Tipulomorpha + (Psychodomorpha +
(Culicomorpha + (Bibionomorpha + Brachycera)))).
Hennig (1973) reviewed some of his earlier positions
and added considerable information to the understan-
ding of Diptera evolution.

Rohdendort (1974), with a non-phylogenetic
approach, and Griffiths (1972, strictly working under
a phylogenetic perspective with the Cyclorrhapha,
proposed phylogenies which were alternatives to
Hennig’s points of view. A complete phylogenetic
study of the Diptera appeared more recently in
Volume 3 of the Manual of the Nearctic Diptera —with
the chapters by Wood and Borkent (1989), dealing
with basal dipteran relationships, Woodley (1989),
who worked out the basal brachyceran phylogeny, and
MecAlpine (1989) with a phylogenetic study of the
Cyclorrhapha. This was followed by a number of
articles published in the last ten years: Griffichs (1990,
1994}, Courtney (1990, 1991), Qosterbroek &
Theowald (1991}, Wood (19291}, Sinclair (1992),
Krzeminski (1992b), Amorim & Carvalho {1992),
Amorim (1993}, Sinclair et @/ (1993), Blaschke-
Berthold (1994), Qosterbroek & Courtney (1995),
Cumming et al (1995), Michelsen (1996), Friedrich
& Taurz (1997}, and Saether (2000),

Trying to solve the problem of the hasal levels of
the dipteran phylogeny, Amorim et al. (submitred)
added thorax sclerite characters. In general terms, their
results agree with Wood & Borkent (1989), although
significant differences are seen for the position of some
families. Mazzarolo & Amorim (2000) also tried to
synthesize the opinions of different authors about
basal Brachycera phylogeny. For the Cyclorrhapha, the
positions of Griffiths (1972), Hennig (1973), and
McAlpine (1989} disagree significantly on the pro-
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blem of the monophyly of the Acalyptratae and about
the position of many Acalyptratae families. Figure 1
has a phylogenetic system for the Diptera as a whole to
serve as a working base for some of the discussions
here. The phylogeny cansiders positions accepted by
most, but not all authors in the literarure.
Disagreements about details in the phylogeny, howe-
ver, would do not interfere with the main conclusions
drawn ahead.

Palacontological information

The growth of our knowledge of the Diptera in
Mesozoic deposits in the last 50 years is amazing, We
will not review here Diptera palacontological literature
(see Fvenhuis 1994; Krzeminski & Evenhuis 2000),
but mainly the implications of the accumulated data
for the understanding of Diprera evolution.

An extensive contribution was given by the Russian
palacoentomologist Boris Rohdendorf, although
many of his wing drawings (and consequently his sys-
remaric conclusions) were not accurate and he did not
employ a consistent phylogenetic method. Hennig
(1954) synthesized the available Mesozoic fossil
Diptera information, trying to put together palacon-
tology and phylogeny. The number of fossil dipterans
known ar the time was limited compared to what is
now known; also the phylogenetic system he proposed
suffered a number of changes in the last 30 years.
Nevertheless, the paper created a new model on how
to integrate both sources of information.

More recently, Krzeminski (1992b) and
Krzeminski & Evenhuis (2000) published a synthesis
of the knowledge of the Triassic and Jurassic Diprera.
They reinforce the idea that the Permian genus
Permotipula is not directly related ro the Diptera, so
the oldest fossils assigned to the dipterans without dis-
pute would be Triassic. It must be nored, however, that
if there was a mecopteran diversification in the
Permian and that if the Permian Permochoristidae are
the possible sister group of the recent Diptera, it would
be out of question thar the origin of the Diptera as a
clade is in the Permian — the age of the origin of the
Diptera would be given by its sistergroup. The basal
diversification of Diptera would more probably have
begun in the Triassic.

The dipteran diversity in the Triassic now known
includes: (1) the genera Prychotipa and Viadiptera, of
the family Vladipteridae; (2) the genus Graunvegelia
(3) the genus Nadiptera; (4) the genera Architipula,
Mabelysia  and  Gonomusca  (Tipulomorpha:
Limoniidae); (3) one described species of Crasaphis
(Bibionomorpha: Anisopodoidea) from Australia,
along with another undescribed species from Virginia;
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(4) one species of Falz (Bibionomorpha: Procramp-
ronomyiidae); (5) one incomplete specimen assigned
to the family Eoprychoprteridae (Psycho-domorpha:
Eoptychopteroidea); and (6) one species of Alinka, in
a monorypic extinct family Alinkidae assigned to the
Brachycera Tabanoidea. The position of Alinkidae in
the Brachycera, however, is doubtful and it may be
related to the Cramptonomyiiformia.

Lower Jurassic fossils add a number of stems o this
early Diptera radiation. Some of the families described
for this period seem to be extiner (but see the discus-
sion on the methodological constraints, below). In the
Tipulomorpha  are  included the families
Diplopolyneuridae, Tipulodactylidae, Eopolyneu-
ridae, Musidoromimidae, Gracilitipulidae, Zhango-
biidae. In the Bibionomorpha there are Jurassic
records for the families Procrampronomyiidae,
Bohaoldoyidae, Protorhyphidae, Anisopodidae, Myce-
tobiidae, Bibionidae, Siberhyphidae, Pleciofungivo-
ridae, Archizelmiridae, Antefungivoridae, Tipulople-
ciidae, Paraxymyiidae, Protoligoenuridae, Palacople-
ciidae, Eopleciidae, Protopleciidae, Protobibionidae,
Parapleciidae, Mesosciophilidae, and Mycerophilidae.

