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CONTINENTAL DRIFT, MESOZOIC CONTINENTS AND THE MIGRATIONS 
OF THE ANGIOSPERMS 

By DR. R. MEL VILLE 
Royal Botanic Gardens, Kew 

THE ongm of the flowering plants, how they came to 
appear relatively suddenly in the northern hemisphere in 
the Cretaceous and how they attained their present dis
tribution are different aspects of one of the outstanding 
problems of biology. In recent decades it has become 
increasingly evident that the angiosperms must have had 
a long evolutionary history before the Cretaceous. Hawkes 
and Smith1 recently supplied evidence favouring the 
existence of the genera Gossypium, Bromus and Solanum 
early in the Cretaceous and suggested an origin much 
earlier and probably on the former continent of Gond
wanaland. Stebbins•, Thomas3 and Camp• have reached 
similar conclusions from studies of living angiosperms, 
and Plumstead5 has reviewed the fossil Glossopteridae, 
which dominated the flora of Gondwanaland, and dis
cussed the evidence linking them with the angiosperms. 
In evidence drawn mainly from floral vascular systems, 
I have proposed •-• a new theory of floral evolution, which 
indicated the Glossopteridae as the probable ancestral 
group of the angiosperms. The problem is too complex to 
be solved by any single line of evidence, but requires the 
correlation of data from many fields including taxonomy, 
phylogeny, palaeobotany, palaeogeography, geomorph
ology and palaeomagnetism. 

The critical period for this study extends through the 
Jurassic and Cretaceous when Mesozoic land masses were 
breaking up before their rearrangement into the present 
continental system. Before this upheaval, during the 
Palaeozoic and the early part of the Mesozoic, four great 
floral regions can be distinguished. Three of these were in 
the northern hemisphere and the fourth occupied the 
former Gondwana continent, which endured in the south 
from about the Silurian until it began to break up in the 
Jurassic. Palaeobotanical evidence does not indicate any 
contact between Gondwanaland and the northern con
tinents during the whole of this long period•·•. Recent 
palaeomagnetic research has provided independent evi
dence for the continued existence of the Gondwana 
continent at this time10 • 

By the Carboniferous, the Glossopteridae had developed 
as the characteristic flora of Gondwanaland. In the 
northern hemisphere, the coal flora occupied western 
Europe and eastern North America, which together 
formed a continent centred over the North Atlantic, 
which may be called Atlantica. A second distinctive flora, 
the Gigantopteris or Cathaysian flora, occupied a large 
part of China and South-east Asia and also the western 
part of North America•. These regions formed a continent 
centred over the North Pacific whioh may be oalled 
'Pacifica'. In the region between, the Angara flora occupied 
an area oovering Siberia southwards to about the present 
40° parallel of latitude. At a later epoch the orogenesis 
which split up and dispersed Gondwanaland also cleft in 
two both Atlantioa and Pacifica. Western Atlantica 
drifted into contact with Eastern Paoifioa to form the 
present North American continent. The other two frag
ments, Eastern Atlantica and Western Pacifica, con
tributed to 1!he modern Eurasiatic landmass. We must 

now seek evidence for the boundaries of these ancient 
continents and their positions at the beginning of the 
orogenesis. 

Geological discontinuities along the sites of ancient 
geosynclines mark the boundaries of the former conti
nental fragments, which came together to make the 
present continents. The distribution of earlier floras can 
be traced from the fossil record and can be correlated with 
the geological evidence to make a reconstruotion of the 
former continents before their rearrangement. Following 
this line of research, we find that fossil Glossopteridae 
occur in South America only south of the Amazon, so 
that only the southern portion can have formed part of 
Gondwanaland. The Amazon itself is no ordinary river. 
Although it runs for more than 2,000 miles through 
country not more than 36 ft. above sea-level its ohannel 
is broad and deep. At 500 miles above Para the river is 
still 348 ft. deep11• These unusual features oan be 
accounted for if the river follows a rift where continental 
blocks came together. 

