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i. — INTRODUCTION

The present symposium is devoted to the problem if there are causal connections between rocent
intercontinental distribution patterns and Mesozoic geography. The problem is far from new but
of high actuality today, when the theory of continental drift is getting generally accepted by geolo-
gists and geophysists. However, we are dealing here with nothing more than a theory, even though
it seems very well founded and has given rise, during the past five years, to the new theory of plate
tectonics. Here the historical biogeographer cannot simply accept or dismiss. As a paleogeographer
he remains an outsider. It is his duty to approach the matter as an evolutionist, without prejudice ;
and he must be fully aware that the weight of his biological contribution is proportionate to the consis-
teney of his application of the principles of phylogenetic biogeography.

2. — PRINCIPLES OF PHYLOGENETIC BIOGEOGRAPHY

The primary reason for the stll remaining uncertainty as to the meaning of many interconti-
nental distribution patterns is insufficient knowledge of the structure of the phylogenetic relationships
existing between the disjunct or more or less overlapping subgroups of an actual group, Moreaver,
it seems still not to be generally perceived that a further demand for a realistic discussion of the history
in time and space of a group is knowledge of the sister group.

Phylogenetic biogeography is the study of the history in time and space of the supraspecific
evolutionary units, i.e., the monophyletic species groups.

This definition is a consequence of our insight that nature has ereated a system of its own that
is in principle hierarchic. The units of this truly phylogenetic system are the bislogical species and
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the strictly momsphyletic species groups all of which have individuslity and reality.  Henes it is clear
that dispersal and evolutionary change have been realized im time and space withan srderly hserarchical
sequences of successively subordinate mosophyletie groaps.  Witkout proger reconstruction of the
lattes, we cannoi make a realistic recomstrection of the hetary of life in time and space,

For the recomstruciion we have to resort to a three-step procedure comprising| {ja broad b
rative stwdy of the L-hnuu patierns of the wuld faiina of a pup.n:ijml.-uh#un il the position of
homologoes characiers in translormatson seres (Lhe ansgroctc analysis), and[3)the phylogenetic:-hio-
ln;..p-p.l-mp-l svnthesis. The latter includes estakilishreent of striet rn|-|I|:|-|:|-pI1:|'Ig|l by exclusive use of
symapomorphy, ie., juint pomassason of wnigue l|.|-|tl|:l.h!l.ll|.l-|:|-ﬂ wnid search [os smler gromps by addi-
tional use of ibe geographical distribaition of the actiwal specses. 18 s the correlated patierm of geopra-
phical replacemend displaved by the reconstructed sister-group svstem that elucidaies the hastory
in time and space of & greap.

However, proper conclusions o8 1a afvas of argn and diFrcctsons of dispersal cannot be perfor med
without additional application of the principle that dispersal, seem in Lhe tine perspective, is 8 multipls
process. including pl-q:ﬁu-h in space, evolationary ehange (i.e., develspment of comparstive deriva-
tiveness), and spemation by cleavage ol an ancestral gene poal, It w because of this insight that we
are able 1o estabdish the fandamental Bogeographical principle that a primative group at least prima-
rly o closer 1o the area onee oceupied by the ancestral species than is the comparatively derivative
pasber Eroup,

Misintespretations of the cawsal connections invodved here are the reassn for the old and wide-
spread conceplion (sill maintained by Darlington, 1955 that the southers continents have functiosed
as receivers and preservers of old, primative groups dnven southwards from & northern comtinestal
block that has functioned s a cosstant oradle for new, progressive groaps.  This line of theught means
a vielalion of the principles of dispersal amd speciasan.  Indeed, phylopenetic evelution in time and
space cannsl be compared mih the wave patters that i formed when a stone = thrown into the water
and where the firel-born waves are peripheral.  Multiplication of species i normally the resuli of
unequal cleavage of the gene posl of a steen species (e, Brundin, 1972 §), and a comparatively dern-
vative species (species group) m just as old as its primitive sister species {grotip)-

Widespremd = abo the view that the history of a group camnot be reconstructed withowt support
of a comprehensive fosdl record. This &8 anly partly true and valid foremast for old relict EroHspa o
in species, bor example, Monstremata, Sphenodan, Lenpelma, where mfarmative patierns of geogra-
phacal replacement are not available (Brandin, 1572 a). When asking for fosils the biologist often
seema b0 forget that adequate use of o foessl rqﬂmpnin-muﬂutdﬂumtm
by the recent specers of the actual greup. On the ather hasd, even if that requirement would be
felfilled, a fossil very rarely » so well preserved that s pasition in the phylagenetic hierarchy can be
rnrl:'lr ratablshed [ef. 'Elrn-[ 15968), Asa mateer of fsct, the scoessibality of & pﬂpln phs lugenetac-
biogeographecal synthesis is different for diferent reasons, and & good fessil recard 10 mot necessarily
more important than several ather prerequisites [of. Brundin, 1966 ; §38-630; 1967 . 1972 a).