In the Culicomorpha, the families Dixamimidae,
Chaoboridae, Asiochaoboridae, Rhaeromyiidae,
Limnorhyphidae, Simuliidae, Architendipedidae,
Serendipidae, Prototendipedidae, Mesophantasmidae,
Chironomidae, Sinotendipedidae, Luanpingitidae,
and possibly Culicidae already appear in the Jurassic.
Some Culicidae have been assigned to Triassic deposits
(Lambrecht, 19800, but without further information
(see Evenhuis 1994), Also a number of Lower Jurassic
culicid genera described from immarures are still ques-
tionably associated with the family (Evenhuis 1994).

The Psychodomorpha records in the Jurassic
include Tanyderidae, Perissommatidae, Psychodidae,
Trichoceridae, Protoscatopsidae, Canthyloscelidae,
Prychopteridae, Ansorgidae, and Eoptychopteridae.
As discussed elsewhere (Amorim er al in press), the
monophyly of the Psychodomeorpha is still a problem,
since there is disagreement between authors concer-
ning the families included in this taxon.

The Jurassic brachycerans are clearly less diverse,
but they are already present in the fossil record. This
includes the Xylomyidae, Eostratiomyiidae, and
Oligophryneidae (of the Stratiomyomorphal,
Rhagionidae (which are quite diverse at that rime),
Eomyiidae, and Protobrachyceridae (of the
Tabanomorpha), Acroceridae, Nemestrinidae, the
families Eremochetidae, Protomphralidae, and Mythi-
comyiidae of the Asiloidea, and an early divergence of
the Empidoidea, with the families Protempididae,
Rhagioempididae, and Empididae. The only con-

firmed Jurassic cyclorrhaphans to date belong to the
Platypezidae.

The Jurassic/Cretaceous border is particularly rele-
vant in this discussion because of the division of
Pangaea. It certainly took some time for the separation
berween Gondwanaland and Laurasia to be comple-
ted, after ies bcginning in the Lower Jurassic about 180
m.y. ago, and it will mark the isolation of the main fau-
nas. Cretaceous dipteran diversity seems to be higher
than in previous periods (see Grimaldi 1990). A num-
ber of Limoniidae genera (including recent ones) are
already present in the Cretaceous, as well as species
assigned to the recent genus Tipuda (which is still a cat-
chall genus). In the Bibionomorpha, the families
Pachyneuridae, Protorhyphidae, Olbiogastridae,
Mycetobiidae, Protopleciidae, Pleciofungivoridae,
Bibionidae, Antefungivoridae, Archizelmiridae,
Cecidomyiidae, Bolitophilidae, Keroplatidae, and
Mycerophilidae are present in the Cretaceous. In the
Culicomorpha, Chaoboridae, Thaumaleidae, Simuli-
idae, Mesotendipedidae, Ceratopogonidae, Chiro-
nomidae, and possibly the Culicidae are known from
Cretaceous deposits. In the Psychodomorpha,
Creraceous deposits show species of Psychodidae,
Trichoceridae, Canthyloscelidae, Scatopsidae, Prycho-
preridae, and Eoptychopteridae.

In the Brachycera a number of families are recogni-
sed in the Cretaceous, including the Cratomyiidae and
Stratiomyidae  (of the  Stratiomyomorpha),
Rhagionidae (of the Tabanomorpha), Asilidae,
Therevidae, Eremochetidae, and Mythicomyiidae (of
the Asiloidea), Bombyliidae (of the Bombyloidea),
Empididae (of the Empidoidea), [ronomyiidae,
Sciadoceridae, and Phoridae (of the Platypezoidea),
Pipunculidae and Syrphidae (of the Syrphoidea),
Milichidae (of the Acalyptratae) and  Calliphoridae
(of the Calyptratae). The confirmation of an undescri-
bed Lower Cretaceous Acalyptratac of Australia (Jell &
Duncan 1986: 49G,H, 50E,F) would be particularly
relevant in this discussion.

Mext in the fossil record appear some Upper
Tertiary compression fossils and the highly diversified
and rather abundant Baltic amber fossils from the
Eocene/Miocene border. Most of the recent families of
Diptera, including the Acalyptratae, are known ar this
time, even though some represent basal genera of their
respective families (Grimaldi 8 Cumming 1999).

There are only four Triassic deposits known to
contain Diptera: a Lower Triassic in France, a Middle
! Upper Triassic in Ferganskaya, Tajikistan, and two
Upper Triassic, one in Queensland, Australia, and the
other in North Carolina/Virginia, USA. The Issyk-
Kul" deposit in Kyrgyzstan, was previously believed to
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be from the Upper Triassic, but is now assigned to the
Lower Jurassic. The dipteran specimens recovered
from these deposits are stll few and mostly undescri-
bed.

In North America, there is a single Jurassic deposit
known from the Callovian (Middle Jurassic) in Utah
(UUSA), with a limited number of species described.
Jurassic deposits in Eurasia are relatively more abun-
dant, with 14 Lower Jurassic sites, 32 Middle Jurassic
or Middle / Upper Jurassic sites, and 30 Upper Jurassic
or Upper Jurassic / Lower Cretaceous deposits.
Although Jurassic sites are more abundant in Europe
and Asia, the number of species adequately described
in the literature and raxonomically well placed is still
low. Boris Rohdendort and A. Bode (see Evenhuis,
1994), for r_"xamplc, pmduccd a considerable contri-
bution to palacontology describing Jurassic fossils, but
their wing drawings are not reliable and revisions of
most of their types is needed. The later contribution of
Kalugina & Kovalev (1985) is superb in quality.