Crossing the Atlantio to the African shore, a deep 
trenoh is found in the seabed in latitude 8-9° N. off Sierra 
Leone12 • This probably marks the junction between the 
north-west portion of Africa, which yields no Glossopteris 
fossils, and the remainder of the continent which formed 
part of Gondwanaland. From 10" N. on the coast, the 
boundary of the old Gondwana block skirts around the 
uplands of Futa J alon and then follows roughly the line 
of the Niger to Timbuktu. Thence it runs northwards to 
skirt around the Ahaggar massif and follows the line of 
the high ground around to the mouth of the Nile. Arabia 
belongs with Africa to Gondwanaland, and the boundary 
then follows the coast of the Mediterranean to the head 
of the Gulf of Iskenderun. From this point it turns east
wards, following the southern boundary of the Anatolian 
Mountains and finally south-eastwards along the edge of 
the Zagros Mountains to the Persian Gulf. 

Passing eastwards, India forms the next Gondwanic 
block. The boundary of the Glossopteris flora has been 
discussed by Sahnil3 • From Karachi it follows the valley 
of the Indus to the Himalaya, then along the line of the 
Himalaya to about long. 100° E., lat. 30° N. From this 
point it turns southwards along the line of the ranges 
between the Salween and Mekong rivers to Malaya. Sahni 
took the boundary along the spine of Malaya, but was 
uncertain whether or not to include Borneo as part of 
Gondwanaland. Some fossil Glossopteridae have been 
found in Borneo• which forms part of the Oriental faunal 
region H. The Wallace line, whioh passes along the Makasar 
Strait between Borneo and Celebes and through the deep 
strait between Bali and Lombok, marks the boundary of 
two distinctive faunal provinces. From what follows in 
this article, it is probable that it also is part of a Gond
wanic boundary, the islands to the west, Sumatra, Java, 
Bali and Borneo, with the whole of Malaya forming part 
of the Indian block of the Gondwana continent. 

The whole of the Australian continent belongs without 
question to Gondwanaland, but doubt remains about 
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New Guinea. The similarities between the floras are too 
slight for New Guinea to have been associated with 
Australia for a long period, as pointed out by Good15. It 
has been excluded in the present reconstruction except 
for the Merauke Ridge. The presence of the Upper Gond
wana flora in New Zealand indicates its origin and with 
it must go the extensive ramified block on which it 
stands, the greater part of which is now submerged. The 
associated islands include New Caledonia, Fiji and Samoa, 
and to the south, Macquarie and Campbell. Finally, the 
whole of Antarctica belongs to Gondwanaland; fossil 
Glossopteridae are known from both east and west 
provinces 5. 

The present positions of the fragments of Gondwanaland 
are shown in Fig. I. Because the boundary line has been 
determined primarily from the distribution of the Glosso
pteridae, it will be convenient to call it the 'Glossopterid 
Line'. The general trend of this line is confirmed by the 
distribution of other fossil and modern gymnosperms. 
Florin 16 has established that different groups of gymno
sperms occupied the northern and the southern (Gond
wana) continents in the Palaeozoic and Mesozoic up to 
the end of the Jurassic. Taking Podocarpus as an example 
of the southern group, all its fossils are south of the line, 
and the living species only transgress the line in South
East Asia and in the North Amazonian province of South 
America and Central America, where they have migrated 
since the beginning of the Cretaceous. Conversely, fossil 
pines (Pinus) are only known north of the line and the 
modern species only cross the line into Syria, and small 
areas in Burma and Sumatra. 

Any reconstruction of the Gondwana continent should 
take into account the physiography of the ocean basins 
and palaeomagnetic and biological data. In the solution 
offered by King and Downard11, India is not in a position 
consistent with drift along the line of the two great trans
current faults of the Maldive-Lacoadive and Ninety-East 
degree. They also place the New Zealand block in contact 
with Eastern Australia, a position inconsistent with the 
absence of the large Australian geH.era Eucalyptus and 
Acacia from New Zealand. Creer's partial reconstruction10 
based on palaeomagnetic data also requires adjustment 
in the light of other evidence, while that of Ahmad1S 
conflicts with the position of ocean rises and the Carboni
ferous glaciation. The mid-oceanic rises may be used as 
the starting-points for the reassembly of the dispersed 

