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PREFACE

To the Jover of Nature. whether scientist or layman, one of
the greatest charms of tiavel is seeing the many new and interest-
ing plants inhabiting the various parts of the world.

For a good many years the writer has had oceasion to visit
many countrics in the quest of material for his hotanical studies;
and although these investigations, for the most part, luve not
heen concerned primarily with plant distribution, nevertheless the
general vegetation of the various places visited, and the relations
of the different floras to each other, have always heen subjects of
the greatest interest.

Morcover, for some vears past, these botanical excursions bave
Leen devoted to a considerable extent directly to problems of
plant distribution; and although the writer can bardly lay claim
to rank as a plant geographer, he has nevertheless contrihuted in
a small way to the subject.

It is conceivable that one who is, in g way, an amateur may be
more likely to appreciate the more salient features of a flora than
the specialist in some particular group of such a flora; and this
may be offered us an explanation of the writer's venturing into a
field where he cun scarcely oxp(-ct to he looked upon as an expert.

In a volume of moderate size dealing with so vast a subject as
plant geopraphy. it is obvious that envthing hevond a sketch is
impossible; hut it is hoped that the outline offered here will prove
sufficient]y clear and accurate to give a fairly satisfactory picture
of the most notable features of the vegetation characteristic of
the more important botanical regions. IFor the minuter details,
of course, one must refer to the many treatises dealing with the
floras of zpecial countrics.

For more than thirty years the writer has made excursions into
many parts of the world, and the specimens, notes, sketches and
phopographs accurnulated during these journeys. have served as
the basis of the present volure. These personal data have been
supplemented by free use of such standard general works as those
of Drude and Schimper, as well as the descriptive floras of many
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vi PRIEFACE

regions, and numerous special monographs and papers dealing
with plant distribution by Arecrican botanists and those of other
countries. The iruportant series of monographs “ Die Vegetation
der Erde” has been found especially helpful, and the well-knowan
“Natirliche Pflanzenfamilien’ of Engler and Prantl has been
frequently consulted.

A considerable number of important photographs which have
added materially to the value of the book, were furnished through
the courtesy of colleagues and others, to all of whorn the writer
is greatly indebted and would express his sincere thanks. Due
credit is given in each case. .

1t is hoped that the volume will not prove too technical to be
of value to the general reader interested in the subject of plant
distribution; but the writer has tried to make it sufficiently de-
tailed to be useful, also, as a book of reference for hotanists, or
as a text in classes studying the gencral subject of plant geography.

Doucras Houvgurton CasmpurLL.
Stunford University,
February, 1920.
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OUTLINE OF PLANT GEOGRAPHY

CHAPTER I
INTRODUCTION

As one studies the existing vegetation of the Earth, one recop-
nizes certain factors whose influence in determining the distribution
of the species composing this vegetation is sufficiently clear: hut
there are other factors quite as potent which are by no means so
obvious.

Of course for the existence of normal green plants, a certain
minimum of light, heat and moisture is essential: and up to a
certain point the luxuriance of vegetation is in direct ratio to the
relation of these thric factors, and rubminates where all work
together. as in the equatorial regions of both hemispheres.

The goil constituents are also very evident factors in determining
the distribution of many species.  Certain plants like rhododen-
drons and others of the heath familv. are notoriously impatient
of lime, and only thrive in acid soils. Others like lettuce. aspara-
gus, clover, demand lime in the soil-as a condition for their healehy
growth. Heasy clay soils suit some plants, light sandy sovils are
indispensable for othiers,

Conditions in widely separated regions may be very similar,
but this by no means implics a close relationship of the vegetation
between these regions, although its gencral aspect may be much
the same. Thus the rain forests of the Amazon Valley, and those
of Borneo or Java, look much alike—lofty trees draped with
lianas, orchids and other epiphytes, with an undergrowth of
palms, huge ferns, arums and other large leaved growths like the
baranas and gingers. In spite of this close general resemblance,
probsably there would not be a single species common to the two
refions. So in the temperate parts of Europe and North Americs
there are relatively few common speries, although the floras bave
mu.ch in common, and are obviously related to sach other.

1



2 OUTLINE OF PLANT GEOGRAPHY

The main problem of the studeot of plant geography is to dis-
cover, il possible, the explanation of the diverse foras of the dif-
ferent parts of the carth, as well as resemblances which oceur
jo widely sundered lands.

Could we know the whole history of the evolution of the plant
kingdomn, this problem would be stmple cnoughi; but our knowledge
of the vegetation of the earliest meological periods is almost wal;
and it is not until o comparatively late period that we have any
certain evidences of the nature of the vegetation.

As we study such relies of the aneient floras as have come to
us in a fossil state, we realize that the distribution of land and
water upon the carth’s surface has undergone many and extensive
changes. Lands once coonected are now widely sundered, and
regions now united were separated by great expanses of ocean.
Continents have sunk heneath the ocean, and lofty mountain
chains have emerped from the ancient sens,

These changes in the distribution of land and water have doubt-
less had much to do with the luctvations of climate indicated by
a study of the ancient rocks and fossils.  These reveal the presence
of tuxuriant vegetation in regions now quite impossible for its
existenee.  Withio a few degrees of the poles, in both hemispheres,
fossil plants have been found which must have grown i a climate
at least temperate in character.

A study of these evident changes in climate and topography
and the fossils that have bLeen discovered, have thrown much
light on many facts in the present distribution of plants, that
otherwise would be quite incomprehensible.

While the fossil record is very incomplete, nevertheless it has
greatly heiped in our understanding of the relutions existing be-
tween the vegetation of regions now widely separated but which
we know were once connected.

However, ruch more must be done in the study of the
fossil plants of many parts of the world before we shall be in
a position to solve some of the most difficult questions of dis-
tribution which remain to be answered. It is to be hoped gbat.
in coursc of time with our increasing knowledge of the angient
floras of the more remote parts of the world, that we may
golve some of the many puzzles in the distribution of existing
nlants.
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Tur Grovocical REcORD

A atudy of the fossil plants shows beyond question that through-
out the greater part of geological time ihe earih’s climate was
much more uniform than st pre<ent. It has been claimed ! that
the zonal chimates now existing, were scarcely recogmizable in the
~arlier geological periods, but are first clearly defined in the
Pliocenc—the era just preceding the succession of glaciations
copstituting the great ice age.

While the great fluctuations in the distribution of land and
water areas during the ages undoubtedly exercised a very great
influence on the prevailing climate, it is difficult to see how under
apy conditions, ronceivable at the present. day, it would be possible
for such trees as magnolias, figs, walnuts and sequoias ta live in
the latitude of Spitzbergen and Greenland as they undoubtedly
did in the Tocene,

1t is true that in regions with an insular climate, such as south-
eastern Alaska and New Zealand there is a luxuriant vegetation
io relatively high latitudes, due to heavy rain-fall and absence of
severe cold; but such conditions are hardly conceivable at the
present day in regsions less than ten degrees from the pole.

Especially during the Carboniferous was the flora of the carth
extremely wniform. “‘We find practically identical assemblages
of plants wide spread over western Burope, central and eastern
Asta, South Africa, castern North America and probably southerp
South America.’ *

Fven more widely spread floras occur in the Jurassic, which are
known to range from Franz Josef Land, 82° N, to Graham Land,
63° 8., and to extend practically compfetely round the world.

From the nature of the plants of these periods, one may conclude
that the climate wus a mild—perhaps subtropical one, and that
there was very heavy precipitation. Sueh a climate seems to
have prevailed during much of geologic time.

There were, however, periods of lower temperatures, indicated
by gvidences of extensive glaciation, especially during the Pettnian.
At that period, there are abundant evidences of extensive glacia-

"Kuowllon‘ F. H., " Evolution of Geologic Climates,” Bull. Geol. Soc. of America,
Vol, XXX, pp. 499-560, 1919,
2 Knowlton. loc. cit.,, p. 512.
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tion, especially in the southern hemispherc, even within the
tropics.

Various theories to account for the climatic conditions in
geologic time have been propounded. A vecent one ! elaborated
at somce length assumes that prior to the Pleistoecne, the climate
of the earth was controlled by itz own heat, the effeets of solar
radiation heing excluded by a thick cloud envelope. Under such
conditions there would be no zonal climafes, but changes in climate
would be due, mainly. to the relative distribution of land and
water. The temperature of the oceans was much higher and more
unifarm than at present, and glaciation might occur anywhere,
provicded there wus a continentul arca of sufficient extent to permit
a loss of heat by radiation enough to reach the {reezing point.

The presence of glaciers by ho means Implies an extremely
cold climate. Today one may sce growing in close proximity
to extensive glaciers Juxuriant forests, as in southern Alaska, or
even plants of tropical origin, as in southern New Zealund, where
in lat. 44° tree-ferns, and trees and shrubs of Malayvan affinities
may be (ound close to the great Franz Josel glaciers whicly descend
to less than 1000 feet. above the =cu.

The extension of many tropical genera into the temperate parts
of New Zealand is very remarkable, and this fact makes one
cautions about concluding that the presence of tropical genera
in a fossil state necessarily implies 2 tropical, or even sub-tropical
climate.

Svccessox oF Prants v Georoaicat TiMe

The firsl organisms to appear upon the earth were doubtless
extremely simple in structure.  Of living forms, the bacteria may
offer some suggestions as to the character of the first living things.
That bhacteria existed at an extremely remote period is certain,
as their activilies are essential for the existence of all other or-
ganisms.  Their extremely small size, however, makes a positive
demonstration of their presence in a fossil state, a difficult matter.
It is intercsting to find, however, that the earliest known positive
remains of plants belong to the blue-green algae, forras ‘y}n’ch
probably are related to bacteria.® Wolcott has described from

! Manson, M., The Exolution of Climates, Baltimore, 1922.
* Knowlton, F. H., loc cit., p. 506.
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pre-Cambrian rocks of Western America a number of forms of
1hese organisms which are supposed to be responsible for extensive
lirnestone deposits of that region.

Maost of the lower plants, however, like the algae, or sea-weeds,
have very delicate tissues extremelv perishable, and capable of
being preserved in a fossil state, only under the most exceptiona)
ronditions; so it is not remarkable that the geological histery of
these plants is very incomplete, and many of the vecorls of im-
pressions of algae are, to say the least, doubtiul.

There is good reason to believe that many of the simplest of
the living algae are but little changed from thelr ancicnt relatives
of the carly geologic time. We ure told that the ancient seas
were {resh-water, and the ancestors of the livipg plants presumably
originated in a fresh-water envirunment. As conditions in fresh
water have not greatly changed, it is reasonable to suppose that
as in the case of such simple onimals as Amocba and many flagel-
lates, mapy of these primordial plants have come down to modern
tires with httle change.

From these primitive green algae it s believed the higher green
plants, including the flowering plants, have been derived.

While most of the green alzae have Jeft no recognizable fossil
remains, there are some which secrete caleareous inerustations,
which have enabled the geologist to recognize these in a fossil
state. The oldest of these go back to the Silurlan. Two types
especially, Siphoneae now mostly tropical marine algae, and the
Charales (Stoneworts), fresh water forms, oceur without question
in 2 fossil condition.

Two very important classes of algae, the red and brown sea-
weeds, are probably of more recent origin than the green algae.
They are essentially salt-water plants, and it may be assumed that
their main characteristies have been developed with the increasing
salinity of the oceans in the later geologic time.

Of the brown algae, the remains are very doubtful in most
cases, although many fossils have been attributed to this clags.

Among the red algae, there are a good many—the ““Coral-
Iines",—-\vhich secrete [ime Lo quantity, and play a very important
réle,as reef-builders. Corallines are found abundantly in a fossil
condition, the oldest fossils attributed to this group cecurring in the
Silurian; but they are maostly from much more recent formations.
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We may assume that the ancestors of the existing vegetation
of the earth were very simple fresh-waler algae.

In course of time there were manifested two divergent lines of
evolution in the plant kingdom, connected directly with a change
in environment.

As the seas became more and more salipe, we may suppose that
certain of the primitive algae adapted themselves to the denser
salt waler, while others confined themselves to the fresh water
streams and lakes. At the present day two clusces of algae, the
brown and the red, are preéminently the marine plant types,
aside from certain inute floating forms like the diatoms. Ex-
cept for a relative sinall number of green wlgeae, and a few flowering
plants like the eel-grass, etc., the marine coastal flora is mainly
composed of the red and brown sea-weeds,

The largest class of algae is that of the diatoms, unicellular
plants of which over 10,000 species are known. Owing to their
characteristic flinty shells, they are found in a fossil state in enor-
mous quantities. In spite of their sirnple cell-structure, which
would imply that they are primitive forros, the fossil record in-
dicates that they are among the most recent of plant types, no
certain remains being known much below the Cretaceous. As
they are especially abundant at present in cold waters, being
particularly numerous in the arctic and antarctic seas, it is
possible that they are forms which are especially fitted to cold-
water conditions and owe their great development. to the refrigera-
tion of the ocean, and the general cooling of the earth’s climate
which developed during the Tertiary, culminating in the Pleisto-
cene glaciation.

Much more significant was the abandonment of the primeval
aquatic habitat for life on land. This was undoubtedly the most
momentous event in the history of the vegetable kingdom. The
much greater range of conditions on land, involving questions of
water storage end the development of mechanical or supporting
tissues, as well as adaptation to greater range of temperature
and other conditions, at once open up & practically unlimited field
for the operation of natural selection, and marked the begj;mjng
of the reign of land plants which henceforth were to domjpate
the vegetation of the world.

Just when-the first algae left the water and took up their abode
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upon the muddy bank of some ancient pond or marsh, we can
wever know, as we can hardly hope to find recognizable remains
of the extremely delicate and perishable organisms of the very
ancient formations when land life first began.

Funcr

In addition to the algac, which are characterized by the pres-
epce of the characteristic green pigment, chlorophyll, there is a
vast assersblage of plants, structurally of about the same degree of
development as the algae, and perhaps derived from them. These
plants, the fungi, are destitute of chlorophyll, and hence depend-
ent on organic substances for foed, and at the present tiine play
a very important réle in the land-vegetation of the world.

While there is abundant evidence that funpgi existed in the
earlier geological formations, the record is too incomplete to
throw much light on their early history. The best known fossils
wre parasitic forms which arc found in the tissues of higher piants,
and it is evident that as at present fungi were the cause of serious
plant diseases.

Tue Firsy Laxp PrasTs

The first unmistakable land plants are first roet with in the
early Devonian formations, but these have already attained a
structure which implies a long series of intermediate forms be-
tween them and the ancestral algae.

The Bryophytes (mosses and liverworts), which are the lowest
of the existing land plants, have apparently left few recognizable
traces in the ancient rocks. There is evory reason to believe that
these have existed for a period antedating the first known remains
of land plants, but their delicate tissues are extremely perishable
and positive evidence is not at present forthcoming. These plants
have been rather neglected by the students of fossil plants, and
possibly a more intensive search for their remains may throw light
upon their early history.!

The early Devonian land plants belonged to a peculiar group
of va'scul.n plants, i, e., plants with woody eonducting tissues—

A paper by Mr. . Walton, in the Annals of Botany, July, 1925, describes soveral

liverwarts from shales belonging to the Middie Coal-M Age, from 5
in Eagland.
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sometimes separafed as 2 distinct class—(Psilophyta). The
oldest and simplest of these, the Rhyniaceae, show some very in-
teresting resemblances to certain existing bryophytes, and support.
the fheory that the vascular plants have come {rom some such
bryophytic ancestors.

The Jater Devonian formations show the beginnings of the
different classes of ferns, horsetails apnd  club-mosses, which
constitute the Pteridophstes of the present day; but there were
alse found in the Jatest Devonian certain types of seed-bearing
plants as well, the Cordaitales, which, however, completely dis-
appear before the end of the Palacozoie.

The virdons plunt (ypes of the late Devonian continue into the
Carboniferous where thex are supplemented by a great assembly
of other related [orni- which have heen preserved in a very perfect
state in iminense numbers, =0 that we caw make & pretly accurate
estimate of the vegetation of the great coal period.

Thix flora during wueh of the Cwrboniferous was practically
workl wide in ifs distribution, and indicates a mild excessively
mumid elimafe, such as now exists in the mountain rain-forests
of the tropies. und in some temperate regions like parts of New
Zealand, where pteridophyies play a very importaat rdle in the
vepetation.

Ferns, horsetails and club-mosses abounded, the two latfer
classes having genera which attained tree-like dimensions and
were much betfer developed than their degenerate modern repre-
sentatives. Among tree-ferns and club-mosses were seed bearing
types, the Cordaitales, beginning at the end of the Devonian,
which fourished in the Carbopiferous. All of these Palaeazoic
seed-plants disappear before the next great geological epoch—
the Nesozoic—aund their place is taken by forms related to exist-
ing ones and which first appear in the Permian.

The latter part of the Carboniferous and the succeeding Permian
era show evidences of a decided cooling off, extensive placiers
existing, especially in the southern hemisphere, At this time,
the land-masses of the southern hemisphere appear to have been
in more or less intimate connection, and this ¢ Gondwana Land,”
was quite separate from the nortbern land masses, and in itywas
developed a pecutiar flora ¢ Glossopteris flora™ which was supposed
to be a cold-climate one, and supplanted the earlier Carboniferous
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foras which survived for some tine later in the vorthern hemi-
aphere. This separation of a northern and southern Horw is signifi-
cant, as probably something analogous took place at a later period,
resulting: in the marked differences pow evisting between the
temperate foras of the northern und southern hemispheres.

With the opening of the Mesozoic seed-bearing plants in-
creused in numbers and fmportance, huf were atl “‘gvmnosperms,”
1. ¢., forms with exposed sceds, like ihose of the living coniferous
trees. The latter were represented by forus allied to the Arau-
:and Kauri pines of the southern hemisphere, and the eycads
and Ginkgo of the present day. The cycads are palin-hike woody
plants, with less than 100 species at prescut, inhabitants of the
tropics und warm temperate regions.  The only existing repre-
senlatives in our temitory, are two small species of Zamia in
southern Florida,

CGinkgo biloba, the curious maiden-hait tree,” not infrequently
ween 1n cultivafion. is the sale survivor of o large order of trees
which flourished in the early Mesozoic.  The living species has
heen Tound wild in western China, but has been cultivaied in
China and Japan for a very long time.

The cycads reached their culmination in the middle of its
Mesozoic (Jurassic) when they were a predowinant feature of the
vegetation. The most specialized formos had flowers suggesting
those of sume of the higher flowering plants, and it has even been
thought that fhese (Angiosperms) may have originated from
some of the Jurassic Cveadophytes. In the Jurassic are found
also the beginning of the modern coniferous genera, pines, cv:
presses, cedars, ete., and the first sequoias are probably of about
the same age. With the establishment of the modern conifers,
the cycads become much less important and only a few of the less
specialized genera have survived to the present day.

The last period of the Mesozoic, the Cretaceous, is notable as a
period of extraordinary development of new life-forms, both plant
and animal. The vegetation indicates o moist warm uniform
climate, due, perhaps, in part to extensive invasions of the land
by the oceans.

Ip the Cretaceous are found for the first time unmistakable
remains of angiosperms, the modern type of seed-bearing plants.
These are first encountered in the lower Cretaceous, where they




10 OUTLINE OF PLANT GEOGRAPHY

are agsociated with a flora composed for the most part of ferns,
cycads and conifers. The earliest {ossils supposed to be angio-
sperms are of somwehat doubtful nature, and their relationships
are ohscure; but even in the lower Cretaceous there are found
remains of such modern trees as oaks and willows, and in the
upper Cretaceous a great many existing genera are met with.
By this time most of the existing genera of conifers—pines, firs,
cedars, ete.—were well established, and often much more wide-
spread thoo at present. And such familiar angiospermous trees
as oaks, poplars, sycamores, sweet. gum (Liquidambar), magnolias,
Jaurels and many others were found in many parts of the world.

During much of the Cretuccous there are evidences of extensive
invasions of the land by the ocean, so that the distribution of the
principal land masses was very different from that now existing.

In North America the Gull of Mexico was connected with the
Arctic Ocean, completely separating the western portion of this
continent fromn the Atlantic area. Much of South America was
submerged, and extensive invasions of the sea took place in
Europe and Asia, and in Australia there are indications that an
ancient West Australian contineat was separated from the north-
eastern part, then probably united with New Guinea.

The end of the Cretaceous was a period of mountain building,
especially in western America, and with the land elevation,
North America assumed much of its present configuration.

In Europe and Asia the Tertiury was a period of mountain
building, and the present conforraation was attained at a later
period than in America.

While the northern continents had assumed very much their
existing condition before the end of the Tertiary, there were at
various periods direct connections between Eurasia and North
America. Remains of the land bhridge still exist hetween Alaska
and Kamtchatks, and the mainland of Siberta is separated from
Alaska only by the narrow Behring's Strait.

The connections between Europe and northeastern Ameriea are
nauch less obvious, but there is ample evidence that such connec-
tions did oceur during the Tertiary.

With these changes there is evidence from the fossil plﬂnts that
there was a general Jowering of temperature during the Tertiary
in the northern hemisphere. During the earlier period (Eocene,
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Miocene) the climate of Europe was evidently sub-tropical, or at
any rate mild enough for palms and other tropical types to Sourish.
In the Pliocene these give way to trecs of northern types, oaks,
beeches, ete. The marine fossils indicate that the oceun was grow-
ing colder also.

The Pliocene floras of the porthers hemisphere are well known,
and eonsist of genera which still exixt, but with a very different
distribution {rom that of Tertiary times. Many of thesc genera,
and probably some species, have survived to the present. They
are best represented at present by the forests of Atlantic North
America, and those of the Himalayan regious, China and Japan
in Asia.

With the pines, firs, oaks, maples, willows and poplars now
found throughout the north temperate zone, were mingled other
genera, at present more restricted in their range. Such are the
giant scquoias of California, the bald evpress (Taxodium) of the
Gulf States, hickorics, walnuts, magnolias, tulip trees, sassafras
and others,

The explanation of the present range of these trees is to be
sought in changes of climate, and especially the changes resulting
from the scries of refrigerations constituting the great Pleistocene
glaciation.

The effects of the extensive glaciation in the northern hem-
isphere upon the distribution of both planis and animals were
far-reaching, and have been the subject of many investigations.

In the old world, especially in Europe, the extinction of many
types, existing in the Pliocenc, was brought about. Such trees
as mmagnolias, hickories, sweet gum and athers, still existing in
America and eastern Asia, were completely extinguished in
Furope owing to the complete glaciation north of the Alps. Their
former existence is evident from abundant fossil remains in the
Tertiary rocks.

In eastern America the glaciation extended only fo about
latitude 40° and many of these trecs were able to retreat south-
ward, later following the northward recession of the melting ice.
Sueh,characteristic Tertiary trees as the tulip-tree (Liriodendron),
swant guro (Linuidambar), sassafras, walnuts, hickories and others,
still flourish in the Atlantic states and in parts of China and Japan
and the Himalayas, but have quite disappeared from Europe,
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where they formerly Jived—as their retreat was cot off by the
mouatain ranges to the south.

It is clear that the elimate of the middle Tertiary was decidedly
warnjer thau at present in the northern hemisphere, as most of
the charncteristic trees flourisbed far nortly of their present range,
and there was a practically uniform cirecumpolar vegetation, as
there is at present, but made up of clements requiring 2 much
warnuer climate than suffices for present arctic and sub-arctic

vegetation.

Within the Upited States there seems to have been a sorting
out of (he Tertinry types at the time of the glacial advanee. Tt
is likely that at this time the climatic conditions in the northern
states were not very different from those now prevailing, 1. ¢., the
Pucific Rlope was o region of dvy summers and mild wet winters;
the Atlantic of hot humid summers and severe winters, Between
the two regions lay the semi-arid plains between the Mississippi
and the Rocky Mountains, o region unsuited, for the most part,
for tree growth. As the vegetation retrested southward, before
the advancing glaciers, this contral arca acted as o barrier to
further advanee, and formed a wedge on cither side of which there
was o migration toward the more favorable coastal regions. In
this migration the speeies adapted to the dryver summer conditions
of the West Coast have survived o the Pacific region, while
those requiring more humidity now constitute the bulk of the
Atlantic forest. Thus af present we find o preponderance of ever-
green trees, especladly contfers ju the Pacific forests, while the
Atlantie forest i largely composed of deciduous species.

As the glaciers retreated northward the arctic and sub-aretic
plants followed closely and estublished themselves in their present
circumpolar area.  This arca, once occupied by the warm temperate
Tertiary flora, is now much too cold to support most of these, many
of which, however, survive in the warm temperate regions of
castern Asin and North America,

In sowme carses, arctic species, instead of following the receding
ice northward, attained the same climatic conditions by ascending
the mountains until they reached an elevation where the, tem-
perature was favorable to their growth, and as the lowland climate
became warmer, they moved to still higher clevations, so that
thesc arctic refugees are now found stranded on the summits of
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mountains far away from their kin in the lowlands of the arctic
and sub-arctic regions.

The presence of horeal species in high mountains in lower
latitudes, is a famitiar feature of plant distribution in Europe and
the United States. A number of species for example, occur at the
summit of the White Mountains which are found at, sea-tevel in
Lubrador and Greenland, and the alpine summits of the Rocky
Mountains and Sierra Nevada have specics which inhabit the
lowlands of Alaska und arctic Buitish America.

In the northern hemisphere, therefore, it was the cxtensive
Pleistocene glaciution which must, be considered the greatest
single factor in the establishment of the temperate floras of the
prescat day.

Qur knowledge of the conditions in the southern hemisphere
during the Tertiarv is very incomplete, and the origin of the
maodern south temperate floras is very uncertain,

Unlike the arctic regions, the antarctic continent is separated
from the temperate zone by a broad ocean belt, so that the south
temperate lands are completely isolated, and the relationships
of the forus of South Africx, South America and Austrulasia, are
mueh less intimate than those of Curasia and temperate North
America.

Nevertheless there is sufficient resemblance, cspecially between
sub-aniurctic South Ameriea and Australasia, to warrant the
assumption of some former land connection, probably va some
porthern extension of the present antaretic continent.

The latter, at present, is practically destitute of vegetation,
but there is sufficient. foxsil evidence, Lo show thaf, within a few
degrees of the pole there formerly flourished plants which must
have needed a temperate climate, at least, for their existence, and
fossils of a later date from Seyvmour Island, south of Patagonia,
show remains of species closely related to some of those now found
io New Zealand.

Our knowledge of these antarctic fossils is too meagre to permit,
anv poqm\ e conclusions as to the character of the ancient antarctic
flora.as & whole, or to decide whether there was a continuous
cirqumpolar Tertiarv flora as in the northern hemisphere.  Should
such be the case, it would explain the occurrence of the same
antarctic types in Patagonia and Australasia, which might be




14 QUTLINE OF PLANT GEOGRAPHY

relics of an ancient wide-spread Tertiary florn devived from the
antarctic continent.

In South Africa and South America there is direct communica-
tion with the Jands to the porth and a certain intermingling of
porthern and southern types; but Australin and New Zealand
are completely isolated at present, and such former land connec-
tions to the north, which there is strong reason to believe once
existed, have completely disappeared.

The vegetatioo of northeastern Australia (Queensland) and
New Zealand, & evidently related to thut of the Malayan Archi-
pelago, and there ix abundant evidence of former connections
with the tropical regions to the north.

Western Austrulia was apparently completely separated from
Queensland, in the Cretaceous, and it has been thought that in
the ancient western continent the present extremely speeiulized
Australian floru had its origin.

After the union of western and eastern Australia, and the
establishment. of the extensive land tracts which now oecupy most
of the great continent, it may be surmised that these western
plants invaded the fervitory to the cast, encroaching upon the
Malayan rainforest flora, which has now become restricted to
a relatively narrow strip near the east coast where rich soils and
abundant. rainfall have permitted it to survive.

In New Zealand, although the climate is o temperate one, the
Malayan element is far more important than in Australia owing
to the abundant and well distributed rainfall over most of the
country.

There is another very important clement in the New Zealand
flora, especially in the south where one meets trees, shrubs and
herbs whose nearest relatives are in the colder parts of South
America: Patagonia and Tierra del Fuego. Some of these have
also reached southeastern Australis and Tasmania.

At present, New Zealand is scparated from South America
by more than 90° of longitude and it is quite inconceivable that
these plants have been transported over such a vast expanse of
ocean. N
During the Permian era, it has been held by many geologigts,
that the present isolated southern land 1nasses—i. e., South Africs,
South America, part of India, and Australia,—were united in a
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vast continent, “Gondwana Land.” which ulso included u part
of the antarctic continent. How far these conpections were
maintained during the Mesozoic and Tertinry seems to be very
uncertain; but some such connections would seem to be neces
sary to account for the present distribution of these sub-antarctic
plants.

Existine Facrors v DisTriruTiON

Among the factors of prime importance in the distribution of
the present floras of the earth, perhaps the first is-the relation of
the great continental masses to each other, and to the great bodies
of water surrounding them.

The proximity of Furasia and North America, especially in
the North Pacific region, is reflected in the evident relationships
of the northern floras throughout the northern hemisphere, while
in the southern hemisphere the plants of the different continents
are much less closelv related, as might be expected from the isola-
tion of the principal land-masses.

The oceans ure efficient barriers to the rwigration of all but a
small number of plants, and high mountain ranges form obstacles
to the passage of plants, as do extensive arld regions such as oceur
in the centre of most of the continents. While moantuin chains
act as barriers they also muy serve as highways, as for instance
in the Sierra Nevuda and Rocky Mountains where many aretic
and sub-arctic spectes have migrated southward far bevond their
original homes.

Many plants, bowever, have developed special coutrivances
for distributing their seeds and spores, which epable them to
spread rapidly, and overcome to some degree the barriers of sea
and mountain.

Many of the lower plants, including certain ferns, produce many
very light spores, which retain their vitality for long periods and
may be carried great distances by air-currents. Thus ferns are
among the earliest plants to invade oceanic islands, where the
original vegetation has been destroyed by voleanic action or other-
\visé,

The winged frujts and seeds of thistles, dandelions, milkweed,
and many other similar plants may be borne by the wind very far
from their origin and enable these weeds to spread with great
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rapidity, and the quickness with which they take possession of
a new country when aceidentally introduced by man is sufficient
proof of the efficiency of their methods of sced distribution.

The winged fruits of such trees as the maple. ash and elm, are
also adapted to transportation by air curvents, but are too heavy
to be curried long distances, except under particularly favorable

cireumstances.

Witer transport is much less common. but nevertheless rivers,
especially in flood, muy transport masses of vegetation or separate
fruits and seeds far from their point of origin.

Oceun currents also play a not undmportant rdle in the distribu-
tion of secds and fruits, but this form of transportation is confined
mainly {0 a relatively small nutuber of maritime species. In the
tropics, espeeially, there are agood many species, like the coco-
nut, serew-pines, Casuaring, which usually live close to the sea-
shore. These strund plants often have fruits which are provided
with buovant and water-proof cnvelopes which enable them to
font in the salt water for a Jong time. without injury; und such
fruits may be drifted for o very long distance before they are
thrown on shore, when they quickly germinate. The coconut
i the best known example, but there are othere like the serew-
pines, and certain leguninous species growing on the shore which
have fruits adapted to water fransport. In the eastern tropies,
species of Burringlonia, o handsome tree belonging to the family
Leeythidaceae has conspicuous fruits which are often scen floating
in the sea.

Perhaps of even greater importance than air currents for trans-
porting seeds. is the role played by birds and mammals in plant
distribution. The many forms of adhesive fruits and seeds, like
“burs,” “stick-seed,” “‘cockle-bur,” ete; the bearded grains of
many grasses, which adhere so tenaciously to the coats of animals—
or the trousers of men—are practical demonstrations of Nature's
contrivances for the dissemination of her plant children.

Occasionally there is a sticky matter by which {ruits adhere,
as in the mistletoe, whose glutinous berries stick to the feet or

plumage of birds. A

Birds undoubtedly take first place as agents of plant distr.ibu~
tion. owing to their rapid flight. Especially in the case of plants
with small edible fruits, like many kinda of berries, birds are the
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most important agents in spreading them. Robins, for example,
devour great quantities of pulpy fruitx like hawthorn berries,
grapes, strawberries, etc. The seeds pass through the body un-
digested, and indecd in many cases, better fitted for germina-
tion than before. Owing to their powers of fAight, the seeds may
he discharged from the body many milis away from the parent,
plant, and undoubted!y -ach fruit-cating birds have had much
to do with the rapid spread of many species.

Another way in which hirds may be agents in distributing seeds
and spores, s by means of mud in which seeds are iwhedded.,
Adbering to the feet of migratory birds the mud, with its cargo
of seeds, ix thus earricd long distinces,

Finally, man, involuntarily or otherwise, has been the cause of
the migration of muny plants over pretty much (he whole earth.!

Maw anp TR PLant WorLp

Man's very existence is hound up with that of plants—whether
he ts a naked savage maintaining a precavious existence by means
of the fruits, grains and roots he may find growing wild, or a highly
civilized white man. depeadent on the graing, fruits and vegetables
that he bas brought under cultivation.

Most of the staple food plants of civilized man are so ehanged
by ages of cultivation that their origin is obscure; buf some of
them, like rice and sugar-cane, are evidently closely related o
specics still growing wild, and several species of wild bananas
are known, some of which are probably the ancestors of the culti-
vated varieties, So in northern countries, the common fruifs,
apples, pears, cherrics, plums, strawberries, cte., are evidently the
improved progeny of existing wild species.

Wheat is supposed to have originated somewhere in Asia Minor,
maize in Mexico, while wild potatoes of several species are common
in parts of Chile and Peru.

Having brought these plants under cultivation, man bas carried
them with him in his wanderings, and thus has spread over the
whgle earth.

Ineaddition to food plants, e had also developed many plants
fortheir fibres, such as cotton, flax and hemp.

LA recent noteworthy book on plant distribution is by Dr. J. C. Wiliis. Age
and Arca. a Study in Plani Distrilntion and the Origin of Species. Cambridae. 1922,
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Wherever man has settled, the original vegetation has been
more or less profoundly altered. Primaeval forests once covered
the sites of many a great city, and the sod of the prairies has been
broken and given place to ficlds of corn and wheat, and the
orchurds and ineadows of countless farms of the mid-west.

In his curliest development primitive man only took from the
forest such food as he might find—fruits, nuts or roots, thus
doing no more to disturl the equilibrium of the plant association
than would be done by the foraging of any other animal; but as
soon as he developed the most rudimentary forin of agriculture,
or attempted to provide grazing for animals, tame or wild, he
bepan a wurfare with the vegetable kingdom which has continued
with increasing energy down to the present. time.

Such primitive rwes of man are to be found today oaly in o few
remote parts of the world.  The Australian Blacks, and a few
scanty remnants of primitive races in various tropical countries,
still extst, but constitute only the merest, Tragment of mankiod.

At w very carly period in his history, man practiced a primitive
form of agriculture, and s0 soon as he had brought under cultiva-
tion the corenls and other food plants, and had domesticated
sheep and cattle, a new era was opened, and he was able to migrate
far from his original home, carrying with him his cultivated food
plants.

Forests were cut down to afford ground for cultivation or pas-
ture, and the native vegetation replaced by grain ficlds, orchards
and vineyards, Indeed the ability to carry with him food in
the form of grain and herds, alone made possible the great
migrations of mankind, both in former times and today.

With the facilities for transportation developed during the past
century, migration has reached a stage absolutely unheard of in
previous history, and the influx of millions of men into previously
unoccupied regions is reflected in immense changes in the vegeta~
tion of nearly all parts of the world—far greater than in any pre-
vious period of the world's history.

Forests have been swept away until the world is menaced with
a timber famine, and their place has been taken by crops of all
kinds, which are entirely alien to the country and complesely
alter the appesrance of the landseape. This disturbance of the
natural vegetation 1s not confined to the white settler alone, but
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the natives of many reglons, as in Central Afries, and our own
western plains materially reduced the cxtent of forest lands, by
cutting and burning—partly to increase the extent of grass-lands
for grazing of cattle or wild game.

Unfortunately these primitive methods are not unknown in
modern lands.  The gatives of our southern mountains still cut
or girdle the trees to elear & corn pateh, and in Australia and New
Zealand sheep men burn and girdle trees to foster the growth
of grass for grazing.

Of course the destruction of forests for timber or for opening
land for cultivation, is necessary; but unfortunately the process
has been for the most part both wasteful and injurious to the
land.  Particularly destructive has been the reckless clearing of
mountain slope=, and the resulting washing away of the soil with
floods caused by the rapid run-off which the forest cover keeps
in check. The land, denuded of its good soil, remains a barren
waste, while the fertile soil 1s carried away by the swollen streams.

The extraordinary and rapid change in the vegetation of a large
ares, due to man's activities iz cspecially apparent in the United
States, which a century ago was to a great extent untouched by
man. The greater part of the country east of the Mississippi was
covered with heavy virgin forest, and the great plains were in-
habited only by seattered bands of roving Indians. Today o the
eastern states the forests have given way to great cities, innumer-
able towns and villages, and rich farm lands, where they arc not
dreary deserts, the results of thriftless lumbering and forest fires.

Except for the native trees, the predominant vegetation at the
present tire is largelv exotic. None of the staple food crops are
indigenous, and the same is true for most of the common fruits,
although some of the latter—like grapes and berries of various
kinds,—are of native origin. Even the weeds are mostly foreigners
and have driven out the native woodland plants which have
retreated before these hardy invaders.

It is interesting to see, however, that given a chance, the native
forgst will often come back. All over the older seitled regions of
News England and the Middle States, the farm lands, deserted
when the richer lands of the West were opened up, have already
reverted to forest of the same type as that which originally covered
them, while the prairies, which fifty years ago were unoccupied
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suve by the Indians and buffalo, are now the granaries of the
nation.

The deserts and mountains of this far west have as yet changed
but. little; but along the Pacific Coast the samce changes are going
oo as in the Atlantic states & hundred years ago.

In Californis the great vulleys are covered with fields of wheat,
barley and alfaifa; orchards and vineyvords cover the foot-hills.
The elimate permits the growth of mwany products of the warmer
zopes, and oranges, olives, figs and lemons thrive, as well as the
apples. pears, cherries and plums of the north.

In these far western states, where » long drv summer prevails,
irrigation plays an imaportant role, and land naturally a desert
or semi-urid, yields rich crops when water is available.

Much land in southern California, now covered with luxuriant
orange orchards, and adomed with innumersble beautiful trees
and shrubs brought. from distapt countries. wis desert before the
duys of irrigation.

California. it is frue, much more than a ecentury ago, had in-
troduced from Spain the orange, grape aond olive, which flourished
there long before it became a part of the United States.

Besides the econamic plapts infradoeed by man he has imported
front all over the world a hest of ornamental species which ador
his pardens.  Semetimes these escape from cultivation and become
quite naturalized. In the cool moist coastal regions of northern
California and Oregon one meets the showy hroom and foxglove
of Burope—and one sees these same plants in the similar elimates
of central Chile and New Zealand. In the latter country the
sweet briar and blackberry, infroduced from Iingland as garden
plants, have cscaped and beconte extremely troublesome weeds.

Most plants ranking os weeds, however, have been introduced
necidentally, and wherever man has migrated, weeds have fol-
lowed him, or been imported from divers sources. Many of the
worst weeds owe their rapid dissemination to specially favorable
adaptations for seed dispersal, like the wind-horne seeds of thistles
and dandelions, or the hooks of hurdocks and cockle bur, which
stick to the coats of animals or men. .

Weed seeds may come in mingled with seed grain, or in thedirt
adhering to animals or in the cargo of ships and railways. Rapid
transit. for mankind furmshes equally guick transport for these
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unwelcome iemigrants, and one finds the common weeds of most
localities very far away from their origina) homes.

The thistles, burdocks, plantainz, mulleins and other common
weeds of the eastern United States are of lsuropean origin. In
California, where the long summer is not favorable {0 these weeds,
ather spect komustard, filaree” (Brodiuw) bur clover,
wild oats—have been introduced, probably from Spain, where
the elimate is much like that of California.

Many of these introduced plants seem to grow with increased
vigor in their new howme, and may largely replace the native plants.

To Australia some of the common weeds come from South
Afrien, Brazil, India, and one of the most troublesome, the prickly-
pear cietus, is of American origin,  The latter bas become a very
serious pest, occupying extensive tracts, especially in Queensland,
and rendering them quite uscless for agriculture or grazing.

Man has also been responsible for the introduction of maoy
anima! pests—injurious insects, rats and mice, rahbits, etc., which
may do great damage to vegetation, and greatly affect the flora
of large arcas. Destructive fungi have also been introduced by
buman agencies, and are responsible for extensive damage to
crops, ur native species. A recent example of the ravages of such
a fungus, is seen in the complete extermination of the native chest-
nut over & large part of the Atlantic states through the ravages
of the fungus causing chestnut hlight. It is supposed to have heen
introduced from China or Japan. The blister-rust of the white

- pine is another extremely injurious fungus which has come into
the United States from Europe.

While man has becn responsible for the destruction of many
plants, he must also be credited with having added many new
forms to those alrcady existing. The thousands of new varieties,
the resuit of the labors of plant breeders, are witness to man’s
success as a creatar of new plant types.

s—hls




CHAPTER I1
CLIMATIC ZONES

Latitude, as might be expected, plays a very important role in
plant-distribution, and for convenience we may recognize certain
climatic zones between the poles and the equator, although, of
course, these are by no means strictly limited by the parallels of
latitude. These zones may be denominated: Boreal, North
Temperate, Tropical, South Temperate and Austral,

The distribution of land and water is very different in the north-
ern and southern hewmispheres, and this difference is strongly
reflected in the climates. IL js probable, however, that this
disparity has not always been so marked. At present it is partic-
ularly noticeable in the temperate zones.

At the north, all of Europe, most of Asia, North Africa and the
greater part of North America lic between latitudes 25° and 60°,
and land extends without a break far bevond the Arctic Circle.

In the southern hemisphere the only temperate area south of
50° is the extreme southern point of South America, while the other
temperale regions, New Zealand, Australia and South Africa all
lie north of 50°, and except New Zealand scarcely extend beyond
40°. To the south lies the unbroken Southern Oceen extending
to the shores of the ice-bound Antarctic continent.

Due to Jatitude, and the proximity of the ocean, the south
temperate lands, for the most part, enjoy a very mild and equable
climate. Never, except at high altitudes are they subjected to the
severe winter cold that prevails at corresponding latitudes in most
of the north temperate zone, whose climate is, in the main,
decidedly continental in character.

Melbourne, lat. 38° S. has a mean for the coldest month of
48.5°, for the warmest 67.5°; Philadelphia 39°57" N. 32° for the
coldest, 76° for the warmest; Wellington, New Zealand, 41° 8., has
s range only of 14.9° between the wartnest and coldest months,
while in Chicago, 41°53" N., it is 48°.

The principal land-masses of the couth temperate zone are

22
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widely separated by great ocean barriers, while at the north, the
two great continental masses, Eurasia and North Awmerica, are
almost joined by a chain of islands, evidently indicating an even
more complete conncction in ot very remote geologic time.

The great antarctic cootinent, completely isolated, and ice
covered from the lofty mountains to the sca, is practically destitute
of vegelation.

Very different are the conditions in the arctie regions, where
far bevond the arctic eirele in Greenfand, Spitzbergen and Alaska,
there is an abundant flora which develops rapidly duricg the long
days of the bricl suramer.

Owing to the absence of any great barriers, we find that the
vegetation of the higher latitudes in the porthern hemisphere is
relatively uniform, many species occurring throughout, the range,
50 that the floras are very much alike in Scandinavia, Siberia and
northern Canada.

There is no true antarctic flora, and the austral flora is much
less developed than the corresponding vepetation of the north.

The austral or sub-antarctic flora is best developed in South
America, but is also found in New Zealand and southern Australia
It is quite ahsenf. from South Africs.

The sub-arctic flora merges insensibly into that of the north
temperatc zone, which has much the same general character
throughout Eurasia and North America.

Conditions in the temperate regions of the southern hermisphere
as already stated are very different and owing to the extreme
isolation of South America, South Africa, and Australia, their
floras are very differenf. 1t is true that there are certain corre-
spondences pointing to former more intimate connection of the
land-masses, than now exist; but the differences in the vegetation
far outweigh the resemblances, and each of the three regions has
an extremely individual flora, indicating a very long period of
isolation.

Comparing the floras of the northern and southern hemispheres,
especially in the temperate regions, it is evident that certain
families and genera are either confined to one or the other, or that
they spredominate to such an extent as to make it pretty certain
that they originated there. Thus the oaks, maples, elms, birches,
poplars, sycamores, are almost exclusively northern, and the same
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is true of pines and firs.  The rose family, buttercups and violets
are mostly northern types, but may occur in the temperate rogions
of the south. Tt i= thought that the latter may be immigrants from
the north, which have hecome more or less changed by their
residence in their new habitaf.

Probahly of southern vrigin are many peculiar South American,
South African and  Austrulian types.  Among these may be
mentioned  the  pecaline southern conifers. the  Kauri-pines
(Agathis), Arasucwria and Podocarpus. The Myrtle family, which
has but few represenfatives in north temiperate regions, is extraor-
dinarily developed in Australia, where the gonus Eucalyptus alone
b over 200 spevies. Twao extremely peculicr families, Proteacene
and Casuaringecse, the former especially ahundant in Australia
and South Afriea, the Jatter mainly Australian, are quite un-
represented i the temperate regions of the north.

It is true that some of these, like Arsucaria and Podocarpus,
once lived in the northern regions, from which they probhably

disappeared owing to climatic changes.

It is possible that the peenliar northern and sonthern floras
originated at a time when there was o more or less complete separa-
tien of the mainland miasses of the two hemispheres.  During the
Crretaccous, at which time many existing genera are first known,
there were extensive invasions of the sea resulting in the sub-
mession of northern South America, North Africa and much of
India, thus isolating the principal southern land-masses.  About
the same time, Western Australia was probably completely
isolated, and it has been thought that manv peculiar Australian
types originated in this ancient Western Australian eontinent.

Just what factors originally determined this segregation of the
characteristic floras of the north and south temperate zones it
would he difficutt to say; hut the subsequent differcntiation is
undoubtedly due in large part to the verv different climatic
conditions, and the much greater isolation of the southern land-
asses,

The north temperate floras for the most part are subject to a
much more severe and vanable climate, but readily adap(mtihem—
selves to the milder climates of the south temperate: and thig may
explain the -presence of such northern types as buttercups and
violets in Niew/f@gmimd Australia, while such Australian forms

\uni RESEARGH /s
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as Eucalvptus and Grevilles (Proteac
sclves to the rigors of 4 northern wiunter,
in reaching these regions!

In both northern and southern hemispheres there is o more
or less cxtensive mingling of warm temiperste and tropical
species newr the linidfs of the zones, and sometimes extensive
wigrations from one zone to the other, due {o climatic or topo-
graphical reasons. Thus in New Zeuland tropical gencra muy
extend to H0%

Vegetation reaches its maximum  development within the
{ropies, where optimum conditions of temperature and moisture
prevail,  Portions of the equatorial belt, such as the great islands
of the Aalay Archipelago, Java, Borneo, New Guinea, the rich
lowlands of the Amazon and the West Coast of Africa, exhibit
the most exuberant vegetation ta he found anyvwhere.  Uni-
form high temperature, heavy rainfall and rich =oils, consbine
to produce a maximum lusuriance of plant-growth, shown in
dense jungles of giant trees of many species, loaded down with
rampant. creepers and epiphytic growths.  Sometimes the shade
is too dense for nueh undergrowth, but wherever light pene-
trates, therc quickly develops an inpenctruble thicket of rank
vegetation, and the ground is carpeted with ferns and other
shade-loving planis.

It must be remenibered, however, that not everywhere in
the tropics does one encounter such luxuriance of growth. Re-
gions of low rainfall, or poor soil, may consist of dreary arid
grass-lands, or deserts of the most pronounced type, as in the
Sahara apd parts of Anstralia.

On the other hand, in execeptional cases due to specially favor-
able conditions of temperatwre and moistuwre, vepetation of
decidedly tropical character may be found far bevond the actual
tropics. This is particularly the case im parts of the southern
hemisphere, where owing to unusually heavy rainfall, and ahsence
of extreme cold, many tropical tvpes have extended their range
far beyond tropical latitudes, and the forests are very different
from hose in corresponding latitudes in the northern hemisphere.

Uslike the teruperate regious of the nortbern hemisphere,

1 could oot adapt them-
even should they succecd

! For o fuller discussion of this question see Wallace, A, W., Jeland Life. pp.
488187
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the tropies of the old and new worlds are widely sundered by
the great oceans, and as might be anticipated, the tropical veg-
etation of the Fast and West is composed for the most part of
very diflerent clements.

There are very few common species, and to a great extent,
the genera and even families differ. This is evidently the result
of a very long period of isolation combined with the more intense
competition which must have developed under conditions so
favorable to rapid growth and multiplication.

While the superficial aspect of the equatorial forests of the
old and new worlds is quite similar, nearer inspection will show
a very great difference in the species of which they are composed.

Tur Boreal REGlONs

Under {he name DRoreal or Holarctic is included the whole
of the regions lving between the Tropic of Cancer and the North
Pole, but we may recognize three divisions, more or less well
defined, the Arctie, Sub-arctic and North Temperate.

As might be expected from the intimate connection between
the northern continents their vegetation has much in common,
s0 thal many common trecs of temperate Furasia and Ameriea,
for example, are ohviously related. Pines and firs, oaks, beeches,
maples, witlows and poplars, are characteristic of the temperate
regions of both continents, and the same is true of very many
shrubs and herbaceous plants.

This uniformity in the vegetation is especially marked in
the arctic and sub-arctic zones, many species oceurring through-
out these regions, while in other cases, Eurasian species are
represented in America by different, but closely related ones.

Southward thé differences become more and more pronounced,
owing to isolation and different climatic conditions, as well as
to an intrusion of tropical or subtropical types, which differ
widely in the old and new worlds.

The history of the origin and distribution of the boreal floras
is revealed by a studv of the abundant fossil plant remeins in
the Cretaceous and Tertiary rocks of both the eastern and western
herzispheres:

Originating, apparently, in the far north, there is found in
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the early and middle Terfiary a wide-spread flora, which like
the aretic and sub-aretic floras of today was very similar through-
out, and occupied much the same range as the present arctic
and sub-arctic vegetation.

It is clear, however, from the plants composing this *“ Areto-
tertiary” flora, that the climate of the far north was very much
muder than at present. Trees like magnolias, laurels, gums, and
other denizens of warm temperate climates lived during the mid-
die Tertiary in Greenland and Spitzbergen where now only the
hardiest of arctic plants can survive.

The arcto-tertinry flora showed 2 division comparable to
the arctic and sul-artic zones of the present. North of 75° the
plant remaips seem to be strictly boreal types. like willows,
poplars, oaks, efc., but in the southern zone are found remains
of palms, lnurels, myriles, now characteristic of only the warmest
parts of the temperate zones.

With the increasing cold of the late Tertiary and Pleistocene,
the arcto-tertiary flara which included the ancestors of most
of the vegetation now occupying the north temperate regioas,
migrated southward, and came (o occupy much lower latitudes.

This refreat was greatly accelerated by the advancing glaciers
of the ice-age, and in many regions, especially in Europe and
northern Asia, many forins hecame quite extinet, but survived
in the more favorable conditions of eastern Asia and America.

With the amelioration of the climate in post-glacial time,
there was a northward movement of vegetation following the
retreat of the ice-sheet, and developing the modern arcto-glacial
flora.

i

Tee ARCTIC ZONE

The region surrounding the north pole is, of course, very
incompletely explored; but where Jand occurs, it is completely
ice-clad and probably quite destitute of any vegetation, except
certain humble sea-weeds.

However, an upexpectedly large number of flowering plants
manage to exist within a few degrees of the pole, a considerable
numper of species being recorded as fer north as 83°.

From this region southward to where tree growth begins is
the true arcto-glacial and tundra zouwe. Within this zone topo-
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graphical conditions vary much in different regions. There are
vast expanses of barren lowlands that huve apparently not been
subject to glaciution, especially in northern Siberia and parts
of northern Alaska. Most of arctic Burasia and America, how-
ever, was rovered hy the great glaciers of the Ice Age, and in
these regions the lowlapds are covered with lakes, swamps and
fundras—regions of {rozen subsoils covered with a thick mat of
mossex and lichens among which grasses, and low prostrate
shrubs, like crapberries, rbododendrons, dwarf willows and
hirches may grow.  In Greeoland, Tecland, Scaodinavia and
Spitzhbergen there are Jofly mountains ire-covered fo their base,
making it impossible for any plants {o grow, excepl on the mo-
raines of the glaciers, ov slopes which ure free of snow for a hrief
period in summer.  (n such evposed places, there may be an
uneapected Ivuriunce of vegetation, grasses and a number of
beautiml flowers—poppics, saxifrages, buitercups and others
which start into growih as soon as the snow elts.

This northermest zone of vegetation has a growing period of
only two months, or a litile more.  Growth begins in June, cul-
minates in July, and by the end of August freezing weather has
again sef in.

Of course only n limited number of species can survive the
excessive cold of these regions.  Vegetation consists entirely of
perennials, cither herbueeous species with perennial underground
roots or root-stocks which quiekly send up their leaves and Howers
during the briel period of sunshine and warmth; or clse of low
prostriie shrubs, sometimes cvergreen, like the eranberries or
Lapland rhododendrons, sometiiaes deciduous, as the dwarf wil-
lows and birches.

The degree of cold which some of these can endure is astonish-
ing. since in somie cases {ns in northern Siberia), they are quite
unprotected by snow, and must survive temperatures as low as
—60°C. (= T6°F.).

The coldest regions in which there has been found a well-marked
flora are in northern Siberia and Grinnell Land, northwest of Gg‘een—
land.! The mean annual temperature of these regions is—16°C.
(4°F.).  Even in midsummer the temperatures are veryeclow.
In Tranz Josef Land, the July mean is only 2°C., and in Spitz-

1 Drude, Husdbuck der Pflanzengeographic, pp. 352, 353.




CLIMATIC ZONES 29

bergen, 4°C.  The period available for any plant growth is only
about two months, Nevertheless there is an unexpectedly large
number of species. In Spitzbergen 122 species of flowering plants
are recorded, and in Grecnland between 78° and 83° 88 species,
At Cape Chelvuskin, the northermost point of continental Asia,
23 species of flowering plants have been nofed.

The existing arcto-glacial flora was derived. presumably, from
the rauch richer flora oceupying the region to the south preceding
the great ice-age.  The limit of vegetation af the period of maxi-
mum glaciation was probably fur south of its present latitude,
but as the gleciers retyeated toward the pole. the hardier species
moved porthward to their present habitat.  Such specific chanpes
as have taken pluce, were comparatively of recent date, and the
arctic flor as w.whole is a recent one.

The regions included in the arctic zone comprise the northern
eoasts of Eurasia and Amseriva with the adjacent islunds. and the
mounfain masses imrediately south.  In northwest Burope, due
to the tnvasion of the sea, and its tempering cfiect, the south-
ern limits of the zonc are pushed very far north, but in Russia and
Siberia, and North America, arctic conditions prevail in much
Jower latitudes.

The limits of the strictly arctic zone bave been set between the
northernniost limit, of vegetation—ahout 83°N.— regions with the
July isotherm only 2°-4°C., and the regions to the south bounded
by the 10°C. July izotherm.

The general type of vegetation throughout the arctic regions
is very similar and most of the species extend all round the world.
Where peculiar species oceur in any region, they are usually closely
related to wide-spread oncs, and muy be assumed to be of relatively
recent origin. Not infrequently specics which are appavently
recent immigrants from the south are met with; i. e., the arctic
American Kalmia glavca.

‘While the southern boundary of this zone may be said to corre-
spond roughly with the arctic cirele, it varies much in latitude, due
to the differences in topograpby in various regions.

Thus in the great continental areas like Siberia and Canada,
it lies much further south than in Scandinavia, Ieeland, Green-
land and western Alaska, where the proximity of the ocean water
greatly tempers the climate.
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In the strietly arctic regions, trees are compietely wanting,
and the shrubs reduced to prostrate mats, scarcely rising above the
level of the ground.  The bogs and tundra are largely oceupied
by dense growths of mosses and lichens, among which the grasses,
sedges, and low shrubby growths are scattered. Where conditions
are favorable there muy be seen herbaceous plants, which from
their perennial subterrancan rools or tubers quickly start into
growth in the summer and adorn the barren ground with their
showy Aowers.  Among the characteristic Aowers of the far north,

Fra. 1.—Willow thickets on the \u-mr Killik River, North Alaska,
Photo., Dr. Philip S. Smith.

are specics of buttercups, anemones, privaroses, cinguefoil (Po-
tentilla), saxifrages, poppies (Papaver nudicaule), and whitlow
grass (Draba).

Of the woody plants, dwarf willows and birches are characteris-
tic, and several of the heath family; e. g., Rhododendron, Cassiope,
Vaceinium, Empetrum. The only conifer of the ar¢tic regions
is a dwarf juniper.

While a good many species are pretty strictly confined to the
arctic zone, others like some species of cotton grass (Eriopherum)
and some of the heath family, e. g., Rhododendron lapponicum,
Cassiope tetragona, extend into the colder parts of the temperate
zone. Other characteristic arctic species, like the pretty moun-
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tain avens (Dryas octopetaln) and the curious arctic Pediculuris
(P. Groenlandico), common species of the arctic lowlands, occur
also as alpines in the Rocky Mountains and Sierra Nevada, while
the much lower White Mountains have a fow plants, e g, -
pensia lapponica, natives of the far north.

We may assume that the presence of these arctic species on the
mountains to the south iz to be explained by the assumption that
they are remnants of the wide-spread arctic florn which st the
period of maximum glaciation occupicd the lowlunds of these
lower Jatitudes.  With the retreat of the ice-sheet, and the ineress-
ing warmth of the lowlands, some of these arctic specics wanaged
to survive by ascending the mouotains until conditions were
reached adapted to their needs.