Creraceous compression deposits with dipteran
fossils are completely absent in North America. There
are four Lower Cretaceous compression deposits in
Europe and nine in Asia, and only three Upper
Cretaccous deposits in Asia. On the other hand,
Africa, Australia, India and South America each have a
single Mesozoic deposit of compression fossils inclu-
ding dipterans, the former an Upper Cretaceous depo-
sit, the latter three from the Lower Cretaceous. The
Santana Formartion is now beginning to become well
known (see Grimaldi 1990), and important material
has been described from Moonwarra, Australia, but
still very few specimens are known from the other
three deposits.

Cretaceous amber deposits are now being systema-
rically studied. There are two Lower Cretaceous amber
deposits known, one from Djezzin, Lebanon, and the
other from Salzburg, Austria. Upper Cretaceous depo-
sits are more numerous, with 16 deposits in different
countrics —three in France, two in Canada, four in
USA (Arkansas, New Jersey, two in Alaska), five in
Russia, one in Spain, and the Burmese deposit, unril
recently assigned to the Palacocene. Considering the
amount of morphological, systematic, temporal, and
biogeographical information brought ourt in the last
ten years with the description of the dipterans in
Cretaceous amber deposits (and still much is to be
published), it is possible to anticipate thar significant
evolutionary conclusions will amount in the next few
coming years. Mycetobia, for example, was completely
unknown from the Cretaceous in the published litera-
ture until recently, but the study of Creraceous amber
fossils added one new species from New Jersey, two
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from Lebanon, one from Spain, one from Russia, and
one from Burma. In other words, a genus considered
absent in the Cretaceous is now known to have been
widcsprcad. differentiated, and cunsidtrahl}r diversi-
fied in the late Mesozoic.

Some additional comments shall be made on the
process of accumulation of palacontological informa-
tion. Looking back we cam visualise the large steps
taken with the income of new sources of palacontolo-
gical dara. Rohdendorf’s studies of Jurassic Russian
deposits corresponded to a revolution in relation to the
early XX century palaeodipterology. Even though not
abundant, Triassic deposits of Australia and Virginia
substantially increased our knowledge of the basal
Diptera radiation. The Baltic amber dipteran fauna,
yet to be more extensively studied, brought enormous
light to Early Tertiary diversity, and Dominican
Republic amber showed how much of the present
fauna was already differentiated at the Oligocene /
Miocene border. The impact brought by knowledge of
Cretaceous amber dipterans, however, seems to be one
of the most important ever, because of the age and the
state of preservation of the specimens.

Biogeographic information

In the first years after vicariance biogeography became
known into English, a rather large number of papers
were published (Nelson 1973; Croizat, Nelson &
Rosen 1974; Rosen 1976; Rosen 1978; Plarnick &
Nelson 1978; Humphries 1981, 1982, 1983; Nelson
& Platnick 1981; Croizat 1982; Craw 1982, 1983;
Craw & Weston 1984; Plamnick & Nelson 1984).
Larter on, the rate of publications in biogeography was
somewhat reduced. This may be due to two different
causes: (1) the difficulty in finding additional reliable
algorithms for biogeographical analyses, since early
mathematical biogeographical methods seemed to fail
as adequate tools for biogeography; and (2} the diffi-
culty in ﬁnding reliable cladograms to support biogeo-
graphical analyses.

Albeit some problems with derails of the method,
congruence berween the biogeographical patterns of
different groups has been found for intercontinental
relationships, as well as for disjunctions within major
biogeographical regions. The classic work of Brundin
(1966) was not a vicariance biogrography study, but
some of his biogeographical patterns for the
Chironomidae were shown to be congruent with the
data for other groups, e.g., Rosen (1976, 1978),
Platnick (1976), Brooks et al. (1981), Humphries
(1981, 1982), Bandoni & Brooks (1987), Marile
(1990), Amorim & Haenni {1992}, Amorim &
Tozoni (1995), Amorim & Pires (1996), etc. For a
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Congruence between South American geological events in the Devonian (A) and Creraceous {B) and a biological area cladogram for cropical groups of the
Meotropical region (C), The area cladogram was constructed considering different groups of insects and vertebrats {see Amorim & Pires 1996; Amaorim
2001). The limis of the areas and the sequence of divisions is congruent with the geological reconsoruction of main events of marine oransgressions during
the Cresaceous. The congruence gives support to hypotheses of Mesozoic diversification of different genera and Families of Diprera.

number of groups, it seems undeniable that biogeo-
graphical disjunctions between continents was caused
by plate tectonics. Vicariance biogeography studies for
intracontinental disjunctions are less numerous. For
the Neotropical Region, studies of different groups of
animals have shown congruence among biogeographi-
cal components in tropical — e.g., Sciaridae,
Ditomyiidae (Diptera) (Amorim 1987; Amorim &
Pires 1996), Pentatomidae (Hemiprera) (Grazia,

1997; Campos 1999), Apidae (Hymenoptera)
(Camargo 1996), Callitrichidae (Primates) (Amorim
& Pires 1996)— and temperate areas (Morrone 1993;
Morrone er al. 1994). Nevertheless, modern dispersio-
nists still resist these conclusions (see Nelson &
Ladiges 2000).

The intercontinental disjuncrions in Diptera are
bf_‘ttcr knawn f-Cll' more IJESEI EFDUF‘E, H'L'I.CI'I as

Anisopodidae, Ditomyiidae, and Scatopsidae. In these



cases, not only are the intercontinental patterns consi-
derably congruent with tectonics (see Amorim & Pires
1996, Amorim 2001), but the biogeographical area
cladogram of the Neotropical subdivisions is chorolo-
gically and chronologically congruent with the
Cretaceous- Tertiary geological history of the conti-
nent (figure 2). The question here is whether or not
rypical Gondwanan or Laurasian disjunction patterns
can also be traced for higher groups of Diptera. In
Diptera there are hundreds of taxa, of different ranks,
that are disjunct berween biogeographical regions.
However, because monophyly of these taxa is questio-
nable, this per se does not constitute evidence for or
against vicariance or dispersion, so focus should be
given to taxa for which there are phylogenetic studies
available.

