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PE3IOME

OAMHAKOBO HENPaBHIbHO M CIAMLIKOM TMOJ4ePKHBATL, M 0CTaBIATH 0€3 BHUMAHHS
nasieotioreorpaguuecKoe 3HaYeHHe Pe3v IbTaToB TeKTOHHKN 1unT. Tlaseonronorus vac-
THYHO TipejcTaBisier co00ii HAVKY 0 MPOCTPAHCTBE, HO B TO YK€ Bpemsi >KH3Hb M pas-
BHTHE 00HECTBA B ONpPEIEJICHHbIX PasMepax HE3aBUCHMMBbL OT (PH3HUYECKUX VYCIIOBHITL.
TexkToHNUeCKOe JBMYKEHHE TUIMT CO CBOEI NMPOCTPAHCTBEHHOCTbIO OKAa3bIBAeT onpeje-
JIeHHOE BJIMSIHHE HA pailoH, AMBEPCHIO U IBOJIOIIIO, HO HE VIIPABJSIET MM.

M3-3a ropucToCTH (PCCCHIBHOI0 MaTepHala Mbl HE B COCTOSIHMM ONpeje/uTh Jeii-
CTBUTEILHbI paiior. OHAKO PEKOHCTPYKIMS TEKTOHHUECKHX JABHYKEHHIT TJIHT  1OMO-
raeT OnpeesuTh 603MONCNLil paiion, 00J€ryaeT MHTEPNpeTaluio PacrnpocTpaHenust
OpranusMoB, 00BSICHSIET CXOJCTBO (PavHBI V/IaJIEHHBIX JIPYT OT Jpyra Tepputopuii (1pu-
QrupoBanMe), a TakKe pasinyms B pavie OJM3KUX TEPPUTOPHIT (KOJIJIUBHST). 1M0CK0.Ib-
KY pacnpoctpaHeHie o0bsICHSIeTCsI HE TOJLKO (PU3HUECKUMM MPHUHHAMU, TO PEKOHCTPY-
KIS JIPEBHUX PailoHOB MPOUCXOHUT HE M0 IPaHHIlaM TEKTOHHYECKHX IUIMT, a Mo pac-
npocrpasenunio GoccHImit. OUPZ]THd;l PEKOHCTPYIKIHST Cero/HsIILHIX 3ajeKeii ¢ yueTom
JIBHMKEHHST TIHT SIBJISICTCsI BAYKHOIT 3aj1aveil MajeoHToJI0r M.

Ynesio TakCOHOB MIIH TIPOTOPIHST MEXNULY TaKCOHAMH M eIMHHUILAMHK, KOTOpOe 0T-
paykaet co0oil AHBEPCHIO, B NEPBYIO OUepPe/b 3aBUCHT OT MOCTOSIHCTBA MM KoJieDaHMst
(PM3NYECKUX VCIIOBMIT. J[MBEPCHS U MPOABISIOUMECsT B Heif M3MEHEHUsT MOYKET ObITh
00'bSICHEHA B NMEPBYIO 0YEpPedb TEKTOHHYCCKUMH JBHXKEHUSIMH TLUIMT. TTOCKOJILKY Cpejn
(PHUBHYECKIIX YCIIOBMIT KJIMMAT SIBJASIETCs1 Hanbosee CYUIECTBEHHLIM, TO OJHOCTOPOHHEEe
H3MCHEHME JIHBEPCHM, TIPOSIBISIIONICECsT B TEUEHHE JI0JIroro NpoMe)KyTKa BpeMeHH Ha
JIAHHOIT TePPHTOPHI, MOYKET ObITh 0O BICHEHO TPOOJILHBIMU JIBH/KCHHSMH TIHT.

36021011UOHHAL PO ABHYKEHUIT TEKTOHMYECKHUX IUIMT B M3MEHEHUsIX paiioHa (re-
orpaduueckoe H30JHPOBAHUE) H B U3MEHEHUSX ausepcun (Hanpumep, BoIMHPaHHe) NPo-
SIBJISICTCST KOCBEHHBIM TIYTeM. Me/UleHHbIE TeKTOHMUECKHME TMpOoIeCcCh 3ac/VyKHUBaT
ocoOoro BHuManust. IlpepbiBel B 1M1 3B0s0IHMK Hanbosiee 1npocTo o0 hsICHUTD 110¢1e/10-
TATEAbHBIM YHHUTOYKEHHEM caMoit OKeaHCKOI TMANTBE I3 C/YHAe OKEAHCKHUX OpraHUu3MOB.