Strictly arctic conditions are found in Burape only in parts of
central and north Seandipavia. including parts -of Lapland,
1o north Siberia, the most extreme arctic conditions prevail,
and the lowest termoperatures thaf have been recorded secur.
In spite of this excessive cold. fo which thev are exposed with-
out any snow-cover, a surprising nuniber of species are able to

survive,

The north Siberian tundra region! has as its commonest
formation the “Moss-tundra,” whose principal  constitutents
“are mosscs of the common genus Polvtrichum.  Among the mosses
are various grasses and sedges, among them  cotton-grass™ (Erio-
phorum), common also in cold bogs muek further south. Dryas,
and the heath-like Cassiope tetragona arc characteristic of the
moss-tundra.

Where there is water, true peat-bogs occur, peat mosses (Sphag-
num) replacing the Polytrichum of the dry ross-tundrs. On
the slopes and precipices of the higher ground there is often
a fairly abundant development of mals of grasses interspersed
with bright flowers. Among the most notsble, arc species of
Oxytropia, with bright yellow pea-flowers, blue Polemonium,
various Saxifrages, and a showy avens (Genm). A bright blue
forget-me-not (Erytrichium), is also characteristic of the Siberian
aretic, flora.

Al of these plants grow in low comapact tufts, with small leaves
exposing a minimum surface to evaporation.

* Drude, e at.. p. 356.
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Much of the region is a desolate barren stony formation, whose
sole vegetation is made up of various lichens growing on the broken
rocks.

The Behring Sea tundra district is ooly imperfectly known;
but Kijcliman ! has deseribed 221 species from this district. Of
these 53 do not extend far westward, and comprise 2 number of
peculiar species.  Others are supposed 1o have come from the
American side of Behring Sea, and some may have been immi-
grants from the Buaikal Mountains. Two genera also charac-

Fia. 2—Tundra, basin of lkpikpuk River, North Alasku.
Photo., Dr. Phkilip $. Smith.

teristic of western America are Claytonia and Dodecatheon, the
“shooting star” of our Pacific Coast.

The western Alaska coast {s much milder than corresponding
latitudes on the Asiatic side, and the vegetation less pronouncedly
arctic in character, although the northern part of Alaska shows
climatic conditions comparable to those in Siberia. Spruces
{Picea alba), nlders and willows, extend to the polar circle, and form
thickets of cousiderable extent, while the display of fowers is
described as very remarkable. These comprise the usual aretic
species, as well as species of spring beauty (Claytonia), forget~

! Drude. loc. cit., p. 356.
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me-nots and anemones. A knot-weed (Polygonum) and dock
(Ruwmex domestice), have fleshy roots which arc used by the natives
for food.

The tundra region of Alaska and northern Capada, differs
from the Siberian tundra in a much greater development of lichens,
which take the plice of the mosses which eharacterize the latter.?
Two species of lichens, Celraria islundica and C. cucullata, the
so-called “reindecr moss,” cover extensive tructs of land, and
serve as the prineipal food of the herds of reindeer which abound
in this region.  With these licher in the moss-tandra, are
various prostrate shrubs, most of which are identical with those
of the Siherian fundra, but one striking species, Kelmia glauca,
i= nof found oufside America.

Meadows of coarse grusses are also found in places, and tn favor-
able localities n display of showy flowers. ineluding a *“shooting
star 7 (Dodecatheonl, <one of the primrose family, especially
developed in Puacific North Ameries,

The barren islands to the noth have a very meagre flora, the
greater mumber of species heing grasses.

Greenland and the adiacent regions hnve heen more thoroughly
studied than any other part of the aretic zone and belong rather
to the Scandinavian region than to Ameriea. The southern part
of this area 1= sub-avctic, and contains a good manyv specics which
hardly cross the aretic cirele. One of these. the twin-flower,
(Linnaea borealis), jost reaches the arctic cirele in places, and
Drude ® suggests that the northern range of this classical specics,
should be taken as the Doundary between the avctic and sub-
aretic zones.

Tn the sub-arctic region, thickets of willows, and in the south,
alders, are a prominent feature of the vegetation. There are
extensive moors covered with dwarf shrubs, and barren rocky
formations where little grows except lichcns. Grassy moorlands
and peat-bogs occupy the more level land between the mountains
and the sea, and the sandy shores are mainly occupied by a grass,
Blymus orenarius.

Willow thickets occur as far north as 70°, and some of the
herhaceous plants, e. g., Archangelica, especially in the southern
portions, are of considerable size, and associated with hawkweed

! Drude, be. cit., p. 357. % Ibid., p. 358,
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(Hieracium), orchids, and other forms absent from the extreme
arctic regions.

In the high northern latitudes, clevation above sea-level, ap-
parently makes little diffierence in the temperature, many plants
growing at altitudes of 500-600 metres or even more.

The severity of the arctic climate, and the very brief growing
season, make sny sort of agriculture impossible, and execept for

Fri J.~Tundrm vegetation, hasin of Colville River, North Alaska.
Phaoto., Dr. Philip 8. Smith.

the grazing afforded reindecr and musk ox, and a few ediblc lichens,
berries and roots, the plant-life of the arctic regions offers litile
help to man in supporting life.

THE SUB-ARCTIC

The northernmost extension of tree-growth, the timber-line,
marks the soutbern limit of the strictly arctic vegetation. Be-
tween the timber-line and the middle regions of the boreal area,
lies & rather indefinite zone, the sub-arctic.

The number of tree species is limited, but they are often gre-
garious, and may form forests of great extent. Coniferous farests
are & marked feature of the sub-arctic, comprising firs, spruces,
pines and larches, and low-growing junipers. Of deciduous trees,
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birches, alders, willows and poplars characterize the maore northern
portions of the zone, while toward the south, oaks, beeches, horn-
beams and chestnuts mark the begiuning of more temperate con-
ditions.

Like the arctic zone, the vegetation of the sub-arctic is very
inuch alike in both hemispheres, due in part, to g large interniixture
of arctic species, but ulso to the fact that most of the sub-arctic

= T gl |
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Fra. 4.—Northemn linnit of trees; white apruce, Unakserak River, lat. 68°,
Photo., Dr. Philip 8. Smith.

geners, and a good many species are common to Eurasia and
America.

Throughout the zone one encounters a very characteristic
forest and bog flora composed of identical or closely related species,
and this flora is met with far south of the sub-arctic in the moun-
tains, and in the colder parts of the temperate zone.

A notable feature of these northern latitudes iz the abundance
of club-mosses of the genus Lycopodium, most of the species
oceurring both in Furasia and America. These are undoubtedly
very old forms, and the same may be said of the horse-tails (Equi-
setum), and & number of wide-spread species of sub-arctic ferns.

Carpeting the floor of the northern evergreen forests are several
familiar and attractive plants of the wintergreen family (Pyro-
lacene). Several species of Pyrola, the dainty sweet scented one-



36 OUTLINE OF PLANT GEOGRAPHY

flowered wintergreen (Moncesest. and the “prince’s pine” (Chim-
aphila).  Associated with them are several orchids, e. g., coral-root
{Corallorrhiza) and rattlesnake plantain (Goodyera). Much rarer
is the heautiful Colypse borealis. In boggy places one may find
another northern orchid, the tway-hlade (Listera), and there are
sany other bog-plants conunon to the sub-urctic regions of the
old and new worlds. Among these may bie mentioned the sundews
(Drosera), buck-bean (Menvanthes), and many grasses, sedges and
rushes, us well as the species of Sphagnum and other raosses.

In the northern part of the sub-arctic, the meadows and woods
have many beautiful herbaceous plants. Some of these like He-
patica and species of marsh marigold (Caltha palustris), cress
(Cardamine), grass of Parpassus (Parnnssin) dwearf cornel (Cornus
suecica), and willow herly oceur in northern Eurupe and in North
America: more commonly the species of the old world and the
new are distinet.

While forests oceupy much of the sub-arctic zone, there are
extensive traets of open country, like the prairics of western Can-
ada and the steppes of Russia and Siberia.  Where moisture is
abundant, swamnps, bogs and lakes ahound.

Within the sub-aretic zone may be included most of Seandinavia,
Northern Russia, most of Siberia, Kamtcehatka, Alasks and a
large part of Cunads and Labrador.

Like the arctic zone, the sub-arctic reaches its maximum de-
velopment in Siberia where it extends, in a broad belt, from the
Urals to the Pacific.!

The climate throughout this vast region is one of excessively
cold winters and moderately warm summers, but shows a con-
siderable range in both temperature and noisture. Much of the
region is an extension of the great northern plains through which
the giant rivers make their way to the Arctic Ocesn, very much
as in the far north of America.

To the west are the Urals, and south the great mountain ranges
separatiog Siberia from Turkestan and Mongolia.

The Siberian flora is a poor one, composed of strictly northern
types, many of which are members of the arctic flora. The monot-
onous forests of larch and spruce are interspersed with tundras
and marsh lands, like those of the true arctic zone.

“ Drude, loc. cit., pp. 412416,
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The northernmost forest belt is made up of larch with an inter-
mixture of pines and birches, and some spruce. Open aress are
covered with tundra vegetation of guite arctic aspect, with char-
acteristic low evergreen shrubs—Ledum, Andromeda, Rhodo-
dendron. and various others- -mmong them the pretty twin-flower
(Linnaca). Upright herbaceous plants with showy fowers—lark-
spur. aconite, geranium, and others—arce abundant, as they are
elsewhere in the sub-uretic and alpine regions.

Central Siberia, including the regions about Lake Baikal, is a
country of lofty mountains, aod typical Siberian Hora mingles
with that of the steppes of Turkestan and Moogolin. Owing to
the greater moisture of much of this mountain region, as well as
its proximity to the regions to the south, there is 8 more varied
vegetation than clsewhere in Siberia.  Vegetation extends high
up in the mountains, plants having been collected at altitudes of
3000 to 3200 metres.

In western Siberia is a steppe region similar to that of southern
Russia and the regions ahout the Caspian and Aral seas, but it
is meither so dry nor so hot as in the latter regions.

The soil varies, being sometimes a black leam, sometimes sandy
clay, and in somne places alkaline.

This  birch-steppe’” is so called from the groves of birches and
alders which are scattered over it, somewhat like the “oak-open-
ings" of the castern prairics of the Usited States. These groves
become more abundant and luxurignt in the cooler and mojster
climate of the north, while slong the streams poplars and willows
grow, and the dry steppe is replaced by prairies and bogs, which
support » luxuriant growth of grasses and otber herbaceous plants,
including such showy flowers as Turk’s-cup lilies, yellow day-
filies (Herneroceallis), anemones, and others. A giant umbellifer,
Heradeum barbatum, is conspicuous, and much like the American
“cow-parsnip " (#. lanatum).

Kastward from the Altai region the climate is a very severe
onc, and the vegetation correspondingly scanty.

The Kamtcebatka peninsula forms a special provinee of the Sibe-
rian flora, and because of the effect of the ocean, has a much milder
climate and more abundant vegetation than the adjacent mainland.

Especially interesting is the evident, relationship of many species,
with those of Pacific North Ameriea.
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There are in parts of Kamtchatka luxuriant forests and rich
meadowlands and prairies, while elsewhere there are bog-lands,
conditions much resembling those of coastal Alaska. The char-
acteristic alders, birches and willows occur as well as larches and
spruces.  Among the latter ! the preat tide-land spruce (Picea
Silchensis) of western Amerien, and a hemlock (Tsuga sp?) are
also suggestive of the Alaska forest. Lilies, willow-herh and other
showy flowers are conumon, and the giant. Umbelliferae, Heracleurn
and Angelica. ure characteristic,

At clevations of about 1000 feet is a scruly forest of dwarf pines
(Pinus cembra) mixed with junipers and alders.  Here also grow
two fine rhododendrons, a genus especially developed in eastern
Asia.

ALASKA

The conditions in southwestern Alaska are not unlike those of
northwestern Turope. Westerly winds, the numerous islands
along the coast, and the deep fiords which indent it, combine to
produce a climate of remarkable mildness for so high 2 latitude,
This costal strip, morcover, is protected from the extremely severe
climate of the intevior by the lofty range of mountains parallel
with the coast, the northern extension of the great Pacific Cordil-
lera.

The mild climate and heavy rainfall, as well as the conncction
with the Pacific Coast to the south, result in a luxuriance of vege-
tation unequalled in any other part of the world in the same lati-
tude, and can hardly be classed within the ‘sub-arctic”’ vegetation
of other regions.

As far north as 60° and west to Kadiak Island the coastal region
of Alaska supports dense forests of large trees, snd a Juxuriant
growth of shrubs and herbaccous plants in great variety, a great
contrast to the Asiatic coast in corresponding lutitudes.

As the steamer makes its way through the channels between the
innumerable islands of the Alaskan archipelago, they are seen to
be clothed to the water's edge with a dense forest of tall evergreens,
which extend to an clevation of 1000 feet or more.

The prevailing species is the Sitka spruce, also gaid to oscur in
Kamtchatka, This is the largest of all spruces, although it does

1 Drude, loc. cit., p. 417.
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not attain its maximum size in Alaska. A hemlock (Tsuga hele-
rophylla) is also abundant, and somewhat less so a cedar (Chamae-
cyparis nootkatensis), both majestic forest trees.

Along the shore one sees masses of giant kelps (Macrocystis,
Nereocystis, and others). These enormous sea-weeds are a con-
spicuous feature of the rocky shores of Pacific America.

The deciduous trees, alders, willows, poplars and maples, are
wiainly restricted to the banks of streams, the maples suggesting
the proximity of & more southern flora.

— o '
Fis. 5. —Coustal forest, Snuthenst Alaska.

The mossy carpet of the forest floor is adorned with many of
the same plants that occur in Durcpe and Asia, e. g., Pyrols,
Linnaea, dwarf cornel and various species of Lycopodium; but
in addition there are roany purely American spocics.

Along the streams and the cdge of the forest, as well as in the
forest clearings is & jungle of shrubs forming irnpenetrable thickets.
Among these are raspberries, elder, mountain ash, roses, spiraea,
huckleberries and others decidedly suggestive of the temperate
forests further south.

A very characteristic member of this jungle is the “Devil’s
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ciub"" (Echinopanaz horrida), whose great leaves and scarlet ber-
ries are highly ornamental, but whose hideously spiny stems, arc
ihe terror of the woodsman, and awuply justify the popular name.
This plant, and a huge aroid (Ly<chilon), also occr in easlern
Asia, and emphasize the relations between the floras of Kamt-
chatka aod Alaska.

Thickets of a Lig horse-tail (Equisctum telmaleia) also an.old-
world species, are common in low pround, and Rphagoum hogs,

Fic. 6.—Interior of Alaskan coastal forest. At right, Sitka spruce; ot left,
“devil's club."”

with their characteristic flora, are a common feature of the .
region.

The change in the vegetation as one leaves the rainy coastal
belt and proceeds inland, is very marked. This is very clearly
seen along the railway over the White Horse Pass between Skag-
way and White Horse on the Yukon.

As the train ascends from Skagway, following the eanyon of
the Skagway River, there is at first the luxuriant growth of trees
and shrubs characteristic of this coastal region-—spruces, cedars,
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and some lodge-pole pine, mingled with alders, willows, mountain-
ash and birch, and various shrubs—spiraca, raspberries, roses
and others. A number of pretty flowers were nofed— especially
an unusual abundance of the dwarf cornel (Correus Canadensis).

The summit of the piss marks the timber-line, the spruces heing
a fow fect high, or forming prostrate mats. In early JJuly,
the ereeping shoots of the dwarf arctic witlow, were adorned with
large and conspicuous catkins,

Trom the sumrmt, the pass gadually descends to the Lake
region af the headwaters of the Yukon.

This ipland region, comprising parts of the Yukon Territory
anid Northern British Columbia, has a very different climate
from that of the coast—relatively dry. and intensely cold in winter,
50 that the growing season is a very short one.  Under sueh con-
ditions it is rather surprising, therefore, to find along the Upper
Yukon, a fably abundant growtl of good sized trees, nuinly
spruce, which furoishes lumber and foe-wood.  Along the river,
especially in the numerous islunds, are groves of tall halsam
poplars (Populus balsamifera), associated with thickets of alders
and willows, Such forests may be scen as far norih = Dawson
(lat. G4°). Paper birches of fair size also oceur in this region.
The wide-spread lodge-pole pine (Pinus Murrayana), sometimes
oceurs in extensive stands along the Upper Yukon.

Among the characteristic shrubs, perhaps the most beautiful
is a rose (Wosa Nuwthana), very common throughout the Yukon
country. Other common shrubs are species of Spirsea, Ribes,
Cornus and buffalo-berry (Skepherdia), Yn some places a service
berry (Amelanchicr sp.) was voled. In the dryer localities a low
juniper (J. nana) and sage~brush (Artemisia frigida) may be seen.

Many relerences have Lecn made by visitors to these northern
regions, to the profusion of showy fidwers which adorn the brief
swmer. Some of these, like species of anemone and saxifrage,
flower quickly after the snow mells; but the great majority belong
to mid-surnmer, when they often occur in great numbers.

A good many of these northern flowers, like the fireweed (Epilo-
bium angustifolium), and such woodland flowers, as Linnaea,
Pyrola, and the dwarf cornel, are common throughout much of
the northern United States and Canada, and the same is true of
such trees as the aspens, poplars, and some of the shrubs; but

ot
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many of the flowers belong entirely, or mainly to the arctic and
sub-arctic zone.

Among the Jess familiar flowers of the Yukon country may be
mentioned a very beautiful “hlue-valerian’ (Polemonium) which
is very ahundant in places, as ix « species of Mertensia (M. pa-
niculata), with bellsshaped flowers of the most exquisite blue. The
latter is espectadly common at Dawson.

At White Horse, ncar the headwaters of the Yukon, in addi-
tion to Polemonium and Mertensia, other common plants noted
were species of Aster, golden-rod, gentinn, avens (Geunm), rattle-
weed (Astragalus) veteh, and especially some very fine blue
Pentstemons.

The miost striking display seen by the writer was at Lake Atlin,
British Columbin,

The rocky slopes along the shore of the lake were covered with
a wonderful profusion of brilliant flowers. Blue Polemonium and
Pentstemons, pink roses, pale yellow Geum, orange Cotyledon,
white chickweed (Arenaria) covered the broken rocky ground
with sheets of vivid color.

In the moist woods, were a number of showy flowers, of which
the most notable were a very handsome scarlet columbine
(Aquilegia formosa) and a fine lupin (Lupirnus Nuthanus).

Bogs are corruon and for the mast part harbor the usual north-
ern bog plants. At Carcross, on boggy hillsides along the railway
between l.ake Bennett and White Horse, some interesting plunts
were nofed.

This was a moss-bog, but contained no Sphagnum. There
were some interesting orchids, notably a very pretty white
lady-slipper (Cypripedium sp.), and the round Jeaved orchis
(Orchis rotundifolio). The white mountain avens (Dryes sp.)
still showed a few flowers, hnd the pretty violet-like flowers, the
butter-wort (Pinguicula), were at their best. The white tufts
of the cotton grass, and the exquisite starry flowers of the grass
of Parnassus, which was very abundant, recalled similar bogs
further south.

In this neighborhood were noted some fine specimens of & Jarge-
flowered willow-herh (Epilobium) which was also very abwndant
in the river-bed at Skagway.

Some of the coastal plants like the Sitka spruce follow the
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canyons of the rivers into the mounfains, but the forests of the
Yukon country arc very different from thase of the constal belt,
The drier forest i~ made up mostly of whife spruce (Picea Cana-
densis), the northernmost Alaskan conifer, and associated with
this are paper bireh. halsam poplars and uspens. Two character-
istic Rocky Mountain conifers reach Alaska—the lodge-pole
pine {(Pruus Murrayona) and a balam fir (Abics lasiocarpa).

The swampy ground is often covered with dreary forests of
black spruce (P. Mariana). These spruce-hogs, known locally
as “muskegs" are a characterisiic feature of the Canadiap north-
west,  The sub-soil is permapently frozen, and the surface soil
in consequence is saturated. Truvelling between the northern
Canadian Rockies and the coast of Dritish Columbia, one becomes
sufficiently familiar with these dreary spruce bogs.

As there are no high mougtains east of the Rockies, the fiora
of the vast region between the northern Rocky Mountains and the
Atlantic coast, including the hasin of the Mackenzie River, the
regions about Hudson Bay, and Labrador, is very much the same
and quite similar fo that of inland Alaska.

The aretic fundras reach their southern limit in Labrador, whose
flora has a goosl deal in rommon with Cireenland, and af the south
merges into the forest flora of Quebee and Ontario.

In the west, the wooded area of the sub-arclic zone is confined
to the more northern regions and passes gradually into the prairies
of Saskatchewsn, Atberta and Manitoba. Eastward the increas-
ing precipitation permits forest growth throughout, and there is
a gradual transition southward into the mixed forests of Quebec,
Ontario, and the northern United States.

Tmmediately east of the northern Rockies lies the great plain
drained hy the Mackenzie and its trihutaries, a region of swamps,
tundras and inpumerable lakes, some like the Great Slave and
Athabaska, of great size, passing at the south into the prairies
of western Canada.

Much of the northern district is forested, with white and black
spruce, scrub pine (P. Banksiana), tamarack (Lariz Americana),
and balsame fir.  Paper birch, halsam poplar and aspen are the
common deciduous trees. Willows and alders border the streams,
and other shrubs, honeysuckle, roses, currants, wild cherries,
Viburnum, buffalo-berry (Shepberdia), snow-berries (Symphori-
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crpus) dwarf junipers, and others form an undergrowth in the
forest.

The shallow water near the lake shores is a maysh, in which
are bulrushes (Seirpis +2) bureeds (Sparganium)  cat-lails
(Typha), various sedges nnd grasses, and the pond-weeds, water
railfoil, and other common water-plants of northern regions. Yel-
low water-lilies (Nuphar) also oceur.

The region hetween Lake Winnipeg and Hudson Bay is largely
a region of swamps in which willows and tamaracks are the pre-
vailing trees. Tast of Hudson Bayv are the barren grounds of
Labrador, a region of tundras, barren moorlands and rocky hills.
At ahout 53% tree-growth practically stops, but the southern part
of Labrador has a forest of the same type as that of the Mackenzie
region.

Newfoundland ia its western portion has much in common with
Labrador, but owing to the effect of the surrounding occan, the
climate, especially in the east and south is much milder, and many
species are found which belong to the temperate flora, rather
than that of the sub-arctic zone.’

P For a full aceonnt of the sbrarctic American flora, sce Harshberger, J. W.,
Dic Vegetation der Erde, Vol XHI



CHAPTELR 111
THE NORTH TEMPERATE ZONE
EURASIA AND NORTH AFRICA

The line between the sub-aretic and north teroperate is a very
ill-defined one.  In western America, and western Furope, tem-
perate conditions prevail nuch further north than in Asia or
castern Americs; but in general one may place the southern limit
of the sub-arctic at ahout 535°.

Between thiz and 30°, where sub-tropical conditions begin, is a
vast expanse of land.  Nearly all of Europe, exeept parts of
Scandinavia and Russia, lic between these latitudes, which include
alsa the Mediterrancan littoral of Africa, the major part of Asia
south of Niberia, and practically the whole of the United States
and southern Canada.

A darge part of the sub-urctic flora, including all the trees,
extendx into the temperate zone, where the pines, firs, spruces, and
larches; the poplars, birches, and willows, mingle with the beeches,
maples, oaks, and other characieristic trees of the temperste
zone.  As all of these are represented by similar, if not identical
species in Eurasia and America, the forests of the higher latitudes
of the femperate zone have a general similarity of aspeet, although
very few species are common to the old and new worlds.

The same is true of many shrubs and herbaceous plants, e. g.,
roses, honeysuckles, dogwoods, raspberries, elders, viburnums,
etc.; violets, lilies, buftereups, anemones, clovers, and many other
familiar fowers; but there are many genera which are peculiar,
ar much less wide-sprecd.  Thus America has no Narcissus, snow-
drops, foxglove, broom or heath; while Europe has no mountain
laurel (Katmia), blood-root (Sanguinaria), Pentstemon or Tril-
lium, and other lists could be extended indefinitely.

These differences beeome more and more pronounced as we
proceéd southward, until the differences become much more
pronouncerd than the resemblances.

45
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WesTERN aND CeNTRAL EUROPE

TFrom the Baltic on the north to the great southern barrier of
the Pyrenees, Alps and Carpathians, the whole of western and
Central Europe constitutes 4 nutural botanical provinee through-
out which are found i large number of characteristic species.

Within this area there is o good deal of difference in topography
and climafe, but the mountains, such as the Vosges and Huarz are
only of moderate height, never risivg fo regions of perpetual snow,
and not forming barriers to the distribution of plants.

The west const, and the British Islands enjoy a comparatively
equable climate, with much Jess severe winters and hot summers
than the more easterly parts of the arca. The effect of the proxim-
ity of the ocean, and the prevailing westerly winds, together with
the trend of the Gulf Stream, is evident in the very equable eli-
mates of the west coasts of the British Islands, southern Iccland,
and Norway, which huve extraordinarily mild winters considering
their high latitude. The contrast. between the cool summers and
mild winters of the south of England and west Ireland, and the
hot summers and frigid winters of Poland is sufficiently striking.

Much of Europe was originally forested but with the develop-
ment of the dense populations now oceupying it, practically all
of the origina! forest has disappesred exeept in such remote regions
as northern Ru or In the higher mountains.

The forests of central Burope are much poorer in species than
those of termperate North America. Probably the meost wide-spread
tree is the Scoich pine (Praws sylvestris), which extends from the
sub-arctic zone to the Alps and Pyreneces, and is pretty generally
distributed through the whole of central and western Europe and
the British Islands. The Norway spruce (Picea excelsa) and silver
fir (Abies pectinala), are also very widely spread. Less abundant
is the vew (Tarus boccate), and the common juniper, which can
hardly rank as a tree, is perhaps the most wide-spread of all co-
nifers. .

Much of the forest is composed exclusively of deciduous species.
Tirst in importance are two oaks, Quercus pedunculola and Q.
sessiliflora, sometimes regarded as simply varieties of a single
species, 7. robur. Oak forests are characteristic of a large part of
westerp and central Burope and the British Islands.
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Next in importance is the beech (Fegus sylvalica), common
throughout northern Furope and often forming pure forests of
great extent, The elm (Ulnus campesti's), and ash (Frazinus
excelsior) are Jarge and important trees, hut less common than the
beech and oak. Lindens and maples also occur in this area. The
Norway maple (dcer platanoides) and the sycataore maple (4.
pseudo-plalanus), are trees of good size.

In the southern part of central Europe the chestnut (Castanea
wesca) Is an important forest tree, but is still more abundant south
of the Alps and Pyrences, and in the mountuins of the Mediter-
ranean lttoral.

Among the smaller and less important trees are erab-apples,
wild plums and cherries, mountain ush, hornbeam, hawthorn,
and others, as well as the willows, poplars, birches and alders of
the sub-urctic zone.

In rewlons of poor soil there are often stretehes of open country
of great extent, forming henths or mourlands covered with low
growing shrubs mostly belonging to the heath family; huckle-
berries, heather and others are sometimes mixed with the prickly
gorse {Ulex) and bracken fern. The Pritish moors when the
commeon hvather (Callina vulgaris), or the golden gorse cover them
with shects of purple and gold. is a sight not soon to be forgotten.

The regions immediately adjucent to the Alps and Carpathians
ioclude some of the most beautiful scenery in Europe. South
Germany, Switzerland aod Austria are sufficicatly familiar to
European tourists.

Altbough the original forest has mostly disappeared, re-afforesta-
tion has been develpped extensively, as in the Black Forest and
many other regions; but the greater part of the country is closely
cultivated, or occupied by meadows and pasture-land. The
traveller passing through this region in the early summer is at once
struck by the beauty of the flower-decked grass-lands. A little
later, the grain fields are gay with scarlet poppies and blue corn-
flowers. Some of the meadow flowers like the tall buttercups and
daisies, have become naturalized in the United States; but most
of the European field fiowers have failed to establish themselves
in America, although some of them are seen in our gardens.

Among the common meadow flowers are various yellow hawk-
weeds (Hieractum spp.), as well as other Compositae, e. g.,
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Centauren, thistles, blue Salvias, and Campanulas, pink catchfly
(Sileve, Lychnis); cowslips, geraniums, pinks (Diavtbus), orchids,
and numcerous Umbelliferae.

Many of the carly spring flowers of the European woods and
meadows, are also quite different {rom those of the eastern United
States. It is true thut in Doth regions violets, spring cress,
hepatica, anemoncs, buttercups and marsh marigolds abound;
but the primroses aad cowslips; the snoswdrops, crocuses and
15, the Christr roses and wild hyacinths and fritillaries,
are absent from our castern woods and meadows,  So also are the
foxgloves, scablous, poppics, and cormflowers of the carly summer,
except as these are oceasionally escapes from the garden,

Travelling eastward down the Danube, one cnters the preat
Hungarian Pluin, reminding one strongly of our own prairvie region.
This reserublance is inercased by the great fields of maize, which
might. be in Kansax or Nebyaska.  The climute of this region is a
decidedly continental one, much like the central United States,
and the most abundant shade-tree of the region is an American
one, the common locust, which seems very much at home in
central Europe.

To the east of the Carpathians, lie the similar plaios of Rumania
and southern Russia.

The forests of the Carpathian region and the Balkans, are much
richer m tree-species than the rest of eentrul Europe, and a much
greater amount of the original forest still persists.  Most of the
northern European trees reach this region, but in addition there
are a good many other species both of conifers and deciduous trees
and shrubs,

Several species of oaks, e. g., the Turkey oak (Quercus cerris),
and Q. Austriaca, belong to this region. and are often predominant.
Beeches are abundant ip some localitics, but seldom occur in pure
stands. With these are mingled hornbeams (Carpinus, Ostrya),
elms, maples of several species, lindens, especially the silver
linden (Tilia argentee), und chestnut. These make up a forest
very much like the typical eastern American hardwood forest.
Crab-apples, wild plums, cherries and pears also oceur, and a
number of handsome shrubs, some of which are in cultivation,
are native to this region. Showy vellow brooms (Cytzsus, spp.),
roses, hawthorns, hazel, elder, barberry, buckthorn (Rhamnus),
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and in some localities, lilacs are characteristic. The smoke-bush
(Rhus cotinus) and flowering ash (Frazinus ornus) also belong to
this region.

A troly alpine vegetation is richly developed in the high moun-
tains which scparate central Europe from the Mediterrancan
countries. The Alps, Pyrenees, and Carpathians reach high above
the snow-line, and io these regions a numerous and beautiful high
alpine flora is found.  Many species are identical with arctic ones,
but many others are peculine to these high altitudes and each
aipine diztrict has many species pecalior to it.

N Vienna is 2 mountain, Schneeberg, only about 2000
met. iu height, but ot the sunmiit, having a number of true
alpine species. A visit to this mountain about the middle of June
showed the snow was nat vet all gone, and one found such typieal
alpine species as Anemone ol ping, Kanwnculus alpestris, Soldinella,
Gentiong verna, G acoulis, Primula auricula, and others.

Lower down the mountain were columbines, kingeups (Trollius),
Clemuatis, {orget-me-nots, Pediculuris sp. and other sub-alpine
species.  Of course in the higher Alps the number of strictly alpine
forms (= much greater.

In Switzerland the high alpine region above 2600 m. has accord-
ing to Drude* 388 species, of which 150 are arctic species, the others
strictly alpine.

The alplue region sometimes shows open grassy expanses, or
meadows, beset with low growing plants, mostly dicotyledons,
such as anemoncs, primiroses, buttercups, gentians, cte., with
relatively large and vividly colored flowers.

Monocotyledons are less abundant as alpines. Among the
commonest of these (apart from grasses and sedges). are the false
hellebore (Veratrum), a few species of onions (Allium), and a
amall number of inconspieuous orchids.

Of the dicotyledons, the Compositae, as usual, are the most
abundant, for the most part familiar types like the dandelions,
hawkweeds, flea-bane (Erigeron), asters, Arnica, golden-rods,
mostly yellow in color, except Aster and Erigeron. To the Com-
positae belongs also the Edelweiss (Leontopodiwm alpinum)
and thke low growing thistle-like Carlinia, a very common plant
of the lower elevations.

v Loc. cit, p. 378.
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The many rock-plants found at the higher altitudes consti-
tute a very characteristic type of the alpine vegetation. These
include various lichens and mosses, and a few small feros, as
well as numerous flowering plants, many of them related to
those also found in the open meadows, such as gentians, Silene,
Campanula, ete. Other genera like the saxifrages and stone-
crops, and the little alpine poppies, are usually rock-plants.
These are densely tufted, or form rosettes of leaves close to the
ground, from which the flower-stalks arise.

The snow-line in the Alps is about 10,000 feet elevation (3250 m.)
but a copsiderable number of speecies wmay oceur above this.
Schroeter * lists 110 species in this category.

Between the strietly alpine regions, and the lowlands, is an
intermediate repion, varving much in elevation, and other con-
ditions, and supporting a very rich and varied sub-aipine flora,
The bheauly of the sub-alpine meadows of Switzerland and
Tyro] ix proverbial.

About the end of Jupe the meadows are solid beds of beauti-
ful fowers in wmazing variety, which almost entirely conceul
the grass amid which they are growing. A little later, the grass
grows above the mass of gay bloom, and flowers and grass are
cut down together for hay,

Among the beautiful meadow flowers noted by the writer at
Cortina, in the Dolomite region of Tyrol, toward the end of June,
were great masses of pale yellow pansies, forget-me -nots, scahious,
orchids of several species, wany Umbelliferae, various clovers,
vetches, lotus, and other Papilionaceae, many campanulas, daisies,
buttercups, hawkweed, gentians, and in the Jower, wet places, grass
of Parnassus (Parnassia), colton-grass (Eriophorum) and an
orchis. :

In the adjacent woods, were manv wood-anemones (A. nem-
orosa), and hepatica, but the latter out of flower; kingeups
(Trollius), marsh-marigold, spotted orchis, lily of the valley,
Solomon’s seal. The only European lady’s slipper (Cypripedium
calceolus) also grows near Cortina as well as two lilies (Lelium
martagon and L. bulbiferum), but the latter was not yet in bloom.
The pretty white St. Bruno’s lily (Liliastrum), however, was
in full flower, and very attractive.

 3chrocter, C.. Das Pflanzenleben der Alpen, pp. 612~613, Zurich, 1008,
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At higher elevations gentians were abundant, especially the
exquisite Genfiana vernae, and the gentianells (G. acoulis), the
alpine rhododendrons, “alpine rose'* were comruon, as well as
an attractive (ragrant pink Daphne (D. creorum).

Tue BurrTisy Isuanps

The climate of the British Islands is much more equable than
that of continental Lurope in the same latitudes, Owing to
the close proximity of the Gulf Stream to the west coasts of
Great Britain and lreland, these regions, in spite of their high
latitude, have very mild winters, frost being rare in the south-
west of Ireland and much of western Scotland. Many plants
thrive in these repions, as well as in the south of England, which
cannot endure the severe winfers of continental Europe. In
the southwest of lreland are a nuwmber of native plants common
to Spain and the Mlediterranean regions, the best known being
the strawberry tree (Arbulus Unedo), a vear relative of the Cali-
fornian madrofio (A. Menziesii).

The western regions of Great Britain and Ireland, have a
very heavy rainfall, which combined with the absence of severe
cold, makes these regions particularly adapted to the growth
of many exotic broad-leaved evergreens, such as the laurels,
rhodendendrons, and many New Zealand and Chilean ever-
pgreens,  Comniferous trees of many species do remarkedly well,
and one may see fine specimens of Araucarias from Chile, red-
woods and Douglas firs from the Pacific Coast, cedars of Lebanon,
and many others.

The indigenous trees, however, are few in number, and com-
prise none not found also on the continent.

The meadows and woodlands are very attractive in the spring
with the primroses and bluebells in the woods, and the cow-
slips and daisies io the meadows, the hedges white with baw-
thorn bloom. But all of these are common to most of temperate
Europe, and Britain has very few species peculiar to it.

Much of Ireland and Scotland is occupied by bare moorlands
and bdgs, in which the cool damp climate induces extensive
peat-formation, rendering much of the country unsuitable for
agriculture.
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The highest mountains of Britain scarcely exceed 4,000 feet
and there is no true alpine vegetation; but on account of the
high latitude there are u few arcetic and sub-arctic species whick
are found in the higher mountains of Seotlind.

As a whole, the British flor can hurdly he considered a rick
one.

Tue MEDITERRANEAN [PLORA

The Mediterranean region of Europe is very effectively pro-
tected on the north by the high mountain ranges, and has a
very different climate frons central Europe. Very mild winters
are the rule, and most of the rainfall s during the cooler hall
of the vear, the summers beiog in many parts nearly or quite
rainless.

In the most protected districts, like the south of Spain, southern
Italy and Sicily, the climate is especially adapted to the growth
of orvanges and lemons, and throughout most of the Mediter-
ranean littoral, the olive, fig, and vine flourish.

As might be expected, exotics from many lands of similar
climate are at home about the Mediterranean. Palms from
Egypt, California aud China: Cacti and century plants from
Arizona and Mexico; Eucalyptus and Acacias from Australia;
pepper-trees and Bougainvillea from South America: Gerani-
ums, Callas, Gladioli, Aloes, Mesembryanthemums, other showy
flowers from South Africa, mingle with the native oaks and
pines, and the roses, carnations and other familiar flowers in
the gardens.

Drude ! includes in the Mediterranean province, the islands
off the west coast of Africa, i. e., Azores, Madeira aod the Cana-
ries, and all of Asia Minor as far a5 Persia and Mesopotamia.

The regions most familiar to travellers are those immediately
bordering on the Mediterranean. The European shores are
mostly mountainous, and the bold coastal scenery of the French
and Italian Riviera, southern Italy, Sicily, Dalmatia and Greece
includes many world famous views.

At the Jower elevations the vegetation is largely evergreen.
Among the cormmonest trees are the evergreen or Ilex oak (Quercus
Ilez), the stone-pine (Pinus Pinea) and the similar P. pinaster;

t Loc cit., p. 388.
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olives and cypresses. Deciduons trees, e ., elms and poplars,
are by no means absent, and at moderate elevations in the moun-
tains there are sometimes extensive chestnut forests, whose nuts
are a very important article of food. In the highest mountains
most of the central Furopean trees are found.

Iu northern Italy, including the henutiful lake region, quite a
different climate prevails from that of the sea-coast. There is a
mueh greater range of temperature than in the maritime districts,
and & much heavier precipitation, especially in the lake region.
There is an abundant suminer rainfzll, and the climate is very
much like that of the warmer Atlantic United Stafes, wo (hat it is
not surprising to find sueh characteristic Ameyican trees as the
tulip-tree, black walnut and various oaks growing with unusual
luxuriance in the parks of Milan and the gardens of the villas about
Como.

A very characteristic formation on the Riviera and elsewhere
about the Mediterranean is the '*Macchia™ clothing the hill-
sides with 2 dense thicket of evergreen, often thorny shrubs, like
the “chaparral”™ of the Californign mountains. The maechin is
made up of a great variety of shrubs, many very ornamental.
Among these are the Arbutus, laurels, heaths, rock-roses (Cistus
spp.), brooms, and others often seen io cultivation, as well as some
pot so familiar.

The only native European palm, Chamarcrops huinilis, not unlike
the serub palmettos of Floride, oceurs in the warmest parts of the
Mediterranean littoral. 1t is especially conunon in southern Spain
and Sicily.

Many showy bulbous and tuberous plants abound in the Med-
iterranean region, and are more or less familiar in cultivation.
Among these are magaificent blue and scarlet anemones, various
species of nareissus and tulips, crocuses and snowdrops, gladioli
and iris, as well as some attractive ground orchids.

The Mediterranean region is preémivently the land of the vine
and olive, both of which are native, and cultivated from tine im-
memorial. Wheat is universally cnltivated, and in many regions,
maize is nos a very important crop. Rice is also grown both in
Spainand Italy. Fruits and vegetables of many kinds are an im-
portant element in the diet of all Mediterranean peoples.

Especially in the south of France, the cultivation of flowers on
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a commercial basis is a very important industry. lmmense quan-
tities of cut flowers are shipped from the Riviera to Paris and
London, and certain fragrant flowers like violets, lavender, jas-
mine, ete., are grown in great nwnbers for the manufacture of
perfume.

TuE IBERIAN PENONsULA !

The Iherian Peninsula, Spain and Portugal, forms a very dis-
tinct botanical provinee in which the Mediterrancan flora is pre-
dominant over wmuch of the arca, but which has also a stroog
element related to western and central Europe. Owing to its
isolation it has an unusually high percentage of endemic species.

Except for the lofty Pyrenees separating it from Franoce, the
whole of the peninsula is hounded by the Atlantic Ocean and the
Mediterranezn, which exercise a great influence on the climate
of the coastal regions.

The greater part of the peninsula is occupied by a plateay,
between 2,000 and 3,000 feet elevation. This plateau, heing largely
cut off from the coast by mountains, has a very different climate.
It is divided into & northern and southern portion, which differ
considerably in theiv clinate and flora.

The plateau is highest on its eastern side sloping somewhat
gradually to the west, before descending to the lowlands of Portu-
zal, which arc drained by the Douro and Tagus, flowing between
ranges of consideralle elevation.

The southern edge of the plateau is bounded by the Sierra
Morena, between which and the lofty coastal Sierra Nevada, is
the broad Andalusian plain, watered by the Guadalquivir, a region
of great fertility.

The northern and northwestern coasts are extremely rugged,
the mountains often coming down to the sea, and this region,
together with the Pyrenees, is the rainiest part of the peninsula.

Contrasted with this is fthe eastern or Mediterranean coast,
which has for the most part a scanty rainfall, and in places is so
arid as to warrant the appellation of steppes, which is also true
of much of the eastern plateau. Arid conditions prevail over much

! For a detailed -account of the flora of Spain and Portugal, sec W\dlkomm.

M., Pjlanzenverbreituny auf de iberischen Halbinsel, Die VEGETATION DER ERoE,
Vol. T. 1896.



“ayouuy TR A U0 TudlOfE]Y JO PUBRL "quIB) pUs SANO—] 41V




56 OUTLINE OF PLANT GEOGRAPHY

of the Ebro valley, a broad plain hetween the base of the Pyrenees
and the range bounding {he plateau to the west,

Salt marshes, sandy heaches and extensive dunes occur in cer-
tain parts of the coast, e. g, Portugal and southern Spain; but
along the Mediterranean the coast is much like that of southern
France and Ttaly.

The varied topography of the peninsula is reflected o its climate.
The whole coast. enjoys a rild clinate, this heing most evident in
the extreme south, the southernmost. paint of continental Europe,
with the warmest winter climufe.  The contrast Detween the cli-
mate of this part of “pain, and that of the bleak elevated plateau
may be shown by corapariog Madrid and Gibraltar. The aver:
winter temperature for the former is 5.2°C., the summer, 20.9°C
for Gibraltar, 12.3% and 22.G° about the sume as Los Angeles.

The rainfall varies frony 1,647 nun. at Santiago in the mountains
of the northwest coast, 10 276 mm. al Salamanca, in the northern

plateau.

This great difference in {emperature and precipitation, as well
as the marked differences in eJevafion and soil, result. in a flora of
great richness, with a higher degree of endemisin than is found
anywhere else in Furope.

This is clearly shown in the lorest. flora, for atthough oaly abouf
&% of the peninzuly is forested, there are more species of trees
than in aoy other Furopean country.

As one enfers Spain from the north, one passes through the
gorges of the Pyrenecs, well-wooded, and evidently having
abundant. rainfall.  The general aspect of the forest is that of
central ISurope, the same deciduous trees, oak, ash, and chestout
predomipatiog, while silver fir. Seotch and Austrian pines are
the prevailing conifers. The deciduous forest and the Scotch
pine are characteristic of the lower clevations, while the firs and
Prnus laricin, are found in the higher regions.

There is an abundant alpine flora in the Pyrenees, maay of the
species being the same as those of the Alps; but there are also a
good many endemuic species as well.

While much of the vegetation of the lower slopes of the Pyrenees
is evidently related to that of central Europe, there is an‘inter-
mingling of forms belonging to the Mediterranean flora, such as
Arbutus. the laurestinus (Véburnum tinus), and laurels.
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Travelling southward, one soon enters the great table land
which makes up the greater part of Spain.  The northern part. of
the plateau has sufficient rainfall far the growth ol giain, especially
wheat and barley, and this is the great grapary of Spain, remninding,
one of the great wheat fields of Kapsas or the Dakatas,  Like our
praicie states, the plains are quite destitute of treex, and only in
the beds of streams, does ane see elms, poplars, alders and willows.

Madrid and Toledo lie in an arid region, which might be called
a desert. The barren often saline s0i) xupports only the scantiest
vegetation, such as salt-bush (Atriplex and Salsola), species of
plantain, Gypsophila, Lepidium, Sopchus, Lavatera, and several
Leguminosac.  The great stretches of gray barren plain are most.
depressing. and the climate extremely trying.

The southern platean has a much better climate, and here for
the Grst time one meets the olive, growing in veritable forests, as
well as vines, figs. peaches, pomegranates and apricots, and in
speciully sheltered regions, oranges.

A feature of the landscape of the southern plateau is the exten-
sive woods of evergreen cork oak (Qurercus suber) whose hark is
an irmportant. article of commerce.

It is in the coastal regions, expecially at the soutli that vne finds
the most favorable condition for the growth of sub-tropical vegeta-
tion.  About Reville or Gibrallar one sees the same ornamental
plants that one sees ip Sania Barbara or San Diego; and ag in
southern California, irrigation is necessary.

Besides the usual products of the Mediterranean, rice and cotton
are also grown to some extent, and the date palm is more exten-
sively grown than anywhere else in Europe.

Kucalyplus and pepper trees are common, and in Gibraltar one
is struck by a curious shade tree the “Bella Sombra,” a native of
Argentina, closely related to the common ““poke-weed” of the
eastern United States.

Two conspicious American plants have escaped from cultiva-
tion and became thoroughly naturalized, the prickly-pear cactus,
and the century plant (4gave), both probably introduced from
Mexico. The prickly-pear is a serious pest in some places.

The extreme south of Spain, as might be expected from its close
proximity to Moroceo, has much in common with northern Africa,
both in its climate and vegetation, the floras of the two sides of
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the straits of Gibraltar being very much alike. The climate is
especially favorable for all kinds of Citrus fruits, and even bananss
will ripen in some localities; and sugar cane and cotton, are among
the products of this region. Raisins and figs are produced in large
quantities, and in the hot dry regions of the southern Mediter-
ranean coast, date palms thrive and ripen their fruit as well as in
Morocceo or Algeria.

Forests

The forests of Spain are largely restricted to the mountainous
districts. In the higher parts of the Pyrenees there are {orests of

Fro. 7.—1llex oak, Island of Mejorea. Photo., Dr. H. K noche.

silver fir and Norway spruce, but except for an endemic fir (Abdes
Pinsapo) restricted to a limited area in the higher mountains of
southern Spain, the conifers are all species of pines, of which per~
haps tbe stone pine (P. pinea) is the most notable. This species
and the somewhat similar P. pinaster, are common over most of
the Mediterranean littoral. In the south occurs also the Aleppo
pine, P. Halepensis. N

The deciduous forests are especially characteristic of the north-
ern mouutain regions. The predominant trees are chestnuts,
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beeches, and oaks of several species. Further south these are re-
placed by evergreen oaks, including the Ilex oak, and cork oak,
and next in importance is the olive, which forms extensive woods
in a wild state, and is widely planted for it= fruit.

The forests, especially in the drier regions, are open, with much
undergrowth, and the trees of small size; and all gradations bet ween
these open woods, and trees growing alone, or in small groups,
may be met with.

Much of the drier country in Spain is covered with a more or
less dense growth of shrubs and undershrubs.  In the cooler dis-
tricts of the northwest are extensive heaths composed entirely
of species of Erica, but more commonly these shruly formations are
composed of a varicty of forms, such as woody labiates like laven-
der and rosemary; rock roses (Cistus); many species of broom and
other woody Papilionareac. The woody Labiatac are remarkably
abundant and make an important clement in the Spanish flora, and
the genus Cistus is also represented by many species, which often
forms pure stands of great extent.

Armong the most showy of the Spanish shrubs are the manv
specics of broom (Cytisus, Geoista, Spartium), covered with
masses of vivid golden bloom. The “Spanish broom,” Spartium
juncewm, often seen in cultivation, is one of the most abundant
species.

Another showy shrub, abundant along strcam banks in southern
Spain, is the common olcander.

The following ! are the largest familics given in order: 1. Com-
positae; 2. Papilionaceae; 3. Gramineac; 4. Cruciferse; 5. Labia-
toe:

Ths islands of the Mediterranean, viz.: the Balearic Islands,
Sardinia, Corsica and Sicily, Cyprus and Crete, while showing
a small percentage of endemic species, have a flora made up for
the most part of wide-spread species common to the adjacent
mainland.?

! Willkoram, foc. cit.. 1. G4.
1 Knoche, H., Flora Bab nrice, Etuds Phytogeographigue sur les [les Baleares, 1923,
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NoORTHERN AFRICA !

The western Mediferrancan regions of Africa, both in topog-
raphy and climate, much resemble the opposite  European
coast, this being especially the case in Spain, which is separated
from Morocco only by the narrow Straits of Gibraltar. As might
be expected, a great many species in Marocco and Algeria, are

v E ol

FrG. 8.—Chaparral formation, * Macch Island of Minorca. Cistus monspelien-
sis, dominant; Myrtus is, Pistacia Lentiscus, Olea sylvestris, Phyleria
angustifolia. Photo., Dr. H. Knoche.

either identical with European ones, or closely related to them.
These, however, are associated with many specics of undoubted
African origin. )

Parallel with the coast is ap cxtensive system of mountain
ranges, beginning in western Moroceo, and extending to Tunis.
These mountains arc highest in Moroceo, culminating in the Great
Atlas, probably exceeding 12,000 feet elevation.

In Algeria there are two main ranges, the maritime Atlas, and
the Sabaran Atlas whose highest peaks arc less than 8000 feet,

! Engler, A., Dic Pflunzenwell Africas, Die VeGeTaTiON DER Enpe, Vol

IX, 1910
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and between them is a harrea plateau with an elevation of about
3,000 feet.

Back of the coast extends for fifty miles or more a broken region,
the “Tell,” targely covered in its original state, by a dense growth
of evergrecn shrubs, the “macchic’ of the Italian Riviera, and
composed largely of the same gpecics.

Further inland there is a decided salling off i the rainfall, and

F1g. 9.—Dwarf palm ((huﬂuurrapx humilisy Caln Retjada, Majorea.
Fhota,, Dr. H. Kroche.

the base of the Great Atlas of Morocco is occupied by a barren
steppe. In Algeria this drier zone is characterized by the presence
of the Aleppo pine (Pinus Halepensis), two junipers and a peculiar
conifer, Callitris quadrivalvis, the only representative of a genus,
otherwise restricted to the southern hemisphere.

Where the rainfall exceeds 60 cms., woods of cork oak and olives
oceur on the lower slopes of the mountains, and in the drier dis-
tricts ®xtonsive growths of the scrub palms occur as they do in
southern Spain and Portugal. The Carob (Ceratonia siligua) is
also & common tree.
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In moist ground, both in the lowlands and hills, elms, poplars,
ash, oleander and laurel are found, and in the mountains, from
3,000 to 4,000 feet, there is developed a forest containing a variety
of trecs hoth cvergreens and deciduous.

First in intercst is the Atlas cedar (Cedrus Atlantica) often
considered to he merely g variety of the cedar of Lebanon. As-
sociated with this are several oaks (Quercus ballota, Q. lustianica)
specics conumon to Spain, and also the fir dbies Pinsapo, also a

Frg. 10.—Aleppo pine, Cup Formentor, Majorea.  Photo., Dr. H. Knoche,

tree found clsewhere only in Spain. The yew also occurs in these
mountains, and many other types common to central Europe,
e. g., holly, almond, chestnut, bird-cherry, crab-apple, honeysuckle,
maple, goose-berry. Nowhere in Africa are the boreal types so
abundant as in the mountains of Morocco and Algeria.

The alpine floras are poorly developed, but in the highest parts
of the Atlas, there is a considerable number of alpine or sub-
alpine species which are identical with those in the Pyrendes and
Sierra Nevada of Spain, or even the western Alps. In the highest
altidudes of the Greab Atlas are also several endemic species.
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The barren plateau region is very poor in specics, the most
characteristic being coarse tussock grasses, of which one, the
“Halfa grass” (Stipe lenacissima) is of lnportunce in paper
making. The steppes may be rocky, sandy or saline, with cor-
responding differences in the vegetation, which is evervwhere
mesgre. Trees are absent, and oceasional shrubs, tamarisk,
pistache or tall stalks of fennel, are all that break the monotony
of the barren wastes.

F1G. [1.—Mt. Atlas cedar, Algeriz.  Photo., Dr. W. A. Cannan.

In the drier regions to the south the vegetation becomes more
decidedly African in character, cactus-like Euphorbias, Mesem-
bryanthemums, Acacias, and others heing features of the flora.

The south side of the Saharan Atlas exposed to the hot dry
winds of the Sarhara has very scanty vegetation, and the great
Sahara itself is notoriously barren.

From Tripoli eastward, there are no mountains of importance
and the shores of the Meditérranean are largely made up of sandy
beaches and dunes. The rainfall diminishes rapidly eastward,
and the desert reaches to the sea coast. In thc oases, there isa
limited number of plants, aside from the date-palms, Among
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these may be mentioned tamarisk, colooynth (Citrullus colocyn-
thus), docks, capers, Reseds, wesquit (P]O\()!)l\), Cassia, Astrag-
alus, Convolvulus and various grasses.

The rich lands of the Nile delta are intensively cultivated, and
yield abundant crops of clover. beans, rice, cotton, sugar and flax,
as well as the usual feuits of the Mediterrancan. Tamarisk,
willows, acacias and the sveamore fig are conunon, and water-

Fio. 12.—Edge of desert, Algeria. V| 1l|4m with date-palms in background.
Phota., Dr. W. A, Cannen,

plants of many kinds, including the lotus (N ymphaea lotos) abound.

The climate of Morocco and Algeris is very similar to that of
southern California. With the autumn rains, the dominant
vegetation starts into life, and the lower mountain slopes and val-
leys are quickly covered with fresh grass and many showy flowers.
There is a great development of bulbous or tuberous plants.
Gladioli, Iris, Narcissus, star-of-Bethlehem, ete., which come up
quickly, some like the colchicums and species of Narcissus, Jower-
ing in the autumn, others continuing through the winter and early

* For details of the desert floras, see Engler, loc. cit.. Vol. I, pp. 15-45."
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spring, when the numerous annuals flower i great profusion,
making brilliant masses of color, like the poppics and lupins of the
California spring. Some of these, like the scarlet flax, and the
Moroeco toad-flax (Linum Maroccanum), Convalvulus mowretani-
cus and others are somctines seen in our gardens.

The coastal regions of Algeria are very fertile, and large areas
are devoted to the raising of wheat, harley and oats, as well as the

Tia. 13.—Stony desert, northern Suhara, Algeria. Pholo., Dr. W. A. Canron,

usual vegetables, and fruits of the south of Europe.  In the hotter
districts, dates are extensively grown, and the vine and olive are
important crops. As in southern Spain, the cork oak is of great
importance.

Tur AtrLanTiCc ISLANDS

The isolated island groups lving off the northwest African coast,
Azores, "Madeira and the Canparies, are characterized by a high
degree of endemism, and the flora shows a mingling of Mediter-
ranean and African types.
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There is a marked development of the evergreen macchie,
with beaths in great variety, brooms and rock-roscs, as in Spain
and Portugal. Much of the forest formation, however, is very
different, heing composed mainly of species of true laurels (Laurus,
Persea, and Oreodaphne), a family very poorly represented in
Lurope.

In the drier regions, especially in the Canaries, ! is a marked
developruent of succulent plants, like stone-crops, Alocs, Eu-
phorbias, and others, as well as many showy plants adapted to
xerophytic conditions.

Two characteristie trees, the Canary Island date-palm, and
pine (Pinus Canariensis) are extensively planted in warm tem-
perate regions' like the Riviern and California.  Less frequently
is seen in cultivation, the extraordinary dragon-tree (Dracaena
draco). from Madeira and the Canaries.

Trne EastErny MEDITERRANEAN

To the east of the Mediterrancan lie the lands of Palestine, Asia
Minor and Mesopotamia, which Drude includes in the Mediter-
Tanean arca,

This region Iving hetween 30° and 40° N, lat. may be compared
with southern California, Arizona and northern Nexico, lving in
approximitely the same latitudes and having very similar climatic
conditions, The coastal region has the characteristic temperatc
Mediterravean climate, but inland are regions where the range
of temperature is very great, intensely hot summers, and relatively
severe winters.  The region at the head of the Persian Gulf is one
of the hottest known, and might be compared with Death Valley
in southern California.

This region comprises clevated plateaus surrounded by lofty
mountains, and the lowlands of Mesopotamia. The rainfall is for
the most part scanty, and much of the region is occupied by
steppes, or actual deserts, with very scanty vegetation of salt-
bushes, sage-brush, various Polygonaceae and in regions ‘where
there is & marked winter rainfall, in the early spring is a growth of
short-lived annuals, mostly inconspicuous species. .

¥ For a complete deseription of the flora of the Canaries, See Knoche, H., Va-
gandi M Reiseski cines B ikers: 1. Dic Kanarischen Inscin, Strgsbourg,
1923,
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The region about the Persian Gulf is supposed to be the original
home of the date-palm, now so extensively cultivated in Arabia
and nporthern Africa, and recently introduced into the hottest
parts of southern California and Arizona.

