Climate and the Phylogeny and Distribution of Tabanidae!
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This presentation geew out of efforls to explain ta my-
self the present distribution and criging of the Nectropi-
cal Tabamdae, As [ atteropied to decide which groups
soemed precinctive and which may have come from ont-
sule the region, T got mvelved in comparative studies of
other faunas, pessible mmgration coutes, problems of primi-
tive vs, specialized, and considerations of times on & geo-
legical  scale.  The striking  similarities  bebween  the
Chilean and Australian faueas especially needed explana-
tier, but other siularies and differences also did oo
seemm explaimable an the basis of interconticental migra-
i, I oread Shapley (19537, Kendrew (19617, Nairn
C1861%,  Harrington
C10a2h, Darlingtan
CIUGA Y, and whatever clse
I oconld fmed on soogecg-
raply and Palecclimatal-
agy il iriml 1o Gt the
propesals  of  Mackercas
C1950, 1954, 1959, 106813
and Cldeayd (1957 into
the picture as T osaw 1,
The results do not by any
means satisfy me, but have
convineed me that a zoned
climate anl some fnrne of
continentzl deiit have had
an overwhelming  infn-
ence e the present odis-
irthmion and evolution of
at least s proup of Dip-
teriz, and should probably be laken into account in any
similar stody of insect disioibetion el evolution,

. B Iamcnmo

The mast dithcult exercise in taxanamy iz the deler
mimation of phylogenies, or proballe lines of descent,
When this nmst be done in the virtual absenee of fossils,
the gxercise becomes one of determining the poseilblities
of @ series of more or less educaled guesses. The rank-
itng of taxa i the arder of their degree of primitivencss
dization can be done on the basis of comparative
merplelogy, but the resulis e relalive and often am-
biguoes, This s because one muost first rank charactors,
or structures, and theis rankings are very likely o show
Tittle or e correlation among dilferent siructures i the
Mg 1axan,

The wse of geopraphic distribution secms 1o e one
of the few ways of cheeling the reality of marphalogi-
cally based phylogenies, But ic is very difficult to avoid
cireular arguments bere. One is likely to assume that a
lasemn 1% primitive because i has o relict tvpe of distribo-
fion, and decide that thercfore s morphalagical charac-
ters are prinetive, Taxa loving characiers established ae
primiiive o this way are then used i elforss 4o defing
relict areas or hridge wide gaps i distribution,

I, bevwever, ome considers climate as another and inde-
pendent factor, and inicoduces it into phvlogenetic specu-
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lations, other relationships and corcelations appear which
may serve as additional cheeks o the reality of morpha-
logically Dased phylogenics,

Im what follews T bave used the horse fies as an ex-
anple of the vse of chmatic and geographic factars in
checking o phyvlogeny based largely oo mocphology. 1
have done this primartly beeavse it 35 the group with
which I am st familiar, and one about which orhers,
especially Mackerras (1934, 19530 have established what
appear o me valiel wnrphalogical eriteria az 1o what
characters and laxa are primilive or specialized. It bas
the farther advantage of being almost worldwide n dis
tribution ad not shoowing a grest varicty or grest ex-
tremes of structural diversily or adaptive dependence on
other orpanisnes, 5o Iar known, ne Tabanidas are
pargstic nor de any depend on plants for fnod,  Mast
arult bovse Sies appear to teed & meal of vertebrate Blood
1eomatere a full complement of cees, but there 15 a pos-
sibility that antogeny may occur i these, while others are
exciusively Hower or cectar fecders or take no food as
achuliz, Thus dependence on vertebrates has probably not
e an absalute limiting factor ta theie distribetion.
Comparatively Title s known of the larval stages. The
evidenee availahle segeests that they show hitle diversity
imostruetiuce amd mway uiilize a wide varicty of terrestrial
and afuatic habitats, The koown larvae apparently  feed
ear any available invertelrates of smitzble size, including
ather Tabanidae, or possibly on detritus or microorgan-
ismz In any case there appears 1o be litde elose depend-
ence o other orgamsms amd fow lmiting environmental
feotors affcoting the larvas, The adulis are stcong fliers
aned are evilently capable of cxtended over-water Aights,
Thiz fact is evidenced by (he wide dislributice of =ome
species and the presence of continentz] species on off-
share ar even quite distant islands such as the Galzpagmos
and Mauritics, The presence, then, of Tabanidas, even of
precinctive specics on islamls such as the West Indies.
Fiji, ard Samaa, daes ool necessacily  dodicate  land
cinceiions.