Many cases of Nearctic/Palacarctic disjuncrions
may well be explained by recent dispersion. The well
demonstrated cases of Holarcric disjuncrions associa-
ted with tectonics show Eastern North America
connected to Europe, and Western North America
connected to Asia, congruent to the prior connections
in the FEuramerica and Asiamerica continents (Cox
1974). This has been demonstrated for the Laroniinae
spiders (Platnick 1976), but can be also seen, e.g., in
Scatopse (Diptera, Scatopsidae; Amorim 1982) and in
the genera Symmerus and Prilosymmerns (Ditomyiidae;
Munroe 1974; Amorim & Pires 1996), When there
are no cladograms for groups with Holarcric distribu-
tion, however, no assumptions can be made whartsoe-
ver abour the disjunctions being generared by vica-
riance in the Lare Cretaceous or by dispersion along
the Tertary/Quaternary.

A tectonic connection berween Africa, Madagascar,
and India is well known and some groups show a dis-
tribution congruent with this tectonic event. Archbold
et al. (1982) and Audley-Charles (1984) argued thar
Sourheast Asia was geologically part of Gondwana-
land, which may find support in the distribution of
some taxa (see Amorim & Pires 1996), bur this is srill
in dispute. Regardless, different groups of Diptera
show taxa with an Afrorropical / Oriental distribution.
Among basal dipterans, this can be seen, for example,
in the genera Eogaster (Anisopodidac) and Mesochria
(Myeetobiidae) (Amorim & Tozoni 1995) A more
extensive Gondwanan biogeographical pattern
connecting the Neotropical, Afrotropical, Oriental,
and Australian regions can be seen in the (Mesochria +
Neomesochria) clade of the Mycerobiidae, in the
(Eogaster + Austrogaster + Olbiogaster) clade of the
Olbiogastridae, in the (Nervijuncta + Calliceratomyia +
Rhipidita) and the (Auseralosymmerus Ls, + Melosym-
merus) clades of the Ditomyiidae (Amorim & Tozoni
1995; Amorim & Pires 1996),

More clear evidence of disjunction caused by rtec-
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Table 2 - Posible cases of circumantarctic relationships based on taxon dis-
wribution, bur for which there is no derailed phylogenetic analysis. Some of
thess cases may be false indications of ancesteal circumanarcric relation-
ships, since the taxa upon which they are based are not monophyletic, Bur
also, numerows other cases may exist that have not been included because
there is no formal waxon gathering the Auscralian/New Zealand o che
Chilean/Argentinian representatives.

Abbreviations: AUS, Ausrralasian Region; Aus, Australia; NZ, New
Feland; NC, New Caledonia; LH, Lord Howe; PMG, Papua/MNew Guinea;
[ndon, Indonesia; NEQ), Mearopical; Arg. Argenring; SEBrazil. Southeast

Brazil; Ecu, Ecuador; AFR, Afrotropical; SAfr, South Africa.

Tipulidae Leprewtarras Aus J Chile
Stibadacens PNG, Indon § Chile
.f.!-molnj.ﬂ I:_Zr.'.'.lnzn'(&:lxlruf.lr:imf_:l N:r‘;.l' Ch”c.l' .’Ll‘g
Tannairenyia Aus { Chile ! Arg
Gymoplistia | Ginaplistia) NZ / Aus f NCJ
Indon / PMNG fLH/
Chile f Arg
Paralimuaplila (Paralinephila) WO Aus T NZ S
Chile § Arg
Amphivenrs (Amphienng)  Aus { NZ { Indon £
Chile
Apbraphifa NZ  Chile
Culicomorpha
Thaumaleidae Asnsrrottrimales Aus{ WE T Chile ! Arg
Ceratopogonidas Macrurohelea Aus § Chile f Arg
Simuliidae Aunstrostmilism Aus NZ 7 Chile fArg
Bibionomorpha
Bolitophilidas Hevevotricha Aus { Chile £ Arg !
SEBrazil f SAfr
Codenomyia Aus { Chile
Ditum}-i.i_dar Mervifuncta N Chile / SEBrazil
Australoryrimeriiss Aus  NE ! Chile
Psychodomorpha
Canthyloscelidae Canrbyploscelis Aus | NZ
Scatopsidas Digmphieicns Aus ! Chile
Perissommaridae FPerissomma Aus | Chile
E-lt:phariq;rri:lar’ Faoareding Aus S Chile ! Arg

[Apistanrpiing + Falroreomnasing) NEO S AFR T ALS S

NZ T NC
Brachycera
Stratiomyiomorpha
Srrariomyidas Hylwrops Aus  Chile
Hﬂrﬁum_}u'd ME S Chile
Artisza Aus § Chile ! SEBrazil
Tabanomorpha
Tabanidae Scapria Aus ! Chile
.I'hg'ﬁuu} Aus / Chile
Pelecorhynchidae Pelecorfpnchs Aus £ Chile
Athericidae Dasyunee Aus f Chile £ Arg
Rhagionidac Aunstralepris Aus ( Chile 7 Arg
Asbrerinrpbia Auss { Chile/ Arg (SAfT
Memestrionoidea
Mydidae Dichlistinae Aus § Chile
MNemestrinidae Trichophbtialmea Aus | Chile § Arngentina
F.mpid{liriea
Empididae Cenmtmmers NZ ! Aus | Chile
Haraloene s Afr i NZ 7 Chile
Cyclorrhapha
Lonchoprervidea
Acalyprratae
Sciadoceridae (Seiadacer + Auﬁu’pﬁem] Aus J Chile
Ephidridae Eleleides MNECH! AUS ¢ ORI
Fplrpedreila ME J Aus | Brazil
Crywmnepiedia ALIS f AFR
Hasrer ALIS [ AFR
Canacidae Fspcanace ALIS T AFR
Heloomyzidas Faractora Mequarie L £ Chile
! Arg ! Malvinas 1.
'r:'mtum}':q.iqlm: Tenatoprera Chile ! SEBrazil {