Asia Minor is extraordinarily interesting historically, as the
alleged eradle of the human race, and has been inhabited from
earliest historic times. It is almost certain that the ancestors of
the most important European cultivated plants were derived from

Fia. Sandy desert, northern Sahura.  Phato., Dr. W, A Cannon.

species indigenous to this region. Wheat, barley, the vine, fig
and poruegranatc are still represented by wild species which were
the probable progenitors of all the varietics now in cultivation,

The dry steppes are surrounded by mountains, some of great
elevation, like the Caucasus and Lebsanon, and the highest eleva-
tions are covered with perpetual snow. These mountains in many
regions, have a well-developed forest belt, and & truc alpine flora.

In the mountain forests of the Balkan regions, and the Caucasus
are o number of trees, absent from central Europe and the northern
Mediterranean. Among these are several conifers, firs and spruces,
but in addition genera quite absent from Europe. The walnut
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(Juglans regia), Plerocarva, sweet gum (Liquidambar), honey-
locust (Gleditsehia), and plane-tree (Platanis orientalis) are all
wore nearly related to North American and Chinese trees, than
to those of Europe. 1n the saine category are showy rhododendrons
and azaleas.  All of these inay be considered as relies of the ancient
Tertiary flora, which became extinet in Burope.

In the lebanon range of Palestine oceur the famous cedars of
Lebanon, closcly related to the Atlas cedar, alrcady referred to.

The higher mountains barbor an extensive alpine flora, many
species heing the same as those of the Alps, but with a large element
of peculiar species.

The interior of Asia is a barren region with an intensely con-
tinental climate and meagre rainfall, so that much of it is quite
unfitted for human habitation, and indecd is still uncxplored.
From the Caspian Sea to China, and from the Himmalayas to the
Altai, the country is largely barren mountains and desert uplands.
For the most part it is treeless, and vast stretches are absolutely
bare of any vegetation. Where conditions allow a meagre growth
of stunted shrubs, they are mostly salt-bush, wormwood, and
similar desert species.

Io the less arid regions, especially in the western portion, there
is 8 briefl display of herbaceous plants in the spring.  Among these
are some fine bulbous plants, tulips, fritillaries, iris, and others
which soon ripen their seeds, die down and remain dormant for
most of the year.

Southward, however, following the great Himalayan range,
there is developed an extremcly rich temperate fiora, which links
that of the Mediterranean with teroperate China and Japan.

Tre Hrsauaran REcions

The great Himalayan region constitutes one of the most impor-
tant botanical arcas of the world. This loftiest of all mountain
ranges is a link between the Mediterranean lands and eastern
Asia, and the flora is & remarkable mingling of types helonging
to both regious. )

The lower elevations of the Himalaya, rising from the great
Indian plain, have a truly tropical Aora made up mostly of strictly
Indian types; but above the tropical belt there are successive



Prate 1L.—Forest st base of Himulaya, Darjiling railway.
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zones passing through all degrees of temperate and arctic climate
to the regions of everlasting snow and ice.

The temperate zone begins at about 5,000 feet elevation, but
the distribution of the temperate flora is controlled both by eleva-
tion and mwojsture. In the eastern parts of the Himalava are
regions of excessive rainfall, reaching a maximum in the lower
ranges about the head of the Bay of Bengal. Westward there is &
marked diminution in rainfall, and a corresponding falling off in
the Juxuriance of the forests. This is true alse on the northern
slopes, which descend to the great Tihetan highlands, among the
most desolate and forbidding regions of the world.

The western Himalayan temperate forests have much in common
with those of Europe. Ouaks, ashes, clins, poplars, maples and
other familiur gencra, predominate, giving place at higher eleva-
tions to willows, alders and other sub-arctic and aretic forms,
which are replaced at still higher altitudes by a genuine arctic-
alpine flora which reaches to the limits of vegetation.

Coniferous trees. pines, firs, larch, vew and cypress are comumon,
and the Atlas and Lebanon cedars are represented by the beautiful
Deadar.  Of the pines, Pinus longifolia, and P, excelse are the most
important.  Walnuts, horse-chestnuts and plane-trees are rem-
iniscent of the forests of Asia minor and the Balkans.

Bustward, as we have seen, the rainfall increases rapidly, and
this is accompanied by a decided change in the flora.  Conifers
are inuch less prominent, and the European element is to a great
extent superseded by species related to those of Japan and China
which in turn have a strong relationship with many American
species. A forest of this type may be seen in the neighborhood
of Darjiling, whose unrivalled panorama of the rnain range of the
Himalaya is world famous.

Darjiling lics at an elevation of about 7,000 feet, and has an
annual rainfall of 120 inches, so that the forest is a very luxuriant
one. Itisa mixed forest of deciduous and evergreen angiospermous
trees. Oaks are perhaps the most abupdant trees, but with these
are associated maples, laurels, birches, chestnuts, and especially
characteristic are several species of magnolias and tree rhododen-
droos. Megnolias arc quite absent from Europe and western Asia,
but s vonspicuous feature of the eastern Asiatic and North Amer-
ican floras. Both Magnolia and Rhododendron comprise some



- W : :
Prate 111.—Forest below Darjiling, about 4,000 (?) feet elevation; at left,
Duabanga Sonneratioides.
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of the most beautiful known flowering trees and shrubs, the latter
reaching their finest development in the Hinmlavas where they
may become trees of some size. One of the finest of these is R,
arborcion, a spresding tree as large as a good sized apple tree, and
1o the spring adorned with clusters of blood-red flowers, once scen
never to be forgotien.

ab-apples, cherries, bydrangeas, dogwoods, cotoncasters, bar-
S, roses, spiracas. are among the many ornamental shrubs
which abound in the Himalayan {orests,

Among the evergreen shrubs which are distinetly cast Asiatic,
are several members of the tea family, Thea, Camnellia, Gordonia.
This fwuily iz alsn represented in the south Atlantic United
States.

The very huonid climate induces an abundant growth of mosses
and lerns, und also rany epiphytes, among which are sorme very
handsome orchids, including inany species of Dendrobium, some
of which wre highly prized in cultivation.

Hooker ! gives a very graphic account of the transition from the
strictly tropical vegetation of the “Terai” the forest region at the
foot of the mountains, to the temperate flora as one approaches
Darjiling.

At 4,000 feet he notes the appearance of raspberries, deciduous
oaks and birches, maples, violets, chickweed, strawherries, gera-
niums, and other temperate plants, but with these are growing
tree-ferns, and such tropical forms as palms, figs, peppers, hamboos,
bananas, climbing aruins, and many epiphytic orchids, some of
these tropical (orms extending well into the temperate regions.
QOwing to the great humidity and mild temperature prevailing
here, this region has a much more uniform elimate than prevails
at similar altitudes in the western Himalaya.

The region beyond the summit of the main range, Sikkim, was
carefully studied by Hooker, who states that this district is most
remarkable as a meeting place for representatives of most of the
plant-types characteristic of the temperate regions of both the old
and new worlds. In addition are many species belonging to the
Indo-Malavan flora. Of Amecrican gencra not occuring in
Furope, he mentions the following; Buddleia, Magnolid, Sassa-
fras, Hydranges, Aralis, Trillium, while characteristic Chinese and

! Himalayan Journal, 1, p. 99.
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Japancse genera were Camellia, Deutzia, Aucuba, Skimimea and
Enkianthus.

The recent discoverics of palacntologists in Mongolia, pointing
to that region as the original home of the ancestors of most of the
large mammalia of both hemispberes, suggest that pos<ibly some-
where in central Asia was also the region from which were derived
the ancestors of all the boreal fluras.

LASTERN Asta

The temperate regions of castern Asia are comprised in the
Chinese Bmpire, Corea, and Japan.

Az might be inferred from its vast extent China possesses a very
extensive and varied flora. The southern portion lies withio the
tropivs, and the flora is Indo-Malayan in character, like that of the
adjacent Hirnalayan and Burmese regions.

The mountains of the south and west, however, have a very rich
flora of a roore temperate character, being part of the Himalayao-
Tibetan region. It is these mountain regions from which have
come 5o many beautiful Chincse plants which adorn our gardens.

Ching, being such an ancient and densely populated country,
has little to offer the botanist exeept in the more renote regions.
Most of the land has been so long closely cultivated that it is quite
impossible to find anyv trace of the original vegetation. More-
over the mountains have been stripped of their forests, resulting
in extensive denudation, so that the student of the indigenous
Chinese flora must seek the remote, and thinly setiled mountain
regions of the south and west.

In the valley of the Yangstse Kiang, the upper forest is said
to be composed largely of conifers. At 6000 feet elevation there
are firs, spruces, larch, not unlike the European forests at similar
altitudes, but composed of different species. Below is a mixed
forest of conifers and deciduous trees similar to that in northern
Japun and tbe eastern United States. The common European
genera are all present, but with these are many types absent
from Ifurope, but represented in North America. Su¢h char-
acteristic American treés as the sweet gum (Liquidambar),
tupelo (Nyssa), tulip-tree (Liriodendron), Magnolia, Catalpa
and others, bave Chinese representatives, and there are mapy
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shrubs and herbaccous plants having a similar  distribution.
Witeh huzel (Hamamelis), S Virginit ¢recper (Ampe-
lopsis), bittersweet, (Celastrus), honey-locust, {Gleditsehia) Hy-
drangen, Wistarin, mandrake (Pudophyllum), mooun-sced (Meni-
spernium), e a fow of these Asiatic-American genera.

All of the Faropewn genera of conifers ocenr in Ching, and
there are several genera peculiar to China and Japan.  Among
these Cryptomerta, Seindopitys, Cunninghawmia, Glyptestrobus,
and the Yewdike Cephalotaxus. Avother of the Yew-family,
Torreva, has two species, two others being found in California

and Florida,

The mest peculiar tree, however, s the Ginkgo, a single
species which i+ the only survivor of a very primitive type which
fourizhed in the carly Mesozoie.  This free, like the “Tree of
heaven™ fAilanthus), and the white mulberry, is sometines
sein in the United States, where it secms fo be quite at home,
Jorsythia, Weigela,
den shrubs and her-

as do muny ornamental plants, like Wista
Dapliiie, peony and other ornamental g
bitceous plants.

Ching and the tewperate Himalova seem to have been the
centre of development of the rhododendrons and azaleas, of
which China is said to possess over a hundred species, compared
to four in all of Europe. The wetler regions, especially in the
south, are extraordinarily rich in ferns, and the warmer parts

have many species of bamboos.

China ix supposed to be the originad home of the peach, forms
of which oceur wild, and i s possible that the orange is the
product of onc of the wild species of Citrus which are found
in southern Chinag; but the different citrus fruits have been so
fong in cultivation, that their origin is very uncerfain.

While most of southern apnd central China has usually an
adequate rainfall, the northwest portions merging into Mon-
golia are arid, and much of the country is a dry sleppe or even
desert, with an extremely severe climate exhibiting great extremes
of heaf, and cold. Indeed all of China has a pronounced con-
tinental climate. .

Many of our choicest garden plants have come from China.
A Chinese rose, R. Chinensis, crossed with other species has
furnished the tea roses, and many others, and the fine climbing
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. o peculiar Chinese tree, Stanford University.

Fra. 15.—Ginkgo.
! Photo., Dr. L. L. Burlingame.
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roses, the Banksia, Cherokee, ond Fortune's vellow are of Chinese
origin.  Peonies, Dicentra, filies, nmong hevbaceous plants, Wis-
tariy, likies, Deutzia, Spiracas of seversl species, azaleas, Daphoe,
flowering plus and crab-apples and peaches are a2 few of the
contributions of China to our gurdens.

Jarax

The chain of islunds forming Japan extends for about fiftecn
degrees of latitude 30°—153°, corresponding thercfore to the At-
Jantic Biates between Maine and northern Florids, and show-
ing much the same range of climmate.  Howoever, due to insular
conditions, the Jupanese cfimate is somewhat more uniform,
and very decidedly milder than the adjacent coast of the Asiatic
mainland in the same latitudes.

The influence of the sca is also shown in a more abundant
and better distributed rainfall, Japan being quite destitute of any
arid regions, the countyy naturally being well wooded through-
out. In spite of the dense population of the lowlands, there is
ceverywhere an abundance of trees, probubly planted in most
cases, but the Japanese are such skilful landscape artists that
it is quite impossible to tell where nature leaves ofl and art begins.

The Japuanese love of beautiful scencry has made all the most
attractive parls of the country readily accessible, and it is easy
to get into the mountains where the interesting nabive vegeta-
tion may be scen in all its wild juxuriance.

In southern Japan there is an admisture of Malayan types
like bamboos, Cyeas, pulms and others; but the fiora as a whole
is a temperate one and has much in common with the eastern
United States. In ‘the northern island, Hokkaido, which is
much less densely populated, there is still a good deal of low-
laund forest, which is entirely boreal in its constituents.

The southernmost island, Iliushiu? shows the largest per-
centage of Malayan types. The forest is made up almost entirely
of broad-leaved cvergreens, of which the most abundant are
seversd species of evergreen oaks. Another characteristic tree
is the eamphor (Cinnamemum camphoro), and other members
of the laurel family. Camellias and others of the tea family

tSchimper, A. F. W., Pflanzengeographic, pp. 516-318, 1508,
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Piate VI.—Gorge of a tributary of the Yangtse River, South Centrnl China,

elevation 3,200 feet. Photo., Dr. Bailey Billis,
@
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are abundunt, and the handsome Puftosporunt tobira, often seen
in Californian gardens.  The magnolia family is also well repre-
sented.  More suggesiivie of the tropies are several epiphytic or-
chids (Dendrobium. Malaxis and others), as well as a good many
epiphytic feens.  Begonias, peppers, and several members of the
Lanana family (Scitamineae) are also reminiscent of the tropics.

r -

Fia. 16,—Two fgvorite garden owers from Jlapan: Anemonc Japonica,
Lilium auratur,

Owing o the close cultivation of the land there is not much to
be seen of the native vegetation in the densely populated areas
near Yokohama nnd XKyoto.  Along the roadside banks and
ditches, n few wild plants find o foothold, one of the most pe-
culiar, in summer, being Houttuynia, closely related to the lizard-
tail (Sanwrurus) of castern Ameriea, but having four white bracts
subtending the spike of flowers.

Not infrequently one catches a glimpse from the car windows of
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the great golden-banded illy (Ldlimm awratum), growing on the co-
bankment. This maguificent flower, one of the most prized of gur-
den plants, {5 comunon in the conutry near Yokohama, One of the
writer's most vivid recollections of Japan i that of thousands of
these splemlid lilics adorning the steep sides of w gorge, on thie road
o the well-known resort Mivanoshita, in the Hakone mountains.

The principal cities of Japan are in the southern part of the main
island, in about the Iatitude of the Carolinas,  The summer is hot
and rainy, with a correspondingly lusuriant vegetation,  The
winters are coruparatively mild, so that hamboos, hardy palms,
oleanders, Gardenin and hananas grow freely in the open, and rice
ts the staple crop.

The Japanese are world-famous as horticulturists, and their
gardens are marvels of lindscape art. The beauty of the fowering
cherries and wistaria in the =pring; {he ivis, lotus and morning
glories of the summer; the exbibitiom of ehrysanthemums in
aufumn have been the admiration of thousands of visitors to this
beautiful land.

Alung the roadsides and about the temples and parks, the most
abundant free is a pine (. densiflora), whose picture one sees in
nearly every landscupe adorning screen or fan.  The Ginkgo, from
Chinn, already referred o, is often planted about the Japanese
temples, where there are gipantic specimens many centuries old.

To sce the native vegetation in perfection one must visit the
mountains, which are only thinly populated. Nikko, the famous
resort some hundred miles from Tokyo, affords o convenient base
from which Lo study the lower mountain vegefation. The magnifi-
cent. tombs and shrioes for which Nikko is celebrated are in a
grove of giant cedars (Cryptomerin) which strongly suggest the
Californian redwoods,  The rainfall is very heavv—about 150
inches annually, and the region is heavily forest:«l with mostly
deciduous trecs, and abounds in beautiful flowering shrubs and
herbneeous plants.

A walk through this forest to Chuzengi some 2,000 feet above
Nikko, gives a good iden of the general character of the vegetation
of this part of Japan. There are some cvergreens, pines and firs,
but deciduous trees predominate. Maples arc especially abundant
and beautiful, and beeches and oaks are common. Among the
showy flowering shrubs and small trees, are dogwood (Benthamia),
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much like the American flowering dogwood, syringa (Philadelphus),
Deutzia and Weigela. Above all are the azaleas which in the
early summer arc a blaze of searlet and erimson.

Between Chuzenji and Yumoto, between 4,000 and 5,000 fect
elevation, are extensive grassv moorlands, which in midsummer
are full of beautiful purple and white fris

The northern Islund, Hokkaido, bux a much colder climate,
and the general character of the vegetation is ustonishingly like
that of the northenstern United States,  Nearly all the (rees,
elms, onks, maples, beeches. magnalias, and others, wre very similar
to American species, and this is true also of many shimbs and
herhaceous plunts. some of them heing actually identical.  Thus
the poison ivy (Fhus loricadendron) is very common and a wild
grape (Vs Tabrusea) iz identica) with the Ameriean fox-grape.
The sensitive fern (Onoclea sensibrlis), the maiden-hair fern, and
the cinnamon fern, (Osmunda cinnamomea) arc old aequuintances,
and a Jong list of other familiny plants conld be eited.  Tn many
cuses, where species are not identical, the Japanese plant has a
closely related species in Americn. Thus our traling arbutus
(Epegaea repensy has s counterpart in the Japancese E. Asiatico.

Japan is rich in coniferous trees, most of which it shares with
China. The hemlocks (Tsugs), Douglus fir (Pscudatsuga), and
white coo {Chamaecvparis) of the American forest, also bhave
their representatives in Japan,

Like the eastern American deciduous forests, those of Japan are
magaoificent in their nutumnal dress. As in America, maples take
Brst place in this display, but sumacs, Ampelopsis, ashes, oaks,
clms, and beeches contribute their quota, while the evergreens
form a Lackground for the gavly colored deciduous trees.

SIBERIA

Conditions in castern Siberia are not favorable for tree growth,
and the trees are said 10 be much inferior to those in corresponding
latitndes in America. In Kamtchatka and Sachalien, however,
conditions are more favorable, and sometimes there is a good
growth of forest.

TFor u full discussion of the rerarkable similarities between the vegetation of
Jupan and Atlantic North America see Asa Gray's essay on the subject, Scientific
Papers of Asa Gray, Vol. I, p. 125, 1880,



CHAPTER IV
THE NORTH TEMPERATE ZONE—(Continued)

ATLANTIC AND CENTRAL UNITED STATES AND
CANADA

The temnperate regions of North Ameriea are very extensive,
comprising southern Cinada,  southeastern Alaska, and ull the
United States except southern Florida.

This vast aren i extremely diversified as to topography, and
this together with grewt differences in elimate, results in a very
rich and varied flora. This territory lies, for the most purt between
fatitude H50% and 30° and extends from the Atlantic to the Pacific,
u distanee of over 3,000 miles.
1y parallel with the Atlantic Const is the Appalachian moun-
tain system extending from Canada to Georgia.  In its northermn
portion it approaches the coast, and the constal bell i mare or
less broken by lower bills; but southward from New Jersey there
is a more or less pronounced coastal plain which broadens {oward
the south and is coextensive with the flat lands of the northern
shores of the Gull of Mexico.

The Appalachians are nowhere of great height, the loftiest
peaks. like Mt. Washington in New Hampshire and Mt. Mitchell
i North Caroling, being less than 7,000 fect elevation. and too
low o possess o frue alpine flora; nor are they of sufficient height
to aet us an cfficient harvier between the coastal plain, and the
regions fo the west.

Between the Appadachians and the Rocky mountains is the
great plain drawined by the N <ippi and its tributaries, and
destitute of any mountain ranges of imoportance. To the north
is the region of the Great Lakes, draining into the Atlantic through
the St. Lawrence.

This vast region has no harriers to plant migration, be#ond cli-
matic ones. Trom the Mississippi to the Atlantic coast is a region
of ample rainfall, and the country originally was almost entirely

84
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covered with {orest, in which deciduous trees predonunated. DMany
of these, like the white and red oaks, cliu, walnut, und others are
found practicuily throughout this whole region.

Tn the western sections of this aren the rainfall is less, and there
oceur expanses of open grass-land or prairics, more or less inter-
mingled with patehes of forest.  Still further west the true prairie
formation provuils.

In Canada und the northeast and central states, e. g., Michigan,
Wisconsin and Minnesots, are vegions of extensive glaciation,
abounding (o lakes and peat bogs.  This is a frapsition region
between the sub-aretic and the true temperate zone, and has many
sub-nretic species, and the forest s composed to a considerable
extent of conifers.

West of the Mississippl is a region of treeless plains—pruiries
with close turfl in the east, merging by degrees jnto the drier
praivies and steppes of the regions adjoining the Rocky Moun-
tains. Trees arce for the most part. confined to the banks of streams,
or the bottoms of gullies wort down by the streams,

The western third of North Ameriea is very different from the
east. [t iz a recion of lofty monntains and elevated plateaus.
The main runge of the Rocky AMountains, extending from New
Mexico info northwest Canada, has elevations of aver 14,000
feet, and belween this and the great Pacific Cordillera are exten-
sive elevated plateaus, and secondwry mountuin svstems.  Much
of this plateau region is arid, and may be a true desert, as in the
vieinity of the Great Salt Lake, and portions of Nevada and
castern Wushington.

Extending the whale length of the continent, paralicl with the
Pacific Coust, is the great Cordillera which with few breaks,
stretches from Alaska to Patagonia, and sharply sets off the coastal
region of the Pucific from the rest of the continent.

The whole of the great mountain region from the Rockies to
the Pucific, is very different c¢limatically and floristically from
Atlantic North America, and here alone are the mountains high
enough to have perpetual snow, and to devclop a true alpine
flora. Especially on the majestic snow-clad cones of the great
voleanie “penks, shasta, Hood, Tacoma, are these conditions
especially favorable.

In southern California, Arizona and New Mexico, there are
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extensive steppes or deserts, really part of the great Mexican
platean, and in climate and vegetation perhaps rather sub-tropica)
than temperate.

As a whole the climate of teraperate North America is decidedly
continental in character, the range of femperature being large,
cspecially in the dry plains of the interior.  In Montana, the follow-
ing extreme temperatiures have been recopded,) viz:—65° aml
117° F., a range of 182°!

The temperature of the sea-board, both Atlantie and Pacific,
is naturally influpnced by the proximity of the oceun, buf thix ix
much more marked on the Pacific coasf, where the prevailing
westerly winds fraverve the ocean, whose temperaiure varies hut
little, and the high mountfains to the east protect the voastal helt
from the efferts of extreme temperature changes of the inferior
regions.

The whole Parific eoast has a remarkably equable cimate, mild
winters and cool summers.  The Janvary isotherm of 0°C, which
on the Atlantic coast s in the neighborhood of New York and
Philadelphia, (lat. 40°), on the Pacific ix pushed north as far as
Sitka. in Alaska (Jat. 58°%). In San Franciseo there i= only a differ-
ence of ten degrees Jahrenbeit, between the coldest and warmest
months (50°~60°); in Washingion, nearly in the same Jatitude,
the difference is more than four fimes as great (32°-78%). The
differences are even greater in 1he inferior of the country.

In general, the climate of the easiern third of the United States
is one of hot humid sumers and cold wintera.  Except for a small
part of southern Florida, no part of the easfern states is immune
from occasional killing frosts; while over the greater part of the
aren the winter iz a_season of absolute cessation of all plant ac-
tivity, and in the interior more than half the year is a dead season
for pretty much all vegetation.

In the northern tier of states vepgetation rarely starts before
April, of course becoming earlier as one proceeds southward, and
the eoastal region has a decidedly earlier spring and more pro-
tracted autumn than inland stations in the same Jatifude.

At the south, spring is somewhat gradual, but toward the north
the transition from winter to summer is inuch more abrupt, and

! Kirkwood. J. E.. Forest Distribution in the Northern Rocky Mouniains, Univer-
gity of Montana Studies, p. 49, 1922,
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the foliage of the deciduous trees seems to expand almost over
nizht. Where the deciduous forest prevails, the spring is marked
by a profusion of delicate herbaceous perennials, such as violets,
spring-beauty, blood-roof, anemones, etc., which spring up very
quickly and flower before the leaves of the trees expand. They
gaon mature thelr fruit, and in a few weeks have mostly digap-
peared, remaining dormant. until the next spring.

A feature of these deciduous forests is the magnificent. display
in the autumn when the varied species show a wonderful variety
of Lrilliant colors in the ripening foilage. The gorgeous dyes of
the sugar and scarlet maples; the erimson, purple and scarlet of
the gims; the gold, msset and wine reds of the oaks, hickories,
dogwaoods and ash, and the blood-red sumzaes, huckleberries, and
many other shrubs, combine to make vn unrivalled display of
splendid color,

While temperature is a very important factor in plant distri-
bution, moisture is perhaps even more so.  The whole eastern
United States is o well watered country, abundantly blessed with
great rivers and lakes, and consequent!y having an ample rainfall.
The precipitation is heaviest in the southern coastal regions and
the slopes of the southern mountains; but throughout the region
east of the Mississippi there is a rainfall of 30~60 inches, and
nearly the whole country was covered ariginally” with heavy
forest.

Westward the precipitation falls off materially, and this com-
bined with a much higher evaporstion, results in conditions un-
favorable for tree prowth; and these conditions become still more
marked in the elfevated plains adjacent to the Rocky Mountains.
In the cooler northern regions of Montana and Western Capada,
the prairie reaches to the foot of the mountains; further south the
western plains are arid, and may be described as steppes, rather
than true prairie.

The absence of any mountains between the Rockies and the
Appalachians, exposes all of the eastern United States to the great
air movements originating in the Canadian Northwest. The
effect ofethe “/cold waves,” starting in the far northwest, are felt
as far south as the Gulf States.

Topography plays a minor rble in the climate of eastern North
America, the two most important factors being latitude, and
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proximity to the coast, or the cffects of large inland bodies of water
like the Great Lakes.

In the western monntain area, however, topography evercises
a very greal cffeet on the climate, kurgely controlling both tempera-
fure and preeipitation.  The direction of the mountain ranges,
as well as their beight, strongly influcnees the amount of precip-
itation, and also the remperatures of the adjacent regions. This
is very pluindy shown in many plaves on the Pacific Coast.  Where
the mountain rapges are parallel swith the coast, as in contral
California, the moisture is ainty precipitated on the windward
(west) side, and inland the climate is mach drier.  This difference
in the rainfall withio « short distance inay he very great.  Thus
in the canyons of the santa Croz mountains within 25 miles or
less of Stanford University, the rainfall may average more than
60 inches annnally, and a forest of giant redwoads clothes the
mountain sides; while at the University, in the valley to the cast
of the mountains, the rainfall ravely reaches 20 inches, and the
open valley supports only seattered trec growth.

The inland vallevs, too, shut off from the cool ocean breezes,
have very high temperatures compared with the cool coastal sum-
mer climate. While Ran Francisco during July and Augnst rarely
sees the thermomeler reach 70°, the inland cities like 1'resno may
have maxima excecding 110%

Eastery UniTep Statez axp Caxapa

As in the Eurasian continent, there i not a very clear line of
demarcation hetween the sub-arctic zone and the north femperate.

Along the Atlanfic coast temperate conditions prevail as far
north as New Brunswick and Nova Scotia, which in the parts
adjacent fo the sea enjoy a much milder climate than prevails
elsewhere in eastern Canada, and a number of plants arve found
here which are not met with again uatil the coast of New Jersey
is reached. 1t has been thought ! that they are relies of an ancient
coastal flora which once vceupied the now submerged continental
shell.  Perhaps the most interesting of these is a smxll fern,
Schizaea pusille, the enly representative in the United States of a

' Fernald, M. L., " The Gray Herbarium Expedition to Nova Scotia," Rkodora,
Vol. XXIII, May. 1921
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genus mainly confined to the tropics and to the temperate regions
of the southern hemispliere.

The forests of New Brunswick and Nova Scotia ! are of two
types, one in which conifers predominate, and which approaches
the sub-arctic forest, the other mainly composed of deciduous
species. The latter oceupies the hest soils, and its most abundant
trecs are sugor maple and paper bireb, with an sdmixture of red
spruce and balsam fr, with occasionzily white pine.  In some areas
beeches are the prevailing trees.

Recently, attention has been celled to the occurrence in certain
isolated ar in caslern Canada of many plants unknown else-
where in castern Anerica, but which are identical with or closely
related to species of the Rocky Mounfains and Pacifie Coasi.
These western species are especially abundant in the Gaspé
Peninsula at the mouth of the St. Lawrence, and on the Long
Range in Western Newfoundlland.

Ternuld = has shown thut the areas occupied by these far-
western plants have apparently entirely escaped glaciation and
that these plants are probably relies of wide-spread pre-glacial
species which were destroved elsewhere in eastern America by
the great ice-<heet which covered the rest of the country.

Thronghout northern New Ingland, e. Maine, Northern
Vermont, anJ New Hampshire, the forest is much the same as
in New Brunswick, Red spruce i= the most abundant species,
together with white pine and balsam fir.  Beech and sugar maple
also occur, but less abundantly than the conifers. 1n the more
southerly areas of the coniferous forest, black spruce is more
abundant, and white cedar (Thija occidentalis) and hemlock oceur,
as well as various deciduous trees.

The conifers are more abundant at higher elevations, while
at the hase of the mountains, especially in the better soils, de-
ciduous frees become dominant, and there is a transition to the
hard-wood forests characteristic of southern New England.  Sugar
maple, beech, and yellow birch (Befula lutea) are the commonest
trees, but oaks, elms, and other common New England species
begin tq appear.

! Harshberger, J. W., Phytogeographic Surecy of North America. Die VEGaTA-
riox pErR Ewpe, XIIL pp. 361-370. 1911.

%Terngld M. L., Persistence of Plants in Unglaciated Areas of Bureal North
America, Mem. Amer. Acsd. of Arts and Seience, Yol. XV, No. 111, 1925
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The northern Muine coast and the adjacent islands have a
distinctly northern, almost sub-arctic flora, the forest being pre-
dominantly coniferous with a small admixture of such deciduous
trees as birches and poplars, and an undergrowth of such
boreal plants as Linnaea, dwarf
cornel (Cornus  Canadensis),
gold-thread (Coptis), and bush
maples,

The coast is a very rugged
one, with rocky headlands and
reefs, sand dunes and extensive
beaches, and in places with
sandy rmoorlands and swamps.
In the low forest near the coast
in Massachusetts, pitch pine
(Pinus rigida) is common, and
red cedar (Juniperus Virgin-
7ona), with oaks, maples, and
other deciduous trees.

The sandy moorlands harbor
many interesting and beautiful
plants. On Nantucket Island
where this moortand is devel-
oped on a large scale three
species of heaths are found,

- the common heather (Calluna

T, ihr i, vy Detes - udgares) o tavospecies o true
heatbs (Erica), the latter un-

known elsewhere in America, and perhaps introduced {rom Europe.

Characteristic plants of the moors and forest belt of the New
England coast, are several others of the heath family, e. g., bear-
berry (Arctostaphylos wva-urst), Kalmia, huckleberries, trail-
ing arbutus (Zpigaeca repens), Azaler and wintergreen (Gawl-
theria  procumbens). Roses, buckleberries, wax-berry (Myrica
Carolinensis), wild plums snd cherries, service-berry (Ame-
lanchier) Spiraea, and sumac, are among the comumoy shrubs
of the New England coast. In sore of the swamps north of
Boston, the sweet-bay (Magnolic glouca) occurs, its northern
limit. A number’of beautiful orchids, as well as many other
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showy herbaceous flowers oceur in this district.  Of the orchids, the
most beautiful i the pink lady’s slipper, or “moccasin-flower,”
Cypripedinm acoule,

The northern New England coast, owing to its rocky forma-
tions, and great differences in tide levels, offers exceptional
opportunitics for the study of the rich marine fiora, much of
which is exposed at low tide. The vertical rock faces show an
interesting succession of forns, the light areen sea-lettuce (Ulva),
appearing near the high tide murk; below this, but exposed
for much of the time are several bladder kelps {Fucus spp.) and
the curious Ascophyliune nodeswm, whose long whip-like fronds
form a dense curtain along the base of the rocks, and parlly
conceal the bladder kelps.  With these large sea-weeds are asso-
ciated many =maller species of red and brown algae.

Selow the low-water mark is a region with a great develop-
ment of the large kelps, Laminariaceae, in which several species
of Laminaria predominate. Other characteristic species are
Alaria esculenfa and Agarum Turneri. The more delicate red
algae are found mostly at still greater depths.!

Throughout most. of New Lngland the Arnerican etrn (Ulmus
Americana), is a very characteristic tree, reaching perhaps its
finest development in the Connecticut valley. Red and white
oaks, white pine, walnut and hickory are abundant, and until
it was completely exterminated by the blight, the chestnut
(Castanco. dendola) was one of the commonest trees of New Eng-
land.,

In southern Conpecticut, near the shores of Long Island Sound,
the fulip-tree and sweet gum (Liquidambar) are found, but these
trees belong more to the regions further south.

From the St. Lawrence to the Lower Lakes, including western
New York, southern Michigan and Ontario, ix a forest region
which has few or no coniferons trees throughout much of its
extent, although in some districts hemlock and white pine oceur.
Further north, in northern Michigan, Wisconsin and Minnesota
the forest is predominantly coniferous, but there iz a consider-
able mixture of deciduous trees. The most important tree of
this northern forest is the white pine (Pinus sirobus), which
has heen largely exterminated by the lumberman. The white

1 For a fuller account of these algac, sce Harshberger, toc. cil., pp. 383-4.
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pine was dominant. on gravelly and rocky soils, but also occurred
in the mixed forest. Where are good, well drained soils, bass-
wood, sugar maple, beech, elm, and canoe-birch are character-
istic trees, with which are associated white pine, hemlock, spruce
and halsam. The wetter areas may be swamps with a dense
growth of tamarack (Levir 4mericann) or white cedar (Thgjo
occidentalis).  In the crier soils, about the southern margin of

Y6, IN——Ameriean O (Ulmus Americana), banks of Unadilla River, New York.
Photo., E. L. Crandail.

Lake Superior, the Norway pipe (P. resinosa) is a common and
picturesque tree. .

In Michigan the mixed forest of the north passes into sandy
barrens in which the Jack-pine (P. Banksiana), predominates,
but there arc also open groves of oaks, “oak openings,” with
stretches of intervening grass-lands, or small prajries. The
latter formatiou is well shown in southwestern Michigan,

The farest of southeastern Michigan is & deciduous one, made
up of much the same trees as that of New Lngland. .

In the neighborhood of Detroit, in clay soils, the commopest
tree is probably the American elm; but sugar, silver, and red
maples, walnut, hickory, ash, and several oaks, are also char-
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acteristic.  In lighter =oils, heeches, sassafras apd pepperidge
(Nys<u; and occasionally chestnut, may also be noted. Less
abundant are hackberry (Celtis), honey-locust {Gleditschia), and
of ilie smaller trees and large shrubs, are several species of thorns
(Crataegusy, the Howering dogwood, erab-apple (Malus coronarin),
wild pluns and cherries. The only conifer is a small cedar (Juni-
perus) occasionally seen on the banks of the Detroit river.

West of the Great Lakes, in Ulinois, Wisconsin and Ainne-
sota, this type of forest occurs, but much diminished in extent,
and in the number of species. Its western limit has been placed
at the valley of the Red River of the North, and marks the west-
ward and northward limits of a good many tree-species.

Woody climbers are nol especially abundant in this forest,
but wild grapes of several species sometimes attain a great size,
and the Virginia creeper amd poison ivy (Rhus toxicodendron),
may climb high up into the trees. less conspicuous are the
bittersweet (Celastrus scandens), moon-seed (M endspermum Cana-
dense), Clematis, and several species of Smilax.

AMaoy showy shrubs forin the undergrowth of the more open
forest, vr along ils edges.  Lliler, Viburnum, sSpiraea, raspberries
and Dblackberries, currants and gooseberries, roses and others
are represented by several species, and the woods, fields and
marshes show a wealth of beauliful herbaceaus plants.

In the early spring, before the leaves of the trees unfold, many
delicate and heautiful herbaceous plants cover the floor of the
forest with a carpet of dainty bloom. Spring-beauty (Claytonia),
blood-root (Sanguinaria), Dicentra, adder-tongue (Ervthronium),
cress  (Cardamine, Dentaria), Hepatica, Anemone, buttercups,
Trillium, crane's bill (CGeranium), Phlox, violets, mandrake (Podo-~
phyllum), are a few of these woodland flowers.

Somewbat later, in the more open places, masses of blue lupins
(Luprnus perennis), pivk phlox, orange milkweed, shooting stars
(Dodecatheon), tiger lilies, contioue the floral display, and still
Jater the host of showy Compositae, sunflowers, Rudbeckia, Eupa~-
torium, asters and golden-rods, ete., offer the most brilliant floral
display gf the year.

The lower lake vegion is characterized by extensive marshes
along the shallower shores of the lakes and the connecting rivers.
These are developed on a large scale along the Detroit River, and
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the small streams empfying into it.  The marshes have a rich and
very interesting vegefation. Creat beds of rushes (Rcirpus) and
cat-tails (Typha), and many species of sedges and grasses, among
the latter the wild rive (Zizania aguatica) which in the late summer
is very conspicuous with its graceful plumes. The open spaces of
the marsh harbor a rieh assortment of algac, stone-worts (Cha-
raceae), and many pond weeds (Potomogeton, Vallisneria, Elodea,
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Fic. 19.—Small gincial lake, Cheboygan County, Michigan. Photo., Dr. F. C. Gates.

etc.), while beds of white and yellow water-lilies, and occasionally
the great vellow Jotus (Nelumbo), cover the surface of the water
with their hig Jeaves and showy flowers; and white arrow-head
(Sagittaria) and blue pickerel-weed (Pontederia), abound about
the margins of tbe shallow wafer.

Many showy herbaceous plants and shrubs grow around the
edge of the marsh and advancing from year to vear on the soil
built up by the silt and their own decaying tissues, sometimes
extend the land into the marsh with surprising rapidity. Flder,
willows, button bush (Cephalanthus), wild roses, are among the
commmon members of this community, and with these are snch
herbaceous plants, as the pink milkweed, purple Eupatorium,
loosestrife (Lythrum), horse mint (Monards), asters, golden-rods,
thistles and many others.
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Occasionally the big pink hollyhock flowers of the marsh mallow
(Hibiscus moscheutos) are scen, a flower belonging properly ta the
salt marshes of the Jersey coast. Among the maritime plants that
have made their woy to the shores of the Great Lakes, are the sea-
rocket (Calile maritimo) and the beach pea (Lathyrus maritimus).

The northern forest area abounds in glacial lakes of all sizes.
The smaller lakes and ponds sometimes have been completely

Fiu. 20.—Deciduous forest, early spring, Rock Creck Park, Washington, D. C.
Onks predominant; red-bud (Cercis Cenadensis), and flowering dogwood, as
undergrowth,

filled by the invasion of peat mosses (Sphagnum), and other bog
plants, and form swamps of greater or less extent, in which white
cedar or tamarack often form dense growths. These bogs are the
home of ymany very beautiful plants, some of the finest orchids,
like the great pink lady’s slipper (Cypripedium spectabile) and the
exquisite Arethusa, Pogonia and Calopogen. Craabervies, An-
dromeda and other heath-like plants inhabit these bogs, as well as
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the curious josectivorous sundews (Drosera) and picher plant
(Sarracenio).  With the reclamation of these swamplands, many
of the choicest North American pluats must dizappear.

Fastward of the Mississippi, between 307 and 409 latitude,
i« the richest forest of temperate North America, and ongi-
nally this region was albuost eutirely an unbwoken forest, com-
posed mostly of a great variety of deciduous trees.  Along
the east canst from New Jersey fo Floridy and also along the
vorthern share of the Gult of Mevico i= the coastal plain, in which
are extensive pine-harrens ocenpying the sandy soils, Pines of
several species are the predominaot trees.  Except for these
coniferous forests, and thaose of the lugher altitudes of the Appala-
chians, the forest of the eastern United States is made up mostly
of deciduons species.  This forest reaches its finest development
on the lower slopes af the southern Appalachians in North Caroling
and Tennessee. and in the rich river vallevs of the Ohio and the
lower Missizssippi.  Oaks of many species and often trees of great
size are conspicuons, ineluding the white, red, and scarlet ozks,
as well as many other less funiliar species. Ashes, elms, chestnut,
several birches, maples, heeeh and hass-wood, are the same as
those of 1he more northern torest area; but in addition to these,
all of which are represenfed in the European {ores(~ by related
species, there are o number of characteristic eoxtra-livropean
generu, most of which have allies in castern Asia. First in impor-
tance is the tulip-tyee, Lirvde cdvon tulipifera, probably the tallest
deciduous tree of the American forest, sometimes being nearly
200 feet in height, and with a straight lofty trunk which is said
to occasionally be nearly ten feet in diareter. Trom New York
southward, the sweet gum (Liquidambar styraciflua) is a common
and very beautiful trec of large size, especially in rich alluvial
soils.  Pepperidge (Nyssa), persimmon (Diospyros) and sassafras
arc also characteristic, and in the southern areas the common locust
(Robinio pseudacacia) as well as several other species oceur. The
sveamore (Platanus occidentalis), which is common throughout
the eastern states, along streams, is one of the largest of American
trees. .

Among the most striking of the trees of the middle and southern
states are several species of Magnolia. The great evergreen mag-
polia (M. grandiflora), is decidedly a southern tree, bul two species,
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the cucumber tree (M. acuminafe) and sweet bay (M. glauca)
of the coastul swamps, extend a- far north as New York, The
southern species, like M. gravdflorn aond M. anacrophyllo, are
very tropical looking with their bz leaves and giant fowers.

The larger trees forn o close forest with a dense canopy of
foliuge during the sunimmer wonths.  Below this upper tier of
freex are a number of smuller trees and shrubs which can thrive
in the shade of the lurger trees.  Among these are the Howering
dopwood (Cornus florida), red-bud (Cereis Canadensis), witeh
hazel (Hamamelis Virginica), species of Viburnum, Luonymus,
Azalea, and others, In more open lnculities, as about the margin
of the forest, or in rlearings, are many specics of thorns (Crs
gus) a penus which is extraordinarily developed in eastern America.

Crab-apples, wild plumns and chervies, roses, spiraes, hrambles,
currants and poose-berries, honeysuckle, sumac of several species,
arc a few of the shrubs wide-spread throughout the whole area.

This magnificent mixed forest may be seen in great perfection
in the soutbern Appalachian region. The variety of trees is very
great, and the trees gre tall apd symunetrical. There is a small
admixture of conifers, white pine and hemlock being common in
places.

A feature of this region is the remarkable development of showy
Ericaceace. Ioven as far north ss New England, the beautiful
mountain laurel (Kalnaa loifolio) is common, and in its southern
range it may become a small tree.  The great rhododendron (&2
mazximum), also reaches New England, but is much more abundant.
further south. Few floral displays can equal the North Carolina
mountains in May and June, when the thickets of laurel are
covered with rosy bloom, and the flame-azalea lights up the moup-
tain side with masses of oronge and crimson. The big rhododen-
dron is very common, and on the higher mountains are extensive
thickets of the splendid purple R. Cataubiense, a gorgeous sight
when in flower. Another characteristic member of the same family
is the sorrel tree (Oxydendron).

The young foliage of the deciduous forest exhibits a great variety
of color. The unfolding oak leaves show exquisite tintsvof pink,
gold and pale green, comtrasting with the vivid red of the scarlet
maple, and bright green of the tulip-tree. The effect is as varied
and besutiful, if not so.gorgeous, as the tints which make these
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sume forests a blaze of color in the antumn. Where the spowy
flowers of the dogwood, and the rosy pink of the red-bud light up
the forest just ax the leaves hegin to unfold, the picture iz complete.

South of the Carolinas and Tennessee the foresis hegip to assume
a more tropleal aspect, with an infusion of broad-leaved ever-
greens, like nagnolia, live anks, holly and laurel (Persea), and
in the coasfal region, palmettos, the northernmost representatives
of the tropical family of pahns.

There is a decided inerease, {00, in fhe number of woody
climbers or fianas; Bignonia, {rumpet creeper (Tecoma), Wis-
taria, vellow jummine (Gelsenmn) passion flowers and some
others, wre udded to the grapes, Clematis, Virginia creeper, and
other northern climbers,

Twe Coastan PLax

Eadward from the Appalachian mountain system, from New
Jersey southward, is the Atlantic coasiz] plain, narrow in its
northern pertion, but widening at the xouth, and becoming very
broad in the Carolinax and Georgia. where it passes into the
coastal region of the Gulf of Mexico, This whale region is geologi-
cally comparatively recent, and miuch of it raised but little ahove
sea-level.

North of Chesapenke Ray, it is a narrow, more or less interrupted
strip of Larren strand. A few plants, such as the dwarl prickly-
pear, characteristie of this region, oceny at points further north,
as in Nuntucket and Alartha's Vinevard, and relies of this coastal
Hora are also found in New Brupswick and Nova Scotia, indicat -
ing a former conpection with the coastal plain further south,
severed by the subsidence of the continental shelf.

The exfensive heaches of Long Island and New Jersey belong
to this formation and support a characteristie strand flora, much
like that found along the Massachusetis coast in similar locali-
ties. such as huckleberries, wax-myriles and others, and the stunted
trees are also many of the same species.  In places the drifting
sand is gradually burying tbe forest on the fand side.’

The Jersev pine-barrens have been very thoroughly”studied.
The pilch pine (Pinus rigida) is the predominant species, and

1 Harshberger, loc. i, pp. 113423,
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covers large areas, in an open formation, associated with scrub-
oaks of several species together with such shrubs, as huckle-
berries, Andromeda, Azalea, Leucothie, bear-berry and trailing
arbutus, all members of the heath family, as well as ruany others,
among them the sweet fern (Comptonia) and many herbaceous
plauts, some of which are almost entirelv confined to it

Cedar swamps in which southern white cedar (Chamaccyparis
thuyordes) is predominant, are a common feature of the region,
and harhor many rare and interesting plants.  Of the small trees
and shrubz may be mentioned red maple, Magnolia glouce, dzo-
lea riscosa, black alder ([lex verticillata) and the fragrant white
alder (Clethru alaifolia).

The rare fern Schizeea pusilla, occurs in this region, and cran-
berries, sundews and pitcher plants abound in the bogs, gs well
as tbe roval fern (Osmunda regalis) and cinnamon fern (0. cin-
AN OMCA).

The whole coast south of New Jersey is deslitute of rocky for-
mations, and the conditions are much less favorable to the growth
of algae than along the rocky New England shore. The water
= much warmer, and the algae are often of tropical or sub-tropical
types, e. g, Dictyota, Padina, Sargassum, ete. Marshes abound
along the tidal rivers, with a mixture of fresh and salt water types
of vegetation.

From Virginia southward, the northern piteh pine is replaced
by other species, Pinus tacda being the common species in Vir-
ginia. While the vegetation of the pine-barrens, is on the whole
much the same as in New Jersey, distinctly southern species
become increasingly abundant; locust, trumpet creeper (Tecoma),
yellow jasmine (Gelsemium), occur in Virginia, and in North
Carolina the southern elements become still more conspicuous.
Among the characteristic species is the red hay (Perseo borbonia)
belonging to the laurel family; live oaks and dwarf palmettos,
and in South Carolina the tall palmetto (Sabal patmetio) are com-
mon. A famous denizen of the pine-barrens of the Carolinas, is
the remarkable Venus's flytrap (Dionaee muscipule) unknown
elsewhere. In this same region are also several species of pitcher
plants (3arracenia).

The pine forests of Virginia and the Carolinas are very extensive
and reach far inland, and are of great value. Near Washington
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the common species is P, rigide, further south the long-leaved
pine, P. palustris, occurs, bul P, taeda and P. rigido, occur through-
out. the region. These pine forests may have no other trees,
or there may be an undergrowth of smaller irees, especially
oaks.

In South Caroling, as in Florida, theve are level sandy stretches
of great extent, with a dense growth of the dwarf saw-palmetto
(Sercnou serrufufo) interspersed with stunted pines, including the

Fra. 21.—Cypress swamp, Wakulla Springs, Florida.  Taxoedium distickum, with
Tillandsia. Phota,, Professor H. Kurz.

West Indian P. Cardbora. In Georgia are extensive pure stands of
the long-leaved pine (Iinus palustrisy, highly prized for its timber,
In the wet districts are often extensive ‘cane-brakes,” In which
the principal element is the reed-grass, Arundinaria macrosperma,
The cosstal plain of the Gulf Siates much resembles the southern
Atlantic coast ane the long-leaved pine is the prevailing species.
This farmation reaches its western limit in Texas, nudﬁparﬁ, of it
may be seen along the Southern Pacific railway, before reaching
the swamp-lands near New Orleans.

As one passes from the dry prairies of the interior of Texas,
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scattered pines begin to appear and finally form an open forest.
This gradually is replaced by a mixed hard-wood forest as the
moister coastal region is approached, and cypress swamps become
frequent, in which one sees the fantastic cypresses bearded with
“he *“Spanish moss” (Tillundsia).

These cypress swamps are among the most striking plant as-
sociutions of the country. They oceur as far north as Virginia,
near the coast, und extend up the Mississippi Valley into southern
Missouri and Iilinois,

The bald cvpress (Tazodium distichum), iz a large tree, often
growing permanenily in water, but also in rich moist ground which
is not submerged. Where the base of the trunk is submerged,
there are developed on the roots, the “knees,” conical outgrowths
which appear above the water, and serve for nérating {he roots.
The young trees ave very symunetrical in form, like most conifers,
but the older trees develop a wvery irregular and fantastically
branched crown rising above the other trees of the association.
In the wetter portions of the cypress association the principal
species are the sour gwm N yssa oguatica) and an ash (Frazinus
platycarpa), but oaks, maples, hickories, and some others also
oceur.

In the Gulf region, dense growths of the dwarf palmetto (Sebal
Adansonit) are common, and the branches of the eypress are
heavily draped with the dismul blackish strearaers of Tillandsia.

About the margins of the swamp are some showy herbaceous
aquatics. Passing through this region in early April, the writer
noted two handsome species of Iris (1. hezagone, and 1. cuprea),
a white spider-lilv (Hymenocallis), showy species of Phlox, Sen-
ecio, Oenothera and Lobelia, and magnificent masses of the royal
fern (Osmunda regalis) as well as several other ferns.

In the river valleys of eastern Texas there is a hard-wood forest,
which in places is dense and with trees of large size; but westward
with the lessening rainfail, the forest disappears and the prairie
becomes dominznt. Fastern Texas marks the westward limit
of the southern deciduous forest as well as the pine forest of the
coastal plain.

The transition from the heavily wooded castern states, to the
prairie states along and beyond the Mississippi, is a gradual one.
In southeastern Michigan, northwest Indiana, and mueh of Tlii-
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about six miles west of Tuscaloosa, Alabama. Photo.,

Fig. 22.—Aliuvial swamp,
Dr. R. M. Harper.
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nois, there is a mingling of forest and prairic floras. Tn alluvial
soils there may be a well developed forest of the usual type, but
with fewer species than further east. In the lighter =oils, forests
when present arc much more open, and the predominant trees
sre oaks of relatively small size. These “oak openings” are
familiar features of the transition regions of northern Iiinois
and Wigconsin, In the sandy soil at the foot of Lake Alichigan,
there are white pines growing on the dunes, among the caks, and
in the lower ground the pepperidge (Nyssa syleotice), is also a

ey 4 5 28 !

16, 23.—Woodland and praine near Chicago: Sumac invading grass-land. Pholo.,
Dr. A, G. Vestal.

feature of the formation. For the most part, however, the forest
is a strictly deciduous one. With the oaks there are somectimes
hickories amd walnuts. The trees of the oak openings arc ruther
scatteved with thin under-growth, except for grasses, and a variety
of other herbaceous plants.

The soil of the typical oak openings is usually a sandy one, and
not favérable for the growth of woisture-Joving plants. Where
there has been a sufficient accumulation of humus, a few woodland
species become established, but they are few in number of species,
and less luxuriant than those of the typical deciduous forest.
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The following species of onks occur in the oak openings, viz.,
Querens alba, Q. rubro, Q. coccinen, Q. veluling, Q. macrocarpa,
and @. Marylandico. The common hickory is Caryo microcarpa.

The forest of the northern transition region aceording to Harsb-
herger ! is of three kinds. On the ridges and hill-slopes oaks are
the predominant trees, but with these are associated hickories
(Carya olba)y, aspens, cotton-woods, ash (Frarinus sambucifolia),
hornbeams (Ostiva, Carpinus), cunoe-bireh, butternut (Juglans
cincreay, and oeeasionally bass-wood (Tilia Americana). In the
maoister alluvial soils the silver maple, green ash, clm, bass-wood,
black walnut, hickory and cotton-wood arc found.

At the northern fimit of the region, there are sandy areas where
the white pine and vew oceur, with birches and alders, this forma-
tion being decidedly horeal in chametor.

Further south, in lows, there oceur in the alluviad formations
& number of more southern species, like the honey-locust [Gle-
ditschin), Sycamwore (Platunus occidentelis), and mulberry (Morus
rubra).

The grass-lands become more and more predominant westward,
until the unbroken prairie is reached, which at the north extends
unbroken to thic foot of the Rockies.

Toward the south the grass-lands ave less extensive, and in
western Wansas and Nebraska the region is rather a dry steppe,
than true ;, and this is still more marked in western Te
and New Mexico, where the country is an arid steppe or desert, a
northward extension of the dry plateaw of Mexico.

With the diminution in rainfall toward the west, and the in-
creased elevation, the close sod of the castern praide is repiaced
by an open formation of bunch grasses, among which occur many
species of plants like the yueeas, and occasional cacti, characteris-
tic of the arid regions further south.

The enstern prairie region has 2 fair rainfall, and the absence
of trees bas been the subject of some speculation, as conditions
would seem to be favorable for their growth,? It'has been con-
jectured that the prairies owe their origin to the burning of the
forests by the Indians to furnish feed forthe herds of buffalo, but
the latter themselves may very well have played an important

3

1 Loc. cit., p. 521.
£ Harshberger discussea this question st some length, sec loc. cit., p. 516.
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réle in the destruction, by close cropping of any voung trees that
may have attempted to get a foot-hald. Once established, how-
ever, the dense mat of grass offers very litile opportunity for the
growth of seedling trees.

Further west, the extreme weather conditions, dry and cold,
are sufficient to account for the abscence of tree growth on the
western plains, which naturally would” assume their present con-
dition of arid prairic or steppe.

A study of the wet prairie near Chicago ¥ indicates that it was

g?- ¥ A

Tis. 24.—Sand prairie, valley of Illinois River.  Photo., Dr. 4. G. Vestal.

originally a swamp. While grasses are the predominant plants
of this prairie, they are associated with a number of other char-
acteristic forms, some of which have very attractive flowers.
Where there are remnants of the original vegetation, as along the
railway in places, onc may see in spring, even near Chicago, masses
of pink phlox; shooting star (Dodecatheon), the beautiful bird’s-
foot. violets (Vicla pedate), and the big leaves of the rosin-weed
(Silphiwm), which Jater sends up its tall stems bearing big sun-
flower like blooms. In the late summer and autump, golden-rods
and asters abound, and the pink blazing-star (Listris) is also

! Cowles, H. C., Bat. Gazetle, XXXI, p. 145, 1901,
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commaop. as well as a number of Leguminosae, e. 5., Amorpha can-
eseens, Baptisia, Malilotus.

ric reaches its most typical development in western
and Neh " and the Dakotas. The
ses over 30 spec but there are mauny other
herbaceous plants, of which the most abunduant ave various Coms-
pusitae, sun-flowers, Coreopsis, iron-weed (Vernonia), asters and
golden rods, worm-wood (Artemisia), and otbers.  Anemones,
lavkspurs, phlox. verbena, oxalis, flax, Muceved grass (Sesyrinch-
Jum), wilkweeds (Asclepias), are characteristic, as well as others
including several genera of Leguminosae, e g., Desmodium, As-
tragalus, Baplisia.

The only woody plants belonging properly to the prairie of
this region are a dwarf willow (Saliz humils) and a rose (Rose
Arkansana).

Along the streams, willows and cotfon-woods are found, but
these do not invade the prairie. Of course much of the original
praivic has heen broken up, and is now covered with the great
wheat and corn ficlds of the midswest.

The constitution of the praivie of Nebraska has been very
thoroughly studied.®  There are two types, depending on soil
conditions.  On loamy soils there is a close sod comnposed of
several species of grasses, e, g, Sporobolus, Koeleria, Eatonia,
Papnicum; on heavy clay is the bufislo-grass formation, where
“bunch grasses™ form separate mats or large tufts, with bare
ground between.  The most important of the bunch grasses are
the huffalo-grass (Buchloé dactyloides) and *‘grama-grass” (Bout-
cloa oligostachya). Buffalo-grass formation is typical of mest of
the western cattle ranges.

A good many scecondary species of grasses, as well as various
other plants may occupy the space between the prevailing bunch
grasses. One of the common grasses, Stipa comala, al once at-
tracts attention by its conspicuous silvery plumes. Occasionally
a small yucea or cactus suggests the still drier plains further west.

Toward the north the true prairie reaches to the foot of the
mountaiug which vise abruptly from tbe rolling prairie. v This is

! Pound, Roscoe and Clements, F. E.. Botarical Gozelte, XXV, p. 384, 1898,
2 Harshberger, luc. cil., p. 526. Svealso Woodard, J., in Botanical Gazelté, May,
1924,
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well llustrated in Glacier National Park in Montana, where the
rolling prairie of the Blackfeet Indian reservation meets the main
range of the Rockies, This pratric is rich in showy flowers, and
very beautiful in the late sununer, Near the base of the mountains
ave dense groves of aspens and serub cotlen-woods, while seabtered
conifers.—pines and spruces—begin to appeuar.

ring flura includes & number of pretty filinccous species,
fritillaries, adder-tongue (Eryvthronium), mariposa lilies (Cal-
ochortus) and the blue quamash (Camassia exculenta), formerly
an important food plant of the Indians.  Other spring flowers,
like those of the eastern prairies are also met with, but it is in late
July and August that the praivic flora is at its hest.