Finally, another gemeral cossideration. The biota of the different continents comsist af clements
of different age and with a different history ; but practically every elemest is composed of faunal and
flaral components with a eommen history in time and space.  Hence it can be anticipatad that a recoms-
trwctson of the history of & few components will misrar some of e main tremds in the history of &
wheole biogrographecal element, no matter ulh-r,hrunthm;dluﬂ are plasts of snemals, mancis
o birds.  Facing the immenss time Fﬂ!‘::hn imvodved in the history of groups of Mesozsic age, it
woild rvidently he delusve 1o diflerent means of disparsal have plaved an appreciable
rale for the development of lhl great intereontinental distibution patterns.  Continental fsunss amd
Horas seem to move together, step by step.  Successlul long-distance depersal by ans or a few indi-
viduals = a marginal phenomenon that cannet inflesmee the maim patterms. Az io these maiiers,
I wish to refer copecially o the comprebessive and eloquent works of Crodsat [1958, 1950, 1552,
1968,
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3. — MAIN PATTERNS OF TRANSANTARCTIC RELATIONSHIPS

Since the time of Darwin, Hooker and Wallace, the history behind the ciream-Antarctic dis-
tribution patterns has been one of the great problems of historical biogeography. How can it be that
so many southern plant and animal groups are represented by subordinate groups in southern South
America, Australia, New Zealand, and, sometimes, also southern Africa, areas that are now separated
by vast expanses of sea and a great ice-covered continent ?

The hotanist Joseph Hooker, who had a more intimate survey of the matter, based on personal
field work, than any of his contemporaries, arrived at the view (in 1853) that there has been an impor-
tant centre of evolulion in the :pl,lull'l. and that the prr.u!:hl. ﬂi.njtll'u:t groups all are members of a onee
more extensive southern flora, which has been broken up by geological and climatic causes. Hooker's
view has been contended by many later hiogeographers, independently of their attitude to the theory
of Wegener. However, most hiogeographers seem to have been firm believers in the permanency
of the geographical main features. According to them the circum-Antarctie distribution patterns
are the result either of accidental long-distance dispersal in the south, partly via subantarctic islands
and an ice-free Antarctic eontinent, or of independent dispersal from the north,

The laithful adherence to incompatible explanations by different camps alluded to above, which
has been one of the main charaeteristics of traditional biogeography, s closely connected with the
general use of inconclusive arguments. The acceptance of the prineiples of phylogenetic systematics
introduced by Hennig (1950, 1953, 1957, 1966 a) is still in its infancy. It is a remarkable fact, however,
that all biogeographical applications on a major scale of those prineiples that have been made as yet,
refer to limnie arthropods and have been devoted more or less directly to the problem of transantaretic
relationships. There are significant reasons (Brundin, in press) for the accordant concentration of
these recent hiogeographical efforts, which refer to the following works : Best, 1964 (Hydrachnellae) ;
Brundin, 1963, 1965, 1966, 1967, 1970, 1972 a, (Diptera, Chironomidac) ; Hlies, 1960, 1561, 1963, 1965 a,
b, ¢, (Plecoptera) ; Schminke, 1973 a b (Syncarida, Bathynellacea). These papers are all based on com-
prehensive personal field work in the southern continents.

The results of the abave investigations confirm and elucidate the view of Hooker. Through
the reconstruction of the hierarchies involved in the eircum-Antarctic distribution patterns formed by
the stoneflies and chironomid midges of the southern mountain streams and by the subterranean Bathy-
nellacen of the gravelly beds of those streams, it has been demonstrated conclusively that we are faced
with series of monophyletic groups of high age, whose disjunct subgroups are forming orderly, multiple
patterns of transantarctic sister-group relationships.

The fact that interstitially living crustaceans of the ground waler are involved in transantarctic
relationships, stands out as a practically uncontradictable biological proofl of the former existence
ol continuous connections between the southern lands.

Moreover, the structure of the phylogenetic relationships and the patterns of geographical
replacement shown by the actual groups mve clear evidence of paths and directions of dispersal and
of areas of origin, which illustrate important trends in the history of life sinee the Permian, Funda-
mental is the insight that there are two main patterns of transantarctic relationship, one of which being
formed by groups of southern origin, the other by groups of northern origin.

3.1. — Circum-Antarciic groups of southern origin.