s

The clagsifcation ol the family accepted here iz largely
the work of Mackerras (1954), He divides the fauily
inte 3 main subfamilies, e Pangoniinae, Chrysopsinae,
amd Tabaninae, mainly on the merphology of the geni-
lalia. The Scepsidinae, origioally included 23 a 4th aub
family, was later abandoned Mackerras {1939 in D).

The Pangoniinas are rvegarded as the most primitive
amd are divided into 4 tribes, OFf these, the Pangoniio
is regarded oz comprised of primitive and  specialized
moigtics, the Scionini as also contgining primitive and
specialized elanents, the Philelichini as being more ho-
mageneous and mainly specialiced. The Seensiding com-
lwizts Dt 1 priomtive but abercant apecies, ool fucthber
trented here.

The Chryvsopsinae stand inomost respecis between the
Pangoniinae and Tabacinae, sl are zlsa divided o 3
trilies,  The Bowvicromyini iz believed o be the most
promitive, bl bas some relatively  specialized elemenis.
The Chryaopsini are rather uniform structurally and only
a dew genera bave been distinguished, though the species
are memerans, The Bhinomvein? are all gmite specialized,



The § tribes of Tabaninae are the IMachloriod, Hae-
matopeticd, and Takanini. The DMachleried is both the
mast primitive and the most diverse, comaining primitive
and specialized moieties, The Hasmatopotini consists es-
sentinlly oi a single large and rather homogensous group
and 2 or 3 other monotypie genera. All are rather spe-
clalized, The Tabanini may he polyphiletic. 1t contains
Loth specialized and primitive forms, but in my view none
gre either so primitive or so specialized as some Dizchlo-
rimi, It is the largest trihe in the family, bug the bull
ef e species are placed in 2 pooera,

The classification just ewilined is based largely on
morphalogy, and the terms primitiee and speciolized as
uwsed here refer to the ranking of the taxa, based pri-
marily oo the ranking of key characters. These later
characiers, in general, are considered prinntive as they
appreach the condition [ound in presumed ancestral forms,
such as the Wematocera, specialized as they depart from
ther, either by reduction or inerease in complexity, [
realize that Lhis is a controversizl feld, but there s not
space o go inte the details of the reasons for believing
that the scheme owtlioed bere does, in the main, reflect
relationstnps.

Ane

The Tabanidas are probabiy an old group. The evi-
dence  for this is scanty and mostly iodicect,  Faossil
Taharidae are few and unzatisiactory, consisting mainly
of wings, and none are older than Chigocene. These all
appesr to represent modern genera, The fossil record of
ather Diptera 15 not extensive, though Broes et al. (1934)
stated that Mematocera are koown from the Lower Juras-
sz and hoth Orthecbapha and Cyelorbapha from middle
or late Jurassic, Hennig (19347 also Delieved that many
nematocerons and brachycerous lamilies were in existcnoe
b the Jurassic. The only extinct familics koown are
fronn the Jurassie, Tillvard {1937 felt hat Dhiplera arcse
in late Permian er eacly Turassic. Cretaccous amber bas
viclded Empldidae and & lving penera of Chironomidae
{Carpenter et ab, 1930} A living genuz of Bombyliidae
bas been reported (vam the Tocene (ITennig 1996, p 30)
and the Tiving penus (Negaster  (Anisopedidee) from
the Jurassic [Stuclenberg 1962, po 2043, Tt thus appears
probable that nearty afl the present fambes of lower
Diptera may have become differentiated by oiddle Meso-
zeic times, and that a larme proportion of the geners,
at least of Wematocera and lewer Brachveera, were in
existence before the emd of the Cremaesous. Therefore,
[ assume that the Tabanidae existod as a family by carly
Triassic times and that the subfamilies, surely, and tribes
prahably were established before the beginning of  the
Tertiary, postibly early in the Crotaceous.