The praivie is of the bunch-grass type, and the silky plumes of
Stipe comata, are very conspicuous. The space between the grass
tussocks is completely covered with un extraordinary profusion
of zhowy flowers, reminding one of the flowery Swiss meadows.

This praivie is in the foot-hill region at an clevation of about
4,000 Teet.  Asters. golden-rods and several very beautiful species
of Erigeron are perhaps the most abundant flowers, and wnother
cven showicr compesite is Geillardia aristala, whose big yellow
flowers with erimson dises are not infrequently scen in gardens.

Lupins, Astragalus, and several vetches are abundant, and var-
row (Achillaca), and several umbellifers furnish most of the white
flowers. Bluebells (Campanula rotundifolza), one of the most wide-
spread of northern plants, are extremely abundant and a showy
mint (Monarda) was conspicuous, and here and there were masses
of the beautiful pink blossoms of a dwarf rose (R. 4rkansana).

At the edge of the prairie, and along the basks of the streams,
there is a luxuriant growth of tall herbaceous plants with showy
flowers, the most abundant heing the pink fire-weed (Epilobium)
which oceurs in immense quantities, and with it is often associated
a very showy Senecio, with golden yellow flowers. The huge
umbels of the cow-parsnip (Heracleum) are conspicuous in the low
ground, and in places the ground is scarlet with the Indian paint-
brush (Castilleja), of which there are a number of extremely
beautifulespecies in the mountains near by.

Southward the prairie-region diminishes in breadth, and the
western plains gradually assume the character of dry steppes. or
semi-deserts merging into the arid Mexican plateau.
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The southern praivics ave drier than those of the north, the
region having very hot summers, and there is a considernble
development of annuul specics sueh as characterize the desert
and serni-desert regions of the far western stales.

Frorina

The only part of the United Stales which can be culled tropical
ix the southern part of Florida and the “keys™ south of it. The
clinate is a hot humid one,
and the vegetation s to a
great extent West Indian in
composition.

The eastern part of the
Florida peninsuja is mostly a
sandy plain with coral rock
near the surfuce. The gritty
soil is covered with a thin
growth of coarse grass, and
toward the south, the saw-
palmetto {(Scrcnoa scrrulata),
is very abundant as an under-
growth for the pines which
form an open forest. The
principal species is the West
Indian P. Cariboea.

A common plant of these
southern pine-barrensisasmall
cycad (Zemia Floridana),
which with a second species
growing in moister situations
are the only cycads found in
TFra. 25.—Open pine forest (Pinus Cari-  the Unpited States.

baea); undergrowth of saw palmetto, . .
Miami, Florida. Inland is the extensive re-
mion of the ¢Lverglades,”
formerly impenetrable swamps covered with a dense growth of
saw-grass (Cladium effusum). Here and there are streams which
lead into the interior of this great swamp. Sometimes there are
areas of more elevated land covered with pine woods, and there
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are also cvpress swamps.  This region is now heing drained on an
extensive scale, the land being exceedingly productive.

Aleng the coast of southern Florida are extensive mangrove
formations, the prineipal species being the wide-spread Rhizophora
mangle.

Elsewhere extensive sandy heaches are encountered, with a
characteristic strand flora.  There is a mixture of typical northern
species, like the sea-rocket (Cakile) and various grasses, and
tropical forms like the saw-palmetto, and the beach morng

Ire. 26 —Mangrove formation, Miami, Florida.

glory (7 pumnca pes-caprac), the latter a denizen of pretty much
every trapical heach, the world over. Small Cacti, 2 Yucca and
an Agave hint at Mexican relationships.

While much of southern Florida is occupied by pine-barrens
and the saw-grass swamps of the Everglades, there are numerous
areas of greater or less extent distinguished by good sail, which
support heavy growths of broad-leaved trees. These patches of
forest are known locally as ‘“hammocks.” and the vegetation is
mainly composed of species common to the West Indies, or closely
related ones,—in short, the flora of the hammoeks is 2 distinctly
tropical one.
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With the live oaks, which usually are found in the hammaocks,
are associnted species of figs (Ficus), mahoguny. custard apples,
Jaurels (Persea), Terminalia, Eugenia, Guayacum, Chrysophylum,
Sideroxylon, Mimusops and other trees and shrubs unknown
ewewhere in the United States. The tropical character of the
flara of south Flerida is shown by the number of trees and shruhs
of the madder family (Rubincewe), a feature of most tropical coun-
tries.  In the temperate regions, most Rubiaceae are herbaceous.

Varjous Araceae, Crinum and Hymenocallis of the Amaryt-
lidacese, Canna, and Thalian. (Marantaceae), are all suggestive
of the West Indies, and in the humid atmosphere of the hammocks,
the trees arc laden with epiphytic ferns, orchids and Bromeliads,
presenting o pretiv tropical picture. Florida has many species of
orchids, some of which like Vanilla and Epidendrum are distinetly
tropical types, and very handsome.  Peperomia, a distinetly tyopi-
cal genus of the pepper family has fwo species in southern Florida.

No feature of the flors of south Florida is more distinetly tropical
than the palms, of which there are over a dozen speci Except
for the palmettoes, which reach the Gulf states and Carolinas, all
the palms of the eastern United States are confined to southern
Florida.

The coconut thrives along the shore as it does in most tropical
countries, and in addition are some dozen other specics of palms
most of which are confined to this region. The finest palm of
Florida is the royal palm (Oreodoza regra), also a native of Cuba.

Most of the conifers of Florida are pines, except in the swamps
where the cypress occurs. An exception is the rare and interesting
Torreya taxifolia, a member of the yew family, known only from
2 very limited habitat in middle Florids. The only other American
species 7. Californica is coufined to central California.

The fern flora of Florida is not particularly rich, but in the south
ineludes & number of tropical genera and species. Among these
may be mentioned Vittaria, Ceratopteris, Acrostichum aurcum,
several species of Polypodium, and the remarkable Ophioglossum
(Cheiroglossa) palmatum. The latter, as well as a good many
others, gmow as epiphyles in the bammocks. Several species of
Selaginella, Psilotwm triguctrum and Lycopodium cernuum, are
also suggestive of the tropics.




CHAPTER V
THE NORTH TEMPERATE ZONE— Concluded
THE ROCKY MOUNTAINS AND PACIFIC SLOPE

The main range of the Rocky mountains extends from New
Mexico o northwestern Montana, and thence into the Canadian
northwest.

There ure two pretty well marked regions which differ a good
deal iu character.  The highest sumuits are in the southern
part. of the range, several peaks in Colorado, e. p., Pike's Peak,
Long's Peak, exceeding 14,000 feet, but, the mountaing are far leax
abrupt than further novth, In norfhern Montana and Canada,
the main range iz very much broken up, with very =teep slopes
and sharp peaks, but none of the latter attain the altitude of
those further south.

The national parks in Colorado, Wyoming and Montana,
make the Rocky Mountains very accessible, so that the floras
of thesc interesting vegions can be easily studied.

The country near Denver, and in Estes Park, iflustrates very
well the more salient features of the southern or Park region
of the easfern Rockies.

As one approaches the mountains in Colorado, the prairies
of Kansas and Nebraska merge into a semi-arid region of bunch-
grasses inferspersed with xerophytic types reminiscent of the
true deserts of the south and west., This plain has an elevation
of about 5,000 feet, and in places, the foot-hills form sloping
table-lands or “inesas,” which are often traversed by streams
descending froni the monntains.

The western edge of the mesa is hoth more sheltered and
better watcred thun the castern side, which slopes into the dry
grass-land of the great plains. The vegetation of the western
edge uf the mesa is of a somewhat mixed type. There is sufficient
moisture to permit the growth of a few conifers and aspens,
and a number of shrubs and herbaceous species occur which
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require more moisture than those of the open plains. There
is also an infusion of bigh mountain species, which mingle with
those belooging to the dry praivie.

A featurc of the Colorado mountains are the “ parks,” broad,
grassy, neatly level valleys lying between high mountains. Estes
Park is familiar to tourists, and is a good example of this forma-
tion.

These parks are fairly level vallevs having an elevation of
6,000 to 10,000 feet. The grassy meadows are rich in beautiful
flowers, most of which are true sub-alpine types and guite dis-
tinct from the plains flora,

The Racky mountain flora swhile having a good deal in common
with the alpine tioras of Europe, diflers in many details. The
gentians, campanulas and primroses, are much less in evidence,
while on the other hand, American genera, ¢. g., Castilleiu, Pent-
stemon, Mimulus, as well as Aster and Solidago and some other
Compositae, are very abundant, both as to species and indi-
viduals, and these are mostly absent from the Furopcan moun-
tains, or in the case of the Compositae, much less developed.
One of the finest of the mountain Hlowers s the great blue and
white columbine (4quilegia coerulea) the state flower of Colorado.

Above the parks the mountain sides are in many places clothed
with a fairly heavy forest mostly of conifers. On Pike's Peak
the timber line ascends to 11,600 leci. The lorest is composed
of several species.  The vellow pine (Piaus ponderosa, var, sco
pulorwm) is abundant above 6,000 fect, vsually associated with
Douglas fir (Pseudotsuga), these being the most widely distributed
of the western conifers with the possible exception of the lodge-
pole pine (P. Murrayana). Over large areas the Epgelmann
spruce (Picen Kngelmann) is the predominant tree, and is wide-
spread in the Rockies, but scarcely veaches the Pacific coast.
This species ascends to the timber line, oceasionally over 12,000
feet. In the higher altitudes, the yellow pine gives place to the
limber-pine (. flexilis), which reaches its best development further
porth, The alpine fir (Abies lasiocarpa) also reaches timber line,
and lower,down the Pacific white fir (Abies concolor) is met with,
but never reaches the dimensions attained in the Pacific forest.
On the dry slopes low bushes of juniper are comnon, as else-
where in the western mountains.

.
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Nuwhere do the deciduous trees play an important rdle. Except
for thickets of aspens the deciduous trees are confined to the
canyons and river banks of the lower elevations. Birches, wil-
lows and cotton-woods may be found in such Jocalities, and
several species of ouks occur in Colorado, but are never trees
of large size, and usually merely shrubs, forming part of the
“chaparral” or serub on the dry hillsides.

North of the high mountaios of Colorado iz an elevated plateau
which s traversed by the Union Pacific railway in Wyoming. At
the continental divide, about 8,000 feet elevation, the country is
an undulating dry prairie or steppe with almost no trees, and
in general sennty’ vegetation.

The Yellowstone Park is approached over much the same
type of country, and is also a relatively level aren with no high
mountains in the immediate vicinity. The hills are covered
with a forest of lodge-pole pine, but the trees are small. In
the early summer there ave a good many attractive flowers
growing in the woods and on the grassy slopes. One of the most
abundant is a large vellow adder-tongue (Erythronium grandi-
Jlorum).  Other characteristic flowers are some fine larkspurs
and {ringed gentians, and a small orange fritillary (Fritillaria
pudica).

The barven soil of the peculiar thermal formations is mostly
bare, hut it is interesting to note that some species, usually found
on the seashore, or salt marshes (Selicorma herbacea, Rumer mari-
tima), have established themselves on the hot alkaline geyser for-
mations.

The main range of the Rockies, in northwest Montana and
Canada, is extremely rugged, broken up into separate mountain
masses with steep slopes and sharp peaks. Owing (o the latitude
there is much more snow than in the southern Rockies, and glaciers
are commor, especially in the Canadian mouuntains, and the snow
line Is much lower.

The main range traverses Glacier Park in northwest Montana,
and affords a most interesting study in plant distribution.

The prairie flora to the east has already been referred o, and an
analysis of its constituents shows a mixture of eastern and western
species, the former rather predominating.

The eastern slopes of the mountains are exposed to the extremely
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severe weather conditions of eastern Montana, intense cold, great
summer heat, and scanty rainfall; hence the vegetation of the
exposed areas is decidedly xerophyiic.

There are several lakes, more or less protected by the surrounding
mountains, and about these, and in sheltered canyons, there is a

Fia. 27.—Coniferous forest, Glacier National Park, Montuna. Left, western
hemiock; right, western white pine.
fairly luxuriant forest in which Douglas fir and Engelmann spruce
predominate. Both of these trees descend to a much Jower eleva-
tion than in Colorado, and the same is true of the limber-pine
which becomes a fair sized tree, while usually it is a high mountain
species ob low and spreading habit. Some of the drier areas are
occupied by nearly pure stands of lodge-pole pine, and low junipers
grow on the exposed hillsides, where there is often a dense scrub
or chaparral composed of o variety of shrubs. These include two
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species of buffalo-berry (Shepherdia), raspberries, currants, sumac,
huckleberries, plums, and others.

Crossing the divide to the west side of the range, one finds within
less than twenty miles a remarkable difference in the forest
vegetation, due to a marked change in climate. The west side

o T

S

" o o ;
Fra. 28.—Forest, Glacier National Park. At right, center, cotton-wood (Populus
frichocarpa).
of the range evidently intercepts a large share of the moisture
brought by the west winds from the Pacific, and the rainfall is
consequently very much greater than on the eastern side of the
mountnins. Moreover the winter cold is much tempered by the

westerly winds. '
The forest about Lake McDonald at the western base of the
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range in Glacier Park is a very heavy one, and composed of a
remarkable variety of conifers, which attain a much greater size
than those of the castern slope.

The most abundant trec is the western larch (Larix occidentolis),
a graceful tree, sometimes exceeding 130 fect in height. This trec is
deciduous, like its relative the
eastern tamarack.  With this
are the Douglas fir and Engel-
mann spruce, and at higher
elevations the alpine fir. Be-
sides these, however, are spe-
cies helonging to the humid
Pacific coast forest, the grand
fir (A bies grandis), glant arbor-
vitae (Thuja  plicata), and
western hemlock., The west~
ern vew (Tarus brevifolia) is
common, but does not be-
come a tree.  For the number
of specics of conifers growing
together, this forest has few
if any equals.

The peaty soil supports an

interesting assemblage of bo-
real shadedJoving plants. The
twin-flower (Lignaea) forms
extensive carpets in places,
and the Indian-pipe (Mono- )
tropo. um'/iora) lifts its clus- Fia. éﬂ.—Forest intertor, giant arhor-
ters of dead-white stems and vitae: Lake McDonald, Glacier Na-
flowers from the dank mould. tional Purk.
Pipsissewa (Chimaphila), and several species of Pyrola; the
dwarf Cornel, and several orchids, e. g., coral-root {Corallorrhiza),
rattlesnake plantain (Goodyera); Clindonia wniflore, Berberds
repens, Aralia nudicauls.

Where’ the shade is less dense, as afong the banks of the small
streams, and in clearings, a number of characteristic species are
noted. Elder, cow-parsnip (Heracleum), and maples make fine
masses of foliage in the low ground, and with these are associated
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the handsome feaves and large white flowers of the thimble-berry
(Rubus Nutlonusy, and the “devil’s club” (Echinopanax horridus),
a hondsome but horribly  spiny shrub, an emigrant from the
Pacific coast. Ferns are not uncommon, and  the lady fern
(Asplenivm filiz-foemine) s especially abundant and luxuriant
in the low ground; also a variety of shrubs, snowberry {Svinphori-
carpus), Spiraen, Viburnum, twin-berry (Londcera involucrata).

While deciduons trees are greatly in o minority, the forest is
not so exclusively coniferous as that of the drier parts of the
mountains.  The eanoe-birch ix not uncommon. and hecomes a
tree of considerable size, while the balsam poplar (Populus - cho-
carpal is a lofty tree with tall straight trunk, rivalling the conliers
in height. .\ small maple (Aeer. glabron) ix also common.

Showy flowers are less abundant than in the drier and mare
open countrs of the castern side of the mountains; but of
higher clevations there are many Dheautiful alpine and sub-uipine
specics.

The alpine meadows of the northern Rocky Mountains have
a profusion of oxtremels beautiful fowers, and there are many
interesting and attractive rock-species also, like the Pentstemons,
Ep:lob wom lolifolium, various =uxifrages, slone-crops, ete.

The meudows early in the season are adomed with the Jarge
vellow adder-tongue, which scon vipens its fruit and is followed
by a greut varety of attractive flowers.  Yellow amica, white
valerian, blue gentiang; and lupins and momificent scarlet,
crimson and pink Castillela abound, as well as many other pretty
and interesting species. I the welter ground a beautiful pink
Mimulus (M. Lewisii), is abundant, as well as yellow Senecio,
larkspurs, forget-roe-nots, asters, Erigeron, and a pale vyellow
columbine, quite different from the blue Colorado species. The
curious little “clephant’s head” (Pedicularis Groenlandica) is not.
uncommon, and the pretty grass of Parnassus (Parnassia) is
abundant in rooist places. A very conspicuocus plant of the sub-
alpine region is the green false-hellebore (Veratrum viride), whose
big plaited leaves, and tall racemes of greenish fowers, are ex-
tremely common. N

Ameng the rock-plants is the mountain avens (Dryas octopeiala),
a species common to the arctic and alpine regions of both bem-
ispheres.  Other wide spread species are Silene acaulis, Iceland
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poppy, and the little primrose, Primule farirosa. With these are
associated such distinctly American genera ns Pentstemon and
Phlox.

Northwestward, the western Rocky Mountains unite with the
nerthern Cordillera in Idaho, Washington and British Columbia;
and this accounts for the strong infusion of Pacific coast species in
the Rockics of lduho and northern Montana. These are mostly

Tia. 30.~—Alpine vegetation, Glacier National Park: left, Alpine fir; right, false-
hellebare (Veratrum viride).,

absent, from the southern Rocky Mountains, where the drier and

hotter climate is less suited to these northern moisture-loving

species.

West of the main continental divide is the extensive plateau
region, the Great Basin, comprising most of Utah and Nevada,
and parts of Idaho, Oregon and Washington. This is a region of
arid steppes and broken mountain ranges, with light precipitation,
this being specially marked in the southern ureas.
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The arid climate of the Great Basin is due largely to its almost
complete encivclement by lofty mountains,  The western Cordil-
lera Juorms an cflective barrier against the moist Pacific winds,
and the southern portion is open to the hot winds from the Mexican
platcau.  Except for the Columbin and its tributaries, which
traverse the northern parts of the basin, theve are no streams of
importance within the area, and these are often lost in the desert
sands, or as in the case of the
Jordan, flow into suline lakes.

Parts of the region, like that
adjacent to the Great Salt
Lake, are deserts of the most
pronounced type, quite desti-
tute of vegetation; or the arid,
often alkaline soils support
only a thin growth of such
plants as sage-brush  (Arte-
misia), and grease-wood (Sar-
cobsitus) and similar shrubs
capable  of enduring long
periods of drought.

This region is traversed by
the Union Pacific railway, and
between Cheyenne and Reno
one has an opportunity of see-
ing the most characteristic por-
tions of this Great American

N 5 - desert.
Fia. 31.—3sub-upine meados, Glucier From ao elevation of over
Nationut Park. 8,000 fect at the continental
divide there is a descent of about 4,000 feet into Utah and Nevada.

The bunch-grass prairie of Wyoming passes gradually into a dry
steppe with thinly scattered bunch-grasses interspersed with sage-
hrush and other xevophytic growths. The rocky hillsides support
o few scrubby junipers and firs, and various low shrubs and herba~
ceous plants in the sheltered hollows among the rocks; But these
mostly disappear in the lower parts of the basin. Where there
are streams, the banks are lined with willows and cotton~woods, as
well as 2 number of deciduous shrubs, currants, elder, roses,
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spiraen, cte., and herbaceous plants, like asters, golden-rad, witlow-
herb, and others,

Along the railway in Ulah and Nevada as far as one ean see, is
a monotonous landscape of barren plains and low hills sometimes
almost destitute of vegetation, but usually covered with a dull-
green muntle of sage-brush which is the predominant plant of this
region.  Befween the clumps of sage-brush, there wre often seat-
tered fufts of mrass, and sometimes after spring rains, various
flowers appear for a brief scason. Among these may be mentioned
the “sego lily" of Utah, a pretty lily of the genus Calochortus;
eveping primrose, lupins, and various other showy annuals.

When the soil s strongly alkaline, grease-wood (Sercobatus
vermicularts) tukes the place of the common sage-lLrush, and with
it oceur other plants characteristic of alkaline soils, e. g., Atriplex,
Bigelovia, Suneda and others.

This drenry landscape continues almost to the foot of the
Sicrras, where the effect of the coastal nioisture begins to make
itself manifest.

This arid region extends northward into Oregon and Washiogton,
where desert conditions ure less extreme, and the northern portion
of the Great Basin is traversed by the Columbin which breaks
through the Cascade mountains and reaches the sea. A con-
siderable portion of the Columbia basin lies in this arid region, and
although much of it is very dry, there is a true forest growth in
many places, and cven at the lower clevations the yellow pine may
form open forests. Only a small area in castern Washioglon is
comparable to the deserts of Nevada and Utah,

The desert of the Great Basin has a much more monotonous
vegetation than the regions to the south. The Cacti, Yuceas,
and other striking forms of the deserts of Arizona and southern
California, are almost cntirely absent. These are of Mexican
origin, and apparently not fitted for the severe winters of the
northern desert.

Of course, even in a true desert region, the sheltered valleys,
watered by mountain streams, may develop a relatively luxuri-
ant vegltation, and if sufficiently open are available for cultiva-
tion. Before reaching Ogden, the railweay passes through the can-
yon of the Webber River, which furnishes water for irrigation, and
where the floor of the valley expands there are prosperous looking
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s with luxuriant ficlds of alfalfa and other crops, and fine

5. The contrast between the forest growth of some of
these sheltered canyons, and the barren desert without, is quite
extraordinary.

As the Tower slopes of the Sierra and the Cascades are reached,
the eflect of the inerensing moisture is seen in the greater number
of trees as ane aseends toward the summit of the ranges.  Although
stern stopes of the Sierra are nuel drier than those of the
Pacific side, nevertheless there is an abundant growth of fine
trees in which the yellow pine predominates.

This intermediate region is well shown near Lake Tahoe,

Fio, 32—Desert, vegetation, Utah. Sage-brush (rtemisia 5p.), Chrysothimnus
sp. Photo., Mr. Fred Buss.

which lies at about 6,000 feet elevation on the boundary between
Nevada and California. About the eastern shore, the yellow pine
is the commonest tree, and sage-brush and other xeropbytic plants
occupy the ground between the trees, On the western side, es-
- at the northern end of the lake, the effect of an ektremely
stow-fell is seen in a forest of mixed conifers, in which
the white fir (Abies concolor), is the commonest species, with
sugar pine (P. Lambertiana), yellow pine, and incense cedar (Li-
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bocedrus decurrens). In roister ground the tamarack (Pinus
Murrayana) oceurs.

The drier ground is covered with chaparral, in which the char-
acteristic western shrubs Manzanita and Ceanothus are conspicu-
ous.  Alpine meadows like those of the Northern Rockies are
common, and in generad the vegetation is much like that of the
western Rockies ot similar altitudes.

Tue Pactric Coast

Climatic conditions on the Pacific Coast are very different
from those clsewhere in North Amerien, where for the most part

Fic. 33.—Conifcrous forest, Lake Tahoe, Californiu.  Left, incenae cedar, yellow
pine; night, white ar.

the clitnate is a pronounced continental one, with great extremes
of heat and cold.

The whole coast, from Sitkn to San Diego enjoys a remarkably
equable climate, insular in type, rather than continental. The
two great factors concerned are the lofty range of the Great Cor-
dillera, protecting the coastal strip from the great temaperature
fluctuatidns of the interior, and secondly the proximity of the
ocean whose surface waters maintain a pearly constant tempera~
ture, which has a very great influence on that of the coast, especially
as the prevailing winds are from the sea.
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The effect of the ocean temperature is especindly marked on the
imniediate coast. San Francisco. lat. 38°% about the same as
Wasbington, has o wean anpual tempersinye of 53°F, with only
fen degrees dillerence hetween the warmest and coldest months,
viz, 60°-50°  In Washington, the difference is more than four
tinues ax preat. The moderating effect of the ocean is particularly
poticeable at the north. Sitka, seventeen degrees north of New
York, has almost exactly the same temperature (41°C) for its
coldest month.

Away from the immediate coust the temperature is greally
mfuenced by topogeaphy. Where the cool acean winds in summer
are inteveepted by mountain ranges, as o central and southern
California, arid regions Iike parts of the San Joaquin Valley and the
Mojave desert show the highest sunmer temperatures of any part
of the United States. For example at Needles, on the California
hank of the Colorado River in the Mojave desert, there are few
days in sunimer when the thermometer does not reach 100°T,
and 120° and even more are sometimes registered. This same
region, in winter, is subjeet {o sharp frost.

The distribution of rain on the Pacific Coast is also very dificrent
from that of eastern North America, The rainiest regions are at
the north, where some of the stations have anpual means of over
100 inches, and exceed uny points in the castern United States.
Southward the yainfall diminishes rapidly until at the Mexican
boundary it is ten inches or less.

Like the temperature, the rainfall is also strongly covotrolled
by topography, especially by the trend of the mountains, and there
may be a greal difference in precipitation within a short distance,
duce to topography. At Stanford University which lies to the
east of the outer coust range, the annual rainfall averages tess
than 20 inches. hut at some stations, ¢. g., Boulder Creek, about
twenty-five miles away in an air-line, it is more than three times
as much.

Of course these great differences in temperature and moisture
excreise a great influence upon the vegetation. For exarnple, the
Santa Clara Valley in the vieinity of Stanford University, is an
open grassy savanna, with scattered oak trees, and only on the
northern slopes of the hills do the trees form an approach to a
forest. In the mountains, however, in the regions of heaviest
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rainfall, is a meenificent forest of giant redwoods, with an under-
growth of almost tropical luxuriance.

Throughout the southern part of the Pacific Coast, including
all of coastal California, the winter is a period of active vegetation.
The vains are confined to the cooler part of the year, the summer
being quite rainless in most, of California; and as far north as
British Columbia the rains are small in amount compared with the
auntwan and winter precipitation. Thus in lowland Culifornia,

Fi1G. 34.—8anta Clara Valley, near Stanford University, White oak, with
mistletoe (Phoradendron flavescens).

at least, 1he growth periods are reversed when compared with
castern North America.

During the long dry summer the native vegetation is largely
dormant, but with the autumn rains, in October and November,
a host of anpual grasses and herbaceous flowers sprout, avnd the
perennial herbs, especially the numerous bulbous and tuberous
species, start into growth, continuing to grow through the rainy
winter, fidwering in spring, ripening their fruits and dying down
after the spring rains have ceased.

As in all climates with mild winters, there is a preponderance
of evergreen trees and shrubs. Not only are coniferous trees
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developed to a remarkable degree, but a great variety of broad-
feaved evergreens are found, especially In the southern part of
the urei, Lvergreen ouaks, laurels, huckleberries, barberries, and
other less familiar genera, abound in the Californian flora.

The mild clitnate and a very heavy ratofall resalt in o luxarisnt
forest. as far north as about 60° in coastal Aluska, corresponding
in latitude to northern Labrador and the southern tip of Green-
land, regions of arctic cold and destitute of uny forest vegetation.

A feature of the Pacific coast is an extraordinary development
of the giant kelps, these huge brown sea-weeds growing in profu-
sion on the rocky shores from Alaska to the Mexican houndary,
being especially abundant in Central California.

The best known of the giant kelps is the great bladder-kelp
(Macrocystis pyrifera). which also is found in the colder waters of
the =outhern hemisphere.  Otlier Kelps reaching a great size ave
species of Aluria, Egregin, Nereocystis and Pelagophyeus.  The
two Jatter may reach alength of 100 feet or more, and grow in
deep water, the huge leaves being buoved up by a single globular
float, which in Pelagophycus is as large as u coconut.

The majority of these kelps are peculinr to the Pacific Coast
of North Amerien, and constituie one of the most remarkable
features of the Pacific Coast vegetation.!

The typical coastul fora of southern Aluska is well developed
about Sitku. The forest is very dense, made up mostly of two
spe¢ the Sitka spruce (Piceo Sichensis) and a hemlock
(Tsuga Merfensiana). A third species, the Alaska cedar (Cham-
aceyparis Nootkatensis), has been largely exterminated, as its
wood Is especially prized for making the great dugout canoes,
and for wood carvings.

While the trees of this forest do not attain the great size found
further south, still they are fine large treex, the spruces often
attaining a height of over 100 feet, with a diameter, occasionally,
of 6 to 8 feet. The forest foor is covered with a dense carpet
of mosses, which also cover every stump and fallen log.  Among
the mosses grow the usual low evergreen species of the northern
forests, e. g., Pvrola. Linnaea, dwarf cornel, various species of
Lycopodiuni, and ferns, ete. The abundant and constant mois-

1The nlgae of the Alaska coast are decribed at some length by Harshberger,
loc. cit., p. 88T
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ture is especially favorable for seed-gerrbination, and myriads
of tiny spruces and hemlocks are found on every log and stump,
growing in the moss.  As the logs decay very slowly, it is common
to see a young tree perched on a stump several feet above the
gronnd, sending down its roots until they reach the earth. When
the log or stuinp finally decays and disappears, the tree is sup-
ported by a cone of stilt-like roots often five or six fect high.

In every clearing i an impenetrable jungle of shrubs and
young trees, among which the spiny devil's club (Echinopanax)
is only foo abundant. It is, however, a remarkably handsome
plant, with its large palmate leaves and =pikes of showy red
herries.  This, with the huge leaves of the Aroid, Iysichiton,
known locallv as ““skunk-cabbage, ™ gives quite a tropical aspect
to the edge of the jungle. The salmon-herry (Rubus spectabilis)
with pretty pink Howers, and showy red and yellow fruit, is a
comimon and characteristic shrub.  Red-berried elder, huckle-
herries, mountain ash, roses and spiraea, are also abundant
in the woodland fhickets, and in low ground are extensive growths
of the giant horse-tail (Fquisctum telmaleio).

Deciduous trees, willows, poplars, alders and small maples,
are mostly restricted to the banks of the numerous streams.

Sphagoum bogs abound near Ritka and contain the wsual
northern  bog-species: sundews, cranberries, Kalmia glouca,
various hog orchids, buck-bean (Menyanthes), ete,, with niumer-
ous grasses and sedges, including species of cotton-grass (Lri-
ophorum).  The pools in the Sphagnum bogs are very rich in
small algae, e. g., desmids, diatoms, and a great variety of other
unjcellular species.

Buitisa Corusbia axp PUcer Sounp

The general character of the coastal vegetation of British
Colurabia and Puget Sound, is much the same as that of south-
east Alaska, but with the warmer climate, the number of species
increases and the trees reach enormous size. About Puget Sound,
the Douglas fir (Pseudotsugn Douglasi?).' js the most abundant
species, and is the most important timber-tree of the Pacific
Coast. Originally forests of this species everywhere lined the

¢ P. tazifolia.
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coast, but the nccessible areas have been mostly stripped of
timber, with the development of the cities and agricultural
districts.  These farests, where they still exist, are very dense,
and the frees aultain 2 great height, occasionally upwards of
300 feet.

The trees of the Alaska coast forest also occur, and the Sitka
or “tideland " spruce attains its greatest development here,
as does the ginnt arbor-vitue (Thuje plicala) koown usually as
“eedur.”  Of the deciduous trees of thix region, the big-leaved
maple (Aeer macrophylinng and the handsome flowering dog-
wood (Cornus Nuitalliry are conspicuous. These with the smaller
vige-leaved maple (4. circinnalun), color brilliantly to the
aufumn and make fine masses of rolor in the evergreen foresf.
From Wushington =outh, the fine western rhodadendron (B,
Californicwn) = abundant, as well as the sbrubs found in the
more northern forest.  Apother characteristic shrub is the salal
(Gaultheria shallon), velated to the little wintergreen of the Atlan-
tic states.

In the neighborhood of Tacoma ave some open prairies where
are oaks (Quercus Garryana) in scattered groves; but as a ruale,
ozks are not abundant in this region.

While the Jorest has been largely cut away from the Jowlands,
ane can get an idea of the primaeval forest from the pieces of
forest land that have been reserved for parks. Thus Stanley
Park at Vancouver hz« enormous specimens of tideland spruce,
ceclar, and Douglas fir, and shows what the coastal forests were
before the advent of the white man.

The western slopes of the Cascades are covered with dense
forest in which the Douglas fir is much the most abundant tree,
and often forms pure stands of greal extent.

The great voleanie peaks which rise from the Cascades illus-
wate very beautifully the change in vegetation as one ascends
from sea-level to the regions of perpetual snow and ice. The
snow-line is about 6500 feel elevation.

The finext of all these mountains, Mt. Rainier, is easily acces-
sible, and shows perfectly the different zones of Yegetation.
Moreover, as if is a National Park, the forest is largely intact.

At the base the forest is mostly Douglas fir.  Above this the
Douglas fir is associated with white pine (P. monticola), hemlock,
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and twe fine firs, Abies grardis, and A. amebilis. Above 3,500
feet, the Douglas fir is replaced by the noble fir (4. robilis),
and at timber line, the Alpine Br (A. lasiocarpa), and white-
barked pine (P. albicaulis) are found.

The ground flora of the forest is very much the same as that
in the northern Rockies, and the same is true of many of the
species making up the lusuriant thickets of shrubs in the more
open places. The vine-leaved maple, already referred to, is

one of the cominonest and most beautiful. It closely resembles
some of the Japavese maples, and like them in the fall assumes
gorgeous hues of crimson and scarlet.

The alpine fora of Mt. Rainier i perhaps unrivalled in Amer-
ica. As the spow melts, the alpine meadows are adorned with
a great profusion of beautiful flowers, Beds of big snow-white
“avalanche lilies” (Erylhroniwm monlenwm) spring up close
to the snow-banks, and dense masses of brilliant crimson Cas-
tillela, blue lupins, and pink heather (Bryaothus), make superb
expanses of vivid color, and with these are many others, many
of them wide-spread alpipe species.  The unusual profusion
of flowers on Mt. Ranpier iz probably due to the abundant mois-
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ture from the great spow ficlds and glaciers which cover the
mountain for a distance of nearly 8,000 fect.

The eastern slopes of the Cascades are much drier, and the
plateau traversed by the Calumbia and its tributaries is arid,
and belongs rather to the Great Basin than to the Pacific Coast.

The southern Cascades have a much less luxuriant vegeta-
tion than in the Puget Sound region, and this becomes very
marked as the California boundary is reached. The northern
conifers become less numerous, and the yvellow and supar pines,
and white fir are more in evidence, and indicate an approach
to the drier climate of the Sierra Nevada.

Along the coast, however, the dense wet forest belt is con-
tinued into northern California, bul the echavacteristic trees
of the northern forests are to a great extent replaced by the
redwood (Sequoia sempervirens), wbich in some places forms
pure stands of great extent, and throughout the great redwood
belt, reaching from southern Oregon to central California, is
the predominant species.

Associated with the redwood, throughout most of its range,
is the tan-bark ozk (Pasania densiflore) the only American repre-
sentative of a genus otherwise restricted to Himaluyan and Indo~
Malsyan regions.  Another beautiful tree of the redwood region,
but not confined to it, is the madrofo (Arbutus Menziesi7), with
broad evergreen leaves suggesting @ magnolia.  This reaches
its greatest dimensions jn central California.

Owing to the great diversity of topography and climate, Cali-
fornia surpasses any other equal area in the United States in the
richness of its flora.  Not only is the pumber of species very great
but a suprisingly large number are peculiar to the state, and often
of very limited raoge.

Covering 10 degrees of latitude (42° to 32°) and with a coast-
line nearly a thousand miles long there is naturally considerable
range of climate due to latitude; but this is very much less marked,
as regards temperature, thap is the case on the Atlantic coast,
due to the uniform temperature of the Pacific.

While the temperature in California is relatively little affected
by latitude, this is not irue of the precipitation. Eureka, near the
northern end of the state has more than four times as much rain
as San Diego; while some stations in northwest California may have
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more than a hundred inches annually. On the other hand,
some places in the desert of southern California are almost
rainless.

Topography plays an extremely Unportant role in determining
the climate of dificrent parts of Culiforpia. The principal nioun-~
tain~ are parallel with the coast.  In central California therve are
three, the auter and inner Coast Ranges, and the Sicrra Nevada
forming the eastern boundary of the state. At the north the
Siskivous separate California from Oregon, and connect with the
southern Cascades. In ceniral California the Tehachapi Moun-
tains connect the Coast Ranges and ihe southern Sierra, and in
southern California are more or less isolated lofty mountains, the
San Bernardino and San Jacinto ranges,

These mountain ranges exereise an inunense effect on the climate
of the adjacent regions.  Thus while the western xlopes of the
outer Coast Range receive a heavy rainfall, so that the northern
redwood forest ix probably the heaviest stand of timber in the
world, the valleys to the cast arce too dry to support anything but
a =eattered growth of oaks, and ave often quite treeless,

In the ~southern part of the state, where the precipitation at
best is seanty, the moisture-laden winds from the ogean are quite
unable to reach the interior vollevs and plateaus, and these are
mare or less complete deserts, like the Mojave desert, Death
Valley, and the Colorado desert.

In central California, the great central valley, made up of the
Sacramento and San Joaquin, has a very light rainfall except in
the upper Sacramenfo Valley. For ihe moxt part the rainfall is
insufficient. {or ordinary farming, but under irrigation these val-
leys are extrawely productive, and a grest quantity of graio,
including rice, and fruit of all kinds, make this great valley the
most important agricultural region of Califorpia.

There may be great differences in temperature and precipita-
tion due to local conditions, Tor exaruple, Ran Francisco, situated
on a peninsula exposed to the full effects of the ocean wind and fog,
has a remarkably eold summer clinate, the mid-summer maximum
nsually heing helow 70°T. In the central valley, af this season,
intense heat prevails, while in the descrts of southern California
are the hottest regions in the United States. Even in the imme-
diate vicinity of San Francisco places lying inside the Coast Range,
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e. g, Stanford Univervity, usuvally have swumer maxima ten to
twenty degrees higher than the city.

While the west side of the Coast Ranges infercepts much of
the moisture from the ocean winds, so that the vallevx are compar-
tively dry, the wouptains are not of sufficient. elevation to shut off
the Sierra from the moisture laden winds, and the wes( side of
the Sicrra above about 4,000 feet has a very heavy precipitation,
mostly in the form of snow, which allows the development of a
forest of giant trees.

The main range ha~ an average clevation of about 10,000 feet,
the highest peak, Mt. Whitpey (14302 {t.) being the highest
peint in the United States, outside Alaska,  This great barrier
effectunlly protects California from the extreme climate of the
Greal. Basin.  Owirg to the southerly position. the snow fields
are much less developed than in the Caseades, and except on NMt.
Shasta in northern California, glaciers are practically absent.
There i=, however, a very heavy =naw-fall, the melting =now pro-
viding the necessary moisture for the great forests that clothe much
of the western slopes of the Sierra, and feeding the numerous
glacial lakes of the high mountains, and the streams that flow
from them.

It is interesting to notfe that Mit. Whilney, the highest point
in the United States, overlooks Death Valley, also in California,
the lowest, spot, over 300 feet below sca-level.

The coast af California is very varied in churacter, and this
is reflected in the great variety of the coastal vegetation. Through
much of the state, the outer Coast Range runs close to the sea,
and as at the Golden Gate, high clifis rise sheer from the water,
and bold rocky headlands are a feature of much of the coast,
especially in central Culifornia. Low clay blufls are sometimes
met with and clsewhere broad sandy heaches and dunes. At San
Francisco and near Monterey, dunes are developed on a great
seale. Salt marshes ceeur in such sheltered places as parts of San
Francisco Bay, but are coruparatively rare.

The rocky shores with extensive reefs and tide-pools, barbor
an extradrdinary variety of algae and the whole Pacific Coast
from Alaska to Mexico is extremely rich in both red and brown
species. In the deeper and quieter water are delicate red algac
in great variety; but the species growing on the rocky ledges and
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reefs, exposed to the tremendous Pacific surf, are usually tough
and leathery in texture, fitted to withstand the buffeting of the
heavy waves. Some of these large red species, like the spiny
Gigartina and Iridea, the latter reflecting peacock-bues in the
shallow pools, are very conspicuous.

The most striking marine plants of this coast, however, are the
big brown sea-weeds, or kelps, which reach extraordinary size,
and show great diversity of
form.  Some of them, fike
Fucus, are entirely exposed at
fow tide, and drape the rocks
as they do on the northern At-
lantic coast; others arc rooted
in water fur helow tide mark,
and their leaf-like fronds float
near the surface, often buoyed
up by air-bladders. The tough
stems are anchored by strong
root-like hold-fasts in water
many fathoms deep.

O( these glant kelps, the
great. bladder-kefp (Macrocys-
tig) is abundant from Alaska
to Santa Barbara, and great
beds of this kelp, off shore, act
as a quite efficient breakwater.
Apother very large species,
Nereocystes  Lutkeana, some-
times attains a length of over
Fic. 36.—Sea-palms (Postelsia patmacfor- 100 feet. The big leaves are

mis). Photo.. Miss B. M. Bardelt. attached to a single air-bladder
the size of a haseball, the stem tapering gradually fo the slender
solid stem. Thix huge plant is the growth of a single season.
Much like Nereocystis is the “bull-kelp” (Pelagophycus) of
southern California, in which the float is the size of a coconut,
and the big leaves are attached to two great antler-like¢ branches.

Another kelp peculiar to the Pacific coast is the sea-palm (Pos-
telsia palmacformis), a stout upright plant about two feet high
growing on rocks exposed to the full force of the breakers. It
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resermbles a small palm tree, and the flexible trunk is perfectly
adapted to withstand the pounding of the surf, being so firmly
anchored to the rocks thaet it can be removed only Ly chopping
it loose.

The fHora of the sand-dunes is a very varied and attractive one,
and may be seen in perfection on the shores of the Monterey
peninsula,  Especially couspicuous are the masses of bush-

ladl ctd .

lunes, Monterey Peninsula, California. The trees are

Monterey pine,

Fra. 37.—8

lupins, with yellow, white and purple flowers, making 2 fine show
of color when in bloom. Other characteristic shrubs are species of
Ceanothus, “wild lilze,” and * Caseara” (Rhamnus), o~ wel) as
willows, and several Compositae. Sometimes the Monterey pine
(Pinus radiata) and live oak (Quercus agrifolra) are found on the
inshore dunes, where they form dense low thickets.

Besides grasses and sedges, there are a number of showy herba-
ceous plants, among which the vellow and pink umbels of the
“sand-velbenas " (Alronia) are conspicuous.

Where there are bluffs back of the dunes, upon them are found
a numnber of striking flowers, which may also invade the dunes.
A Jarge Mesembryanthemum (M. cequilalerale) is very common,
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and Castillela with flowers varying from cremun to scarlet are among
the common and very showy species. A large aster-like Erigeron
ix also very abundant.

The steep cliffs above the Golden Gate show a similar flora,
and there wre also many other-: buttercups, Iris, Frehscholtzia,
Suaniewla,  cvergreen  strawher (Fragaria  Chilensis),  cow~
parsnip {Heracleum), Fritillaria, etc.  Several ferns and horse-
fails are also rommon in places.

A feature of the eoastal flora of California is the occurrence of
severa) endenie eontfers of very Jimited range. The Monterey
pine, and cypress ((upressus macrocy.pa) wre practically confined
1o a few miles of coast ou the Monterey peninsula, and in southern
California, the Torrey und Parry pines are even less abundant.

In places there is a “mesa " extending from the base of the outer
Coast Range to the sea, with bluffs of moderate height along the
shore, These miesus in eentral California owing to the cool summer,
and frequent fogs, may be covered with a permanent turf, and in
the spring are decked with o grent variety of pretty flowers,
Abont Alonterey the hills ave covered with a forest of the Mon-
terey pine, which also occupies niuch of the lowland adjacent to
the shore, where it mingles with the cypress, which occurs only
close to (he shore, ofien clinging to the very edge of the rocky

headlands,

In the foose saudy soil between the pines is a more or less dense
chaparral formation in which Ceanothus and manzanita (Are-
tostaphylus) are perhaps the commonest shrubs, but with these
are a number of athers, including scveral species of currants,
goose-herries, cascara and others.

The muer const ranges, from ihe Oregon houndary to Santa
C'ruz, are characterized by the redwood formation.  The redwood
reaches the greatest development in its northern range, Humboldt
and Del Norte counties. The Humboldt forest ix sometimes a pure
stand of redwood, where the huge frees, sometimes more than 300
feet high, grow so closely together that on account of the dense
shade, there is very litiie undergrowth except ferns, :md a few
[ow evergreen shrubs.

So far as knowa, the redwood exceeds all other trees in height, an
authentic measurement being 342 feet. Occasionally trunks-15 to
20 feet in diameter are met with.
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The redwood formution reaches its maximum development,
along the Eel River, =ouib of Bureks, ahout latifude 40°. In
places there is a pure stand of these enonvous frees, many of
them more than 300 feet in height, and probably the heaviest
stand of timber in existence.

Between Eureka and the Oregon line, a region of extremely
heavy rainfall, the redwood is replaced gradually by the tideland
spruce, hemlock, and a fir, dbies grondis.  This forest has a
dense undergrowth of ahnost tropical Jusuriance.  The ground

O

Fia. 35.—Grove of Monterey cypress; Monterey Peninsula.

is carpeted with ferns, and there is an abundant growth of rhodo-
dendrons, evergreen barberries and huckleberries, dogwood, and
alders, and a variety of other shrubs and small trees.

Tn the southern redwood belt the Douglas fir is common, as
far south as the Sapta Cruz Mountains,

The main body of redwood is confined to the coastal mountains
north of San Francisco; but there are fine redwood forests in the
Santa Cruz mountains, and smaller growlhs in the sheltered
coastal canyons of the Santa Lucia mountains south of Monterey.

The range of the redwood is controlled by the summer coastal
fogs. Onply where these reach does the redwood naturally flourish,
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apparently requiring the protection of the fog-blanket against
the hot =un of the minless simmer.  In the wixed redwaood forest:
of central Califorpia there wre several churueteristic broad-leaved
evergreen frees,  The {an-bark ok und wadrotio have alvcady
been mientioned and in addition to these are the mountain live
oak {(Quercus chrysolepis), an evergreen chestnut (Castanopsis),
and the beautiful bay-tree (Umbellularia). Black oak (Quercus
Relloggii) and the hig-leaved maple, are the most hnportant
deciduous frees, but along the streams are large alders, cotlon-
woods, willows, and the box-clder (Acer Nequnda).

A dwarl yew (Trares brevifolia) and the “outmeg” (Torreya
Californica), also of the vew [amily, are sometimes found in the
redwood forest. Torreva has its only other Amercan representa-
tive in Ylorida.

Of the attractive shrubx of the redwood forest, the most beauti-
ful are the pink rhododendron (1. Colifornicum), and the azalea
(K. occidendal). The former is mainly confined to the north, and
is restricted to the coasfal region, while the azulea has & wider
distribution.  Liveraieen huckleberries and barberries are abun-
dant, and the big white-flawered thimble-herry (Rubus Nutlanus),
pink-Howered currants, bluckberries, Spirace, and  roses, are

characteristic,

Awong the common woadland flowers are Trllium, Ery-
throninm, Iitillaria, Clintonia, violets and cress {Cardamine,
Dentaria)., Smilacina, Aquilegia, Cynoglossum, Delphinium and
many others, Ferns sre abundant, but therc is no great varicty.
Adiantune pedatum, Woodwardia Chamissoi, Aspidium musdtum,
are perhaps {he most striking.

Central Californiass a meeting place for the northern and south-
ern floras. This is very well shown in the region about Stanford
University in the Santa Clara Valley, about thirty miles south
of San Francisco. To the west are the Santa Cruz mountains,
the highest points rixing about 3,000 feet above the valley. The
sheltered valleys, which are accessible to the sea-fogs, have a fine
prowth of redwoods, some of great size, and with them are the
usual associates, Douglas fir, tan-bark oak, madrofio, ldurel, ete.

These mountains, all through the sumvner, get the ocean fogs
which drift into the redwood canyons, but rarely reach the valley
floor, except occasionally as ‘‘high fog.”
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These cool, moist coast mountains harbor many plants cv-
idently of northern origin, such as violets, trilliums, lilies, aneniones,
Ervthronivm, roses, clders, and many others. While these pepera
are wide-spread boreal unes, the species are mostly peculiar.

On the valley side of the mountains the character of the vegeta-
tion is very diflerent. While redwood is still found in places, the
forest is mainly an open one in which oaks predominafte, purtly
the deciduous black oak (Quercus Kelluggid), partly live oaks.
Madrofio, bay, and buckeye (desculus Californica), als¢ accur, as
well as other trees and shrubs.

The dry slopes are covered with chaparral made up of o variety
of shrubs and small trees, mostly evergreen, but including a goad
many deciduous species.  Neveral species of Ceanothus, with
white or blue flowers are ahundant and very orpamental, and
known locally as “wild lilac.”  Manzanita (Arctostaphylos) js
also represented by several species. These fwo geners are remurk-
ably developed in Pacific North America. Several species of serub
oaks, buckeve, Garrya, “ poison ouk” (&hus diversiloba), © Yerba
santa’ (Eriodictyon), Adenostoma, bush-poppy (Dendromecon),
sev species of Ribes, as well as the more familiar roses, black-
berries, and elder, are commop constituents of the chaparral.

The valley itself is open, and except on the north slopes of the
foot-hills, is scantily wooded. Groves of picturesque, spreading
oaks, however, give the landscape a park-like aspect that is very
atiractive.  The commonest oaks are the live cak (Q. agrifolia)
and the white oak (Q. lobata). The latier under {avorable condi-
tions reaches & gigantic size, hardly rivalled by any other species.
Less common in dry soil, is the blue oak (Q. Douglasi7).

In general, both the woody plants and the herbaceous vegetation
of the valley, are of southern rather than northern affinities, and
are related more or less closely to the flora of the northern Mexican
plateau, which really comprises southern California and Arizona.

The coastal mountaips of southern California are much drier
than those of the north, and except in the canvons are largely
bare of trees, the southern Californian forests being mainly re-
stricted to the higher elevations of the interior mountains. Along
the coast and in the ioterior valleys, the rainfail is scanty, and
much of the country is too dry for tree-growth, and some of it is
genuine desert.
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Inside the coast ranges are many valleys, great and small, by
far the most important heiug the great central valley drained by
the Sacramento and Ran Joaqnin rivers which unite and discharge
into the Bav of Ran Francisco. This great valley is a vast plain
some 400 1uiles long, and over 50 miles wide in places. Much of
this ix trecless, recalling the mid-western prairics, and is a region
of great fertilits, which undes irrigation has become very produc-
tive. Numerous smaller valleys, alwo highly fertile, occur in both
northern and southern California.

The valleys and foot-hills are largely covered with annual
grasses, which die ai the begioning of the fong dry sumrmer, this
being the peried when muelt of the native vegetation is dormant.
As soon as the first heavy rains come, usually in October or No-
vember, the grass-—sceds quickly germinate, as well as those of
many ofher annuals, native and introduced, and the landscape
changes from brown fo vivid green, to fast through the winter and
spring.

The annual grasses which are so abundant in the valievs of
California, are mostly species introduced from southern Europe.
The most conspicucus of these is the wild oat (Awera fatue), which
is very commion, and furnishes valuable forage. The native grasses
are mostly perennial bunch-grasses, e. g., Siipa spp., Danthonia
spp., Bowtdouy spp.

There is a great variety of showy annuals which in favorable
seasons cover the hillsides and meadows with masses of splendid
color. AMany of these are familiar in cultivation, e, g., Nemophila,
Giliz, Eschscholtzia, Phacelia, Lupinus, Godetia, Clarkia, ete.,
but there are many others, especially such showy Compositae as
Layia, Baeriz, and others like Orthocarpus, which are not so well
known. Perhaps the showiest of all, and almost the commonest,
is the California poppy, Eschschallzia Californica, which forms
solid masses of blazing orange sometimes acres in extent, and often
associated with patches of brilliant blue lupins, almost as showy,
and produced in equal profusion,

With the annuals are associated »n nuwnber of perennials, largely
tuberous or bulbous specics. Buttercups, mallows (Sidalcea),
a large vellow composite (Wycthia), various Umbelliferae, and
especially a variety of liliaceous species, as well as species of Iris
and Sisyrynchium,
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Ten species of true lilies are found in California, including some
of the finest of the genus.  These are mostly wountain species,
or io the coastal region growivg in the moist canyons, or forest.
The Humboldt and Washington lilies of the Sierra Nevada, and
the redwood lily (Lilium rubescens) are especially beautiful.

In the northern part of the state are several fine species of
Erythronium, & genus which reaches its finest devclopment in
the northern Pacific States.

Lspecially beautifut are the many specics of Culochortus, “ Mari-
posas,” “butterfiv-tulips,” the majority of which are confined to

Fig. 39.—Death Valley. Photo., Dr. W. 8. Cooper,

California,  Another common and attractive genus is Brodiaea
(now split up into several gener), with umbels of white, blue, or
vellow flowers.  Allium, Chlorogalum and Zygadenus are other
common genera of Lilinceae. Of the Iridaceae, the genus Irls
has a number of common and hundsome gpecies, and the showy
Sisyrinchiwm bellum is one of the most abundunt spring flowers in
eentral California.

A feature of the Californian flora is the great number of species
within some genera, as well as the large number of cndemic
genera, somctirnes monotypic. Of she former, Trifolium, Lupinus,
Calochortus, Mimulus, Pentstemon, may be cited; of the latter,
Platystemon, Romneya, Bloomeria, Brevoortia, Limnanthes,
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Pickeringin, Chanmebatia, Adenostoma, Bolandra, Carpenteria,
Eucharidiuiw, Hemizonia, and many others.

The inner valleys of southern California arc 8s a rule arid, and
often actual deserts, South of the Tehachipi Mountains, which
forra the southern boundary of the great central valley, lies the
Mojave desert, which s a plateau of 3,000 to 4,000 feet clevation
toward the west, but dexeending on the east to the Colorado River.
To the southeast lies Death Valley, a region of intense heat
which lies more than 300 feet below sca-level and is the lowest
point in the United States,

In the muore clevated portion of the Mojave desert, which is
traversed by the milway, the traveller's atteotion s at once
attrncted by the fantastic tree-yvueeas (Yueca brevifolio), scattered
over the landscape. With these ave found in places seruby Junipers
and some other shrabs, Cacti are scurce, in marked contrast to
the Colorado desert to the south, which is separated from the
Majave by {he San Bernardino mountuins.

In the Mojave the predominant shrub is the ereosote-bush
(Larrea Mexzicanay, also a feature of the Colorado desert.  With it
are associated a nuniber of other characteristic species, e. g., Fran-
seria dumosa, species of Atriplex, Opuniin, Ephedra, Euphorbis,
Lepidium, Gilia, Exchscholtzia and others.

Along the Mexican boundary in southeastern California and
Arjzona, is the Caojorado Desert, a reggon with a vegetation dis-
tinetly Mexican i type, which will be discussed more in detail
later.

While the floor of the great valley is largely destitute of trees,
especially in the southern areas, the banks of the rivers and smaller
streams are more or.dess heavily wooded. Sometimes, as along
parts of the Sacramento, extensive bottom lands are developed,
which support a quite heavy forest of large eolton-woods, and
elsewhere along the streams are willows and alders.

Sumetimes the western sveamaore (Platanus racemosa) is found
along the strenm-banks, especially toward the south, and the
box-clder (Acer Negundo) is a common and wide-spread species.
Less common is the Californian walaut (Juglans Californica).
Roses. blackberries, poison oak (Rhus), dogwood, bufton-bush
(Cephalanthus) are the commonest shrubs of the stream-side
thickets.
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Marshes are not especially characteristic of the Californian
coast, but in the delts Jands of the Sacramento and San Joaquin,
are extensive fracts of marsh-land, through which the railwey
between San Francisco and Sacramento passes. These “Tule
marshes” are Jargely almost pure associations of bulrushes (Seirpus

Fia. 40. E
A. Cagiferous forest, Mt. Shasts region. B. Azalea (. eecidentals).

spp.). together with cat-tails and other characteristic marsh
plants in the raore open places.

The accumulation of vegetable matter builds up islands of
peaty humus soil, which support many plants, some guite charac-
teristic of the marsh region. When drained, the delta lands are
extremely productive, and of great value.

Extending from the Oregon line to southern California, the
lofty range of the Sierra Nevada forms California’s eastern bound-
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ary. The range is less definite at the north, merging into the
Cascades of southern Oregon.  Sovthward from Mt. Shasta it
is more clearly defived and fonns the eastern houndary of the
great central valley.  The mountains rise rapidly from the level
valley floor, and as one ascends, 8 marked change is noted in the
vepetation.

Along the upper Sacrawsento, and in the vieinity of My, Shasta,
the Donglas fir is the commonest tree, and the gencral fype of the
moist forest s wueh like that of Oregon and Washington.  The
flowering dogwood and vine-leaved maple common and along
the Sacramento river one sees bushes of syringa (Philadelphus),
and Calveanthus,  This regiou is the bome of the Californian
pitcher plant (Durdingtonia).

The foot-hills of most of the great valley are grass covered, and
with an open growth of oaks, buckeyve, and various shrubs, often
forming chaparral formations of greater or less extent. The chap-
arral shrubs are mueh the sanie as on the coast ranges, ¢ g, Man-
zanita, Ceanothus, Rhus, Ribes, Rhamnus, Erodietyon, ete.

