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FOREWORD

Impressed with the significance and value of Dr. WULFF's Russian
text, which was published in 1932 and again in a slightly revised edi-
tion in 1933, I then suggested to him the desirability of an English
translation in order that his views might be made more generally
available to a wider public. The present volume, revised and brought
up to date by Dr. WULFF, as far as war conditions permitted him to do
so0, has been excellently translated by Miss ELISABETH BRISSENDEN, work-
ing in close association with Dr. WULFF in Leningrad. It constitutes
the first part, covering general and theoretical problems, of a projected
three volume work on historical plant geography. The second part,
devoted to a History of the Floras of the World, was completed and,
at the outbreak of the present war, ready for publication under the
auspices of the Academy of Sciences of the U. S. S. R. in Leningrad.
The third part, dealing with the changes in floras caused by man’s
activities, is in the course of preparation. It is to be hoped that after
these two volumes are published, English versions of both may appear
corresponding to this one.

The present volume consists of eleven chapters opening with one
covering the scope of the subject, the relationships to allied sciences, and
methods of investigation, and closing with an excellently prepared one
on the concept of floral elements. Between these two chapters, in much
detail, is considered the history of the science, areas: their types and
origins, parallelisms in the geographical distribution of plants and ani-
mals, artificial and natural factors in relation to the geographic dis-
tribution of plants, migrations of species and of floras and their causes,
and the historical causes for the present structure of areas and the
composition of floras.

Thus in this single volume students and investigators will find as-
sembled in one place a great amount of well coordinated data, pre-
sented in a lucid manner, that should greatly lighten their burdens, and
act as a stimulant to further investigations. Much work remains to be
done and some of the theories discussed need further testing through
the laborious process of assembling further details. The publication of
this volume in English now makes Dr. WULFF’s views very generally
available to a wide public. The author, the translator, and the pub-
lisher deserve sincere thanks, for the present volume is a mine of
logically and authoritatively discussed information on the subject.

Dr. WuLr¥’s enthusiastic adherence to the WEGENER hypothesis will not be accepted
by all plant geographers and geologists; many, in fact, are strongly opposed to it. Al-

though it is interesting to note that WEGENER’s theory has recently enjoyed support in
geological circles (see Sir THOMAS HOLLAND'’s recent Bruce-Preller lecture on the problems



E. V. Wulff —Viii— Historical Plant Geography

of continental drift, Proc. Roy. Soc. Edinb. B, 61, IT (13), p. 149 et seq. 1941), others take
violent exception to it (see BAILEY WiLLis, On the Life History of Theory, Am. Scientist
30:200, 1042).

From a purely botanical standpoint I compiled certain data from the published volumes
of the second edition of the ENGLER-PRANTL “‘Natiirliche Pflanzenfamilien”, in which all
the known genera, approximating 2811 in all the families of the Gymnospermae, 26 families
of the Monocotyledoneae, and g5 families of the Dicotyledoneae are considered. Only about
180 of these 2800 genera have species common to both hemispheres. This is a good
case of random sampling as the groups considered include many families of plants that are
strictly tropical, and many such as the Pinaceae, Cupressaceae, Liliaceae, Saxifragaceae,
Rosaceae, Cruciferae, Caryophyllaceae, and others, that are very well developed in the tem-
perate zone with a fair number of representatives even in the far north. The genera that
are common to hoth hemispheres are but about 6.3 percent of the total. Were strictly
tropical groups considered, it would be much smaller. I merely cite these figures for what
they may be worth, hut were the theory of drifting continents correct one would logically
expect to find a great number of genera common to the tropics of both hemispheres.

The editors of CHRONICA BoTaNica are under obligations to Dr.
H. M. Raup, of the Arnold Arboretum, and to Dr. and Mrs. STANLEY
A. CalN, of the University of Tennessee, for their assistance and advice
in preparing the present text for the press.

The appearance of this volume at this time emphasizes the fact that
science is not limited by international boundaries and that the work of
one investigator prosecuted in one country under one regime, contrib-
utes materially to the advancement of knowledge in all countries. I
should like to quote a statement of Mr. RaymonDp FOsDICK in a recent
report of the Rockefeller Foundation: “In the shadows that are deepen-
ing over Europe the lights of learning are fading one by one. The
conception of knowledge as an international responsibility has vanished.
The free flow of ideas across boundary lines between laboratories and
universities had dried up. Elsewhere the exigencies of war have erased
the opportunities for intellectual and cultural life as that term was
understood a few years ago.” And yet, in spite of the war, and in
spite of the fact that the U. S. S. R. has suffered most grievously, it
has been possible to provide for the English translation of the present
volume in Russia, and its publication in the United States of America.

The author, Dr. E. V. WuLFF, was born in 1885. He received his
Ph.D. degree from the University of Vienna in 1910. He is well known
for his publications dealing with historical plant geography, on the
flora of Crimea, various phases of economic botany, and systematic
work on the Scrophulariaceae. He is Curator of the Herbarium, De-
partment of Geography of Cultivated Plants of the Institute of Plant
Industry of the U. S. S. R., Leningrad.

Appended to this foreword is a statement prepared by Dr. HucH
M. Raup of the Arnold Arboretum, in which various significant papers
are listed, supplementing the numerous references given by Dr. WULFF.
Most of these appeared in the interim between the publication and
revision of the original Russian edition and this English translation of
WuLrr's work.

ErmMer D. MERRILL

Jamaica Prain, Mass., U. S. A, Administrator of Botanical Col-
CHRISTMAS, 10942 lections, Harvard University, and
Director of the Arnold Arboretum



For the student of plant geography, one of the chief merits to be found in this trans-
lation is its analysis and discussion of a large amount of continental, especially Russian,
literature which would not otherwise be readily available. It will be not less useful for its
Incid discussions of the classic concepts npon which much of modern floristic plant geog-
raphy is based. On the other hand, students will undoubtedly miss a number of references
to American literature which deal with the various subjects that make up Professor WULFF’s
work. This is particularly true of a number of very recent papers, many of which will be
found to add greatly to the argument of the book. The exigencies of transportation during
war time have of course made it extremely difficult for students on two sides of the world
to keep up with one another’s work. It may therefore be suitable to add some notices of
papers that are outstanding in the fields they represent. The following paragraphs are
not to be considered in any sense complete, therefore, and are offered merely, in accordance
with Dr. WuULrrr’s desires as expressed to the editor of this series, as aids toward the com-
pletion of certain chapters of the book.

The historical and classic phases of geographic botany have had a brief but excellent
treatment in ‘‘A Short History of the Plant Sciences” by H. S. Reep (Chronica Botanica
Co., 1942); while an earlier American paper by E. L. GREENE on “Landmarks of Botanical
History” (Smithsonian Miscel. Coll., 19og), though not cited by WuLrF, will yield much of
value. With regard to the significance of ALEXANDER vON HUMBOLDT as the founder of
modern phytogeography, discussed by WULFF on p. 11, the reader will find further ma-
terial in a recent book by RicHARD HARTSHORNE on “The Nature of Geography” (Ann.
Ass. Am. Geogr. 29: 171-658, 1939; reprinted in book form with separate paging).

Some of the criteria for the determination of center of area, treated at some length by
WULFF in his third chapter, were outlined many years ago in America by C. C. Apams:
‘‘Southeastern United States as a Center of Geographic Distribution of Flora and Fauna”
(Biol. Bull. 3: r115-31, 1902). ADAMS’ criteria have been critically re-examined and ex-
tended by STaNLEYy A. CAIN in a paper now in press.

The problems centering in the origin of geographic areas are, as WULFF makes clear
(Chapter IV), closely allied to those of speciation. A number of papers have appeared
recently in American biological literature which touch npon these problems, and since they
appear to have advanced our thinking considerably, a few of the more important will be
cited. DoBzHANSKY’s book on ‘“‘Genetics and the Origin of Species” (Col. U. P.; 2nd ed.,
1941) contains stimulating discussion of some of the geographic aspects of speciation. Re-
sults of the extensive transplant experiments carried on by the Carnegie Institution in
California have far-reaching implications for American stndents of floristic geography.
They have been published by J. Crausen, D. D. KEck and W. M. Hiesey in “Experi-
mental Studies in the Nature of Species, I. Effect of varied environments on Western
American Plants” (Carn. Inst. Wash. Publ. 520, 1940). Other aspects of the genetical
approach to geographic problems are to be found in papers cited below in supplementing
WULFF's treatment of migration (Chapter IX). The relation of recent studies of poly-
ploidy to geographic problems is noted in papers by Epcar ANDERsSON, “Cytology in its
Relation to Taxzonomy” (Bot. Rev. 3: 335-50, 1937), and by G. L. SteEBBINS, ‘“The
Significance of Polyploidy in Plant Evolution” (Am. Nat. 74: 54-56, 1940).
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The chapter on “Types of Areas” (V) could be illustrated more extensively from
American literature than WULFF has done. Maps prepared by M. L. FErNaALD and pub-
lished in various papers by him yield a wealth of material in this connection. The following
are references to a few of them: ‘“Persistence of Plants in Unglaciated Areas of Boreal
America” (Mem. Gray Herb. 2, 1925); “The Antiquity and Dispersal of Vascular Plants”
(Quart. Rev. Biol. 1: 21245, 1926); “Some Relations of the Floras of the Northern Hemi-
sphere” (Proc. Int. Cong. Pl Sci. 2: 1487-1507, 1920); “Specific Segregations and Identi-
ties in Some Floras of Eastern North America and the Old World” (Rhodora 33: 25-63,
1931); “Recent Discoveries in the Newfoundland Flora” (Contr. Gray Herb. 101, 1933);
“A Century of Additions to the Flora of Virginia” (Coutr. Gray Herb. 133, 1940). The
perplexing problem of species with ranges divided between North and South America has
been discussed recently by G. E. Du Rierz in “Problems of Bipolar Distribution” (Acta
Phytogeog. Suecica 13: 215-82, 1940). Students will find useful data on the marginal
phenomena of plant ranges, treated briefly hy WULFF on p. 67, in papers by R. F. Grices
on his investigations of timberlines: “The Edge of the Forest in Alaska” (Ecology 15:
80906, 1934); “Timberlines in the Northern Rocky Mountains” (Ecology 10: 548-64, 1038);
“Indications as to Climatic Changes from the Timberline of Mount Washington™ (Science
95: 5I5-19, 1942).

Around the general subject of plant migrations and their causes there has grown an
imposing literature, both European and American. Students in the Americas will welcome
WULFF’s resumé of the European material, but will no doubt wish that circumstances had
permitted him to correlate it more fully with recent American work. The whole matter
has been greatly enlarged and complicated in recent years by the insertion of genetical
interpretations of plant behavior. It will be impossible to do more than cite a few of the
American papers which touch the problem.

HuLrTEN’s paper on an “Outline of the History of Arctic and Boreal Biota During the
Quarternary Period” (Stockholm, 1937) greatly extended many of the ideas already ex-
pressed by FERNALD on Glacial and post-Glacial dispersal (see above, “Persistence, etc.”’).
The controversial issues of the “nunatak hypothesis” raised by FERNALD have engendered
considerahle stimulating discussion, much of which is summarized in papers by Frére
MagrIE-VicToRIN, “Phytogeographical Problems of Eastern Canada” (Am. Midland Nat.
19: 48g-558, 1035); V. C. WynNNE-Enwarps, “Isolated Arctic-alpine Floras in Eastern
North America: a Discussion of Their Glacial and Recent History” (Trans. Roy. Soc.
Can. IIL. 31(5): 1-26, 1937) and “Some Factors in the Isolation of Rare Alpine Plants”
(Trans. Roy. Soc. Can. ITL. 33(5): 3542, 1039; R. F. Grices, “The Ecology of Rare
Plants” (Bull. Torr. Bot. Club 67: 575-94, 1940); and by H. M. Raup, “Botanical Prob-
lems in Boreal America” (Bot. Rev. 7: 147248, 1041).

Notable advances in our knowledge of the origin and development of the great deciduous
forest complex of eastern America have been made in recent years by a number of students.
A paper by H. A. GLEASON in 1923 on “The Vegetational History of the Middle West”
(Ann. Ass. Am. Geogr. 12: 30-85) has been followed, in the more purely floristic field, by
FErNALD’s “Specific Segregations and Identities, etc.” (see above), E. L. Core’s “Plant
Migrations and Vegetational History of the Southern Appalachian Region” (Lilloa 3: 5—29,
1938), E. Lucy BRAUN's papers on the ‘“Affinities of the Flora of the Illinoian Till Plain
of Southwestern Ohio” (Rhodora 37: 34961, 1935) and “Some Relationships of the Flora
of the Cumberland Plateau and Cumberland Mountains in Kentucky” (Rhodora 39:
103~208, 1037); and by S. A. CaN’s “Certain Floristic Affinities of the Trees and Shrubs
of the Great Smoky Mountains and Vicinity” (Butler Univ. Bot. Stud. 1: 12¢9-150, 1930).
Vegetational phases of the problem have been dealt with by Miss BRAUN in a series of
papers on the flora of southern Ohio and Kentucky: “Glacial and post-Glacial Migrations
Indicated by Relic Colonies of Southern Ohio” (Ecology o: 284302, 1928); “The Un-
differentiated Deciduous Forest Climax and the Association Segregate” (Ecology 16:
514-19, 1035); ‘‘The Differentiation of the Deciduous Forest of Eastern United States”
(Ohio Jour. Sci. 41: 23541, 1041); ‘“The Forests of the Cumberland Mountains” (Ecol.
Monogr. 12: 415-47, 1942). The recent status of the eastern prairie-forest boundary prob-
lem was summarized in 1935 by E. N. TRANSEAU in “The Prairie Peninsula” (Ecology
16: 423-37).

Some recent papers on the interior plains of the continent are by CLEMENTS and
CHANEY on “Environment and Life in the Great Plains” (Carnegie Inst. Wash. Suppl.
Publ. 24: 1-54, 1037); FORREST SHREVE on “The Desert Vegetation of North America”
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(Bot. Rev. 8: 195-246, 1942); and I. M. JoENSTON on the “Floristic Significance of Shrubs
Common to North and South American Deserts” (Jour. Arn. Arh. 21: 356-63, 1940).
The affinities of the vegetation of the northern interior plains have heen discussed in papers
by Raur: ‘‘Phytogeographic Studies in the Peace and Upper Liard River Regions, Canada’
(Contr. Arn. Arh. 6, 1934); “Botanical Investigations in Wood Buffalo Park’” (Nat. Mus.
Can. Bull. 74, 1935).

There have heen hut few papers in recent years on the historical plant geography of the
North American Cordillera. Problems in the alpine flora of the more northerly areas were
dealt with in part by HurLTén (“History of Arctic Biota, etc.”’); and the arctic affinities of
the alpine flora of the central Rockies were treated somewhat earlier hy THEODORE HoLMm
in “Contributions to the Morphology, Synonymy, and Geographic Distribution of Arctic
Plants” (Rept. Can. Arct. Exped., 1913-1918, 5: pt. B, 1-139, 1922), and in “The Vege-
tation of the Alpine Region of the Rocky Mountains in Colorado” (Mem. Nat. Acad. Sci.,
Wash. 19%: 1—43, 1923). G. N. JonNEs had discussed the phytogeography of the Olympic
Mountains of Washington in “A Botanical Survey of the Olympic Peninsula, Washington”
(Univ. Wash. Publ. Bot. 5: 1-286, 1936). A recent paper hy HErBERT L. MasoN, on the
“Distribution History and Fossil Record of Ceanothus’ (in “Ceanothus”, by M. Vanx
RENSSELAER, pp. 281-303, Publ. Santa Barbara Bot. Gard., 1942), contains a summary of
some current ideas on the history of Cordilleran floras.

The genetical approach to problems of migration and area has been adequately sum-
marized very recently by G. L. STEBBINS in “The Genetic Approach to Problems of Rare
and Endemic Species” (Madrofio 6: 241-58, 1942). These views were put into practice on
a regional floristic scale by HULTEN in his “Arctic and Boreal Biota, etc.” (see above), and
their implications for all students of the boreal American flora have heen suggested by
RAvP in “Botanical Problems, etc.” (see above).

Botanical aspects of the theory of continental drift have heen almost entirely neglected
by American students. A brief paper (in abstract form) by W. H. Camp on ‘“Continental
Displacement and the Origin of American Floras” (Proc. 8th Pan Am. Sci. Cong. 3: 193-4,
1942) is one of the very few that have appeared. WULFF’s review of European views on
the matter (Chapter X) should, therefore, be of great interest.

Huce M. Raur
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Chapter 1

HISTORICAL PLANT GEOGRAPHY — SCOPE,
RELATION TO ALLIED SCIENCES, METHODS
OF INVESTIGATION

Scope and Name of the Science: — Historical plant geography has as
its aim the study of the distribution of species of plants now existing
and, on the basis of their present and past areas, the elucidation of the
origin and history of development of floras, which, in turn, gives us a
key to an understanding of the earth’s history. In this respect histori-
cal geography of plants and animals is a direct continuation of his-
torical geology. The latter science bases its conclusions on a study of
fossil organisms, both of animal and plant origin. Consequently, its
penetration into a knowledge of the history of our planet carries us no
further than the Tertiary or the beginning of the Quaternary Period.
From then on the further study of the past fates of the earth passes
over to the biologist, who, on the basis of the present distribution of
living organisms and of data regarding their past habitats, determines
those changes which occurred in that complex combination of diverse
factors as a result of the interaction by which the areas of these organ-
isms have been established. By an analysis of these changes he con-
tributes to the task of reconstructing the past aspect of the earth and
its history.

The vegetation of our planet is under the constant influence of the
most diverse factors facilitating or hampering its development. These
factors affecting the earth’s vegetation not only functioned in past
geological periods, when changes in the configuration and location of
the continents, the formation of new mountain systems, the trans-
gression and regression of seas, and changes in climatic conditions
called forth changes in the distribution of plants leading to the creation
of their present areas; these factors, to which has been added another
major one, man’s activities, have also continued to function in the
present period of the earth’s history.

The more recent changes in the earth’s vegetation—the disappear-
ance of forests, the formation of deserts, the draining of swamps and
changes in their vegetation, the crowding out of some species by others,
the destruction or dying out of single species or whole floras and their
replacement by cultivated vegetation—which may frequently be traced
irom historical data likewise constitute one of the chapters in historical
plant geography,

This conception of the scope of this branch of botanical geography
leads us also to the name by which we designate it, ‘“‘historical plant
geography”’. The introduction of this term should, we believe, be
ascribed in part to STROMEYER but chiefly to ScEouw, who used it in
his “Grundziige einer allgemeinen Pflanzengeographie” (1822) to desig-

I
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nate the branch of science we are discussing. Later ALPHONSE DE
CanDOLLE called it “epiontology”. ENGLER called it ‘“Entwicklungs-
geschichtliche Pflanzengeographie”, seeing in the history of the de-
velopment of floras the chief task of this branch of botanical geography.
DieLs and SCHROTER gave it the name ‘“genetic plant geography”,
returning in essence to DE CANDOLLE’s term. (For a schematic presen-

tation of the different views on this question see the table below).

TERMS EMPLOYED BY VARIOUS AUTHORS TO DESIGNATE THE THREE
MaIN BRANCHES OF PLANT GEOGRAPHY: —

BRANCHES OF PLANT GEOGRAPHY

AUTHOR
Floristic Ecological Historical
WILLDENOW (1792) Geschichte” der Geschichte der Geschichte der
Pflanzen Pflanzen Pflanzen
STROMEYER (1800) Vegetabilium geo- | Phyto-geographia Historia vegetabi-
graphia lium geographica
HuumsoLpT (1807) Geographie der Geographie der Geographie der
Pflanzen Pflanzen Pflanzen
DE CANDOLLE, AUG. Géographie bota- Géographie hota- Géographie bota-
(1820) nique nique nique
SceOUW (1822) Pflanzengeographie | Pflanzengeographie | Geschichte der
Pflanzen
DE CANDOLLE, ALPHONSE —_ — Géographie bota-
(1855) nique raisonnée
(Epiontologie)
GRISEBACH (1866) Topographische Klimatologische Geologische Geo-
Geobotanik Geohotanik botanik
DrupE (1890) Topographische Geo-{ Klimatologische Geologische Geo-
hotanik. Vegeta- Geohotanik hotanik
tions-physiognomie
ENGLER (18g9) Floristische Pflan- | Physiologische Entwicklungsge-
zengeographie Pflanzengeographie| schichtliche Pflan-
zengeographie
DieLs (1908) Floristische Pflan- | Oekologische Pflan- | Genetische Pflan-
zengeographie zengeographie zengeographie
GRAEBNER (1910) Floristische Pflan- | Oekologische Pflan- | Genetische Pflan-
zengeographie zengeographie zengeographie

RUBEL (1922)

SCHROTER (1913)

HAYEK (1926)

Chorologische Geo-
botanik

Floristische Pflan-
zengeographie

Oekologische Geo-
botanik

Oekologische Pflan-
zengeographie

Genetische Geo-
hotanik
Genetische Pflanzen-
geographie oder
Epiontologie
Entwicklungs-
geschichtliche oder
historische Pflan-
zengeographie

The term ‘“geobotany” was first used in 1866 by GRISEBACH to
designate all branches of botanical geography, and it was used in the
same sense by DRUDE (18go) and later by RUBEL (1922-1927).

But in the same year as GRISEBACH, either independently or per-
haps under the influence of the “Vegetation der Erde” by this author,
there was published in Russia a memoir by RuPRECHT entitled “‘Geo-
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botanical Studies of the Black-Soil Zone”, in which the term “geo-
botanical”’ is used not in the broad sense in which it was employed by
GRISEBACH but in a narrower sense. By ‘“geobotany’’ RUPRECHT ap-
parently meant only that part of botanical geography which is con-
cerned with a study of the history of the distribution of species and the
development of floras or—as LitviNnov (189s), the well-known specialist
on the problems we have under consideration in this book, expressed
it—with an elucidation “of the extent to which the age of a land is
reflected in the present distribution of plants”.

Later, geobotany came to mean only the interrelations between soil
and vegetation, z.e., the use of this term was narrowed down to em-
brace not all but only part of ecological plant geography. And, finally,
in recent times geobotany has come to mean the science dealing with
plant associations. In view of the great confusion in the use of this
term, it seems advisable to adopt some more concrete term.

All the other names proposed likewise have their drawbacks. ENG-
LER’s “Entwicklungsgeschichtliche Pflanzengeographie’’—although it
comes closest to our concept, stressing precisely as it does problems of
the history of the development of floras—is exceedingly cumbrous and
difficult to translate into other languages. DieLs’ “genetische Pflan-
zengeographie” embraces only problems of the origin of floras and does
not reflect their historical development and present fate; also in sound
it very closely resembles an entirely different science, genetics, in which,
moreover, at the present time there has developed a special branch
known as ‘‘genogeography”. The term ‘‘genetic plant geography’ is
particularly inacceptable, because it stresses the initial moments in the
history of species and floras, entirely ignoring the dynamics of their
development and distribution. The task of historical plant geography
is to picture the distribution of plants not statically but as a historical
process.

It is likewise erroneous to include in this branch of plant geography
only the genesis of the areas of species. Historical plant geography
aims to elucidate not only the origin and history of the distribution of
species but, to no less an extent and even as its chief task, the history
of the development of floras, and the genesis of floras may not at all
coincide either in place or time of origin with the genesis of many of
the species forming these floras.

The term ‘“historical plant geography” has its disadvantages, since
“history” is often understood as embracing only those events linked
with the period of man’s existence, and some botanical geographers
(e.g., STROMEVYER, 1880, Historia vegetabilium geographica applicata;
FLAHAULT, 1907, Phytogéographie historique) have limited this term
to designate only those changes in the plant world which have occurred
as a result of man’s activities.

Nevertheless, we adhere to this last term, “historical plant geog-
raphy”, since we consider that for the given branch of botanical
geography, closely linked with historical geology, this is the most
suitable designation, being a concept broad enough to embrace all the
diverse tasks involved in a branch of knowledge concerned with a study
of the development of present-day vegetation in its historical and
geographical perspectives.
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Relation to Paleobotany: — Studying the present distribution of
plants, historical plant geography cannot but investigate their past
distribution, since only on the basis of the latter can their present areas
be understood. Unfortunately, fossil plants are to be found in very
small numbers and often in such a condition that it is impossible to
identify them. Nevertheless, even the little that we know about the
vegetation of earlier geological periods, particularly of the Tertiary
Period, gives us very valuable indications as to the former distribution
of genera and species of plants, some of which are still in existence, and
this in turn gives a basis for determining the climates and distribution
of land areas in those remote times. Consequently, paleobotany is a
necessary basis for historical plant geography, but the latter does not
cover the same ground as the former, despite the closeness of the aims
of research in the two sciences. Paleobotany makes a study not only
of the taxonomy, morphology, biology, and geography of fossil plants
but also of the history of development of the floras of former geological
periods, in this latter respect constituting a science parallel to that of
the historical geography of plants now living. Historical plant geog-
raphy begins its work at the point where paleobotany leaves off.