Mauibiit, HO obaajnatoumii GoraTeim npouuisiM paiton Benrepckoro Bacceifna us-3a
cBoeil foraToit M Xopowo coXpanusiueiicst (avipl SIBIASIETCSI OYeHb NPUIOJHBIM JIIIst
HCCIE/I0OBAHMST TEKTOHMYECKHUX M nese0dnoreorpauyeckux H3MeHeHHil.

Introduction

The question arises: is it reasonable the paleontological approach
to the goals of plate tectonics ? In the case of the continental drift theory
the balance is positive for the paleontology. For Wegener in 1911
the decisive motive for the definitive elaboration of the drift theory were
the paleontological similarities between Brazil and Africa (c. f. Wege -
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ner 1922). As of Hungary, N o p ¢sa (1934) interpreted the agreements
between the European and North American Paleozoic tetrapod faunas
by the connection and the subsequent separation of these continents (c. f.
Milnur et Panchen 1973). In those days, however, when the drif-
ting ot the continents seemed to be unacceptable on the basis of the geo-
physical knowledge of that time, paleontology could not but choose to
interpret the evident faunal and floral agreements indirectly, by conti-
nental bridges, dispersal routes of chance, etc. The life-work of Sim p -
son (1953, etc.) and the paleobiographical atlas of Termier (1952)
essentially based on "fixist” principles. Recently Wesson (1972)
— quoting Meverhoff — concluded stable continents from the
ancient floras and faunas. Thus it is hard to state, that the fossil record
proves unequivocally the theory of continental drift.

The situation, however, changed when the plate tectonics and thus
the continental drift became a fact based on qualitative ground. The global
nature of the plate tectonics involves the reevaluation of the former results
of the earth sciences, and especially does found the paleogeographical re-
constriuctions upon new grounds (Dickinson 1972). The dynamic
approach, which emphasizes the movements of the oceanic and continen-
tal crustal parts, in contradiction to the static views based on the perma-
nence of oceans and continents, is a step similar to that resulted in the
paleontology by D ar win’s evolution theory. as opposed to the former
fixist view. It seems to be justified the designation of Maxwell
(1970), who called the geology of the last half century as the  Wegener
Era”.

The question is: how to apply the results of plate tectonics to the
evaluation of the biospheric history ? The organisms live not only in time,
but in space too, therefore paleontology is a spatial science in part. One of
the basic goals of paleontology is to throw light on the paleobiogeographi-
cal situations. The plate tectonic movements affect the geographical
distribution of the organisms, the variousness of the living world and the
evolution as well. Consequently, it is reasonable to consider the relation
of the plate tectonics and the paleobiogeography in the pointsof view of
area, diversity and evolution.

Area

The plate tectonic movements biogeographically fistly determine the
outermost distributional limits of the marine and land organisms, and
rearrange subsequently the original areas of distribution.

According to the first formulation of Hess (1962) The ocean
basins are impermanent features, and the continents are permanent. . .”.
The contrasting of the simaic ocean with the sialic continent here is of
geophysical, though the ocean—land contrast is more conspicuous from
the point of view of geology and biogeography. The principle of perma-
nent continents do not exclude the possibilities of occasional transgres-
sions and regressions. These sea-level changes, however, are directly or
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indirectly in connection with plate tectonic movements. The arising
mid-oceanic ridges expel the water masses of the ocean basins, resulting
in transgressions on the continents. On the other hand, the emergence
and disintegration (or rifting) of the continents bring regressions about
(Hallam 1969, Brook field 1969).Since in the course of the move-
ments continents may join (e.g. Precambrian and Permo-Triassic Pangea),
or disintegrate, these movements influence the proportion of the conti-
nents, as well as of the related shelf regions so essential for the marine
organisms (Valentine 1971).