fragments. The Gondwanic portions of Africa and South 
America can be fitted along the South Atlantic Rise in the 
positions worked out by Bullard et al.19•. The position 
of the combined block must have been somewhat to 
the south before the break-up of Gondwanaland and in 
contact with Antarctica. Menard's map of the Pacific 
basin 20 shows some remarkable coincidences between the 
shape of the submerged continental platform of east 
Antarctica and that of the Pacific-Antarctic Rise, which 
fixes a position for Antarctica. This would bring the coast 
east of the Weddell Sea in contact with Africa. The 
Malaysian part of the Indian block must have been in 
contact with peninsular India. The two parts fit together 
along the Ninety-East fault if the Malayan peninsula is 
flexed at its narrowest point to straighten it. By moving 
the Indian block so assembled southwards along the 
Ninety Degree and Maldive-Laccadive faults, it fits into 
the arc of the South Indian Rise in proximity to the new 
position of Antarctica. No palaeomagnetic data are 
available to check the position of India, but Irving and 
Green 21 have given a pole position for the older volcanics 
of Victoria, estimated to be of older Pliocene age, which 
would bring that part of Australia over the Indian
Antarctic Rise and considerably to the west of its present 
position. For this to be possible in relation to the remain
ing parts of Gondwanaland, Australia would need to be 
rotated through a right angle into the position shown in 
Fig. 2. This would imply very little change in latitude 
for Western Australia since the Jurassic, but considerable 
changes in latitude and climate for Eastern Australia. 
Such a sequence of events is consistent with the high 
proportion of endemics in the Western Australian flora 
and the survival of many relatively primitive forms in 
that area. Finally, the New Zealand block must have 
been to the south-east along the Pacific Antarctic Rise 
opposite Eastern Antarctica. Palaeomagnetic evidence 
is unfortunately wanting for this area. 

The extent and direction of the Carboniferous glacia
tion as recorded by Holmes22 may be used as an indepen
dent check on the validity of the reconstruction. With the 
proposed assembly the glaciated area would be nearly 
circular and the directions of the ice flow (Fig. 2) are in 
good agreement. The positions for Creer's South Ameri
can poles 14 and 15 (ref. 10) lie close to the apparent 
geographical pole and are consistent with the recon
struction. 

Fig. L. Palaeozoic floral regions. Heavy line, the glossopterid line mar kin~ the northern boundary of the fragments of Gondwanaland· thin line boundary 
of the Carboniferous coal flora; dotted line, boundary of the GigantopteriB flora; broken line, boundary of the Anga~a flora ' 
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Atlantica in the position shown in Bul
lard's reconstruction. A large bay theiL 
separated south-west Atlantica from South 
America, the eastern end of which is 
shown in Bullard's reconstruction as an 
anomalous triangular gap. 

Little attention has been given to the 
possibility of a mid-Pacific continent in 
the Mesozoic, but the evidence for the 
existence of Pacifica is of the same kind 
as that for Atlantica. In both cases the 
present oceans are flanked by continents 
bearing the severed halves of a Palaeozoic 
flora- respectively the Gigantopteris and 
the coal floras. In both there is a mid
ocean rise which marks the line of the 
upwelling convection current that caused 
the severance of the former continents, 
that for the Pacific being called the 
Darwin Rise by Menard 20 to distinguish 
it from the East Pacific Rise. Over the 
significant areas of both oceans no fossils 
or datable material of pre-Cretaceous age 
have been found19b• 20 • Much evidence 
from geological coincidences19" and palaeo
magnetic measurements19 ' supports con
tinental drift in the Atlantic. The 
evidence for the Pacific is much less 
complete, primarily because far less 
attention has been given to it. 

Fig. 2. Reconstruction of Gondwanaland. The approximate Carboniferous geo
graphical south pole is marked, with the Antarctic circle and 50° circle oflatitude which 
nearly coincides with the limits of the Carboniferous glaciation In South America, 
Africa, and Australia. Creer's South American palaeomagnetic poles Nos. 14 and 15 
are shown with their conjugate points. Dotted lines, continental shelves; broken 

Two periods of regional metamorphosis 
are reported for Japan'"' • 200 and 100 
million years ago, which would corre
spond with block faulting in the Permian 
and later volcanism accompanying drift 
in the Cretaceous. Western North 

lines, severed continental boundaries; arrows, <lirection of Carboniferous ice flow 