Morphological evidence, though relative, also tends to
confirm that Tabanidae are rather primitive and bence
relatively old, The wing veoation is lille reduced, man-
dibles arc presemt Inomosl species, the antennac are
miltisegmented, the genitalia gquite simple, amd eeelll are
retaingd 10 many Iorms,

Drstribtion and Chimale

When one considers the terrostrial envirooment @noa
broad way, certain fzets of major importance to insect
life spem evident, There i3 land where nscets can live
and there iz salt water whers they can’t live. Both land
arul water are at the bettom of an ocean of air the chemi-
cal camposition of which s practically uniform, but with
physical characteristies thal are net. There are several
phivsical chargcleristics of the atmosphere which can and

do affect insects, but the moost basic and widespread, and
the only one here discussed, s lemperature,

To animals like insects, dependent on exteroal heat for
activily, zones of cold climate are barriers to dispersion
which may be as effecitve as salt water. The fact that
very many inseclts have developed adaplations fo enahle
them ta live in cold climates, while extremcly few bave
imvaded the marine environment, means only that eold (s
less of a bavrier. Mo insects appear to he able to re-
main zotive, that is to feed and reprodoce, at tomperatares
mere than 2 or 3 deprees below the ireezing point of
water, evell it sich hostile environments 23 the Antarctic
continent {Gressitt 10677},

[ Believe that insecls as a class, and probably mest
arders and families, evolved in the Tropics, and by Tropics
[ mean zreas where the temperatore rarely i ever 1 low
erough to stop insect activity, In respect 1o the Tahani-
dae thiz seems ta me evident in the cases of the sub-
families, tribes, and most genera. 10 this iz so, then the
ability 1o survive and reproduce outside the Tropics is
an aconred adaptation { Ross eboal, 19643, althouph one
that has evolved repeatedly at different times and places
and in different grovps, The Diptera seem to have been
unusnally successful in this respect, as they are a domme-
nant group in cold climates, The cnly holemetabalous in-
sects on the Antarctic conbinent are 2 Diptera [ Gressite
1947 ).

From the insest point of view, there are acteally 2
kinels of colil cliate, probably needing diferent adaptive
mechanizms Lo permil survival, One is the so-called con-
timental type, with essentially tropical summers but long
aml very cold winters. This is characteristic of the lacge
land masgzes in the MNorth Temperate zone, The other iz
a constantly cool climate, without great seasopal vari-
ations, The temperature, becavse of local factors of topog
raphy, wind, eic., scldom 15 below freceing for very long,
amd  seldom reaches lropieal temperaiures.  Sunlight s
aften deficient becanse of excessive clond cover, This
kind of climate is prevalent especially o 3slands, oo high
mouniaing mthe Tropies, and along coaste bathed by
acean waters with tomperaiure contrasting markedly with
that to be expected on the adjacent laml, such as Chile
and western Furope. Insects inhabiting the continental
type need physiological adaptions primarily to survive in
a resting slage—egy, larva, pupa—or bebavioral adapta-
Hons o escape the severe conditions by migrating or seek-
g protected  covironments. Those inhabiting  the Zocd
type of climate muest evolve physiolegical mechanisms
operative throughout the e cvelo.