Most closely analysed are the subfamilies Podonominae, Aphroteniinae, and Diamesinac among
the Chironomidae. They stand out as parts of a world pattern of amphitropical distribution
and old transtropic dizpersal northwards via East African highlands, The marked primitiveness of
the southern representatives is a demonstration of the southern origin of these sublamilies. Against
that background it is of interest to note that they stll play a prominent quantitative and qualitative
role in the fauna of the southern mountain streams,

The following pattern of southern hemisphere relationships is demonstrated by the chironomid
midges (Fig. 1-3) : Within each sublamily the group of southern Africa forms the sister group of a



Fra. I. — The corneciion briwess pliylspeasiic mlsionkip, relative ape and rropraphical dutnbatan in rold-adaped
chifsmoissl gromps of ausiral wrigis.  Cecles wwih ablecked srewi salivate tlee multple scourmies of sccordant
Eransdniarte foansilns willes & minapbylet prosp. The Sferewi svclitiossry sl apoprapheal rols
played by Easl and Wan Anisrclicn after the parsisan af Sk Alrics frem the sibor souibery lands in che
1 pepeir Juiraanst in aluw indicwbed |[Feoin PBondin, 1970

Fic 2 — Circus Anlarsic disinbetios sul isfecrd tamsamtarctic dispeesal in the sublumily Podonemiass Diplers,
Lher

Chiraeambdas), A : the Inbe Barsschlini ; B - ihe tsles Puloimmin, ﬂtm-ﬁ'u-t-ilﬂ.
frame ol = B ) relers Lo the sitdalemn in the peous Pedonamus, whers -FH— How Eealanad in plosis-
merghic and the spedies group of Aunrke s spomeeple in eelatios 1o mmwp—phm

Amenics. |From Mrandin, 1971 a
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Fio. #. — Cireum-Antarciie distribution and inberred transaniaretic depersal in iho subfamily Diamesinas |[iptera,
Chironomidae]. C ¢ the Diamesae ; ID : the Heptagyiae, The phylogenetic disgram (within the frame of = D ")
refers to ths situation in the teiles Hepiagyini, whers the groap of New Zealand (genus Masridiamesa) and the
group of Australia (Use tonnairi group of the genus Parahepiagyia) are both apomorphic in relation to the corres-
ponding Seuth American sister groups.  (From Brundin, 1972 a.)

group comprising all the groups of Andean South America, Australia-Tasmania and New Zealand.
(Aphroteniinae are not present in New Zealand.) Moreover, within each subfamily all groups of Australia-
Tasmania (together 12) and all groups of New Zealand (likewise 12) have their closest relatives, i.e.
sister groups, in distant South America.

This pattern is strong indication(1)that direct connections have existed between (southern)
Africa and the other southern lands, but that these connections have been cut very early,[2)that there
has been a direct connection between Australia, East Antarctica and South America,(3)that another
connection between New Zealand, West Antarctica and Andean South America has formed a peri-
pheral are enabling comparatively independent evolution and dispersal,(f)that the Tasman Sea has
functioned as an effective barrier, even to winged chironomid midges.

The junction in southern South America of the two Antarctic routes of dispersal point to the
possibility that essential parts of the hierarchies formed by th e recent groups of South America evolved

Soirce | MFEN Pars



N AT IS

in Antarctics, Amother isdieation of this may be the {act that the strongly diverilied south Andeas
Podenominse Tauns il i quile as richly represented in the Magellanic ares (42 species, seme sndemic |
#s in the Valdivian area far 1o the north (43 species).

The mudtiple transantarctic relationahips shown by the steneflies, all refer 1o the stncily mana:
phyletic subsrder Antarcieperlaria (Zwick, 1965, wich is whally coalined 10 the southern hemisphers
amid forms the primitave sister group of the northern subsrder Arctoperiaria comprising the rest of the
world fnuna of Plecoptera, The Antarctoperlarian stose {lies are richly diversified in temperate Sauth
Ameriea, sowulh-castern Awstrabis, Tasmania, and New Zealand. But they lack im sowthern Alrica,
probably due to extinetion caused by climatic changes.  Unlortunately, & close comparison with the
Chironomidas patlern s mot podsible, beenuse the relationships of the Amlarctoperlaran --I-..n;r-q'..
ol Australia amd New Fealand stdl sre not completely known (ol Zwsek, 1060