Relation to Phylogenetic Taxonomy: — Phylogenetic taxonomy of
plants has as its aim the arrangement of plants (now or formerly exist-
ing) in a system based on the degree of their kinship and the history
of their development. In connection with this aim modern plant
taxonomy should use fully objective methods of determining relation-
ships. At present no one longer doubts that the morphological method
of comparison alone cannot give sufficiently trustworthy data as to the
relationship of taxonomic units. Consequently, there have been
advanced several objective methods of establishing the relationship
between species and forms being studied. Among such methods is that
introduced by WEeTTSTEIN (1898) under the name ‘geographical-
morphological method of plant taxonomy”. This method has proved
to be exceptionally fruitful, and to the present time is widely used in
monographs on plant taxonomy. It is founded on the supposition,
based on a number of extensive investigations, that there exist close
interrelations between species-formation and® habitat conditions.
Habitat conditions vary not only in relation to time but also in re-
lation to space. Hence, it is quite clear that species arising as a result
of adaptation to or the effect of conditions characteristic of a definite
area should occupy this area. Consequently, on the basis of the dis-
tribution of plants one may draw conclusions as to their origin.

Species may be divided into three main groups according to the
conditions and time of their origin. To the first group belong those
species which have arisen comparatively recently as a result of adap-
tation to new habitat conditions, to which they have been subjected
either due to their migration beyond the limits of their initial area or
due to changes in conditions within part of their area. Such species
are, presumably, very closely related to the species from which they
arose, inhabit contiguous but not overlapping areas, and are linked
by a number of transitional forms not of hybrid origin.

To the second group belong species of more ancient origin. Such
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species inhabit areas separated from one another but lying within the
area of another related species, or they are separated by a region unoccu-
pied due to the dying out of intermediate species, or, in case they al-
ready differ sufficiently as regards conditions of habitat, overlapping
areas. Such species naturally differ greatly from one another mor-
phologically, and are usually not linked by any transitional forms.

These first two categories of species appeared in northern and cen-
tral Europe in the post-glacial period in contrast to the third group of
species, which existed in the Tertiary Period and were preserved during
the Glacial Period either in southern Europe or beyond its boundaries,
whence in unaltered form they penetrated Europe proper only after
the recession of the glaciers.

From the foregoing it is clear that phylogenetic taxonomy can de-
rive much from the geographical distribution of species in its task of
determining their relationships. Historical plant geography, on the
other hand, can determine, on the basis of the relationship between
species, the history of their origin and migrations, and thus approach
its chief task, the elucidation of the history of floras.

Relation to Paleogeography: — Paleogeography is a new branch of geo-
graphical science. One of the numerous methods by the aid of which
paleogeography approaches a solution of its tasks is the paleo-bio-
geographical method, founded on a study of the former distribution of
living organisms. Paleontological data, due to their chance and in-
adequate nature, are not capable of solving problems as to the former
distribution of plants and animals on the earth’s surface, which make it
necessary for the paleogeographer to seek in biological data for that
which geology fails to give him. Consequently, biogeography consti-
tutes one of the necessary bases for paleogeography.

However, not all branches of the geography of living organisms are
equally useful in paleogeographical research. Of exceptional signifi-
cance for the geography of former periods of the earth’s history is the
historical geography of plants and animals. The latter, to a consider-
able degree, have outlived the various changes which have taken place
on the earth’s surface during their long existence, but these changes
cannot but be reflected in the present distribution of organisms. The
biologist in studying the latter stumbled on a number of facts, to ex-
plain which he took recourse, to some extent without having sufficient
geological data, to conclusions and hypothetical propositions as to the
former configuration of and connections between the continents, which
in many cases subsequently proved to be confirmed by geological in-
vestigations and now are generally accepted as established facts.

The study of the present areas of plants and animals, the elucida-
tion of the causes which brought them about, the drawing of con-
clusions as to the past history of these areas—all these factors in the
study of the distribution of organisms, constituting the essence of his-
torical biogeography, make up one of the cornerstones on which paleo-
geography is based. Paleogeographical data, on the other hand,
constitute a basis for conclusions as to the historical geography of
plants and animals.
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Relation to Paleoclimatology: — Climatic conditions constitute one
of the important component factors which, taken together, determine
the present distribution of plants. Of exceptional importance for
elucidating the history of the former distribution of plants and, conse-
quently, for an understanding of their present areas, is an acquaintance
with the climate of past geological periods, when the areas now under
investigation were formed.

Conversely, paleoclimatology to a considerable degree bases its work
on biogeographical data, not only as regards separate species but also
as regards the distribution and character of entire floras. For paleo-
climatological research paleogeographical reconstructions are, as
EckArDT (1921) has expressed it, ‘“‘der wichtigste Lebensquell”, and,
inasmuch as paleogeography is based on biogeographical data, paleo-
climatology is also linked with biogeography.

Relation to Historical Geology: — From all the foregoing it is per-
fectly clear that, if the chief object of historical plant geography is to
explain the present distribution of plants on the basis of the history of
their past habitats, the geological history of the earth’s surface, the
history of seas and lands, 7.e., historical geology, must constitute an
important base for starting points in investigations into historical plant
geography. Data for biogeographical conclusions as to the former
character of now discontinuous areas of distribution of organisms, data
for hypotheses regarding former connections between the continents,
without which many factors in this distribution cannot be understood,
data as to the presence of seas where there is now land and land where
there are now seas, data as to the movement of glaciers and seas—in a
word, historical plant geography finds in historical geology all that
which reconstructs the history of the earth. Biogeographical conclu-
sions only find definite confirmation, when it is possible to base them
on a geological foundation, which historical geology alone can provide.
At the same time, biogeography, inasmuch as it is a source of paleo-
geographical structures, also contributes its bit to the work of his-
torical geology in deciphering the pages of the ancient manuscript of the
earth’s history.

Methods Employed in a Historico-Geographical Study of Floras: —
The history of the development of any given flora may be established
on the basis of an accumulation of data, which may be amassed by all
the various modes of investigation which the present state of our
knowledge places at our disposal. The initial step should be to ac-
quaint ourselves with the geological, paleogeographical, and clima-
tological history of the territory of the flora or floras under study.
An analysis of present-day floras, based on a study of the areas of their
component species, should next be made both by the direct method of a
study of paleobotanical data and by a number of indirect methods,
such as the phylogenetic, botanico-geographical, ecologico-phyto-
coenological, and biotic. By the last-mentioned we mean a comparison
of the distribution of plants with that of animals or of the distribution
of plant hosts with that of their parasites.

Historico-geographical conclusions should be based, first of all, on
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paleobotanical data, despite the casual and fragmentary nature of the
latter. The importance of such data should not be underestimated,
since they constitute the only direct evidence available for establishing
the history of a flora.

By the phylogenetic method we gain a knowledge of the species
composing a given flora and of their areas. Deeper investigations along
this line lead to monographic studies of certain groups of species most
characteristic of selected genera. On the basis of such studies the
phylogenetic direction of development of these genera is established,
which, combined with data from a study of geographical distribution,
points to their centers of origin and to the history of their dispersal
from these centers. Combining the results obtained from such a study
of genera representing the various floristic groups, we may draw con-
clusions as to the trend of development of the entire flora under in-
vestigation.

The establishment of phylogenetic links and relationships between
the species composing a given genus is achieved by all possible scien-
tific methods, of which the chief is the morphological method. The
sequence of changes involving increased complexity of structure of
species (morphological, cytological, anatomical, biochemical, etc.) may
coincide with changes in the geographical location of individual species
or whole sections of a genus.

The trend of evolution of a genus from primitive representatives to
those of more complex structure, from relic forms showing but slight
variation to progressive forms, as reflected in their geographical dis-
tribution, gives indications as to the probable initial center of develop-
ment of a genus, its subsequent geographical migration and the routes
of the latter, the formation of secondary centers of diversity, the
appearance during the course of such migration of vicarious species,
etc. Such a taxonomic study of the genera composing a given flora
constitutes a firm foundation for a simultaneous or subsequent study
by the botanico-geographical method. 1If the geographical method has
proved to be exceptionally valuable in a taxonomic study of plants, the
taxonomic method is, conversely, of no less importance in a historico-
geographical study of floras. In every modern botanical monograph
may be found numerous examples illustrating the possibility of such
use of taxonomic data as an aid to historical plant geography. We
shall cite only a few instances of the founding of historico-geographical
conclusions on the basis of a phylogenetic study.

One such case is that of the establishment of the chief features of
the history of development of the flora of Mongolia and China by
V. L. Komarov (1908) on the basis of a study of five genera chosen on
account of the nature of their geographical distribution. A mono-
graphic study of these genera made it possible to determine the centers
of their origin and the routes of their subsequent migration, which,
taken together, indicated the trend of development of the entire flora
of Mongolia and China. As a second example we may take the phylo-
genetic study of the genera of the family Sapotaceae made by Lam
(1935), who found that there is a decrease in the number of sepals in
the flowers of the more highly organized species and also that there are
changes in a number of other morphological characters specific for the
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four genera of this family. The trend of geographical distribution of
these species — from the Malay Archipelago toward the west in the
direction of India and toward the east in the direction of New Guinea
—indicates that the Malay Archipelago should be considered the
initial center of development of the Sapotaceae.

The botanico-geographical method is based on a study of the areas
of the species of a given flora, not only within the limits of the latter
but, which is most important, in all their entirety. As a result of such
an investigation, the centers of concentration of species may be es-
tablished, which point to the centers (primary or secondary) of de-
velopment of genera. Moreover, by establishing the character of an
area, it is possible to determine of what ecological, geographical, and
historical elements a given flora is composed. Combining these data
with those obtained from a taxonomic study makes it possible to sub-
divide the established geographical elements—according to the cen-
ters of origin of the areas of the various species—into a number of
groups reflecting the genesis and process of development of the flora
under investigation, the degree of its autochthonism, 7.e., the extent to
which the species composing it have originated and developed within
the territory occupied by the given flora, the extent to which such
species have migrated from neighboring floras, and the time and direc-
tion of these immigrations. A comparison of the flora under inves-
tigation, from the indicated points of view, with analogous floras of other
countries, makes it possible to elucidate the mutual relations of these
floras, while the combined study of the floras of various countries and
regions gives a picture of the history of development of the flora of the
entire globe.

Lastly, changes in vegetation during the most recent period of the
earth’s history, when it has been affected by man’s activities, are
studied both on the basis of data regarding the interrelations of species
in plant associations and on the basis of historical documents and
material. A study of the ecology of species in different habitats within
their areas may elucidate the biological peculiarities of the initial types
and thereby indicate the direction of dispersal of a given genus or
species.

In the case of all the above-mentioned indirect methods it is of ut-
most importance to study not separate species but a geographical series
of species that replace one another throughout the area of the genus to
which they belong. The difficulties confronting us in this field of
science, only the initial steps in whose development have so far been
made, are very great, but there are no grounds for regarding them as
insuperable.
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Chapter 11

HISTORY OF THE SCIENCE

The first definitely expressed ideas on regularities in the distribu-
tion of plants, which we may regard as the beginning of historical plant
geography as a science, we find in the work of WiLLDENOW, ‘‘Grundriss
der Kriuterkunde”, which first appeared in 1792. In the seventh
section of this work, entitled ‘Geschichte der Pflanzen”, we read: —

“By history of plants is meant the influence of climate on vegetation, the changes which
plants have probably undergone as a result of the revolutions which have taken place on our
globe, their distribution over the earth’s surface, their migrations, and, lastly, the provisions
nature has made for their preservation” (p. 418).*

The character of the present distribution of plants caused these
questions to arise in WILLDENOW’s mind: Did not the seas occupy more
space in former times than now? Was not the globe entirely covered
with water, from which projected only the mountain peaks, which in
those times were the only habitat of plants? As the seas dried up and
the area of dry land increased, the plants began gradually to disperse
from these initial habitats. Later hurricanes, earthquakes, and vol-
canoes again destroyed plant life over large areas. This is evidenced
by plants whose distribution is restricted to small, widely separated
localities. ‘“Lands now separated by oceans may, in former epochs,
have been united . . . Thus, the northern part of America may
have been connected with Europe, New Netherlands ** with the foot-
hills of the Cape of Good Hope”.

In addition to these purely historical causes, WILLDENOW points out
a number of extant factors affecting the distribution of plants. Among
such factors he mentions the various adaptations for the dispersal of
fruits and seeds by the aid of animals, wind, river, and sea currents,
and the scattering of seeds by dehiscent fruits. A no less important
factor in the distribution of plants is man. He also points out the
similarity between aquatic plants and plants growing on mountain
peaks, and in conclusion he discusses the origin of various floras.
Hence, in this brief treatise we already find elements of modern his-
torical plant geography.

The next work in order of time, which is clearly concerned not with
the geography of plants in general but precisely with problems of his-
torical geography, is that of STROMEVER, entitled ‘‘Commentatio
inauguralis sistens historiae vegetabilium geographicae specimen”.
In this work a clear distinction is made between general plant geog-
raphy, “vegetabilium geographia” (phytogeography), and historical
plant geography, ‘“historia vegetabilium geographica”, of which he
makes a further subdivision, “historia vegetabilium geographica appli-

* Cited from the second edition, Vienna, 1798; italics ours.
** Formerly used to designate Australia.
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cata’, which treats of the distribution of plants as linked with the
history of the settlements and migrations of men and animals.
Nevertheless, it is ALEXANDER voN HumMBoLDT who should be re-
garded as the founder of plant geography, including also problems of
the origin of floras, since it was he who, in his “Essai sur la Géogra-
phie des Plantes” (“Ideen zu einer Geographie der Pflanzen” in the
German edition), appearing in 1807, established this new science and
gave it its present name. In this work HunMBOLDT sets forth his ideas,
which embrace the bases of modern botanical geography, including
problems with which historical plant geography is concerned:

“In order to come to a decision as to the existence in ancient times of a connection
between neighboring continents, geology bases itself on the analogous structure of coast-
lines, on the similarity of animals inhabiting them, and on ocean soundings. Plant geog-
raphy furnishes most important material for this kind of research. It can, up to a certain
point, determine the islands which, at one time united, have become separated from one
another; it finds that the separation of Africa and South America occurred hefore the
development of living organisms. It is again this science that shows which plants are com-
mon to both eastern Asia and the coastlands of Mexico and California, and whether there
are some which grow in all zones and at all altitudes. It is by the aid of plant geography
that we can go back with some certainty to the initial physical state of the glohe. Tt is
this science which can decide whether, after the recession of the waters to whose abundance
and movements the calcareous rocks attest, the entire surface of the earth was covered
simultaneously with diverse plants, or whether, according to the ancient myths of various
peoples, the globe, having regained its repose, first produced plants only in a single region,
from which the sea currents carried them progressively, during the course of centuries, into
the most distant zones” (pp. 19-20)*.

No less definitely is put the question as to the importance of a
study of the past and present distribution of organisms: “In order to
solve the great problem as to the migration of plants, plant geography
descends into the bowels of the earth; there it consults the ancient
monuments which nature has left in the form of petrifactions in the
fossil wood and coal beds which constitute the burial-places of the first
vegetation of our planet” (p. 22). The finding in temperate zones of
the remains of plants and animals of warmer climes puts to the fore
the question as to the former climatic conditions in the given localities.

A still more detailed understanding of the tasks of botanical geog-
raphy we find in the works of AucustiN P. pE CaNDOLLE, who in his
“Essai Elémentaire de Géographie Botanique” (1820), and also in
other works, clearly distinguishes between the “habitation” and the
“station” of a plant, meaning by the first the distribution of a plant
over the earth’s surface and by the second its habitat conditions as a
whole. Thus, the section of this work entitled “Des habitations”
constitutes in considerable measure historical plant geography as he
understood it. In this chapter he does not limit himself to establishing
the habitats of plants but attempts to determine the causes underlying
this or that kind of distribution. Factors such as seas, deserts, moun-
tain chains, swamps, forests, and variations in altitude constitute
obstacles to dispersal. Plants are endowed in different degree with the
ability to overcome these obstacles, and are dependent in great meas-
ure on passive factors as an aid in surmounting them. Such factors

* Cited from the French edition.
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include sea and river currents, atmospheric currents, animals, and man.
If these four means of seed dispersal are kept in mind, “one will find,
I believe, that they are fully adequate to explain the finding of a small
number of plants common to different continents . . . Their combined
action—slow, steady, imperceptible—constantly tends to disperse plants
in all directions, and these plants become naturalized where they find
conditions favorable for their existence” (p. 410).

After the appearance of the above-mentioned works it was possible
to publish the principles of the new science, the first attempt in this
direction being Scaouw’s ‘“Grundziige einer allgemeinen Pflanzengeo-
graphie”, issued in Danish in 1822 and translated into German in 1823.
To the development of historical plant geography, however, this work
contributed nothing, since its author makes a sharp distinction between
‘“plant geography” proper and the ‘“‘history of plants”, to which latter
he refers all problems with which historical plant geography is con-
cerned. Thus, WILLDENOW’s term ‘“history of plants”, embracing all
botanical geography, is narrowed down by ScHouw, who includes in it
only problems of the history and genesis of species and floras, which
even earlier, as we have seen, were touched upon by STROMEVER.
ScHOUW regards the ‘‘history of plants” as an independent science.
“The history of plants . . . does not constitute a part of physical
geography, since it is not a descriptive science, but rather a part of the
history of the earth, inasmuch as the latter treats not only of inorganic
but also of organic bodies” (p. 10).

In another similar work by MEVEN, ‘“Grundriss der Pflanzen-
geographie”’, which appeared thirteen years after ScHOUW’s book, we
also find almost nothing concerning historical plant geography, with
the exception of a few pages devoted to problems of areas of distribu-
tion and their determination.

In contrast to these works, a considerable contribution to historical
plant geography was made by UNGER’s ‘“Versuch einer Geschichte der
Pflanzenwelt”’, which appeared in 1852. This book, speaking in
present-day terminology, may be considered a treatise on paleobotany,
embracing, however, relations between fossil and existing floras. The
introduction to this book, in which the author discusses the distribution
of plants, constitutes a notable contribution to historical plant geog-
raphy.

pAlthough the development of this new branch of knowledge, as we
have seen, had its expression in a number of works inspired in con-
siderable measure by voN HuMmpoirDT, the credit for elaborating the
latter’s ideas and for making the first synthesis of the new science of
historical plant geography belongs to ALPEHONSE DE CANDOLLE. In his
chief work, published in 1855 and entitled “Géographie botanique
raisonnée ou exposition des faits principaux et des lois concernant la
distribution géographique des plantes de 1'’époque actuelle”, pE CaN—
DOLLE, as is clear from the title itself, undertook the task of elucidating
the laws of the distribution of plants. His understanding of what this
task involves is set forth in the preface to this work (pp. xi-xii): —

“Plants have a habitat conforming to the climate only under certain circumstances,

only in certain countries; there is not a single botanist but who knows that a species can
ordinarily live and reproduce itself far from its native home and that no country contains
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all the species which can live there without man’s protection. These are facts, one has
been wont to say. Yes, there are facts, but why these facts? What are their causes—
possible, prohable, or certain? . . . And if, on the basis of the present distribution of
species and of a knowledge of climatic conditions, one could come to understand their
original distribution, would that not be a splendid achievement of science?

“These important questions were for a long time a mystery to me. But I was far from
inclined to fight shy of them, as some authors have done. On the contrary, these questions
attracted me, tormented me. I perceived neither solutions nor ways to arrive at solutions.

“Fortunately, the advances in geology have shed on natural science a new light.
This light, no doubt, began as a feeble glimmer, but one penetrating everywhere. Now it
is becoming larger; it shows us extensive vistas, entirely new. We can try to go back in
the chain of times to the origin of the vegetable and animal kingdoms. We have come to
the conclusion that the living organisms of our epoch have passed through diverse cli-
matic conditions and past geographical conditions no less varied. Thus, when the present
distribution of species seems odd to us, when it does not conform to modern climatic con-
ditions, it is probable that this is the effect of former geological and physical conditions.
We see here only the result of a different order of things, which in its turn was the conse-
quence of still different preceding conditions.

“From this new point of view botanical geography ceases to be a simple accumulation
of facts. It occupies, on the contrary, an imposing position in the center of the sciences.
Its principal aim should be fo show what, in the present distribution of plants, may be explained
by present climatic conditions and what is a consequence of former conditions.®

“By assigning it such a high aim, botanical geography competes with the history of
fossil organisms (paleontology) and with geology proper in research on one of the greatest
prohlems of natural science or, rather, of science in general and of all philosophy. This
problem is that of the succession of organisms on the globe.”

As an approach to the assigned task, pE CANDOLLE, in the early
chapters of his book, discusses the effect of external factors—tempera-
ture, light, and humidity—on the distribution of plants and also takes
up the different types of distribution. The data assembled lead him
to the problem of areas of distribution, their character, the changes
which they undergo, and the establishment of a number of regularities
in the formation of areas.

This famous work of DE CANDOLLE is exceptionally rich in content,
and we shall have need to refer to it repeatedly. But here, in our
historical review, we must limit ourselves to this very brief account.

Somewhat earlier (in 1846) the remarkable work of Forses, “On
the connexion between the distribution of the existing fauna and flora
of the British Isles and the geological changes which have affected their
area, especially during the epoch of the Northern Drift”, opened new
vistas for the understanding of the present geographical distribution of
plants. As a basis for this work was LyELL’s important book, “Prin-
ciples of Geology”, which first appeared in 1832 and exerted an im-
mense influence on the development of biological views, including
problems connected with the geographical distribution of organisms.
Such influence was furthered not only by the entirely new point of
view of the author on the geological past of the earth, but also by the
fact that LyELL considered it necessary to include in his work also
“phenomena relating to the organic world, which have an equal claim
on our attention, if we desire to obtain possession of all the preparatory
knowledge respecting the existing course of nature, which may be avail-
able in the interpretation of geological monuments” (p. 566). Conse-

* Ttalics in the original.
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quently, among chapters devoted to problems concerning the genesis
of species, we find chapters on the geographical distribution and
migrations of species, insular flora and fauna, and the extinction of
species.

ForBEs, as a starting point for his subsequent exposition, assumes
the existence of ‘““specific centres”, i.e., of “certain geographical points
from which the individuals of each species, originating from a single
progenitor or from two, began their geographical distribution.” To
substantiate this view, FORBES points out the following three facts:
“(1) Species of opposite hemispheres placed under similar conditions
are representative and not identical. (2) Species occupying similar
conditions in geological formations far apart, and which conditions are
not met with in the intermediate formations, are representative and
not identical. (3) Wherever a given assemblage of conditions, to
which, and to which only, certain species are adapted, are continuous—
whether geographically or geologically—identical species range through-
out” (p. 336). Examining from this point of view the flora of the
British Isles, FORBES comes to the conclusion that the interrelations
between the various elements of their flora may be explained only by
migration of its species prior to the separation of the islands from the
continent, of which they were formerly a part.

The work of ForBES, as well as the new trend in the understanding
of the geological past of the earth initiated by LveLL, opened a new
page in the study of the historical geography of plants. One of the
first to develop these ideas further was Josepn DALTON HOOKER.
Thanks to his intimate knowledge of the vegetation of almost the
entire globe, acquired by him during his numerous travels and also
by a study of the floras of many lands, HOOKER possessed a breadth of
vision unattained by investigators before his time. Consequently, in
his works we find for the first time a transition from the study of the
distribution of separate units in the plant kingdom to an explanation
of the origin and development of entire floras.

One of HooKER's investigations in the field interesting us is that on
the vegetation of the Galapagos Archipelago, reported on by him at a
session of the Linnean Society in London in 1846 and published in
1851, based on a study of herbarium specimens collected on these
islands by DarwIN. The origin of this flora, in HOOKER’s opinion, is
to be explained as the result of the transport of its component species,
particularly the non-endemic species, from the American continent to
these islands by ocean currents, wind, birds, and, to a small extent, by
man, and their modification under the influence of isolation.

A few years later, in Part II of his ‘“Botany of the Antarctic
Voyage”, dealing with the flora of New Zealand and published in 1853,
Hooker devotes to problems of the distribution of species a very
valuable “Introductory Essay”. He points out that no other branch
of botany requires for its understanding such an intimate knowledge of
plants and of relationships between species as does that concerned with
a study of the geographical distribution of plants. Basing himself on
the works of LyELL and ForBES and on the premise that one and the
same species can have arisen only in one place on the globe, HOOKER
draws the conclusion that the plants now distributed on the various
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islands of the Antarctic at one time formed part of a single flora, oc-
cupying a continent larger than that now found in the Antarctic
Ocean.

Part III of this same work, devoted to the flora of Australia and
Tasmania, appeared in 1860, after the publication of DARWIN’S ““Ori-
gin of Species”, which had a great influence on Hooker but did not
advance any views seriously contradictory to his own. In this Part
II1 we find two sections of particular interest: 3. “On the general
phenomena of distribution in area’ and 4. “On the general phenomena
of the distribution of plants in time”. In the former the author draws
the conclusion that many phenomena in the present distribution of
plants cannot be explained by existing factors and that to understand
them it is necessary to study past changes in climate and in the distri-
bution of dry land. In Section 4 HOOKER examines the paleobotanical
data available at the time of the publication of his work and comes to
the conclusion that the problem of the distribution of plants is ex-
ceedingly complex. He advances the proposition that changes in the
surface of our planet—lands being replaced by seas and valleys by
mountain chains—take place in a relatively short interval of time, as
compared to the age-long existence of some genera and even species of
plants.