Although adaptation 1o cold is a comman phenemenaon
among iesceis, [ beliove it has led to some mtercsting
evolutionary resulte, I the Tabamidae at least there are
few authentic cases of cool adapted faxa ar any level in-
vading the Tropes, except at Ingh altitudes where tem-
peratures are low, On the other hand, there ave numer-
ous tropica]l genera with cool adapted specics, and no-
pieroys iropical species have invaded cool enviromments.
The tropical eovironments are furthermore well koown
to have far richer and mare diverse insect faunas, Amang
the Tabamidae, [or example, the Neotropical [auna has
about } times as many specics as the Nearcne, The 3
Iargest geners in traopical America inglode about 31% aof
the total species, winle o temperate North Aocerica about
a5 of the total species belong to the 3 largest genera,
In temperate South America, about 609 af all species
belong to & single peous. It is also generally accepted



that though species are fewer, individeals tend to he more
abundant in temperate climates. In my own collecting of
Tabanids this is certainly my strong impression, though
I have seen no precise comparative studies on the subject.

This fact, if it ia a fact, of mare severe inlerspecifac
competition and heavier sclection pressures inthe tropics
wruld mean that successful adapiation to cold and con-
sequent movement ont of the Tropics would alse mean
movement it an environment of lower competition and
lesseneed sclection pressure. 1 would then follow that
cvolution would be slowed in cool climates, and that
movement by & cool adapied faxon back into the Tropics
would be increasingly difficult,

Sow 1F the assomptions and deductions just made in
regard 1o ool adaptation prove applicable to a suhstantial
number of cases, a forther corollary seems to me very
probable. Sioce movement of nsects is more prevalent
into eodl regicns drems the Tropics, and Jdifercntiation
apd  speaialization—oevaluiton—are  slawer 1o lhe cool
areas, there should be a pradeal sconmuolation of less
specialized tava in cool areas. In other words, cool cli-
matic areas act somewhat zs raps Jor primitive slages
in the evolution of a group. When these arcas become,
in addition, tsolated by other barriers wnfaverable fo the
praup invalved, so that immigration irom the Tropics is
restricted, a population with a high proportion of precing-
tive forms will result. Depending on the times of con-
tactz and isalations, the fauna will lo a certain cxtent
reflect its Tustory, Thus Chile has heen very effectivelr
isolated by high mountaing and deserts, probably through-
out the Tersiary, from any immigration directly from the
Tropics, s tabanid fauoa s highly precinetive and in-
cludes only a wery few clements of obvious or recent
tropical derivation, On the other band, emigration of cool
adapted types from Chile bas accurred narthward along
the ool Andes, and probably eastward through mountain
gaps in temperate latitades into southern Arpentina,

The distribution of the varicus tribes s

Fangoniis s, —The ansp izod ponera ocour in emsi-
cro and western Mearctie, southern Brasil and Chile in
thie MNeotropics, the southern tip of Africa, in seattered
logalities in the Palearctic irom Spain to nocthern Japan,
i femperate Austealin and the south i2land of New Zea-
land, The specialized genera ocour from noethesn Ac-
gpenting and Chile to south-ceniral U, 5, and in the
Mediterranean region of Burope and Morth Alvica

SCEONINT: < The unspecizlized genera are in the eastern
Mearctic and temperaie 1o subtropice]l Neotropical, and
in Aunstralin, New Cuinea, and New Zealand. The spe-
cialiged genera are all Neatropical, from Mexico 1o
nartherr Avgenting, bal apparently net in Chile,

Putseiciosn,—Thiz tribe replaces the Scionind in the
Old World, acenrring thronghowt Afrien south of the
Sahara, with 1 genus in Algeria and Moroceo, and a jew
species I Tndia, Manritiag, Indonesia, and Mew Caledonia,

BotvizronviNt—The nnspecialized members of this
tribe occur in the eastern Nearctic, Chile, Temperate
Sputh Adrica, with 1 species widespread north to the
Congo Basin, northeastern Aszia and Japan, and castern
and southern Ausiralia. The specialized penera are all in
the Old Warld, South and Tropical Africa, Madepascar,
Sevchelle Islands, Indonesia, New Guinen, and Austcalia,
with 2 species in north India and south China,
in
i