Thus understandable the recent richness of studies dealing with and
evaluating gener ally the areal distribution of an animal or plant group
of a given geol()gncal interval, in the light of plate tectonic movements
(Middlemiss et Rawson 1971, Hallam 1973, Tarling
et Runcorn 1973).

The biogeographical evaluation of the plate tectonic movements may
bear a twofold hazard: i.e. either the overemphasize, or the neglect of the
physical conditions. The global dynamism of the plate tectonic movements
embraces a so attractive richness of possibilities, that one could easily
lean to the opinion: the plate tectonic movements not only have influence
on, but lastly d» determine the distribution of the organic life. Neverthe-
less, the recent observations do not support this supposition.

The animal and plant establishment and distribution can be promo-
ted or resticted by biological conditions. The following factors should be
take into consideration:

— The weight, size, buoyancy and life-span of the spores, pollens,
grains and larvae, the vagility of the adult animals, ete;

— The swimming or flying capacity of the transporting plants
(driftwoed, floating island) and animals (insects, birds), respecti-
vely;

— The tolerance and adaptability of the organism getting into new
environment, including the interrelation between the aborigines
and. the invaders (overpopulation, competition, etc.).

A wide range of biologic factors, such as use of new materials (cuticule,
calcareous test), appearance of new organs (e.g. vascular tissue, coeloma,
cordial and feather- and pilary system resultln(r in poikilothermy), and
overpopulation resulted from the intensity of reprcduction may start
invasion, alike as the plate tectonic movements which enlarge the favou-
rable physical conditions for the distribution.

Distribution, accordingly, is not merely a physical-ecological prob-
lem, but also of genetics and history, meaning the temporal results of the
dynamic interrelation of the external and internal factors. It is under-
standable in this way, that while the vegetation maps do, the floral maps
and especially the faunal geographic units do not conform to the climatic
boundaries. The recent continental faunal provinces can be defined most
by the faunas themselves (H e wer 1971). Thus, in the biographic sepa-
ration rather the identity and difference of the faunas are the decisive
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factors, and not the hypothetical geographic boundaries between them.
It could be unjustified to assume, even in the case of plants so sensitive
to the environment, that the limits of distribution of a given species is
directly determined by the external factors (Walter 1970). In other
words: an organism do not live everywhere the physical conditions enab-
le, and hence the possibility of the limitation is more unfavourable
Sylvester — Bradley 1971). For example the short larval state
of the brachiopods unables to pass from a shelf region into an other,
crossing the ocean. Thus on the basis of the brachiopod faunal differences
of different shelf regions one can conclude the former existence of an
ocean between these regions, but the width of this ,,barrier” cannot be
estimated on plaeobiogeographic bases.

Now it is understandable from the above mentioned facts, why the
biogeography of teday concerns mainly problems such as the qualitatively
approachable question of the balance of immigrant and extinet species
on a given area, and not the drawing of the province boundaries (Sim -
berloff 1972). Because of the eventuality of the fossil record, the area
of the fossil species is uncertain in all cases. This is why the principal task
of the paleobiogeography is the precise draw of the boundaries of floral
and faunal provinces. It is realizable the recognition and characteri-
zation of the distinct provinces even in the lack of the whole fauna, but
on the basis of the fossilized groups. The most proper way in the compi-
lation of paleobiogeographical maps is to model the construction of
facies maps.

In the point of view of paleobiogeographic evaluation very important
is the role playing the plate tectonic movements by the subsequent
disintegration of formerly contiguous areas, or closing of originally
distant areas. In the geographical distribution of the certain genera the
handbooks usually confine to indication of continents (Europe, North
America, etc.). These indications show the recent region of localities,
but do not concern the original area of the taxa. Considering plate tec-
tonics, Europe, as well as the other continents developed through colli-
sions of continental crust-parts. The narrow orogenic belts (Caledonic,
Hercynic, Alpine belts) crossing Europe are the remnants of opened
and subsequently closed oceans. The fossils which have been collected
from Europe were inhabitants of the shelf regions of originally different
oceans (Protatlantic, Theic, Rheic, Pleionic Oceans, c¢.f. McKerrow
1972). Going backward in time, the subsequent effects should be more
considered. In relatively small spots of the European map, e.g. in Scot-
land or in W Norway different Paleozoic paleogeographic units closed
to each other (Wilson 1966, Nicholson 1971, Garson et
Plant 1973). The Mesozoic faunas of the geographically similarly
small Pannonian basin originally belonged to two shelf regions, which
were separated 1y an ocean (Tethys), and subsequently, through lateral
movements followed the complex collision and sukduction, came close
to each other (G éczy 1973). Consequently, Hungary cannot be re-
garded as a paleobiogeographical unit i tne Mesozoic.