In 1855 HoOKER began publication of his ‘“Flora Indica”. In the
first and only volume of this “Flora” (it was later replaced by his “Flora
of British India”) there is an “Introductory Essay” of exceptional im-
portance for an understanding of the history of development not only
of the flora of India but also of modern tropical flora in general. In
1862 there appeared another important work, “Outlines of the distri-
bution of arctic plants”, giving an analysis of arctic flora and data
for the establishment of its origin. Of great interest also is HOOKER’s
“Lecture on Insular Floras”—delivered in 1866. before the British
Association for the Advancement of Science—in which he again returns
to the problem of the origin of insular floras, their interrelations, and
their relations to continental floras.

Reviewing HookER’s work, we see that he put a number of entirely
new problems, concerned not so much with regularities in the distribu-
tion of separate species as with the question of the origin of whole
floras, determined on the basis of an analysis of the areas of distribu-
tion of the component species. This new direction of investigation
proved in the highest degree fruitful and constituted a great impetus
to work in this field.

From the foregoing it is evident that by the middle of the nine-
teenth century the question as to the geographical distribution of
organisms was for many investigators, such as LyeLL, FORBES, HOOKER,
and others, in its basic features entirely clear. Nevertheless, the doc-
trine as to the immutability of species and their existence as a result
of separate acts of creation was still firmly rooted, due chiefly to its
connection with religious views, and shackled the minds even of out-
standing thinkers.

In 1859 there appeared DARwWIN’s “Origin of Species”. The revo-
lution which this book produced not only in biology but in all man’s
thinking naturally affected the development of our branch of science
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as well. In his investigations of the evolution of organisms and its
causes DARWIN could not but treat problems of their geographical
distribution. Chapters XII and XIII of his book are devoted to these
problems, and they, consequently, constitute a most valuable contri-
bution to historical plant geography.

These chapters DARWIN introduces with the following statement:
“In considering the distribution of organic beings over the face of the
globe, the first great fact which strikes us is that neither the similarity
nor the dissimilarity of the inhabitants of various regions can be
wholly accounted for by climatal and other physical conditions”
(p- 493). Having cited a number of examples of the distribution of
plants and animals in various countries testifying to the connection
between portions of areas of separate species and entire floras and
faunas, DARWIN writes: ‘“We see in these facts some deep organic
bond, throughout space and time, over the same areas of land and
water, independently of physical conditions. . . . The bond is simply
inheritance, that cause which alone, as far as we positively know, pro-
duces organisms quite like each other, or, as we see in the case of
varieties, nearly alike” (p. 497).

DARwIN bases his views on the geographical distribution of organ-
isms on the assumption that each species was first produced in one area
alone, subsequently migrating from that area. He concludes: “The
endurance of each species and group of species is continuous in time;

. so in space, it certainly is the general rule that the area inhabited
by a single species, or by a group of species, is continuous, and the
exceptions, which are not rare, may . . . be accounted for by former
migrations under different circumstances, or through occasional means
of transport, or by the species having become extinct in the inter-
mediate tracts” (p. 564).

Hence, the finding of the same species on the British Isles and in
Europe is fully understandable, since these lands doubtless were at one
time united; likewise understandable is the absence of European
mammals in Australia and South America, despite similar habitat con-
ditions, confirmed by the naturalization in these countries of many
European plants and animals. The existence of identical species of
plants separated by great distances is explained by their possession of
means of dispersal enabling them to overcome these distances.

What are these means of dispersal? Having discussed the views of
LyerLL and ForBES on the former connection between Atlantic islands
and Europe and between the latter and America, DARWIN writes:
“Other authors have thus hypothetically bridged over every ocean,
and united almost every island with some mainland. If indeed the
arguments used by FORBES are to be trusted, it must be admitted that
scarcely a single island exists which has not recently been united to
some continent. This view cuts the Gordian knot of the dispersal of
the same species to the most distant points, and removes many a
difficulty; but to the best of my judgment we are not authorised in
admitting such enormous geographical changes within the period of
existing species” (p. 505).

Allowing for the possibility of ‘“‘great oscillations in the level of the
land or sea” and also of the “existence of many islands, now buried
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beneath the sea, which may have served as halting-places for plants
and for many animals during their migration’’, DARWIN nevertheless
considers impossible ‘“such prodigious geographical revolutions within
the recent period, as are necessary on the view advanced by ForBEs
and admitted by his followers. The nature and relative proportions of
the inhabitants of oceanic islands are likewise opposed to the belief of
their former continuity with continents. Nor does the almost uni-
versally volcanic composition of such islands favour the admission that
they are the wrecks of sunken continents;—if they had originally
existed as continental mountain ranges, some at least of the islands
would have been formed, like other mountain summits, of granite,
metamorphic schists, old fossiliferous and other rocks, instead of con-
sisting of mere piles of volcanic matter” (pp. 505-6).

Starting from these premises, DARWIN proceeds, with the pains-
taking care so characteristic of him, to assemble facts on the distribu-
tion of plants and to test some of them experimentally. He presents
data of experiments on the resistance of seeds to the action of sea-
water and on the length of time fruits or parts of plants with fruits
may float, and he recounts his observations on the transport of seeds
on drift timber and icebergs and also by birds, on the distribution of
fresh-water plants and animals, and on the inhabitants of islands and
their relation to those of the nearest mainland.

Nevertheless, despite the existence of such means of seed dispersal,
he concludes: “The floras of distant continents would not by such
means become mingled; but would remain as distinct as they now
are.”” In spite of the occasional cases of seeds being transported across
the ocean, ‘“how small would be the chance of a seed falling on favor-
able soil, and coming to maturity! . . . Out of a hundred kinds of
seeds or animals transported to an island, even if far less well-stocked
than Britain, perhaps not more than one would be so well fitted to its
new home as to become naturalised. But this is no valid argument
against what would be effected by occasional means of transport, dur-
ing the long lapse of geological time, whilst the island was being
upheaved, and before it had become fully stocked with inhabitants.
On almost bare land, with few or no destructive insects or birds living
there, nearly every seed which chanced to arrive, if fitted for the
climate, would germinate and survive” (pp. 514-5).

Subsequent authors, however, gave to such chance factors primary
significance, resorting to them in all cases of an otherwise inexplicable
station separated from the main area, not realizing that in reality they
were merely substituting such chance transport for the dogma of
multiple centers of species creation without supplying any factual
proof. From this impasse only in our own times has there been found
a way out, in the form of WEGENER’s hypothesis of continental drift,
according to which, assuming the permanence not of the separate
continents and oceans but of the areas occupied by them, we are at
the same time able to consider that they were formerly connected, thus
solving a number of puzzling problems of biogeography.

Not less important and instructive for subsequent investigators
were DARWIN's views on the dispersal of plants during the Ice Age or
Glacial Period, on the presence of identical species on isolated moun-



E. V. Wulff —18— Historical Plant Geography

tain summits, on the former existence of land-bridges between the Old
and New World, over which in the Tertiary Period, thanks to the
warmer climate, there took place an exchange of plants, and on the
similarity of the floras of the southern shores of America, Australia,
and New Zealand, all of which floras give evidence of having had at
one time connection with the flora of the now ice-covered Antarctic
continent.

A further contribution to the development of the science interesting
us was made by a contemporary of DARWIN, ALFRED RUSSEL WALLACE.
The latter may with full right be considered the founder of the science
of the geographical distribution of animals. His investigations, con-
cerned only in an inconsiderable part with the plant kingdom, have,
nevertheless, because of the general propositions advanced by him,
significance in the history of the study of the distribution of plants.
For historical plant geography of particular value is his work “Island
Life”, dealing with the origin of insular faunas and floras. The basic
theory of WALLACE, set forth in detail in this work, is summarized in
his concluding chapter as follows:

“The distribution of the various species and groups of living things
over the earth’s surface and their aggregation in definite assemblages
in certain areas is the direct result and outcome of a complex set of
causes, which may be grouped as ‘biological’ and ‘physical’. The
biological causes are mainly of two kinds—firstly, the constant ten-
dency of all organisms to increase in numbers and to occupy 2 wider
area, and their various powers of dispersion and migration through
which, when unchecked, they are enabled to spread widely over the
globe; and secondly, those laws of evolution and extinction which de-
termine the manner in which groups of organisms arise and grow, reach
their maximum, and then dwindle away, often breaking up into
separate portions which long survive in very remote regions.” Among
physical causes WALLACE mentions: “geographical changes, which at
one time isolate a whole fauna and flora, at another time lead to their
dispersal and intermixture with adjacent faunas and floras” and
“changes of climate which have occurred in various parts of the
earth,—because such changes are among the most powerful agents in
causing the dispersal and extinction of plants and animals”’ (pp. 531-2).

One of the critics of natural selection, MoriTz WAGNER, in his
analysis of DARWIN’s theory dwelt on the above-mentioned Chapters
XI1 and XIII of “The Origin of Species”. In his chief work, “Die
Darwinische Theorie und das Migrationsgesetz der Organismen”, which
appeared in 1868, and in a number of articles, WAGNER advanced his
“law of migrations”, which, in his opinion, did not refute but supple-
mented DARWIN’s views. This law of migrations is based on the
following propositions: The competition of organisms and the struggle
for existence give an impulse to plants and animals to extend the area
of their distribution. The new habitat conditions in which the mi-
grants find themselves induce marked variations in their characters.
If the obstacles which a species has overcome during its migrations are
inconsiderable, so that between the new varieties and the parental
forms there remains a close bond, then these varieties by intercrossing
very quickly disappear, being blended with the initial forms. In the
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opposite case they remain distinct and are converted into new geo-
graphical races or new species. Conditions in former geological periods
—such as changes in the relative distribution of seas and dry land, the
breaking off of islands from the mainland, and frequent volcanic erup-
tions—facilitated to a considerably greater degree the formation of new
species than do the conditions now existing.

This law of species formation took shape in WAGNER’s mind as a
result of observing the existence in nature of very closely related
species, often separated by comparatively small barriers, such as rivers,
mountains, gulfs, etc., or growing on isolated mountain peaks. These
so-called “vicarious’ species arose as a result of the chance transport
of the basic form across the indicated barriers, where, under the in-
fluence of new conditions and of isolation, it became modified and was
transformed into a new race. The law of migrations, which provides
a key to the understanding of the areas of distribution of vicarious
species and of breaks in such areas, is of great significance for historical
plant geography.

An outstanding event in the field of study of botanical geography,
and particularly of its historical phase, was the publication in 1878~
1882 of ENGLER’s ““Versuch einer Entwicklungsgeschichte der Pflanzen-
welt, insbesondere der Florengebiete, seit der Tertidrperiode”. The
very fact of such a work being published indicates the great progress
that historical plant geography had made by that time. For, as we
have already pointed out, at the time of bE CANDOLLE the mere putting
of the question as to the causes and regularities of the observed distri-
bution of plants constituted an untouched theme, avoided by most
authors on account of the difficulties involved. Moreover, in ENGLER’s
work we find the principles and data of historical plant geography
applied not only for an explanation of the distribution of separate units
of the plant kingdom but also for an explanation of the development
and interrelations of the floras of the entire globe—a problem, as we
have seen, first tackled by HOOKER.

Later investigations by ENGLER himself and by his followers and
students contributed much that was new, necessitating certain changes
in ENGLER’s views on the development of floras. One of ENGLER’s
services was the utilization of data on the geographical distribution of
genera and species of plants for his conclusions on the history of the
development of floras. Such data he obtained from monographs on
selected genera or species, having as their aim to check kinships by a
study of areas of distribution. ALPHONSE DE CANDOLLE in his “Géo-
graphie botanique raisonnée” (1855) was the first to note the need of
utilizing geographic distribution in making monographic studies of
genera and families. Five years later, in 1860, STUR presumably was
the first to apply this principle in his monograph on the genus A4stran-
tia. This same year BorsHcHOV (BOrszow) published his monograph
on the Aral-Caspian species of the genus Calligonum, in which he gives
an analysis of their geographical distribution.

Somewhat later, in 1869, KERNER published a remarkable work on
the dependence of a plant on its geographical distribution in connection
with the effect of soil and climatic conditions, based on a monographic
study of species of the group Twubocytisus of the genus Cytisus. Dur-
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ing the succeeding years this geographical principle was lent serious
support in a number of excellent monographs (on Acantholimon, 1872;
Labiatae persicae, 1873; Chenopodiaceae, 1880), published by BUNGE
in the transactions (Mémoires) of the Academy of Sciences of St.
Petersburg. In 1872 there also appeared ENGLER’s monograph on the
genus Saxifraga, in the title of which it is noted that special attention is
given to the geographical phase. A number of very important propo-
sitions regarding the geographical distribution of plants were advanced
by KERNER in many of his later works.

This new trend in plant taxonomy, which during the ensuing years
was extensively developed, was of very great service to historical plant
geography, since, on the basis of such thoroughly investigated material,
work in the field of the study of the interrelations and development of
floras acquired a firm foundation.

Around ENGLER there developed a whole school of botanical geog-
raphers, who directed their work on historical plant geography along
the lines indicated by him. A great memorial to this school is the
collection of botanico-geographical monographs edited by ENGLER and
DRUDE under the general title ““Vegetation der Erde”.

These investigations were provided with an even firmer foundation
and developed more rapidly after the publication, in 1898, of the
work we have already mentioned by WETTSTEIN on the botanico-geo-
graphical method in plant taxonomy and its further elaboration by
V. L.) Komarov in the introduction to this “Flora of Manchuria”
(1901).

The number of works in our field of science from this time on in-
creases so rapidly that it is no longer possible to review them as fully
as we have up to this point, and we shall now limit ourselves to an
enumeration of the chief problems and investigations that have played
an important role in the development of historical plant geography.

Among such investigations are those of NATHORST and ANDERSSON
on fossil plants of the Ice Age. The first irrefutable proof of the
former extension of arctic flora considerably further south than its
present southern limits was established in 1842 by STEENsTRUP, who
found in Danish peat bogs a number of fossil remains of plants giving
undoubted indications as to the past history of the vegetation of Den-
mark. However, the fact of the finding of fossil flora of the Ice Age
received full recognition only later, when in 1870 NATHORST found
representatives of this flora in eight different localities in southern
Sweden. By his detailed studies and those of other investigators the
presence of glacial flora was established in very many localities not only
in Sweden but also in Norway, Denmark, the Baltic Region, Germany,
England, Scotland, Switzerland, Hungary, France, etc. These findings
gave entirely unexpected indications as to the migrations of species
during and immediately following the Ice Age. Moreover, these in-
vestigations showed that the fossil remnants of Ice Age flora found
in a single locality were not identical but showed variations depending
on the age of the deposits in which they were embedded; the more
recent a deposit the more closely did the species composition of its
fossil flora resemble that of the flora of the locality. The numerous
investigations along this line which followed directly after those of
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NATHORST enabled ANDERSSON in 1897 to outline the history of
the vegetation of Sweden and of northern Europe in general.

Closely linked with the problem of the Arctic flora is that of the
origin and history of development of the Alpine flora, of the finding in
the Alps of species of Arctic flora and the finding of Alpine plants far
to the north. On these problems many papers have appeared by vari-
ous investigators. First among these papers was that by CHrisT
(1867).

Another important question of historical plant geography, the inter-
relations between the floras of North America and eastern Asia, was
raised as early as 1846 by Asa Gray and discussed by him in greater
detail in a number of subsequent papers. The accumulation of
paleobotanical data pointing to the fact that a number of genera, such
as Liquidambar, Sassafras, Aralia, Magnolia, Liriodendron, Taxodium,
Sequoia, etc., represented in our day in North America by various
species but absent in Europe, had in the Tertiary Period an extensive
distribution, being found as far north as Greenland, gave grounds for
GraY to conclude that the flora of North America in the Tertiary
Period was closely allied and in many respects identical to the flora
then found in Greenland, Spitsbergen, and northern Europe.

A second very important service of GRAY was that he pointed out
the existence of an undoubted connection between the flora of the
Atlantic states of North America and that of northeastern Asia. This
remarkable fact, confirmed by an extensive list of species, GRAY ex-
plains as follows: The flora, of which these species constitute remnants,
was distributed in the Miocene in what is now the arctic and subarctic
zone. As the climate became colder and the glaciers advanced, this
flora retreated toward the south and survived until the present time in
those regions that preserved climatic conditions approximating those
of former times, as occurred in eastern Asia and Japan, on the one
hand, and on the western and eastern shores of North America, on the
other. These data indicate that during the Tertiary Period there was a
direct connection and interchange of forms between Asia and America,
a land-bridge presumably existing at that time where the Bering Strait
now lies. In 1859 Maxmiovicz presented data showing that the flora
of eastern Asia had preserved much of its Tertiary character.

Among other investigations of importance for historical plant
geography we may mention those concerned with the problem of peat
bog vegetation, which have made it possible not only to establish the
succession of floras in the post-glacial period but also to determine the
past areas of existing species of woody plants. These data, gleaned
from a study of microscopic plant remains in peat-deposit profiles,
acquired a firmer foundation and developed more rapidly after WEBER
(1896) and LAGERHEMM (1905) had proposed a special microscopic
method of investigating the plant remains in peat bogs. This method
is based on a study of pollen found by taking a number of successive
samples at different depths in peat deposits. Thanks to the taxonomic
specificity of the structure of pollen, it is relatively easy to determine
to which genus and sometimes to which species it belongs. On the
basis of such investigations it is possible to judge as to the species
composition of a past forest, as to the quantitative interrelations of the
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species forming it, and as to the changes in species composition of the
woody vegetation during the various stages in the post-glacial period.
These data constitute exceptionally valuable material for an under-
standing of the areas of present-day vegetation and of the changes
which these areas have undergone during the Quaternary Period. The
investigations now under way of pollen and spores preserved in loess
(SUKACHEV, 1937) and more ancient deposits, e.g., in Tertiary, Jurassic,
and Carboniferous coals, will, in all probability, disclose much that is
new as regards the distribution of genera of present and past floras.

By the end of the nineteenth century botanical geography, as an
independent science, had already attained such development that it
seemed possible and necessary to sum up the facts accumulated by it.
This found expression in the publication of a number of manuals on
phytogeography, in most of which problems of historical plant geog-
raphy occupied a place. Among such manuals we may mention the
“Handbuch der Pflanzengeographie” by DRUDE, a renowned investi-
gator in the field of botanical geography. In this “Handbuch”, which
appeared in 1890, we find entire chapters devoted to such problems as
areas of distribution and the flora of islands, mountain peaks, and sub-
tropical deserts.

Very interesting and pregnant with ideas is the book of Sorms-—
LauBacH (1905), “Die leitenden Gesichtspunkte einer allgemeinen
Pflanzengeographie in kurzer Darstellung”. In this book the author,
among a number of other problems, discusses the manner in which a
species penetrates into a new habitat, changes in equilibrium in plant
distribution resulting from disturbance in habitat conditions, and
insular floras. Lastly, we should not fail to mention SCHROTER’s
“Genetische Pflanzengeographie” (1st ed., 1912), which gives a very
excellent, though brief, exposition of the principles of historical plant
geography.

Our aim in the present chapter has not been to set forth in detail
the entire history of the study of our science, historical plant ge-
ography, but only to note the principal stages in this study to serve as
an introduction to subsequent chapters. The problems taken up in
these chapters are, in most cases, treated in their historical perspective,
each chapter constituting a synthesis of numerous works and repre-
senting, so to say, a continuation of our historical review.

Historical plant geography is a science in process of formation.
Before it lies a vast field for development, and the more firmly are
established its underlying principles and the more data for its up-
building are assembled by scientific investigators, the greater will be
its significance as a foundation for other disciplines.
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Chapter 111

AREAS, THEIR CENTERS AND BOUNDARIES

Area Concept Defined: — By area (area geographica) is understood,
taking the Latin meaning of this word, the region of distribution of any
taxonomic unit (species, genus, or family) of the plant (or animal)
world. A distinction is made between natural areas, occupied by a
plant as a result of its dispersal caused by the combined action of
various natural factors, and aertificial areas, arising as a consequence of
the intentional or accidental introduction of a plant by man.

Within the limits of its area a plant does not occupy the entire
surface of the earth but leaves smaller or larger intervening spaces
unoccupied. This is due to the biological peculiarities of plants and to
their adaptation to local habitat conditions, which even within the

Seponans ocymozes ®® -
Saporona pumia [

Fic. 1.— Example of a discontinuous area. Areas of Seponaria ocymoides and S. pumila,
restricted to mountain-tops in the Alps. (After HEcr).
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limits of a small territory may vary to a considerable extent. Among
such local conditions are: physical and chemical properties of the soil
and its humidity, micro-relief, micro-climate, geographical location with
reference to the countries of the world, influence of animals and man,
interrelations with other plants, etc. The character of the distribution
of a plant within the limits of its area or, in other words, the local
djstribution of a plant, is known as its fopography (DE CANDOLLE,
1855).

The area of distribution of a plant is best pictured by maps, on
which all its known habitats are indicated by dots. Connecting by a
line all the outer points of the distribution of a given plant, we are able
to judge as to the shape of its area. The shape of an area depends
on the combined effect of the biological peculiarities of the plant and
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the physico-geographical conditions of the country, the latter usually
playing the predominant réle. The configuration of an area depends,
to a large extent, on the latitude. In the frigid and temperate zones,
as DE CANDOLLE pointed out, the diameter of most areas from west to
east is much greater than that from north to south, due to the con-
siderably greater variation in climatic, particularly temperature, condi-
tions, in the case of the latter direction. Such areas, therefore, have
the shape of an ellipse extending from west to east. The areas of
species in the torrid zone have a relatively longer (as compared to the
preceding case) diameter from north to south. Cases in which both
diameters are of the same length, the area being roughly circular in
shape, are of very rare occurrence.

The establishment of regularities in the formation of areas and a
study of the areas themselves lead to the elucidation of their history
and origin, a basic task of historical plant geography, since it enables
us to arrive at conclusions as to the history and origin of floras. The
carrying out of this task is by no means easy. Difficulties arise from
a number of sources. The chief is our insufficient knowledge regarding
the flora of many regions of the globe and, hence, regarding the present
geographical distribution of species, a factor which taxonomists have
begun only recently to take into account in a general way. Our
knowledge of the former distribution of species, since the finding of
well-preserved fossil remains is of exceptionally rare and chance occur-
rence, is even more meager, often practically negligible. And it hap-
pens, as we shall see below, that the structure of an area in many
cases, particularly of a discontinuous area, may be explained only on
the basis of its conformation in former times and not on the basis of
natural causes now in force. ‘

Another obstacle to an elucidation of the distribution of a species
is our inadequate knowledge of the peculiarities of its ecology. Among
such peculiarities we may mention: ability to grow only within certain
restricted temperature limits—stenothermy; adaptability to specific
habitat conditions—soil, humidity, light, cohabitation with other
organisms (symbiosis, mycorrhiza, parasitism), presence of special in-
sect pollinators—stenotopy. Lastly, in most cases we do not know
whether the given area represents the limit of possible distribution of
the species or whether the area is still' in the process of expansion.

As an example of the close relation between plant distribution and
definite edaphic conditions we may mention plants found only on serpen-
tine soils (LAMMERMAYR, 1926, 1927; NOVAK, 1928). However, as early
as 1865 NAEGELI pointed out that the character of the distribution of a
plant cannot be explained only by the physical or chemical nature of
the soil, since the latter factor acts in combination with climatic and
hiotic factors. When growing apart from one another, species may be
indifferent to soil conditions, while when growing together, the same
species, due to mutual competition, may show preference for definite
and different soils. Thus, Rhododendron hirsutum and R. ferrugineum,
when found apart, grow both on soils rich and on soils poor in lime,
but when found together, the former is adapted to calcareous and the
latter to non-calcareous soils. Hence, edaphic conditions themselves
constitute in this case only an indirect cause of the “‘adaptation” of
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these species to different soils, such ‘“adaptation” being determined by
competition between the two species.

Center of an Area: — Of vital importance for the study and under-
standing of an area is the determination of that initial territory whence
a genus or species began its dispersal whereby it reached the present
boundaries of its area. This initial territory where an area originated
is known as the center of the area. One of the first definitions of the
concept of the center of an area was given by RoBERT BrowN (1869),
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Fic. 2. — Example of a discontinuous area. Localities of Euphorbia palustris, re-
stricted to the river basins of central Europe. (After HEcI).

who formulated it approximately as follows: Each genus seems to have
arisen in that center in which the greater number of its species is
found; these centers have doubtless undergone many modifications
as a result of geological changes, and many anomalies in the distribu-
tion of plants may be thus explained.

There are no grounds for presuming that a new species will not
extend its area beyond the limits of the region of its origin. It will,
without any doubt, begin to spread in all directions open to it, and the
region of its origin will constitute the center of the area being formed.
Further on we shall discuss more in detail the origin of an area, and we
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shall then refer again to the problem of the initial center of an area.
We shall now examine the methods of locating the center of an area.