Rorweseveimn—This  specialized  tribe is mainly
tropical Africa and Madagasear, with a few species
south Imdia, Cevlon, and Indonesia,

a

CurysppsinL—The bolk of the speces ace tropical,
in South America and Adrica, but well represented in
the Mearctic and Palearctic. There are far fewer specics
in the Oriensal region, and only 3 accur in the Austealian
repron amd one 1 Chile

Diracnrerint.—The uospectalized penera accur in the
soltth-lemperate Meolrapical, including the Tugh  Andes
mauntains, the seuthern tip of Africe, Madagasear, Mauri-
tms, the mountains of south India, and the Australian
region, meleding Tasmama ol Mew Fealand and MNew
Caledonia. Only a few beach or coastal species extend
inta Wew CGuinea, The specialized gencra cover the trapi-
cal MNeotropics and southeastern MNearctic, the Moediter-
ranean region, eastern Africa, Madagasear, Manriting,
Coylon, Java, Philippmes, Celebes, and the Australian
region casl Lo Fijd, bul oot Tasmania o New Zealand.
The temperate species are very fow as compared with the
tropical.

Hagsatororist—DAMore than ®% belong to o single
genus, with the bulk of the species Adrican and Oriental,
They are well represented o the Palearciic, extending
morth beyond the Arctic Civele in Scandinavia, and a
few species are Nearctic, None ccour o the Neotropical
or Australian cegions with the exception of 1 donbtial
record from Wew Guines, and nene in Madagasenr,

Tanawinrn—This tribe i3 worldwide, but best represented
inn the Old World tropics and the Narth Temperate re-
pions, Ahout 20 specles oconr i Austrabia, mosily in the
north and east, oone reaching Tasmania, New Caledonia,
ar New Zealand. Only 4 species are known from Mada-
gascar and about 4 from Chile,

The discussion of climate bas suppested an explanation
ol the preponderance of primitive [orms 0 cooler cli-
mates, ar at least the accurrcoce of most primitive celicts
outsicde the tropies, However, 1t hag not done oich to
explain gome of the knottier problems in distribution, ex-
copt to make cerfain bypotheses more unhikely, Thus the
remarkable resemblances betwesn the Southern Hemis-
phiere temperate faunas seem increasingly unlikely to he
the result of migrasions hy way of any Morthern ITemi-
sphere land bridge. Fucthermore, the present wide odis-
parity bapween Adrican and Weotropical trapiczl iaunas
argucs & lack of effective migration routes via either
torih or goulh, or any at all recent contact, The general
similarity between Nearctic and Paleazrctic faunas, cspe-
cially therr more boreal elements can be, and tsually s,
explained by the presence aof the Rering land bridge, al-
tlough this may not be the whole stary, To put it bricfly,
there appear to e 2 separate cool adapted {facoas m the
Marth and South Temperate zones, both containing primi-
tive relices and bath having their relationships preponder-
antly with faumas at the same latitudes.  Belween [e
largely specialized favnas, almost entirely wnrelzted as
Letweoen the Neotropics and Adrica, buet showing a nuem-
ber of sumilarities az between the Neotropics and Tropi-
cal Avstralia, with the Origntal region seeming to be a
mixing area for Adrican and Australian elements.