Ecu § Aus /NG T
Philippines § China
{ Mepal
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Figure 3
Typical biogeographical parterns of dispersion between continents. Connections berween groups are not congruent with plare tectonics.

tonics, however, comes from taxa with eircumantaretic
disjunction. Darlington (1952) tried to explain these
patterns on the basis of early dispersion from north to
south, followed by extinction of northern representa-
tives without leaving fossil evidence behind. Short
after, Hennig (1960) tried to explain this kind of dis-
tribution by dispersion across Antarctica using his
concepts of phylogenetic biogeography. Vicariance
biogeography, however, has shown that derailed bio-
geographical congruence among different groups has
an insignificant probability to occur by chance (Rosen
1978; Platnick & Nelson 1978). Consequently, circu-
mantarctic distributions, especially considering the
distances involved, are particularly important evidence
of vicariance related to tectonics.

As menrtioned above, the number of analyses of cir-
cumantarctic patterns in Diprera with the support of
phylogenetic data is still small. Brundin (1966) has
shown some cases of circumantarctic disjunction in
the Chironomidae. Changes in derails of Brundin’s
(1966) original phylogeny did not alter the biogeogra-
phic interpretation. Cranston & MNaumann (1991)
reconsider southern Gondwanaland palacoenviron-
ments and southern hemisphere biogeography. In the
Scatopsidae, Digmphidicus shows this similar pattern
(Amorim 1989). In the Canthyloscelidae, this distri-

bution is seen in Canthyloscelis (Hennig 1960). In the
Ditomyiidae, this pattern is found in Nervijuncta and
in the monophyletic group of genera including
Australosymmerus (Munroe 1974; Amorim & Pires
1996). In the Bolitophilidae, Heterotricha, Obakunea,
and Colonomyia (Mycetophiliformia genera of doubt-
ful position) this pattern is also present. All these cases
give support to the idea of a dipteran Gondwanan
fauna fragmented by tectonics.

An additional relevant case is that of genus
Brachypremna (Tipulidae). This genus has a particu-
larly speciose monophyletic subgroup in tropical areas
of the Neotropical region, with its sister clade compo-
sed of a pair of Australian species. The next more basal
clade is a Baltic amber species of the genus
(Krzeminski 1996). This is especially significant. First,
there is a direct connection between the Neotropical
and Australian regions, which could be associated with
tectonics. Second, the sister stem of the Gondwanan
clade with tropical distribution is in the Baltic Eocene
/ Oligocene amber (Collucci 1999). That is, the Baltic
amber fauna may represent at least for some groups the
continuation of an earlier Cretaceous fauna of tropical
environment in Laurasia, now in large scale extinct in
the northern hemisphere, but largely represented in
the Gondwanan continents.
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Figure 4

Typical biogeographical pareerns of disjuncrion due o tecronics, Tropical groups in the Neorropical region (B-E} connect 1o Afro-Oriental (A} sister groups,
while temperate Neotropical groups connect to groups in southern Africa, southeastern Australia and New Zealand. MNearcric and Palaearctic groups connect

each other,

There are numerous other cases of Diptera distri-
bution that have not been formally treated in a phylo-
genetic perspective, bur thar suggest circumantarctic
relationships. Table 2 lists demonstrated and possible
cases of Gondwanan components based on raxon dis-
tribution. Of particular relevance in the higher
Diptera we should note the cases of the pair of sister
genera (Sciadocera + Archiphora) in the Sciadoceridae,
species in the Teratomyzidae genus Teratoptera, and
species of Dryomyza (Dryomyzidae). The implications
of theses cases will be discussed below.

The biogeographic pattern of cases of interconti-
nental dispersion are quite easy to recognize. Either
with one or more cases of continental invasion, the set
of descendants of the original invader ancestor would
be a member of a group at least pardially diversified in
the “center of origin”, that is, the continent from
which the ancestor came. The expected biogeographi-
cal pattern in cases of intercontinental disjunction due
to dispersion (fig. 3) is different from the patterns
resulting from tectonics (fig. 4).

Methodological Constraints

1. Paraphyletic taxa and deficient phylogenetic
knowledge
Born under an essentalistic p-.u'adigm in the XVIIIh
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century, formal taxonomy moved on to an evolutio-
nary perspective only more than a century later, and ro
a phylogenetic perspective two centuries later. Even
after the origin of the phylogenetic methed (Hennig
1950}, quite a lot of taxonomy still used a non-phylo-
genetic praxis. Taking together the number of essen-
tialistic taxa and the intrinsic difficulties of phylogene-
tic reconstructions, we can have a glimpse of the pro-
blem of drawing conclusions directly from formal clas-
sifications.

Diptera is most certainly the group that has been
more extensively studied under a phylogenetic pers-
pective among all groups of organisms. Dipteran fami-
lies may be reasonably accepted as monophyletic, bur
the same cannot be said about subfamilies, tribes, and
genera.