The determination of the location of the center of an area is closely
connected with the establishment of the habitats of the species or other
taxonomic unit whose area is under study. Consequently, the historico-
geographical study of an area should be based on a monographic study
of the given taxonomic unit—species, genus, or family—and the elu-
cidation of its kinship to closely related taxonomic units of the same or
different rank.

In order to establish the center of formation of an area and the
successive stages of its development, it is necessary to know its past
history, which paleobotany alone is in a position to give. Unfortu-
nately, its data are very incomplete and rarely enable one, on their
basis, to establish the entire past history of an area. Nevertheless,
there are very few cases when the fossil remains of any given taxo-
nomic unit are found exclusively within the boundaries of the present
area of that unit, i.e., cases when we might consider the present area
to be the place of origin and habitat of the given taxonomic unit during
the entire period of its existence. Usually fossil remains are found
outside the present area, sometimes embracing an area of distribution
considerably larger than the present one and occupying entirely
different regions. In such cases even very incomplete paleobotanic
data give us indications as to the past area and guard us from falsely
interpreting facts of the present distribution and from determining the
center of the area only on the basis of contemporary data. Paleobo-
tanic data have in many cases shown that the habitats of a taxonomic
unit and, consequently, also the initial center of its area, may have
been situated outside its present boundaries, a circumstance occurring
both in the geography of plants and animals. Hence, in most cases
only the center of the present-day distribution of a given unit may be
found within its present area but not the center of its origin, i.e., not
the center of the area itself.

Theoretically we can distinguish between two kinds of centers of
areas: the first, the region where there is accumulated the greatest
number of habitats of the given taxonomic unit—the center of frequency
(Frequenzcentrum—SAMUELSSON, 1910); the second, the region where
there is concentrated the greatest diversity and wealth of forms—the
mass cenler or cenler of maximum variation (TURRILL, 1939). The latter
center of an area, taking into account our present, insufficiently de-
tailed knowledge of wild species, may be located, for the most part,
only for units of the higher ranks. There is no doubt, however, that
for the elucidation of the origin of an area it is of more importance to
locate the center of maximum variation of the taxonomic unit whose
area is under study than to locate its center of frequency, which de-
pends more on ecological than on historical causes.

Both as regards the variety and frequency of stations and as re-
gards the concentration of diverse forms, we may consider that a
variety or species newly arising from an initial form will be found in
greatest numbers not far from the place of its origin, its representatives
gradually decreasing in number as one proceeds from this center of the
area toward its periphery. At the time of its origin a species naturally
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finds itself in favorable conditions, since otherwise there would be no
occasion for its arising there. If a species should accidentally arise in
unsuitable conditions, it would be immediately destroyed as a result of
natural selection. A new species is highly variable, reacting to all the
micro- and macro-conditions of its habitat, and, hence, gives rise to a
large number of forms.

PacHoskY (1921) considers that the above-noted decrease in number
of representatives of a species or variety toward the periphery of its
area is closely connected with adaptability to definite habitat condi-
tions, particularly to a definite type of soil. In the center of an area,
where, as a rule, the habitat conditions of a given species most nearly
approximate the optimum, it can grow under fairly diverse conditions,
even on different soils. On the other hand, farther from this region,
z.e., nearer to the periphery of the area, not only is an optimum com-
bination of factors of more rare occurrence but often there is lacking

[
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Fic. 3.— Centers of frequency in areas of species of the genus Hieracium on the Scandina-
vian peninsula (Swedish West Coast): left, Hieracium meliceps; right, H. chlorolencum. (After
SAMUELSSON).

even that minimum of conditions required for the normal existence of a
species. For example, the beech tree, ordinarily capable of growing on
a variety of soils, on the periphery of its area is confined solely to lime
soils.  Relic species and species becoming extinct likewise prefer
localities with lime or chalk soils for their habitats. Apparently, the
physical conditions of the substrata of these soils provide for such
species more favorable conditions as regards competition with other
species, thus allowing them to maintain themselves, despite the fact
that the habitat conditions as a whole deviate considerably from those
normal for them.

As regards the effect of climatic factors on the distribution of a
species within the limits of an area, GRAEBNER (1910) distinguishes
between the “region of compact distribution”, within which asp ecies
finds itself in optimum conditions as regards climatic factors and the
“absolute limit of distribution”, where the stations of a species are
confined to certain localities having specific habitat conditions.
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From the foregoing it is clear that the farther from the center of an
area the more rarely do conditions suitable for the growth of a given
species occur, which results in the peripheral regions of an area being
more sparsely inhabited by the species than the center. Moreover,
plants growing under conditions unsuitable for them will quite natur-
ally find themselves subjected to competition and crowding out by
closely related species for which these same conditions are more suit-
able.

This, however, can by no means be taken as an unconditional and
universal proposition. We can assume also the occurrence of such
cases—and they actually do occur—where a species, spreading in the
direction of the periphery of its area, encounters, often far from the
place of its origin, favorable habitat conditions, perhaps even more favor-
able than existed in the center of the area, which give an impetus to new
form-genesis. But such form-genesis, leading even to the origin of new
species on the periphery of the area of the initial species, may also be
due to unfavorable conditions. We shall discuss this in more detail
later. We should, therefore, distinguish between the center of origin
of an area and the center of its development, the latter in such cases
being necessarily regarded as a secondary mass center (or centers, since
there may be several of them) of the area.

Hence, when a species arises at any point of its future area there is
created, first of all, a center of propagation of this species, the center of
frequency of its area, and then there develops its differentiation into a
number of forms of different taxonomic rank, the creation of a center of
maximum variation, or a mass center of the area. In young species
the latter center may not exist at all, or it may coincide with the center
of frequency. Later on, such coincidence will be broken, since the
primary mass center will remain in its original place, while the initial
center of frequency may disintegrate and arise anew at one or another
point in the migration of forms issuing from the primary center of
formation of a species. A species during the course of its dispersal
may, under especially favorable conditions, enter into a phase of new
form-genesis, as a result of which there will arise a secondary mass
center of the area, which in contrast to the primary center of its origin
constitutes a center of the subsequent development of the area and
will be characterized by the presence of younger forms. The secondary
nature of such a center may be established by a combination of various
methods of botanical study, by which it would be shown that in the
center of origin there is a concentration of more ancient and primitive
forms, as compared with those concentrated in the secondary center of
development.

From the foregoing we may conclude that the region of frequency of
stations may ordinarily be expected to coincide with the region of
maximum variation, 7.e., with the center of origin of the area, in those
cases where the distribution of the given taxonomic unit has not yet
been subjected to any later influences inducing alterations in the
character of the area.

As regards the area of a species, correspondence of the center of
frequency with the center of the area is characteristic, as we noted
above, for areas of young species. To illustrate this point we may
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present data obtained by SAMUELSSON (1910) from a study of the areas
of several species endemic to the Scandinavian peninsula. His maps of
the distribution of Hieracium meticeps and H. chloroleucum give a clear
picture of the character of the areas of these species and the centers of
greatest frequency of their stations. These centers of frequency are at
the same time the centers of origin of the areas of these species.
SAMUELSSON considers these species to be of comparatively recent
origin, having arisen during the Ice Age after the end of the last
(Mecklenburg) glaciation. Each arose—possibly by mutation—at a
certain point, which became the center of its area, whence dispersal
proceeded in various directions. The present boundaries of these areas,
therefore, cannot be regarded as climatic boundaries. They merely
mark in each case the limits of that territory which the given species
has succeeded in occupying at this stage of its dispersal, a territory
which in the future will continue to expand.

With respect to the terminology of the concepts of the center of an
area, ARWIDSSON (1928) has proposed that those areas entirely in-
cluded within the limits of one well-defined region be called unicentric,
in contrast to bicentric (embracing two regions), tricentric, etc., or poly-
centric areas (CHRIST), if there are many such centers.

As an example of how the center of maximum variation of a genus
may be located—without giving, however, any indication as to the
primary or secondary nature of this center—we may take the data of
SHIRJAEV (1932) on the area of distribution of the genus Ononis. The
species and subspecies of this genus are distributed throughout the
world as follows:

No. of species No. of species

Country and subspecies Country and subspecies
Morocco 2 Austria 6
Algeria 44 Istria 6
Spain 44 Rhodes 6
Italy 24 Carpathians 6
Portugal 20 Albania 5
Syria and Palestine 19 Egypt 5
Tunis 18 Central Europe 4
Sicily 18 Hungary and Rumania 4
Asia Minor 17 Bulgaria 4
France 16 Arabia 4
Sardinia 14 Armenia and Transcaucasia 3
Cyprus 13 Crimea 3
Tripolitania and Libya 13 Madeira 3
Canary Islands 1 Greece 2
Mesopotamia and Kurdistan 10 England 2
Crete 10 Turkestan 2
Corsica 10 Afghanistan 2
Jugoslavia 10 Caucasus (excl. Transcaucasia) 1
Islands of Aegean Sea 9 So. European U.S.S.R. I
Dalmatia 9 Southern Siberia I
Iran 7 Mongolia 1
Balearic Islands 7 Northwestern India I
Tyrol 7 Eritrea I
Thrace 7 Abyssinia I
Switzerland 6

From a study of these data SHiRjAEV draws the conclusion that the
center of origin and development of the area of the genus Ononis com-
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prised the Iberian Peninsula (Spain, 44 species; Portugal, 20 species),
Morocco (52 species), and Algeria (44 species), which at one time
formed a united region. This conclusion has been visualized by a map
drawn by Szymkiewicz (1933) on the basis of these same data.*

Another example is provided by a table given by SzyMKIEWICZ
himself, where the number of species are given for regions located at
approximately the same latitude from the Iberian peninsula to Japan.
For each genus the figures in bold-faced type indicate the region or
regions in which the genus is represented by the greatest diversity of
species.

Iberian Arme- .
GENUS Szlean?;;. Ttaly | Greece l\?isr:gr é’;i‘w&;_ Iran Csf?;t; E;l Altais F:rrn_Elgg -t Japan
part) sus gion
Armeria 37 16 3 2 o o o o 1 o
Genista 47 34 13 12 5 o I o o o
Helianthemum | 27 16 10 11 7 5 1 o o o
Trifolium 54 98 64 61 45 15 14 7 2 1
Lolus 20 24 17 14 10 6 4 3 1 X
Coronilla [} 11 8 6 5 2 1 o o o
Silene 58 65 86 73 65 41 49 14 10 10
Alyssum 13 16 20 40 27 14 II 3 o o
Gypsaphila 3 3 7 24 23 16 19 7 3 o
Onobrychis 10 8 7 21 27 22 13 1 o o
Astragalus 43 28 37 146 | 253 | 317 328 55 6 6
Ferula 5 4 3 4 9 14 35 3 o o
Artemisia 20 17 5 13 20 23 68 30 30 17
Saussurea o o o o 1 2 41 23 24 19

Similarly, we may take the distribution of wild species of Nicotiana,
a genus including, according to data of a study of the geography of this
genus made by GRABOVETSKAYA (1937), a total of 76 species. They are
distributed as follows: North America, 12 (of which 7 are endemic);
Central America, 14 (7 endemic); South America, 43 (39 endemic);
Australia, 14 (all endemic). On the basis of these data the center of
the area of this genus must be regarded as South America.

This method of determining the location of the centers of origin of
genera, and on the basis of the latter, the centers of development of
floras, is at the present time generally accepted, but it should, never-
theless, be emphasized that this method is only relatively reliable, in
many cases leading undoubtedly to incorrect conclusions. Most genera
of angiosperms originated in the Cretaceous period, some probably even
earlier, in the Jurassic. Having attained at the end of the Cretaceous
and beginning of the Tertiary periods a very wide distribution, most of
them had at that time a considerably more limited intrageneric differen-
tiation than at present. Intensive processes of species-formation and
the initiation of geographical series of species (see below) were not
begun until later, in the second half of the Tertiary period. These
were induced by climatic changes, particularly decrease in humidity,
and geomorphological changes—mountain-forming processes (e.g., the

* Discrepancies between the figures on the map and those in SHIRJAEV's table arise
from the fact that for the map SzymkiEwicz used only the number of species, whereas
SHirJAEV included subspecies as well.
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uplifting of the Alps and the Himalayas, which radically altered the
climatic conditions of the regions lying north of these mountain ranges),
shifting of sea basins (formation of deserts where formerly there were
seas and the formation of seas where formerly there was dry land),
separation from the continents of archipelagos and islands, which
formerly constituted a united whole, etc.

Consequently, the present-day concentration of species only in rare
instances can reflect the actual center of origin of the genus; usually it
indicates the center not of the past but of the present development of
the genus. In view of this, conclusions made on the basis of data on
the migration of a genus from such a center of development are founded
on incorrect premises and in many cases are utilized for broad generali-
zations, which cannot be accepted without reservations, except upon
further verification.

This explains why newer methods of determining the center of
origin of a genus are being sought, but it may be taken for granted
that these methods will be able to give full assurance as to the relia-
bility of the results obtained only in case they are confirmed by paleo-
botanic data. In the absence of the latter, conclusions drawn solely
on the basis of the present distribution of species will evoke doubts as
to their validity. SzymriEwicz (1934, 1936, 1937) has in recent years
made intensive studies with the aim of finding new methods of locating
the centers of areas and of tracing the development of floras. The
methods proposed by him may be summarized as follows:

If we take as the center of origin of a genus that region where the
greatest number of its species are concentrated, we do not take into
account differences in the character of the areas of the various species,
as a result of which we compare figures that are phytogeographically
of unequal value. SzvMkIEWICZ divides species, as regards the charac-
ter of their areas, into three categories: (1) endemic and subendemic,
the latter meaning species whose areas extend only slightly beyond the
boundaries of their primary natural regions; (2) species whose areas
embrace, in addition, a second natural region phytogeographically
identical to the first; (3) widely distributed species, in whose areas
the primary natural region occupies only an inconsiderable part.
These three categories of species, in judging as to the center and origin
of the area of a genus, provide data of unequal value, the first being of
greater significance than the second and the second greater than the
third. SzymxmEwicz (1937) proposes, therefore, that the center of the
area of a genus should be established not on the basis merely of data
as to the total number of species but of data as to the number of species
in each of the three above-mentioned categories, and he points out
that by the latter method it is easier to detect a second center of con-
centration of species, in case there are two such centers. By way of
illustration are given below the data obtained by SzymkIEWICZ for the
genus Carex:



E. V. Wulff —34— Historical Plant Geography

Carex
REGIONS OF DISTRIBUTION No. oF spECIES TOTAL NO. OF SPECIES
IN EACH CATEGORY
Europe . . . . . ... .. 27-10I-14 142
Siberia. . . . .. . .. .. 8- 70-16 94
Mediterranean Basin . . . . 31— 67—22 120
Eastern Asia . . . . . . . . 259— 70-18 347
No. America, Pacific Coast . 61— 77— 5 143
- - , Atlantic - 86— 75— 6 167
Mexico . . . . . . .. .. 9— II- 3 23
Andes . . . . . . ... .. 41— 16— 3 60
Neotropical region . . . . . 12— §5- 2 19
Tropical Africa . . . . . . 28- 6-o 34
Malaysia. . . . . . . . .. 51— 17— 8 76
South Africa . . . . . . . . 5~ 0-o0 14
Australia. . . . . . . . .. 40— II- I 52

This table shows that, taking the greatest concentration of species
as a basis, Eastern Asia would appear to be the chief center of origin of
the genus Carex and the Atlantic Coast of North America the next
most important center. Judging by the concentration of each of the
three categories of species, the conclusion that these are the two most
important centers is confirmed, for they contain the greatest number of
endemic species.

But in thus locating the center of an area it is necessary also to take
into account the fact, well known to every author of a botanical mono-
graph, that species themselves are not uniform, not of equal value.
This may usually be compensated for by the grouping together of
closely related species into sections, subgenera, and other such units.
Consequently, for the purpose of checking the conclusions as to the
center of the area of a genus arrived at on the basis of a calculation of
the number of species in the three categories, SZYMKIEWICZ proposes
that analogous calculations be made of the number of sections or sub-
genera in each of the same three categories. Thus, one first calculates
the number of species of each of the three categories in each section,
and then, on this basis, determines the number of endemic sections,
sections distributed in two regions, and sections having a wide distri-
bution. As an example let us take the data obtained for the genus
Sisymbrium: —
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Sisymbrivm
No. oF SEc— ToraL No. oF species | ToTaL
REGIONS OF DISTRIBUTION TIONS IN EACH NO. OF IN EACH NO. OF
CATEGORY SECTIONS CATEGORY SPECIES
Europe . . . . . . o-1-4 5 5-5-0 10
Siberia . . .. 002 2 030 3
Mediterranean Basin §-2~1 8 15-6—1 22
Eastern Asia. . . . . . . 0—0-2 2 1~-1-0 2
No. America, Pacific Coast o0-0—2 2 2-0—0 2
Mexico . R o002 2 3-0—0 3
Andes . . . . . . .. 5—1-0 6 25-0—0 25
Neotropical region . . o—o-1 I 1-0-0 X
Tropical Africa o-1-1 2 2-0—0 2
South Africa 2-0-0 2 10-0—0 10

In this case by all three methods we get the same result: the exist-
ence of two centers, one in the Mediterranean Basin and one in the
Andes. This connection between the Mediterranean Basin and Central
America and adjoining territories of North and South America is
characteristic of a number of genera, such as Draba, Eryngium, Cen-
taurea, Astragalus, Trifolium, Lupinus, etc. But such an exact agree-
ment of results from all three methods of investigation does not, by
any means, always hold true. As an illustration of this, we may take
the distribution of sections in the genus Carex, for each of its subgenera
separately, and compare the data thus obtained by SzyMxIEWIcz with
those given above for species.

Carex

Subgenus Subgenus Subgenus Subgenus

Primocarex Vignea Indo-Carex Eu-Carex
B O e No. oF sEc- | No. oF sec- | No. oF sEc- | No. oF sEc-

TIONS IN EACH [TIONS IN EACH |TIONS IN EACH [TIONS IN EACH

CATEGORY CATEGORY CATEGORY CATEGORY
Europe . . . . . o-3—4 2—-2-11 000 2-1-18
Siberia . . .. o-1-5 o011 o000 o-1-15
Mediterranean Basin o-1—4 I-1-11 o-1-0 0—o0-20
Eastern Asia 2-1-0 2—-2-10 G=org) 8—4~10
North America —

Pacific Coast 3-3-3 2—4— 8 oo 1-3—-16
North America —

Atlantic Coast 2-3-4 2-4- 6 oo 7-5-10
Mexico. . . . . . .. oo oo 3 o-I-1 o-1- 8
Andes . 102 2-0- 6 o002 I-1-11
Neotropical region . 1-00 o I o002 oo 4
Tropical Africa 100 o-1- o 0-0-I 1-0- 4
Malaysia . o—0-2 oo 5 3-0-0 o—o-10
South Africa o000 oo 2 o1 oo 6
Australia . . . . o001 2-1- 4 0-0—0 1-1- 7

In this table there does not stand out any definite center of the area
of the genus, the East-Asiatic center so prominent in the other table
for the genus Carex not being in evidence here at all. We thus see how
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complicated is the problem of determining the location of the center
of an area, and that for its solution statistical calculations alone can
have only a very limited significance. It is necessary to assemble data
of an all-sided study of species—as, for instance, was done by Ko-
MAROV (1908)—disclosing the phylogenetically most primitive types,
the direction of their evolution, the centers of concentration of these
primitive, initial types, and the direction of their further distribution.
Only such a monographic study, based also on paleobotanic data, can
give a more or less correct idea as to the initial center of the area of a
genus and of the secondary centers of its development.

In this respect cytological data may prove of great value. It has
now been established that in some cases species belonging to the same
genus differ in chromosome number, and that many of the polyploid
species originated, apparently, as a result of chromosome mutations
induced by the action of external factors. Species, in dispersing from
the center of their origin, often extend their area beyond the boundaries
of optimum conditions for their existence. As a result of the action of
ecological factors to which a species is not accustomed there occur
irregularities at meiosis in the sex cells, which result in the phenomenon
of polyploidy. This connection between the origin of polyploid species
and definite ecological conditions is the reason why such species have
in many cases quite specific geographical areas, differing from the areas
of the initial species (see below; also, in more detail, WULFF, 1037).

It is now possible, therefore, theoretically to advance the proposition
that floras of those regions of the globe characterized by extremely low
temperature, such as arctic regions and mountain peaks, or by very
high temperature and low humidity, such as deserts, are distinguished
by an exceptionally large number of polyploid species. It must also be
presumed that such chromosome mutations have occurred in nature
not only under present-day conditions, as a result of species having
become widely distributed and having penetrated into localities with
ecological conditions differing from those normal for them, but also as a
result of the great climatic changes that took place in former geological
times and of the migrations of species in those times.

Arranging the species of a genus in order according to chromosome
number, we obtain so-called polyploid series of species, which at the
same time reflect the direction of evolution of the genus and also the
direction of its dispersal. Starting from the premise that the species
having the smallest chromosome number in a polyploid series usually
is the initial species, we may consider that the areas of species charac-
terized by such chromosome numbers are more ancient than areas of
species with larger chromosome numbers and that, consequently, in the
regions occupied by these ancient areas one must seek for the initial
center of the area of a genus. As an illustration we may cite the data
of a cytological investigation of the genus Iris carried out by SIMONET
(1932). This genus is widely distributed throughout the entire north-
ern hemisphere. Species having rhizomes occupy the largest areas,
practically identical to that of the genus, while tuber-bearing species
are considerably more restricted in their distribution. The area of the
latter is confined to the Mediterranean Basin—from the Iberian Penin-
sula to Soviet Central Asia, inclusive. Not only all four sections
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of tuber-bearing irises but also three of the sections of rhizome-bear-
Ing irises are limited in their distribution to the Mediterranean Basin.
Moreover, almost all the other sections have representatives here.
These circumstances force one to presume that the center of origin of
the area of the genus Jris must be located in the Mediterranean Basin.
This conclusion is confirmed by cytological data. Precisely in the
Mediterranean Basin are concentrated those species with the lowest
chromosome numbers (n = 8, 9, 10, 11), whereas American species with
the highest chromosome numbers have areas located at the greatest
distance from this center. Moreover, the tuber-bearing species of
irises, being the most ancient species and having an area confined to
the Mediterranean Basin, have the lowest chromosome numbers.
Hence, if, in determining the location of the centers of areas, we utilize
cytological data for those genera the species composing which have
different chromosome numbers, we acquire an additional method
facilitating, in combination with other methods, the solution of this
difficult problem.

If, after a species has died out over a considerable portion of its
area, favorable conditions should reoccur, the species may renew its
dispersal from those retreats where it preserved its habitats, For
example, many species lived through the Ice Age in restricted localities,
which served as retreats for them and whence, in inter- and post-glacial
periods, they renewed their dispersal. In such cases these retreats are
known as centers of dispersal (centres de dispersion—JEANNEL and
JOLEAUD, 1924) or centers (regions) of preservation (Erhaltungsgebiete—
IrRMSCHER, 1929).

In determining the location of the center of an area great caution
must be observed, since if any factors whatsoever favoring or hindering
the distribution of species are not taken into account, entirely incorrect
conclusions may be drawn. For instance, PALMGREN (1927), on the
basis of the character of the distribution of species on the Aland Islands,
draws conclusions as to the extent of their penetration into the terri-
tory of these islands and the general direction of their migration. He
considers that, in case a species is distributed uniformly within the
limits of a given territory, we cannot obtain any facts as regards its
former migrations from its present distribution. By uniform distri-
bution he means the approximately equal frequency of occurrence of a
species in all parts of the given territory and, consequently, the ab-
sence of any perceptible concentration of stations in any one part. If,
on the other hand, the frequency of occurrence of a species grows
clearly less or greater in some definite direction, this indicates, in his
opinion, the direction of migration of the species. Thus, by his investi-
gation of the Aland Islands PALMGREN found that, in addition to
uniformly distributed species, there are three other categories of
species, which, in contradistinction to the former, shed some light on
their origin on the islands. The first category embraces species with a
clear decrease in the frequency of their occurrence toward the east,
which gives grounds for considering that they migrated from the west.
This group of species is the largest in point of numbers in the flora of
the Aland Islands. To the second category belong a few species, the
frequency of occurrence of which decreases toward the west, and which,



E. V. Wulff —38— Historical Plant Geography

consequently, migrated presumably from the east. Lastly, the third
category embraces species distributed within the limits of the islands in
two isolated areas—western and eastern. From these data PALMGREN
draws the conclusion that the first category of species, constituting the
great bulk of the flora of the islands, migrated to the islands from the
Scandinavian peninsula, from Sweden; the second category from
Finland or the eastern section of the Baltic seacoast; and, lastly, the
third category from both directions.