The first conifers to appear are *‘digger-pines” (Pinus Sabi~
niano), eurious thin-jenved, gray open-branched trees, characteris-
tic of the dry belt which in parts of the range occupies the slopes
above the lower foot-hills,

At ahout 2,500 feel the yellow pine (P. ponderosa) beging, and
at about 1,000 feet in the middle Sierra, one enters the magnificent
belt of mixed coniferaus forest, which is perbaps without. a rival
anywhere in the world.

Below this zone, and sometimes extending into it on dry and
exposed slopes, are extensive chaparral formations made up of
a good many specics.  Manzanita (Arelostophylos spp.), Ceano-
thus, scrub oaks and chinquapin {Castanopsis) are the most
abundant chaparral shrabs, but theve are a good many others
mixed with these.  Among the Jess common but very showy shrubs
may be mentioned Fremontia Californica (Sterculiaceae), with
big vellow flowers, and the rare Carpenteria Californico with
very handsome white flowers. This chapmral covers great ex-
panscs of the dry mountain slopes and is often quite impenetrable,
the tough interlacing branches making an impassable thicket.

At about 4,000 feet, the main forest zone begins, This is well
shown in the Yosemite valley, At this elevation the yellow pine
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is the most abundant tree, and reaches its finest development.
Some of the trees exceed 200 feet in height with a dismeter of five
to six feet, or even more,

Higher up, especially where there is abundant moisture, the
vellow pine is less in evidence, and at about 6,000 {eet, the white

g
A
FiG. 4L-=Ycllow Dine [Pinus ponderose). B. Shasta Springs,
A. Yoseiite Valley. Northern California,

fir (Abies concolor) is the commonest speeies in the regions where
the giant Sequoin (S. grganiea) is found. The latter, unlike the
coast redwood is never predominant in the forest, but oceurs in
small groups, or singly, in & forest raade up mostly of other trees.
These in the most important grove, the Giant Forest, are prinei-
pally white fir, and sugar pine; but in the drier and more exposed
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places, yellow pine and incense cedar (Libocedrus decurrens), also
are found, and above 6,000 feet, the red fir (Abies magnayfice).
These arc all trees of the first rank and this cosiferous forest is
quite unrivalled.

Next in size to the sequoias, is the great sugar pine, the largest
of all pines, and a notable tree from southern Oregon southward.

IMG. 42.~—Sugar Pine (Pinus Lambertiana.)
A. Yosemite. B. Shasta Springs.

In habit it resebles the eastern white pine, but greatly exceeds
it ip size. The cones, also, are notable, as the longest of any conif-
erous trec.

This great forest depends for its water supply mainly upon the
very heavy snow-full, as little or no rain falls during the summer,
As the snow melts many aftractive herbaceous plants appear,
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and the woods and moist meadows are adorned throughout the
summer with a great variety of beautiful flowers, msny of them
related to those of the Rocky Mountains, but, a large number are
peculiar to California. Among the latter is the curious * snow-
plant” (Sarcodes sanguinea) rclated to the Indian-pipe of the
eastern states, but sometimes a foot high, and with a large
raceme of blood-red flowers.

In the lower forest zone,
there is an undergrowth of
deeiduous trecs, oaks, maples,
and the showy flowering
dogwood (Cornus Nutlalliv).
There are also many showy
shrubs, like the syringa (Phil-
adelphus  Lewisii) and the
azalea, which is extremely
abundant and beautiful in
the Yoscmite.

Most of the deciduous trees
disappear at the higher cleva-
tions, and the forest is exclu-
sively coniferous, and certain
Rocky Mountain species, e. .,
lodge-pole pine, western white
pine (Pinus monticola) are
associated with the Pacific
coast species. At timber line,
the alpine white pine (P. albr-
caulis), and o large juniper

: . : Fia. 43.~—False hellebare (Veratrum Cali-
(Juniperus occidentulis), arc fornicum). Lake Tahoe.

found.
On the rocks and 1o drier soll are many showy flowers: blue

Pentstemons, forget-me-nots (Lappula), and lupins; scarlet Gilias,
pink Spraguea, yellow Wyethia, looking like dwarf sun-Bowers,
little pink and yellow Mimulus and others. In the wet moist
meadows are masses of blue Camassia and pink shooting-star
(Dodecatheon), white marsh marigold (Caltha) and white violets,
and somewhat later white orchids (Habenaria leucostochys),
blue monkshood and larkspur, gentians, mimulus, scarlet Castil-
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leta, and the small tiger-lily, L. parrum. The tall false hellebore
(Veratrum Californicum) is a very striking and common plant,
angd in the late summer the meadows are gay with asters, golden-
rod, Gaillardia, and others reminiscent of the northern prairies.

Fic, 44.—Ceanothus sp., u characteristic chaparral shrub, Mt. Shasta region.

The true alpine flora of the Sierras is much less developed than
on the snow-clad peaks of the Cascades and Rockies; but there are
a good many of the same, or closely related species, of Primula,
Phlox, Silene, Genfiana, ete.

The flora of the Shasta region of northern California resemn-
bles to some extent that of the Cuseades, rather than the Sierra.
While both yellow and sugar pincs occur, the commonest tree is
the Douglas fir, which is found also in the Sierra forest, but in
much smaller numbers,  Where moisture is abundant the beauti-
ful Lawson cvpress (Chamaecyperis Lowsoniana) also occurs near
M. Shasta, und deciduous trees, oaks, maples and dogwood, are
much in evidence. On springy hillsides, which are a feature of
this region, are many flowers which recall the northern woods.

Columbine,  bleeding-heart  (Dicentra), monkshood, spring-
beauty (Claytonin) and siger-lilies (L. pardalinum), grow in the
wet mossy ground, with ferns of several species. Thimble-berry
(Rubus Nutkanus), and cow-parsnip, with its huge leaves and great
umbels of white Howess are prominent in this plant formation.
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In this region ix found the remarkable Califorsian pitcher
plant (Darlinglonia Californica), remindiog onc of the tall Sar-
racenias of the Gulf stutes. A number of orchids, Cypripedium,
Epipactis, Cephalanthers and others sare ulso characteristic of

e, 45.—A. Californian pitcher plant (Darlingtonia Californica), Shasts region,
California; B. Giant saxifrage (Saxifraga peltata), Upper Sacramento River;
Azalea in background.

this region. In gencral the Californian flora is not rich in orchids.
Many boreal plants, e. g., Linnaea, Clintonia, Pyrola, ete., are
cominon in the woods of this district.

Tue Cororapo DESERT

Southeastern California and southern Arizona, the regions
adjacent to the Colorado River, are very arid, much of the country
being a true deser.  Part of this region, like the Imperial valley, is
below sea-level, and a region of intense summer heat. The less
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arid portions of this desert develop an extremely interesting
vegetation, in which Cacti play an imnportant role and comprise
nwoerous species, ranging in size from the low-spreading prickly-
peass and little melon-cacti, to the giant Suarro (Cereus giganteus),

e, S i -
FiG. 46.—" Ocatilla” (Fauquuera plendens), Colorado desert.
Ploto., Dr. W. 8. Coaper.

whose huge fluted columns are sometimes 30 to 40 feet high, and
the maost conspicuous objects in the desert landscape.

Creosote-bush (Larrea), Palo-verde (Parkinsonia), and the ex-
traordinary Ocatilla (Fouqueira splendens) are also characteristic
of this region. The latter consists of a ecluster of unbranched
slender stems, 8 to 10 feet long, bearing small bright green leaves
at times, but mostly-quite bare. In the spring each wand is tipped
with a cluster of bright red flowers.

In seasons of heavy spring rains, the ground is covered for a
brief period with a carpet of showy flowers, but these soon dis-
appear with the intense dry heat of the desert summer.

In the vicinity of the Colorado desert are found the only native
Californian palms. Rising abruptly from the desert to a height
of 10,000 feet, the Sun Jacinto mountains have at their base
canyons opening on the desert. Some of these are watered by
streams which lose themselves in the desert sands, but the floor
of the canyons is permanently moist.
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Entering ove of these canyons from the sandy descrt outside,
is like being transported to the tropics, {or instead of cactus and
crensote-bush, there are groves of tall fan-palms growing luxu-
riantly in the moist bottom of the canyon, an extraordinary con-

T1a. 47.—California {an-palm (Washingtonia filifera). Stanford
University. Photo., Dr. L. L. Burlingame.

trast to the desert vegetation, only a few rods away. This palm,
Washingtonia filifera, is very common in cultivation in California,
and other countries of similar climate.

Southern California, Arizona, New Mexico and western Texas,
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originally Mexican politically, belong botanically to the northern

Mexican botanical province. The flora of this region is a typical

~—Desert vegetation, Arizona. Nolina sp.. Yueen sp.
Photo., Dr. W. 8. Cooper.

. e, Cx A
Arizona, Photo., Dr. W. S. Cooper.

Fia. 49.—Mountain fore:

xerophytic one, and is very rich in species, mostly belonging to
strictly American genera; indeed as a whole, this flora is pethaps
the most exclusively American of any region. First in importance
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are the Cacti, which reach their maximum development in Mexico,
as do mosl of the genera Jound in the states adjacent to Mexico.
About Tueson, i southern Arizona, the desert flora is a rich one,
embracing many species of Caeti, Fouquicrn, Agave, Ephedra,
Larrea, mesquit. (Prosopis), amd others. Most of the species of
Yuees helong to this north Mexican r n. as well s the species
of Agave. of which the eentury plant is sufficiently familiar. It
has been thought ! that these peculiarly Ameriean forms originated
in northern Mexico, und have migrated from this centre both
north and souih.

Of the more than 1,000 species of Cacti the greater number are
Mexican, and the sawme is troe of Agave. Of the latter, 140 specles
are found in Mexico, while only 24 ure known elsewhere.

The Mexicun plateau region differs from that of the Pacific Slope
in a difierent distribution of rain, having a marked rainy season
in summer. This has an evident effect on the distribution of certain
plants. The Cacetd, especially, are adapted to utilizing the summer
showers, wnd are nueo or wanting in those parts of California
where summer rains are absent.  This difference in rainfall is
probably largely responsible for the absence or scantiness, of
cortain Arizona =pecies in southern California.

South of the dry Mexican plateau the rainfull is heavier, and the
mountains are clofhed with forests mueh Tike those of the adjacent.
United States. Evergreen oaks, pines, and other northern trees,
are the prineipal constituents of the vorth Mexican mountain
forests.

' Harshberger, loc. cil., pp. 2058-300.



CHAPTER VI
THE PALAEOTROPICS
AFRICA AND CONTINENTAL ASIA

As we have already seen, the tropical flaras of the two hemi-
spheres differ far more from each other, thun do these of the
boreal zones.

In the castern hemisphere (Palacotropics), there are two
distinet florns, the African and Indo-Malavan, which occupy
widely separated regions, and are very different from cach other.
The American tropies (Ncotropics), form a single geographical
unit, and the flora s much more homogeneous.

TrROPICAL AFRICA

Much the greater part of Afriea lies within the tropics, the
Tropic of Cancer passing through the centre of the Sahars, while
the Tropic of Capricarn lies only about 127 north of the Cape of
Good Hope, 1In spite of the latitude, however, only a relatively
small part of Africa exhibits the cfimatic conditions usvally
associated with the tropics.

The topography of the great African continent is peculiar.
For the most part there is a gradual rise from the coast, sometimes
in broad terraces, to o great central plateau, with relatively little
land at sea-level. This is less marked in the equatorial regions of
the West Coast where there is a development of the rank forest
growth characteristic of the wet tropies, not shown {o any great
extent elsewhere in Africa.

While the greater part of the continent consists of table lands,
the clevation of these is moderate (1,000—2,000 metres), and the
high mountains, like Kilimanjaro and the great Kamerun, are
generally more or less isolated masses rising from the much lower
table land.

This elevation of the general mass of the continent of course
involves u decided lowering of the mean temperature of the plateau

157



158 OUTLINE OF PLANT GLEOGRAPHY

compared with thatl at sea-level, so thai the elimate is for the most
part sub-tropical rather than tropical. Of course at the coast
the temperatures are very high, indeed sorne of the stations in the
Sahara and on the coast of the Red Sea, are probably the hottest
places anywhere, A mean annual temperature of 30°C (86°F)
is recorded for some stutions in the Sahara.

Precipitation in fropical Africa shows a very great range, which
of course has a corresponding effect on the development of vegeta-
tion. In much of the northern area, including the Sahara and the
Egyptian deserts, the rainfall is extremely scanty, or even prac-
ticaflly w’l.  On the other hand, the West Coast equatorial belt
is ope of the yainiest regions known.  One station in Kamarun !
is repovted to have an annual average of 6,374 mm. (about 350 in.).

There is, therefore, every type of vegetation between that of the
absolute deserts of Upper Epypt and the Sahara, and the steaming
mangrove swamps and jungles of the Guinea coast, Congo buasin
and Kamervo.

Much of the interior is accupied by grass-lands, supporting the
immense herds of herbivorous animuls which are such a murked
feature of the African fauna. These grass-lands ave often of the
savanpa {ype, i, there are trees and shrubs growing singly
or in open forests, and also often serving as food for girafles,
elepliunts, and other animals.

The trapsition from the open grass-land, or prairie, to the true
forest may be a gradual ope, the savapba being an intermediste
phase.

In northeast Africa the mountainous region of Abyssinia rises
abruptly from the shores of the Red Sea, and descends on the west:
to the bumid region which includes the great lakes in which the
Nile takes its mise.  The Abyssinian mountains are in more or less
direct connection with those of South Africa by means of the central
African highlands, and this is of great importance in 2 study of the
African vegetation, as there has been undoubtedly a large amount
of interchange between Abyssinia and South Africa.

Unlike North America, the African continent supports &
Jarge: indigenous population, who are agriru)turists and herds-
men.  There is no question that the vegetation of Africa has
been very much affected by their activities. It is more than

! Engler, A.. Dre VeEoeTation DER Erng, Vol IX, p. 007.
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likely that the extent of forested country has heen greatly dimin-
ished by their primitive agricultural methods: cutting and burn-
ing the forest, and sctting fire fo the grass-lands, which have
no doubt. much extended their original area.

EavaTorian WEST AFrica

Tn the excessively wet coastal regions of western cgquatorial
Africa, and in the basins of the great rivers which discharge
their waters into the Atlantic, there is developed a great rain-
forest. of the wost. pronounced type.

An cnormous amouant of silt is discharged by the West African
rivers, and ulong the coast as far as the tidal influence extends
up the rivers and estuarics. there is a vast extent of mangrove
swamps.  These are rapidly advancing, owing to the constant
deposit of mud, but as they advauce the inner portions are
gradually shut off from the tidal water, and by degrees the man-
grove formation is replaced by a belt of vegetation which grad-
vally merges into the typical rain-forest of the solid land.

The outer margin of the swamp is composed entirely of the
sate species of mangrove (Rhizophoro mangle), as that on the
American side of the Atlantic, and is guite distinet from the
species on the shores of the Indian Ocean. Turther inland the
“white roangrove” (Avicena mitida) oceurs, and this specics
also occurs in tropical America, bul pot in the eastern tropies.
Two species of Combretaceae, Laguncularie racemoso and Cono-
carpus erectus, form low thickets bevond the mangrove forma-
tion, and the handsome fern. dcrostichum aurcwm, common in
similar situntions cverywherce in the tropics, grows between
the mangroves.!

Between the mangrove formation and the rain-forest is a
strip of land partly reclaimed from the swamp, but with strongly
saline soil in which & number of characteristic shrubs and smail
trees grow. Among these, Engler mentions Scaevole lobelia,
Caesalpinia bonducella, Flagellaria Indica, o climber, as is also
the curious leafless Cassytha filiformis, which much resembles
dodder in appearance, but belongs to the laurel family. These
plants also grow on sand-dunes along the coast.

} Engler, loc. cit., p. 938,
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From the Niger delta to the Congo, the mangrove swamps
are developed on an enormous scale.

The West African ruin=forest reuches its greatest develop-
ment in Kamerun, where rich voleanic soils combine with an
equatorial climate to produce & maximum luxuriance of vegeta-
tion; but {he whole coastal region from the Niger to the Congo
bas a very beavy forest.

The country vises rapidly back of the coast, and the forest
is lavgely restricted to the regions bordering the great rivers
which deseend from the interior, while much of the inland counfry
Is open grass-land or savanna.

Back of the coastal belt of mangroves is a strip of “alluvial
forest,” compaosed of a variety of tre shrubs, and climbing
plants, but having only trees of moderate size.

Alnoest the fivst tree to invade the new land, is a screw-pine
(Pandarus candclabirum), The serew-pines are all palacotropic,
and are very chwacteristic of the strand floras, although by
no means restricted o the coastal regions.  Their curious stijt-
like roots and spirally set sword-shaped leaves are a famillar
sight in the tropies of the old world, and they are not uncom-
mon in cultivation.

Several specics of palms are characteristic of the alluvial forest.
Among these arve a wild date (Phoeniz spinosa) and the wine-
palm (Rephia vinifera), as well as rattan-palms, climbing species,
whose thorny stems and leaves are a terror to the explorer. With
these are associated species of low-growing trecs and shrubs,
belonging to many families, but with T.eguminosse most abun-
dant. Clinbing plants of many sorts abound, as they do every-
where where light is sufficient.

Characteristic of the whole coastal zone is the oil-palm (Elaeis
Guienrensis), which grows wild, but is alzo extensively planted.
This yields the palm-oil, such an important article of commerce.
The oil-palm is a very bandsome tree, often seen in cultivation
in tropical countries. It has cnormous feathery leaves, and
the persistent leaf-hases, and rough stem offer a very favorable
attachment for orchids, ferns and other epiphytes.

The alluvial, or border forest, passes gradually into the high
rain-forest in which the variety of trees is very great. and-many
of them attain gigantic size. The trees are very tall, and the
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interior of the forest is so denscly shaded that very little under-
growth is developed, and such species as occur are able to exist
with & minicmum of light.

This forest interior has been very graphically described by
Miss Kingslex.!  The giant, smooth gray or red trunks form
huge pillars, sometimes a hundred feet high, or more, before
branching to form the roof of this great temple. There are fow
epiphytic growths, execept high up in the erowns of the trees,
and the huge liapas which swing from trec to trec are quite bare
until they reach the light above the dense canopy of {oliage.

The most important of these lianas are several species of Lan-
dolphia {(Apoeynacene, which yield most of the West African
rubber.

Where Jight 15 admitted, as when trees are blown down by
tornadacs, which often devastate these regions, or in clearings
made by the lumberman, or along the hanks of the rivers, the
forest presents a very different aspeet.  In such situations there
is an arwazing luxuriance of vegetation, the lofty trees heing clothed
from top to bottom with epiphytes and u great variety of lianas.

Some of these vines, e. g, Quisqualis indica, Clirodendron
splendens, Solenum sp., as well as certain trees, have showy
flowers, which n their season relieve the monotony of the uniform
green of the rain-forest.

The pumber of species of frees in this great forest is very large,
and only a few of the more characteristic ones can be mentioned.?

As in most tropical forests, the Leguininosac ave abundant, and
some of them reach enormeous size. Giant figs ure also a feature
of the forest.  The latter often begin tife as epiphytes perched on
a branch, or in a crotch of some tall trec, near the light. The
young fig sends its roots downward, and these completely encircle
the parent tree, which is finally strangled, leaving the fig with
its crown supported by a huge hollow trunk formed of the coales-
cent roots. These “strangling figs” occur in the rain-forests of
both hemispheres.

Some of the giant trees of West Africa are of great value for
their timber. These include several species of mahogany and

! Mary H. Rimgsley, Travels in West Africa, pp. 261-262, 1897,

? For u very full account of the vegetation of this region see Engler, loc. cil.,
Vol. I, Pt. 11.
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cbony, the latter related to our persimmon. Among the notable
trees are species of silk-cotton (Cerba, Bombaz), trees of the largest
size, with enormous buttresses supportiong the huge trunks,  Other
trees belong to the nutmeg family  (Myristicaccace’, and the
Touphorbiiceae have numerous representatives.

Some of the trees exeeed 200 feet in height, and among them are
species with showy flowers, which, however, wre quite nvisible to
the wanderer in the forest floor heneath. Among the best known
of these is Spathodea campanulata, related to our Catalpa and
trumpef. ereeper, whose big orange-searlet, bell-shaped flowers are
very handsome.  This tree is quite common in cultivation through-
ouf. the tropies.

Where the light i< sufficient there is o heavy undergrowth of
herbaceous plants. Some of the Araceae, and Seitamineac (gingers,
Cannas, bananas, ete.) are especially vonspicuous and the ponds
and shallow river murging show a profusion of aquatics: sedges,
watcr-lilics, pond-weeds, ete. Some of the cimbing Araceac are
very canspicuous, as they are in nearly all wet tropical regions.

The Seitamineae include several species of true bapnanas (Musa),
distributed over Lropical Africa, in addition to the many cultivated
varietics of plantains and bananas. The gingers (Zingiber, Costus,
ete)), are extremely abupdant in the wet districts, and Canna
indica is a common weed, as it is ip mapy coubntries where it has
been introduced from Ameriea,

Of the sedges, the famous papyrus (Cyperus Papyrus) is abun-
dant in many other parts of tropical Africa, as well as in the Nile
district.

Compared with the equatorial regions of America and Indo-
Malaya, the West African forest fiora is relatively limited in
extent and poor in species, especially in such very characteristic
types as the palms and orchids, both of which attain their max-
imum development in the American and eastern tropics. This
is true also of the Araceac.

A remarkable result of the more recent studies in the flora of
equatorial West, Africa is the demonstration of unmistakable
relationships with tropical America. Engler! gives a long list
of genera and species peculinr to West. Africa and Americs, or
predominant in these regions. Examples of these are the two

} Loc. cit.. pp. 984-986.
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common mangroves, the wine-palni, and a species of oil-puln
(Elacis), as well as many others. Engler concludes that there must
have been more or less complete land connections between South
America and Africa, af some earlier period.

Riuch of the more elevated portions of tropical Africa is occupied
by grass-land and open forest or savanna, with a sub-tropical
rather than tropical climate.  The grass Hora is ¢ very rich one and
is a very important constituent of the African vegetation, much
of the “veldt ™ in the Transvaal and Rhodesia looking quite like
the prairies of the western Misstssippi valley: and Great Plains,
These grasses comprise many such wide-spread genera as Andro-
pogon, Panieum, Paspalum, Agrostis, ete., but tropieal Africa pos-
sesses a considerable number of genery, cither strictly endemic or
niainly African. Examples of these are Beckera, Porotis, Sehmid-
ten, Chactobromus?

In addition to the numerous grasses of the open plains and
savannas, there are giant grasses like the common reed (Phragmites
rulgaris) and various bamboos; and the wild sugar cane (Sac-
charum spontaneum) {5 common in many plaees. A good many
grasses, like the bamboos and many smalier species, are found in
the wet forest, and such forest grasses usually have soft and rel-
atively broad leaves.

Tropicals EasT APrIca

The equatorial portion of the Fast coast offers a marked con-
trast to the oppasite side of the continent. Nowhere, ut sea-leve,
is the rain-forest devetoped, and only back of the coast, at the base
of the mountains which intcreept the rains which pass over the
immediate coust, is a rain-forest cncountered. 1t Is much less
luxuriant, than the west coast forest hoth beeause of the limited
extent of the area of heavy precipitation, and because a large
part, of the forest has been clearced for agriculture.

As one soils along the East African coast the shore for the most
part shows a sandy beach, Mangrove swarps are found where
rivers discharge, as at Beira in Portuguese East Africa and other
points along the coast, and in places, back of the shore are hills
clothed with forest; but the trees are wmostly deciduous, and in

L Engler, loc. cil.. p. 992,
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October, when the writer made this trip, being the dry secason,
they were mostly bare with only » few evergreen species like some
of the figs.

The most. remarkable trec of this region, but wide-spread in
centra) Afrien, is the Baobab (Adensonia digitata). These trees,
with their huge ungainly trunks, and wide-spread naked limbs were
much the most conspicuous trees of this east coast. The leaves

Fio. 50.—Coast, tropical East Africa. Coconut palms, baobab.

of the baobab are somewhat like those of the horse—chestnut, and
the flowers, and luter the big fruits, hang vertically from long slen-
der stalks.

The mangrove formations are relatively limited in extent, and
not comparable with the immense coastal swamps of West Africa.
They are also inferior in the size of the trees. The eastern man-
grove, Rhizophora mucronata, i1s & much smaller tree than R.
mangle of the west coast.

From the excessively wet coastal districts of equatorial West
Africa, there is a rapid felling off in precipitation both north and
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is much drier than the

south. The delta region of the Congo

Kamerun coast, and in much of Portugoese West Africa, and the
former German West Afvica, desert conditions prevall, even af the
coast. North of the Gulf of Guinea, there is a similar diminution in
cainfall until in Senegal, and especially in the western Suhara,
desert conditions are cneountered.

The coastal region of Angola (Portuguese West Africa), from the

o S
S1.—DBaobab, Mombasa, British East Africa.

Fie.

Congo southward, is a dry plain with charocteristic xerophytic
vegetation, scattered shrubs and stunted trees, with an oceasional
baobab. The commonest trec is Stereulia tomentose. With these
are found Alocs, the curious cretus-like Bupharbias, so characteris-
tic of South Africn. and Sansevieria cylindrica, a liliaceous plant
with stiff, rush-like leaves.

The vegetation changes, however, as soon as the hilly country,
some 30—40 miles from the coast, is reached. Here there is a
forest growth of both deciduous and evergreen species.!

1 Engler, loc. cit., pp. 623-24.
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Af higher altitudes in the mouniains fhere is a marked inrrease
in rainfall, and in the vallevs and more sheltered situstions,
a true rain-forest is developed.

TFurther =outh the eoast js very arid, and finally true desert
conditions prevail.

The most remarkable plant of this district is the extraordinary
Tumboa (Welwitschia) which has no near relatives elsewhere.
It belongs to the small order Goetales, which in some respects
is intermediate hetween the true gymnosperms (conifers and
eyeads), and the higher flowering plants.  Welwitschia has a short
woody trupk which sends a long tap-root decp into the ground,
and bears two great persistent, strap-shaped leaves, generally
split into ribbons, which are all the plant ever develops. This
desert coast region is continuous with the great Kalabarl desert
of South Africa,

Tug GreEaT KawErRUN

The high volcanic peaks of equatorial Africa show, as might
be expected, great changes in vegetation as one ascends. The
great peak of Namerun (13,370 ft.) has been carefully studied,
and will serve as an example.! ’

At the base of the mountain, where the land has not been
cleared, is & lofty rain-farest of the most pronounced type. Where
the cultivaled land has been abandoned, a second growth forest
of a very different character soon occupies the clearings. This
second growth forest confains many species which are unable
to grow in the dense shade of the primitive rain-forest. Areas
of meadowland and savanpa also develop in the cleared spots,
and in more open plares are many attractive herbaceous plants,
some baving haodsome fowers, like Crinum, with big lily-
like blossoms, or balsams (Impatiens) with attractive flowers
of various colors. Ferns and some of the numerous gingers,
are noticeable {or their fine foliage, and some of the latter, also,
have showy flowers.

A very characteristic grass of this region is the elephant-grass
(Pennisetum purpureum) which is ordinarily some ten feet in
height, but may exceed this. This very valunble forage grass
often covers extensive areas, and only permits a scattered growth

X Engler. loc. cil., p. 758,




Prate XI1L—Welwitschia mirabilss. The upper fipure shows the character of
the hahitat: the lower & nearer view of the staminate plant. About 40 km.
cast of Swakopround, West Afcica. Photo., Dr. %. A, Cunnon.
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of trees, among which are the oil-palm, Kigelia, and the showy
Spathodea.

Ahove the lower forest zone, ix o helf of cocond gronth forest,
with many oil- and wine-palins, and at @ stidl higber clevation
ix a mixed {orest, of deciduous and evergreen species.  OF the
latter, figs are perhiaps the mos=t characteristic, and of the decid-
uous trees, Lrythrina excelsa i the most noiable,  Ervthrina
is a genus of leguminous frees with represeotadves in nearly all
tropical regions.  Most of thern have extremely showy scarlet
flawers, which often appear while the tree is bare of lIeaves, E.
excelsa, ux its mame indicates, is a very tall tree, and blooms i
December. Tt is @ conunon tree and overtops all its neighbors.

Among (he many shrubs and swaller trees 15 a composite,
Vernania ampgdaling, a near relative of the hran-weed of the
casfern United States, but becoming a small free.  Among the
many climbers, species of Clematis, morning glories (Ipomaocea)
vines (Cizxus) related to the grape, and some others, are not
entirely uniamiliar.

The high lorest extends in places ta an elevation of ahout
3,000 feet, but for the most part. the forest at this clevaiion is
composed of lower trees in great variety, and contains also many
speciex of shrubs, climbers, and herbaceous plants.  In the gorges
especially, ferns bheeome an important element in the vegeta-
tion, among them a tree fern (Alvoplite Komorunensis), and
Maoraltia frarines, a fern with very big fropds.  There is a pro-
fusion of terrestrial herbaceous plants, orchids, Begonias, Coleus,
balsams, and a graceful club-moss (Selaginelia nitens).  Liver-
worls and mosses play a more important role than at lower
elevations, the trunks of trees being sometimes quite overgrown
with them, as well as with ferns, and several species of epiphytic
orchids, e. ., Angraecum, Saccolobium, are abundant,

As at lower clevations, the clearings may support a heavy
growth of elephant-grass, and there are many striking herbaceous
planis in the more open paris of the forest. Among these may
be mentioned Begonias, Clerodendron, several orchids, Coleus,
and the foxrlove-like flowers of Streplocarpus clongatus.

Above 1,500 metres, wild coffee trees (Coffen brevipes) are
found, and the vegetation begins to show an infusion of northern
genera, Viola, Thalictrum, and others.
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The high forest stops at about 6,000 feet, a remarkably low
point when compared with hiph mountains in much colder
regions, ¢« in the Rocky Mountains and Rierra Nevada in Amer-
ica, or the Himalayas,

Ahove the forest zone, the mountaiu is covered with a grass-
formation, interspevsed up to 2,500 metres, with patches of
stupted trees, which are covered with a heavy growth of
epiphytes.

The summit of the mountain has 2 flora which inciudes many
familiar types of temperate climes, such as 8t. John's wort {Hy-
pericim), huttereups, foreget-me-not, hound's tongue (Cynoglos-
sum). milfoil (Achillaea), Stachys, Veronica, Galium, pluntain, ete.?

Lazsr CENTRAL AFRICA

The region near {he headwaters of the Blue and White Nife
is an elevated rugged plateaw of steppe character. It is largely
open grass-land hut there are also savannas and dry forest in
plaves. The baobub and several species of Acacia ave wide-spread
in this region, and {wo characteristic palms, the Indiap fan-
palm  (Borassus flabelliformis) and the dom-palm (Hyphaene
Thebaica), are common, especially in the narrow foresl arcas
along the rivers.

This plateou region is enclosed by mountains which connect
with the highlands of Abyssinia, and are the source of most of
the water that feeds the Nile,

The White Nile, especially, and its tributaries are in many
places bordered by extensive swamps, formed by the flood waters.
These marshes contain many characteristic aquatics, among
which the famous papyTus is cspecially conspicuous. Betiween
the clurups of papyrus, reeds, rushes, and other tall marsh plants,
are solid patehes of “sudd,” dense turfy masses of shorter grasses
and other plants, which complefcl) hide the surface of the water,
giving the appesrance of solid ground. Detached masses of
sudd, floating in the open water, are often a serious hindrance
to navigation,

Along the banks of the rivers, is a belt of forest, in which
groves of palms are the most conspicuous feature, but back

! For details of the flora of the Great Kamerun. see Engler, loc. cif,
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of this the land is either a grassy savanna with scattered trees,
or a steppe covered with dry thorny, and in winter, leafless scrub;
or sometjmes, low open fores(.

Rising o the east and north are the highlands of Abyssinia,
1,800-2,500 mietres in height, and consequently temperate in
climate. The lower portions of the western slopes, rising from
the Nile steppe, have dry oper woods with tall grasses between
the trees, one of the conmonest trees being the tamarind (7ama-
rindus Tudicus), which in general appearance is not unlike the
American honey-locust (Gleditschia).  Acacias of several species,
figs, including the syveamore fig (Ficus Sycamora) and a variety
of other trees and shrubs occur. Most of these shed their leaves
in the dry season, and often Roswer before the new foliage appears,
very much as do so many trees of northern climates.

In the highlands there is no marked dry season, and the dif-
ferences in the vegefation arc due largely to soil and exposure.
Where voleanie soils occur, there is a luxuriant evergrecn forest
in which speciex of Ficus are conspicuous, and in general the trees
and shrubs are related to those of the drier lowlands. A date-
paln (Phoeniz reclinale) is common, and among the character-
istic genera, ave the following: Rhus, Pittosporum, Catha, 8par-
mannia, Dombeya, Croton, Acacia.

The more luxuriant vegetation of these moister uplands is also
indicated by the increasing number of climbing plants, e. g., Aspar-
agus, Dioscorea, Clematis, Rubus, Phaseolus, Convolvulus, ete.

As in other tropical high mountains, there is a large floral
element related to that of the temperate zone. In the Abyssinian
highlands one meets with many species of such familiar genera
as Gladiolus, Geraniwm, Pelargonium, Polygala, Hypericum,
Primula, Campapule, Dianthus, Lohelia, and many others,
especially members of the fumilies Labiatae, Scrophulariaceae
and Solanaceae.

Some of these are closely related to, or even identical with
Furopean species, but many are uamistakably allied to species
of the Cape region of Africa. In tbe lalter category are many
beautiful lridacese, e. g., Gladiolus, Moraea, Acidanthera; also
many ground orchids (Habenaria, Plantanthera, Satyrium, Disa);
Haemanthus, Crinum, Aloe, Mesembryanthemum, Protea; Ger-
bera, etc., are also characteristic.
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The Abyssinian highlands have but two gymnospermous trees,
a juniper (Juniperus procera), which is abundant in some focalities,
and becomes a large tree, {urnishing valuable timber; the second,
Podocarpus gracilior, a member of the Yew family, represents a
genus characteristic of South Africe and others regions of the
southern hemisphere.*

Fastward is fhe abrupt descent to the shores of the Red Sea.
At the higher clevations, the temperate, well watered regions have
an abundant vegetation; but as the descent i= made to the in-
tensely hot arid Red Sea shores, the plants assume more and more
the xerophytic character common {o so much of the tropical
African fora.  Cactus-like Euphorbins, Aloes, thorny Aracias, ju-
jube (Zizyphuy), together with various bunch-grasses and thorny
shrubs, are the privieipal features.

In places along the coast are mangrove swamps and saline
Aats, where salt-hushes and other salt-resistant plants grow,
while on the coral rock arc succulents of various kinds and the
whole vegetation proclaims the intense heat and aridity of this
inhospitable region.

Southward from the cquator to the Tropic of Capricorn, except,
for the Congo basin, the general type of country is very uniform,
a plateau with moderate or scanty rainfall, and much barren
soil.

The predominant type of vegetation is the savanna, the amount.
of tree growth depending much on soil and moisiure. This region
is subject to a more or less propounced dry season, during which
many trees and shrubs are either quile leafless or with a few dry
leaves clingiog to the bare branches. Such a savauna country in
the dry season presents quite as dreary 4 picture as the bare winter
forests of northern climes.

This savanna, “bosch-veldt” in the vernacular, may be seen
well developed in the vicinity of the Victoria Falls of the Zambesi.

In 1905, the writer visited South Africa with the British Assoeia-
tion for the Advancement of Science, and in September made the
trip from Bulawayo, in Rhodesia, to the Falls.

Bulawayo lies in the Matabele plateau between 4,000 and 5,000
fect elevation, and the climate is much like that of northern
Mexico. About Bulawayo Mexican plants are said to be very much

! For details of the Abywsinian Flora, see Engler, e, cit.. pp. 84-127.
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at home, and the writer noted a common Mexican bush-poppy
(Hunnemanniu) prowing with remarkable Tuxnriance.

In September the end of the dry seuson was approaching, and a
number of showy trees and shrubs were coming into flower.
Especially notable were the pendent racemes of vellow flowers of
Cassia fistuda, the “golden shower,” of Honoluly, and the rosy
flowers of the related Bawhinie sp. and searlet Gowered Feythrina,

North of Bulawayo, where one takes the train [or the Vietoria
Talls, lies the rugeed range of granite hills, the Matoppos, where
rests the body of Ceeil Rhodes. From these barren granite rocks
onc Jooks over a vast expanse of “hosch-veldt,” the tries growing
fairly close {ogether in some parts, clsewhere more scatiered.
Retween are hunchi-grasses, cxpecially species of Andropogon, and
Aristida stipoides, the latter a very tall and striking species.

Although the climafe is rather warm femperate than tropical,
nevertheless wany species are of equatorial origia, and are wide-
spread over the great central Alricun plateau.

Among the Jargest trees were several species of Ficus, among
theur a vaviety of the sycanore fig, sometimes 25 to 30 feet high.
Other trees or lovge shrubs ave species of Dombeya (Sterculiaceae)
with white or pink flowers which are occasionally cultivated in Cali-
fornia: Terminalia, Torythrina, Pterocarpus, Combretum, Cassia,
Servehnos, and others,  Leguminosae are particularly abundant.
On some of the {rees were growing parasites of the mistletoe
family, Loranthus and Viscum, and an epipbytic orchid (Anselfia
Africana).

Shrubby plants ip great varety grow between the trees, some
belonging to famibar fypes Jike sumacs and m\Lllm\'s; other
charycteristic generg arc Colpoon (Santalaceae), Turraea (Mel-
iaceae), Clerodendron (Verbenacene), Euclea (Ebenaccae), Coffeo
Englert (Rubiaceae).

Among the yocks of the Matoppos, stunted trees and shrubs
find a foot-hold.  One of these, the “ Natal plumm * (Carissa edulis),
is sometimes cultivated in Florida and Southern California.

These rocky situations offer a congenial habitat for numerous
succulents: Fuphorbias, Aloes and a curious lewfless plant (Sar-
costemma) of the milkweed family. Several xerophytic ferns,
(Cheilanthes, Pellaea), and a club-moss (Selagenella Dreger), - grow
in the rock crevices.
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On the open veldt lepuminous trees predominate. Acacias, so
abundant in all the drier parts of Adrica, are represented by many
species, usnally small thorny trees with wnbrells crowns.  Onpe
of the conmmonest is A. giraffae, “ Kameel-dorn,” in the vernacular,
the favorite food of the giraffe. A. horrida as its name implies, is
a particularly thorny species.  Pellophorum Africanum, Copaifera
sp., several species of Rhus, Combretum, Terminalia sericea,
Strychoox, Dombeya, Burkea, Albizzia, Bauhinia, are all char-
acteristic of the open veldt.

Fic. 52.—Savanpa vegetauon, Victoria Falls, Rhodesia.

As one travels northward from Bulawayo, the land descends to
the Zambesi, the Victoria Falls being less than 1,000 metres above
sea-level. The lower elevation, as well as lower latitude, makes the
flora. of the region more tropical in aspect than that of {he higher
plateau to the south.

The vegetation is more luxuriant and the variety of trees and
shrubs greater. Near the Falls the baobab is seen, and the trees
in general are taller, and may form open forests of considerable
extent. In September, these trees were mostly leafless, and the
eountry covered with dry grass and leafless trees, presented any-
thing but a picture of tropical luxuriance. The exception to this
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impression was the oceasional presence of a Cassia or Bauhinia,
covered with golden or rosy flowers.

A very common low shrub of the more opep country is Proica
mellifera, a member of the Proteaceae, a family particuluwrly abun-
dant in the Cape region, but poorty represented in tropical Africa.

While the country as a whole hetween Dulawayo and the Zam-
hesi was very dry and dead-looking, where moisture was present,
as along the hanks of the infrequent stremps, groves of palms
(Hyphacne sp.), gave quite a tropical look to the landscape.

In the div forest, trees 40-50 feet high are found, mostly Le-
guminosae, with spreading erowns. The commonest. of these are
Baikicea plurijuga and Copaifera coleosperma. The latter huas
bifid leaves like those of Bavbinia. Between the trees is a heavy
growth of the tall grass, Aristida strpoides. Much of the country
is more of the nature of a steppe, in which the baobab is a conspicu-
ous feature, and the candelabra-Euphorbias, and Aloes, recall the
Cacti and Apgaves of Arizona and Mexico.

A great contrast to the prevailing xerophytic vegetation of
this region is seen in those places near the river which get a suffi-
ciencey of moisture.

Thus on Livingstone Island, at the brink of the Falls, therc is
a vegetation of quite tropical luxuriance: palms, figs, orchids, and
in the vdver, clumps of papyrus and other aquatics, offered a strong
contrast to the purched dead landscape of the surrounding country.
Such delicate moisture-loving plants as bladder-weed (Utricularia)
and a pritty Lobelia, as well as other delicate berbs were common,
and on rocks in the river, were specimens of a curious aquatic,
Podaostemon.

In a narrew ravine near the Falls, known as “Palmkloof ” were
many graceful date-palms  (Phoenix reclinala), evergreen figs,
and other large trees, with numerous climbing plants and ferns,
all testifying to the presence of ample moisture.

Still more striking is the so-called rain-forest at the edge of the
great porge dircctly opposite the cataract, and constantly drenched
with clouds of spray sent up from the narrow gbrge into which the
viver plunges. The margin of the gorge, within reach of the shower
of spray, is clothed with a dense growth of trees, with ferns, or-
chids and other characteristic rain-forest species beneath, reealling
the great equatorial rain-forests, although the number of species
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is much restricted by the limited extent of this ““rain-forest,”
as well as by [atitude and clevation, which result in o much lower
average temperature thap in the equatorial coustal heli.

The most important trees of the Zambesi vain-forest are two
species of Syzygium, a handsore evergreen tree of the myrtle
family, which hus few African representatives, These were low
spreading trees, and with them were ussocinted three species of
Ticus, which were much taller, 50-60 fect, and over these were
growing several stout woody elimbers, with cable-like stems.
The ground was carpeted with maidezhair, and other feras, and

Frg. 53.~—" Rain-forest.,” Vietoria Falls of the Zumbesi, Rhodesia.

among {hem were growing several orchids, as well as various other
herbaceous planuts.

This bit, of rain-forest is especially interesting as it was origioally
described by Livingstone when he discovered the great Vietoria
Falls. While it presents a decidedly tropical aspect, still one misses
some of the plants which would be found at similar altitudes nearer
the equator. Thus there are no tree-furns, or the conspicuous
wild gingers, bananas, arums and rattans which one assoeiates with
the upland rain-forest of the equatorial regions, This, however,
is probably a matter of isolation as much as temperature, since
many of these tropical growths would probably flourish if trans-
ported to the Zambesi rain-forest.
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Tne Astatic Tropics

Unlike Afriea, much the greater part of Asin is extratropical;
but the southeastern part of the continent, Indo-Chipa and Malaya,
shows s far more extensive and luxuriant tropical vegetation than
any part of Africa exeept the relatively small equatorial yegion of
the West Coast. The lutier region, moreover, Is much poorer in
specics than the Indo-Malayan flora, whose only rival is equatorial
Ameriea.

In western Asia, southern Arabia is the only region lving
within the tropics, and this, in climate and vegetation is closely
related to the regions on the Afvican side of the Red Sea. Much of
tropiead India is also arid or semi-wid, and it is only ip limited
eas, like parts of the west coast, and the regions about, the Bay
of Bengal, that the vegetation exhibits the luxuriant developnient
of the wet tropics, although owing to the mild climate of the south-
e slopes of the Himalaya, the vegetation is Jargely composed
of tropical species which extend far into the temperate zone where
there is u mixtuve of tropical and boreal types.

The tropical Asiatie forest attains is highest development in
the Malayan region, where equatoriul conditions of heat und
moisture combine to produce a maximum growth of the rank,
exuberant, rain-forest vegetation.

In the Malay Peninsula and the great islands of the Malay
archipelago, Borneo, Suraatra, Java, New Guinea, and the southern
Philippines, most of the fowland country has & hot-house climate
with almost constant temperatures, and very heavy and uniform
rainfall.  When, in addition, rich voleanic ar alluvial soils prevail,
as in western Java and parts of Sumatra, the luxuriance and
variety of the vegetation is unsurpassed in any part of the world.

ARABLA

Arabia, north of the Tropic of Cancer, is in topography and
climate like the deserts of North Africa, and the vegetation is
much the same. The portion which lies within the tropies shows
much variety of clevation, and a corresponding range in precipi-
tation and the resultant vegetation.

From the almost rainless, intensely hot coastal belt along the
Red Sea and Indiun Ocenn, the southwest point of Arabia rises
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very much like the corresponding shores of Africa on the west
side of the Red Sea, to an elevation of about 9,000 feet,

As in Abyssinia, the higher mountains intereept the moisture-
laden winds from the Indian Ocean, and the upper and intermediate
elavations receive a fairly abundunt rainfall, so that a luxuriant
vegetation of sub-tropical and warm temperate type flourishes,
Very little moisture passes inland and the clevated plateau soon
merges into the desert which covers much the greater part of
Avabia. The rainfall af the higher elevations i supplcmented by
frequent clouds and mists, and beavy dews play their part in
con~crving moisture.  Conditions are especially favorable in the
deep valleys and gorges croded by the mountuin streams.

The vegetation of the mountains mueh resembles that of the
Abyvssinian hightands, but there is also a Jarge endemic element
niore nearly allied to {rue Asiastic species, and related to the desert
vegetation to the east.

Of the indigenous plants, the original coffee (Coffea orabica),
is the most notable. The Arabian town of Mocha is inseparably
associated with this famous product of Arabia. As we have seen,
other specii~ of coffec accur in various parts of Africa, and one of
them, the Liberian coffee, is extensively cultivated in regions
where the Arabian cofiee does not thrive,

With the sub-tropical vegetution related to the Abyvssinian flora,
there ave 2 good many Mediterranean species, so that the flora
asa whole i< extensive one. This portion of Arabia was formerly
much more denscly populated than at present, und the centre of
an important trade in gums, balsams, spices, ete., which abound in
the hot semi-arid regions of medium clevation.-

“'Avaby the blest,” “Arabia felix” of the ancients has sadly
declined from those days when it was the source of the prized
balsnins and spices.  The Arabian balsarn was the product of
trees of two genera Boswellea and Balsamodendron. Species
of Acacia, as in Africa, are common, and from sorme of them the
gum-arabic of cammerce is derived.

Ixpia
Only about half of the total area of India lies actually within
the tropics, and in the northwestern part, and much of the Himala-
yan districts, sub-tropical rather than tropical conditions prevail.
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Liamediately south of the greal barrier of the Himalaya lies
the extensive alluvial plain evtending from the Arabian Sea to the
Buy of Bengal and comprising much of the land watered by the
Indus and Ganges.

The pgreat plain of the Indus is extremely arid, sometimes
ahsolutely rainless for o vear or more. 1t i< partly alluvial, partly
occupied hy saline swamps, hut a large part is o sandy or rocky
deseyf.  Fastword the precipitation increases rapidly, and the
contral, and especially the eastern portions of the Gangetic plain,
have » heavy rainfall. This is greatest ahont the head of the Bay
of Bengal, and the Ganges delta, where annusl precipitation
exceeding 100 inches is not unusual,

The central and cusfern pluins, which get the regular monsoon
rains, arc extromely productive, and the most densely populated
portion of India.

Muaost of the tropical part of India is comprised in the greaf
central platean, enclosed by low ranges of mountains pear the
coust, and ux range to the north =eparating it from the Gangetic
plain. The two coastal ranges, the Western and Eastern Ghats,
converge southward, and are partially connccled by transverse
hills. The great enclosed central plain ix the Deccan, a plateau of
about 3,000 fect elevation. The northern portion of the Dececan
is semi-orid, ax the moisture of the southwest monsoon is mostly
intercepted by the Western Ghats, To the south, conditions are
better, but uowhere in the interior of India are conditions such that
a tropical rain-forest can develop.

The westera coast (Malabar), receives the full henefit of the
southwest monsoon, and has an abundant rainfall, resulting in
evergreen forests of true tropical Juxuriance.

The conditions northeast of the Bay of Bengal are such that in
Assam und the Kasi hills, there is an excessively heavy rainfall,
One station, Cheripunji, has an annual precipitation of nearly
300 inches, exceeding this in some years, giving it Lhe reputation
of the rainiest spot in the world. This region, however, lies out-
side the tropies, and the vegetation, although extremely luxuriaat,
i to a great extent sub-tropical, rather than tropical. Separating
the Tndus and Ganges plain from the plateau of the Deccan is a
serjes of hills or low mountains of which the highest, Mt Abu,
rizes above the Punjab plain to an altitude of 5,650 feet. TFamous
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for the beautifu) Jain temples, Mt. Abu is often visited by tourists
in northern India.

The Western Ghats rise frow the western coast in a series of
terraces. The highest point is 1,700 feet, abave the sea. T'rom the
eastern edge of the Ghats, the plateau slopes gradually to the less
elevated Fastern Ghats, the two border ranges uniting at the south
in the Nilgiri Hills, with an extreme clevation of 8.700 feet. The
enclosed Decean plateau, with an elevation of from 1,000 {o 3,000
feet, is oceupied by the Central Provinces.

The southern point of the Peninsula has mountains slong the
coast, continuing the Western Ghats: but the eastern side s
nearly level with only isolated ranges of low hills.

Separated from the extreme southern point of the Indian
Peninsula, by onlv ~bout 50 miles, is the Island of Ceylon,

Tue Ixpos PrLarv

The northwestern plains of India traversed by the Indus, are a
continuation of the great desert stretching from Lgypt through
Arabia and Mesopotamia.  Ixcessively hot in summer, with
relatively cold winter, the whole region is (oo arid for agricalture,
except where irrigation is available. Some parts of this region are
practically rainless,

The scanty vegetation is very uniform throughouf, and in
northwest India the vegetation is much the same ax in the desert
regions to the wesi, Thorny Acaciaz (4. Arebica), a poplar
(Populus Euphratica) and wild figs grow along the streams,
tamarisk and jujube (Zizyphus sp.), a leaficss caper (Cepparis
aphylla), and various shrubby Leguminosae are the most important
elements of the flora.

The northwest provinces get very little rain from the soutliwest
monsoon, which is deflected to the east by the mountains to the
south. This whole region is dependent upon the lndus, which
furnishes water for irrigation, but apparently the flow of the river
bas diminished since ancient times.

The original flova of the great alluvial plains of the Punjab and
Bengal has long since disappeared before the intense cultivation
of the land for ages by the dense population, and the whole region
is practically destitute of any indigenous forest formations. Only




Prate NIV, —Yegetation pear Mt. Abu, vorthwest Indis. At the right. on the
rocks, 8 bushy Eupborbia.
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in the most barren regions, impossible of cultivation, can one find
any wild vegetation, and the desperate poverty of niuch of this
over-populated region leaves scurcely a trace of any tree, shrub, or
weed that can be used {or fuel.

Journeying in Rajputana, from Mt. Abu to Jaipur, the prineipal
city of the Province, one passes through a less densely populated
country, an open dry region, with rugged hills and scattered
stunted fre Acacias, the showy “Dhak” (Bwea frondosa,)
with brilliant scarlet fowers, “Neem” (izaderachia indica) with
ash-like leaves, and wild date-palms (Phoeniz sylvestris). In the
rocky places one sees cactus-like Buphorbias, like those of Africa,
and other xerophytes.

THE Gaxgeric Poav, BENGav

The eastern portion of the great plain of the Ganges, i a region
of exuberant {ertility, and very densely populated. Rice is the
staple food-crop, but most tropical fruits, bananas, mangoes,
papays, ete, thrive. Indigo, corton and jute are important erops
and the opium poppy is growo on a large scale. Bamboos, palms
of several species, and many orpamental trees and shrubs are
extensively planted.

As one upproaches Caleutta from the sea, the scenery along
the river banks is very attractive, the villages and plantations,
with their luxuriant vegetation, testifying to the fartility of the
country. The famous botanical gardens, on the bank of the river
a few miles below the city, wil) at onre attract the atiention of the
botanist. These gardens are interesting not only for their rich col-
lections of plants, nafive and exotic, but for a hundred years or
more they have been the centre of botanical research for British
India, and are intimately associated with the labors of many
distinguished British botanists.

- A very large collection of trees is a feature of the garden and
includes magnificent avenues of mahogany, “almond” (Terminalia
calappa), royal palues, and other striking species of which the palm
collections comprise many both native and exotic.

The pride of these gardens is an immense banyan (Frcus Ben-
galensis), sald to be about 135 years old in 1900, five years before
the writer saw it. It had a main trunk 51 feet in circurnference,
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and over 450 smalier root-trunks, while the crown was 938 feet in
circumference.

The vegetation about Caleutta is lusuriant, ineluding several
species of palmz, serew-pines. bamboos, bunanas, and many other
characteristic tropieal growths,  The graceful bhetel-nut (4 reca
Catechu) and the coco-palm are extensively planted, as well as
the native taddy-palm (Borassus flabelliformis), with great fan-
leaves. The wild date-palm (Phoenix sylvestris) is very common,
as it is elsewhere in India.

Besides the bunvan, another species of Ficus is common in

MG, 54.—Banyan (Ficus Bengalensis), Botunical Gardens, Caleutta,

India, the “Pipul ™ (#. religiosa), with heart-shaped leaves sug-
gesting a cotlon-wood poplar.

Approaching Calcutta from the sea one sails up the Hugli River
through the swarnp region known gs the “sunderbans.”

The mangrove swamps of the Indo-Malayan regions are much
like those of East Africs, but developed on a much more extensive
seale, and with a greater number of species.  As in Africa the out-
side is compased of Rhizophora mucronata, the predominant species
throughout the Malayan and Australasian regions. Other man-
groves occupy the inper portion of the swarap, e. g., Brughiera
spp., Avicennia officinaiis, and a number of other characteristic
genera, €. g., Sonneratia, Acanthus, Carapa, and the Nipa-palm.!

&

1 Schimper, A. F. W., Plari-gesgraphy. p. 305.



THE PALAROTROPICS 183

At high tide the mangroves appear to rest on the surface of the
water, but with the ¢bbing tide the shiny bluck mud bunks are
exposed, showing the fantastic tangle of stilt-roots. These nérial
roots are important aérating organs for the roots buried in the
mud; the white mangrove (Avicennia), sends up myriuds of slender
aérial roots or “pneumatophores’™ for the sume purpose.

The seaward extension of the mangrove fornwtion may be
rapid.  The seed germinates white still attached to the parent
tree, and the seedling develops into an elongated, rod-like body.
ending in astout root. The voung plant, detached fron the hranch,
falls like a plummet, the root penetrating deep into the mud, thus
firmly anchoring the seedling mangrove, which quickly forms
a bush of considerable size.

Back of the swamp, us noted for West Afriea, there is built
up a strip of drier soil which gradually adds to the mainland.

The great delta area of the Ganges back of the mangroves is
largely a region of fresh water marshes and wet forest, support-
ing @ great variety of hvgrophilous plants, among them many
palms.

The low vegetation, with brackish swamps, chiefly composed
of deurf palrms and mangroves, does not give an impression of
tropical luxuriance, and it is not until the sundy spits and marshy
jungles of the delta are passed, that the full luxuriance of the
tropical vegetation is scen. In the delts of the Gunges, as in
other tidal swamps of the Fast, the Nipa-palm is a conspicuous
feature.?

Directly north of Caleutta is the well-known mountain station
Darjiling, commaunding probably the finest mountain-panorama
in the world, as it comprises o perfect view of the main range of
the Himalaya, with the giant Kinchinjunga in the centre,

The journey from Calcutta to Darjiling is a mast interesting
one to the hotanist. A line running from Caleutta to Darjiling
has been proposed as a division between two quite dissimilar
floras, that to the east being predominantly Malayan, while west-
ward there is 2 marked infusion of African tvpes,

Proceeding northward from Calcutte the rank luxuriance of
the delta country is succeeded by the drier portion of the Gangetic
plain and still further northward the ©Terai” is reached, the

! Hooker, J. D., Honalayan Journals, pp. 1-2, 1855,
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Jungle Lielt skirting the foot of the great range of the Hiraalaya.
This jungle is composed for the most part of stunted serubby trees
and shrubs, with coarse tall grass between.  The commonest trees
arce species of Acacia, Dalbergia, Stercubin, and sceveral otbers.
This reglon is notoriously malarial, and we haunt of tigers and
uther big @ne.

The change in the vegetotion as one ascends from Siliguri,
at the base of the mountains to Darjiling, obout 7,000 feet cleva-
tion, is very nuaked, and as the tiny train makes very slow prog-
ress wlong the steep and crooked track, onc has ample tine {o
study the character of the forest along the railway.

Up to an altitude of about 3,000 feet, the forest has a decidedly
tropical aspect, although it lies bevond the northern tropic; bhut
the southern slopes of the great mountuing have abundant mois-
ture, and an cquitble climate.

A lofty forest repluces the serub of the Teral and includes some
very lorge and valuable trees. Of these the most importunt 1s
the “Sal™ (Shorea rebusta), o gregarious species, and o vers hin-
partant. fimber-trec helonging o the peculiarly Indo-Malayvan
family, Dipterocorpeceae. Other notable trees are the “cedar”
(Cedrela Toona), v wide-spresd species reachiug to Northern
Australia, and <everal species of Terminalin which like the cedar,
shed their leaves tu the dry scason, as wany other Indian trees
do; Gordonie Wellichi7, belonging to the Camellia family, and
a genus also represented in the southern United States is a common
tree of the sub-Himalayan forest, and several species of Ficus are
also charnctenstic of this tropieal zone.

The trepical character of this forest is most pronounced at the
lower levels, especially in the deep, verv wet Jower valleys of the
streams descending from the mountains.  Palms, bananas, bam-
boos, serew-pines, huge Aroids, and other characteristic tropical
types abound. Y¥ew of these extend above 3,000 feet, where there
begins an intcrmingling of the temperate types characteristic
of the upper Himalayan forest region.  Thus a pine (Pinus longi-
Jolia) oceurs as low as 1,500 feet, although most of the vegetation
at this elevation is tropical.