Turning now to the northern hemisphere, the fit of the 
two sides of the North Atlantic as calculated by Bullard'"• 
can be accepted, except that further consideration must 
be given to the non-Gondwanic portions of Africa and 
South America. There is reason to think that north-west 
Africa formed part of Atlantica, as Wilson 19b has directed 
attention to the fact that H ercynian fold belts of this 
region complete the southern part of the Newfoundland 
-Virginia belt of the same age. No such guide is avail
able for the north Amazonian block of South America. 
Palaeomagnetic data are lacking for both areas. No fit 
can be made between the Caribbean shores of the Americas 
as they exist at present. Before the reconstruction of 
Atlantica can be attempted the part of North America 
which before the Jurassic formed part of Pacifica must 
be removed. The boundary as indicated by fossils of the 
Gigantopteris flora• runs southwards from the mouth of 
the Mackenzie River skirting east of the Rockies to a 
point on the Gulf of Mexico west of the Mississippi delta 
(Fig. 1). The presence of marine deposits of Permian to 
Jurassic age in tho Mackenzie basin is consistent with this 
boundary19b, which is confirmed by Schuchart's palaeo
geographic maps for these periods23 • The low-lying 
Florida peninsula formed of Cretaceous and later sedi
m ents did not exist at tho period with which we are 
concerned. Jurassic seas pierced the central American 
isthmus in two places and an arm of the Jurassic sea must 
have penetrated as far as the Cape Verde Islands to 
account for the only marine Jurassic deposit along the 
whole of the Atlantic 10b. Probably block faulting across 
tho south-western part of Atlantica was responsible for 
these effects, separating tho Greater Antilles, which can 
be fitted neatly along the northern coast of South 
Am0rica. If, now, tho North Amazonian block is moved 
into position against North America, Atlantica will be 
complete. 

By the end of the Jurassic the South America-African 
block must have drifted into contact with south-eastern 

America was geosynclinal in the late 
Mesozoic'•! when drift was closing the gap between the 
western and eastern parts of the continent. Palaeomagnetic 
results for western North America are discordant with those 
from the east and indicate a former separation. No 
palaeomagnetic data for the Mesozoic of China have come 
to my notice, but the poles calculated by Deutsch and 
W atkins24 for the Triassic of the Tunguska River region 
of Siberia indicate a position of the Angara block 25° south 
and 87° to the east of its present position. For this to be 
true, the Angara block must have been in contact with 
Cathaysia at that time, when the present coast of China 
was in the middle of the Pacific. The augmented Pacific 
continent must have been in existence at least from the 
Triassic until it broke up early in the Cretaceous, but the 
Cathaysian core extended back to the Carboniferous. 

An attempt can now be made to reconstruct Pacifica. 
The fragments can be assembled along the line of the 
Darwin Rise in its present position. No difficulty arises 
in placing the western American portion, but the island 
arcs off the eastern coast of Asia must be closed up to 
form a compact mass against the continental shelves. In 
Fig. 3, the deeps of the enclosed seas of Okhotsk, Japan, 
and East and South China are eliminated and the penin
sulas of Kamchatka and Korea have been folded against 
the continental margin; Borneo and the parts of Malaysia 
which do not form part of Cathaysia have been removed. 
New Guinea, which floristically and geologically is distinct 
from Australia'", has been placed in a position to fit the 
curvature of the Darwin Rise, and so complete the con
tinent. 

From the Jurassic to the Cretaceous another land mass 
existed in the South Pacific. This consisted of the New 
Zealand block together with Antarctica assembled along 
the line of the South-east Pacific Rise in the position 
already indicated for the reconstruction of Gondwana
land. In addition, it is probable that the Andean provinces 
of South America, embracing Peru, Bolivia, Chile and 
Western Argentina, south of the Gulf of San Jorge with 
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Fuegia and the Falklands, were situated along the eastern 
edge of the rise. The eastern boundaries of these provinces 
are marked by a line of marine Jurassic sediments26 • 

Allowance has been made in the reconstruction for the 
displaced section of the rise south of the Easter Island 
fault. Palaeomagnetic data are wanting for this South 
Pacific continent, but it is supported by the distribution 
of numerous plant genera and species and by the absence 
of Carboniferous glaciation in Patagonia. 

For the biologist, the timing of the various episodes in 
the break-up of the Mesozoic continents is of the utmost 
importance. The moment of severance limits the migra
tion of land organisms by normal methods and must be 
a major factor in determining modern distributions. 
Evidence for stages in the break-up of Atlantica is more 
complete than for any other continent. The initial 
faulting which demarcated Greenland occurred in the 
Carboniferous10•. Marine invasions in this area began in 
the upper Permian and continued with recessions through 
the Triassic. Progress of the rift was slow until the 
beginning of the Cretaceous and then proceeded rapidly 
southwards along the North American coast. 