But, in opposition to the foregoing, EKLUND (1931) shows that in
southwestern Finland there is found a very great diversity of habitat
conditions, particularly of edaphic conditions. This diversity is very
clearly reflected in the distribution of plants. In the western part of
this region there are the best soil conditions, shown, first of all, in the
fairly high content of lime in the soil. Here the flora is richest. From
this locality in all directions the soil grows poorer, accompanied by an
impoverishment of the flora. Hence, the decrease in the frequency of
occurrence of species from west to east is to be explained not by the
greater distance from the place from which they migrated, as Pary-
GREN assumed, but by ecological causes, expressed in this case by the
indicated differences in soil conditions. EXLUND remarks that in the
Aland Islands there may be observed a decrease in the frequency of
occurrence of species and an impoverishment of the flora from west to
east, while in Uppland there is just the reverse—an impoverishment
from east to west. In both cases this impoverishment is to be ex-
plained by one and the same cause, by a decrease in the content of
lime in the soil. Consequently, PALMGREN’s conclusions with respect
to the direction of migration and the chief country from which the
Aland Islands derived their flora, based on the decrease in frequency
of occurrence of species from west to east, are in the given case in-
correct, since he did not take ecological conditions into account.
EXLUND comes to the conclusion that the islands were populated with
species from an entirely different direction than PALMGREN supposed.

The present areas of many species do not constitute the maximum
territory that they may possibly be capable of occupying. The fur-
ther expansion of these areas has been curtailed by obstacles that have
up to the present prevented these species from continuing to spread.
By the artificial introduction of plants into new habitats outside their
natural area it is frequently found that a species may grow under a
considerably wider range of ecological and geographical conditions.
This shows that each species has, besides its actual area, a “potential
area”’ (Goop, 1931). This circumstance is of exceptional practical
importance in the introduction and regional allocation of new crops.

Boundaries of an area: — The limits of distribution of a species, the
boundaries of its area, formerly very ineptly termed “vegetation lines”,
are determined by the reaction of the species to any of numerous
factors or combinations of these factors. Among the most obvious
causes hindering the dispersal of a species are purely mechanical
obstacles, such as mountains, seas, deserts, etc. Only in rare cases
does a plant, by the mere dissemination of its seeds and their transport
by chance agents, succeed in overcoming such obstacles and extending
its area beyond them.
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Among other factors limiting the extent of an area—and for the
plant usually insurmountable—are climatic conditions. The latter,
creating the climatic boundaries of an area, may limit the distribution
of a species both horizontally (to the north, south, east, and west) and
vertically (altitudinally). Climatic boundaries are not determined by
any one climatic factor but by all of them taken together, in conse-
quence of which a study of the climatic boundaries of an area and the
elucidation of the réle of individual climatic factors meet with very
great difficulties. The latter are all the greater because the reaction of
species to climatic phenomena is closely linked with their biological
characteristics, as a result of which their climatic boundaries are charac-
terized by extraordinary diversity. Nevertheless, a study of the areas
of plants provides a basis for determining the most important climatic
factors affecting their distribution.

Altitudinal climatic boundaries are the result of a particularly com-
plex combination of causes, often very difficult to fathom, the most
important of all being insufficient warmth (inadequate sum of tem-
peratures above the minimum temperature required for the given
species). In addition to the latter, insufficient humidity, intensity of
the sun’s rays at high altitudes, strong heat radiation, eternal snow or
late melting of snow, height above sea level depending on the latitude
of the locality, and other factors also play a part in determining the
altitudinal climatic boundaries of an area.

Until the end of the nineteenth century evaluations of climate and
also of the climatic boundaries of the areas of plants were made chiefly
on the basis of temperature data. At the beginning of the twentieth
century it became clear that atmospheric humidity, as a factor deter-
mining the boundaries of the distribution of plants, was of predominant
importance. In many cases, as, for example, for most evergreen plants,
temperature plays only an indirect réle in the limitation of the distri-
bution of a species, the chief factor being humidity conditions. Hence,
in determining the boundaries of areas, both these factors should be
taken into account (GAMS, 1931).

The boundaries of an area may be determined not only by climatic
causes but also by edaphic causes or by a combination of edaphic,
climatic, and geographical causes. Lastly, competition with other
plants may create an insurmountable obstacle to the further distri-
bution of a species.

In many cases the boundaries of areas cannot be explained by any
cause at present in force, due to the fact that these areas were formed
under the influence of conditions in past epochs, often in other geo-
logical periods. A study of such areas and the establishment, on the
basis of such a study, of the history of distribution of a given species
constitute one of the chief tasks of historical plant geography.

The boundaries of areas may, then, be subdivided into three main
types: first, boundaries set by physical barriers impassable for the
given species, such as seas, straits, rivers, mountains, deserts, etc.;
second, boundaries determined by ecological conditions; and, third,
boundaries determined by competition among species. Moreover, an
area may be in a state of expansion, in case the dispersal of the species
is still in progress, or, on the other hand, it may be in a state of con-
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traction, in case of retrogressive distribution. In the latter case the
contraction of an area may for a time be in abeyance and the bound-
aries of the area remain temporarily without change, but subsequently
they may either continue to contract or, in case of the onset of more
favorable conditions, begin again to expand.

Areas vary greatly in size, depending on a combination of factors,
among which the history of the given species plays an important réle.
If we assume that an area has a center of origin, from which there
took place the gradual dispersal of a species or other taxonomic unit in
different directions, it seems necessary likewise to assume that the size
of the area occupied, in case of unhindered dispersal, would depend in
part on the duration of such dispersal, which may be designated as the
‘““age” of the species. Thus, ScHuLz (1894) considers that only very
few species of the flora of central Europe have succeeded in attaining
in post-glacial times, and these only in a few places, their natural
boundaries as set by their edaphic and climatic- requirements and by
their ability to spread.

In botanico-geographical literature age as a factor in plant distri-
bution has long been recognized. As early as 1853 LveELL in his
“Principles of Geology”’, in chapters on the distribution of plants and
animals, wrote that, if we assume that a species arises only in one
place, it must have considerable time to become distributed over an
extensive area. If this hypothesis is accepted, it follows that restricted
distribution may, in the case of some species, be due to their recent
origin and, in the case of others, to the fact that the area they once
occupied has been greatly contracted as a result of climatic changes.
The former are young, local species that have not existed long enough
to have had the possibility for widespread dispersal, while the latter
are no doubt of considerable age.

HOOKER, in his “Flora Novae Zelandiae” (1853), writes that ‘‘con-
sistently with the theory of the antiquity of the alpine flora of New
Zealand, we should find amongst the plants common to New Zealand
and the Antarctic Islands some of the most cosmopolitan, and we do
so’”. But, at the same time, HOOKER, fully conceding that all the
diversity in the geographical distribution of plants cannot be explained
by age alone, goes on to say that . . . though we may safely pro-
nounce most species of ubiquitous plants to have outlived many
geological changes, we may not reverse the position, and assume local
species to be among the most recently created, for species, like indi-
viduals, die out in the course of time; whether following some inscrut-
able law whose operations we have not yet traced, or whether . . .
they are destroyed by natural causes (geological or other) they must
in either case become scarce and local while they are in process of
disappearance” (p. xxv).

An equally clear exposition of the significance of age as a botanico-
geographical factor may be found in BENTHAM’s “Notes on the Classi-
ﬁcatic;n, History, and Geographical Distribution of the Compositae”
(1873).

SCHROTER (1913) points out that the degree of disruption may also
be utilized in determining the age of an area, an extensive and much
disrupted area indicating its considerable age. POHLE (1925) proposes
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that ancient species be called “senior species’” and young species—
“junior species’.

These citations fully suffice to show that the significance of age was
never lost sight of by botanical geographers, although, no doubt, as
compared with other biological factors, it was given too little attention
and its importance underrated.

Age—or the length of time during which the dispersal of species
and, hence, also the formation of floras have taken place—is for
historical plant geography a factor of just such prime importance as
the duration of geological periods established by LYELL was for the
theory of evolution. Just as a necessary premise for the evolution of
organisms is the duration of time taken by the latter for their develop-
ment, so all the regularities in historical biogeography may be under-
stood only by taking into account the length of time during which
they have existed.

Consequently, we cannot fail to give serious consideration to
WIiLLIS’s treatise on ‘“‘Age and Area” (1922), devoted to a study of it
as a botanico-geographical factor and constituting a summary of his
many investigations on this problem begun in 1907. The works of
WIiLLis are not mere armchair theorizing but are based on twenty
years of field work devoted to the geographical study of plants in na-
ture, in tropical South America and particularly in tropical Asia, where
for a long time he was director of the Botanical Garden at Ceylon.
He verified his conclusions by comparison with the data published by
him in his “Flora of Ceylon” and other floristic works. At the same
time, however, the very fact that he used the floras of these tropical
regions as the basis for his conclusions constitutes the cause of the
onesidedness of his conclusions, on account of which numerous criti-
cisms were directed against him. The floras of the tropical regions of
America and Asia are the only floras on the globe that since the
Cretaceous period have not been subjected to great climatic changes.
Consequently, laws established with respect to the formation of areas
of species of these floras are applicable only to such floras as are
characterized by unhampered development. They are not of uni-
versal significance and cannot be applied to all the floras of the earth.
The criticisms of WiLL1s’s book were directed chiefly on this flaw in
the propositions advanced by him.

Studying the flora of Ceylon, WiLLis was struck by the great
differences in the size of areas occupied by different species of the same
genus, some of which were endemic to the island and others not.
This led him to the conclusion that ‘“the endemic species occupied, on
the average, the smallest areas in the island, those found also in Penin-
sular India (but not beyond) areas rather larger, and those that ranged
beyond the peninsula the largest areas of all (again on the average)”
(WILLIS, 1922, p. 65). At the same time, the number of species in each
class was found to vary, increasing or diminishing depending on the
size of the area. This may be clearly illustrated by his data on the
flora of New Zealand. Taking the extent of the areas of species in
this flora along the north and south diameter of the island, the follow-
ing gradations are obtained (ibid., p. 64):—
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RanGE IN N. Z. EnpEMICS WIDES
(miles)

I. 881-1080 112 201

2. 641— 880 120 7

3. 401— 640 184 53

4. 161— 400 190 38

5. 1— 160 296 30*

{3

~| HAASTIA,

Fic. 4.— Areas of species of different ages, the most ancient species occupy the
largest areas: species of the genus Haastia (Compositae) in New Zealand. (After
WILLIS).

The widely held view that endemic species are either relics ap-
proaching extinction or species that have arisen as a result of adapta-
tion to local conditions cannot explain the fact of gradual gradation in
the areas occupied both by endemics and by wides, the first from many

* Largely undoubted introductions of recent years.
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small areas to few large and the second in the reverse order. To
explain this regularity it is necessary to concede the significance of age
as a factor in distribution. The older species with extensive areas of
distribution reached New Zealand prior to its separation from Australia
and had enough time to become widely distributed there. Hence, it is
clear why in the zone of areas of least extent we find the smallest

l

/ ‘
GUNNERA

F16. 5.— Areas of species of different ages: the genus Gunnera (Halorrha-
gaceae) in New Zealand. (After WriLLs).

number of widely distributed species. On the other hand, endemic
species—regarded by WILLIS as young species that had their origin
at a later time, after New Zealand had become an island—become more
and more rare, the greater the distance from the place of their origin.
Consequently, it was to be expected, and investigations confirmed this,
that the islands surrounding New Zealand would have a flora consist-
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ing of the oldest species, those most widely distributed in New Zea-
land. To quote WiLLis (1922, p. 75): “In fact it was found that on
the average its species ranged nearly 300 miles more in New Zealand
than did those that did not reach the islands”.

As regards the way in which a country is peopled by invasions of
plants, WirLis gives the following rule based on his general hypothesis
(¢bid., p. 83): “If a species enter the country and give rise casually to
new (endemic) species, then, if the country be divided into equal zones,
it will generally occur that the endemic species occupy the zones in
numbers increasing from the outer margins to some point near the
centre at which the parent entered”. Applying this to New Zealand,
he found that all the genera in its flora adhered to this rule.

Supplementary to his central ‘“Age and Area” hypothesis, WiLLIS
proposes a second principle called by him ‘““Size and Space”, which he
formulates as follows (ibid., p. 118): “‘If species spread in a country
mainly in accordance with their age, then it is clear that on the aver-
age some of those in the genera represented by most species will have
arrived before the first of those in the genera represented by few; . . . on
the whole, keeping to the same circle of affinity, a group of large genera
will occupy more space than a group of small. The space occupied will
vary more or less with the number of species”.

From the foregoing follows also the final implication of WiLLIs’s
theory, viz., that monotypic genera, that is, genera with one species
only, like endemic genera and species, are ‘‘young beginners” that
have just commenced their geographical distribution. Here, however,
one must make the reservation (which Wirris himself fails to make)
that this conclusion is not applicable to genera that have acquired
their monotypic character as a result of the dying out of most of their
species nor to ancient endemic genera and species.

All of WrLLIS’s views may be summarized in this basic hypothesis—
the area of a species is proportional to its age. If this proposition
could be universally applied, it would simplify the solution of many
problems of botanical geography. But, as his critics pointed out, this
proposition is applicable only to certain genera and species, and so it
cannot serve as a general rule for determining the age of an area. For
instance, paleobotanic data show that some genera now occupying
small areas were widely distributed in the past and are often older
than genera now having extensive areas. The same applies to those
endemic species that are the descendants of species at one time widely
distributed but whose areas were much contracted (BERRY, 1917).
In his later papers and in his book WILLIS, in answer to the deluge of
criticisms, reformulated his Age and Area hypothesis, qualifying it by
so many reservations that it became very complicated and practically
unworkable. In its latest version it read: ‘“The area occupied at any
given time, in any given country, by any group of allied species at
least ten in number, depends chiefly, so long as conditions remain
reasonably constant, upon the ages of the species of that group in that
country, but may be enormously modified by the presence of barriers
such as seas, rivers, mountains, changes of climate from one region to
the next, or other ecological boundaries, and the like, also by the
action of man, and by other causes” (WILLIS, 1922, p. 63).
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The areas of species of a number of floras (of England—Gurpy.
1925; MATTHEWS, 1922; of North America—FERNALD, 1924; of
South Africa—ScHONLAND, 1924; and others) have been studied with
the aim of testing WiLLIS’s theories, and the investigators came to the
conclusion that these theories were not applicable to the cases studied
by them. The size of the areas studied depended not so much on their
age as on the adaptability of the given species and on whether or not
ecological conditions favored dispersal. Species that had migrated at a
later period often had larger areas than older species, parts of the areas
of which had been destroyed during the Ice Age. The region of greatest
concentration of endemics did not coincide with the place of origin of the
genera within the limits of the given flora. Moreover, it was shown
that WiLLis entirely ignored those changes in the composition of floras
induced by man’s activities (RIDLEY, 1923). Likewise studies of vari-
ous families and genera (e.g., Magnoliaceae—GooD, 1925; Passerina—
THODAY, 1925) also revealed a number of data disagreeing with WirLis’s
theory. On the other hand, several investigators have presented data
that agree with the regularities established by him.

All this indicates that the size of an area does not depend solely
on the age of a species. The latter constitutes only one of a combi-
nation of factors on which area-formation depends. Nevertheless, the
study of age as a factor in plant distribution, the significance of which
was first emphasized by WiLtis, should be continued.
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Chapter IV

THE ORIGIN OF AREAS

Having acquainted ourselves with that center of an area, primary
or secondary, from which a genus or a species started its dispersal
resulting in the formation of its area, we may now pass to an exami-
nation of the still broader problem of the origin of the area itself. The
diversity of areas of plants now inhabiting the globe and the entirely
different character of the areas of many of these plants in former
geological periods, as testified to by the location of their fossil remains,
indicate that the origin of areas of genera and species differing in age,
in ecological and biological type, and in adaptability to conditions of
habitat and dispersal cannot all be explained in the same fashion.
Such a mechanistic approach to this difficult problem would not in the
least conform to the great diversity existing in the vegetable kingdom.

However, in order to present the problem of the origin of an area
in all its entirety would mean to present the problem of species-forma-
tion in nature in all its complexity and diversity. If this were here
attempted, this chapter devoted to the origin of areas would exceed in
length the limit set for the entire textbook. Hence, it is quite evident
that a full exposition of the problem of species-formation cannot find
place in the present volume. We can merely give a very brief survey
of the present status of this problem. And, first of all, we wish to
emphasize the fact, proven beyond any doubt by modern science, that
species arise in nature in various ways. Recent advances in biology
show that the diversity of species cannot be ascribed solely to a gradual
intensification of characters.

Mutations—particularly the appearance of new forms as a result of
autopolyploid doubling of the chromosome number induced by the
action of external factors—and, to a less extent, hybridization, accom-
panied by allopolyploid changes in chromosome number, played in
former geological periods and still play at the present time a prominent
role in species-formation. This does not mean that in these processes
of species-formafion natural selection takes no part. On the contrary,
it retains all its significance, determining the survival of the fittest and
their further evolution.

According to DARWIN, a species arises in one definite place on the
globe. From this place—thanks to a natural tendency to expand its
territory, manifested, for instance, in the abundance of seeds or spores
formed and in numerous adaptations of fruits and seeds enabling the
future progeny to gain a foothold as far as possible from the mother
plant—it begins its dispersal. It continues to expand its area in all
possible directions until it encounters geomorphological or ecological
barriers that it cannot cross because of purely mechanical or biological
reasons. Hence, it follows: first, that the older a species, the larger
the area it occupies, provided, of course, that the above-indicated
barriers do not at the very outset restrict its dispersal or that subse-
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quently there does not take place a contraction of the area previously
occupied; and, second, that a discontinuous area is to be explained by
the breaking up of a once-continuous area into separate sections either
as a result of the dying out of the species in the intervening places, due
to changes in climatic conditions, or as a result of changes in the
location of seas and continents causing the rupture of such a continu-
ous area.

Another important question needs to be clarified: Should we con-
sider that a species arises from a single bisexual individual, two dicli-
nous individuals, or a few individuals and that, consequently, the center
of origin will occupy a territory limited by the number of progeny of
this one individual or few individuals that take root, or should we
consider that in the process of species-formation many individuals may
participate over a considerable extent of territory, which in such case
constitutes as a whole the center of origin of the area? In our opinion,
both modes of origin of an area are possible, depending on the way in
which a species arises.

If a species arises, for example, as a result of hybridization, the
initial number of individuals of this species is determined by the
number of seeds in the fruits of the given plant which succeed in
finding favorable conditions for germination and growth and in main-
taining themselves in competition with vegetation already established.
Since plants spread by means of their dispersal mechanisms only very
gradually, it is clear that the initial center of such a hybrid species
will occupy a very small territory. If, on the other hand, a species
arises, let us say, as a result of an autopolyploid change in the bio-
logical and morphological characteristics of an initial species caused
by an increase in chromosome number induced by climatic or other
conditions, the changes in such a case may affect a large number of
individuals over an extensive territory, which will thus constitute the
center of the area. The latter in such a case might rather be called
the region of origin, but the sense remains precisely the same, since
this is the initial starting point of the dispersal of a new species and the
formation of its area.

Let us take, for example, a species extending its area of distribution
toward the north. There comes a time when the vanguard plants at-
tain the climatic barrier beyond which they cannot pass. If under the
influence of the new climatic conditions there should arise by mutation
an autopolyploid species (and that new species do so arise has now been
proved for an ever larger and larger number), such a process of species-
formation might embrace not a single individual plant but all the
plants that had attained the indicated barrier over quite an extensive
territory. Likewise, at a time of great climatic changes on the earth’s
surface, as, for instance, during the glacial and interglacial periods,
when seas advanced or receded and great mountain masses were up-
lifted, the effect of such climatic revolutions also must have extended
over vast areas, inducing processes of species-formation in a large
number of individuals of one and the same species.

If one studies the areas of genera both as at present constituted and
particularly if one adds to the present territory the regions embraced
by these areas in former geological periods, he cannot but marvel at
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their enormous size. Such areas often occupied several continents,
separated now by the waters of great oceans. Likewise a number of
species (sometimes known to us only in a fossil state) of ancient genera,
particularly of pteridophytes and gymnosperms but also of many
angiosperms, had at one time exceptionally large areas. The remnants
of these formerly extensive areas retained in the present-day flora
constitute a proof that, as regards these genera and species, there took
place a contraction of their areas. But this hy no means signifies that
such a contraction of area is an invariable rule. On the contrary, new
species or species with a wide range of adaptability, finding conditions
favorable for them, sometimes extend their area with startling rapidity,
within a few decades becoming practically cosmopolitan.

To illustrate the process of formation and evolution of the areas of
species, let us take the Angiosperms. There arose in definite centers
in the Cretaceous period—and in the case of many genera probably
even earlier, in the Jurassic period—genera of this group of plants,
represented at that time by as yet only slightly differentiated species
(or generic types, as ENGLER calls them), which attained exceptionally
extensive areas of distribution. Nevertheless, we cannot assume that
the flora of the entire globe was at that time homogeneous, as some
authors have assumed. Climatic zones have always existed on the
globe and have always served as barriers to the unlimited distribution
of species. If, despite these barriers, species attained such enormous
areas, this was due to the different arrangement of the climatic zones,
for precisely in the Jurassic and Cretaceous periods and beginning of
the Tertiary period the tropical and subtropical zones spread widely
over the continents, embracing all of Europe up to its present arctic
limits and considerable portions of Asia and America. Hence, it is
comprehensible—assuming, in addition, a connection at that time be-
tween the continents of America and Eurasia—how the indicated
genera could attain precisely on these parts of the continents such an
extensive distribution. This circumstance, and also the seeming ra-
pidity with which these plants spread, apparently facilitated the mass
extinction of the Gymnosperms and Pteridophytes as a result of chang-
ing climatic conditions, which enabled the new representatives of the
plant kingdom to extend their area of distribution without competition
from the former inhabitants of the earth's surface.

The homogeneity of the climate over extensive portions of the con-
tinents explains likewise the slight extent to which these ancient
species were differentiated. With the shifting to the south in the
Northern Hemisphere of the climatic zones, with the sharp demarcation
of tropical, temperate, and arctic climates, with the ever-decreasing
humidity and progressive development of arid and semi-arid condi-
tions, there developed in the second half of the Tertiary period in those
regions where there had formerly existed homogeneous ecological con-
ditions a sharp climatic zonation. Simultaneously there occurred a
breaking up of these generic types, as a result of divergence, first into
large groups of species, now known as collective species or coenospecies,
still occupying quite extensive areas, and then into a series of small,
vicarious species. This process of differentiation is still in progress,
as is shown by the fact that the more our methods of research become



Chapter IV —51— Origin of Areas

refined, the more do we reveal small, ecologically more specialized spe-
cies, formerly included in broader categories.

This process of the breaking up of collective species does not, how-
ever, show that a contraction of initial areas is the natural direction of
development of present-day areas. Such an unceasing retrogression
would not be in accord with the evolutionary development of organ-
isms and actually does not take place, since the newly arisen vicarious
species, from the centers of their origin, initiate anew a progressive
extension of range. Coming upon favorable conditions, such species
create secondary centers of development of the genus. As a result of
the destruction of vegetation over considerable territories, as during the
Ice Age, there penetrated, subsequently, into these territories numerous
species, the areas of which reached enormous size. In many cases these
species have not yet attained their limit of possible distribution.

Periods of great climatic changes have occurred on our globe many
times (the above-mentioned uniformity of climatic conditions in the
northern hemisphere in former geological epochs did not always pre-
vail), and during such earlier periods of climatic changes the differenti-
ation of genera and species must have been just as markedly expressed
as at present. Subsequently, with the coming of more uniform cli-
matic conditions, small species made place for large species, which
embraced ever larger and larger territories during the course of their
dispersal. These ancient extensive areas, with the disappearance of
uniform climatic conditions, again entered into a period of contraction,
partly as a result of the dying out of species over a portion of their
areas and partly as a result of the breaking up of these areas into a
number of smaller areas of new, vicarious species. These vicarious
species, in their turn, begin to extend their range. As the territory
they occupy increases, they become differentiated into subspecies,
which may subsequently be converted into independent species. Thus,
there is steadily going on a process of contraction and breaking up of
old areas and the appearance in their place of new areas, which un-
dergo the same processes of development and disintegration, making
way, in their turn, to yet new species. The evolution of areas proceeds
unceasingly, in conformity with the uninterrupted process of differenti-
ation, specialization, and evolution of species.

Only the areas of relic species steadily decrease in size, as these
for the most part decadent species gradually become extinct.

The theory of the origin of areas advanced by Pacmosky (1gro,
1925) may, in its basic features, be accepted, though, in our opinion, a
different explanation should be given to the data presented by him.
Pacmosky, who is an opponent of the migrational origin of an area,
considers that the ability to change in a certain direction is inherent
to an entire genctic group, that it is equally inherent to all its repre-
sentatives throughout its entire area, and that it manifests itself not
in a single locality of the latter but throughout its entire territory.
Hence, a race, long before it becomes an established independent unit,
already occupies a definite area, this area being the result of in silu
changes and not of migration. Such a process of area-formation
Pacnosky calls “pantopic”.

To the foregoing we must take exception to the extent that we
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consider that such an appearance of a new geographical race or a new
species is not something foreordained in the very nature of the develop-
ment of a species, as might seem from Pacmosky. It may take place,
as we have pointed out above, either as a result of great climatic
changes (and only then does a new race or species actually arise
in situ) or, and this is more common under present-day conditions, as a
result of the initial species during its dispersal coming upon habitat
conditions, climatic or edaphic, to which it is unaccustomed and which
induce its modification. Hence, the migration theory of the origin of
an area preserves all its significance, although it should be noted that
the term migration is often misused, an exaggerated and often in-
demonstrable significance being ascribed to it.