PLATE TECTONICS AND PALEOBIOGRAPHY 197

One of the usual attributes of the paleontological monographs was
the tabulated or mapped recording of the areal distribution of the certain
species. The “rearrangement” of the localities from these apparent areas,
as well as the reconstruction of the actual areas applying the plate tec-
tonic results are the perspective new task of paleontology.

Diversity

The paleobiogeographical reconstruction and the separation of
faunal provinces are essencially based upon two antinomies:

— on the similarity and dissimilarity of the taxa, i.e.a qualitiative,

— on the diverseness and sameness{ i.e. a quantitative evaluation.

The similarity and the dissimilarity can be measured with the
proportion of the endemic forms of the compared areas, while the di-
versity is expressible with the number of the taxa of the different areas
or with the taxon/specimen number ratio (density).

The diversity reflects the effect of the physical environment on the
biosphere. Since physical environment is affected by the global plate
tectonic mevements, the change in the diversity is a general pheno-
menon. The geonomic importance of the diversity is enlarged by its
quantitative expressibility. It is why the significance of diversity in
paleogeographical reconstruction is underlined by several authors
(Fischer 1961, Valentine 1968, 1969, 1970, 1971, Valentine
et Moores 1972, Hallam 1972, 1973, Rau p 1972, Kauff-
man 1973, Ste hli 1973, etc.).

High diversity, i.e. the great taxon number related to specimen-
number suggests environmental consistency and stability. The stability
of the energy sources support permanent focd-supply and manifold,
complete depletion. Hence the multiple food-chain may develop. Under
the stable conditions there is possibility for manifold adaptation. The
population adapted to the several, permanently small given environ-
ments and food, replenish the limited and different ecological niches.
In seas the organisms can occupy the whole inhabitable area — besides
the borrowing inbenthonic organisms the bottom-dweller, epibenthonic
elements are also important. Corresponding with the favourable condi-
tions and their specialization, endemic forms are abundant too. On the
other hand, the low diversity is caused by the change or instability of
the environmental conditions. The fluctuation in the energy quantity
leads to alternation in the food-supply: with temporally sharp increasing
then rapidly decreasing plankton production with related quickly declin-
ing, wide, but monotonous populations. The depletion is imperfect and
the food-chain is incomplete. The large amount of organic detritus is
more favourable for the infauna than for the epifauna. The stress of the
changing conditions is sufferable for a few group of organisms, but
these have a great areal distribution. Consequently the endemic forms
are subordinated, while the ubiquitous elements are common (V ale n-
tine et Moores 1972).

14%
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The most important physical factor affecting the biospheric diver-
sity is the climate.

Especially substantial is the regularity in the light, heat and pre-
cipitation distribution. Accordingly, the highest density can be recog-
nized in equatorial regions, on lands and seas as well. Going polarward
from the Equator the density decreases gradually (latitudinal change in
diversity). In deep-sea regions characterized by uniform conditions, the
diversity is also relatively high (Menzies et al. 1973). Similarly as
the extreme temperature fluctuations, other factors (such as changes in
salinity, tidal or oscillatory variations) also reduce the diversity. These
latter factors naturally are unrelated to the latitude.

The uniform or extreme character of the climate depends on the
size, elevation and position relative to the pole of the continents. On
the separated or partly sea-covered continents, especially on those situ-
ated near the Equator the climate is uniform. Here the effect of the
planetary wind-system is weaker, the velocity of the sea currents is
reduced and the salt-content of the waters is more stable (Gordon
1973). The water of the polar oceans is warmed up by tropical water
masses. On the other hand, closing of continents leads to extreme
climate, resulting in warm summers, cold winters and strong monsoonal
influence. When continents are in elevated position, i.e. during the
times of great regressions, this extremity increases. The continental
effect culminates when a continent is in polar position. In this time the
mean annual temperature decreases and the temperate climatic belt
becomes narrower.