‘The abundant moisture, especially in the sheltered valleys
and gorges, favors a luxuriant growth of climbing plants and
epiphytes.

S
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As in most tropical forests, the Leguminos: among the
commonest of the lianas.  Among these are spee of Mucuna,
Pucraria, Bavhinio, FEntads, while the Vine family, is vepresented
by u number of species of Vitis; Peppers, Ipomoens, Bigmonias,
aad big-leaved Araceae form great cables looped from tree to tree,
or clamber up the trunks and branches of the lower trees and
shrubs.  Rattan-palms of several species are characteristic, and
some of these reacli into the temperate zone up to 7,000 feet.

The serew-pines (Pandanys), with leaves § to 10 feet long, and
bamboos of several sorts. are striliny features of the vegetation.
The bamboos are esped - abundant in the Himalayan forest,
and many species extend into the temperate zone. Some of these
are gigantie, sometimes o hundred feet high.

Ferns are abundant, and include some fine tree-ferns (dlso-
phila sp.) as well as many epiphytes, and epiphytic orchids wre
cornmon, some of them of great heauty.

Above 3,000 feot the tropical fore ing number
of temperate species which become predominant above 4,000
fret ¥ and from this elevation to Darjiling (7,000 it.), the flora
has much in common with the temperate floras of Burasia and
North Amierica, cspecially the Atlantic States.

shows an iner

Assam axp Urper BUrMa

Northeastward {rom Bengal, and continuous with the trapical
Himalayan forest belt is Assam, which includes the valley and
delta of the Brahmaputra, and a series of mountain ranges with
their intervening valleys. 1t is a region of excessively heavy rain-
fall, and the rain-forest of the vallevs and lower hills is an castward
extension of the lower Himalavan forest zone, and reaches further
eastward into Burma and Indo-China.

This forest, however, while made up largely of Indo-Malayan
tropicsl genern, also, especially at higher clevations, as in the
Himalayas, has many species of northern rather than tropical
affinities, such as oaks, chestnuts, eamellias, and others. The
whole of this region lies within the monsoon belt, i. e., it has a more
or less pronounced dry seuson, and a considerable number of
deciduous trees.

!Hooker, loc, cit.. pp. 95-100.
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Tue WESTERN (iHATS

The Western Ghats deseend by a serics of terraces to the coast,
and these slopos, and the coastal strip helow, get the full benefit
of the southwest monsoon, and the dry season is much less pro-
nounced than in the interior of the country. The whole coast
line, as far north as Bombay, is clothed with luxuriant cvergreen
forest, and presents o mwarked contrast to the barren shores of
porthwest India.

These evergreen forests have much in common with the rain-

sts of eastern Bengal and Assum, but many of the Malayan
species are wanting and there is an admixture of African tvpes.
The tropical eharacter of the vegetation becomes still more
pronounced toward the south, where the Hora is much like that
of Ceylon.

Descending an the east to the Deccan plateau, much drier
condition= prevail. This is especially marked close to the eastern
stope of the mountaing, as the rains pass over the crest and fall
some distapnce inlund. '

Between Bornbay and Poona, on the eastern side of the Western
Ghats, the lowlands are very productive, rice and other tropical
crops growing luxuriant!ly, and a profusion of palms of several
species, evergreen figs, hamiboos, and other {uxuriant vegetation,
forming & chareteristie (ropieal landscape.

Further south the interior country is much dricr, and where the
forest stil) remains, asin the gorges on the flnnks of the mountains,
the trees are mostly decidueus in the drv season. Sowe of these
trees are of great value as timber, among them being the “sal,”
already referred to,and the very tmportant teak (Tectona grandis).
The open country is too dry {or a true forest, but there are mauy
species of shrubs and small trees, many of which are also common
to the dry northwestern provinces.

Pazsing from the rich evergrevn forests of the seaward side of
the Western Ghats. and descending to the dry plain of the Deccan,
there is a transition first through a moist deciduous forest to a
dry open forest which gradunlly passes into the thorny scrub of
the Decean.

On the eastern shore of the Peninusla which gets rain from the
northwest monsoon from the Bay of Bengal, there is nearly ever-
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green forest, but much less luxuriant than that of the west coast,
ancl denominated by Brandis' *semii-evergreen scrub.”  Among
the constituents of this formation may be mentioned species of
Flucourtia, Pterospermum, Prythroxylon, Carissa, Ehretia.
Where moisture is more abundsui, ax in some of the hill-country,
and purts of Madros, this formation beconies it true evergreen
foresf.

The proviace of AMadras, occupying the sontheastern part
of the Peninsula s open to the sea aud much better watered than
the Decean. I is a ferfile region, and travelling through in De-
cember, the writer noted lnxuriant crops of rice and cotton, the
latter in full bloom. Tolaeco and millet are both important crops.

A very different flora is found in the Nilgiri Hills where the East-
ern and Western Chats join,  In the bigher clevations, which ex-
cecd 7,000 feet, a tempernte Rora occurs wuch like that of the
castern Himalaya and the mountains of Assan and north Bumma.
Such common northern genera as Kubus, Viburnuni, Rhamnnus,
Hypericum, efe., oceur, many of them the same species as those
of the mountains of portheast India.

CEYLON

Ceyloo, an island of more than 25,000 square miles arca, owing
{0 its proximity to the cquator has a uniformiy hot climate, sith-
out the extremes that prevail in much of continental India. 1o
the humid coasta!l areas, such as Colombo, the annual range is
very small.

The rainfall varies much in the different parts of the island, and
is largely controlled by the trend of the principal mountain mass
which rizes to over 8,000 feet in the southwest. This range is an
effective barrier to the passage of the rain-clouds brought by the
southwest monsoon in the late spring, and most of the moisture is
precipitated on the seaward side of the mountains, while the north-
eastern plains got very little rain at this time. Ip the autumn, the
northwest monsoon brings much more general, but less heavy
rainfall.

The flora of Ceylon, in its main features, is much like that of

! For details of the vegetation of the forest regions of ludia, sve Braandis, D.,
Indian Trees, London, 1906.



Prate XV.—Screw-pine (Pund sp.), B ical Garden, Peradeniya, Ceylon
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southern India, but there ix a pretiy large proportion of peculiar
species.

Little forest remains in the lowlands, except in swampy regions
unfit for cultivation, and such as remains is not particularly
luxuriant.  In the drier districts are many of the sume species
of trees and shrubs «= in southern lndia, e g, species of Acacia,
Cassin, Bugenin, and others, but in the more humid districts, like
those about Colombo, little is Ioft of the original vegetation,
and most of the avaiable ground js occupied by various crops,—
rice, sugar, coconuts, and the usual frait trees: Dread-{ruit,
bananas, papavy, mungoes, cte.  Coconuts form ove of the most
unportant products of Cevlon, and are planted in enormous
pumbers, forming almost wuinterrupted groves along the shore
for many miles.

Practically all the forest in the bumid areas between 2,000 and
4,000 feet elevation bas been destroyed for the purpose of planting
tea.  The coffee plantations of an carlier period were destroyed
by the ravages of a fungus, and were replaced by tea, which is now
the principal product of the island. heing cultivated up to 6,000
feet elevation. Rubber is also cultivated to some extent but can
hardly compete with the plantations of the Malay region.

Neither in soil nor climate is Ceylon equal te the great Malayan
islands, and as the general character of the lowlund vegetation
of Ceylon is similar to that of the Maluvan region, but is less
luxuriant and varied, it wifl not be considered further.

Some efforts have heen made at reafforestation in Ceylon,
and teak has been planted with some success in the lowlands.
The writer visited the Hanwella forest not far from Colombo,
where there are teak plantations. The luxuriance of the vegeta-
tion gave evidence of an abundant rainfall, although it was the
dry seagon (Feb.). There were many ferns, including a beautiful
climbing species (Lygodium sp.) as well a5 a good many epiphytic
ones, among them the curious giant adder-tongue, Ophioglossum
pendulum, whose forked strap-shaped fronds hung down for nearly
two yards in length. A number of epiphytie orchids were also
noted. Of the terrestrial ferns, the most interesting was Hel-
minthostachys Zeylanica, a velative of Ophioglossum, and wide
spread through the eastern tropics. There were o number of
showy flowers noted, one a beautiful blue gentian (Ezacum sp.)




PrLaTE XVI.—Giant bamboo (Dendrocal i 5). Botanical Gardens,
Peradeniya.
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and the fine Jrora cocernea, a shrub with clusters of tubular
scarlet flowers.

At Peradeniva, about 1,700 feet clevation, is « fine botanical
garden, with a lurge collection of tropical and sub-tropical plants,
including the most notable native species.  There are some re-
markably fine clunps of the largest of all bamboos (Dendrocala-
mus giganteus) more than a hundred feet high. Here may also
be seen fine specimens of the native Talipot-palm (Corypho um-
braculifery), whose lmmense fan leaves are over four yards across,
At maturi{y an coormous ternunal panicle of Howers is developed,
after which the tree dies. In the early spring many of the showiest
trees comc into flower. One of these, Bombar Malabaricum, is
ry large tree with big carmine-red, mallow-like flowers, espe-
cially striking, as the tree is quite leafless when in bloom.  The
magnificent Amhersiia nobilis, from Burma, was especially fine at
Peradeniya, and the jong pendent ravemes of brilhant red flowers,
[ooking like orchids, make it one of the finest of flowering trees.

The principal mountuin mass of Ceylon rises to a plateau,
6,000-7,000 feet high, with =ome peaks a thousand fect higher.
The climafe of the plateau 1s termperate, and the vegetation is
reminiscent of the Nilgiris of South Indig, or the temperate Hima-
lava. As the plateau is too high, in most places, for tea culture,
it is still largely in o state of nature, and shows little admixture
of introduced species.

This region is a combination of Jow evergreen forest and open
grass-land, the latter known locully as “Patana.” The line be-
tween patans and forest, is a very sharp one.  The evergreen forest
is composed of a good many geuera, e. g., Bugenia, Calophyllum,
Luytsia, Symplocos and others. A feature of this region is &
magnifieent treesrhodadendron (R. arboreum), also found in the
Himalaya. 1t is « spreading {ree of considerable sizc, the flowers
a brilliant. blood-red, presenting & splendid sight.

In the early spring, the young foliage of these evergreen forests
shows a great variety of color, red, yellow, pink and purple, the
effeet being very beautiful.

The herbaceous plants are largely familiar boreal types. Thus
at Horton Plains, the following genera were noted: Viola, Hy-
pericum, Gnaphalium, Lobelia, Ranunculus, Gentiana, Gaul-
theria, Alehemilla, Fragaria, Plantago. Other less familiar were




Prate XVIL—Talipot-palm (Corypha umbraculifera): ut right, betel-palm (Areca
Catechy). Botanical gardens, Peradeniya.
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the blue-flowered Exacum, Hedyotis, Strobilanthus and Ceropegia.
(Ascleptadacene).

Orchids are quite common, a beautiful white epiphytic species
(Coclogyne odoratissimum) Dbeing  especially abundant.  Other
orchids noted were species of Dendrobiumi, Satyrinm, Oberonia,
Listera,

Ferns are well represented, especially in the moist shady forest,
but some species are characteristic of the open and drier places.
Oun rocky banks, Gleichenio dicholome (Iinearis), a cosmopolitan

-l B

Fia. 55.—Botanical Garden, Hakgala, Ceylon.

species, forms thickets, and associated with it is an equally wide-
apread club-moss, Lycopodium cernuum. In the shady localities
one may find somc of the filmy ferns (Hvmenophyllaceae), but
these are not particularly abundant. In sheltered gullies are fine
tree-ferns, the most abundant one being Alsophile crinita. In
the moist grassy meadows an adder-tongue fern, Ophioglossum
reticulalum is not uncommon, and occasionally a related fern,
Bolrychium lanuginoswn is met with. The boggy meadows also
harbor sundews (Drosera spp.), and bladder-weed (Ultricularia
sp.), as well as several club-mosses, two of which, Lycopodinum
clavatum and L. Carolintanum are characteristic boreal speeies.
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In the shady woods, the trees are draped with the gray stream-
ers of the lichen, Usnca, and here are also found a variety of
epiphytic mosses and liverworts, which also are plentiful on the
ground and on rocks and fallen logs.

1n the cool moist climate of the Cevlon highland, most of the
commmon garden flowers come to great perfection.  Inthe atéract-
ive garden at Hakgala, together with o great variety of orchids,
peppers, tree-ferns, and other sub-tropical plants, there were
beautiful begonias, geraniums, heliotrope, fuchsias, vivlets, roses,
cte., growing with unusual Juxuriance.

Ixpo-CriiNa

The Indo-Chinese peninsula, comprising Burma, French Indo-
China and Siam, has a flora, which includes clements belonging
respectively to the Indien, Himalayan and Malayan regions.

To the north, radiating from the great Himalavau system which
forms the southeastern boundary of Tibet, extends a series of
mountain ranges between which lie the valleys of the great rivers,
Irrawaddy, ween, and Mekong, svhich water the lowlands of
Burn and Siam.

Tn the northern mountain country the vegetation is a continua-
tion of the temperate Himalayan flora, and includes many gencra
related to the Aoras of both Eurasin and North Amrerica.  Pines,
firs and other coniferous trees; oaks, maples, magnolias, rhodo~
dendrons, and many others, both herbuaceous and woody plants,
are familiar to European and American botapists. There are,
however, mingled with these boreal plants, many which are re~
lated to the tropical Malayan flora, such as bamboos, palms,
many orchids, figs-and others.

In the lower country in Assam, Burma and southern China,
the vepetation is predominantly Malavan, and further southb,
most of the boreal genera disappear, and the vegetation is almost
entircly composed of strictly tropical types. Only in the higher
mountains do we again encounter the northern plants.

There are three principal mountain systems extending south-
ward from the Himalaya in the Indo-Chinese Peninsula. To
the west is the Arakan system of Burma; in the centre the ranges,
which extending southward, form the backbone of the  Malay
Peninsula; to the east the mountain system of Annam. :
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These north and south ranges exert a great influence upon the
climate, as much of the moisture from the southwest monsoon
over the Bay of Bengal is intercepted by the Arakan range, so
that Burma has a much heavier rainfall than Siam.

In Burma, however, there is by no means a uniform climate.
The northern mountain region, next to Assam, has practically no
dry season; but over most of the country, as in central India, the

Fio. 56.—Great pagoda, Rangoon, Burma. The trees are toddv-palms
(Borassus flubelliformis).

monsoons, especially the southwest monsoon, have a marked effect
upon the climate.

The coastal region of Burma, ineluding the deltas of the Ir-
rawaddy and Salween, and the coast south of Rangoon, huve & very
beavy rainfall, and correspondingly luxuriant vegetation. The
delta-lands below Rangoon, when reclaimed are extremely fertile.
This is a region of immense rice (‘paddy’’) fields, rice being the
great food crop of the country; but all the characteristic tropical
products abound. Oranges, Dananas, mangoes, bread-fruit,
Jack-fruit, and others less familiar, are associated with bamboos,
palms of many kinds, cipnamon, tamarinds and many other trees,

" ghrubs and herbs.
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A common and heautiful palm of thiv region, und indeed cvery-
where throughout the Malavan tropies Is Areca Catechu which
produces the “hetel-nut,” which mixed with lime and the leaf of
the betel-pepper, furnishes the Malayan equivalent for chewing
gum.  The Arcea-palm is one of the maost beautiful of the paim
tribe, its perfectly smooth, slender shaft bearing aloft a plume of
graceful feathery leaves.

Where the delta lands have not been cleared and drained, they
comprize o labyrinth of swanps and low jungle like the sunder-
buos of the Canges delty, on the opposite side of the Bay of
Bengal.

As one tavels northward, through the valley of the Irrawaddy,
the country beeomes much drier, and above Mandalay the coun-
fryvislargely a dry savanna, open grass-land, and scaticred deciduous
trees, reealling the bush-veldt of South Africa. Where the forest
1s hetter developed. the trees are mainly deciduous, and in places,
teak forests of considerable extent vecur, and the tunher is of
great commereial importance,

While the valleys show evidenees of & marked diy scason, the
higher mountuins have a heavier, and more uniform rainfall and
especiadfy in the gorges cut by the rivers, there is a typical rain-
fare~! with a profusion of heautiful trees, shrubs and herbaceous
plants. Upper Burma is especially rich in orchids, many of which,
like the exquisite blue Vanda cocrulea are greatly prized in cultiva~
tion.

Siwm and dnnam, on account of the mountains Iying betseen
them and the Day of Dengal, lose much of the bepefit of the
southwest monzoun rains, and on the whole are much drier
than Burma, as the northeast moonsoon brings much less rain
than the soulhwest.

Much of the lower country is open savanna, and the forests,
even in the hill-country are much Jess luxuriant than those of
the coastal region and mountains of Burma.

While the greater part of the Indo-Chinese peninsula has a
pronounced monsoon climate, the long extension southward,
the Malay Peninsula, reaches the equaterial zone, and the wet
and dry seasons are much less marked.

Somewhere in Indo-China, may have been the birthplace
of the bumun race. The discovery of the famous Ape-man
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(Pithecanthropos) in Java points to this part of the world as
the place where man first appeared.

Long before western civilization began, India and China
were highly civilized communities, and today contain a very
large part of mankind. Southeastern Asia, with the adjacent
islands, is one of the richest parts of the world, abounding in
food-plants of many kinds, and man very ecarly learned to cul-
tivate and improve the most important of these. The great
food staple of most of the Orient is rice, native to this region,
and the many varieties of bananas and planiains are undoubtedly
derived from some of the many wild species, and the same is
true of sugar cane.

Many important tropical fruits, mangoes, durian, mangosteen,
and others are natives of the Ibndo-Malayan tropics, and to
China we are probably indebted for the orange and other Citrus-
fruits, as well as the peach and perhaps the apricot.

This region, too, abounds in spices, pepper, cloves, nutmeg;
and the palms, bamboos, rubber and gums yield various impor-~
tant commercial products.

It is not remarkable, that ia a region so richly dowered by
nature, primitive man should have found a congenial habitation,
increased and multiplied.

THE IsLaxps oF THE INDraN OcEanx

The islands in the Todian Ocean lving east of Africa, owing
to their isolation, have developed very characteristic floras.

Much the most important is Madagascar, next to Papua and
Borneo the largest island in the world. Separated from the main-
land by two hundred and sixty miles, its 228,000 square miles
show a great variety of conditions, and the vegetation is equally
varied and includes many extremely interesting endemic species.

A mountain range occupies the centre of the island, averag-
ing about 5,000 feet in height, with an extreme elevation of 8,675
feet., This central region, which is largely wade up of fertile
plains and valleys, has 2 warm temperate climate; but the coastal
zone has a pronounced tropical climate, very humid on the east,
which receives the full benefit of the moisture-laden ocean winds,
but much drier on the lee-side of the istand.
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Much of the land on the windward side is covered with heavy
rain-forest, but on the west side the vegetation is very much
like those parts of British South Africa which lie in the same
latitude. There is a marked dry season and the vegetation is
more or less decidedly xerophytic. Aloes, Euphorbias, Acacias,
and other characteristic South African types abound, and in
some places Cacti, introduced from America, have become nat-
uralized. The extreme southwest of Madagascar is very dry,
and may be called a desert.

In the rain-forest and the moister portions of the mountains,
ferns are very abundant, and orchids are also a marked feature
of the vegetation. One of the most striking of the orchids
is a species of Angraecum, sometimes seen In cultivation, which
has a spur, or nectary, a foot lang!

There are many striking species peruliar to Madagascar,
some of which are pot uncommon in cultivation. Of these may
be mentioned the “Flamboyant” (Poinciana regio), perhaps
the showiest tree in cultivation, with its masses of flaming scar-
let flowers. The ‘‘traveller's tree” (Ravenala Madagoscariensis)
is sometimes grown in warmer countries, where its great fan of
big banana-leaves at once attracts attention; and sometimes
-one sees in conservatories the curious lace-leaved water-plant,
Qurinandra fenestralis.

Other characteristic plants are a peculiar screw-pine (Pandanus
obeliscus), a handsome crape-myrtle (Lagerstroemia sp.), a palm
(Rephia ruffa), and several rubber-plants, species of Vahea.

Some of the trees—e. g., Welnmannia, Elacocarpus, Casuarina—
are reminiscent of the Malayan-Ausiralian region; but the bulk
of the vegetation, especially in the drier parts, is uomistakably
African. In the cooler mountain districts there are many species
either identical or closely related to those of the highlands of
Abyssinia and the Cape region.’

East of Madagascar ‘are the Mascarene Islands, which like
most tropical mountainous islands are notable for the great
profusion of ferns. Orchids are also very abundant, and there are
a pumber of interesting palms. Some of the latter are closely
related to those of the African mainland—but others are more
nearly allied to those of Indo-Malays, or even of America.?

t Drude loc. il., pp. 475478, 2Ibid, p. 476. -, -
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THAE SEYCHELLES

The Sevchelle archipelago, six hundred miles northeast of
Madagascar, comprises forty-five islands lying between 3° 38’
and 5° 457 south latitude. The flora is a very distinct one and
includes six endemic genera and sivty endemic species. Five of
the endemic genera are palms, and one, Northea Seychellana, a
tree belonging to the Sapotaceae, was named in honor of Miss
Marianne North, who visited the islands in 1883~1884 and who
has given an interesting aceount of her visit, which was especially
for the purpesc of painting the extraordinary palm, Lodoicea
Seychellarwn, which hears the hage double coconut, a well-known
botanical curiosity,!

The forest i= rich in palms, tree-ferns, and screw-pines; and there
are 8 good many trees, one of which, Wormia ferruginea, an
endemic species, is especially abundant in the higher mountain
forests. Miss North found pitcher plants (Nepenthes) on the top
of the higher mountains. A single species is also found in Mada-
gascar, and these, as well as some other forms, show an aftinity with
theMalayan flora. The most striking flowers noted by Miss North
were two fine orchids, Angraccum eburncum and Vandla Phalaen-
opsis.

! Marianne North, Recollections of a Happy Life, Vol. IL.. London, 1803.



CHAPTER VII
THE PALAEOTROPICS—Conlinucd
MALAYA AND POLYNESIA

The long Malay Peninsula, the southernmost. point of Conti-
nentad Asia, together with the chain of large islands, the Malay
Archipelago. is rivalled in the richness of its flora only by equatorial
Anerica.  The tip of the Peninsula almost touches the equator
which biscets the great islands of Sumatra, Borneo and Celebes,
with Java and the southern Philippines less than ten degrees
awiuy.

Thesc regions enjoy a climute that varies but little in tempera-
furce throughout the yvear, and in much of the regions theve is no
marked dry season, while in many districts the rainfall is extremely
heavy.  Where, as in western Java, Sumatre and Borneo, the
uniform high temperature and heavy rainfall are combined with
rich alluvial or voleanic soils, there results a luxuriance of vegeta-
tion that can scarcely be rivalled apywhere, and these regions
are a veritable botanist’s paradisc.

The Peninsula is traversed by a central mountain range, rising
{0 a height of 7,000-8,000 fect, but for the most part much lower.
This range is composed mainly of granite, but there arve more or
less extensive limestone deposits in some districts. These lime-
stone formations sometimces contain extensive caves, which are
interesting biologically, as they harbor a number of peculiar
species of animals.

At, the foot of the central mountain range is a coastal plain,
wider along the east coast than on the west side. This coastal
plain is (or was) heavily forested for the most part. Along the
west coast are extensive mangrove formations and swamps, with
very little sandy shore, while the eastern coast has many sandy
beaches.

Until comparatively recent times, the vegetable resources of this -
region had been but slightly exploited, exeept for local consump-

200
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tion. The natives cultivated the usual tropical food-plants,
espeeially the fruits, which inctude the choicest of all tropical
fruits, the mangosteen and durian.

Some fifteen or twenty yenrs ago, however, rubber plantations
were established, and so profitable did they prove, that soon maost
of the accessible Jowland forest was cleared and planted to Para-
rubber (Hevea Brasiliensis). So great has been the subsequent
development of the industry, that alrcady there is great over-
production, and prices have fallen to a point which renders many
plantations quite unprofitable.

Ten vears ago, the writer travelled through this region, and on
all sides the forests were being felled, and the trees burned to get
rid of them in order to make yoom for planting rubber. Only
oceasionally along the railway was it possible to see bits of the un-
touched forest. From these remnants, however, it was plain that
the original forest was a very rick one, with a great variety of
lofty trees, and extremely luxuriant growth of lianas and epiphytes,
with an undergrowth containing many ferns, and other herbaceous
growths. Among the latter wild bananas were conspicuous, as
well as the somewhat similar members of the ginger family.
Aroids, both terrestrial and climbing species, were abundant and
conspicuous.

This is a typical rain-forest, and practically no deciduous species
oceur, such as are so characteristic of the monsoon forests of Burma
and Indo-China.

Palms in great variety are characteristic of the true Malayan
flora, and form a notable feature of the vegetation. Some are
dwarf species, comparable to the scrub palmettoes of our southern
states, and occur in the swamps and low ground. Others are lofty
trees with crowns of giant fan-shaped, or more commonly pinnate
leaves, The genera are mostly distinet from those of Africa and
India. Among the comumon dwar{-palms are species of Areca and
Pinanga, while in the mangrove swamps, the Nipa (N. fruticans),
is very common. The latter is wide-spread through much of the
Indo-Malayan region, and is extensively used for thatch and
mats, as well as for its fruit.

18ince the above was written, the action of the Britigh Governroent restricting
the export of rubber from the Ezst lndian plantation:, has greatly increased the
market price.
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In low ground may be seen large clumps of the ‘““‘Nibong”
(Oncosperma. horrida), a beautiful palm with slender trunk and
graceful feathery leaves, but with an armor of formidable spines
that effectually protects it. One of the most beautiful of the
Malayan pelms is the “sealing-wax” palm (Cyrlostachys Lacco),
whose smooth sheathing leaf-bases are a vivid vermilion scarlet.

Fig. 57.—Lowland vegetation. Malay Peninsula.
A. Palms (Oncosperma ep.). B. Ferns (Glcickenia lincaris).

Many species of palms, aside from the cocoout which js every-
where cultivated, are very important both for food, and for many
constructive purposes, e. g., cordage, thatch and timber.

The sugar-palm (Arenge saccharifera) is one of the most striking
species, with imnmense pinnate leaves, 25 feet or more in length.
Its sap yields an excellent sugar, but is_commonly fermented to
form palm-wine. Another wine-palm is Caryota wrens.. The
genus Caryota has about ten species in the Indo-Malayan regions,
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stately palms with enormous bi-pinnate leaves unlike those of
any other palms.  Fan-palms are much less abundant, the com-
monest belonging to the genera Livistona and Licuala.

In the wet jungles of the coastal plain the climbing rettan-palms
are extreoelv abundant, and comprise a large number of species
belonging fo several geners, of which much the most important is

Fra. 58.—Ratluns, botanjeal gardens, Buitenzorg, Java.

Calamus. They form impenetrable thorny thickets and some of
them reach an incredible length, looping from tree to tree for
hundreds of feet, and probably exceeding in length any other
member of the vegetable kingdom. The rattan of commeree is
the stem stripped of its outer tissues, and this, with the bamboos,
which also reach their maximum development in the Malayan
regions, furnish the staple building materials for the Malayan
dwellings, as well as for cndless other uses.

Ferns are abundant in the lowland forest, among them some
gmalil tree-ferns; but, as clsewhere in the tropics, ferns are still
better developed at higher altitudes, although certain types, like
the climbing ferns (Lygodium), are perhaps more abundant in the
lowland forest.
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While showy fowers are not abundant in the rain-forest,
occasionally there is a byilliant mass of color, when some great
creeper or tree bursts into bloom. The writer recalls two especially
striking examples of this seen on the rallway journey hetween
Penang and Kuoala Lumpur. This was in December. The first
was a giant creeper (Bouhinia sp.), which was not infrequent, and
reached 1o the tops of the tall trees, wherc it burst into a blaze of
brilliant orunge. The other was a moderate sized trec, a species of
crape-myrtle (Lagerstroemio sp.) almost hidden by the mass of
lilac-purple flowers.

Morning glories (Jponoee sppl), are common, and now and
then on the railway embankment, a pretty pink ground-orchid
(Spathoglotlis sp.) was noted. as well as a number of other pretty,
if not remarkably striking flowers, some, no doubt, introduced
species.

An oecasional serew-pine was noted in the forest, but these are
much commoner in the Malayan region as strand-plants, than in
the forest, although there are forest species also.

BINGAPORE

The island of Singapore, separated from the tip of the Peninsula
by a narrow strait, is familiar to every visitor to the Far East,
as it is the great centre for travel in the East Indies. 1t is at once
apparent that we arc in the heart of the tropics. Almost on the
Line, tbe constant heat and high humidity are reflected in the
rank luxuriance of the vegetation. The gardens are overflowing
with o weaith of gorgeous flowering trees and shrubs, orchids,
pelms, and all the other choicest products of the equatorial zone.
The markets are filled with the many fruits for which the Malayan
tropics are famous.  With the oranges, pineapples, and bananas,
are the papayas and avocados of America, and the native
mangosteen and durian, as well as many less known fruits and
vegetables.

The mangostecn and durian, are often pronounced the finest of
all fruits. The former (Garcinia mangostana); in shape and size
resembling a small tomato, is a dark maroon in color, the deep-red
thick rind enclosing about half a dozen segments, something like
an orange, cach segment composed of a snow-white juicy pulp
of delicate and delicious favor. The durian (Durio zibethinus)
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is a very different type of fruit, and on aceount of its powerful
odor, rather suggesting & skunk, it must be admitted, many per-
sons cannot be induced to taste it, and thus miss enjoying a fruit
which is quite witbout a rival, and almost alone worth a trip to
the Far East. The Malays are passionately fond of the durian,
and in its season the heaps of tbe big spiny greeo fruits in the

A

B
Fi6. 59.—A. A chamcteristic Malayan paln (Caryota p.); B. Dipterocarp left in
a rubber plantation near Quala Lumpur, Federated Malay States. In froot
of the tall tree is o young rubber tree (Hevea Braziliensis).

market make their presence evident far and wide. Wallace in
his “Malay Archipelago” gives an admirable description of this
delicious fruit, quite the best that has been written.

Among the other common fruits are scveral species of Nephe-
lium, related to the Chinese lichi. The cormonest is the “‘Rarn-
butan,” a fruit 2bout the size of a large plum, with a shaggy crim-
son rind enclosing an oval mass of juicy white pulp with a single
big seed.
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Singapore is now pretty well cleared of forest except for some
small tracts on Bukit Tima, the principal hill on the island, and a
tract connected with the very interesting botanical garden. The
forest contains some palms, mostly rattans, and a variety of trees,
among which may be mentioned species of Melaleuca, Terminalia,
Albizzia, Eugenia, Diospyros,
Flacourtia, Calophy!lum, and
others, including an oak.
Among the lianas, the most
prominent, aside from the rat-
tans, were species of Uncaria,
Bauhinia, and Derris,—all
Leguminosae.

The garden contains an ex-
tensive collection of plants,
both native and exotic. The
collection of palms compriscs
about 250 spceies, and there
is an unusually fine collection
of ferns and orchids. The
pitcher plants (Nepenthes)
especially characteristic of the
region, are particularly in-
teresting.

The mountain forests of the
Peninsula are to & great ex-
: . 3 . tent still intact, and afford a
Fi. 60.—Tree-ferns (Alsopkila glaveay,  MOSt interesting study to the

'l"uipin;! Hills, Federated Malay botanist. The writer made

States. brief visits to two localities,
the Pahang Gap, northwest of Kuala Lumpur, and the Taiping
Hills in the northern part of the Peninsula.

Up to about 3,000 feet the vegetation is decidedly tropical in
composition. The trees are often very tall, sometimes 150-200
feet high, and the straight smooth trunks may be 5-6 feet in di-
ameter, although usually less. Asin India, the Dipterocarps are
much in evidence; Shores, Dipterocarpus, Balanocarpus, and
others. Figs. wild bread-fruit (Artocarpus), and many Legumi-
nosae, e. g., Afzelia, Pterocarpus, Pithecolobium, Albizzia, ete., as
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well as a variety of trees belonging to many families.  Coniferous
trees are not common, but an vccasional large Kauri-pine (A gathis
lranthifolia) s met with, and species of Podocurpus and Dae-
rydium members of the yew family occur. Rattuns are every-
where abundant, and in the Pahang region, banboos were partie-
ularly numerous, in some places extensive groves of tall bamboos
occupying the ground to the exclusion of everything else. The
oumber of bamboos in the Malayan region is very great, and
among them are species like the giant hamboo (Dendrocalarmus
gigantens) over a hundred feet high, with stems nearly a foot
through. The bamboo groves are extremely beautiful, with their
graccful drooping plumes of leaves, especially when they line the
banks of some clear mountain stream.

The vegetution of the Taiping Hills, is even morce luxuriant
than that of the Pahang Gap. At 3,000 feet elevation the forest
was remarkable for the great profusion of lianas and epiphytes,
indicating a very heavy rainfall, which was aiso shown by the rich
development of ferns, mosses and liverworts. Many of the ferns
were epiphytes, and included & number of delicate filmy ferns
(Hymenophyilaceae). Of the terrestrial ferns, the genus Gleichenja
was especially abundant, sometimes forming dense tapgles of
interlaeing wiry leaf-stalks that are very difficult to get through.
Fine tree-ferns ave also common, the most abundant being Alsoph-
ila glauca. Another very conspicuous fern, is a species of Angiop-
teris, a genus wide-spread in the eastern tropics, the leaves some-
times exceeding 20 feet in length,

Palms are much more abundant in the Taiping forest than in
that of the Pahang Gap, while on the other hand, bamnboos are
better developed in the latter region, due perhaps to the lesser
rainfall, as the bamboos as a rule are not so characteristic of
regions of excessive rainfall. Of the numerous palms, large and
small, which abound in the Taiping Hills, a very tall Caryota was
especially notable.

Other distinctly tropical types were the giant Aroids, some elimb-
ing up the trees, others with huge calla-like leaves rising stiffty
from short upright trunks. Some of the Araceae of the Malayan
region are gigantic. Oune of these, Amorphophallus titanum, of
Sumadtra, has an enormous much divided leaf borne aloft. on a
thick stalk 10-15 feet high. A number of simifar but somewhat
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smaller species arce frequent in the lowland forest.  The big in-
florescences of these huge Aroids usually have a very offensive
odor and attract swarms of carvion-loving insects which presumably
assist in pollination.

Wild bananas (Musa Malaccensis, M. violacea) are sbundant,
and much resemble the eullivated ones except that the fruit has
many secds, and but little edible pulp.  Presumably some of these
wild bananas are the ancestors of the cultivated varieties.

A B

Fio. 61.—Pitcher plants (Neperthes app.).
A. From Malay Peninsula. B. From Borneo.

Not very distantly related o these are the many forms of the
ginger family, which are exceptionally abundant in the Malayan
rajo-forest. They are often very handsome plants, with fine
foliage and showy flowers. Characteristic genera are Zingiber,
Globba, Costus, Amomum, Alpinia, etc.

The epiphytic vegetation is a notable feature of the Taiping
forest. As slready mentioned this includes a large number of
ferns, of which the big bird’s-nest fern (Asplenium nidus) is the
most conspicuous, and orchids are extremely abundant, mostly
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stall inconspicuous species, but some of them of great beauty.
Rhododendrons with white or scarlet Aowers may be seen high
up in the branches of the trees. The numerous epiphyvtic rho-
dodendrons are a common and beautiful feature of the Malayan
mountain forests. Sometimes growing as epiphytes, but more
common on the ground, or climbing over the lower vegetation,
are scveral species of pitcher plants (Nepenthes), whose centre of
devclopment is In the mountains of Malaya and Borneo. The
graceful vases or urns, suspended from the leaf tendrils, are beauti-
fully colored, and sometimes a foot. or more in length. No plant
structures are more remarkable than these curious organs.  The
climbing serew-pines (Freycinetia) are common and conspicuous,
but Pandanus is much less in evidence.

The numerous specics of Aeschynanthus (Cesneraceae), with
very showy scarlet lowers something like a snapdragon, are among
the most attractive of the epiphytes, but even more beautiful are
“species of Medinilla (Mclustomaceae) whose great, clusters of pink
fowers subtended by big rosy hracts, at once attruet attention.
Some very handsome Begontas, Lo, oveur as epiphyvies in the wet
mountain forests.

A visit was made {o the summit of the main range, at Pahang
Gap. At this elevation, about 4,000 feet, quite a different. type of
forest was encountered. The trees are much smaller and trunks
and branches covered with a heavy growth of mosses, liverworts,
and other epiphytes, mostly of rather small size. In this “moss-
forest” were collected 2 number of interesting bryophytes, which
found here a congenial habitat.

The exposed summit of the ridge was occupied Jargely by open
boggy places, with stunted small trees and shrubs. In the bogs
were masses of peat~mosses (Sphugnum) in which were growing
rhododendrons and other members of tbhe heath family; orchids,
and other bog-plants, suggestive of the northern peat-bogs; but
with these were strange ferns, and clambering over the bushes
were magnificent Nepenthes with pitehers as big as a pint
MEAsUTE.

Of the ferns, several of the Gleichenins are wide-spread species,
but two of the most conspicuous ferns, Dipteris conjugate, and
Matonia peclinate, are less common, and the latter is restricted to
rather limited areas on the mountains of the Peninsula and the
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larger islands of the Archipelage. Both are very handsome with
large fan-shaped leaves borne on tall stalks. Matonia is especially
interesting ns it is almost the only survivor of a very old family,
and for a long time was koown only from a single locality, Mt.
Ophir in Malaee

While the Malay Peninsula is rich in ferns, and epiphytic mosses
and liverworts, the ground liverworts are less abundanf than
might be expected from the general luxuriance of the vegetation,
Whether or not this is due fo the prevailing character of the soil,
s a question. The rouks of the Peninsula are mostly granitie,
und the coarse grit(y soil resulting from the decomposition of these
rocks daes not scem to meet the needs of these plants. In the
limestone region. there were species not found elsewhere, but no-
where in the Peninsula were they so abundant, as in the voleanie
regions of Juva and Sumatra.

THr Suxpa IsuaNps

The three great islands adjscent to the coast of the Malay
Peninsuly, Sumatra, Borneo, and Juva, exhibit in the highest
degree, the exubernnt development of the equatorial Malayan
vegetation.  Both the plant and animal life indicate that these
Islands. at no very distant epoch, were united to the Asiatic main-
land.

Borneo, the targest of these islands, separated from Singapore by
about 400 miles of the shallow Java Sea, is still very incompletely
known, 5 much of its nearly 300.000 square miles is an unexplored
wilderness. The cogstal regions of Sarawak in the west have been
quite extensively eaplored botanically, as the country bas been
under British domination for nearly a century, and is compara-
tively casv of access, -

Boroeo is to @« great extent mountainous, but there are large
expanses of lowland swamp and forest in the coastal districts.
There is a central range of mountuins, attaining a maximum height
of abouf 10,000 feet, and from this range, others diverge, with
platexus Iving bebween the ranges. The main range is composed
partly of ancient crystalline schists, and in British North Borneo,
Kinabalu, the highest mountain in the island, is a granite mass,
rising to 13,608 feet. Deposits of limestone are found in some
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localities, as well as voleanic formations: but there are none of the
active volcanoes which are such a marked feature of Java and
western Sumatra. Indeed the geology of Bormeo is more like that
of the Malay Peninsula, and there is also much in conimon in the
vegetation between Borneo and the Peninsula.

ne approuches Sarawak from the west, the coast presents a
very pleturesque aspect. bold mountains coming down to the sea in
places.  Betwreen two of these mountains. Mattang und Santu-
bong, the Sarawak River, upon which is situated the prineipal
town, Kuching. makes its way to the sca. Suntubong is especlally
impressive, rising abruptly from the wuter to o height of 3,000
feet, it steep flanks clothed with primaeval forest.

The low banks of the delta are for the most part densely covered
with mangroves, and the mud flats exposced at low-tide, are the
haunt of crocodiles and other less formiduble creatures, like the
grotesque mud-fish, which climb about the cxposed mangrove
roots like lizards, while myriads of bright blue erabs scuttle about
over the mud, and if the tide is low, cannot fail to attract atten-
tion.

Further up the river, the numerous narrow channels which
traverse the mangrove formation, ave lined with dense growths
of the Nipa-palm, whose leaves are indispensable for thatch, or
for the manufacture of the basket-work panels which form the
sides of the native bhouses.  Behind the Nipa zone, another beauti-
ful palm, the “Nibong" (O neosperma filainentasa) is common, and
their slender stems and feathery crowns form a conspicuous and
heautiful feature of the shore vegetation,

With the decreasing salinity of the water as the river is ascended,
the mangroves gradually disappeur and the solid river banks are
covered with a dense growth of trees and shrubs in great variety,
Back of the belt of shrubs and low trees theve appear in places the
tall trees of the high forest, the vutposts of the prodigious forests
which cover most of the wet lowlands of Borneo.

Wherever a native village appears on the river bank, coco-
nuts, sago-palms, bananas, bread-fruit, and the other common
cultivated trees are seen between the wild growths of the shore.

The trees and bushes of the jupgle lining the river banks are
smothered in o tangle of climbing plants and epiphytes in astonish-
ing variety and profusion. Ferns, orchids, and other epiphytes
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cling to the trunks and brunches of the trees, often almost entirely
concealing them, evidence of the extreme huwnidity of the cliinate
of these Jowland forests.

Kuching, the eapital of Sarawah, lies within a single degree of
the cquuator. which almost biseets Borneo.  With an annual
raioldl of 160 inche constant hot-house tempera-
fure, Surawak his a frue equatorial elimate, and the vegetation
exhibits a lusuriance that very fow regions, even vuder the equator,
ean rival.  All the common tropical products abound, and reach
great perfection. Pulms of muny  sorts, bunanus, pincapples,
bamboos, orchid< grow in rich profusion, and the gardens show a
wonderful wealth of rure and beautiful trees and shrubs.  The
irunks of the pulnis and the trunk= und branches of other trees
are laden with epiphstes in bewildering profusion, while giant
crecpers, with fowers of every hue, are draped over every fence,
or elimb high info the trees.,

While the forest hax been cleared in the immediate vieinity
of Kuching, one does not huve {o go far to see samples of the orig-
inal forest, whose exploration iz Ly no jueans easy, as the lowlands
are largely swamps, or else overgrown with impenetrable thickets
of rattans and other troublesome undergrowths,

Where the original forest, hus heen removed, o second growth
quickly springs up, compaosced of wany species of trees, and a dense
tangle of bushes, lianas, ferns, and « great variety of herbaceous
SPeCies.

As might he expected in zo hurnid a elimate, ferns are much in
cvidenee,  Among the commonest, are species of Gleichenia, We
have alveady referred to the great development of Gleichenias
in the Malay Peninsula, which in this respect, as well as some
others, shows a narked resemblance to Borneo.  The elimbing
ferns (Lygodiwm spp.) are also common and very beautiful,

One of the commonest and showiest shrubs of this region is
Wormia pulchella (Dilleninceae), whose big yellow flowers are
seen evervwhere, The genus Wormia is very abundant through-
out Mulaya, and wt onee attracts attention. The Acanthus family,
and the Melustomaceae, the lutter with pretty pink or purple
flowers, are among the commonest of the more showy shrubs, and
now and then one sees a scarlet Aeschynanthus climbing up the
trunk of a trec or establisbed as an epiphyte.

and an almost
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The pitcher plants (Nepenthes), are extraordinarily abundant
in Borneo, and way be found at all clevations from sea-level to
an alvtude of 000 feet.  Some nre low-growing terrestrial species,
but more commonly they wre climbers or epiphytes.  In most
species, the pitehers wee devaoped at the end of the tendril formed
by a prolongation of the midrib of the leaf: but in the young
plants, and also in some terrestrial species, the piteher scems 1o
represent the whole leaf, and the plant may consist of a rosette
of these urn-shapad organs. There secms to he Jittle doubt that
the flud in the piteher contains defivite enzyvimes similar in their
action to pepsing, and eapable of u true digestion of the insects and
other small animals that mav be captured. Whether or not, as has
been stnted, the Mulays use this fluid as o corrective for indigestion,
the writer will not venture in opinion.  Young plants with pitehers
no bigger than o thimble are common along the sides of ditches
and on wet banks, while it is said the arewt N Rajah, from Mt.
Kinabaiu, has pitchers, perbaps one might say jues, holding two
quarts. The Malay Peninsula, vext to Borneo. probabliy has the
greatest. number of species, but they are found also throughout the
whole Malay Archipelago, from portheastern Australia and New
Guinea, to the Philippines, a single species also occurring in
Cevlon.

Travelling in Sarawak depends very largely upon water-wayvs,
as there are practically no rouds, except W the hnmediate vieinity
of the towns. If one leaves the streams. one must praceed on foot
through the swamp and jungle, not, always a pleasant operation, -
as the low ground is almost alwavs more or less under water.
Such excursions into the magnificent forests are not only fatiguing
but include, incidentally, the discomfort of swurms of mosquitoes,
and myriads of land-leeches, which are especially numerous and
voracious in the Bornean forest.

Among the rare plants of Surawak are several ferns.  One of
these, Malonia sarmentosa, is known onty fromw one locnlity, the
Bidi Caves, limestone caverns where it huangs down in long festoons
only to be reached by long ladders used by the natives for collect-
ing the edible birds’ nests which are found in these same caves.
Another fine specics, the principsl object of the writer's visit
to Sarawak, is Macroglossum Alidae, one of the small order Marat-
tinles. This, or a similur species bas since been collected in Su-
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mafra. 1t is o magnificent plant, with great paim-like leaves four
vards long.

The two mountains guarding the delta of the Sarawak River,
Mattang and Santubong. are fairly casy of aceess, and their
floras are extremely interesting. Mattang, which for some renson
ix avoided by the natives, has pever heen denuded of forest, and
affords an admirable opportunity of studying the primitive vegeta-
tion of the region.

The forest is o very rich one. Verv tall trees, including many
Dipterocarpacenc, like those of udo-China and the Malay States,
are bound fogether by great lianas, like huge rahles, or with climb-
ing Araceae and other creepers, clinging to their trunks, which
with the branches are often smothered in a profusion of epiphytic
growths of all kinds.

Below the tall trees are smaller ones, with an extraordinary
variety of palms, giunt ferns, wild bananas, rattans and a host
of other srriking plants.  The Dipterocarp forest at the foot of
the mountain is more open, being freer from undergrowth, and
casier 10 get throukh; but as one ascends the mountuin, the under-
erowth is very dense. und one must exercise great care not to lose
one’s way in the thick jungle.

The wet banks along the trail are covered with beautiful feros,
liverworts and mosses, and although flowers are not very abundant
or conspicuous, there were several worthy of notice.  One of the
prettiest was a Didvmocarpus (Gesneraceae), with small fox-

- glove shaped flowers, pule purple in color, borne on slender stalks
rising from a rosctte of dark green, wlmost black leaves, veined
with snowy white. These dainty flowers grew abundantly on the
mossy banks assogiated with delicate ferns, and made an ex-
quisite picture. An occasional showy orchid, and some pretty
Begonins were secn, and It one place, a number of plants of a
pele vellow rhododendron (R, salicifolium). In the upper forest,
a handsome Ixora, with scarlet flowers, somewhat like Bouvardia,
was ahundant.

Mt. Mattang has an cspecial interest to the botanist, as Pro~
fessor Beccari, the great suthority on palms, spent a long time
here, and many of his species were first collected on this mountain.

The Dipterocarpaceae, so important as timber-trees through-
out the Inde-Malayan region, are represented by many species in
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Borneo, many of great size. There are also other large trees,
especially Leguminosae, One of these, the “Tapang’ (Abauria
excelsa) is the tallest tree of the Borucan forest, a specimen 230 feet
high having been measured.

Many speeies of Ficus are common, as well as species of Arto-
carpus, including the bread-fruits and Juck-fruit. Both the durian
and mangosteen are represented by wild species.  Rather un-
expected)y there are several species of oaks, mostly in the moun-
tains, but some at sea-level, as is also the case in the Malay
States.

The coniferous {rees of Borneo arve few in number, and exclu-
sively of southern types. The dammar-pines (Agathis), Podocar-
pus and Dacrvdium are the only Borncun gencra.

Bomeo probably has more species of palms than any other
ares of equal extent: hut nury of then are small and relutively
ex of the rattan-type,
which hardly suggest pahns. There are, it i true, a considerable
nunther of tall species, like the Sago-palm and Nibong: but as a
rule, they do pot domipate the vegelation to the same extent as in
cquatorial Armerica.  About. 130 species have heen described,
mosthy by Beceard, and all but 20 are peculiar to Bormeo.

Many screw-pines occur in Borneo hoth as strand-plants, and
in the forest up to 4,000-5,000 Teet elevation.

The Arsceac are also highly developed, and much rescinble those
of the Mulay Peninsuln.

One naturally expects to find many orchids, and, in fact, they
are extremely numerous; but as every collector who has visited
the tropics, knows, the showiest orchids are usually rare, and
seldom abundant enough to make w striking display. Most
species are insignificant, and would be overlooked by any but a
botanist.

There are, of course, many very beautiful orchids in Borneo and
other parts of the Malayan Archipelago, many of these being
prized in cultivation. In the gardens of Singapore and Sarawak
two handsome species are often seen, Vanda teres and Arundina
speciose.  These are both ground orchids, and apparently casily
grown. The genus Vanda includes many handsome species, some
of which, like the Javanese V. tricolor, are often seen under glass
in Europe and America. Perhaps the most striking of the Malayan

ipconspicuous, or else they are climbing spe
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orchids ix the * tiger-orchid " (Grananatophyllion speciosum).  This
15 & giant among orchids, and way be seen in great perfection in
the famous hovinicul gardens at Buifeuzarg in Java, where its
pendent. leafy shoots hang down from the {rees (o a length of fen
feet or more. The numerous upright flower-stulks as tall as o man,
bear many hig brown and vellow striped hlossoms.  The genus
Dendrobium i~ one of the Lrgest in the eastern tropies, and many
species are extremely beautiful and highly prized by collectors,
A vory interesting species is D crumenation, kpown in the British
possessions ax “pigeon orchid.” T ix very abundant and has the
remarkable habit of flowering simoultancously over s large arca,
and only for a single day, when the long spr of fragrant white
flowers may be seen by thousands, The next day they are faded,

and not asingle fresh flower ean e scen.

Among the noteworthy ferns of Maftang were species of Naul-
fussia, Angiopteris, and Sehizaca, amd some fine {ree-ferns (Al
sophtla coptanidnans). The handsome fTern Dipleris conjugala
was especially fine, the big fan-shaped leaves with stalks at
least 8 feet high.  Of the epiphytic ferns. the Hymenophyllaceae
were not cxpecially abundant, although represented by a number
of species.  Ipiphytic species of Lycopodium inclunded several
conspicuous species like L. Phlegmariv, and an oceasional speci-
men of the curious Psilofum flacctdum, with leafless Battened,
pendent zhoots was seen.

At the summit of Mattang is a small area of comparatively
open ground, with various sedges and grasses, but thesc are
scarce Iin the heavy [orest which covers most of the mountain.

Santubong, on the opposite side of the Sarawak deita, from
Mattang, is inuch steeper, and the forest is more open and drier.
At the summif, however, it is bogzy, with abundant Sphagnum,
like that of northern peat-hogs, The stunted trees ave covered
with a very heavy growth of epiphytes, among which were two
very beautiful rhododendrons, and one of the finest pitcher-
plants (Nepenthes Vedtehid), which is prized in cultivation for
its magnificent pitchers.

The beach skirting the foot of Santubong offers an excellent
example of the Malayan strapd-flora. Creeping over the sandy
beach was the ubiquitous Ipomoea pes-caproe, found on pretty
much every tropical beach the world over, and further back
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was a belt of trees apd shrubs jucluding many of the common
Malayan strand species.

The largest trees were Casuarina, a genus cspecially developed
in Australia, but extending as far as India. These peculiar
trees have no leaves, but the slender green fiwigs look very much
like pine-needles, and the tree suggests a long-leaved pine, Another
characteristic tree is Terminalia Catappa, with branches arranged
in regular tiers, and bearing very large glossy leaves. A rather

A B

i, 62.—S8trand vegetation at foot of Mt. Santubong,. Sarmwak, Boraeo.
A. Casuaring sp., Terminalia Catappa B. Pandanus sp.

smaller and very beautiful tree, with leaves somewhat like those
of Terminalia, is Borringlunia specivss.  The large Tour-angled
fruits are conspicuous, and specially adapted for long journeys
by ses, like the coconut, which explains the wide distribution
of this tree throughout Malaysia. Another even more widely
distributed species is the vellow tree-hibiscus (H. &lioccus)—a
denizen of most tropical beaches from the Malay Archipelago
to Hawail. The showy yellow flowered Wormia, already men-
tioned, is also very common, and a screw-pine with big red fruit-
cones, looking like ripe pineapples, was very abundapt. Asso-
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ciated with these trees were a number of leguminous shrubs
with yellow ar purple flowers, and climbipg over trees and shrubs
were vorious lanus, including several showy Ipompeas, and a
species of Gnetung, with salmon-pink herries. The Jatter repre-
sent= a small fomily of gyvmposperios, the Gnetaceue.
Forest Trees

As already indicated the most imporfant tices are the Dip-
terocarps, but besides these is an estraordinary variety of other
large ftrees.  The most important families are the Hubiaceae,
Legumninosae, Ehenacene, Sapotaceae, Arfocarpaceae, Tiliaceae,
Bombacacese, Dilleniaveae and LEuphorbiacese. The Rubiaceae
take first place in the Borrean flura, the Orchidaceue second.

SUMATRA

Separated by the Straits of Malacea from the Malay Pen-
insula, is the great island of Sumatra, about 1,100 miles long,
by 230 in breadth, and almost exactly hisected Dy the equator.

The topography of the island is comparatively simple,  Parallel
with the west coast, and descending to it ahraptly, is & mountain
range, in places exceeding 10,000 feet clevation. DBetween this
range and the east roast is an extensive low alluvial plain.

The mountain ranges are composed largely of Palaeozoie
rocks, grani(es, schists, quartzite, slate and liniestone, but there
are lafer deposits also, and some extensive volcunic formations
including a number of active voleanoes, some of them approach-
iog 10,000 feet altitude.

The climate is of the true equatorial type, with very little
variation of temperature, and for the most part abundant rain-
fail. The wesi coast has a heavier rainfall than the east, approach-
ing 200 inches annually at some points.  The driest districts
are in the northeast on the Jee-side of the mountains.

While the vegetation has been pretty well investigated in
some parts of Sumatra, much of the country is still very little
known. ‘The fertile eastern plains have been cleared of the
heavy forest over considerable areas, and the usual tropical
crops are grown. Of late years Sumatra has become a very
mmportant source of rubber, of which extensive plantations
now exist. Tobacco culture is also a very important industry.
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The cultivated distriets are mostly in the fertile eastern plains,
but extensive areas still await development. Although nearly
four times the area of its neighbor Jova, it has only about one
sixth the pepulation, and like Borneo, the development of ifs
(anmense resources has onfy begnn,

In the northern part the mountains approach the eastern coast
so that the coastal plain is much narrower than further south, and
in this region, the original forest has pretty well disappeared from
the lowlands which are largely under ¢ultivation. Tobacco is the
chiefl crop, for which this Deli district is famous.

The most important town, Medan, is snme distance inland, the
immediate coast being oceupled by extensive mangrove forma-
tions, composed of seversl species,  There are alko Nipa swamps,
with the big fern, LLerostichum awrewm, and back of this the grace-
ful Oncosperma palims, as in Borneo.

Befween fthe swamps of the coast and Medan, is a culfivated
region, with the uzual tropical growths, and in places, extensive teak
forests.

This region iz a richalluvial plain presumably covered, originally,
by heavy Torest, now destroyved; but much of the land is covered
with serond growth jungle. Tobaceo, which s maost carefully
bandied and transplanied, is grown only for @ short time on the
same ground, which is then allowed to grow up to juagle for several
years when it ix aguin elearcd for tahaceo; <o that anly a fraction
of the arable land is in use al one time.

The soil ix very rich, and the jungle springs up quickly and com-
prises & great varicty of trees and shrubs, as well as herbaceous
fAowering plants and ferns,

The writer had an opportunity of making a brief sojourn in the
mountains west of Medan. Bandar Baroe, at an elevation of 866
metres has still some remains of the original forest, which has prae-
tically disappeared from the adjacent lowlands. At this elevation it
is noticeably cooler than at Medan, and there is evidently & fairly
heavy rainfall, although decidedly less than un the western side
of the mountains; and the forest was much less luxuriant than at
similar elevations in western Java, Borneo, and the Malay Pen-
insula.  Some of the trees, however, were very large, especially
some gipantic figs of the banyan type.

Tn general the vegetation of this part of Sumatra, is quite
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similar to that of the Malay States across the Straits of Malacea,
but less luxuriant. There is a considerable development of lianas,
including species of Vitis, various elimbing Araceac, e, g., Pothos,
Scindapsus, and a good many small rattans.

Palms are not conspicuous, although there are a good many
small species, and oceasionally a sugar-palm (Arenga sp.) with
enormous feathery leaves.

Fie, 63.—Rain-forest vegetation, Bandar Baroe, Sumatra. Wild banunu (Musa
< sp.): wild ginger (Elctieria sp.).

In the rain-forest especially along the small streams is a rich
vegetation of gingers, bananas, and other similar plants. A very
common onc is an Amomum, a ginger with leafy stems two or
three yards high, the leafless flower stalks arising separately from
the rhizomes. Others, . g, Costus and Alpinia have showy flowers
suggesting orchids.  The latter are represented hy many species,
some of grest beauty, e. g., Caclogvne, Spathoglottis, Avunding;
and a smail Nepenthes was also noted but the latter genus is' much
more abundant in some other parts of Sumatra,
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Among the more abundant flowers, were numerous pretty
balsams (Impatiens spp.), Melastoma, Clerodendron, Didymo-
carpus, and several Begonias and Solanums.