We consider, moreover, on the grounds above outlined, that an area
may originate not only simultaneously over a large territory, as
PacHOSKY assumes, but also within the limits of definite centers. We
wish also to make clear that, even in speaking about that territory
within whose limits the process of species-formation embraces all indi-
viduals of the initial species, we have in mind not the entire area but
only that part of it which came under the influence of unusual (for the
initial species) ecological conditions, unless, of course, the entire area
came under such influence.

Likewise we may explain the tendency of whole taxonomic groups
to break up into various races or species differing in color (TALIEV,
1915) as a result of the geographical isolation of different forms of a
polychromic species. Isolation plays a very important réle in the
origin of new forms or new species. This is particularly evident in the
case of the uplifting of new mountain chains, the separation of islands
from the mainland, etc. KoMarRov (1930) has thus formulated it:
“The breaking up of the earth’s surface into isolated patches of dry
land increases the number of species.” The same idea has been ex-
pressed in a recent paper by SKOTTSBERG (1938), who points out that,
when a mainland breaks up into an archipelago or group of islands,
the population of any given species on such islands breaks up into a
number of vicarious species (see Chapter V). Certain local micro-
conditions—soil, relief, etc.—may also isolate plants from one another
and serve to induce the appearance of new forms.

But if we may accept, with the reservations outlined above,
PacHOSKY’s area theory, this is entirely impossible as regards the so-
called theory of hologenesis (Rosa, 1931). According to this theory,
the evolution of a species and the direction of such evolution does not
depend on the influence of environmental conditions but only on in-
ternal causes. At a certain moment, suddenly and throughout the
entire territory occupied by a species, even if it be distributed over
the entire globe, the maternal species breaks up simultaneously in all
localities (regardless of different habitat conditions) into the same two
daughter species; each of the latter, in its turn, throughout the
entire territory occupied by them, breaks up into two species, etc.
Thus, the evolution of organisms proceeds by dichotomous division.

Assuming uniform habitat conditions in ancient geological times,
Rosa considers that the very first, most primitive species had an area
embracing almost the entire globe. For a very prolonged period the
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species arising from this primitive species by the indicated process of
dichotomy also had cosmopolitan areas. Subsequently, there began a
differentiation of species, the extinction of the unfit, and the localiza-
tion of the surviving species. There was thus created the present-day
geographical distribution of organisms and their division into the plant
and animal kingdoms.

According to this theory, there are no centers of origin of species,
and areas are not formed by dispersal from these centers. A species
under the influence of internal causes arises simultaneously throughout
the entire area of the maternal species, which breaks up into daughter
species, regardless of whether the climate is hot or cold, humid or arid,
or whether or not there are present mountains or valleys, oceans, seas
or rivers. There is no need to study the migrations of species; dis-
continuous areas are explained simply, without need of assuming
connections between the continents. RosA emphasizes that he does
not deny the existence of migrations, but he asserts that they have no
effect on the basic factors of the geographical distribution of species,
which would remain the same even if such migrations had not taken
place. In the light of this theory of hologenesis everything is ap-
parently very much simplified. All complicated speculations as to the
distribution of organisms are done away with, and at the same time
biogeography as a science is done away with. If we should accept this
author’s viewpoint, we should have to draw our present treatise to an
abrupt close.

Starting out from entirely correct paleontological data as to the
extensive areas of species of former geological periods and their subse-
quent contraction, Rosa derives his law of hologenesis, according to
which the area of a species is larger, the nearer it stands to the initial
species. But in this contraction of areas he incorrectly sees a process
of the gradual extinction of life on the globe, a “progressive reduction
of variation”, as he expresses it (RosaA, 19o3). We are not in accord
with this line of reasoning, since his entire theory is based on a com-
plete disregard of the differentiation of climatic conditions on the
earth, resulting in a corresponding differentiation and localization of
areas of species. It does not take into account the existence, in addi-
tion to retrogressive changes, of the progressive polymorphism of the
young species in present-day floras, of their expanding, not contracting,
areas. We are not in accord with this theory also because of its con-
ception of the development of organisms as a result solely of internal
causes and because of its scheme of a dichotomous genealogical tree of
species, which is in contradiction to the principles of evolution and to
the data of modern science which confirm that scheme of the develop-
ment of organisms given by DARWIN in his “Origin of Species.”

Monotopic or Polytopic Origin of Areas: — Before we close our
chapter on the origin of areas, we must take up one more difficult and
involved problem, that as to the monotopic or polytopic origin of
species and areas. By monotopic origin is meant that a species origi-
nated in a single center, from which it subsequently spread over the
territory of its present area. There has also been advanced the op-
posite point of view, i.e., that a species may originate polytopically.
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Just as we can imagine the origin of identical forms and varieties at
different points of the area of a species, we can also imagine the simul-
taneous origin of identical species at different—often entirely separate
and very distant from one another—points of the area of a genus,
provided that: (z) these points are within the area of the maternal
form; (2) habitat conditions at these points are similar but not
necessarily identical (BRIQUET, 19o01).

Before proceeding to a discussion of these theories it is necessary to
point out that the terms monotopic and polytopic should not be
confused with the terms monophyletic and polyphyletic. The former
refer to the geographical location of the center of origin of a genus or
species and the origin of its area; the latter to the origin of a given
taxonomic unit from one or several initial roots. In the latter case,
due to adaptation to similar habitat conditions or similar biological
factors, separate organs (or the entire organism) may acquire such a
similar structure that there are apparent grounds for referring such
similar species to the same taxonomic unit. But, naturally, once its
polyphyletic origin has been established, such an artificial unit must be
divided into as many separate units as initial roots participated in the
development of the externally similar organisms. For instance, the
subclass Sympetalae is of polyphyletic origin, and it should, therefore,
be abolished, and the genera comprised within it should be referred to
corresponding families of apopetalous Angiospermae. The smaller a
taxonomic unit, the easier it is to trace its origin. Thus, polyphylesis
of genera occurs very rarely, and, as for species, their polyphyletic
origin is exceedingly unlikely. Even species of hybrid origin cannot be
regarded as of polyphyletic origin, as is clear from the universally
accepted definition of this term as given by us above. Such species
may be called polymorphic (Rozanova, 1938) but by no means poly-
phyletic. Hence, in discussing the monotopic or polytopic origin of
species, we have in mind only monophyletic species.

In order to make clearer the concept of the monotopic or polytopic
origin of species, we shall cite a number of examples. Let us imagine
a species distributed over a considerable territory at the foot of a
mountain chain having a number of separate peaks. If this species
at a certain time in its dispersal begins to ascend the slopes of this
chain and, after attaining its summits, for some reason dies away on
the slopes and at the foot of the chain, the habitats on the summits
of the chain become absolutely isolated. Naturally, knowing the his-
tory of the dispersal of the species, we cannot regard these stations on
separate peaks as having arisen polytopically.

Now let us imagine another case: A lowland species, upon reaching
these same summits and being subjected to the ecological conditions of
the high-mountain belt, forms a tetraploid race, which can be ranked
as a separate species. All of the peaks of our mountain chain will be
inhabited by this same tetraploid species, whose origin will again be
monotopic, not polytopic. It arose from a diploid species having a
continuous area and, if its habitats are isolated on separate mountain
peaks, the reason for this lies not in the origin of the species but in the
fact that the peaks are isolated from one another. If the mountain
chain had been topped not by separate peaks but by a continuous
plateau, the tetraploid species would have had a continuous area.
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Thus, in such cases as the above, either the discontinuity of the area
is only apparent, each link being actually connected with the area of
the initial species, or—in case the latter has become extinct or there
have occurred some great changes in the earth’s surface, e.g., the break-
ing away of part of the mainland in the form of an island—the species,
though at present isolated, had their origin in the continuous area of an
initial form. Hence, in order to establish the history of the flora of a
given locality having in its composition isolated elements, it is neces-
sary to penetrate deeply into the history of their initial forms and seek
to ascertain whether or not their area might possibly have been con-
tinuous in the past. In such a case the work should be conducted
along the lines customary for investigations in the field of historical
plant geography.

Quite different will be our approach in cases where we assume the
possibility of the origin of identical races in two distant and isolated
points, without their occurring in intermediate localities characterized
by analogous habitat conditions. For instance, WETTERHAN (1872),
one of the first to advance this theory, considered it possible to assume
that, as a result of slow changes in the structure of a plant and the
preservation of the most favorable of these changes, there might arise
identical species in entirely different and far distant localities, as, for
example, in arctic and alpine regions. This same viewpoint is held by
a number of other authors (see BRIQUET, 1891, 1901, and the appended
bibliographies).

For example, BRIQUET (1go1), in his investigation of the origin of
the Alpine flora of Corsica, points out that the mountains of this
island are considerably more ancient than the Alps and never were in
contact with the latter. Nevertheless, on the mountains of Corsica
and on the Alps there are found exactly identical species. At the same
time, the species most common in the Alps and having special dis-
persal mechanisms for the transport of their seeds are not found in
Corsica, and, conversely, the species most common on this island are
not found in the Alps. On the other hand, rare Alpine species, whose
transport there are no grounds at all to suspect, are found on the
mountains of Corsica. BRIQUET considers that only one supposition is
possible, viz., that these identical species arose in such widely separated
stations polytopically, i.e., independently of each other.

Another example: Primula farinosa, which is distributed through-
out the entire northern hemisphere, has an isolated portion of its area
in the southern hemisphere, in South America on the shores of the
Straits of Magellan, separated from the North American part of its
area by a distance of ninety degrees of latitude. This antarctic prim-
ula, although it is ranked as a special variety, var. magellanica, is
almost indistinguishable from typical P. farinosa. According to the
adherents of the polytopic theory, the finding of this primrose along the
shores of the Straits of Magellan is ascribed to its entirely independent
origin there. But the question immediately comes to the fore: From
what initial forms did this species with its double origin arise? Since
there was not a common initial form with a continuous area of distri-
bution, it would be necessary to assume that the forms which gave
origin to this species are the initial forms not only for the genus



E. V. Wulff =5 Historical Plant Geography

Primula but for the entire family of Primulaceae, the development of
which proceeded in different directions, leading in the end to the poly-
phyletic origin, in two hemispheres of the globe, of entirely identical
species, a conclusion scarcely acceptable to anyone.

This problem may be solved considerably more simply by assuming
the very probable migration of P. farinosa from North America along
the Cordilleras and Andes to the Far South. This is confirmed by the
fact that this primula is not the only plant in South ‘America
with such a range. Here are found species of a number of genera,
such as Draba, Saxifraga, Gentiana, Alopecurus, Carex, Phleum, etc.,
identical or very close to arctic-alpine species of these genera.
According to Pax (188¢9) in his monograph on the genus Primula,
P. farinosa first occurred in the southern hemisphere only after it had
become widely distributed in the northern hemisphere. Its migration
to the south may have taken place during the Ice Age, when the
climatic conditions in the Andes were more humid than at present,
which favored the growth of arctic-alpine species. In the post-glacial
period these species were preserved in the mountains of North America
and the antarctic region of South America but died out in the inter-
mediate habitats, a bipolar area thus being formed.

Similarly, as regards the high-mountain vegetation of the islands of
the Tyrrhenian Sea, which served as the basis for the conclusions
drawn by BRrIQUET, we find in the work of BRAUN-BLANQUET (1923)
on the origin of the flora of the central massif of France the following:
“The hypothesis . . . of a ‘polytopic’ origin . . . gradually vanishes
in thin air and has to yield its place to a better grounded explanation
that is also in accord with morphogenetic data. The latter show that
the definitive separation between the Betic Cordillera and the Moroccan
Rif took place at the beginning of the Pleiocene period; the islands of
the Tyrrhenian Sea were separated from the mainland at the end of
the Tertiary period, at which time they already possessed a diverse,
orophytic flora. On the summits . . . of the Central Massif there
must also have existed alpine species” (pp. 206-7).

The advocates of the polytopic theory consider possible the inde-
pendent origin by mutation of absolutely identical species in two,
widely separated points of the initial area. But up to the present
time we do not-know of a single case of the origin by mutation of one
and the same species, with an absolutely identical complex of charac-
ters, at widely separated points. Likewise there cannot arise one and
the same hybrid species at two independent and very distant points of
the areas of the parental species. Species having extensive areas are
not fully homogeneous throughout the entire extent of their areas, but
constitute series of vicarious races. Consequently, when these species
are crossed at widely separated points of their areas, the differences
between the geographical races to which the parental forms belong
exclude the possibility of the occurrence of completely identical
hybrid species.

All this leads us to the conclusion that similar habitat conditions
may induce the polytopic origin of similar forms, distinguished from
one another by only a few characters, e.g., glabrous or pubescent forms,
forms with glandular hairs, with liguleless leaves (in cereals), with or
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without anthocyanin, etc. Such parallel forms may arise in different
parts of the area of a species either by mutation or in consequence of
hereditary causes, due to the parallel variation of the characters of
allied forms, which “are apt to vary under similar exciting causes in a
similar manner” (DARWIN, 1911, p. 585). Such parallel variation,
called by DARWIN “‘analogical variation”, was later, on the basis of
extensive material, formulated by VaviLov as the “law of homologous
series in variation”. But if this may be accepted as regards separate
characters, changes in which may be caused by separate factors, there
is still no basis for assuming the possibility of the polytopic origin of
species, characterized by a whole complex of characters, since no two
localities on earth are exactly alike in all respects, as regards all factors,
all physico-geographical conditions. In any case, the advocates of the
polytopic theory have presented only theoretical assumptions and have
not advanced a single real proof. Even when the discontinuity of an
area seems inexplicable, we may in most cases expect that geological
data will be discovered, if they have not already been discovered,
which will explain the configuration of such areas on the basis of
purely historical causes.
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Chapter V
TYPES OF AREAS

The areas of species of plants are as diverse as the distribution
of plants is varied. It is, consequently, impossible to group all this
diversity into a definite number of types. Any hard and fast system
of classifying areas would be artificial, since it would not reflect the
natural diversity of plant distribution. Nevertheless, a definite ter-
minology for designating different types of areas is necessary. At-
tempts to elaborate such a terminology have been made by various
investigators. We give below two examples.

According to PacHOSKY (1921, p. 209), the following types of areas
may be distinguished: (1) two races or two closely allied species may
inhabit one and the same region, 7.e., may grow side by side—a coex-
tensive area; if the area of one such species is smaller than that of the
other, the smaller is called an sncluded area (Bush, 1917); (2) two
species may inhabit different regions, in which case their areas are
either separate or contiguous; (3) the areas of two species, at the
point of contact, may overlap—an overlapping area; (4) the area of
distribution of a species may be broken by the area of another species
and then again be resumed (such an alternation of species may be re-
peated several times over)—a discontinuous area; (5) within the area
of distribution of a species there may be enclosed islet-like habitats of
another species, which, in addition, has its own main area, that may or
may not contain islet-like inclusions of the first species; (6) lastly,
there are cases when one of the species has an independent area, while
the other only has such islet-like habitats within the area of the first.

ILvinsky (1933) proposed the following classification of areas, which
takes into account not only their statics but also their dynamics:

1. Progressive or expanding areas

1. Radiate area (area radiata)
2. Fringed area (area fimbriata)
3. Continuous area (area solida)

I1. Retrogressive or contracting areas

4. Reticulate or perforated area (area perforata)
5. Discontinuous or fragmented area (area disjuncta or fragmentata)
6. Area limited to one greatly restricted geographical region (area solitaria)

The areas of species distributed both in the northern and southern
hemispheres but not in the tropical zone are called bipolar areas.

Other types of areas, such as cosmopolitan, endemic, vicarious,
and relic areas, as well as continuous and discontinuous areas, we shall
discuss at greater length.

Cosmopolitan and Endemic Areas: — There is only a very limited
number of species that are distributed over all or almost all the globe.
Species so distributed are, for the most part, those which are indiffer-
ent to environmental conditions, i.e., ubiquitous species. Such wide-
ranging species are known as cosmopoliles or pan-cndemics (FENZL).

S8
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In reality, there are no true cosmopolites, i.e., species inhabiting
the entire globe from pole to pole, at least not among the higher plants.
As ArpHoNsE DE CANDOLLE (1855) pointed out, such species cannot
exist. There are species distributed from the arctic through the tem-
perate zone and then reappearing in the southern hemisphere; there
are also species distributed throughout all the tropics and even con-
siderably beyond them. But there are no species, at least no low
elevation species, distributed on the equator and at the same time reach-
ing nearly to the two opposite poles. This is due to the great differ-
ences in climatic and edaphic conditions, and holds true both for
species naturally distributed and for those which have accompanied
man. Hence, cosmopolitanism, in the absolute sense of this word, does

F1c. 6. — Distribution of species of Celsia in southern Europe and northern Africa: 61,
C. ramosissima; 62, C. Ballii; 63, C. longirostris; 64, C. cretica; 65, C. pinnatisecta; 66, C.
lyrata; 67, C. laciniata; 68, C. Barnadesii; 69, C. Battandieri; 70, C. maroccana; 71, C.
zaiamensis; 72, C. Faurei; 73, C. commixta; 74, C. betonicifolia. (After MURBECK). — 63, 74
included areas; 63, 64, 69, 70, 72 overlapping areas; 62, 68, 71 separate areas; 61, 67, 73
contiguous areas.

not exist, and if we use this term, it is only in a relative and approxi-
mate sense. The number of species occupying as much as half of the
earth’s surface is very limited and does not exceed 20 or 30 species.
DE CaNDOLLE could enumerate only 18 such species, and even if we
assume that closer acquaintance with the distribution of plants would
show the inaccuracy of this figure and that it should be doubled or
trebled, the number of such species is nevertheless insignificant. Even
the total number of species occupying one-quarter of the earth’s sur-
face is insignificant in comparison with the total number of species.
According to DE CANDOLLE, it is not over 200 (to be accurate—116),
which amounts to only o.0o1 per cent of the total number of flowering
plants known in his time.
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It is of interest that among the species in this list are plants differ-
ing widely in habitat. There are fresh-water aquatics (15 floating or
submerged species and 23 species that root in the bottom of ponds or
lakes but extend the upper part of their stems and leaves above the
surface of the water) and, on the other hand, there are xerophytes
(14-15 species). Another 30 or so species are accounted for by weeds
infesting cultivated fields. The life span of these species also differs:
47 of them are annuals, 3 biennials, and 66 perennials. Likewise they
are distributed at random among the various groups of the vegetable
kingdom.

For these wide-ranging species MoLiscH (1926) has proposed the
more accurate term ‘‘semi-cosmopolites”.

If we turn now to species not occupying such a large territory on
the earth’s surface, we can note, as regards their distribution, two main
types. To the first belong species distributed in various regions and
countries; these are known as scatiered, sporadic (DE CANDOLLE), or
polyendemic (FENzL) species. In contrast to these, there are other
species which in their distribution are limited to a very restricted area,
not extending beyond some one region, country, island, or mountain
summit. Such species are called endemics. With respect to all these
terms, just as in the case of the term “ cosmopolite”, it must be re-
membered that they bear only a relative, often conditional, and by no
means absolute character.

By endemic area, a concept first introduced into science by A. P. bE
CANDOLLE, we now understand the area of a taxonomic unit, particu-
larly of a species, limited in its distribution to some one natural region
or habitat, the physico-geographical and ecological conditions of which
set it off from adjoining regions. In this respect islands and mountain
peaks, with their distinct natural boundaries, make possible the most
exact determination of an endemic area. As regards other regions,
such a sharp delimitation rarely occurs.

But the very concept ‘“endemic” is not simple. There are different
interpretations and evaluations which depend largely on the age of the
endemic. In some cases the origin of an endemic should be referred to
remote times, judging by its phylogenetic antiquity, taxonomic isola-
tion, character of its habitats (e.g., mountain peaks or islands, which
have since time immemorial been in a state of isolation), or its past
history. For example, to this group we may refer a species which at
one time had an extensive distribution but which later, during the
course of geological revolutions accompanied by climatic and physico-
geographical changes in habitat conditions, gradually died out and
eventually entirely disappeared from the greater part of its area, sur-
viving only in a small portion of the latter, thanks to some favorable
circumstances or other. Consequently, in ancient lands, as, for in-
stance, in mountain regions or on islands the vegetation of which has
survived during geological revolutions, the percentage of endemic
species is necessarily very high, and the endemism itself is of an
ancient, relic character. Hence, the number of relic endemics in the
composition of a given flora indicates both how old the latter is and
how long it has been isolated. The Alps, for instance, have 200 en-
demic species, the Canary Islands—469 species (45% of the total),
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Corsica—358 per cent, Madagascar—66 per cent, New Zealand—72 per
cent (1,000 species), Hawaii—S82 per cent, and St. Helena—S85 per
cent.

In other cases, however, endemic species—or, more frequently,
units of a lower order, such as subspecies, varieties, forms—are charac-
teristic of younger portions of the earth’s surface. Then the endemism
has an entirely different, more recent origin. This may be the case,
for instance, when within the limits of some natural region, due to
changes in ecological conditions, an initial form gives rise to new forms.
The latter may be closely bound, due to certain specific habitat condi-
tions, to this region only, or for some other reason they may remain
within the given region and not spread beyond its confines.

A similar origin of endemics of this type is observed also in case
of the relatively recent isolation of a given region. A very striking
example of this is the Crimean Peninsula, which at one time constituted
part of the eastern Mediterranean region, being connected as late as the
Pleiocene period with Asia Minor and Transcaucasia, but which later
separated from them and became attached to the South Russian main-
land. Because of the fact, however, that the isthmus by which it is
attached is still characterized by solonchak soils unfit for the growth of
most plants, the Crimean Peninsula is, in a biological sense, almost an
island, having at a comparatively recent date entered into a condition
of isolation. Consequently, in the Crimea ancient, relic endemism is
represented by only a few species, the number of which, as further
studies are made of the flora of Asia Minor, becomes less and iess, while
secondary endemism, of more recent origin, becomes more and more
extensive, embracing ever new forms and species, as we study the flora
of the Crimea more thoroughly. And this holds true not only as re-
gards the flora but also as regards the fauna of the peninsula (WuLFF,
1926).

As a similar example we may take Cape Colony, which, as regards
climatic conditions, is entirely isolated from the adjoining parts of
Africa and, hence, very rich in endemics of comparatively recent origin.
The same holds true in Western Australia, which is cut off from the
other parts of Australia by a desert zone.

Such data forced ENGLER (1882, Vol. II, p. 48) to point out that
‘it should never be forgotten that there are two kinds of endemism—
one based on the preservation of ancient forms, which may have origi-
nated in entirely different regions, and the other based on the develop-
ment of new, entirely autochthonous forms”. Likewise BrAUN-
BLANQUET (1923, p. 223) is correct when he states that: “The study
and precise interpretation of the endemism of a territory constitute the
supreme criterion, indispensable for arriving at any conclusions regard-
ing the origin and age of its plant population. It enables us better to
understand the past and the transformations that have taken place;
it also provides us with a means of evaluating the extent of these
transformations, the approximate epoch when they occurred, and the
effects which they produced on the development of the flora and the
vegetation .

For these two kinds of endemism different authors have adopted
different names. DRUDE (189o) calls them relic and secondary endem-
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ism; BRIQUET (19o5)—“endémisme par conservation” and ‘“‘en-
démisme par novation”; DIELS (19o8)—conservative and progressive
endemism; HERrzoG (1926)—relic or ancient endemism (Altersendemis-
mus) and neo-endemism; BRAUN-BLANQUET (1923) and CHEVALIER
and GUENOT (1925)—paleo-endemism and mneo-endemism. The last-
mentioned terms seem to us the most suitable, and we have decided
to adopt them, despite the fact that, as RIDLEY (1923, 1925) has
pointed out, some confusion arises from the use of one and the same
term ‘“endemic” to designate two different types of plants. Though
both are characterized by a restricted area of distribution, one type
embraces relics of earlier floras which have survived in a limited por-
tion of their past territory, the other type species having originated
in a given region and not yet having spread beyond it. In view of the
desirability of two distinct terms by which to designate these two
types, RIDLEY proposes to reserve for the second type the term “en-
demics”’, since they arose from parental forms on the territory of their
habitat and continue to live, so to say, among their own ‘“demos”
(from which Greek word ‘“‘endemic” is derived). In contrast to this
plants of the first type, being remnants or survivors of former floras,
he calls epibiotics. However, if the latter term is used, it seems to us
advisable to restrict its use to endemic relics (i.e., paleo-endemics) and
not to apply it to relics in general.

To distinguish between these two types ordinarily does not present
any particular difficulty, since paleo-endemics (or epibiotics) do not
have any close connection with other species in their area, whereas neo-
endemics have numerous, often close bonds with other species in their
region of distribution. However, there are endemics which it may be
difficult to refer to either of these categories. For example, there are
instances of endemic genera, which without any doubt should be classed
as paleo-endemics but which comprise species that should be classed as
neo-endemics. These RikL1 calls active epibiotics.