The situation of fossil taxa is even more critical.
The number of genera and families proposed before
the development (or withour the use) of a phylogene-
tic method is quite high. Most of these groups have
never been revised. Also, taxonomic concepts and
practices in traditional palacontology —which add to
difficulties of working with fossils— conflict with the
idea of a phylogenetic background in classification.
Thus, inferences depending on the monophyly of fos-
sil taxa in classifications should be made very carefully.
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Superfamily D-oidea

m
Family K-idae
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Family A-idae
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Figure 3

clade F+

Family D-idae

Paraphyletic taxa hide evolutionary informarion. A hyporherical example of a non-phylogenetic classification affecting the understanding of the evolution
of groups with fossil and recent representatives. Two recent taxa are given family level, separared from a paraphyletic family gathering Mesozoic extinet
genera. ¥ and E are actually related to family A-idae, while F and G are related o family K-idae. There is a false idea char families A-idae and K-idae are
Ternary, while the Mesozoic Family would be extinet, Actually, both families descend from clades criginated in the Mesozoic, and only clades of generic level

have undergone extinction,

The problem with non-monophyletic taxa are
manifold. Paraphyletic taxa may be useful for nomen-
clatural purposes, if useful ar all. However, from an
evolutionary perspective, they pur together taxa that
are not most closely related and separate closely related
groups. Figure 5 is a hypothertical example. In an
essentalistic classification, superfamily D-oidea is assu-
med to have three families, one extinet and two extant;
families A-idae and K-idae would appear not to have
originated before the Tertiary, while family D-idae
would be considered to have originated and under-
gone extinction in the Mesozoic. These are false evolu-
tionary inferences. The closest clade ro A-idae is genus
D and K-idae is the closest clade to genus G, but both
these genera belong to “D-idae”, i.e., no phylogenetic
connection including D or G whatsoever could
exclude either A-idae or K-idae. In other words, there
is no historical or evolurionary entity of itself that
could be referred to as "D-idae”,

Temporal inferences from this elassification would
be equally false. D-idae is not a Mesozoic taxon (espe-
cially because there is no historical entity like D-idae

in nature), and A-idae and K-idae are not Tertiary taxa.
In fact, the Mesozoic taxa in this example are D-oidea,
genera D, E, E and G, and clades C* (=A-idae) and
H* (=K-idae). D-oidea has only two main clades -E*
{which includes A-idae) and F* (which includes K-
idae), both originating back into the Meosozoic.

A good example of the distortions of a system
including fossils which is non-phylogenetic and sepa-
rated from the recent classification can be seen in the
Sciaroidea (Bibionomorpha). Almost 60 genera of 11
“extinct” tamilies have been described from the
Jurassic and  Creraccous  (sec Table  1):
Pleciofungivoridae, Archizelmiridae, Antefungivo-
ridae, Tipulopleciidae, Protoligoneuridae, Palacopleci-
idae, Protopleciidae, Protobibionidae, Parapleciidae,
Mesosciophilidae, and Paraxymyiidae. Of these fami-
lies, only Protopleciidae and Mesosciophilidae can be
argued as monophyletic, but of questionable position
in relation to the recent families. Of the other nine
families, six are monotypic and the other three gather
genera on the basis of plesiomorphy. On the other
hand, the list of fossils from the Mesozoic included in
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Paraphyletic taxa hide bicgeographic infermation. Same example of Figure 5, from a biogeographical point of view. The paraphyletic family D-idae gives
the impression of an ancient group with an odd ancient discribution, from which recent taxa have originared by dispersion. Actually, the diseribution of both
larger clades, (E+D+A-idae) and (FaGaH-idae), is congruent with plate tecronics.

the group includes only five extincr and two recent
genera that have been assigned to four of the eight
recent families of the Sciaroidea. This picrure gives an
impression of an “early, extinct” fauna of Sciaroidea,
replaced by a “more recent, Terdary diversification of
the group”. This is an artifact resulting from an arifi-
cial classification. Most of the Mesozoic “extinct fami-
lies” correspond to basal members of recent families of
Sciaroidea. So there was probably no intense Mesozoic
family extincrion in this group. nor an intense Tertiary
family and generic diversification.

From a biogeographical point of view distortions
are no less important. Consider in figure 6 the distri-
butions of the taxa in the example of figure 5. A-idae
is Neotropical, K-idae is Palaearctic, and “D-idae” has
representarives in Africa, Australia, and North
America. From a classification without phylogenetic
basis, this would be considered a case of Tertiary inva-
sion of subgroups of this “D-idac” ancestor to new
continents after Gondwanaland was already separated
from Laurasia. However, considering the phylogenetic
relationships in the group, it is actually a very obvious
case of tectonic disjuncton of a Pangaeic ancestor (fig. 6).

The conclusion is that paraphyletic taxa are not
only useless for evolutionary analyses, but they also
induce false inferences. Because taxa in traditional
classifications do not come with labels saying whether
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or not they are monophyletic, we have to be especially
careful about inferences based on taxa of doubrtful
monophyly.

Also, the lack of phylogenetic knowledge has direct
and indirect effects on evolutionary interpretations.
From a biogeographic perspective, there is a loss of
biogeographic information with unresolved phyloge-
nies. Figure 7 shows the loss of biogeographical infor-
mation for intercontinental relationships when a
detailed phylogeny is reduced to a list of included raxa.
The phylogenetic relationships among the groups of
genera would allow the recovery of the full biogeogra-
phic history of the group.

Lack of phylogenertic knowledge also interferes
with assumptions about the age of a group, indepen-
dently of biogeographical reconstructions. Incomple-
teness of fossil specimens and insufficient phylogene-
tic reconstruction (when present at all} scrongly tend
to displace fossil taxa to higher levels of generality,
where they are referred to as incertae sedis.
Displacement of fossil positions to the base result in
parallel displacement of age information, so the higher
clades are not recognized at their true, older age (fig. 8).