The African province drifted towards Atlantica and 
probably made contact with south-east Atlantica during 
the Jurassic. Faulting along the line of separation 
between Africa and South America must have then been 
far advanced, as the separation followed rapidly on that 
of Europe and North America and was completed early 
in the Cretaceous. It is probable, therefore, that Africa 
was in contact with Atlantica for a large part of the 
Jurassic, time enough for a considerable migration of 
angiosperms before the Atlantic Ocean developed. 

The faulting which heralded the break-up of Pacifica
the rift valley phase-was probably well advanced by the 
late Triassic. It was accompanied by metamorphosism in 
the Japanese region and followed by a second phase of 
metamorphosism in the late Cretaceous•••, which must 
have marked the final stages of the drift. The uprising 
convection current under the continent raised the land 
surface 2-3 km along the line of the Darwin Rise. At the 
southern end this caused the formation of a land-bridge 
between Pacifica and the New Zealand block, linking the 
regions now forming New Guinea, New Caledonia and the 
western fragments of South America which then formed 

part of the southern Pacific land mass. 
This land bridge must have formed early 
enough to allow a few representatives of 
the Glossopteris flora to reach Kansu in 
the Triassic•. It was the major link 
between Gondwanaland and the northern 
continent and accounts for the high 
concentration of relatively primitive 
angiosperms which still survive in south
east Asia and New Guinea and New 
Caledonia. Contact between north and 
south continued longer before the drift 
started than that between Africa and 
Atlantica, but the onset of drift was 
probably early in the Cretaceous to 
account for sedimentation in the Pacific 
basin and the ages of atolls and guyots 
reported by Menard 20. 

The next phase in the disruption of 
Gondwanaland was the development of 
the mid-Indian rise which continued 
south-eastwards through the junction 
between Australia and Antarctica. Evi 
dence to date the northward drift of 
India is scanty, but it may have started 
in the mid-Cretaceous, and contact was 
made with the Angara-Cathaysia block 
by the Palaeocene, though folding of the 
Himalaya continued into the Oligocene 10h . 

The drift of India was relatively rapid 
and, in its passage north, the resulting 
climatic changes caused the almost 
complet e annihilation of its rich gymno
sperm flora16 • Perhaps for the same 
reason, India appears to have made a 
smaller contribution to modern floras 
than its size would warrant. 

Fig. 3. The central Pacific continent, Pacifica, at the close of the Jurassic. A thin line 
mark• the approximate limits of the isthmus joining Pacifica to southern Gondwanic 
lands. Double lines, the position of the Darwin and East Pacific Rises; dotted lines, 

Concurrently with the drift of India, 
Australia was pushed eastwards along the 
line of the Diamantina fracture zone u'. 
The centre of activity moved eastwards 
along the Indian-Antarctic rise, driving 
eastern Australia northwards late in 

continental shelves; broken lines, severed continental boundaries 

Africa a nd South America began to drift away from 
the remainder of Gondwanaland in the upper Permian 
according to palaeomagnetic evidence•o. Assuming this 
date to be accurate, the general trends of evolution in the 
angiosperms must have been determined by this time 
although their fertilization mechanism may still have 
been gymnospermous. Progenitors of such families as Pro
teaceae, Leguminosae and Restionaceae must have been 
dispersed through both African and Australian provinces 
of Gondwanaland to account for their modern distribution. 

the Cretaceous. The combined movements caused 
the rotation of Australia, bringing it into contact with 
New Guinea which, by this time, had drifted to the 
south-east of its present position. New Guinea was 
forced northwards and the adjacent island arcs were 
curved into their present positions. The rift continued 
eastwards along the line of the Pacific-Antarctic Rise and 
then north-eastward along the East Pacific Rise, separ
ating the New Zealand block from W estern Antarctica 
and from the Chilean and Peruvian fragments of South 
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America at the end of the Cretaceous or Palaeocene. The 
final stages of the movement caused the raising of the 
Andes in the Miocene. 