However, we kearn from the Charanomides that southern Alncas moinhabited by groups of compa-
ratively bigh age, whose phylogenetic and geographical pesition is Tandamental for an mtespeetation
of the hastory of the major units.  Afer the isolation of the old African groups of the sublsmilies
Podenominas, Aphroteminae and [Mameminas, therr must have been comprebessive evolation nad
dispersal within Antarctica amd adpoining centmental areas, However, the Australiam chirenomid
Eroufs &re all derivative in relation to their corresponding sister growps im South Americs, which isdi-
cales one-way diprrial from Emil Anterciica to Ausiralia

This function of Australia as & eerver of denvative southern groups seems te differ strkingly
from the picture indicated by the Antarcloperlana apd certain other primdtive insect groups, to whick
Australia evidemtly has functioned ns an important centee of evodution.  However, the chiranomids
are much younger than groups Lke Plecopiera [see below), and | am tempted 16 comclude that tha
role of Australia as an imperiant centre of origim for cold-stenothermal groups bad an early maximesm
during the Permian ard Lower Mesozoic and has then declined becawse of geographecal and clisnate
changes.

Our swrvey of these matters w stsll lmned.  The chirosomads are stdl the only major sowthern
proup that has been analysed in detail, and there i reasan to expect that equivalent analyses of other
mpiﬂm&ulﬂumdmtwh-li{iﬂhpllﬂ This i fiewi anid laremost b rase
with groups of nortbers arigin which bave developed their transantarctic relationships secondarily.

3L Circume Anlardic prospr ok sorikern srigin,

In 1970 [ made the supposition that to groups of morthers sriging, areas 1o the north of present
"-'-"fl'lh_ll!r have served as o farkimg point for lerther dapersal southwards, partly abong Esst s
traliam highlands, partly alsng the [nser Melanesian Arc 1o land aress now represented by New Cale-
donis and New Fealand, = Dhspersal of that kind would give rise to direct sister-group relationships
Hml_hTHh-llhl. Given suflicient time aml further progression of the groaps via Westl or East
Antarctica (or both), the esd result of the presuppesed tranatropic dispersal would be 5 case of secsn.
dary iransantaretic relatiomship, in contrast to the primary transamtartic relationship displayed by
grovps of seathern origin with smphi-Astarctic distribistion, ™ (Brusdin, 1970

Sechminke’s comprebensive study of sabtermacan Bathynellaces of the lamily Parabathymellidas
eonfirms the soundsess of the above renception, which does presuppose 3 pattern of iransamtarctic
relstionship just apposite to that ose demenstrated by chironsmids of southern origin. Tt is shown
by Schminke that the Parabethynellidas had their ares of origin in Esst Asia and that one main braneh,
reached the Awstralin-New Zeslamd sector from the north.  There are sister-group relstionships and,
in ofee case, species wlentity across the Tasman Sea. The Turther dispersal via Antarctica to South
Americn is demonstrated by the Chilibathyneils group, whoss South American species all are derivative
in relation to their closest relatives in Australin.  Amother parabathynellid main branch, the Clenis.
Bathumella group, dispersed from Eurasia into tropical Alrea aed from thers into tropscal South America,
Hence the two parabathysellid branches meet in the latler conlinent and are repressnied there by
the most derivative species of each.
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4. — DISIUNCT GONDWANIC DISTRIBUTION AND CONTINENTAL DRIFT

From the above discussion it is evident that the structure of the phylogenetic relationships
existing between the disjunct elements of three different subfamilies among the Chironomidae corres-
ponds well to the quality of the arguments (cf. Hennig, 1960, 1066 &) that have to be used as evidence
for the former existence of more or less continuous transantarclic migration routes. The picture of
Antarctica as an integral part of a former unitary southern centre of evolution is strengthened by the
wilnesses delivered by the Antarctoperlanian stoneflies, But truly conclusive biological evidence that
the southern lands have been connected just according to a Gondwanic pattern is delivered by the
Parabathynellidae, not only because these small erustaceans are subterranean, but also because their
occurrence in South America is due to separate dispersal partly from Australia via Antarctica, partly
from tropical Africa via an area now oceupied by the South Atlantie.

However, belore we accepl the theory that the southern disjunct distribution patterns of Chiro-
nomidae, Plecoptera and Parabathynellidae are consequences of the earlier unity and later fractioning
of the old Gondwanaland, we are forced to investigate the relation between the absolute age of those
groups and the actoal geological time scale.

Geologists and geophysists now seem to agree that the disruption of Gondwanaland did not
start later than in the Jurassic and that the separation of southern Africa from East Antarctica and
the Patagonian block occurred during the Upper Jurnssic to Lower Cretaceous (roughly 150-110
million years ago). Disjunct southern groups with occurrence also in southern Africa must be at least
of Upper Jurassic age in order 1o fit confidently into the Gondwanic pattern.