Plate tectonic movements evidently influence the size, elevation
and position relative to the pole of the continents. Even in a case of
a presumed uniform global climatic system a plate movement in polar
or equatorial direction would result in climatic changes on the plate,
because this movement necessarily cross climatic belts. The prolonged
unidirectional diversity change visible on a given area (“in section”)
can be due partly to latitudinal plate movement. On the orther hand,
longitudinal movements which are parallel to the Equator theoretically
have no effect on the diversity. These considerations mainly refers to
the terrestrial parts of the continental plates. In the seas the problem
is more complicated by the heat-transport caused by currents. The
diversity-maximum of the recent reef-building corals do not fit to the
Equator, but is situated slightly north, where the sea-waters are war-
mest as a result of the currents (Stehli and Wells 1971).

Northwestern Hungary belonged in the s.l. tropical belt in Meso-
zoic times. The ammonites of the Bakony Mountains’ profiles had a
higher diversity, e.g. in the Davoei Zone (Carixian Substage, Lower
Jurassic) the diversity derived from the ratio of specimen and species
numbers (6.679 and 70, respectively) attained the value 11 ((Géczy
1974). It is reasonable to study further the ammonite diversity on this
region, which was relatively unchanged through long geological inter-
vals (Jurassic —Lower Cretaceous). The expected stability of the high
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diversity presumably can be due to the fact that the main movement
direction of the continents (“stable” Europe, “stable” Africa) bordered
the Tethyan ocean in the Mesozoic, was from the Lower Jurassic to the
Upper Cretaceous (during 117 m.y.) subparallel to the Equator, i.e.
was more or less longitudinal in direction (De wey et al. 1973). The
longitudinal changes supposed for the oceanic plate of the Tethys are
the results of the opening and closing of the Tethys itself.

Evolution

The area and diversity are the results of historical processes. The
physical factors affecting two of them, indirectly affect the organic
evolution too. Because of the transmissive appearance of the relationships
here, the study on the correspondences between plate tectonic move-
ments and evolution is most complicated. The internal, genetic factors
of the evolution are reasonably out of the scope of this paper.

The base of the evolution is the speciation, which is preconditioned
by the genetic isolation. Without isolation there is no evolution recently.
The plate tectonic movements through bringing barriers about, may
promote the isolation directly. In the case of plates moving away, the
barriers are the results of the rifting, drifting and the arising of the mid-
oceanic ridges. On the margins of the convergent plates mountain chains
(cordillera), or island arcs may form, separating the populations. The
associated climatic changes e.g. development of desert zones, may also
result in separation. Good examples of separations and developments
of new evolution centres are in the Upper Cretaceous the formation
of independent bivalve faunal provinces on the divergent shelf regions
of the opened Atlantic (Kauffman 1973), or in the Tertiary the
peculiar development of the primitive marsupial faunas of Australia
(Kurtén 1969).

The plate tectonic and evolutionary processes are characterized by
slowness. It is not for nothing that the recognition of these processes
is so difficult. The biology accepted the concept of evolution after a long
struggle. The continental drift theory became factual when the instru-
mentation of the geophysics and the organized marine research proved
it. The slow plate tectonic movements are answered by the organic
world with similarly slow processes. The recent Red Sea is regarded by
the plate tectonists as a forming ocean. On the other hand, this barrier
is too narrow for the present as to be a biogeographical boundary flo-
ristically or faunistically. The boundary of the “East African” and Medi-
terranean faunal provinces crosses the Red Sea. In the Mesozoic
a similar case existed in connection with the opening of the Atlantic.
“The rift, indicating the formation of the ocean, started in the Jurassic,
or possibly in some places as early as in the Triassic. But the unit of
the North and South Atlantic — on the basis of the identity of the
ammonite faunas — occured in the Turonian (Larson and Ladd
1973). Consequently, even at the lowest estimate, the separation of
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Africa and South America required a 40 m.y. duration. In related plates
this process may be accelerated. This is the case in joining oceanic and
continental plates, i.e. in mountain building of cordillera-type. Ac-
cording to Oberhauser (1973) the East Alpine Upper Cretaceous
nappes formed in geologically very short interval (1 —2 zones, or a sub-
stage). Despite of the extremely significant paleogeographic changes,
the faunas of the succesive transgressions were changed slightly. On the
other hand, when the faunas of two continents, having been separated
during long geological periods, attain different cvolutionary level, the
collision may result significant changes in the compositin of the bio-
sphere. The classical example of such a process is in the Upper Pliocene
North American carnivorous faunas, which caused the complete
extinction of the peculiar South American mammal faunas.