Screw-pines  both Pandanus and the climbing Freycintia,
were abundant. Tree-ferns were not uncommon, and the hig
Angioptenis was very ahundant, and especially lusuriant, with
huge fronds four or five vards long. Contrasted with these are

A B
Fia. 64.—Ruin-forest vegetation, Bandar Baroc.
A, At left, young palm (Caryeta sp.). B. The lurge foen is Angiopteris sp.

tiny epiphytic Hymenophyllaccae, only an inch or two high.
Many other ferns, both epiphytic and terrestrial are common.

A number of interesting liverworts were collected at DBandar
Baroe, which is richer in these plants thar most parts of the Malay
Peninsula, and approaches the extremely rich region of western
Java where conditions are quite similar. Some of the rarest and
most interesting species occur in these favored regions.

Above Bandar Baroe, at an elevation of about 1,200 metres,
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is an extensive platcan, o sorf. of wooriand covered with coarse
“lalang " mrass and bracken. Except in shelfered places, trees were
absent, but where conditions permitted, tree-ferns, palms (Car-
yota, Arenga), and same other tropical types were noted; but, with
these were snch characteristic northern plants as elder, raspberries,
violets and several coarse Comnpositre. These grassy plaleaus
are said to be frequent in 1he mountuin vegions of porthern Sumatra.

The western side of the main mountain range has a much heavier
rainfall than occurs in eastern Sumatrs and the vegetation is
said to be extremely fuvuriant. In the Padang Highlands, espe-
clallv in the voleanic districts, the conditions are much like those
in western Java, and the vegetation has much in common with that
region.

The foresls of the =outhwest e said to he characterized by
unusnally large trees. especially somce of the Dipterocarps<. Forles'
states that he measured trees whose trunks were 40-50 vards be-
fore thev branched, and someof them ten to twelvefeet in diameter,
The species were not given. The principal products of this part
of Rumatra are pepper and dammar-gum, the latter derived from
several =pecies of Dipterocarps, the most valuabie being thaf. ob-
tained from [lopea dryebolonoides.  These gums are highly prized
for fine varnizhes.

Fven with its relatively scanty population, the destruction of
the forests has been very preat, owing to the very wasteful methods
employed.  Like all hall-civilized peoples in a forest country the
natives destroy fhe forest with no thoupht for the future. The
ground is cleared, cultivated for a shoyt time, ond then allowed to
revert to jungle, or as too frequently happens, to become invaded
by the rank “lalang ™ grass ({mperata arundinacea and Saccharum
spondancum), which prevenis the forest getting a foothold, and
renders the land quite useless for cultivation.

The lowland forests have largely disappeared, and ope must
usually go to the mountains to =ee the primaeval forest. As in
the Malay States, the great development of rubber plantations has
been largely responsible for the destruction of the original forests.

Torbes * gives an interesting account of the flora of one of the

! Forbes, H. 1., Naluralist's Wanderings in the Eostern Archipelago, p. 221,

1885,
* Loc. it p. 206,
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higher voleanie peaks, Dempo, over 10,000 feet elevafion. At an
elevatinn of 3,500 feet there were extensive eoffec plantations, above
which, at about 4,000 feet, the virzin forest Legan, and for about
2,000 feet was extremely lusuriant, evidently much like the similar
farests on the =lopes of the great voleanic peaks of western Java,

Flowers were scarce, except for somie epiphytes and climbers,
but he discovered one remarkable new species, i strange parasite,
Brugmansio sp., reloted to the gigantic Baflles/s Arnoldi, also a
native of Sumatra. The Jutfer is an extreme parasite living within
the tissues of w vine (V4 <p) verv mueh like o parasitic fungus,
The fawer buds hreak through the tissues of the host-plant, and
the huge flowers, sometimes nearty o vard across, look as if they
belonged to the vine upon which they are par These glant
flowers have a cownr and odor suggesting putrid flesh, and attraet
swarms of carrion-flies and other insects which doulitless serve as
agents in pollination.  Among the plants noted by Forbes in the
towlund Jorest, was the gigantic aruny, dwmorphophalin: Titanum,
with Jeaves seventeen feel high!

The forest shows the usual profusion of gingers, hananas, tree-
Jerns, palms, aroids, ete. Forbes states that thix regton also, is
remarkably vich in flowering trees, one of which, Gordouia excelsa;
has two relled species in the sonthern Atlantic states.  Above
(3,000 feet maost of the palms, including the rattuns, ceased, and the
trees became smaller. These trees were miostly of the myrtle
family, aod their brunches were heavily laden with epiphytes,
expecially ferns in great variety, &l higher up, long gray lichens
became conspicuous, and Begonjas, honevsuckles, and a very fine
orchid (Dendrobium secundum) were ubundant. The tall forest
stopped at 8,600 feet, and changed to lower shrubby growths, largely
Ericacene. Of these, a species of Vaceinium (1. Forbesit), became
a small tree. This was associated with scarlet rhododendrons,
and many ferns. A few raspberries and a gentian were also noted,
but the pitcher plants, so abundant on some of the mountains,
were alinost entirely absent.

While the trees of Sumatra are mainly Malayan types, they
inciude a single pine (Pinus Merkusii), found in the north of the
island, and several species of oaks. Prinus Merkusit probably marks
the southermost extension of the true pines, but Sumatra shares
with the rest of Malays the Kauri-pines (Agathis) and Podocarpus.
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Java

Probably ne region in the world offers jore to the botanical
student than does Java, and because of the amazing wealth of the
flora, and its accesaibility, it has heen visited by many botanists
during the past century, and its fora is hetter known than thut
of any other part of the Malayan region,

Juva s preéminently o voleanic country and confains many
active voleanoes as well as nunerous extinet ones. The voleanic
soils are extremely rich, and together with the uniform high tem-
perature and very heavy rainfall, induee a luxurianee of vegetation
i many parts of Java, especially in the west, thut can hardly be
matched elsewhere.

Unlike Borneo and Sumatra, Java is very densely populated,
and most of the available fund is under culiivation.  As elsewhere
in Maluva, riee is the staple foed, and is very carefully cultivated;
but in addition {o vice, practicdly all the tropieal food-plants are
erown, and the variety of fruits, especially, cau hardly be equalled
anywhere.  In spite of the dense popolation, about 36,000,000
in an arca less than 50,000 square miles, there is httle evidence of
thix fo the casual observer in western Java.  The people live for
the most part in smdl villages, © eampongs,” composed of bamboo
houses so hidden by the groves of palims; bamboos, and fruit-trees,
as 1o be quite invisible except at close range; and from an eleva-
tion the country appears to be covered by un unbroken forest,
and extensive riee fields.

Under the wise administration of the Netherlands government,
Java is probably the most successful tropical colony in the world,
and the output of all sorts of tropical products, rubber, coffee,
sugar, tobaceo, ete., is very great, and the country is extremely
prosperous.  Among the most important products of Java is
quinince, which, introduced from South America, has been most
successfully grown, and by careful selection trees have been devel-
oped which vicld 2 much greater amount of quinine than any of
the wild species of Cinchona.

Java is extremely mounfuinous, there being very little level
couniry. Along much of the northern shores are mangrove and
Nipa swamps, but the southern side of the island has a greater
development of sandy beaches and dunes. The high mountains

except for the larger towr
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are all voleanic, those in the west forming @ more or less continuous
mass; al the east are several isolated peaks, including the loftiest
mountain, Merapi, about 12,000 feet high.

In general, the rainfali in Java is heavy, especially in the western
mountains, and in the southern part of the island.  While in all
parts of Java, the period from November to March, the west
monsoon, shows the greatest precipitation, there is no pronounced
dry season, nlthough in castern Java the rainfall is scanty during
several months, and the vegetation is very different from that of
the wet western mountuins.

The approach to Batavia, the old eapital, is through a swampy
region i which the Nipa-palims are a conspicuous feature. The
vesidence district, outside the old town, is attractive, the gardens
full of fine foliage and Bowers, but the surrounding country Leing
elosely enltivated, offers little to the botanist who is likely {0 scek
the mountains as soon ws possible.

The mreat centre of hotanieal activity 1s the famous botunical
garden at Buitenzovg, some forty miles from Batavia an ¢leva-
tion of abwut 1,000 feet,  From Buitenzorg the richest bhotanieal
regions wre within casy yeach, und together with the inunense
colleetions in the garden, afford unequalled opportunities for the
study of equuatorial vepetation,

In these gardens may be seen an unrivalled collection of trapical
plants, drawn from every quarter of the world.  Java has been a
centre of botanical research for more than a century, and the col-
lectors have brought (o the gardens plants frem alt over the Avchi-
pelago, many new species having their types now growing in the
gardens.  The conditions for tropical vegetation are ideal. The
average temperature hardly varies throughout the year, and is
about 78°TF. A rainfull approaching 200 inches annually, an
absence of a marked div season, and rich soil, give these gardens
a great advantage over any of the other important tropical
botanical gardens.

The country immediately about Buitenzorg is mostly under
cultivation, but nevertheless muny interesting native plants may
be found grewing outside the eultivated arcas; and within a short
distance, on the lower slopes of the great voleano Salak, a magnif-
icent forest of the most pronounced tropieal tyvpe can be found.

Compared with the lowland forests of Sumatra and Borneo,
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Dipterocarps are Jess in evidence.  On the other band the species
of figs (Ficus) are developed to an extraordinary degree in Java,
over # hundred species having been described, of which a majority
are in western Juva.

Belonging to the same family as the figs, is the famous Upas
(Antiaria taxicaria), 4 very lavge tree, whose poisonous properties
have been greatly exaggerated.

The myrtle family is also abundantly represented, especially
the geuus Fugenia, while other characteristic trees belong to the
custard-apples  (Anonaceae), and the Leguminosac have many
representatives, e, g., Albizzia, Pteroearpus, Tamarindus, Cassia,
vte.  The canary-nut (Canoriwm sp.) belonging to the tropical
family Burseraceae, isa large and characteristic tree. A magnif-
icent. avenue of these is one of the feafures of the Buitenzorg
garden.  The silk-cotton (Bombax), durian (Durie spp.) and
several species of Artocarpus, are characteristic of the Javanese
forest. In the Jowland forest is a wealth of palms, including many
species of rattans, as well as some fine tall species, e. g., Oncosperma,
Areca, Caryota, ete.

Liunas and epiphytes ave extremely abundant as clsewhere in
the lowland Malayan jungles, and much like those in Sumatra and
Borneo. Tall bamboos (Dendrocalamus, Gigantochloa), serew-
pines, and fine tree-ferns, combine with the gingers, bananas, and
giant aruros, to make o magnificent undergrowth, wherever the

shade 1s not too dense.

Western Java is one of the richest regions in the world for liver-
worts and ferns.  The banks and shady ravines are full of rare and
beautiful species, in immense varicty. Tree-ferns are especially
abundant and beautiful, some specimens of a common species,
Alsophila glauca, being said o reach 2 height of 20 metres. These
arc found at a jower clevation in western Java than is usual, but
reach their maximum development at someshat higher elevations
in the cooler mountain rain-forest.

The lowland forest extendsto about 2,000 feet elevation, above
which up to about 4,300 feet, is a rain-forest, tropical in its main
constituents, but with a considerable mixture of species allied to
those of more temperate climates.

A forest of this character may be seen in great perfection on
the great voleanic mass, the Gedeb, not far from Buitenzorg.
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Op this mountuin, at ahout 4,000 feet clevation, is o botanical
girden with accomodidions for visiting hotanists; and Tjibodas,
the site of this garden, ix familiar to muny botanists who have
explored the virgin forest which wmediately adjoins the garden.
Irom thix point to the suminit of Pungerango, 10,000 feet high,
s an unbroken privweval forest, in which one insy study at his
convenience the wonderfully rich vegetation of this great voleano.

The lower forest comprises over o hundred species of trees
beJonging te muany genera. The figs and myrtles, so numerous
in the lowlund forest e much less abundant, while chestnuts,
oaks, maples, Viburnum, and Vaecinium, recall the forests of
the north temperate zone.  The tallest tree of this region, the
“Rusamaln” (Allingia creclsa), is o near relative of the American
Liguidambar.  Magnificent =pecimens of this noble tree are
growing close to the gaurden, and high up on the Lranches one
cutches glimpses of the bright orange flowers of an epiphytic
rhododendron (R, Jaranicum).

A number of trees belong to genera charactenstic of the forests
of Atlantic North America.  Of these the beautiful Gordonia
creelsa with its abundant big white flowers, is the most conspic-
uous.  Others belong to the genera Nyasa, Celtis and Lindera.
Other representative genert of this forest are Symplocos, Schima,
Trema,  Elacoecarpus, Flacourtia, Antidesma, Cedrela, Wein-
mannia, Myrsine, Pandanus, Vernoma, Michelia.  The ooly
gvinnosparms e two species of Podocarpus.

Climbing plants are not so abundant as in the lowland forest,
but there ix an immeuse development of epiphytes, ferns, mosses,
orchids, rhododendrons, and many others. Common aod con-
spicuous are the species of Aeschynanthus with scarlet flowers.

Of the epiphytic ferns, the great bird's-nest fern (A splenium
nidus) 1s the most conspicuous,  This fern sometimes has attached
to its base another remarkable epiphytic species, Ophioglossum
pendulum, and other epiphytic {erns are many Hymenophyllaceae,
Viltaria spp., Polypodiwm spp., and others.  There are several
epiphytic species of Lycopodium, e. g., L. Phlegmaria, and also
Selaginella.

Flowers are not very abundant, but sometimes a showy orchid
is met with, and some extremely presty balsams (Impabens
spp.) ATE Very common,
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Prohably no tropical mountain has been more thoroughly
explored than the Gedeb; and no mountain better illustrates
the changing zones of vegetation as one uscends from the hase
to the summit, 10,000 fect above sea-level.

The forest, which at Tjibodus. about 4000 feet clevation, is
predominantly o fropical rain-forest, two thousand feet higher
shows a marked increase in such fempernte fypes as the onks
and chestnuts, The Tolinge 15 less Tuxuriant, and the climbers
and epiphyvtes (exeept mosses and ferns), hecome  decidedly
ss developed. In the upper zone masses become extraordinarily
abundant, great cushions of mmoss covering the ground and fullen
logs, and the trunks and hranches heing covered and festaoned
with mosses of many kinds. They ~cem to find sn especially
congenin] habitat in these cool wel forests, and wre mueh inore
important than the liverworts which are 5o wbundant in the
lower elevations, although there are some species confined o
the higher altitudes.

At one point on the trail Jeading fo the summit is an interest-
ing illustration of the effect of inereased temperature.  This
Jocality “Tjipanas,” has i number of hot springs which issue
from the mountain side and form a natural hot-house, where
the wvegefation has a genuine tropical Juxurianee.  Gorgeous
orchids, pifcher plants, giant tree-ferns, and o dense drapery
of feros and mosses on the rocks, fogefher presented a picture
suggesting the hot zone 4,000 fect helow.

At this time (April) the voung foliage of the evergreen forest.
presented o great variely of beautiful tints, red. pink, yellow,
adding much to the beanty of the scene.

Towurd the top of the mountain, the forest trees are low and
distorted, with scanty foliage, the branches covered with mosses
and draped with long streamers of gray lichen! The floor of
this strange forest is covered with & carpet of dead Jeaves and
twigs, among which a curious paras with red and yellow
flowers (Balanophora elongata), may sometimes he found, and
with it a few ferns snd 2 small terrestrial orchid wre as-
sociated.

A very characteristic plant of this region is a tall yellow

tSchimper, loc. cil., p. 723, gives the following as the most important trees,
Aralia sp., Myrsine avenis, Vaccintum floribundum.
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priravose (Primula (uperialis) not uncommon under the bushes,
said to be confined 1o this mountain, and this is associated
with o buttercap and raspberry, as well ws several other common
boreal gencra. A very interesting plant is Nerlere depresse, a
little trailing plant growing at the hase of the moss-covered trees.
This same species is common in New Zealand and Australis and
also oceurs in temperate South America.

Somewhat lower down there was a rich growth of liverworts,
mosses and lichens, as well as some remarkably fine tree-ferns,
(Cyathea sp.) forty feet or more in beight. Several species of
Glerchenia, including a luge chmbing species (f5. arachnoides)
were noted by the writer, and species of Lyeopodium, including
the cosmopolitan L. clavatune and L. complanaton, as well as
the lurge clinbing L. volubde and others. Some fine orchids
were seen, 1he most notable o erimson Dendrobium and o large
orange-flowered fervestrial species (Phajus?).

The sunnoil of Pangerango, the highest point of the Gedeh,
is covered [or the most part with serub, but with open grassy
patches hetween.  The uby s omestly a0 woody composite,
Anaphales Javanico, with whitish flowers, and associated with
it arc occusional low gnavled trees of Leplospernom floribundum.
The latter helovgs to fhe wartle fanily, and the genus is espe-
cially abundant in Australia.

In general the summif vegetation of the Gedeb is distinetly
boreal in type. Two fine rhodadendrons, R, refusum  and R,
Javanicwm, which at lower clevations are epiphytes, are here
seen ax terrestrial shrubs, and other members of the heath family,
Vacciniom qnd Gaultheris, are abundant at the higher elevations.
The latter is represented by two abundant speeies with white
and black berries, having w strong wintergreen fluvor, like their
Amcerican relative, G, procunibens.

DBasT Java 'l

Tastern Java on the whole, is decidedly drier than the west,
and this s reflected in the forest growth which is intermediate
in character between the vory wet western rain-forest, and the
monsoon forest with o preponderance of deciduous vegetation.

1 Schimper, loc. cit.
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There ix greater variety in soil conditions than in west Java,
and this results in a grester varie(y of forest trees,

Io parts of east Juva are extensive teak forests, almost pure
stands of this Important tiniber-tree.  In the diy son the
forest is quite leafless, und offers the strovgest contrast o the
exuberant {uxuriapee of the western rainsforest.  There are
some evergreen species assoctated with the teak. ¢ g, Albzzia
stepulota, Butea frondoso, the lutter. as in Indin, conspicuous
for its showy ved flow The deciduous forest is almost de
titute of epiphytes, but some species of Ficus oceur which begin
life as epipbytes upon the teak and other deciduous trees.

A nuwber of liinas, mostly Leguminosace, occur, and there
is a rich prowth of shrubs and small bushes, some with showy
flowers Jike species of Cassin and ibiscus. Palns and bam-
boos e camparitively searce.

Where conditions pevmit o aceumuolation of bumus, some
of the rin-forest herbaccous plants, like the gingers (Curcuma,
Amonmn, e, and others with =howy Howers, may be seen,
and fowers in general are more noticeable than in the rin-
forest, owing to the more abundant hght. The display s great-
est ot the monsoon rains in Novenber, before the new foliage
appears on the deeiduous troes.

NRAKATAU

A very instruetive demonsirvaiion of the rapid development
of vegetution undsr equatorial conditions is shown hy the re-
establishment of vegetation on the island of Krakatau which
was blown up by the fremendous esplosion of its voleanic crater
in 1883. Lifc of all kinds was completely destroved, and what
was left of the island wus buried deep in voleanic ashes. Kra-
katau ttes in the Straits of Sunda, roidway between Java and
Sumatra.

The first visit made to Krakotau after the eatastrophe, was by
Professor M. Treuh, director of the Buitenzorg garden. This was
three years after the cruption, but by this time about a dozen
species of ferns were well established, together with a considerable
number of flowering plants.

The writer ! had an opportunity of visiting the island twenty

1+ The New Flora of Krakntau," 4merican Naturalist, Vol. XL August. 1909.
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veuars later, io 1906, by which time the islund was completely
covered with densc vegetation in great variety.

In places there wax a hroad beach with the characteristic strand
plants.  The ubiquitous Ipomoea pes-caprae, the curious grass,
Spinifex, and a yellow leguminous vine (Vigna lulea), as well as
several others, vecupied the beach, while back of this was a belt
of irees.  Tloating fruits of the Nipa-palm were stranded on the
heach, but no swamp foration had developed.

The moxt important tree of the hell above the beach was Ca-
suarena cquiselifolio, smue at Jeast 30 feet high, and a common
member of the Malavun strand floru. Screw-pines and the hand-
some Terminalia Caloppa, with its symmctrical whorls of branches
and big, shining leuves, were comumon, and the fine Barringlonia
speciosa, with its big white flowers and aquare fruits.  In short,
the predominant strand plants were the same as in Borneo. The
commonest climber was a vine (17it/s (rifolie). A grove of coco-
nuts had hecome established, and in full bearing. and the cool
liquid contents of the nuts were hugely apprecinted after u walk
through the stifling heat of the tall grass jungle which covered
much of the interior of the ixland.

From Professor Treul's emly study of the vegetation, it ap-
pearcil that the first plants to establish themselves were certain
very primifive biue-green algae, which prepared fhe way for ferns,
which soon obfained a foothold, and were quickly followed by other
plants, 25 soon as suflicient soil was developed. These first immi-
grants were presumably derived from both Java and Sumatra, which
are about equidistant from Krakatau. Some, like the coconuts
and Barringtonia, cvidently travelled by water, while the spores of
the ferns, the minufe seeds of orchids, and the fruits of grasses
and Compositae, were probally wind-borne. Birds undoubtedly
have played an important role in the introduction of many species.

It is evident, both from the depth of the sea, and from the char-
acter of both plants and animals, that in recent geological time
the great Sunda Islands were part of the Asiatic continent.

Extending eastward from Java is a chain of small islands, of
which the last, and largest, is Timor. Between two of the islands
nearest to Java, Bali snd Lombok, is a narrow, but very deep
strait, and Wallace ! pointed out the fauna of the islands-to the

' Wallace, A R.. The Malay Archipdago.



THE PALAEOTROPICS 235

east of this line was predominantly Austrafian. A study of the
vegetation shows plainly that the floras of these eastern islands
also show a distincily Ausiralian influence, although much less
marked tban the animal life,

The subject has heen invesligated by later investigators, and
a recent. paper by Dr. . D. Merrill ! gives an admirable summary
of ihe subject. Wallace's line is extended northward to the west
of the Philippines, Palawan being the only large ixland lyving to
the wesf. Thix line 1z supposed to mark the edge of the Asiatic
continental shell. A second line, Weber's line, running close fo
New Guines and Australia, marks the edge of @ second continental
shelf upon which are situated Australia and New Cuinea. The
two contineniul massex are separated by an archipelago, of which
Celebes 1s the largest. ynember.

There is a marked difference helaween the eastern and western
Malavsian floras, although they have a very large number of
forms in comuon.  There are 356 AMalayvsian genera confined fo
western Malaysia, and 225 which do not oceur west of Wallace's
line.

It is assumcd that the two confinentul regions have heen rela-
tively stable, but the region between shows cvidences of frequent
elevations and depressions, with probable teruporary connections
with one or the other of the continental arcas, thus permitting an
oceasional interchange of plavts.  This accounts for the presence
of such distinetly Australian types as Fucalyptus, Casuaring, and
Melalcuea, in the western part of Malaysia.

The contrast between the fAoras of western and eastern Malaysia
may be illustrated by the distribution of the essentially western
Malaysian family, the Dipterocarpaceac. In the Sunda Islands,
there are eleven genera and 144 species, while in the whole of the
region east of Wallace's line, including the great islands of Celebes
and New Guinea, there are but four genera and fourleen species,
and possibly this number may be reduced as some of the recorded
species are doubtful.

The Molucea or Spice Islands, lying between Celehes and New
Guinea, were formerly of great imporfance commercially, as the
main source for such spices as pepper, cloves, nutmegs. The

I “Distribution of the Dipterocarpaceac.” Philippine Journal of Science, Vol
XXIIL. No, 1., July, 1923,
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cultivation of these spices in the islands has greafly decreased in
late vears. and the trade io thesc products is no longer of very
great importance.

T PuiLirpiNes

Of special interest. to Awericans is the Philippine Archipelaga,
lying North of Borneo and Celebes, and extendieg nearly to Jati-
tude 20°

The Philippines share many species with the Sunda Islands,
and thew flora i~ predominantly Malayan i character; but in
the northern island, Luzon, expeeially in the niountains, is a pro-
nounced infusion of temperate species, related 1o those of the
Asigtic maintand, especially China.

‘The hotany of the Philippines has been (he subject of inuch
tnvestigation since the Amerienn oceupation, so that our knowledge
of the very extensive flora has bieen greatly inereased. 1t must be
said, however, that much tmportant work was also done during
the Spanizh régime.

Like Java and western Swnatra, the Philippines are character-
ized by extensive voleanic formations, and the vegetation on the
voleanic peaks hus muel in eoimnon with the similar mountain
floras of the Sunda Islands.

The shore vegetation does not differ essentfially from that al-
ready described for other Maluyan coasts, and includes mangrove
and Nipa swanps, and heaches with the same strand species.
Near Manila a serew-pine (Poudanns lectorius) is abundant, and
its leaves arc used for many purposes by the natives.  Calophyl-
Tum, with beautiful glossy leaves, Terminalia, Barringtonia and
Casuarina, are the same as in Borneo, and elsewhere in Malaya,
and the trailing morniog glory (Ipomoeca pes-coprae), grows every-
where along the beach,  An interesting little water-forn (Marsileo
crenala), was also noted by the writer, in low ground near the
shore.

The writer had an opportunity of studying the vegetation on
two of the volcanic mountains in the vicinity of Manila, Mt.
Maquiling and Mt. Banajao.

The former is about 5,500 feet altitude and its vegelation has
been very little interfered with. The forest at the lower elevations
has several species of Dipterocarps, which, as elsewhere, are the
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most valuable of the timber-trees, ws well ws among the largest.
Figs of several species are ubundant, and of other common trees,
the Jollowing may be mentioned: severa) oaks (Quercus Luzonen-

sis and others), are conmmon, especially at. the higher elevations,
and various species of Celtis, Trema, Artocarpus, Myristica {nut-
meg), Cionamomum, Pithecolobium, Pterocarpus, and many
others.

At about 1,000 feet the vegelation is particularly luxuriant, and
many ferns and palms are conspicuous.  Among the latter are

numerous ratians, as well as some very beautiful species of Onco-
sperma and Arveca, with slender trunks and graceful feathery
foliage. The sugar-palm (Arenga saccharifere), with its immense
leaves, also occurs In this forest. A fine fan-palm (Livistona sp.)
is also common. The usual profusion of lianas and epiphyvies,
characteristic of the rain-forest, is present. Two especially showy
lianas, both Leguminosae, were noted, species of Bauhinia and
Strongylodon, the Ilatter with flowers of a peculiar blue-green
color.

Ferns are very abundant, and there are many liverworts and
mosses on the trunks of the trees and on banks and fallen logs.

Of the betbaceous plants the most conspicuous was a huge
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arum (Alocasia «p.) with immense leaves six or seven feet long.
A single «pecimen of a curious parasite, Rafflesia sp., was seen.

Some handsome archids (Phajus sp., Vanilla sp.), bright scarlet
Aezchynanthus, showy pink epiphytic NMedinilla and Begonias,
rave dashes of bright color to the prevailing green of the tuxuriant
foliage.

Near the summit of the mountain, some pitcher plants were
seen, and alsa fine filmy feros aod tree-ferns.

R NGy

L. 66.—Mountain forest, Luzon, P. 1. Photo., Dr. E. B. Copeland.

Banajao is about twice the height of Maquiling, but the lower
part, has little forest remaining; and up to about 3,000 feet is to a
great extent, covered with the coarse “lalang” grass. The forest
is less luxuriant than on Maquiling, with fewer palms, except
rattans. At the higher elevation, up to the summit (7,500 ft.),
the forest is predominantly coniferous, but the trees are all of
the yew family, species of Dacvydivm, Taxus, and Podocarpus.
The liverwort Hora is @ very rich and interesting one, including
a number of species collected by the writer in Java and Sumatra.
A rather unexpected find was a peat-moss (Sphagnum), in fine
fruit.
~ No showy orchids were seen on Banajoo, but some other very
beautiful epiphytes were common. Especially striking were some
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magnificent Begonins and  Medinillas.  The Jatier are very
abundant in the Philippines, and the large drooping inflores-
cences, the flowers surrounded by big pink bracts, are extremely
showy.

The northern part of Luzon is a rugged mass of mountains, with
a rich and varied flora. At about 3,000 feet are encountered true
pines (Pinus insidaris), which at Baguio (5,000 ft.) form an ox-
tensive open forest, such o= one is familiar with in {he north fem-

A B
Fro. 67.—A. Pines (Pinus inswlaris), Baguio, P. L: B. Orchid (Cypripedium
Argus), and fern (Glrichenia sp.); bigh mountains, Northern Luzon. Photo.,
Dr. E. B. Copeland.

perate regions, and vot at all suggestive of the tropics. These
pines are found up to nearly 8,000 feet in the drier soils, but for
the most part the higher forest is a dense mossy Jungle, composed
of oaks, myrtles (Eugenia spp., and Polocarpus. The trees are
draped in a profusion of mosses. liverworts and lichens in great
variety. Treeferps, and roany others abound. and iu general the
vegetation is much like that of the higher mountains of western
Java.
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A few piteher plants were noted, but the most striking feature
of this high mountain region was the abundance of beautiful
flowers, which at 1he time of the writer's visit, the end of AMay, were
in their fullest bloom.  Many remupkably handsome orchids were
abundant, including several species of Dendrobium, Coelogyoe, und
Cypripediunm. The beautiful Philippine lily  (Liliwum  Philip-
pinense), displayed its big white trumpets by hundreds, and great
bushes of azulea and rhododendron were covered with white and
ved Howers, while thickets of pink Begonius as high as one’s head,
grew in profusion.  Pink Medinillas hung from the branches
of the trees, and on the ground were many familiar Jooking, but
less showy things,  Several species of yasphberries, strawberry,
violet. buttereups, i large white anemone, lobelia, and everla
(Guapbalium) recalled the sumumit of the Gedely in Java, and one
noted also the white-fruited wintergreen (Gaultheria), and species
of Vaccinium, like those of the Gedeh.  Other northern types were
an elder, and o dwarl chestnut (Castanopsis), the latter having
o representative in the Pacific Torest of North Amerien.

Peppers, myvrtles (Eugonda spp.) and Begonius, as well as the
orchids and pitcher plants are more rennniscent of the tropical
forests of the lower elevations. A mwember of the Magnolia family,
Dromys piperda, is interesting as the genus is also characteristic
of New Zealand and temperate South Ameries,

Club-mosses, species of  Lycopodium, hoth  derrestrial and
epiphytic, are abundant, and the species are the same as on the
Gedeb o Java, and include the widespread boreal specics, L.
clavetum and L. complanatun.

The Philippines, Iving to the cast of Wallnee’'s line, cornbine
in their flora clements derived on the one hand from the great
Sunda Islands, and on the other from eustern Mulaya and Aus-
tralia.' Thus of the 336 genera peculiar to western Dalava, the
Philippines possess 6197, while of the 225 genera of eastern Malaya,
absent from the region west of Walluce’s line, the Phidippines show
250,. 1t is evident then, that fthe relationships are much more
intimate between the flora of the Philippines, and that of the
Sunda Islands, than with the more scattered islands to the south
and cast through which the eastern Malavan and Australian
clenents have presumably migrated into the Philippines. -

UMerrill, lee. cif,

jng
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The occurence in northern Luzon of suel boreal types as pines,
auks, buttercups, lilics, cte., indicates some former connection with
the Asiatic mainland. It is unlikely that these entered Luzon
et Formosu,  The deep water separating the two islands implics
4 long period of separation, and this is clearly indicated by the
vory different floras, Formosa having o flora closely refated to that
of China.

AvsTRO-Matava

The great island of New Guinea or Papua, 1,500 miles long, and
with ap arca of vver 300,000 square miles, is the largest islund in the
Pacifie, and with its adjacent small islands is the casternmost
membier of the Malay Archipelago. The flora is still very in-
completely known, but it ix evident that while it is predominantly
Molavan in character, there is a large infusion of true Australian
fypoes,

The lofty mountain vange forming the backlone of the islund
has the highest peaks of the whole Pacific area. except continental
America, some of these being over 15.000 feet clevation.  The
great range of conditions. between the hot coastal plains and the
highest summits where in places permanent snow is found, results
in un extraordinarily extensive and varicd Hora.  In most parts
of Papua the rainfall is heavy, especially in the western purt, but
there are much drier sections in the south and east.

David ! states that Papuu is part of the great “Himaluyan-
Burman are. prolonged through the Malay Peninsula, Sumatra,
Java and Timor,”  This relation to the Indo-Malayan region is
clearly indicated hy the chavacter of the vegetation which in its
main features is essentially Malayvan, with an intermixture in the
cooler mountain distriets of northern gencra like the oaks and
rhododendrons so characteristic of the Himalayan flora, as well as
many northern herbaceous gencra. While & majority of the genera,
and a good many species are identical with those of the western
Malayvan region, there is a very large proportion of endemic
genera and specics, and the flora is a very distinet one

The preater part of Papua is heavily forested except where
falang grass has invaded cut-over or burned forest land.  The forest

! David, T. W. E.. Federal Handbook for Australia, p. 220, Melbourne, 1914.
2 Maiden, J. H.. Federal Handbook for Australia, p. 179.



opical jungle, North Queensland, Australia. Center, tree-ferns
ustralis (?); at right and in foreground, rattans (Calamus sp.).
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trees are in genera) The same types axo in western Malaya, but
the Dipterocarps are very much less developed, while in the diter
regions of the south const, the vegetation is decidedly Australian.
Here there are open savannas, with coarse grasses, e g, Tmperato
crundmacen, Anthisteria, Andropogon, Pennisclum, ete., while
the trees and shrubs are for the most part the same as those on the
Australian mainland.  Sueh distinetly Australiun genera a3 Eu-
calyptus, Acnein, and various Proteaceae, comprise most of the
trees and shrubs of this swvanna flora.

This region is separated from the York Peninsula, the northen-
most extension of Australia by less thun 110 miles of water, and
the very shallow sea which now sepurates Papua and Australia,
as well as the great simdlarity in the animal life, indicates that the
separation of the two regions is of comparatively recent date.

NoORTH AUSTRALlA

Northern Australia lies well within the tropics and North
Queensland has a genuine tropical flora, largely of Malayan
origin.  The northeast coast, which has a beavy rainfall, was
visited by the writer in July, 1921,

The neighborhood of Catrns, the principal port, is flat and
sandy, with a mixture of Australian and Malayan types, Euca-
Iyptus trees being associated with species of Ficus, Pandanus,
and other Malayan types. Where streums enter the sea, there
is a mangrove formation of the same sort as that in the Mualay
Archipelago.

South of Cairps lies the Bellenden-Ker range, the highest
mountains in Queensland. and in this neighborhood is the wettest
district in Aupstwalin,  From a few dayvs sojourn at Babinda,
which has an average yeurly rainfall of 150 inches, the writer
can vouch for the heavy precipitation of this region.  The forest
in the neighborhood of Babinda is a genuine rain-forest, much
like the lowland forests of Juva or Bornco in general appear-
ance, except that the trees are not so huze. This jungle is often
quite impenetrable, the trees loaded down with lianas and

eninhitos af varviane binde amane fhem esveral enorioe ol vaf.
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the forest, their tough spiny <tems, and lenves armed with re-
curved thorns, making absolutely impassable barriers, veritable
barbed-wire  entanglements.  Climbing  wroids, e, g, Pnthos
longipes,  Khaprdophora  Awstrafusica, are much in evidence,
as well as many other lianas, among which are several species
of Vitis, and a pepper (Piper Meston?) the latter with very showy

Fia. 68.—Mangroves, Cairns, North Qu
mangrov

scarlet fruits. The usual abundance of epiphytes, orchids, ferns,
Peperomia, ete., was noted.

TFerns, liverworts, mosses, were not remarkably abundant.
Of the ferns, the most striking were some gigantic specimens
of Angiopteris.

Palms ave & conspicuous feature of the Queensland rain-forest.
The commonest and most beautiful are the specics of Archonto-
phoenix, whose straight slender stems, and crowns of graceful
feathery leaves, are among the most beautiful of the order. A.
Cunninghamiana is often cultivated under the name Seaforthia




{rae, North Q
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Prate XXII.—Grove of Arch
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eegrnns. Two other palms were seen near Babinda, a curious
fuv-pulm (Licuala Muelleri) and e precty “walking-stick”
pahw, Bacularia sp.

Further north, in the York Peninsula, are several Indo-Malayan
genera, Carvota, aw Areen, and others, which were not
seen in the Ceirns district. Pitcher-plants of several species,
have also been deseribed from the York Peninsula,

AL Y
u-forest, North Queensland, Australia.

Young palms (Archontophoeniz sp.).

B. Ddee of jungle, showing rattans and serew-pine.

Tic. 649.—R

P

Back of the const, at an clevation of 2,000 to 4,000 ft. is a
plateau which supports a fine forest, mostly of hard-woods, of great
valne as timber.  These forests are rapidly disappearing before the
inroads of the lumberman, hut there are still accessible rempants
of the forest which show {heir charueter. This forest is developed
only on the rich basaltic and alluvial soils, the poorer sandy soils
being occupicd by open forests of gums, as elsewhere in Australia.




Prate XXIIL.—Hard-wood fores
the center i
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The upkind forest hay fewer lianas and less dense undergrowth
than the coastal roin-forest, but the trecs are much finer, being
very tall with stinight clear trunks, sometimes of greut size,
5 to 10 feet in diameter in the case of the Kauri (Agathis Pal-
merston and the “ved-cedar” (Cedrela loona). Trees known
locally us “beech,” “maple,” “hickory,” cte., are not cven
remotely reluted to their northern namesukes. They are mostly

A B
Fri, 70.—A. Staghorn fern (Platycerinm grande,) botanical garden, Brishane.
B. Giant fig (Ficus sp.), North Queensland.

species of Flinder a genus usually placed v the mehogany
family (Meliaceae). Alany of the large trees have extensive
buttresses af the base, a very common feature in the larger
trees of tropical forests,

In the Queecnsland,“serubs,’”” the local name for the rain-for-
est, are 1 number of fine trees hclonging to the peculiar family
Profeocenc, developed to an extraordinary degree throughout
Australin.  One of these, Grevillea robusia, is not uncommon
in cultivation in California. Other genera are Embothrium
and Stenocarpus.
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Other characteristic trees wre species of Flacoearpus { Tilineese),
Sideroxylon (Sapotaceae), Bugenin and the wide-spread Alewrites
Moluccawa, the “ Kukuoi™ of Hawaii. Two species of Podoerpus
also are found,

The piants of this region are bunyan fizs which wttain a pro-
digious Like so many species of Ficus, these giant Queens-
land figs begin life as epiphytos. and their huge trunks are formed
by the coalescence of many aértal roots.  The trunk of one of
these, seen by the writer, was vuid to be 120 feet in civeuroference,
and the spreading erown wus in proportion.

A dreaded pest of these forests 1s the tree-nettle (Laporiea
moroides), o runk weed some ten ov fiffeen feef high, whose
touch is agony. Another species, L. giges, is a tree of large

~i

NIZe.

Scren-pines abound in north Queensland, and there are sev-
erad species of eveads. The genus Macrozumiia s wide-spread
U Australia, occurring inoevery state; but Cvess and Bowenia
are confined to tropieal Queensland, and the latter genus is
exclusively  Australizn. Bower disfers much in appearance
from the other cyeads, having u bipinnate leaf which in form
suggests a fern.

PoLyNEsIA

Occupying the whole central aren of the Pacific. from Fiji,
Samoa, and Tahiti on the south, to Hawail on the north, are
the inmumerable islands of Polynesia. all lying within the tropies
and enjoying o tropical climate modified by the cooling trade
winds of the great ocean.

Except. for Hawuii, the flora of the Polynesian regions is still
quite imperfectly known: but iv spite of the small size of the
islunds, and the great jsolation of many of them, the floras have
much in common, and on the whole may be considered as pre-
dominantly Malayan in type. There is also a strong infusion
of Australasian clements.

Many of the Polynesian islands are low coral formations ris-
ing only a few fect above sea-level, but others like Tuhiti, the
Samoan Islands and the Hawaiian Archipelago, are voleanic
masses, forming rugged mountains, which in Hawaii reach an
altitude of over 13,000 feet. These highest mountains are
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recent voleanie cones, and in Samoa and Hawail there are still
active craters.

The low coral islands are evidently recent formations, and
incapable of supporting any but a scanty flora which has pre-
surnakbly reached them from outside in recent times,
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i

Fra. 72.—Hawaiian roin-forest. At back,
in center, lobelia (Cyanca coriacea).

“ohia" (Metrosideros polymorpha);
Photo., Dr. J. F. Rock.

The casc of the large voleanic Islands is very different; as the
recent. voleanic deposits are probably superimposed upon more
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ancient sedimentary rocks, the romains of some mueh larger sub-
merged land-musses.  Indeed there is much reasen to suppose
that all of Polvnesia represents the yvenmuants of extensive con-
tinental, or sub-continental masses once conneeted with the Ma-
ijayan region.

The flora of the soufhern larger islands hus mueh in common with
that of the Aalay Archipelago and there are many identical
species, as well ns endemic species belonging to wide-spread
Malayan genevi, There is also a muarked Australasian element
in the floras of Polynesia.

Of course one must distinguish between the plants which man
has carried with him all over the fropies, and those which are
truly indigenous.  The coconut, bread-fruit, bavanas, sugar
cane, et are universal in tropical countries.  Buf leaving these
aside, there is no question of the close relutionships existing be-
tween the southern islands of Polynesia and these of the Malay
Archipcligo.

The traveller between San Franciseo and Australia or New
Zealand, can get a glimpse of the Polynesian vegetation, as the
ship stops in Hawaii, Samoa, Fiji, or Tahiti. A short =ojourn in
any of these islands will suffice to give one an idea of the gencral
character of the vegetation, which hias much in common through-
out Polynesia.

Along the shore in Tahiti one sees the yellow Hibiseus, the
“Hau' of the Hawaiinns, screw-piues, and the handsome Bar-
ringtonia, so chuwracteristic of the Malayan strand vegetation,
while the forest trees, as well as the rich undergrowth of herba-
ceous plants, 1ecall the rain-{orests of the Malayan regions.  This
is especlally true of the very abundant ferns, club-mosses and
liverworts, many of which are wide-spread Malayan species.
Among the ferms, giant specimens of Angiopteris are especially
conspicuous, and there are a good many orchids, also belonging
to Malayan geoera.  In Tahiti, the only orchid cultivated for
commercial purposes, Vanilla, is a crop of considerable impor-
tance. Climbing plants are much less developed in the Polynesian
forests than is usual in the Malayan rain-forest.
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Hawarnt

At the extreme porthern limif of I'olynesia lie the rerote Hawai-
tn Islands, separated from the nearest land of any extent, by over
2,000 miles. In =pite of their great distance from the islinds to the
south, the gencral chameter of the Aora is much the same, and
Majayan (vpes are dominant as they are throughout Polynesin.
Noevertheless it s evident that the islands have been isolated for
a very long time, and in consequence the great mojority of the
species, and o good neuy genern, are restricted to the Hawalian
Avchipelago,  Hendly any part of the world hus so Luge a propor-
tion of endemic species. upwards of 755¢ of the ferns and Howering
plants Leing unknown outside these islands.

North America is the nearest continental land to Hawaii, being a
little tiore than 2,000 miles distant; but the foras of the two have
very little in connnon, in spite of the fact that the usually aeeepted
ag nt-oin distribution, viz., ocean current~, winds and migratory
birds, are all aetive between western America and Hawidi.

That the Howaiian islands have been isolated for a very long
periad is amply proven by the peculiaritios of hoth the animal and
plani inhabitants whose nearest relatives, however, are for the
mast part found in the Maluysian and Australasian regions, and
not in Ameriea.t

The Hawaiion Archipelago consists of several large islands, with
a total area of nearly 6,500 square miles, lying between 187 22
and 21° 13 porth latitude.  Trom the main group o long series of
recfs and small islets extends for about eighteen degrees to the
northwest.

There is umple evidence that the large islands were formerly
united into a single land-mass which through gradual subsidence
has become separated into the islunds as they now The
northernmost island, Kauai, was the first to he cut off, as is indi-
cated by the broad and deep channel between it and its meigh-
bor to the south, Oahu. The long period of isolation of Kauai
is also indicated by the greater depree of enderoism in the flora.

The topography of the islands, especiuily the older ones, is
excessively rugged. The prevailing northeast trades bring torren-

! Camphbell, D. H., The Derivation of the Fiera of Hawati, Leland Stanford Junior
D
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Puate XXVI—Lower forest, Huwsil.  The light patehessre © Kukui™ (Alcurites
Moluccann).
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tial rains 1o the windward side of the islands, while the lee sides
may be very dry. Where the mount: ¢ low, as in Oahu, the
rain may pass over the erest and fall at the head of the valleys on
the lee side.  An annual rainfall of 500 inches has been recorded
from a station in Iauai.

The Jowlands are closely cultivated, sugar and pineapples being
grown on a very large seale, as well as the usual tropical fruits;
and in some localities rice is grown.

Most of the vegetation seen about Honolulu and the other tosns
is exofic. and a great variety of besutiful Howering trees und shrubs
is cultivated.  The two commonest trees, the “algaroba™ (Proso-
pis s and iron-wood (Coswarivg equisetifolia), are both in-
troduced, hut have hecome conpleteh naturalized.

The strand-vegetation includes such  wide-spread  types as
Hibiseus  Uliaccus, Ipomoca  pes-caproe,  Seacvols,  Papdanus,
Calophyllum-—all familiar strand-plants of the eastern tropies;
but the strand-flora ax o whale is noi an extensive one,

The commonest trees of the lowland fores(, where it has sur-
vived, are two—the “Kukul” or “candle-nut ™ (Alewrites Molue-
cana), :nd the “mountain-apple " (Eugenia Malaccensis).  As both
of these are wide-spread in Maluysia and are of considerable eco-
nomie value, if ix thought that they may have been introduced
by the carly immigrants fram the South Seas.

The upper forest zone, on the windward side of the islands, is
& pronowiced rain-forest with dense growth and many epiphytes;
but lHanas are not abundant, the most important helng a climbhing
screw-pine, Freycinetio Arnotli. The most abundant tree of the
upland forest 18 Melvosideros polgmorpha, a near velutive aof the
New Zealand ratz.  The showy red flowers are a great attrac-
tion to the honexv-sucking birds of the peculiar Hawaiian family
Drepaninidac.  Another hmportant tree is the “Koa" (Acacia
Koa), much resembling some of the Australian species.

The trees and shrubs of the lower forest zone arc Iargely genera
common to the eastern tropics and Australia, but absent from
America.  Among these may be mentioned Pittosporun, Gardenia,
Coprosma, Metrosideros, Santalum, Dracaena. The ferns and
liverworts show a remarkable number of species identical or closely
related to those of the Malayan-Australasian area.

There are a good many endemnic Hawalian genera, e. g., Platy-
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desma (Rutaceae), Gouldia (Rubiaceae), Raillardia (Compositae),
Cyanes, (Lobelinceae).  The latter family is especiudly interesting

from the standpoint of cvolution. It ix developed to a remark-
able degree in the Archipelugo, the greatest number of species,
as well as the most specialized ones, occurring in Kauail, the
oldest ishind—the numbier of specics being much less in the
morc recently isolated Ishonds, Maul and Hawall, although these
tslands wre very much kuger than Xaual,

Fr«. 723 —Gunnera petaloidea, characteristie of the wet mountain forests of Huawait,
Note the maun at right of center.  Photo., Dr. J. F. Rock.

Therr is hut a single native genus of pabms, Prifebardia, while
there arc no gymnosperms; and some wide-spread tropical genera,
especially Fleus, are also entirely'absent.  The cosmopolitan family
Araceac has no certainly indigenous representatives, although
the staple food-plunt of the natives, the “tare” (Colocasia anti-
quorum), is an aroid.  Orchids, so abundant in most tropical
countries, have anly three species.  One of the most conspicuous
denizens of the upper wettest rain-forest is Gunnere petaloidea,
with great rhuharb-like leaves four to five feet across, This much
resembies the species from Chile.
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As i all voleanic lands, ferns pluy an iportant role in the
vegetation of the mountain forests, and this s notubly the case in
Huwali.  As has already heen mentioned in regard to the restora~
tion of the vegetation of ¥rakatau, after the great eruption, so
sre among the ploncers on the new lava dis-

in Howaii, ferns
charged from the active eraters,

Doubtless one of the impaortant factors determining the pecu-
liavities of these voleanic is-
Lane floras, 1= the preponder-
ance of voleanie soils which
are not  always suited  to
plants from outside. Thus
in Hawail it has been ob-
served that only the strictly
indigenous spretes seem able
to get a foot-hold on the new
lava,

1t has heen very cormmonly
held that these isoluted vol-
canic  islands  bave always
been completely  separated
from any larger body of land.
and that the vegetation has
heen introduced from outside
since the first appearance of
the islands.  There ave very
serious objections to this view,
the greatest heing the over-
whelming  preponderance  of
plants of Malayan and Aus-
tralasian affinities, although
very many of these are quite unfitted for natural transporta-
tion from these remote regions by any ageney that is com-
prehensible.  On the other hand, the number of strictly American
types is very small, snd ean mostly be explained as introduced
into the islands by currents, wind, or by birds, of which there are
many regularly migmting between the American mainland and
the islands.

The palms, screw-pines,

Fig. 74.—Tree-labelid (Delissea longifolia).
Photo., Dr. J. F. Rock.

cias. and most of the indigenous
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trees and shrubs, are unmi:
the sume is true of muny dei

by of Seuth Pacific origin, and
teate plants of the wet mountuin-
forests, whose sceds could hardly survive an gcean voyage of
several thousand miles, and then find their way to the cool moun-
tain forests where alone they can grow.



CHAPTER VIIT
THE NEOTROPICAL REGIONS

The distribution of the iropical vegetation of the new world
iz very different from that in the castern hemisphere,  The whole
tropical region [rom northern Mexico to Argentina and Chile
is continuous, and traversed Dy the great western mountiin range
of the Cordillera: and there is nothing comparable to the great
expanses of desert separating the African wet ropies from the
Indo-Malayan regions.  This condition results in 2 much more
homogeneous vegetation thi is found in the Palaeotropics.
although there iz an exceedingly rich and varied {lora.

The great Cordillera traversing western America from Alaska
to Patagonia is o factor of the first importance in the distribution
of plants in western Americn, both within and outside the tropies.
This great mountain svstem has served as a highway for the migra-
tion of many plants, both north and south, and the influence of
this great mountain Larrier on both rainfall and temperature is
very great, and i controlling factor in the character of the vegeta-
tion within i1+ infliaenec,

The area of land within the equatorial belt is very much greater
in Anyerica than in either Asin or Afviea. While in the old world
the northern tropies are largely deserts, like the Sabarg, Aragbia
and vorthwest India. in corresponding lutitudes in America the
land areas are of relatively limifed extent. und where deserts exist,
they are insignificant compared with the greal deserts of tropical
Asta and Africea.

The equator erosses the brondest part of Routh America, through
the inunense Amazon vulley, with s net-work of great nvers;
and this whole region is oceupied by the greatest continuous extent
of tropical forest in the world. This immense region, extending
from the Atlantic to the Andes is quite unequalled for the extent
of its equatorial forests, which for variety and luxuriance can only
be matched by the much less extensive forests of the equatorial
forest belt iu West Africa and the Malayan regions.

262
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The American tropics, except for the West Indies and Galapagos
Islands, cunstitute a single continental area.

MEexrco

The northern part of Mexico, hoth geographically and biologie-
ally. is part of the region which includes much of the stafes of
Texas, New Mexico, Arizona and California.

The southern plateau region of the United States i continued
southward into Mexico, where it hecomes much higher, reaching

Fig. 75.—Sub-tropical vegetation, Mexiro, Bran covered with epiphytes,
largely Bromeliads.  Photo., Mr. G. N. Collins.

7,000 feet in the vicinity of Mexico City.  The greater part of
Mexico is oecupicd by this eentral plateau, to the west of which
the mountains form a continuation of the California Sierva. Part
of this system lorms the eentral range of the Jong peninsula of
Lower California. The plateau of the Mexican mainland is sepa-
rated from the Gulf of California by a high mountain range, which
extends southward along the whole coastal region which forms a
narrow strip between the mountains and the sea. Eastward the
plateau descends more gradually to the Guil of Mexico.

Much of Mexico is volcanic, and the great voleanic cones, one
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of which, Orizaba, over 18,000 fect clevation, is the highest peak
in Narth America soutb of Aluska, are important factors in plant
distribution.

With such great range in clevation, and also great difterences of
rainfall, it Is not remurkable that the Mexican flora is a very
extensive one.

Northern Mexico, in common with the southern platenu region
of the United States, has a scanty minfull, sand a vegetation de-

F16. 76.—Mountain forest, southern Mexico,  Pines predominate. San Cristobal,
State of Chiupas.  Photo., Mr. G, N Collins.

cidedly xerophytic In character, in which Cacti form a conspicuous
feature. In northwest Mexico and Lower California true desert
conditions prevail over much of the country, but southward there
is an increase in precipitation, and below the Tropic of Cancer
fairly abundant summer rains oceur over most of the country, and
vegetation is nruch more luxuriant than further north.

However, owing to the elevution of the plateau, the climate of
Mexico City, although it lies well within the tropics, is temperate
rather than tropical.
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Travelling southward over the Mexican table land, one is at
opee impressed by the great number and variety of the Cuctd,
which bere attain thelr maximum development, zome of them
being candelabra-like trees 40-50 Teef high.  With these are asso-
ciated virious other xerophytes, notahly the century plats (Agave
spp, Yueeas and other charncteristic American desert types.

With the diminishing breadth of Afexico toward the south,
the plateau becomes restrieted. und is broken by numerous hills,
and in places by swampy arens and lakes, axin the vieinity of
AMexieo City, 50 that the Born is wneh more diversified than in
the northern plateau. The elimate of this region is mild, with a
iy winter and rainy stniner, mueh like that of parts of South
Abrica.

The Vadley of Mexico for centuries has been the seat of a large
population, and i= o« great extent under cultivation, or supports
herds of cattle.  Remains of extensive irrigation und drainage
works show that formerly an even greater ared was under culti-
vation than af present,

While much of the drier parts of the platean are covered with
Cactiy ves, mesquit, and other xerophytes, there are moist
canyons and open valleys where vegetation is more Juxuriant, and
the remains of forest at Amecameea, and some other hills, indicate
thitt much of the open countiy was onee covered with forest.

About Mexico City are extensive fields and gardens where corn,
wheat, and the usual vegetables, fruits and flowers of the region
are grown. [n the summer, the markets show quantitics of oranges,
mangoes, avoeadoes, strawberries and the fruits of certain Caetl.
Some of these, like the mangoes, probably are brought from the
Jower country ¢ Tierra caliente.”

The great plantations of ecentury plants, “maguey” in the
vernacular, are a feature of the environs of Mexico City. The
national drink, “pulque,” is the Termented sap obtained by cutting
out the great flower-stalk, just Lefore it begins to clongate. The
sip colleets in the cavity left. and is gathered from day to day as
long as it continues to flow. Lnonmous quantities of pulque are
shipped to the capital daily, From other species of Agave a
potent liguor “mescal” s distilled, and several species yield
fibres of great strength. Sisal hemp is the product of A. rigide
var. Sisilana.
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The forests of this region are made up waostly of trees of boreal
genera, Oaks in gr iduous, are
especially abundant in these mountun forests, and several species
of pines and firs, a juniper and clder, are reminiscent of the forests
of Arizona and California. A species of Arbutus, much like the
Californian madrofio is also found in the Mexican highlands.

With the evergreen oaks, pines. ind firs, there are deciduous
trees closely related fo these of the fomperate United States, such

aut variety, both evergreen and de

Fig. 77.—XNeraphytie v, tion, South Mevieo, Stde of Michosean,  Cueti,
Euphorhin (E. fulve). Photo. Mfr. G. N, Collins.

as walnuts, sycumores, ashes and poplars, much like species found
in California and Arizona.

Above the forest zone, on the higher mountains, the shrubs and
herbaceous plants are almost exclusively of northern fapes, grasses
and sedges, o great development of Compositac (Baccharis, Eupa-
toriumt, cfe.), Frienceae, Rosaceae, Umbelliferae and Cruciferae,

The railway to the coast from Mexico to Vern Cruz passes
through the sub-tropical zone, “ Tierra templada,” into the tropical
zone, “Tierrs caliente’ reaching some 3,000 feet ahove the coast.

As onc descends, the eaks, pines, and other boreal genera be-
come mingled with trees of more tropical aspect, such as members
of the myrile und custard-apple families, laurels, and especially
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Prare NNVIIL—Sonoran desert vegetation, Punto Kino, W
left, Idria columnaris. Photo., Dr. W. 5. Cooper.
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the distinetly American family Malpighiae Buamboos, small
pulms. tree-ferns, lianos and epiphytes became more and more
abundant as the tropical zone is approached. Among the epiphytes
are sonie frue parasites of the mistletoe fumily, (Lorantbus, Pho-
radendron), and the exelusively American family Bromelineeae
mted by o great number of species, Thi nily 15 vepre-
homoss,” and others,

is repres
sented in our Gulf States by the ©Spnns

Lal desert. Shore of Gulf of California at Libertad, Sonora, Frank-
enia Pabmeri, dominant, Photo., Dr. W. 8. Cooper.

Fia.

especially in Florida.  Orchids are also extremely abundant in
this region, and imclude sorae very beautiful species.

The region between 1,000 and 2,000 metres ! has a heavy ruinfall
pretty evenly distributed. 1{ ix a region of evergreen oaks, and
tree-ferns, nnd has many epiphytic orchids, and some small palms,
(Chamacdoria spp.). This region has more species than the
tropical belt below it.