Table 1 shows the number and the percentage ol spe-
cies helonging to cach subfamily in each of the main
aeepeograpbieal regions ad f0 each tribe 1 each sub-
family. Note the general similarity in irihes hetween the
Auvstrzlian and Neotropical, except for the reversal of
representation of Bouvieromyini and Chrysopsini,. One
species of Chrvgobs in Auvstralia, 2 species of Mezomyia
it Chile. The same holds friue more or less with the
Palearetic and Mearctic regions, but the reversal here is



Table 1, Number and percentage of species of Tabanidas belonging lo each

graphical regicns and to each tribe in cach subfamily.

subfamily in cacl of the main oogeo-

Meatropicl Mearctic Australian Adrican Palearvetic Crriental® Totals
Species O Species 9 Specics 9 Species T Specics 9% Spocies Species
PamGusnidak 267 271 23 B RGO 3RD s 144 an 54 4 1.1 a0y
Panganiini 02 380 22 956 21 235 2 23 Mo 235 153
Seionin 163 6l3 1 44 a8 Fod 234
Fhilelickin B3 0FA 3 77 4100 a0
CHRYSO0PSINAE 73 7.2 ToO2NE 37 158 138 2649 G 141 4 119 qaz
Brewvieromyind Z 27 2 23 KLU U R 430 2 KR 8 195 11%
Cheysopsim 0 N 3 45 o1y L 27 45 285 Gd o wah 20 ak4 24z
Ehinomyzini 43 283 = AED a2
T amAN bl A 6ad 183 a3 I dod a4 3Bn dal 74 268 Bo9 1944
Iachlorin 431 o 16 &7 a8 Rl4 &7 12 X3 13 B G453
Havrmatopoelind 5 27 184 534 57 187 B 20 Y]
Tabanind 165 233 162 B0 2 185 130 377 Zuz B9 200 al7? it
Tatals Ofh 3318 295 100 234 &0 3R7 201 dat 160 i 1LY 230
# [ostioated . . :\:{: :'c-tl:_ﬂl. |:.'..|:.';.1|:-g ublished. == o .
hetweens Scianini and Philolichind,  The Oriental and  Fihiopian, though they are the preponderant group in all.
Adrican regioms resemble cach other lardly at alll nor Priesitive {orms are neacly all i the Nocth Temperale

does vither shaw rch similarity o any ather reglon.

I think T Lave shown thal the probabilitics favor an
arigin within a tropical climatic area lor the Tabanidac
and itz divisions down Lo irihes, and that a record o
sarts of past meve primiive characler states is to be
foupd i the relicts preserved o cool retogie e both
Temperate zones. [t iz also evident, [ believe, that
neitber the place nor relative linwe of crigin of the family
ar any af its subfamilies ean be ascertained [rom the
available evidence, In the case of e tribes, T believe it
is possible 10 arrange then inoa relative chirmological
spquence as to origin. 1 consider that the  Pangeniini,
Bouvieromying, amd Dischlorin comain the most primi-
Live elements of their respective subfamilies. 1 should
thick that Scicnini evelved guite carly from Pangoniing,
and that the Philalichini were eithar 3 later affshoot of
Seoionmind, or arose in a differens and separated place, Trom
Tangomiine stock, The Chrysopsini are a conservative
wer successful group which bas left dow primilive relicls,
anel those 2l in the Merth Temperate Zone of both hemi-
spheres. The domioant genws Clrevasks is numerically
irppical, but is very well represented in the Mearetic and
Palegrelic, U omay Torm an exceplion o the assumption
that cool scdapted species do oot recnter the Tropics o
it may prove o more desailed analysis Lo be polyphiletic,
The bulk aof the species arve an the Mentropies and Adriea.
T can make 1o goess ag 1o time aml place of crigin, The
Rhincenyzing are all sropical and largely specialized. They
prabally arase fairly lale from Bouvieromyin and most
prolally o the Oid World, Hasmatepatini appear to
Igwe arisen from either a soonewhat specialized Diachlo-
ring aneestor o (ram some Tabamine steck close 1o
Digellozing, Sinee they are ankoown in the MNeotropics
o Ausirslin amd very Lile represented in the Mearctic,
aned show o markedly primitive relicts, T oshoeid think
{hat their fime of ovigin was fxicly late and in the 14
Waorld Tropies, probably north of (he equater.,  The
Tabanini zre so numerous, widespread, and diverse that
T am wtrigued by the possibilisr that they may be poly-
phyletic, theugh much careful analyvsis will be needed to
sart out the primilive stocks, The fact that bacdly any
have reached Sowth Temperate latitudes 13 notewnetly,
Thew iorme the highest pereentage of the famma in the
Wearctic, progressively less in Palearciie, Oviental, and