The geographical separation is only one of the possibilities of the
speciation. This is why the relationship of the plate tectonic and the
evolutionary processes is severally debatable. Namely, the separation
leading to evolution can be due in many cases to ecological or physio-
logical causes. The ecological changes are frequently reflected in the
sedimentation conditions, hence from the lithofacies variation one can
conclude to the changes in the environment. On the other hand, many
times very significant evolutionary changes are represented in the fossil
record (e.g. the extinction of the dinosaurs or the large Tertiary mam-
mals) without any changes in the lithofacies. The factors, which encum-
ber the paleogeographical and evolutionary researches (the eventuality
of fossilization and sedimentation and the eventuality of the preser-
vation of fossils and sedimentary rocks) are necessarily in the historical
nature of the subject. In this point of view remarkable is the work of
Raup (1972). He studied the diversity of the marine invertebrates,
and treated the possible errors deriving from the geological application
of the diversity. Plate-tectonically oriented paleontologists explained
the most remarkable break in diversity at the Perm/Triassic boundary
(extinction of the 509, of the families) by the formation of the Pangea,
which has been necessarily accompanied with the narrowing of the den-
sely inhabitated shelf regions and the expansion of the variable un-
stable conditions (continental climate). In the case of the invertebrates
it is remarkable the fact, that at the Perm/Triassic boundary a great
regression took place, resulting in the documentation, i.e. in the sedi-
ment-quantity expressed in km?®, a striking decrease. In this case, con-
sequently, it is also possible, that the plate tectonic movements (the
emergence of the continents) caused changes not in the evolution, but
in the documentation too, which seems to be a break in the evolution. In
the organisms inhabitating oceanic areas the subsequent destruction of
the plate may cause similarly apparent breaks in the faunal development
(Géczy 1973).

According to the quantitative studies of Flessa et Imbrie
(1973) the major plate tectonic events were “answered” by the marine
and terrestrial organisms with diversity changes. The opening of the



PLATE TECTONICS AND PALEOBIOGRAPHY 201

western Tethys could be an exception, which did not lead to consequences
in the diversity neither in the marine, nor in the terrestrial organisms.
On the basis of the ammonites, this is a more complicated problem. In
the Lower Jurassic, during the opening of the Tethys, the northern and
southern marginal parts were separated, and on the southern margin the
pelagic character became gradually dominant. This spatial separation
was followed by the differentiation of the ammonite faunas (G é ¢ z v
1973), which reflected on the southern, unvariable (oceanic) areas in
higher diversity in the first place, and in greater proportion of the
paleoendemic and neoendemic forms in the second. Valentine
(1969) suggested the necessity of the detailed analysis of the Mesozoic
diversification circumstances. It is expected that the studies enlarged
to different ages and taxa (brachiopeds, gastropeds, bivalves), together
with the application of the plate tectonics, will lead to useful infor-
mations for the evolution of these groups.

Conclusions

It is equally wrong to neglect or to overemphasize the paleobiogeographic impor-
tance of plate tectonic results. Paleontology partly is a spatial science; but the organic
life and the evolution are independent to some extent of the physical conditions. With
their spatial nature the plate tectonic movements do influence, but do not direct unequi-
vocally the area, diversity and evolution of the organisms.