That this requirement is fulfilled by the Chironomidae, has been firmly established through
the recent finding of a completely preserved specimen in amber from the lowermost Lower Cretaceous
{Neocomian] of Lebanon (Schlee and Dictrich, 1970). The specimen, which is 120-140 million years
old, represents an extinet genus of the subfamily Podonominae (cf. above] and seems to be very clo-
sely related to the recent Boreochlus group of Laurasia. The latter is the derivative sister group of
the very primitive Archacochlus group of the Drakensberg (southern Afriea). The occurence of a com-
paratively derivative member of the tribe Boreochlini of the sublamily Podonominae at the northern
margin of Gondwana during the Neocomian, proofs that the history of Chironomidae goes well back
into the Jurassic (¢f. Brundin, 1972 a).

However, compared with the Plecoptera and Bathynellacea, the chironomid midges are a fairly
young group. We have reason to suppose that the former are hoth of Upper Paleozoic age. It seems
probable that Stenoperlidinm from the Upper Permian and Upper Trisssic of New South Wales repre-
sents an extinet subgroup of Antarctoperlaria (Hennig, 1969 : 325). Bathynellacea (Malacostraca :
Syncarida) are not known as fossils, but there is strong circumstantial evidence that they are forming
one of the oldest groups of the limnic fauna (ef. the comprehensive discussion by Noodt, 1965).

Referring to the above biological evidence, | find that we are forced to conclude that the southern
disjunct distribution patterns of chironomid midges, stoneflies, and subterranean crustaceans that
have been analysed according to the principles of phylogenetic biogeography, all evolved in direct
connection with successive fractioning, by continental displacement, of formerly continuous distribu-
tion arcas. In other words, the geographical displacements shown by some old groups among the
limnic arthropods cannot be explained without reflerence to the theory of continental drift and plate
tectonics, Indecd, there is reason to claim that the special nature of those patterns stands outas
strong biclogical evidence for the soundness of the actual geologic-geophysical theory.

However, before finishing 1 cannot omit to point at the problem raised by the presence in Aus-
tralia of members of an * old northern element © (Mackerras, 1970) that is represented by derivative
offshoots in South America. [If the Bathynellacea are taken as an example of this, 1 think it must
be admitted that their dispersal from East Asia inlo Australia (resulting in subsequent dispersal via
Antarctica to South America) cannot have taken place after the fractioning of Gondwana and the
following, post-Eocene contact between Indonesia and Australia-New Guinea, The Bathynellacea
case demands continuous connection between South-East Asia and Australin at some point of time
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helore the siart of the fracimning of Goendwana. | am here iniehang upon & mstter whers even recnnd
enntrilintions o plate tectonies are of very limited help. o the lstest reconatructione of Panguesn
grography (<f., for example, [heta and Halden, 1990, Dewey, 1972, we are foced with & vast gap bei-
ween South-Fast Asia and Awstrabia, This seems incompatible with the results of phylapenstic bingro-

graphy.

As b these matters, | think the biogragrapher cannot bt refer to Carey's discassion of plaie
tectonscs and bas hypothesas of an expanding globe, that has heen supporied by Heegem and Holmes
(ef. Carey, 1058 ; Holmes, 1965). Through reversal of the deformations snd strains of post-Paleagsio
age indicated by oregenic belis, rifts and shear syvstema, Carey has tned 1o makes FRgarniA Feeonsirge.
wan of sarly Mesoraic paleopeagraphy. With respect 1o our probldem, it is of special interest that
Carey’s Pangaea shows a close conpection between Amsirnlia and Seuth-East Aska- Indonesia, which
e considers ns one of the important results of his analysis (ef. Carey, Fag, 40 c). Carey worked with
spherical tracings of the globe, but & general Gt of the Pangaean sections was not possibile until he
asseimlded ha tracings om 8 globe comaderably smaller tham the earth of today. On the other hamnd,

when using & globe rorresponding to the earih of the present radius, he could reconstruct satimfae
torily any sector he might choose but never the whale

Althosgh there are several problems rmsed by the theory of plate tectonics thal camnoi be
eaplaised conclusively today, there m evidently good reasoa to regard it as & major advancement.
The young theary is here to say ; and to the bicksgists the rapsdly imcreaning understanding of how
the continemia have moved in timee and space alter the breakup of & wngls lamd mass Pamgnea, is a
challeage calling for mntenssve, criticsl exploration of the hiogeagraphical corollaries.
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Ermperate Lo sub-trogacsl Lﬂ'll_'tinnhl drift separated A towards 1he Equador (s that lemperate sress Lended
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im A, while sub-tregeral grougs will 1end to remain ancestral in A snd derivative s H,
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