Before the break-up of Gondwanaland, continuous land 
connexion existed between India, Antarctica and eastern 
Australia (Fig. 3). With the development of the East 
Pacific Rise, the gap between Australia and New Zealand 
across the Ross Sea area must have been bridged. It 
is evident that during the Cretaceous the circum
Antarctic land bridge postulated by plant geographers 
from Hooker•• to van Steenis21 actually existed. The 
reason for such sub-Antarctic distributions as that of 
Juncus scheuchzerioides in Kerguelen, Tasmania, New 
Zealand, Fuegia and the Falklands is now clear. The 
separation of the New Zealand block from the Chilean 
fragments of South America was late enough to account 
for the identity of the small number of Hebe species in 
the latter area with their New Zealand congeners. The 
genus Nothofagus, at present with a disjunct distribution 
in Tasmania, Eastern Australia, New Guinea, New Cale
donia, New Zealand, Chile and Western Antarctica (fossil), 
in the Cretaceous occupied a single land area. Coriaria, 
now inhabiting New Zealand, South America and China 
with one species in Europe, was able to migrate from its 
Gondwanic home to China in the early Cretaceous, and, 
after drift, across to Europe. Pleistocene glaciation prob
ably accounts for its absence now in the rest of temperate 
Asia. The links between the floras of Japan and South 
America discussed by Maekawa•• can be explained on the 
basis of pre-existing land connexions. So also can other 
distributions mentioned by Camp•, and it may be found 
profitable to compare the maps published by Vester•• 
with the disposition of land in the Jurassic and Cretaceous 
as revealed by the present synthesis. 

Although parts of these reconstructions may appear to 
be somewhat speculative, every position mapped rests on 
evidence from two or more disciplines. It is hoped that 
the attention drawn to gaps in our knowledge will lead 
to further research on related problems. I am grateful to 
Dr. E. P. Plumstead for discussing the distribution of the 
Glossopteris flora and to colleagues at Kew and the 
British Museum for their interest and encouragement. 
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BOOK REVIEWS 

UNBRIDLED RACISM 
Racial Contours 
The :Factor of Race in Human Survival. By H. B. Isher
wood. Pp. 423. (Douglas, Isle of Man: Times Press, 
Ltd., 1965.) 18s. 

READING this book is a disheartening experience. It is 
scarcely credible that such congeries of misrepresentation, 
warped judgment, and just plain gibberish can be pub
lished in the Age of Science, and in Great Britain rather 
than in some underdeveloped country. Here are some 
samples: " ... we have no alternative but to assume that 
from the statistical analysis there are fewer genes (or less 
complex gene combinations) in the lower primates than 
in, say, the Australoids, even though they may have the 
same number of chromosomes, that also there are fewer 
geneR in the lowly Australoid than in, say, tho Negroid, 
and that there are fewer genes in the Negroid than in the 
Mongoloid". The blue-blooded Nordics must be brim
ming with genes. This does not make them safe from 
dangers, because "Hybrids do not breed true and by 
miscegenatic multiplication inferior variants would be 
thrown off and the superior race as a biological entity 
would lose its place in the evolutionary scramble. In 
short, exogamy indulged in by a more advanced people 
inevitably tends to impair the intrinsic quality of that 
people. About this there can be no dispute". These, and 
many other equally "indisputable" facts, are the basis of 
many pages of unbridled racism. Pages 148-178 are an 
antisemitic tract, complete with the story, "believed by the 
learned as well as the ignorant", that Jews used the blood 
of children of other races in their paschal celebrations, 
and the Protocols of the Learned Elders of Zion. The 
political conflicts and the Cold War are explained very 
simply: "Americans believe themselves to be in direct 
ideological opposition to the U.S.S.R. The impossibility 
of reconciliation between these two great Caucasoid 
powers arises from roots deeper than ideas or social 
forms. Large percentages of the peoples of both coun
tries are non-Caucasoid and the racial ratio will change 
in each country, coloring the collective character and 
ethos of the populations. In this respect the evolu
tionary advantage undoubtedly lies with the U.S.S.R. 
Yet both powers, indeed the whole Caucasoid race, may 
in the end be beaten in the struggle to survive by the 
more stable and homogeneous Mongoloids". There is not 
even hope that the Caucasoid thoroughbreds can be 
preserved by emigration: "Despite the rapid progress 
now being made in cosmic rocketry the feasibility of 
transporting men in effective numbers to another planet 
or star could be ruled out as not being realizable in time". 
Here one is tempted to conclude--if mankind really is 
what the author says it is-that other planets ought not 
to be contaminated by it. THEODOSIUS DOBZHANSKY 
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DR. GAY is to be congratulated on undertaking a task 
of considerable magnitude, knowing well that it would 
be impossible to achieve perfection at the first attempt. 
As chief of the Animal Resources Branch, Division 
of Research Facilities and Resources of the U.S. National 
Institutes of Health, he is in a particularly good position 
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