Because of the incompleteness of the fossil record, the factual area cannot be recog-
nized. On the other hand the plate tectonic reconstructions help to outline the possible
area, facilitate to interpret the distribution of the organisms. and advance to understand
the faunal similarity of distant regions (drifting) and the faunal differences of adjacent
regions (collision). Since, however, the physical factors are not exclusive in the distribution,
the reconstruction of the former areas is based not on the plate tectonic boundaires, but
on the distribution of fossils. On the other hand, the  rearrangement” of the recent locali-
ties, considering the subsequent plate tectonic movements, is an important task of the
paleontology.

The diversity, reflecting in the number of taxa or in the ratio of taxon and specimen
numbers, depends firstly on the permanence or fluctuation of the physieal conditions!
The diversity, as well as its change, can be due firstly to the plate tectonic movements.
Since the one of the most important physical factors is the climate, prolonged, unidirec-
tional change in diversity traced on a certain area can also be due to the longitudinal
motion of the plate.

The evolutionary importance of the plate tectonic movements appears transmissi-
vely in the areal variations (geographical separation) and in the diversity changes (e.g-
extinction). Most remarkable are the slow plate tectonic movements. The most plau-
sible explanation for the missing links of the evolution of the oceanic organisms is the
subsequent destruction of the oceanic plates themselves. ‘

The small, but geo-historieally highly complicated Hungarian basin, with its rich
and well preserved faunas is very suitable to study plate tectonie and paleobiogegraphic
changes.

Acknowledgements

The writer is deeply indebted to Prof. L. Stegena and Prof
E. Szddeczky-Kardoss, Dr. F. Horvath and Dr. A. Voros
for their help and discussions.



GECZY B.

REFERENCES

Brookfield, M. E. (1970): Eustatic changes of sea-level and orogeny in the Jurassic.
Tectonophysies 9, 347 — 363.

Dewey, J. F., Pitman, W. C., Ryan, W. B. F. and Bonnin, J. (1973):
Plate tectonics and the evolution of the Alpine system. Geol. Soc. Amer. Bull. 84.
3137 — 3180.

Dickinson, W. R. (1972): Evidence for plate tectonic regimes in the rock record.
Amer. Journ. Sei. 272, 551 —576.

Flessa, K. W.and Imbrie, J. (1973): Evolutionary pulsations: evidence from
Phanerozoic diversity patterns. in T arling op. cit. 247 —285.

Fischer, A. G. (1961): Latitudinal variations in organic diversity. Amer. Sci 49,
50 —74.

Garson, M. S. and Plant, J. (1973): Alpine type episofic rocks and odie
mountain building in the Scottish Highlands. Nature, 242, 34 — 37.

Géczy, B. (1973): The origin of the Jurassic faunal provinces and the Mediterranean
plate tectonics. Ann. Univ. Sci. Budapest Sect. Geol. 16, 99 —114.

Géczy, B. (1973): Lemeztektonika és paleogeografia a kelet-mediterrdn mezozoos
térségben. Magy. Tud. Akad. X. oszt. Kozl. 6, Budapest, 219 —225.

Géczy, B. (1974): Les Ammonites du Carixien de la Montagne Bakony. Akad. Kiadé,
Budapest (in press).

Gordon, W. A. )1973): Marine life and ocean surface currents in the Cretaceous.
Journ. Geol. 81, 269 — 284.

Hallam, A. (1969): Tectonism and eustasy in the Jurassic. Earth. Sci. Rev. 5, 45— 68.

Hallam, A. (1972): Diversity and density characteristics of Pliensbachian-Toarcian
mollusean and brachiopod faunas of the North-Atlantic margins. Lethaia 5, 384 —
412.

Hallam, A. (1973) edit.: Atlas of Palaeobiogeography. Elsevier Sci. Publ. Amsterdam
1-531.

Hess. H. H. (1962): History of ocean basins. in: Petrologis Studies. Vol. Honor A.
F. Buddington, Geol. Soc. Amer. 599 —620.

Hewer, H. R. (1971): Modern zoogeographical regions. in Middlemiss op. cit.
19 — 30.

Kauffman, E. G. (1973): Cretaceous Bivalvia. in Hallam op. cit. 353 — 384.

Kurtén, B. (1969): Continental drift and evolution. Amer. Sei. 220, 54 —64.

Larson, R. L.and Ladd, J. W. (1973): Evidence for opening at the South Atlantic
in the Early Cretaceous. Nature, 246, 209 —212.