The endemic flora of Australia, according to DIELS (1906), consti-
tutes another example of the difficulty of referring endemics to the two
indicated categories. He divides this flora into three groups: () en-
demic genera not having any connection with pan-Australian genera;
often monotypical genera; (2) endemic genera having some connection
with the indicated genera; (3) endemic genera having undoubted con-
nection with pan-Australian genera.

Endemic species are sometimes confined to exceptionally limited
areas, e.g., to a single mountain peak. Such species may be called
local endemics. Their greatly restricted areas may be due to one of
three causes: (1) the recent origin of the endemic, which has only
begun its dispersal and the formation of its area; (2) the antiquity of
the endemic, which is contracting its area, in consequence of which
the limited territory now occupied by it constitutes the last remnant
of its former area; (3) the specificity of the habitat conditions, which
prevail only in the given spot, or the impossibility of an expansion in
area due to obstacles of a physico-geographical nature.

BRAUN-BLANQUET (1923) distinguishes, in addition, micro-endemics,
which are endemic forms of lower taxonomic rank and recent origin.

Lastly, we wish to mention pseudo-endemics, to which HERzoG
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(1926) refers those species that have been encountered only once and
only in one place and that are, for the most part, mutants, being likely
to disappear as suddenly as they arose.

Besides species whose endemism is the result of the history of their
origin and distribution there are species whose endemism is connected
with definite habitat conditions. The latter may be called ecological
endemics. As is well known, there are a large number of endemic
species which arose as a result of edaphic conditions, e.g., species con-
nected with cretaceous soils, such as Linaria cretacea, Silene cretacea,
Scrophularia crelacea, and Hedysarum cretaceum; with sandy soils—
psammo-endemics, in the terminology of LAVRENKO (1936)—such as
Agropyrum tanaiticum (in the Don Valley) and species of the series
Centaurea margaritacea sl. (in the Don and Dnieper Valleys); with
granite, serpentine, and solonchak soils. Moisture conditions are like-
wise a cause of the occurrence of endemic species; among such species
we n)lay mention those that grow along the banks of rivers (FURSAEV,
1937).

The determination of the type of any given cases of endemism,
particularly the division of endemic species into paleo- and neo-
endemics, is a very important factor in the analysis of a flora. In re-
tracing the history of a flora paleo-endemics may serve as important
guideposts. The paleo-endemic nature of a species is usually deter-
mined by its relic character, its geographic and often taxonomic
isolation, the absence of variation in characters, its narrow restriction
to definite ecological conditions, upon all of which depend the limited
size of its area and, to a great extent, its retrogressive nature. But all
these factors are not sufficiently objective to determine positively the
age of an endemic. For this purpose the use of cytological data has
been proposed, e.g., for the genus Festuca (LEWITSKY and Kuzumina,
1927) and, more recently, for the genus Agrostis (SOKOLOVSKAYA, 1937).
Taking into consideration the circumstance that, when a genus com-
prises a polyploid series of species, those species having a small chromo-
some number are older than and constitute the initial forms for the
species having the larger chromosome numbers, we may use this charac-
ter in determining the relative age of any given case of endemism.
Endemic species with a small chromosome number may usually be
referred to paleo-endemics, while neo-endemics have larger chromo-
some numbers. For example, the endemics Agrostis planifolia (a Cau-
casian species) and A. hissarica (a Central Asiatic species) have 42 as
their diploid chromosome number, while the endemics A. Bicbersteinii
(a Caucasian species) and A. Trinii (an East Siberian species) have
only 14. Tt is clear that the former should be regarded as neo- and the
latter as paleo-endemics.

Vicarious Areas: By vicarious areas we mean areas for the most
part mutually exclusive and belonging to closely related species, differ-
ing only in a few specific characters and linked by the fact that they
derived their origin from one initial form. The formation of vicarious
areas has at its basis the process of the genesis of geographical races.
Speaking of vicarism, we have in mind chiefly species and geographical
races (subspecies), although there may also be vicarious sections of
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genera, vicarious genera, and even, in a certain sense, vicarious families.
The number of such vicarious taxonomic units, however, is insignificant
as compared with the exceedingly large number of vicarious species
and races. In any present-day taxonomic monograph we may find
many instances of such geographical series of species (in the narrow
sense) or subspecies (races), inhabiting independent geographical areas
usually mutually exclusive but sometimes slightly overlapping. Ex-
amples of such vicarious areas are given in the accompanying maps.

In some cases vicarious species have arisen as a result of climatic
changes, changes in the distribution of seas and land, and other causes
of a historical nature. In such cases vicarious areas have an ancient
character, and the species themselves are usually paleo-endemics. In
other cases the origin of vicarious species or forms may have been
occasioned by differences in the ecological conditions encountered by
the species in the course of its dispersal.

The spread of a species from one ecological region to another, ac-
companied by the formation of vicarious species, may be designated
(Kasukarov and KoroviN, 1931; KOROVIN, 1934) as autonomous
migration, as distinguished from successive migration, when a species
during its dispersal preserves its chief characters, due to its finding
itself constantly in a simiiar ecological environment or to its adapta-
bility to a wider range of ecological conditions.

Soviet Central Asia, thanks to the exceptional diversity of its
ecological conditions, gives numerous examples of such migration of
species of different geographical and ecological origin. For instance,
according to KorovIN (1934), the genus Scaligeria, whose area has its
initial center in the Mediterranean Basin proper and a secondary cen-
ter in southern Turkmenistan, is represented by the following vicarious
species, whose vicarism is both horizontal (geographical) and vertical
(altitudinal): S. franscaspica—deserts; S. hirtula—steppes; S. fer-
ganensis—woods; S. ferganensis var. Korshinskyi—subalpine meadows.
The same holds true for the genus Bunium: B. capusi—deserts;
B. persicum—semi-deserts; B. chaerophylloides—steppes; and B.
Angreni—alpine zone.

Species of the genus Phlomis belonging to the subgenus Phlomidop-
sis, which originated in eastern Asia, are distributed in Soviet Central
Asia primarily in subalpine and alpine zones. But one of the species of
this subgenus, P. brachystegia, grows in meadow steppes, and another,
P. Popovii, still lower in the steppes proper.

Arthrophylum haloxylon, which grows on solonchak soils, is replaced
on sandy soils by A. persicum. Aristida pemnata, which grows on
stationary sands, is replaced on shifting sands by A. Karelini and on
stony soils enriched with gypsum by a third species, 4. rigida.

PacHOSKY (1921) likewise pointed out that corresponding to differ-
ent soils and other diverse conditions there exist pairs or groups of
species, which may be united in coenospecies (collective species). More-
over, these species, though linked with definite habitat conditions, are
not remnants of a once-existent flora and are not genetically isolated
from one another, but are, on the contrary, new forms of comparatively
recent origin and still in the process of development. Such forms
occur most frequently in mountainous regions, due to the diversity of
habitat conditions found there.
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The diverse types of vicarious areas were subjected to a critical and
detailed analysis by VIERHAPPER (1919), and we shall summarize this
analysis here.

The chief type of vicarism may be called spatial vicarism, and, de-
pending on whether the vicarious species are distributed horizontally
or vertically, we may distinguish between horizontal and vertical vi-
carism. The first is of more common occurrence than the second, since
the latter naturally may be found only in mountainous regions. Spatial
vicarism may occur in different regions isolated from or mutually

LW

Fi1c. 7.— Vicarious species of pine, Pinus Strobus and P.
monticola, in North America. (After VICTORIN: “montrant la différenci-
ation morphologique due a lisolement géographique. L’isolement est
ici Ie résultat de Uextension, 4 la fin du Crétacé, d’'une mer intérieure qui
sépare '’Amérique du Nord, dans le sens de la longueur, en deux massifs
continentaux. A-A’, Cones; B-B’, Section des feuilles; C-C’, Pointes
des feuilles; D-D’, Ecailles et graines.”).

exclusive of one another—regional vicarism. In other cases vicarious
species may be found within one and the same region but under
different habitat conditions—intraregional vicarism. Such conditions
include different kinds of soil substrata, e.g., volcanic rock and lime-
stone, solonchak and podzol soils, sandy and hardpan soils, shady and
sunny habitats, etc. Among vicarious forms of this type there should
be mentioned the many so-called colored species or races, the color of
whose flowers changes depending on local habitat conditions.
Contrasted to this spatial vicarism is vicarism linked with the time
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of development of the plant. To this latter type belong species charac-
terized by seasonal dimorphism, as established by WETTSTEIN. By
this we understand, for example, the finding on one and the same
meadow two closely related forms differing in time of development, one
flowering in the spring, the other in the autumn. Such seasonal
dimorphism is occasioned by a change in the initial form, resulting in
its conversion into two local varieties under the effect of the economic
use of the meadow by man.

All forms of intraregional vicarism, including seasonal dimorphism,
not having geographical significance, are only of minor interest for
historical plant geography.

In addition to the various types of true vicarism, there is also a
vicarism that is only seeming, called by VIERHAPPER pseudo-vicarism.
While in the case of true vicarism the vicarious species arise from a
common initial form, becoming differentiated either within the limits of
the latter’s area or upon penetration into new habitat conditions fol-
lowed by isolation, in the case of pseudo-vicarism the seemingly vi-
carious species, although related to one another, have arisen from
different initial forms, and their apparent vicarism is occasioned by the
secondary penetration of a second species into the area of a first and
by its occupation of those portions of this area not occupied by the
first species due to their not being suited to its biological peculiarities.
Usually such pseudo-vicarism may occur only in the case of the ab-
sence of truly vicarious species. Hence, in the case of true vicarism
the penetration of the initial form into a given region is the first step,
followed by its breaking up into vicarious races adapted to different
habitat conditions. In the case of pseudo-vicarism, on the other hand,
the origin of the different races is the first step, after which comes the
occupation of separate territories.

Pseudo-vicarism may be of various types, »zz.: (1) the two forms
penetrating a given region may be fully established species or races;
(2) one of the species or races has its origin in the given region, while
the other does not penetrate this region until later. As an illustration,
we may cite an example given by VIERHAPPER. The genus Erigeron
has a number of vicarious species, geographically markedly distinct.
Among them there are two species in the Alps: Erigeron polymorphus,
growing on calcareous soils and descending far down toward the foot
of the mountains, and E. uniflorus, in contrast to the other, avoiding
calcareous soils and closely confined to the higher altitudinal zones.
The nature of these two species gives apparent grounds for believing
that they were derived from a common initial form and became
differentiated as a result of adaptation to different, mutually exclusive
habitat conditions. However, a study of the entire cycle of forms to
which these two species belong has shown that we have to do here with
species which, although related, are of different origin. E. uniflorus
arose, presumably, not in the Alps but in the mountains of Asia or in
the Arctics, whence it penetrated during the Ice Age into the Alps
within the limits of the area of E. polymorphus, already established
there at the time, and occupied places not already occupied by the
latter because of edaphic conditions.

Pseudo-vicarism, consequently, despite its being seemingly identical
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with true vicarism, is a phenomenon simulating the latter but of an
entirely different nature.

The problem as to the origin of vicarious species and areas has con-
stituted one of the most difficult problems of plant geography, inade-
quately solved until quite recently. As early, however, as 1869 KEr-
NER pointed out that the present area of a species cannot always be
regarded as the limit of its possible distribution; in many cases its
present boundaries represent only those which the species at the given
moment has reached in its distribution, the explanation of its absence
on the other side of these boundaries being simply that it has not yet
had time to go beyond them. But, at the same time, it is perfectly
clear that in many cases habitat conditions—climatic and edaphic—
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Fic. 8. — Area of distribution of Draba luteola in the Rocky Mts. (main area}, and of its
vicarious variety, var. minganensis (tbe two small black spots) near the Gulf of St. Lawrence,
the latter having arisen as a result of isolation. (After VicTorin).

constitute insuperable obstacles for the species in its distribution.
Such conditions may be, for example: decrease in the sum total of
heat during the summer months, shortening of the vegetative period
by early spring or fall frosts, summer drought, decrease in the annual
precipitation, change in the distribution of precipitation through the
seasons of the year, replacement of some soils by others markedly
differing in chemical or physical properties, etc. In addition, there is
no doubt that on the periphery of an area, toward the margins of the
range of a species, the competition of other species may also constitute
a barrier to further distribution.

These circumstances compel us to conclude that the area of any
species may be divided into two parts. In one the species finds itself
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in optimum conditions, and the entire cycle of its development is each
year realized without hindrance. In the other part of the area, comprising
chiefly the periphery, the habitat conditions are only to a minimum
degree suited to its biology. Here the species may mature its seeds
only in favorable years, while in unfavorable years, if it finds this at all
possible, then only in especially sheltered spots. This leads to a de-
crease in the number of progeny. Hence, nearer the periphery of its
area a species is represented by an ever smaller number of individuals
growing in ever more rare and isolated spots, while nearer the center
of its area it is represented by an ever larger number of individuals
occupying an ever wider range of habitats.

In the center of its area, where habitat conditions are most favor-
able for the existence of a species, there is, in KERNER’S opinion, very
little probability of the origin of new species, since, if such should
arise there, they would be eliminated as a result either of competition
with the numerous individuals of the initial species or of inevitable
hybridization with the latter. On the periphery of the area, on the
other hand, these obstacles to the origin of new species disappear. The
initial species no longer covers the territory so completely, some habi-
tats being unsuitable or inaccessible to it; hybridization with it, due
to the isolation of its habitats and to the decrease in number of indi-
viduals, becomes ever more rare or does not occur at all. At the same
time, the different climatic conditions at the boundary of an area fur-
ther the origin of aberrant forms even in species that are not ordinarily
subject to great variation. These circumstances make clear the rela-
tive abundance of young species near the periphery of areas of old,
initial species.

The periphery of the area of a species should be understood to refer
not only to its horizontal distribution. Altitudinally there arise analo-
gous (to those just described) changes in climate and soil substrata and,
consequently, analogous changes in habitat conditions. Hence, even in
that portion of the area where, due to favorable conditions, the species
is represented by the greatest number of individuals, there may exist
analogous possibilities for the origin of new species. In consequence
of this, the fact that on maps there are often shown within the areas of
initial species tiny areas denoting young species does not indicate
intermingling, -since this is only seemingly so, as they are located at
different elevations above sea level.

Changes in edaphic conditions presumably led to the origin of such
specialized species as Awndrosace Hausmanni and Asplenium Seelosii,
which grow in southern Tyrol, where the soil is predominantly of
dolomite formation, and which were apparently derived from Androsace
glacialis and Asplenium septentrionale, which are linked in their habitats
with slate soils. Similarly, the unique species Asplenium serpentini,
which grows on serpentine soils in Austria, Moravia, and Bohemia,
apparently arose from Asplenium adiantum mnigrum, which grows on
non-serpentine soils. The existence of such species, now known as
vicarious but which KERNER called “parallel forms”, testifies to the
influence of external factors on the origin of species.

Such new species are able to extend their areas beyond the limits,
set by climatic and soil conditions, to the distribution of the initial
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species. Hence, there arise species extending farther north or higher
up in the mountains than the initial species.

The above-described phenomena do not take place in the case of
relic species in which the capacity for variation is greatly lowered.
Finding themselves in unfavorable environmental conditions, they cease
to multiply and gradually die out, their area of distribution becoming
more and more contracted, being preserved only in occasional, isolated
habitats.

Even earlier than KERNER, MoriTz WAGNER (1868) advanced his
law of plant migration (which we have already mentioned), based on
similar observations. In this work, as well as in his later work, “Uber
den Einfluss der geographischen Isolierung und Kolonienbildung auf die
morphologischen Verinderungen der Organismen” (1870), WAGNER
developed the idea that hybridization, inevitable among individuals
growing together in a habitat, results in the smoothing over of any
deviations arising as a result of the variability of organisms. An indi-
vidual plant with hermaphrodite flowers (or a pair of plants having
diclinous flowers), happening to penetrate into a locality isolated from
the region of mass distribution of representatives of the same species,
undergoes, as a result of external factors, changes that are preserved
due to isolation. This isolation may be expressed not only in great
distances or the transfer of occasional individuals over obstacles of
various kinds—mountains, seas, rivers—hindering the distribution of
the initial species; it may be any spatial isolation, regardless of extent,
provided it makes possible the preservation of changes induced by
habitat conditions—a circumstance that Kerner did not take into
account,

Since KErRNER’sS and WAGNER’s time, particularly during the past
forty years, the external morphology of plants has ceased to be the
only criterion for determining their taxonomic position. Geographical
distribution has acquired significance as one of the chief criteria for
establishing the existence of a taxonomic unit of the rank of a species
or subspecies. Hence, it must be recognized that geographical factors
exert an influence not only on the distribution but also on the origin
of a species.

As a result of the adoption of the geographico-morphological method
in studies of genera and species, a method that was given a firm basis
by the works of WETTSTEIN (1898) and KomArov (19o1), many data
have been accumulated and critically evaluated which leave no doubt
that the origin of vicarious species is linked with the effect of environ-
mental factors encountered during the course of the dispersal of these
species. This has been confirmed by the mutation theory, according to
which mutations manifest themselves not only in changes in major
characters but also in numerous minor changes.

In 1927 MuULLER induced mutations in Drosophila by X-ray treat-
ment and thus demonstrated that such changes may arise not only as a
result of internal causes but also as a result of external conditions.
This controverted the view, formerly held to be incontrovertible, that
the role of the environment in the formation of new hereditary charac-
ters is not of a creative nature, that the environment cannot directly
induce the appearance of new characters in plants and animals. These
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experiments have been repeated by many investigators, not only with
animals but also with plants, and it has been definitely established
that mutations may arise as a result of external factors not only under
artificial conditions but also in nature.

The origin of new characters by mutation, linked with changes in
the germ-cells, may be accompanied either by changes in separate
hereditary factors, gene mutations, or by a change in chromosome
number, a chromosome change. As regards the occurrence of gene
mutations as a result of external influences, we know as yet only cases
where they were artificially induced under experimental conditions.
In contrast to this, the ever-increasing number of established cases of
chromosome changes include some where they undoubtedly occurred
in nature as a result of environmental conditions.

From an evolutionary point of view of particular interest is the
fact that an increase in chromosome number may be accompanied by
heritable morphological changes, thus providing a basis for giving such
polyploid forms specific rank.

Polyploidy may arise as a result of an increase in the chromosome
number following hybridization, allopolyploidy (which for problems of
plant geography are of less interest), or as a result of a simple doubling
of the plant’s own chromosome set, autopolyploidy. The occurrence of
autopolyploidy as a result of the effect of external factors is now es-
tablished beyond any doubt. It has been induced experimentally by
treating the vegetative tissues or germ-cells with various agencies
(temperature, X-rays, colchicine, etc.). It may also be considered
proved that the phenomenon of polyploidy, including autopolyploidy,
is of common occurrence in nature, constituting an important factor in
species-formation.

A study of autopolyploid species and forms has shown that in
many cases they have very definite geographical areas differing from
the areas of the initial diploid species. Moreover, these areas are con-
centrated, for the most part, in mountainous regions in the higher
altitudinal zones or in far northern or equatorial latitudes, or in other
localities where conditions are unusual for the given plant. This cir-
cumstance indicates that extreme climatic or other habitat conditions
induce doubling of the chromosome number presumably as a result of
irregularities at meiosis. Chromosome doubling is linked with the
origin of a new mutant form differing from the initial species in a
number of characters, which accounts for its adaptability to life under
the indicated extreme habitat conditions. These conclusions are of
prime importance for plant geography, since they reveal one mode of
origin of vicarious species.

Chromosome doubling within the limits of a species usually occurs
not throughout the whole extent of the latter’s area but only in a
portion of it. The new polyploid forms differ not only cytologically but
always, to a greater or less degree, in their morphological structure.
This morphological difference may be expressed both in qualitative and
quantitative or only in quantitative changes. The taxonomic signifi-
cance of these morphological races is rated variously by different
investigators. Some consider that these changes are only of an intra-
specific nature; others regard them as adequate basis for ranking the
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new forms as independent species. In a number of cases such new
forms were given specific rank on the sole grounds of a morphological
study and the establishment of the existence of independent areas, and
it was only later ascertained that these new species were polyploid
forms. In other cases the establishment of the polyploidy of forms
morphologically differing but slightly from the type has explained much
that was incomprehensible in their geographical distribution.

Chromosome doubling is accompanied not only by changes in
morphological structure but also by changes in the biological properties
of a plant, which likewise play an important role in determining the
geographical distribution of these new species and forms. The distri-
bution of plants, the fact that they have clearly defined areas, is
determined by ecological factors now existent or prevailing during
earlier periods in the history of the given species. Only a few species
of plants possess such a wide range of adaptability to extreme ecological
conditions as to enable them to become distributed over practically the
entire globe and as to serve as grounds—although not without strain-
ing the point somewhat, as we have seen—to call them cosmopolitan.
Other species possess a narrower ecological adaptability, which results
in their areas of distribution being more localized. In the latter case
it is clear that, if for one or another reason changes occur in the
biological properties of a species, its dependence on ecological factors
is likewise changed, and this causes changes in its area of distribution,
which may now extend beyond those boundaries which set a limit to
the spread of the initial species. The occurrence of polyploid races is
usually accompanied by such phenomena, involving changes in geo-
graphical distribution.

The significance of these changes for the geographical distribution
of plants is quite apparent. This is shown by the considerably greater
ability of the new form to tolerate habitat conditions unusual for the
initial form, such as low or high temperature, inadequate moisture,
specific soil conditions, etc. Or, to put this in sequence of time: such
conditions are the cause of the origin by mutation of a polyploid form
adapted to the given extreme habitat conditions; here there arises the
center of a new area, from which proceeds the dispersal of the new form
over a territory frequently adjoining the area of the initial species but,
due to its different ecological conditions, inaccessible to the latter.

Nevertheless, it would be erroneous to consider that only floras of
regions characterized by extremes as regards ecological conditions em-
brace polyploid species and forms. There is no doubt that micro-
climatic conditions, micro-relief, and local edaphic conditions may also
cause such mutant forms to appear. A study of the floras of the globe
from this point of view should supply an answer to these questions.
Work in this direction has only just begun, but, nevertheless, in the
case of a number of species, there have already been published data- of
great interest for botanical geography.

If we take, for instance, the genus Alopecurus, comprising a poly-
ploid series of species with chromosome numbers ranging from 14 to
108, we find that the alpine and arctic species have the largest chromo-
some numbers, which indicates that new polyploid species arose during
the dispersal of this genus into mountainous and arctic regions (STrREL-



E. V. Wulff = Historical Plant Geography

KovA, 1938). The same holds true for the genus Agrostis, which has a
polyploid series of species with chromosome numbers ranging from 14
to 56 (SOKOLOVSKAYA, 1037). Or, if we take Biscutella laevigata, it has
been shown that the subspecies that were established as initial on the
basis of morphological data have a diploid chromosome number (18),
while the derived species have a tetraploid chromosome number (36).
The former occupy three distinct areas, situated, respectively, in the
Rhine, Elba, and Danube Basins, while the tetraploid forms have a
continuous area in the mountainous regions of southern Europe. The
territory occupied by the latter area was covered with glaciers during
the Wiirm period of glaciation, which indicates that the tetraploid
forms arose in the post-glacial period as a result of the dispersal of the
initial forms into mountainous regions after the recession of the glaciers.
The diploid forms, which have been preserved outside the territory of
maximum glaciation, are preglacial or interglacial relics (MANTON,
1034).

Both taxonomic and cytological data lead to the conclusion that the
initial species of the section Agrestis of the genus Veronica are V.
filiformis and V. polita, with 7 as their haploid chromosome number.
Since the former species never left the confines of their initial habitat
in the Caucasus, it may be presumed that the tetraploid species, V.
agrestis and V. opaca, with n= 14, arose from V. polita after the
latter’s dispersal into northern Europe (Beatus, 1936).

In the preceding examples the tetraploid species arose as a result
of an extension of area of the initial species into colder regions. As
an example of the reverse, i.e., of the effect of high temperature, we
may take the genus Eragrostis, which in the southern part of the
Sahara Desert has an annual diploid species, E. cambessediana (n = 10),
growing on humid, silt soils along the shores of small lakes, where the
soil temperature amounts to not over 40° C. Near these same lakes,
but outside the zone of inundation, there grows a species closely re-
sembling E. cambessediana but perennial and tetraploid, E. albida
(n= 20). Lastly, still further from the lakes on sand dunes, where the
aridity of the soil and air attains its maximum and the soil tempera-
ture reaches as high as 80° C., E. albida also disappears, being replaced
by a hexaploid (n = 40) species, E. pallescens (HAGERUP, 1931).