The Triassic Queensland fossil Crasaphis is a good
example here. Originally described as a homopteran, it
was moved by Kovalev (1983) to a family of its own in
the Diptera, supposed to be close to the Anisopodidae
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Absence of phylogenetic reconstructions hides biogeographic informarion. IF the phylogenetic selationships among the genera spread in the world was

known, congruence with plare recronics would be recognized.

l.s. This indicates a Triassic origin for the
Anisopodoidea, that would be in accordance with the
age of Vimrhyphidae (Scherbakov et al 1995), a basal
clade of the group. However, Amorim & Tozoni
(1995) showed that Crasaphis would fit high up in the
phylogeny of the Anisopodoidea, as the sister group of
the (Mycetobia + Mesochria + Neomesochria) clade.
Consequently, the minimum age attributed to the
Mycetobiidae, Eocene/Oligocene, based on Baltic
amber fossils, is automatically moved to the Triassic,
indicated by its sister group Crosaphididae.

2. Minimum age for clades given by the fossil record
The next question is, how much can we trust the fos-
sil record as an indicator of age of origin of clades? If
we look back 50 years, it becomes very clear how the
fossil record-based picture of the age of groups has
changed. It is well known that fossils indicate only
minimum ages of taxa. The fact that a member of a
clade is known to occur in a cerrain deposit indicates
thar the clade already existed at that time, bur does not
deny it existed before. Nevertheless, as per tradition,
fossils have been extensively used as a source of infe-
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Absence of precise phylogenetic information on fossils generares the false hypotheses of young age of taxa. 1F the precise position of the extinct Middle Jurassic
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group, Middle Jurassic would be shifred ro the base of the group.

rence about age of origin of clades, even to calibrare
molecular clocks! Assumed age of large groups of
organisms has only slowly moved back to the past as
new fossil deposits have been discovered. Some of
these new fossil findings have a huge impact because of
previous conservative assumptions about the evolution
of animals and plants.

From a biogeographical point of view, the result is
that the “center of origin” of certain groups have “tra-
velled around the world”, as older and older fossils of
these groups have been discovered. For a long period
in the last two centuries, the oldest fossils of vertebrate
and invertebrate groups were younger than the separa-
tion between the continents, so present worldwide dis-
tributions of these groups have been insistently propo-
sed to have occurred by dispersion over fixed conti-
nents.

Ledn Croizat’s conclusions (e.g., Croizar 1964) for
the origin of a number of taxa based on a vicariant
method pointed to a much older age than previous
inferences based on the fossil record. This was proba-
bly one of the main reasons causing George G.
Simpson and Philip J. Darlington Jr. to strongly
ignore Croizat’s concepts, methods and, especially, his
reconstructions. The resistance to vicariant biogeogra-
phy reconstructions still persists, as shown by Nelson
& Ladiges (2000).

The genera] picture gwen by the traditional pers-
pective is that “some groups” (like Diptera itself and a
few of its basal clades) are indeed old (i.e., Pangaeic),
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but “present diversity” evolved more recently, in the
Tertiary. However, the growth of our palaecontological
knowledge and the correction of the Diprera system
based on phylogenetic studies (see previous section)
has shown more and more “recent” groups to be pre-
sent in the Cretaceous, and that many groups proba-
bly were already differentiated in the Triassic/Jurassic.
This change in our evolutionary view of Diprera illus-
trates the general problem of developing assumptions
using negative fossil evidence. We shall obviously
avoid the problems of making statements for which we
do not have evidence. However, the point here is that
quite a lot of inferences have been proposed accepting
that negative evidence as evidence of absence. The
result is that we are always surprised by the shift of the
origin of taxonomic groups further into the past.

A final point to be considered here is that the clo-
ser we are from the origin of a group, the less will be
the diversity in that group (and possibly lesser taxono-
mic dominance of the group in the environment). At
the extreme there is a single species (the ancestral spe-
cies itself) representing the clade. This means that
close to the time of origin of a group, the probability
of finding fossil specimens of the group will be corres-
pondingly lower, i.e., the total number of fossilised
specimens of the stem group of a clade is certainly
smaller than when there is already some diversifica-
tion. Also, the species may not even present the full set
of synapomorphies that characterise the clade, so addi-
tional problems of misidentification may apply. The
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chance of sampling the truc origin of any clade is low
and this must be taken into account when preparing
evolutionary reconstructions.

The nature of vicariant biogeographical evidence,
on the other hand, points to the time of the very ori-
gin of clades. Consequently it is highly unlikely to find
fossil evidence that strictly supports biogeographical
evidence,

3. Fossil deposit bias

The number of Mesozoic fossil deposits (old enough
to be relevant in a discussion of the evolution of the
major clades of Diptera) is still quite low. The limired
number of deposits corresponds iself to a sampling
limitation of the early Diptera fauna. However, addi-
tional problems apply. First, a considerable part of the
Jurassic compression deposits are restricted to Russia.
Chinese Jurassic dipteran fossils which were reported
recently in the literature have brought new insight to
Jurassic Diprera diversity. From Gondwanan terranes,
however, there are no Jurassic deposits and there are
only four known Cretaceous deposits, This means that
there is a huge predominance of Laurasian fossils in
our present view of the evolution of basal Diptera.

Moreover, Mesozoic amber deposits come from
conifer resin, which indirectly means a particular kind
of environment. Hence, Cretaceous amber samples a
fauna from a particular kind of biogeographic domain.
It is not easy to foresee the implications of this fact. It
is possible thar in some degree these environments
may correspond to temperate areas or arcas with tem-
perate climate, so tropical Cretaceous dipteran faunas
will probably not be sampled in amber. This may
explain why there are representatives of a single subfa-
mily of Ceratopogonidae (Leptoconopinae; Borkent
1996) and of Scatopsidae (Ecraetiinae; unpublished
data) in Cretaceous amber from all sources.