Maxwell, J. C. (1970): The Mediterranean ophiolites and continental drift. in:
Johnson Smith B. edit: The megatectonics of continents and oceans. New
Brunswick, (167 —193).

Mc Kerrow, W. S. and Ziegler, A. M. (1972): Paleozoic oceans. Nature, 240,
92 — 94.

Menzies, R. J., George, R. Y. and Rowe, G. T. (1973): Abyssal environment
and ecology of the world oceans. Wiley Edit. New York, 1 —488.

Middlemiss, F. A.and Rawson, P. F. (1973): Faunal provinces in space and
time. Geol. Journ. Spec. Issue 4, Liverpool, 1—210.

Milner, A. R. and Panchen, A. L. (1973): Geographical variation in the tetrapod
faunas of the Upper Carboniferous and Lower Permian. in: Tarling op. cit.
353 — 368.

Nopesa, F. (1934): The influence of geological and chronological factors on the distri-
bution of non-marine reptiles and Stegocephalin. Quart. .J. Geol. Soe. London, 90,
76 — 140.

Nicholson, R. (1971): Faunal provinces and ancient continents in the Scandinavian
Caledonies. Geol. Soc. Amer. Bull. 82, 2349 — 2356.

Oberhauser, R. (1973): Stratigraphisch-Paliontologische Hinweise zum Ablauf
tektonische Ereignisse in den Ostalpen wiihrend der Kreidezeit. Geol. Rundschau 62,
96 — 106.



PLATE TECTONICS AND PALEOBIOGRAPHY 203

Raup, D. M. (1971): Taxonomic diversity during the Phanerozoic. Science, 177,
1065 — 1071.

Russel, L. S. (1973): Geological evidence on the extinction of some large terrestrial
Vertebrates. Canad. Jour. Earth Seci. 10, 140 —145.

Simberloff, D. (1972): Models in Biogeography. in Schop f, T. J. M.: Models in
paleobiology. Freeman edit. San Francisco. (160 —191).

Simpson, G. G. (1953): Evolution and geography. Oregon Stat. Syst. High. Educ.
Eugene.

Stehli, F. G. (1973): Permian brachiopods. in: Hallam, 1973 op. cit. 1943 —150.

Stehli, F. G. and Wells, J. W. (1971): Diversity and age patterns in hermatypic
corals. Syst. Zool. 20, 115 —126.

Sylvester-Bradley, P. C. (1971): Dynamic factors in animal paleogeography.
intMiddlemiss op. cit. 1-16.

Tarling, D. H. and Runcorn, S. K. (1973): Implications of continental drift
to the Earth Sciences. Vol. I. Acad. Press. London, 1 —622.

Termier, H. and Termier, G. (1952): Histoire géologique de la biosphére. Masson
edit. Paris, 1—-721.

Valentine, J. W. (1968): Climatic regulation of species diversification and extinction.
Geol. Soc. Amer. Bull. 79, 273 — 276.

Valentine, J. W. (1969): Patterns of taxonomic and ecological structure of the
shelf benthos '('luring Phanerozoic time. Palaeontology, 12, 684 — 709.

Valentine, J. W. (1970): How many marine invertebrate fossil species? Journ.
Paleont. 44, 410 —415.

Valentine, J. W. (1971): Plate tectonics and shallow marine diversity and endem-
ism: actualistic model. Syst. Zool. 20, 253 — 264.

Valentine, J. W. and Moores, E. M. (1972): Global tectonics and the fossil
record. Journ. Geol. 80, 167 —184.

Walter H. and Straka, H. (1970): Arealkunde. Ulmer Verl. Stuttgart, 1 —478.

Wegener, A. (1912): Die Entstehung der Kontinente. Geol. Runschau. 3. 276 —292.

Wegener, A. (1922): Die Entstehung der Kontinente und Ozeanes. Vieweg Verl.
Braunschweig, 1 —144.

Wesson, P. S. (1972): Objections to continental drift and plate tectonics. Journ.
Geol. 80, 185 —197.

Wilson, J. T. (1966): Die the Atlantic close and then re-open ? Nature, 211, 676 —681.