We wish, therefore, again to stress the fact that the utilization of
cytological data for an understanding of the geographical distribution
of plants, particularly for an elucidation of vicarious species and their
areas, should constitute one of the important methods of historical
plant geography. (For a more detailed discussion of this question see
WULFF, 1937). However, this should not be understood in the sense
that the origin of vicarious species is always connected with poly-
ploidy. If we have discussed polyploidy in more detail, it has been
only because the other modes of origin of vicarious species are either
unknown or not yet well elucidated. In this connection the following
words of DARWIN are still apropos: “No one ought to feel surprise at
much remaining as yet unexplained on the origin of species, if we make
due allowance for our profound ignorance on the mutal relations of the
inhabitants of the world at the present time, and still more so during
past ages” (Origin of Species, 6th ed., 1911, p. 156).
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There is no doubt that vicarious species may arise not only as a
result of autopolyploidy but also from various other causes. Thus,
they may arise as a result of hybridization, likewise frequently accom-
panied by an increase in chromosome number (allopolyploidy), in which
case the hybrids very often have areas that are not identical to the
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F1c. 9. — Distribution of diploid and tetraploid forms of Biscutella laevi-
gata. (After MANTON).

areas of the initial species, sometimes not coinciding in any part (see
GUSTAFSSON, 1935). Lastly, vicarious species may arise as a conse-
quence of the differentiation of an initial form at one time widely dis-
tributed. Owing to changes in climatic and other habitat conditions
in different parts of an originally continuous area, the initial form
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breaks up into a number of vicarious species, the origin of which may
not be mutational, since during the process of natural selection inter-
mediate stages may die out.

As the result of the breaking up of an initial type into a number
of vicarious species, a geographical series of species is formed. In
studying the area of any of these vicarious species for the purpose of
understanding its origin, it is, therefore, necessary to investigate not
only this area but also the areas of all the other species forming
the series. As an example of such a geographical series let us take
the series Frufescens in the genus Caragana, as given in KoMAROV’s
monograph (19o8). The area of this series of species embraces all of
China (except its tropical part), eastern and northern Tibet, Chinese
and Soviet Turkestan, the western foothills of the Altais, West Siberia,
and the southern and central part of European U.S.S.R. Within the
limits of this area there is a series of vicarious species distinguished
from one another both morphologically and ecologically: Caragana
chamlagu, which grows in China proper, is replaced, as it approaches
Mongolia, by the more xerophytic forms, C. rosea, C. Leveillei, and C.
opulens. In Chinese Turkestan these are replaced by others still more
xerophytic—the desert species, C. polourensis and C. turfanensis.
In the region between Issyk-Kul and Zaisan there is a secondary center
of species-formation, from which extend radially the areas of C. lacta
and C. Camilli Schneideri, which have not spread beyond the boun-
daries of this region, and those of C. frutex and C. grandiflora, which
have spread far to the west.

Relic Areas: — The relic concept in botanical geography may be
formulated as follows: A relic species is a remnant of a more or less
ancient flora having a relic area occupied by it at the moment of its
entrance into the composition of a given present-day flora, from which
moment the age of the relic is measured. A relic area is usually iso-
lated and often contracting and discontinuous, constituting a remnant
of a once-extensive area. These characteristics, however, are not al-
ways obligatory. A relic species—being, as DARWIN so aptly put it, a
“living fossil”—is the embodiment of the historical development of a
flora.

The difficult -problem as to whether a certain species is a relic and
to what period of time it should be referred may be solved by a study
of the fossil remains of the given species and by a determination of the
age of the deposits in which they were found, and, if such are not avail-
able, by indirect botanico-geographical methods. The latter should in-
clude a study of the areas of this relic species and of closely related
species, not only within the limits of the given flora but throughout
their entire extent, and also a general geographical analysis of the ele-
ments of the flora under study, which will elucidate the historical
stages of development of this flora and the date of entrance into its
composition of these or those elements.

In order, however, to elaborate a concept of relic species that will
be generally accepted, it is necessary to come to an agreement regard-
ing certain disputed points in their interpretation. These disputed
points are as follows:



Chapter V —75— Types of Areas

The term “‘relic” is commonly used in two different senses: taxo-
nomic and botanico-geographical. In the former it refers to taxo-
nomically isolated species belonging to ancient genera. Such species
may also be geographically isolated, i.e., they may have a relic area,
but they may also be widely distributed at the present time and, con-
sequently, not be relic in a geographical sense. A classical example of a
taxonomically isolated species having a relic area is the maidenhair
tree, Gingko biloba, while as an example of an ancient, taxonomically
isolated species having at the present time an extensive area that is
not relic we may take Loiseleuria procumbens. The latter is the sole
species in the genus Loiselenria; nevertheless, it has an arctic-alpine,
for the most part post-glacial area. The use of the term “relic” in a
botanico-geographical sense, on the other hand, always takes for
granted a relic area, and consequently a relic species in this sense is
always a remnant of an ancient flora, whether or not the genus to
which it belongs is taxonomically isolated or not. Only in the latter,
i.e., geographical, sense should the term “relic” be employed, and then
there would at once be eliminated various confusions resulting from
its use. For remnants of ancient genera we might adopt the term pro-
posed by SCHROTER (1934)—‘“Restanz”. The establishment of the
taxonomic antiquity of a species facilitates, of course, the establishment
of its relic nature.

Differences of opinion as to the meaning of relic areas likewise arise
from a different evaluation of the age of a relic. Here, also, the age
of a relic should be understood not in a taxonomic but in a geographical
sense. That is, in establishing the age of a relic species one should
measure not from the date of its origin but from the date when it be-
came part of the flora under study. Thus, if a species has formed
part of a given flora since the Tertiary period, it will be a tertiary relic;
if, however, it became part of this flora only during the Ice Age, it
should be considered an Ice Age relic, irrespective of the fact that the
species itself arose in the Tertiary period in another flora not under
study. Consequently, the time a relic species has occupied its present
habitat is the main criterion for establishing its age.

The date of the entrance of a species into the composition of any
given flora may be determined only approximately, except when paleo-
botanic data provide definite proof of the existence of a species on a
given territory uninterruptedly from the moment of the conversion of
its remnants into a fossil state up to the present day. STOLLER (1921)
maintains that only after such paleobotanic proofs of the uninter-
rupted habitation of a species may its relic character be accepted.
Theoretically this is correct, but in practice it is rarely adhered to,
since such proofs are possible only for an insignificant number of
species. Consequently, it is necessary to resort to botanico-geographi-
cal methods and with their aid to draw conclusions as to the relic
nature of a species.

If by the term “relic”’ we understand a remnant of a former flora,
this does not mean that a relic species must necessarily occupy an
area more limited at the present time than originally. The area of a
relic may be comprised of a remnant or remnants of an extensive area
no longer in existence, or, on the other hand, it may consist of an
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isolated, relic part of an extensive area, which itself may not be relic in
character. In the latter case a species occupying the said area will be
relic only in that part of its area which bears a relic character.

The main, non-relic part of an area may: (1) occupy its original
territory, in which case the parts separated from it must at one time
have constituted the periphery of the ancient area and have become
isolated from the main part of the area due to changes in habitat con-
ditions occurring within the limits of this peripheral region; or (z) be
the result of a secondary dispersal of the species. In the first case the
relic portions of the area constitute the remnants of a once-continuous
but now greatly disrupted area. As an example of the second case we
may take the common pine, Pinus silvestris, which in mountains has
relic, detached portions of its area, while its extensive area on sandy
soils is the result of a secondary dispersal.

It is usually considered that a relic area must be in a state of
constant contraction, since a relic species is in disharmony with its
present habitat conditions. Such a view of a relic area holds true only
for certain relics and cannot be taken as a general rule for all. It
holds good, for instance, in the case of Cyclamen coum, preserved only
in one locality in the northern part of mountainous Crimea, where it
finds itself in disharmony with existing climatic conditions, since it
begins to flower only in November, when the Crimean winter is al-
ready well under way. Each year its flowers are destroyed by frost,
and, consequently, its preservation in the Crimean flora to the present
day is explicable only on the basis of vegetative propagation.

But there are many relic species which, as regards their biological
peculiarities, have attained such a degree of adaptation to their present
habitat conditions that their area is not now in the process of con-
traction and they are not becoming extinct. It is true that in most
cases, if we regard the area of such a species not only in relation to
that flora to which it now belongs but also in relation to its entire
former area of distribution established on the basis of paleobotanic
data, there can be no doubt that curtailment has occurred and also
that the species has died out over all its former area with the excep-
tion of that part where it has been preserved and where, consequently,
there did not take place changes in climatic or other habitat conditions
in disharmony with the biological nature of the given species. For
instance, the box tree, Buxus sempervirens, undoubtedly a Tertiary
relic, has a much disrupted area, the various parts of which are char-
acterized by dissimilar climatic and edaphic conditions. Nevertheless,
this species grows in all parts of its area, which is not now in process
of contraction; moreover, it does not occur isolated but as a co-member
of a characteristic phytocoenosis, having become adapted to the specific
habitat conditions in each separate part of its area (CHRIST, 1913).

However, the fact that the area of a relic species is not contracting
is not always occasioned by its adaptation to new habitat conditions
but may be due to the climatic conditions in the given area not having
changed. Similarly, the isolation of an area may be the result of
purely geomorphological causes or of changed climatic conditions in
regions surrounding the given territory, while within the latter con-
ditions have preserved their main features, if not completely, in con-
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siderable measure (e.g., western Transcaucasia, as compared with other
parts of the Caucasus adjacent thereto).

In many cases relic species do not extend beyond their limited
habitats, since outside the boundaries they do not find favorable condi-
tions for growth. For example, the relic species, Wulfenia carinthiaca,
growing in isolated localities in the Carinthian Alps and on the Balkan
Peninsula, does not extend beyond these localities. However, within
the latter it is represented by millions of individuals, and it can by no
means be considered a plant that is becoming extinct. It has been
established that the confinement of this species to limited areas is due
to it)s need of a humid climate (see GILLI, 1934, and literature cited by
him).

Lastly, a relic species, which has inhabited a certain region un-
interruptedly for a prolonged period, may have contracted and later
again expanded its area, depending on climatic changes during geo-
logical ages. Thus, a Tertiary relic, inhabiting a certain territory from
the Tertiary period to the present day, may have curtailed and again
expanded its area corresponding to the great changes in climate—from
Tertiary to glacial, from glacial to inter- and post-glacial—provided, of
course, that this territory was located in that part of the globe where
these changes affected habitat conditions.

The isolation of the stations of a species and the resultant discon-
tinuity of its area are often regarded as definitely distinguishing the
species as a relic. In many cases this holds true, but it is not an in-
variable rule, as a relic species may not have a discontinuous area and
not every discontinuous area is relic, since the existence of isolated
portions of an area may be due to biological and not historical causes.

A relic species may have an extensive area of distribution, embrac-
ing several natural regions of vegetation, or its area may be restricted
to some one region, in which case the species may be regarded as an
endemic relic. In case a species occupies an area relic throughout its
entire extent, it may be called an absolute relic; if, however, only an
isolated part of the area of a species is relic, the species is known as a
local relic.

Not only separate species (single relics) or groups of species (relic
groups or colonies) may be relic, but also entire floras. All the phyto-
coenoses composing the vegetation of a given region may be relic; on
the other hand, there are relic phytocoenoses (associations, formations)
belonging to floras that are not relic. Consequently, it is necessary to
distinguish between relic floras (Refugialfloren or Primarfloren—
ScuwARz, 1938), most of the species composing which are relic, and
floras destroyed as a result of climatic changes and restored due to the
mass migration of species from surrounding floras—migration floras
(Invasionsfloren—ScHWARZ, 1938).

A center of concentration of relic species is known as a relic center,
which in some cases may coincide with the ancient center of develop-
ment of the flora to which the given species belong.

If relic species find it possible to achieve a secondary distribution
by the gradual occupation of habitats ecologically suited to them, such
species may be called migrant relics (Wanderrelikte—SCHROTER, 1934).
In such case, the more recently adopted habitats should be regarded,
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as first proposed by Scandinavian botanists, as pseudo-relic and the
species themselves, in relation to the floras into which they have pene-
trated, as pseudo-relics. However, in their initial habitats these species
remain true relics. Thus, V. I. KREcHETOVICH (1938) cites a number
of species of the genus Carex having discontinuous areas, one part
lying in northern latitudes and the other in the south in the mountains
of the Caucasus and Central Asia. These species, in their southern
habitats, he regards as pseudo-relics that became isolated on secondary
post-glacial territories as a result of migration beyond the limits of the
glaciers. This, however, is not the only meaning of a pseudo-relic;
this term may also be applied in those cases when a present-day species
acquires the apparent character of a relic.

Relic species under modern conditions are usually characterized by
conservatism, by adaptation only to specific habitat conditions, in con-
sequence of which they do not ordinarily expand their area or, if so,
only to an inconsiderable extent.

A relic species, in case it finds itself in disharmony with present-
day habitat conditions and occupies a contracting area, loses its ca-
pacity for variation and adaptation, and, hence, is in the process of
becoming extinct. But, if it should chance upon favorable conditions,
it may be restored to its normal state and give rise to new, poly-
morphic forms. Consequently, a relic species of economic value, upon
being introduced by man into cultivation and transferred into an area
potentially favorable, may become an economically valuable crop
plant.

True relics, which have acquired their relic character as a result of
natural causes, should not be confused with species that are becoming
extinct due to the activities of man. Such species preserved from
man’s destruction are not true relics (unless, of course, they were relic
prior to man’s destructive activities); they may be called anthropogenic
relics (cultivated relics, according to THELLUNG). Examples of such relics
are the wild einkorn, Triticum spontanum Flaksb., and the wild emmer,
T. dicoccoides. Ancient cultivated species, whose sown area, due to
their low economic value, has been reduced to a minimum and which
have been preserved only in a few localities, such as cultivated einkorn
and emmer (7. monococcum and T. dicoccum), gourds (Lagenaria vul-
garis), and others, may be called cultivated relics.

The chief factors in the origin of a relic area are, thus, changes
occurring naturally, without the interference of man, in the habitat
conditions within this area. On the basis of the fact that such changes
may occur as a result of various causes, SCHROTER (1934) distinguishes
three types of relics. The first he calls formation relics; these occupy
limited areas within the boundaries of formations that have undergone
considerable changes in their composition. For instance, the birch and
Juniperus foetidissima within the limits of the beech district of the
Crimea are both formation relics, but they differ in age, the juniper
undoubtedly being a remnant of a formation occupying this territory
during the Tertiary period, while the birch entered into the composition
of the vegetation which replaced the Tertiary flora during the Ice Age.
At the present time the birch grows in the Crimea only on a greatly
restricted area to the number of a few hundred trees, whereas in former
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times it had a much wider distribution there. The latter fact has been
definitely established by the finding, far to the north of the present dis-
tribution of the birch in the Crimea, of fossil remains of birch charcoal
from the bonfires of prehistoric man. The birch was crowded out by
the beech in the post-glacial period (WULFF, 1931).

The second type are the geomorphological relics, to which belong
plants which are connected in their habitat with definite ecological con-
ditions but which, due to geological and other historical causes, do not
find themselves provided with the conditions of growth to which they
are accustomed, e.g., marine plants in fresh-water lakes, shore plants
along the edges of former gulfs that are now dried up, species which
have become isolated on islands formerly forming part of the mainland,
etc. A very characteristic example of a geomorphological relic area is
that of Pinus eldarica. This pine belongs to the group of Mediterra-
nean species to which also belong P. halepensis and P. brutia, species
characteristic of the Mediterranean region, and P. pityusa, growing in
Asia Minor, the Caucasus, and the Crimea (ssp. Stankevici), to which
last-mentioned P. eldarica is very close. These two species are, in turn,
undoubtedly closely connected with the Tertiary pine, P. sarmatica,
fossil remains of which have been found in Sarmatian deposits on the
Kerch Peninsula. All these species grow for the most part along the
seashore, with the exception of P. eldarica, which has a very limited
area on slopes along the edge of the Eldar steppe in Transcaucasia.
This steppe undoubtedly occupies the bed of a former sea, and the
Eldar pines mark a shore line existing in an earlier geological epoch
(SosNOVsKY, 1928).

As another example of geomorphological relic areas we may take the
isolated, islet-like habitats of Quercus Ilex on the southern slopes of the
Alps near Lago di Garda, Trient, and Gemona, reaching to an altitude
of 550 meters. The finding here, deep in the Alps, of this distinctly
Mediterranean oak, ordinarily linked with marine climatic conditions,
may be explained only by the relic character of these alpine habitats,
preserved from a more extensive area existing in the Tertiary period,
when the entire Po basin formed a gulf of the Adriatic Sea and the
southern slopes of the Alps the shores of this gulf (TROTTER, 1927).
This type of relic may arise solely as a result of geomorphological
changes unaccompanied by climatic changes.

Lastly, the third type of relics are climatic relics, i.e., plants which,
while growing now under certain climatic conditions, give evidence
beyond any doubt that their origin and distribution took place under
other climatic conditions. There are many such relics.

Due to the great diversity of types of relic species in nature, any
rigid classification of them would, in our opinion, be artificial, and,
hence, we do not consider it advisable to attempt to elaborate one.
We wish merely here, in summing up, to emphasize that the basic
factors determining the character of a relic species are its age, origin,
and ecological type. The causes giving rise to the relic character of a
species may be climatic, geomorphological, edaphic, or biotic. Accord-
ing to their age and origin, relic species may be subdivided into:
(1) pre-Tertiary; (2) Tertiary (including (a¢) tropical and subtropical,
(b) temperate, and (c) alpine-arctic); (3) glacial; (4) inter-glacial;
and (5) post-glacial relics.
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The species composing a flora may, thus, be divided into present-
day elements and relic elements of various ages.

Continuous and Discontinuous Areas:— The area of a species,
genus, or family may occupy a continuous territory or two or more
separate territories. If the latter are so far separated that there is
absolutely no possibility of their having been peopled by means of the
dispersal of seeds by natural factors now existent, we call such areas
discontinuous, in distinction from continuous areas occupying a con-
tinuous territory.

A continuous area may bave ribbon-like prolongations (PACHOSKY,
1921) that may protrude beyond the main boundaries to a greater or
less extent, following along rivers or mountain ranges that begin
within the limits of the basic area and then traverse localities with
entirely different habitat conditions.

According to HERzOG (1926), a discontinuous area is an area of any
taxonomic unit that is broken up into several separate areas. AL-
PHONSE DE CANDOLLE defined the term ‘““espéces disjointes” as ‘‘those
species representatives of which, being found in two or more separate
lands, nevertheless cannot be regarded as having been transported
from one to the other because of some restraining circumstance—either
the structure of the seeds, the mode of life of the plants, or the con-
siderable distance between the lands inhabited” (18535, II, p. 993).

We have already seen that a species does not occupy every foot of
territory of its range. Its topography may be very complex, giving
grounds sometimes to regard the area as discontinuous, although in
reality it is not. Such doubts may arise with respect to the areas of
species adapted to a limited range of habitat conditions. For instance,
species of fresh-water plants are distributed only where there are
bodies of fresh water; a similar situation holds true as regards the
vegetation of river valleys, swamps, mountain peaks, etc.

The ‘“threshold of discontinuity” (“Disjunctions-Schwelle” in
SCHROTER’s terminology), .e., that distance beyond which any given
taxonomic unit is unable to spread by natural means of dispersal, is
very difficult to determine and cannot always be unconditionally es-
tablished. Consequently, the discontinuity of an area considered to
have arisen as a result of causes no longer extant may often be dis-
puted, all the more since even views as to the significance and relative
weight of factors at present in force and as to the capacity of plants for
dispersal are widely at variance.

There are various types of discontinuity. Thus, if an area is com-
posed of only two separate parts, one of which occupies an extensive
territory and plays the dominant rdle, we may regard this as the main
part and the other smaller part as the subordinate part, and the area
itself as bipartite (BUsH, 1917). In other cases, when the area is
broken up into a number of small, more or less equal parts, we speak
of the area as imsular and the discontinuity as diffuse (diffuse dis-
junction—ScHROTER). In such cases the discontinuity is manifested in
the form of a much disrupted area, the cause for which is unclear but
probably lies in the presence of very ancient types that at one time
covered the area of distribution continuously but are now preserved
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only at separate points. Such a discontinuity is called /homogeneous
(BRIQUET), if in the separate parts of the area there grow identical
forms. But very often in such separate parts of an area there grow
not identical but related or vicarious forms; in such cases we propose
the term heterogeneous discontinuity. The former of these two types of
discontinuity is of more recent origin, the separated individuals not
having yet had time to change their form, as they have in the second
type, which is of more ancient origin.

To the type of heterogeneous discontinuity may be referred some
cases of high-mountain discontinuity, which arose as a result of the
formation on different mountain systems of vicarious species originat-
ing from one and the same widely distributed valley form. If this
initial form should, owing to unfavorable habitat conditions, become
extinct, these newly arisen vicarious forms would be entirely isolated.
In such a case they are called orophytes (Oreophyten—DIELS).

There are other cases of high-mountain discontinuity, however, that
are not heterogeneous but homogeneous, viz., when there has occurred a
simple breaking up of an area of a mountain species that at one time,
possibly during the Ice Age, occupied a continuous area, and then with
the change in climatic conditions died out over a considerable part of
its range, being preserved only on isolated peaks and within the limits
of several different mountain systems (e.g., the area of distribution of
species of Euphrasia).

In addition to high-mountain discontinuity where the parts of an
area are located on different mountain peaks, there is altitudinal dis-
continuity where one part of an area is situated in one altitudinal zone
and another part in another zone not directly adjoining the other,
sometimes not even within the limits of the same mountain chain.
Such discontinuous areas may arise as a result of the upheaval of
mountain systems or the dispersal of a species followed by the develop-
ment of high-mountain races. Usually the parts of an area that have
been separated in such fashion are inhabited by vicarious species or
races. For instance, the steppe species, Scaligeria soongorica, having
spread northward from the southern part of Central Asia, is re-
placed—not in a steppe zone, where it is not found, but in a high-
mountain zone—by a cold-resistant, sub-alpine species, S. alpestris
(KOROVIN, 1934).

Another example of altitudinal discontinuity may be taken from a
tropical flora. On the mountains of the Malay Archipelago, at an alti-
tude of from 1,000 to 1,500 m., there grows Bulbophyllum lenettum,
while another species very close to it, undoubtedly a vicarious species,
B. xylocarpi, grows at sea level in mangrove woods (VAN STEENIS,
1935, p- 298—altitudinal vicarism).

An elucidation of the history of the origin of discontinuous areas
is one of the main tasks of historical plant geography, since in this way
there may be found the key to an understanding of many unclear
moments in the history of floras. But, before we can undertake a
study of their origin, we should become familiar with at least the main
geographical types of discontinuous areas.
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Chief Types of Discontinuous Areas: —

1. Arctic-Alpine Type.—This type of discontinuous area is charac-
terized by species distributed, on the one hand, in the Alps and other
mountains of central and southern Europe and, on the other, in arctic
regions, in northern Europe and Asia, in the Altai Mts., and in North
America. A few examples will illustrate the nature of this type:

Salix herbacea. Pyrenees, Alps, Apennines, Sudetes Mts., Car-
pathian Mts., Siebenbiirgen, the Balkans—the Urals, northern and
arctic Europe, mountains of England and Scotland, northern and arctic
Siberia, northern and arctic North America.

Ranunculus pygmaeus. Central Alps, western Carpathians—north-
ern Scandinavia, arctic Europe, Siberia, and America, and the Rocky
Mts. as far south as 55° N.

Thalictrum alpinum. Pyrenees, Alps—Wales, Scotland, the Cau-
casus, northern and arctic Europe, Asia, and America, mountains of in-
terior Asia, Rocky Mts. as far south as Colorado, Newfoundland, and
Anticosti Island.

2. North Atlantic Type.—Plants distributed in North America and
Europe (including the British Isles) and divided into two sections by
the northern part of the Atlantic Ocean. Some of the species in this
group are found also in isolated spots in Asia, including eastern Asia.
Exceptionally interesting examples of this type are the areas of species
found only in Ireland and North America, such as Eriocaulon septangu-
lare and Spiranthes romanzoffiana. Other examples are:

Lycopodium inundatum. Northern and central Europe—North
America.

Carex flava. Almost all of Europe, Anterior Asia—North America.

3. Asturian Type—This type of area was noted as long ago as
1835 by Warson and later by ForBES for such species as Daboccia
polifolia, Saxifraga geum, and S. wmbrosa, distributed in Ireland and
then in southwestern France, the Pyrenees, Asturia, Cantabria, and
Portugal (as regards Dabeocia, also on the Azores). A similar distri-
bution has been established by ScHARF for a number of animals.

Such a discontinuity in the areas of these few species is all the more
interesting since it resembles the discontinuity in many areas, where
one portion embraces the British Isles and the other southwestern
Europe and frequently also northern Africa (e.g., the area of Anagallis
tenella).

4. North Pacific Type—This type of area is characterized by
species now found, on the one hand, in Asia, particularly its eastern
part (including Japan and Sakhalin), sometimes also in Europe, and, on
the other, in North America, usually in the western (Pacific) section
but in some cases in the eastern (Atlantic) section or in both sections.
Discontinuous areas of this type are occupied by plants belonging
either to one and the same species or to closely related species, the
distinguishing characters of which arose as a result of prolonged iso-
lation. In some cases the discontinuity in area has been established by
the finding, in isolated regions, of species very close to those now living.
As examples of this type we may take the areas of distribution of the
following plants:
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Liriodendron Tulipifera, Atlantic section of North America—L.
chinense, China.

Hamamelis mollis and H. japonica, Japan—H. virginiana, United
States east of the Mis