in

zane, none in the Seowuth, 1T they are monophyietic they
muat have arisen duite eacly from Digzchlorini, probably
e the Eastern Hemisphere, [T polvphyletic, thers may
fave been 2 centers of origing the MNeotrapics and prol-
abily the Oiriens.

The probalde times of vrigin of the subfamilics, or in
other terms their most printitive tribes, their owide dis-
tribition, and the conceontration of peamitive types in cool
arcas, particulacly in the Southern Hemisphere, suggest
ey e that they may bave arisen ona southern tropical
land mass, or group of pactally connected land masses, at
& time when thess masses included mare habitable cool
areas either hecause thoy were farther sowlh than the
[resent sonthern cofiinents, ar hecanze the worldwide
rermperatires were higher, probaldy botl, The Leiles with
miore restrictesl distributons and oo prindtive
relicts 1o the south may bave arisen at a later time when
either the present oorthern land masses were dacther
south or after the porthward deitting, ad separating,
complexes of seuthern land masses had made contact with
the narthern, Since evidence 18 rapidly accwmualating tha
there fios been continents] drift, specalation to o 1ts
effect, especially on orgamismes  with bistory  including
times when this may lave cectrred, is sttmudating, i7 pos-
sbly prematuce, At the moment, T osee e alternative o
such speculations i attempling o explain the origing of
the Tabarndas.
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Since presentation ol this lecture T have had & chance
12 read several additional papers bearing oo this general
praflem, Asxcleod {1959) believes that the Anglosperms,
the flowering planis, aviginated in the Tropics in pre-
Crelaceons times, and that the Tropies formed a much
hroader belt, from 43° N fo 43° 5 latitude. He believes
that the climate in Megozoic was much more uniformly
warm,  Althongh he notes that Angiosperis appeaced
carlier in northern latioedes than in soighern, he cxplaing
thiz an edagphic factors and chances aof fossilization rather
than on continental drifit. Grahem (19640 an digenzsing
the fossil record of plantz alse belicves the mesozoic cli-
mate more uniiormly warm, or a much broader teopical
hand, Dut he potes that Crotaceous femperatures calou-
lated irom oxygen soiopes show comparable lemperatures
ur Denmmark 2t 307 N latitode znd Aostralia st 235 05



latittacde, wineh fact supgesis that either the tropical band
was Tarther north ar the continenss farthier south, Brun-
diey {1993) believes the disteibusion ard phylogeny of the
Chironomidze, worked out by Heomig's methods, give
clear evidence of the existence of Gondwanaland and an
Anmtarctic center of origin, He believes the north tem-
pervate sister-groups reached their present homes by mov-
ing throuph the Tropies ot high altitudes.  Aselrod and
Bailey (1968) 1n discussing possible reasons for exting-
tintt of the Thnasanrs at the end of the Cretaceons, sog-
st that the mesoroic was a time of equable clioate
because of lack ol bigh meountaing and presence of exten-
sive shallow comtinental seas, Mountain building at end
af Cretaceous amd withdrawal of seas cansed greater
variation i tempersluves apd extinetion of dinosaors
winch were unalle to adapt, Other crganizms, especially
mesazaic flaras, relreated to Southern Hemisphere zreas
of equalle climate, Hensdg's {19960 detailed stwle of the
Diptera of New Zealand docs nor contribute inech Lo e
questian, as e appears o assmee a Northern Temisphere
arigin far the Diptera and does oot dale nto consideratinn
possilble climatic shifts,
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