This kind of sampling problem may be seen by
comparing the Baltic amber fauna with the recent
Falaearctic fauna. Baltic amber diversity seems to be to
a certain exrent more similar to the fauna of recent
warmer areas than to the recent temperare fauna. This
also applies, e.g., to the Quilchena Early Eocene fossil
deposits in Canada (Archibald & Mathewes 2000).
Additions o the Mesozoic Dhiprera know|cdge:, b}' the
Sanrana Formation (see Grimaldi 1990; Mazzarolo &
Amorim 2000}/ also gives a measurement of the pos-
sible deviation.

The conclusion is that deposits and modes of fossi-
lisation represent themselves a bias, in terms of a res-
tricted sample of available diversity in the world at thar
time. This restriction applies to geographical areas, but
also to kinds of environment and even kinds of bio-

logy. Our reconstruction should also rake this into
account.

Significance of the data available for the
reconstruction of Diptera evolution

While assessing the age of Diptera groups, palaconto-
logy and biogeography correspond to two sources of
evidence with incongruent results —this is a rule for
any group. We dealt above with the different reasons
that make palaeontological estimarions more conser-
vative than biogeographical estimarions. Fossil deposit
discovery and the description of discovered material
occur slowly. Moreover merely giving names to fossil
taxa is not quite a contribution to understanding evo-
lution. Mot only good descriptions are fundamental,
but a precise association of the fossils to the biological
system as a whole is indispensable, so as to give names
evolutionary meaning. Vicariant biogeographical
methods, on the other hand, show where interconti-
nental congruent patterns are best interpreted by vica-
riance due to tectonics. The age of origin of groups
proposed based on this kind of reconstruction is much
older than that indicated by palacontological evidence.
Data available about the evolution of Diptera unfor-
tunarely is not enough to answer most of the questions
posed here. Some of the known cases of biogeographi-
cal patterns congruent with Pangaea geology include
Mesozoic fossils, so they do not constitute conflicting
sources of evidence about the evolurion of groups
—e.g., Scatopsoidea (Amorim 1982, 2000),
Anisopodoidea (Amorim & Tozoni 1996) and
Mycetophiloidea (Matile 1990).

The more complicated cases, however, are those at
the “apex” of the phylogeny of different large dipteran
clades. This does not concern only the so-called higher
Diptera, but actually all major lineages supposed to be
Pangaeic. How advanced was the evolurion of the
Tipulomorpha in Pangaca? How advanced was the
evolution of the Psychodomorpha in Pangaea? How
advanced was the evolurion of the Asiloidea in
Pangaea? And the more difficult question, how advan-
ced was the evolution of the Schizophora in Pangaea?

The number of taxa known from the Triassic fossil
record is still limited. A number of basal Diptera and
even basal Brachycera are known from the Lower
Jurassic. The Empidoidea are known to be differentia-
ted in some clades by Middle Jurassic, so this would be
indirect support for a Pangaeic origin of the
Cyclorrhapha because of the their sister group rela-
tionship. There are some genera from the Upper
Jurassic assigned to the Platypezidae, so it would not
be too far from the division of Pangaea to say that the
fossil record would support its Pangaeic origin.
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Cretaceous fossils are more abundant and include the
Lonchopteridae, Ironomyiidae, Sciadoceridae,
Phoridae, Syrphidac, and a few undetermined
Schizophora, but the latter three are known only from
the Upper Cretaceous. The identification of an aca-
lyptrate from the Lower Cretaceous of Australia (Jell
& Duncan 1986, figs. 49G,H, 50EF) is still to be
confirmed.

This means that the fossil record is insufficient o
support an origin of Acalyptratae families before the
division of Pangaea. Biogeography, on the other hand,
SI'IGWS SOIMC CASCs thﬂ.E arc qL[itC congru{.:nt With ﬂthﬁr
patterns related to tectonics, particularly the distribu-
tion of Helcomyzidae and Teratomyzidae. This
conflict is shown in figure 1, which has two lines, cor-
responding to alternative hypotheses of the time of
division of Pangaea in the phylogeny of the Diptera.
The lower line is a palacontological-based hypothesis
and cuts the phylogeny of the Diptera more to the
base. The evolution of Diptera in Pangaea, in this case,
would have not advanced too much. The upper line is
a biogeographical-based hypothesis and cuts the phy-
logeny of the Diptera more to the apex, and most
families would have already differentiatied. The true
line may also be somewhere in-berween.

This is still an open field. Phylogeneric studies of
acalyptrate families may show in the future a number
of undetected cases of intercontiental disjunction asso-
ciated with tectonics or, on the contrary, that these few
cases are taxonomic artifacts and the correct relation-
ships of the groups will dismiss vicariance as the cause
of disjuncrion. If we consider that the methodological
constraints all artificially push actual age of the clades
towards the present, it is possible that schizophoran
families arose back in the age of Pangaea.

The purpose of this paper is not to prove or dismiss
either hypotheses. Besides considering a number of
methodological questions, it intends to show thar the
answer to the question posed here is relevant in terms
of understanding Diptera evolution. If the early diver-
sification of the Acalyptratae occurred before the sepa-
ration between Laurasia and Gondwanaland, most of
its genera would have slowly evolved in the environ-
ments where they occur now. If Acalyptratae diversifi-
cation took place more recently, after the continents
were already separated, then the worldwide discribu-
tion of families and even genera would be due to a
huge process of dispersion in the terms posed by ear-
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