The immedinte coastal area is not so Juxuriant. in its vegefation
as the region ubove 500 feet, as parts of it are quite barren, and
only in the Jow ground and along the streams, is 2 true forest
! Drude. e, cit., p. 507,
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developed. In the zone between 500-1,000 metres, a frue tropical
rain-(orest is found.  Thiz zone is rich in palnis (Acrocomia, Sahal,

Fic. 79.—Tree cactus (Pachycerens Pringled), near Libertad, Muxico. Photo.,
Dr. W. S. Cooper.

Orcodoxa, ctc.), and among the characteristic forest trees are
giant silk-cottons (Bombax), laurels, Tercbinthaceae, Combreta-
ceae, and others. In some places fertile savannas occur.

The great voleano Orizaba offers a fine example of the zoning of
vegetation from the rank tropical jungle at its hase, to the regions
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of perpetual snow.  The first pines appear at 2,200 metres, and the
oaks reach to about 3.400m., above which for another 1,000 metres
a nunber of conifers extend.  Above this forest, is an alpine region
where the vegetation is composed of coarse prasses, and s variety
of shrubLy and half shrubby plants, especiallvy Compositue,
Labiatae, Rasaccae, ete. as well as some herbuceous species,
grasses, sedges, Compositae, and others, all decidedly boreal
fypes,

In the upper forest, the epiphytic orehids and Tillandsias of the
lower elevations, give place to mosses and lichens.

The western eonst of Mexico s mueh drier, and the tropical
forest less developed.  Pines and other northern forms prow ab
than in the castern part of the country.

Central America Nicarayrua, Honduras, Guatemala and Costa
Rica in the character of their vegetation are intermediate hetween
Mexico and equatorial South Amevies.  There is o gradual dis-
appearance of the oaks, pines, and other northern genera char-
acteristic of the Mexiean highlands, and an inereasing number of
palms, and other tropical types. As might be expected, the boreal
genera ascend to higher elevations as the Jutitude diminishes, and
finally disappear conpletely in the equaterial forests of Panama
and South America.

As in Mexico, the Pacifie slope of Central America is much
drier than the Atlantic coast, but nevertheless supports a forest,
mostly of tropical species, up to an elevation ¢f about 3,000 feet.
Above this tropical forest helt are open savannas, wnd still higher,
forests of pines.

The castern slope 3s covered with a heavy rain-forest, in which
pals form a very conspicuous feature, these belonging to such
tropical South Awerican gevera as Buctris, Geonoma, Iriartia.
The central plateau in the more southera part, at an clevation
of about 5,000 fect, supports a forest in which many trees like the
silk-cotton and Spanish cedar arc leafless during the dry season.

The forests of Costa Rica are notable for the great profusion
of ferns and orchids, this being one of the richest regions for these
plants known to the boetanist.  Palms, tree-ferns, Scitamineae
(Canna, gingers, etc.), arr very abundant as they are everywhere
in the tropical American rain-forests.

! Drude, loc. cit., p 509,

lower clevations
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SOUTH AMERICA
Tropical vegetation in Amerien reaches its greatest development
in the enormous arca drained by the Awazon and its tributuries,
This iinmense expanse of rich allevial country lving immediately
under the cquator, and for the most part having an extremely
heavy rainfall, supports the largest area of tropical rain-forest in

existenee.

The eastern slopes of the Andes, ab the headwaters of the
Amazon, receive an enormous rainfall, and this region, and the
portions of the Awmazon Valley immediately cast o the mountains,
are covered with a forest growth of unrivalled luxuriance.! Further
down the river are regiuns of much lighter precipitation where
open savannas oceur, while in portheastern Brazil fo the south
of the mounfains of Cuianu and Venczuela, the country is said
to he very arid due to the intereeption of the moisture-laden winds
from the Carihbean by the intervening mountains.

The coastal region, however, from the Amazon delta to and
including the coast of the Guianas, is one of heavy rainfall, and
with very dense forests. This northeast corner of Brazil and
coastal Guiana constitute o very natural botunical province.

The forests of the Amazon region are of three kinds.?  First are
the great forests of the imnense regions of the flat valley, which
arc regulariv inundated by the Hood-waters, and rewain covered
with many feet of water for a long period.  All trees and sbrubs
of this flood-forest (“Igapd,” “gapd’) must be able to survive
this long submergene..

Above the gapd is the great virgin forest occupying land above
the flood-mark, and this is the most extensive and luxuriant
forest, and contains the greatest number of species.

TFinally, in dricr regiops are extensive much more open forests
of relatively low trees, known by the Brazilians as ¢ Caatinga.”

About the middle of the last century the Epglish botanist
Spruce, spent about fiftecen years in the Amazonian country, and
bas given an excellent account of the most important. features of
this vast region.

| Butes, H. W., The Nataralist on the River Amazon. Reprint in B

Lizkany.
2 Spruce, R.. Noles of a Botanist on the Amazon and Andss, edited by Alfred Rus-

sel Wallace, Londan, 19058,
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While there s an immense number of species there are certain
general resablunces throughout the great Amazonian forest arca.
Thus while the species of the different types of forest, riparian,
upland aod dry, are mostly different, the genera are largely the
same, and sone of the wost boportant species oceur over a very
large extent. of country.

The riparian forests, or gapo, are flocded for long periods, and
the niemibers of this assoelation must necessarily be such species as
can endure this unusual condition,  The trees of the gapd are rarely
as tall us those of the virgin forest which lies above the high-water
mark, but the two formations merge into cach other st the upper
limit of the gapd whose outer margin is composed of low shrubs
and hushes, and many aquaties, ke arums, rushes, sedges, cte.

The gapd 1= notable for the great iety and alundunce of
palims, many of which overtop the other forest trees, ind sometimes
oceur in groves forning long avenues of columnar trunks along
the shore.

When the water recedes, the gapéd develops o dense wodergrowth
of herbaecous plants, and every troe and shrub s draped with o
curtain of herbaccous crecepers, passion-flowers, morning glories,
and others, often having flowers @ areat heauty.

The virgin forest = distinguished by the very tall and closely et
trees, whose lofty trunks. often with great buttresses ot the hase,
support w thick canopy of foliage which shuts out most of the light,
s0 that there is relatively little undergrowth, except yvoung trees
of the predominant species, and slender palins which carry their
crown of leaves toward the light.  Stout lianas, like culiles looped
from tree to tree, helong to many species, but their foliage and
flowers, borne high up in the teps of the trees, are rarely recogniz-
able from the floor of the forest. This virgin forest covers an
enormous arca in the Amazon valley, the gapd, of course being
confined to the lowland arca subject to the annual inundation,

The “caatinga’ open or white forest, occupies areas of poor
s0il in the drier districts, and is composed of low trees and shrubs,
with few lianas and palms, the latter when present being peculiar
forms, quite distinet (rom those of the wet forest,

To these might he added the second growth forests, where a
tangle of trees and shrubs fight with each other for the possession
of the soil.
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The “campos” or savannas, open grassy or scrubby districts,
oceupy but a small part in the vailey proper, but north and south
merge into the great llanos or prairies of Venezuela and Argentina.

Comparing the different types of the Brazilian forest Spruce
makes the following statement: ! ““And vet when the constituent
plants of the different classes of forest come to be compared to-
gether, they are found to correspond to a degree quite unexpected;
for although the species are alinost entircly diverse, the differences
are rarcly more than specific. 1t is only in the caatingas that a
few genera, each cluding several species, seemy to have taken
up their exclusive abode; such are Commianthus among Rubiaceac,
Bugamea among Loganiacese . . . and there are a few other
peculiar genera, chicfly monotypic.  But of the riparial plants
nearly every species has its congenor on terra firma to which it
stands so near that, although the two must of right bear different
names, the differences of structure are practically such as might
have heen hrought ubout by long exposure even to the existing
state of things without suppesing them to date from widely dif-
ferent conditions in the remote past; this is especially true of such
genera as Inga, Pithecolobium, Lecvthis, and of many Myrtles,
Melastomes and Sapotads, ete)”

Some characteristic species are very wide-spread.  Thus Spruce
mentions the Brazil nut (Borthollelio excelse), perhaps the finest
and most characteristic tree of the virgin forest. It grows almost
throughout the Amazon vallev where the soil is suitable, from
Para to a point niore than 1,200 miles west on the Amazon proper,
and for many hundred miles up its principal affluents and the
regions of the upper Orinoco.  One of the finest patms, Maxi-
miliana regia, with huge leaves 30—40 feet long, is even more wide-
spread.

As a rule, however, the most wide-spread species do not belong
to the heavy forest, but to the open savanna.

Very often a species restricted to 2 somewhat limited area, is
replaced elsewhere, under similar conditions by a similar, but

distinet species.

Two tvpes of rivers are found in the Amazon system, clear or
“black " rivers of which the Rio Negro ia the type, and the “white,”
or turbid rivers like the Amazon itsclf. The riparian vegetation

! Loc. cil.
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along these two sorts of streams, is verv different, but is very
similar throughout along strewms of the same type. Many
identical species occur in the riparian forest of the Amazon fron
its mouth to the base of the Andes.  As a typical example, Spruce
saentions the © Mulatto” tree (Euhylisto sp.) found everywhere
along the shores of the Amazon, and prized for fuel.

Like all tidal rivers in the tropics the great delta of the Amazon
has very extensive mangrove formations, in which the most
important species, Rhizophora mangle, is the same as in the man-
grove swamps of West Afriea, on the opposite side of the Atlantie.

Ascending the streams, the mangroves gradually disappear,
with the decreasing salinity of the water, and are replaced by
the riparial forest or gapé.! The trees of the gapd include many
Leguininusae, e. g., Inga, Pithecolobium; Brazil puts, myTtles,
custard-apples (Sapotaceae), aud especially a great profusion of
palns.

Trees and shrubs are almost hidden by w dense tangle of erecpers.
These climbirg plants include many species with showy flowers,—
passion-flowers, Bignonias, morning glovies, and the less familiar
Malpighiaceae, very abundant in the American tropies, and with
showy yellow or pink flowers.  Another very striking creeper is
Cacoucia coccinea (Combretacene), with brilliant scarlet flowers.

Just above the inundated area, in the drier waste places, there is
a dense gprowth of shrubs and coarse herbaceous plants. Solanum,
Cussia and various other showy Leguminosae, and peppers, some
being large shrubs, and many climbing plants like those of the gapé.

The primaeval forest near Para is very vividly pictured by
Spruce.?

“There were enormous trees crowned with magnificent foliage,
decked with fantastic parasites, hung all over with lianas which
varied in thickness from slender threads to huge python-iike
masses, were pow round, now flattened, now knotted and now
twisted with the regularity of n cable. Iutermixed with these
trees, and often equal fo them in altitude, grew noble palms;
while other and far lovelier species of the sume family, their ringed
stems sometimes scarce exceeding o finger's thickness, but bearing
plume-like fronds and pendulous bunches of black or red berries,
quite like those of their loftier allies, formed along with shrubs

t Spruce, loc, cil., Vol. 1, p 4. 2 Loc. cit.. p. 17.
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and arbuscles of many types, @ bush vodergrowth not usually
very dense or difficult to penetrate.  The herbaceous vegetation
wus almost limited to n fow ferns, Selaginellas, Scdges, here and
there a broad-lenved Seitaminea, and (but very rarely) a pretty
grass (Pariana). . . . Ly some places one might walk for a
considerable distance without seeing n single herh or even rarely
a fullen leaf on the bare Luneis ground. It is worthy to be noted
that the loffiest foresi is the easiest to traverse; the lianas and
parisites (whicl may be compared to the rigging and shrouds of
aship, whereal the masts and vards are vepresented by the trunks
and branches of trees) bheing inogreat part hung too high to be
mueh in the way: whereas in the low gapd that sometimes skirts
the rivers, they have not vet got heizted high enough to allow
one to pass beneath, but Lar the way with an awful srras of
entangled, Jooped, and knotted ropes, which even the sword
itsell can sometimes with difficulty unloose.”

The Brazil nut and the related monkey nuts (Leeythis spp.y
are among the commonest and largest trees of the high forest.
Spruee menasured o specimen whose nearly evlindrical trunk was
42 feet in eiveumference, and about 100 feet to the first branch.
This he stites was the largest tree he found. The Brazil nut and
des of siv-eotton (Bombax spp.) are the tallest trees of the

st but they probably never exceed 200 feet in height.
\Inn\ of the trees of the virgin forest show an extraordinary
development of huttr at the buse. which may reach v great
c. These are expecially murked in the sitk-cofton trees, but
Spruce notes that smong the laurels, soms of the finest trees of
the Amuzonian forest, butfresses were quite wanting.  These
trees have deep roots, and where they predominate is a certain
indication of deep soil.

The lianas belong fo many familics and show much variety in
the shape of their stems; while the stem of the free swinging forms
is usually ¢vlindrical, they are sometimes curiously twisted or
flattened. Spruce! ¢ites the case of a leguminous species (Schellia
splendens), whose fiattened wavy stem is sometimes a foot broad,
and climbs over the trees for 200-300 feet. The trumpet creepers
(Bignoniaceae) often have strongly angled stenis”

While most of these ginnt hanas are twiners, others-climb by

} Spruee, loc. cit., p. 28, Thyl., p. 28.
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nieans of =tout hooked thorns, which carn for them such populur
names as “devil's fish-hook,” "eat’s elaws,” ete. The raftans of
the castern tropies wre veplaced by a genus, Desmoncus, which
like its eastern relatives, is dreaded by the explorer v the forest,
where its barbed-wire entanglements are a formidable obstacle.
Like the eastern rattans, the prolonged leaf-uxis is arwed with
recurved claw-like spines.

Epiphytes of wmany kinds abeund in the equatarial forest,
Among the most notable are many sroids, and species of Cyrelan-
thaccae, the latter lookng like =mall palms, and confined to the
These, as well us some of the Noeene, develop
thick, pendent aérial roots, whieli hang down like plunib-lines, aud
may sometimes rench the ground.  Aériul roots are also common
in epiphytic orehids, but as o rule are too sl to attract attention.
Many vroids climb up the franks of the trees by means of the
aérial roots, und the leaves of some of them are of gigantic size.

While epiphytes are developed to a remarkable degree in the
high for they e often quite invisible from below, as they
grow far aloft in the crowns of the trees.

The Cyvelanthacese, referred to above, have terresirial species
as well, among them the species of Curludoviea from whose leaves
are manufactured the Panama hat-

Another peculiarly Ameriean tnily, the Bromeliaccae, also
largely cpiphytes, includes the pincapples, wand the *Spanish
moss” of our Gulf States. The family is very abundanily rep-
resented throughout tropical Americia, most of them vesembling
the pincapple in habit. Some bave showy flowers, or the inflores-
cence is surrounded by brightlv colored leaves.

Epiphytic orchids are common, but are less conspicuous than
in the mountuin fovest or the lower and more open forest of the
caatinga. Small epipbytic peppers (Peperomia spp.) are also
abundant, and the scarlet Aeschynanthus of the Malavan regions
is replaced by related, but different genera of Gesneraceac.

Strangling figs, like those of the eastern tropics. occur in the
Amazonian forest, but arc less common than in the Andean region,
and some other purts of tropica) Awerica.

In the durk virgin forest the berbaceous undergrowth is scanty;
but in the lower wet forest there is a rank growth of ferns, Araceae,
Scitamineae (bananas, gingers, arrow-root, ete.). These are




278 QUTLINE O PLANT GEOGRAPHY

mostly different genera from those of the old world, but there are
some genera in common: e, g, Costus, Thalia; and Cannas of
several species are frequent, thelr showy red or yellow Aowers
lighting up the open places at the edge of the forest and spresding
as o weed tnto waste ground.  The Canna family is peculiarly
American, although some have hecome naturalized as weeds in
the old world.  The banana family (Musaceae), gingers (Zingi-
beracear), and arrow-roots (Murantacene), are also represented
in the old world, but mestiy hy differcut genera.

There are no frue bananas native to America, but the family
is abundantly represented by several species of Heliconia, hand-
some plants with hanana-like foliage, and brilliant red and yellow
florul bracts.  Another interesting member of this family is Ravenala
Guianensis, closely related to the famous “traveller’s tree” of
Madagasear.

The gingers of the genus Costus have handsome orchid-like
flowers, and the Marantacecae have leaves often of velvety texture
and beautifully variegated. These are sometimes seen in cultiva-
tion.

Antong the many conspicuous Araceae growing in low wet
ground 1s Montrichardia arborescens which forms dense thickets
along the river banks, the tall, bare, palisude-like stems bearing a
tuft of big arrow-shaped Jenves.  These aquatic aroids and the
many other aquatics ussociated with them, sedges, grasses, pickerel-
weeds (Pontederiacene), ete., form the outer fringe of the gap6,
and inland are replaced by the shrubs and trees which occupy
the land expased by the subsiding water,

Another common and conspicuous genus of terrcstrial Araceae
is Caladium, whose arrow-shaped leaves are beautifully marked
with white and crimson, which in cultivation have produced many
extremely beautiful varieties. The lurge genus Aothurium js also
prized in cultivation, both for the handsome foliage of some species,
and the showy white or red Calla-like inflorescences of others.

Of the climbing Araceac, Philodendron and Monstera are perbaps
the most vonspicuous. Their gigantic leaves are often fantastically
cut and perforated, and at once attract attention. M. deliciosa
is often seen in conservatories where its big perforated leaves and
thick spikes of edible fruit at once attract notice.

The equatorial forests of South America bave little in common
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with those of temiperate North Amerjca or Eurasiz. The conif-
erous frees are ubsent, and deciduous trees are almost entirely
wanting. The characteristic deciduous trees of the boreal forests,
oaks, beeches, chestauts, walnuts, poplars, birches, maples, ete.,
are entirely unrepresented. A single willow (Seliz Humboldtii),
which i comumon in the Amazon district, is about the only repre-
sentative of the catkin-bearing trees. Tt is true that in the warmer
parts of the United States, espeeially in southern Florida, which
almost touches the tropics, there are a good many trees and shrubs
which are evidently outpasts of the tropical vegetation which
culminates in the great Amazonian forest,

Qur lucusts and mesquit represent the great fumily of Legumi-
nosae, which probably hus the areatest nuber al spreeies e the
equatorial forest, and the sassifrax and in the south Persew, u
tropica) genus which includes the “avoeado,” represent the laurels
which have many tropical genera and spectes. Other cases might,
be cited. but they are relatively unimportant.

Rivalling the Legunivosae in number are the species of the
madder fumily (Rubiaccae).  The nost important of thesc,
Andcan, however, rather than Amazonian, is the genus Cinchona,
the source of quinine.  The Rubinccae of femperate climates
are mostly insignificant berbs, like the bedstraws (Galium) and
the little blucts (Houstonia) of the Atlantic States. Both in the
Palaeotropics and Neotvopics, a very large number of trees helong
to this family.

The Leguminosac comprise an enormous assemblage of trees,
shrubs, and lianas, many of which have extremely abundant and
showy flowers at certain seasons.  The sub-family Mimoseae
often have delicately cut graceful foliage, and flowers with clusters
of slender stamens, e g, Inga. Pithecolobium; or like Cassia and
Bauhinia of the sub-family Caesalpincac, the flowers are open,
often suggesting an orchid, The pea-flowered type (Papilionaceae),
is less common, but still abundantly represented.

The fig-family (Moraccac) includes a large number of species
other than Ticus. Among these ure bread-fruits (Artocarpus
spp.), and other genera, one of the most notuble being Cecropia,
a genus of trees, usually of comparatively small size, growing in
the riparian forest. They have hollow branches io which colonies
of ants arce said to have their abode, and the long-stalked palmate

.
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leaves, usually woolly beneath, sre suggestive of the castor-bean.
The Ceeropins are everywhere abundant, and conspicuous in the
wet Ameriean trop

The wivrtle family is an ioportant one in tropical South America,
and comprises puny speeies of Bugenia, Myreln, Psidium, and
others. Several species of the latter genus, yield the well-known
i~ naw extensively cultivated n most tropical and some sub-

o
tropieal eountries.

Among the giants of the Amazoniaw forest are the silk-cottons
(Bombax. Ceiba) whose huge trunks are supporfed by cnormous
buttress-roots. The silky down atiached 1o the seeds of some
species furnishes the silk-cotton or “ Kapok™ used for stuffing
matres

s and <imilar purposes.

Of the many trees vielding useful commercial produets, the Para
rubbwr (Herce Braziliensis) tukes first place. and until quite re-
cently was the most important export from Bruzil. 1t belongs to
the Fuphorbin family, and is a tree of moderate size with {vifolinte
leaves, something like a Laburnum. It grows in the low Torest
aver much of the Amazon vadley, wud now is cultivated on a great.
e i any fropienl eountries, bul with especial suecess in various
parts of the Nadayan reaions, where the plantations furnish most
of the rubber requirements of this age of avtomobiles.  Another
large and comnmon tree of the same fawily, the “sand-box” (Hura
crepitans) is abundant in the virgin forest.

The castard-apples (Anonacene), and the sapodillas (Sapota-
ceae), include many important {ruits of the Amazonian region,
some of the latter also furpishing that rensarkable substance
is of one of America’s noblest producets, chewing

“ehicle” the ba
gui.

The Brazil nut represents the purely tropical family Leeythi-
ducene, especinlly developed in porthern Brazil, while the “Spanish
cedar' (Cedrela spp.), and specics of nutmeg (M yristica spp.), are
also characteristic of the old world tropies.

These are but a few samples of the thousands of species of trees
that muke up the great cquatorial American forest,

Palms arc mieh more conspicuouws than in most parts of the
castern tropics Whether the number of species is greater might
he questioned; but as regards conspicuous arborescent” species,
there is no yuestion that the American tropics surpass any part of
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the old world.  Leaving out the roco-pahn which has heen dis-
tributed over the fropies of the whale world, the Aerican palms,
with too significant exeeptions, belong fo genera quite unvepre-
sented dn the custern hemisphere.

The fan-palms of the genus Mauritia are vy abundant, but
the pinnate-Jenved genera e mueh wore numerous. Sae like
the widesspread Meaimilicna regic have jmmense leaves 30—0
feet Joog, sud reeall the sugar-padms of the Fast Indies. A par-
ficularly sbundunt and heautiful species is Eulerpe oleracea, with
slender sfews, and graceful feathery leaves, This oceurs in grent
numbers along the banks of the northern South American rivers,
The gevus Baetris, mostly small pulms, often with elusters of showy
< or red berries, is very common in the undergrowth of the
, and other =mall palms (Geonema sppy with ahmost en-
tire leaves are also abundant.  The only climbing species belong
to Desmoncus, which in habit is much like the rattans of the casters
tropics, but is really vot closely related to them,

Many pulms are very important economicul]y, the fruits furnish-
ing food, while the stems and Jeaves vield fibres, and building
waterial for the primitive dwellings of the natives, the leaves heing
the usual thatch for the roofs.  The “peach-pdm ™ (Gulichna
speciosa) is extensively cultivated for its fruit, but aceording to
Bates ! is unknown in o wild state. It bears immense clusters of
fruits of the size of a peach. which they resemble in color. They
are very oufritious, and an important article of dict among the
natives.

In the virgin forest the trees are so tall that even when they bear
showy flowers, they seareely perceptible from helow, and the
general effeet is that of luxuriant foliage with flowers rave, or
inconspicuous. Indeed a Jarge proportion of both trees and shrubs
have inconspicuous Howers, although there are numerous exeep-
tions. In the more open forest, nnd along the banks of streams,
there is sometimes a very magnificent display of flowers, and there
are some lofty trees, which in their Howering season are covered
with masses of brilliant blooni.

Spruce ® states that near Para the Leguminosae and Bignoniaceae
furnished the greatest number of showy trees and liunas. Among
the former are species of Cassia, Sclerololium and Bauhinia. The

' Loc cit., p. 200. 2 Loe. i, .4l

=
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Bignouniaceae include muny extremely showy creepers and trees,
the latter being mostly species of Tecoma, sllied to the common
trumpet creeper.  Other trees with showy flowers belong to the
‘rtaceae, Rublacese, Leevthiduceac and Bambacaccae,
ention has already been moade of the showy-Aowered lisnas,—
passion-flowers, Bignonias, Malpighiacene, efe., and the showy
herbaceous plants: Heliconia, Culadium, Canna, ete. of the wet
gapb.

The Amazoniun forest reaches its maximum development in the
portion of the river above its junction with the Rio Negro. Between
this and the foot of the Andes there is an excessively heavy rain-
fall, and the whole country is covered with unbroken forest which
aseends to 3,000,000 fect on the castern side of the mountuins.

A tropical raindorest mueh like that of the Amazon valley in
its composition s found vlong the eustern coast of Brazil from
Pernimbuco southward to @ point hevond the Tropic of Capri-
corn. Thix includes Rio Janeiro, and {he adjocent. country.

The interior plateau rises to the cust and near the coast forms an
escarpment which s cut by many abrupt gorges. and the edge of
the platean forms two broken ranges of mountains parallel with
the coast.  The senward slopes of these ranges, and the coastal
plain, when present, receive a copious raufall, which together with
uniformly high temperatures, develops a luxuriant rain-forest
which extends far south of the Tropic of Capricorn, hut finally
loses its tropical character and merges with the temperate vegeta-
tion of the coast of Argentina.

Forming the eastern boundary of the great Amazon hasin are
the exteusive continental highlunds of Brazil, whose castern edge
consists of the coastal mountain ranges already meotioned.
Inside this coastal mountain rim, the plateau slopes westward to
the Amazon valley, but is much broken up by mountain masses
of greater or less extent.  From the mouth of the Amazon to Uru-
guay, this great table land is drained by many rivers belonging to
the Amazon =vstem.

The rainfall i- fairly heavy over much of the plateau, but a good
deal of the country is semni-arid, and the vegetation more or less
decidedly xerophytic. Exlensive savannas suited for grazing,
and open forest cover large areas. ’

The dry open forest “caatinga’ is a feature of much of the
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plateau. The trees are low, and often thorny, and are associated
with shrubs of many kinds. Many of hoth trees and shrubs cast
their leaves in the dry season. In the ciatinga are found many
Cacti, Bromeliads, and other suceulents, and there is o marked
development of bulbous plants, which wre only evident in the
rainy season, when the trees reuew their foliage, and wany are
adorned with showy flowers.

Southern Bruzil has o remarkably large number of extremely
showy treces, shrubs and climbers. moany of which adorn the gardens
of the warm temperate zone, like the Riviera, California and Aus-
tralia,  The well known Bougainvilleas, Bignonius, and pussion-
fowers, mostly come from this region, and the Jacuranda with its
delicate folinge and masses of beautiful blue flowers.

The caatinga of Brazil may be compared to the bush-veldt of
the south African plateau.

In the region of the Orinoco, wecording to Spruce, the caatinga
formation is muinly due to poor soils, and the trees are evergreen
with the profusion of epipbytic growths associated with o buwid
atwmosphere.

The coustal mountains of Venezuela and the adjacent region of
Colombia show a lurge pereentage of deciduous trees.  Ax one sails
in sight of these coasts in the summer, the mountain slopes present,
a very dreary picture duc to the large number of bare deciduous
trees. This s a striking contrast to the rich evergreen vegetation
of the Guiana lowlands and Trinidad, and more resembles the
caatinga of the castern Brazilian highlands.

The tropical Amazonian forest nscends the castern slopes of the
Andes tu a height of 3,000-4,000 fect, above which there isa gradual
increase of temperate types and a corresponding disappearance of
the lowland species.

The custern slopes of the Andes, at the headwaters of the Ama-
zon have an extremely heavy precipitation, and the difficultics of
exploring these dense forests have heen graphically described by
Spruce who spent several yvears in this region.  Owing to their
inaccessibility, as well as the fevers and other drawbacks to ex-
ploration, these {orests arc still very imperfectly known.

Except where the forests have been cleared there is little open
country at the lower elevations, although there are a few spots,
which owing to their topography, are relatively dry, and free from
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beavy favest, Femns, maosses and liverworts beconye tueh more
abundant in the Andean mountain forests, and become extraor-
dinarity developed. @ phenomenon to be noted everywhere in the

trapies. .

Spruce found the development, of mosses and liverworts cspeci-
Wy great in the region known as the “montada of Canelos,”
in the neighborhood of the greal voleanoes of Cotopaxi and Tung-
uragua,  This forest which extends from 1,000-5,000 ft. elevation
s very wet, and Spruce sayvs the growth of these planis is the
most Juxuriant. he had ever seen. Toven fhe fopmost {wigs and
the very leaves were shagey with moso< and from the hranches
overhanging the river depended festoons of several feet in length
conposed ehicefhv of Bryvopterides . . . o heautiful fruit.”

No gread. is the load of mosses, that when soaked with water they
often hroke off the hranches to which they were attached.,

A very interesting plant of this forest wus a giant horse-tail
(Equeisetum sp ¥, Awenty feet high and with o stemn almost as thiek
as one's wrist,

Pulins are common in these mountain forests,
{han in {he lowlands.  The commonest. species is Triartea ventri-
cosa, which forms extensive groves.  Species of Wettinia and
Futerpe are also eharacteristic of the Canelos forests, and also
the vegetablesivory padoy (Phgdedcphas spll.

The most important trees of the Andean forest are several
species of Cinchona vielding guinine.  Spruce’s long sojourn in
this region wax mainty for the purpese of securing young planis
and seeds of the most valuable spegies, the *Red-bark™ (€. swe-
crrubra). Different species are found at elevations from 2500 to
10,000 fect, € x:an\yiruhru srowing fromn 2,300 to 5,000 ft. Theplants
and seeds sent by Spruee fo Fagland marked the beginning of
the cultivation of Cinchona in the fropical British colonies, which,
however, huve never met with {he suceess of the plantations in the
Dutch Euast Indics, especially Java, which now furnishes a large
part. of the workl’s supply of the drug. There are now, also,
plantations of Cinchona in Colombia and other parts of the An-
dean region.  The family Rubiaccae, to which Cinchona belopgs,
has furpished aoother plant of gread importance, viz., coffee,
now grown in immense quantities in southern Brazil, which fur-
nishes the greater part of the commereial product.

=

but less varied




Puate XXX.—Ripuriun forest. Para River, Surinam.  Ewterpe dleracea,
Heliconia sp.
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The Cincbona region his a flory of the sume general type as that
of the Amuzonian forest, and a good many of the sume species.
Bamboos and other giant grasses are a feature of this region,
among them the giant arrow-grass (Gynerium saccharoides), re-
lated fo the familiar pumpas-grass " of the gardens. but sometimes
30-40 feel high.

There e many orchids, buf mostly inconspicuous species,
The richest collecting grounds for showy orchids are Jurther
north in the mountains of Colombia, and Centril America, from
which come many of the choicest arnnments o our conscrvi-
4, Odontoglossum wnd On-

tories. The many species of Caftle
cidium, and other extensively cultivated orchids, come from these

counfries.

Fxeept in the higher altitudes, the trees and shrubs of the moun-
tain forest belong to the sone fmlies as those dominating the
for lower down, ¢ g, Rubiucene, Leguminosae, Myriuccae,
Malpighiaceae, ete. At higher elevotions, however, femperate
genera oceur, aud at the highest altitudes there is a distinet alpine
flora. In the cool highlinds we may find such faniliar northern
plants as hrambles, mallows, chick-weed, huekleberries, pig-weed
(Chenopodium), Geranium, teh-fly and a good many other,
but. there are also cerfain distinetly Andean genera, like Fuchsia,
and Caleeolaria, while the =<ub-alpine Howers including geniians,
valeriun, paint-brush ( e} and lupins, remind onc of the
sub-alpine flora of the Californisn mountains.

The western slopes of the Andes are mueh dryer, and as Spruce
says ' The Amazon side of the Andes is incomparably richer than
the Pacific side.”  The former has a continuous rainy season with
little variation in temperature, while the Pucific slope has a long
drv season, and much of the coastal part of Peru, Eeuador and
porthern Chile is an absolute desert where rain is almost unknown,
and except along the streams descendipg from the mountains,
vegetation is often completely absent.,

The writer's first-hand impressions of the equatorial South
American vegetation are derived from brief visits to Panama,
Guiana, and Trinidad, where, however, the vegetation is very
much the same @< that of the Para district of the Amazon.

The coust of the Guianas is mostly low and swampy,-aod the
tide extends for a long way up the rivers, whose lower reaches




Prate XXXL.—Ripurian forest, Pura River, Surinam. Cecropia palmata (?)
in Luckgrovud.
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arce bordered by impenctrable mangrove swamps composed al-
most exclusively of Rhizophore mangle, the common American
speries.

As one ascends the sfremm, the Rhizophora gives way to the
“whife mnngrove,” (Aricennia vitide) which sometimes hecomes
a lge free with very long adrial roots pendent from the upper
branches. Back of the mangrove belt wee slightly clevated ridges
upon which grow large trees of various hinds,

Sl higher up the rivers, the mangroves disappear completely,
and the banksire overgrown with a dense jungle of trees and shrubs
corresponding fo the gapéd of the Amazon.  Legunnins
species are especially abundant, particularly species of T aund
the big arum, Mowrichardia arboresecns, alveudy veferred 1o, forms
a close padisade at the outer margin of the jungle.

Continuing above the tide Jmit palms hecome a conspicuons
clemen{ in the forest, and along the banks, and in the typical
viparial forest oecur in large numbers and variety, and add o great
charm to the river shore. Tirst in abundance and beauty is
Eulerpe oleracea, whose tadl slender stems and feathery erowns
ocenr in thousamds,  Other charneteristic pulms are species of
Maximilianz and Attalea, with gigantic pinnate leaves, and Jess
striking species of Astrocarvum and Manicaria.  Of the smaller
palms ocemrring as undergrowths in the forest, the commonest are
many species of Baetris, with slender stems, sometiues hordly an
inch thick, and with clusters of showy red or black berries. The
climbing species of Desmonecus, already referred Lo, are very coni-
mon. Thelr flexible spiny stems, and graceful feathery leaves,
armed with savage hooked spines, are festouned from tree to tree,
and remind one of the East Indian rattans. The clusters of scarlet
fruits are vers conspicuous, aud attract attenlion, as the boat
skirts the densc jungle along the shore.

Next to the palms, perhaps the most striking trees of the riparial
forest are the nuwerous Cecropias, with their big palmate leaves
and jointed stems, which oceur everswhere glong the rivers.

A bewildering tangle of climbing plants forms a heavy drapery
over trees and shrubs, sometimes quite concealing them. These
lianas belong to very diverse families, and include morning glories,
passion-Howers, trumpet ereepers, as well as less familiar genera
of Apocynaceae, Melastomacene, Malpighiaceae and others.

s of many




Prate XXXIIL—Lowland forest interior, Surinam.
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Many of these huve flowers of great brauty which are admirably
set off by the background of Juxuriunt jungle foliage.

The primaeval forest in the vicinity of Paramaribe in Surinam
(Dutch Guiana) is lurgely a swampy one, buf with elevglions of
drier sandy soil where the tallest trees grow.  The largest trees
of this furest are the silk-cotton (Ceiba pentondra) and the sand-
box (Hura crepitans) which reach gigantic size.

The trunks and branches of these great trees are covered with
numerous epiphytes, among which the Bromeliads take first
place.  Several species of Tillundsia, including the “Spanish
moss” of the southern United States, were the most. abundant of
these, Clinging to the trunks of the trees, or fextooned from trec to
tree, were many liana < some of great size, These included morning
glories of several ki Jignonlas, und especiadly the great climb-
ing avoids:—Monster, Philodendron, Syngonium, and others,
which were vonspicuous in the tangle of creepers.

A luxurtmt undergrowth of dw:ef palms, Cannas, Heliconias
and <howy arums, gave the finishing touch to o truly tropical
meturce,

Ferns, mosses and liverworts are not abundant in this forest,
and this secems Lo be true of nuch of the Amazonian forest region,
to judge rom Spruce’s nofes. A few epipbytic ferns, species of
Vittaria and Polypodium were noted at Paramaribo, but they were
not specially abundant.

A very different type of vegetation ix found in the savannas
which are sometimes met with in the coastul regions of Guiana.
One of these visited by the writer was an expanse of coarse gritty
soil covered with a sparse growth of coarse grasses and sedges,
with seattered clumps of low shrubs. A number of terrestrial
orchids were seen, but only one of these, a Catasctum, was in
flower. The flowers of this curious speeies are quitc large, greenish
in color.

Here and there were shallow pools in which grew tiny bladder-
weeds (Utriculuria) with yellow flowers, and minute rush-like
plants belonging to the familics Eriocaulaceac and Xyridaccae.
Small patches of Sphagnum grew under the bushes, and in these
were little sundews (Drosera sp.) reminding one of the northern
peat-bogs. A beautiful blue gentian (Chilonanthus sp.) was com-
mon, snd a few ferns, including the common bracken, were noted.




Prate XXXIII.—Jungle interior, Surinam; at left, Ravenala Guianensis,
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The shrubs for the most part belonged to the mainly tropical
families Malpighiaceae, Melastomacene and Rubiaceae. To the
latter belonged un undetermined shruby with o profusion of large
rosc-colored flowers, A butterfly-pes (Clitoria sp.) \\'iiﬂh large
purple flowers, we R0 conmon.

The outstanding feature of this snvanna was a voble fan-palm
(Mawritia flernosa) which formed groves of cousiderable extent.

Surrounding the savanna was a forest occupying rather dry
soi, and traversed by clear strearns, but with wrcas of boggy
soil.  Palms were abundant as an undergrowtls, und a very interest-
ing plant was a sort of wild banuna (Kovenala Guianensis) much
reserabling its congener the traveller's tree of Madogasear.  Feras
were more abunduni. than in the forest about Paramaribo, but
still playved a very subordinate réle in the vegetation.

Qoe of the common trees of this forest is the “ Balata™ (Minu-
sops sp.) belonging to the Sapotacere.  This vields a robber of
fair quality, but much inferivr to the Pard rubber.

The writer was struck with the abundance of showy Howers in
the neighborhood of Paramuribo, a rather unusual condition in
the wet tropies. The showy cdimbers have already been noted,
and were especially abundant. A rosc-red passion-flower, and the
big golden bells of an Allimanda (Aporypaceac), were troly
magnificent, and many of the shrubs, Leguminosaze, Rubiaceae,
Melastomaceae, Malphighinceae, bore very abundant and showy

flowers.

Of the herbaccous plants perhaps the most notable were the very
common Heliconias, looking somewhat like Cannas, or the larger
species like bananas.  The hrilliant searlet and yellow bracts of
the flower clusters are extremely showy. Red and ycllow Cannas
were also very ghundant, and wild ginger (Costus sp.) and arrow-
root. (Maranta spp.) were common and handsome forms, and with
these were growing Caladiums with gayly painted arrow-shaped
leaves.

This brilliant floral display was seen at the edge of the forest,
and in open places, sueh as railway embankments, which were
veritable flower gardens. Red and vellow milkweed, weedy Com-
positae and Verbenacene were everywhere common.



Prate XXXIV.—Savanna vegetation, Surinam. Mauritia flexuosa.
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TN
The islund of Trinidad while separated [rom the mainland of
South Americt, nevertheless has a vegetation closely resembling
that of the adjacent coust. The wetter lowland forest dbounds
in palms, aroids, Scitamineac. cote., identical with, or eloscly
related Lo those of thie constal bell of the Guianas.

1 ' i1
Fro. 0 —A. Tree with epiphyti . Port of Spain, Trinidud.
B. Palm (Attalea 5p.), Para River, Suripum.

The drier hillsides, however, show @ quite different vegetation,
such as a very common palm (Acrocomia sderocarpe), common in
Jamaica and other islands of the Antilles. Ferns are decidedly
more abundant than in Guiana, although not especially conspic-
uous in the lower forest. Two particululy interesting species were
noted near Part of Spain, viz: A clinbing fern (Lygedium sp.)
and Awemia phyllddis. To ihe lowland wet forest. ferns were more
abundaot, but much less so than at higher elevations.

Port of Spain. with its fine botanical garden and attractive
parks, offers muuch of interest to the botanist. There are many
species of palins, native und exotie, and splendid specimens of
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other native trees. Of the commonly planted palms, the finest is
Oreodoza oleracea, the “ Palmiste ™ of the [‘rench, ' cabbage-patm ™
of the English, & much handsomer species than the royal palm
(0. regigy with which it is sometimes conlused. O, oleracce, with
its perfeet]ly exlindrieal trunk, sometimes more than 100 feet
high and its magnificent erown of rich plumes, is perhaps the fin-
est of all palms.

Fi. s1.—Lowland vegetation, Trinidad. At Jeft. * groo-groo™" palm (Acrocomia

selerocarue)

Silk-cotton  trees, sund-box, Spanish cedar (Cedrela odorate),
and mahogany, are commonly planted, and enormous specimens
of the wide-spreading “monkey-pad™  (Pithecolobium  saman).
adorn some of the parks. The curious cannon-hall tree (Couropita
Guianensis), related to the Brazil nut, is sometimes seen, the large
red flowers, barne upan short branches growing divectly from the
main trunk, and followed by big globular fruifs to which it owes
its popular name,

In the low wet forest near Port of Spain, there was a luxuriant
growth much like that in Guiana. A fine arum (Spathiphylium
canncs folium) was very abundant along the streams. the large
white spathe reealling the common calla, while other handsome
members of the same family, e. g, Mortrichardia, Philodendron,
Anthurium, were abundant. Epiphytic orchids were freauent.
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buf mostly out of Bower at this season (June), but several very
handxome flowers were noted, especially Bromeliads with brilliant
red bracts, and the wild “Poinsettia " (Warczewiczia coceinea), in
which one of the calys-lobes is greatly enlarged and bright scarlet
in color. Big clmops of I elicona bihai gay with the bright red and
yellow flower-spikes. made fine masses of color amid the rich
folinge, and presented o magnificent picture of tropical vegetation
in its fullest developuient.

Savannas, like those in Surinam, atso are found in Trinidad.
(e of these visited by the writer, the Aripa savanna, was much
like the one already deseribed, hut the vesetation was more luxuri-
ant.  The fan-polm of Guiana was represented by an even finer
species, Mawrdia ~eligorn, Torming groves of considerable size.
Ground arehids, sundews, and bladder-weeds were abuncant, but
like the pubns, different species from those of Surinam.  An io-
toresting forn, Sehizaea penude, and {wo club-mosses, Lycopodium
cerpm and L. Carolinienon, were noted among other plants.

A fine fore ljoined this savan, with many beautiful palms:
Euterpe. Bactris, Mialen and Muximiliana, and there was an
abunduut growth of epiphyies, ineluding some small filmy-ferns

Among the trees in (his forest, were nwmerous speeies of Clusia,
i genis, some of which begin life as epiphytes,
sending down I roots which finally strangle the host free.
These parasitic Clusias, with their glossy magnolia-like leaves,
are very lumdsome, and reserble some of the strungling figs of

a peenlinrhy Ameri

the enstern fropies,

The highest mountain of Trinidad, Tucuchi, has an interesting
flora. The lower paot of the mountain i< largely occupied by plan-
tations of caeno (Theobrome cacno), but the upper part is covered
with heavy primacval forest. At about 1,500 fect one enters a
splendid forest of lofty trees, with a heavy undergrowth of ferns,
palms, Heliconias, and various aroids, with shrubs and lanas
in great variety, altogether a fine example of a tropical rain-forest.

At the top, some 3,000 feet elevation, the trees are smaller, but
cwarl palms were still abundant, and ferns were numerous and
beantiful. Several fine tree-{ems were common, and among others,
the most interesting were several species of Danaea, o mnember
of the ancient order Murattindes. The protholliz of these ferns
were abundant, and so large that they may be easily taken for




Trinidad

Prate XXXV.—Jungle near Port of Spain,
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liverwo,
club-mos:
One of the most interesting of the cpiphyvtes, is u species of
bladder-weed (Utricularia montana), whose drooping racemes of
large white flowers might well be mistaken for an orchid.
To the botanist who visits equatorial America for the first time,
theabundance and variety of palms will probably first attraet atten-

Of the latter there were mauy inferesting species, with
s and lichens in profusion.

A
Fic. 82—\ Cannbn-ball tree (Conropita Guianensis), Port of Spain, Trinidad.
B. Cabbage-palms (reodoza oleracea), Port of Spain.

tion. There are many exeeptionally beasutiful species, and as they
often are gregarious, thes give a charaeteristic stamp to the forest
vegetation.  They nre a much more conspieuous feature than in
any part of the castern tropics with which the writeris acquainted.

The Armcese, too, we more numerous and varied than in the
tropics of the oid world, and none of the old world species can rival
the giant climbing species like Anthurivm, Philodendron, and
Monstera, so churacteristic of the American tropies.
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Prate XXXVI.—S8ilk-cotton tree (Ceiba pentandra), Port of Spain, Trinidad.
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Tre GavLaPacos IsLawps

The Galapagos 1Mands. 380 miles west of Eruader and Iving
directly on the equator, e of great interest both to the Zodlogist
and the hotanist.

The ixlunds are entively voleantie tu fgrmation and attain a
beight of 2,000 to 2,500 feet.  Both animals and plants give evi-
denee of 4 very long pertod of isolation.

The most comprebensive account of the vegetation is given by
Professor B 1L, Robinson with the co-vperation of several ather
speciniat«?

The elimate i very hot and dey, and al the lower clevations the
vegetation s decidedly xeraphytie, made up of scattered small-
Jeaved shrubs, winy grasses and undershrubs, and a few tree
Cacti.

Inland are saline lakes. and ahout these and in brackish swamps,
as well as along the const, are 2 good many saline planfs or “hal-
ophvtes”  Tirst iu fmportance ave the mungroves (Rhizophora
mangle, Aricennio officinalis), while other characteristic forms wre
species of morning glories  (Ipomoca, Calystegia), Verbena,
Heliotrepiwm, Atriples, and several others.

Ipiphytes are infrequent, but there s o Bromeliad (Tilandsia)
and an orchid Epidendrum) and several species of Peperontia.
showey flowers are scaree.

s to e origin of the Galapagos flora, Robinson says: “ While
it is clear that the Galupageian flora is only an outlving pertion
of the Ameriean flora ..t is impossible o trace its relation-
ship closely fo any ope seetion of the Pacific Aracrican vege-
tation.’

Omitting the algae, fungi and bryophytes, whieh have a few
peculiar speeies, there ure 499 species of vascular plants recorded.
Of these 52 ure ferns and 445 spermatophytes (flowering plants).
Only three ferns are endemic, while 202 species, 15 varjeties, and
19 forms constituting 444 per cent of the whole spermatophyte
florn are peculizr to the islands.

!+ Flora of the Galapagos 1slands™ (Papers from the Hopkins-Stanford Expedi-
tion to the Galapagos 18lands). Procecdings of the American Jcademy of Arts and
Sciences, Vol. XXXVILL, Na. 4, October, 1902.

7 Loc. cit., p. 239,
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THE ANTILLES

Aside from Trinidad, which is essentially South American in
its flora, the archipelago of the Antilles or West Indics, in the
Carribbean Sea, has a sufficiently individual flora to warrant
separating the West Indies [rom continental America, a3 a distinet
hotanical province.  Ilach of the larger islands bas many peculiar
species, but there are many common to other islands, and to the
Mexican and central American mainland.  The southem end of
Florida, with the “kevs,” is essentially West [ndian in its flora,
and has many species in common with the islands.  Examples
of these West Indinn species are Pinus Cubensiz. the roval palm
(Oreadora regia*, mahogany, and species of figs, orchids and many
ferns.

The larger islands are all very mountainous, the mountains
in Flaiti exceeding 10.000 feet in height, while in Jamaica, the Blue
Mountuins are aver 7,000, and in Cubu the highest suramits exceed
8.000. The trend of the ranges is mostly east and west, and this,
together with their o Lion, exer a marked influence on the
climate. The northeast trade-winds precipitate their moisture
mostly on the northern slopes of the mountains, the lee side being
much deier. This iz well showrn in Janudea in makiog the journey
from Port Antonio on the porth coast, to Kingston on the south
side of the island, about 40 miles away, the two places separated
by the bigh wnd steep range of the Blue Mountains. At Port
Antonio the annual rainfall is nearly 200 inches, while at Kingston
it is less thun 40, The whole northemn coast was originally clothed
with dense jungle, a typical rain-forest of grear luxuriance.

About twenty-five vears ago, when the writer first visited Ja-
maica, the newly constructed rmilway hetween Port Antonio and
Kingston traversed a region of luxuriunt forests, which have since
disappeared, aud been replaced by extensive plantations of ba-
nanas, which are grown on an immense scale for the American
market.  Of late vears this trade in bananas and other tropical
fruits has assurned vast proportions, and has been cxtended to
Mexico and Central America, as well as to the other West Indian
islands.

The mountains intereept a large part of the moisture of the trade
winds, and when onc approaches Kingston, instead of the rain-
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forest one sees an open semi-avid plain or savanna with Cactd,
mesquit, and Agaves, rtx of Mexico and
Arizona. As in those countries there is a dry winter, most of the
ruin falgng in the summer wonths.

In the Blue Mountains, the lower rain-forest extends to about
2,000 feet el te like the South Ammerican
equatoriad Torest, but is much povrer in palios,  Araceac and the
showy Helivonia- e conspieuous, and ferms are niueh more abun-
dant than in the lowland forest of South America.

Ahove this forest is o rain-forest of somewhat mixed character:
mingled with Inurels and other tropical types are genera conmumon
to the forests of femperate Ameriea, like walouts, and Clethra,
the latter heloncing to the Fricacene.  The yvow family s vepre-
sented iy species of Podocarpus, adready referred to In connec-
tion with the Joras of the Fast Indies and Australasia.

In the driey hot lowlands are found trees which shed thelr leaves
al certuin seasons. Among these are the gant silk-collons
(Ceiba, Bombax), mahogany (Swicfenia), and Spanish  cedar
(Cedrelas. An important tree of the hot lowlands is Jog-wood
(Haewmstoxylon), an extremely vaduable dyve-wood helonging to
the Legundnosie, o fumily with many represeotatives in the
West Indies, as in other tropical countries,

The Antilies are less vich in palms than the equatorial forests
of the Amazon region, but nevertheless thev play an important
role in the flora of the larger islands, and include some of the hand-
sontest members of the order, such as the royal palm (Oreodoza
regia) and the still finer O. sleracea, the ~ enbbage-palm” of Ja-
mauica.  The beautiful Euterpe oleracen, so ubundapt in Guiang,
oceurs alxo in Jumaiea but s much less commen, and the ~ume
s true of the genus Bactris.  Paliwettoes aod the spiny-stemmed
“groo~groo’’ (Acrocomia), nnd fan-palms of the genus Thrinax,
are characteristic genera, absent from the Amazoninn {orests.

The upper rain-forest is characterized by an extraordinary
development of ferns, and allied forms, Jamaicy probably excel-
ling in this particular uny other known region of like extent. While
the island has an area of only about 4.000 square miles, the great
variety of soil, elevation and rainfallinduees an unparalleled devel-
opruent of these plants, the total number of species being nearly
or quite 500.

gresting the semi-des
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In the Blue Mountains at elevations of 3.000-3,000 feet this
fern-flora reaches its culmination, and ferns form the most conspie-
uous features of the vegetation, mnging fromn stately tree-ferns,
40-50 f{get high, to tiny filmy-ferns looking more like delicate
mosses than like ferns.  Nowhere in the world can the student, of
these beautiful plants find a richer harvest.

In addition to the true ferns, there are many lycopods or club-
mosses, and aceasionally one encounters in the stream-beds,
groves of giant horse-tails (Equisclum gigantewm), suggesting a
forest of the caal period.

Thbe summits of the highest mountains have a sub-alpine flora,
compaosed in piut of the usual horeal gencra.



CHAPTER IX
THE SOUGTH TEMPERATE ZONE
SOUTH AFRICA

As the whole of Afviea lics north of 35° south latitude. the Cape
and the adjocent regions of South Afriea all wre within the warm
tempers «count of the elevation of the central
plateiu, temperate conditions prevail over nuch of the areo Iving
close to the Tropic of Capricorn, and even extending bevond it

As a whole, South Africa i< region of moderate or scanty rain-
fall.  The best watered regions are near the south and eastern
cousts, while the west co copt for asmall part of the extreme
southwest, including the Cape, ix very arid and is continuous with
the great desert. regions of the Kuroo and Kalabari, north of the
Cape district.

The southwest const of the Cape Las aoainfall of 60-70 e of
which the greater part falls in the winter months: Mav-Septen-
ber.  The summer is neavly or quite rainjess as in the Mediter-
ranean region, California and southern Australia, and there is a
marked superfieial similarity o the vegetation, although it is
composed for the most purt of very different species.

To the cast of the Cape s small gtrip (Knysna forest) where
the mountains approach the coast, and this is the rainiest portion
of the south const.  The mountains in plices support a fairly
hemwvy evergreen forest, but clsewhere in the Cape region the forests
bave been alnost entirely destroved, and they have been replaced
by a dense growth of evergreen shrubs resemblivg the “macchie”
of the Mecditerrancan countries, or the Californian " chapayral.”

Following the coast castward the rainfall becomes more evenly
distributed through the vear, and grasslands or savannas take the
place of the evergreen fore=ts and chapa al on the hills to the west.
Further north, the summer minfall exceeds that of the winter, and
in the interior nearly ali the rain falls in the summer moaths. This
is much less favorable for vegetation, owing to the gréat Joss of
moisture due to evaporation. Because of the light rainfall, most
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of South Africa, except near the coast, is destitute of proper
forests, and is cither g ind and savanous, where there s suf-

ficient rainfull, or a more or less complete desert, as in most of the
great Kylahard and the Karroo.

The Cape i famous for the beauty and variety of its flowers,
many of which are fomiliar denizens of our gardens and conserva-
tories.  Such are the common calla lilv, Pelargoniums, Gladioli,
many species of Oxalis, Mesembryanthemum, Lobelia, and many
others. The profusion of showy flowers adorning the sandy flats

Fig. 83.—Karrao vegetation near Beaufort West, Cape Colony. Carissa feroz (2),

Euphorbia. Muouretunica, Grewia cena, Lycium sp., Mesembryanthemum sp.
Phaoto., Dr. W. 4. Cannon.

near Cape Town in September and October, is equalled only by the
display in Western Australia under very similar conditions.

In the chapurral on the mountain sides, wre heaths of many
kinds, and along the railways are millions of brilliant flowers of
every shade of vivid color. Among these arc many of the Iris
family, especially species of Babiana, with hlue, purple or lavender
flowers.  Others of the same funily are species of Moraea, looking
much like u true Iris, and with Aowers of purple, yellow or bright
orange; Pelargoniums of many species, callas, gorgeous Gazanias
(Compositae), and giant sundews (Drosera), orchids, Proteas
(Proteaceae), and endless other brilliant fowers.
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A feature of the Cape fora is the abundance of bulbous and
tuberous plants of the Iris fimily, wlhich has » very large number
of species. In addition to numerous specics of Gladiolus, there
are the less familiar Watsonins, with pink aud scarlet fBowers,
white, red und yellow Ixia and Sparaxis, blue and purple Babiunas,
yellow, pink and white Romuleas. There are no proper species
of Iris, but Moruea, which closely resembles it has many attractive
species. Many of these beautiful Cape bulbz find a congenial

Fia. sd.—Alve Schiechterd, north slupe of kopje near Beaufort West, Photo.,
Dr. W. A, Cannon.

home in California and Australia ond are common ornaments of
the gardens,

The lily family and the Amaryllis family are abundantly repre-
sented, and some are familiar in cultivation.  The blue Agapanthus
and pink Amarylhis bella-donna, which in late sumruer sends up its
leafless stalks crowned with rosy flowers, arc the best known of
these. Less commonly seen in cultivation are speeies of Nerine and
Brunsvigia.

There are many beautiful ground orchids at the Cape, which in
this respect, also, recalls West Australia. Among the characteristic
genera are Satyrium, Disperis, Disa, Fulophia, and others.

Onc is immediately struck by the abundance and beduty of the
species of Oxalis, white, yellow, pink and-crimson, which oecur in
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great profusion.  Ouwc of these, the yellow O. cernua, is o rampant
grower which has become o troublesome weed in parts of the
Mediterrancan and Australia, where it was introduced as an
ornumcn'tu] plant.

Very abundant and conspicuous are the many species of Mes-
embrvanthemmn {Creeplant,” ote.) which are so extensively
planted in California and other warm temperate countries.

Giant sundews with pink flowers the size of a half dollar, are

Fig. 85.—Vegetation of very dry central Knroo. Mesembryanthemum calamiforme,
Cotyledon hemisphaerica (). Photo., Dr. W, A. Cannon.

common, und again remind one of West Australia, where this genus
is also extraordinarnily developed.

The Compositae, as in most other countries, are much in
evidence, and jinclude very showy species muny of which have
been introduced into cultivation. Especially showy are the many
specics of Gurunia, with white, yellow or orange flowers.  Much
like these are Dimorphotheca and Arctotis, also sometimes seen
in cultivation.

Leguminosae are comumon, and include some showv species,
e. g., Sutherlundia frulescens, but they are much less abundant
than in Austrujia.

Grasses and sedges are not speciallyv abundant in the open
places where so many showy flowers are found, but nevertheless

b
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there are numerous species. Much resembling sedges are the
Restionaeene, a family especially characteristie of the Cape region,
but also found in Austradia,  Llsewhere the fumily is almost un-
known.

The thickets covering the billsides are composed of o great
varicty of shrubs avd small trees. Some of these helong to familiar
genery, Nike the evergreen sumaes (Rhus); but the greater number
helongg to genern quite uuknown jo the northern hemisphere,
Among the most abundant of these chapurral shrubx are many
species of Proten, Leuesdendron, and other members of the family
Protencene, whose headquarters are Sonth Afriea and Australia.

Some species of Profea are very showy, the hig heds of flowers
being enclosed in broad seales, pink or puple 1 color, the whole
inflorescenee reminding one of an artichoke; indeed one of the
finest. specics, P eynaroides emphusizes this fact. The species of
Leucadendron may beeowne small trees, aind while the flowers are
less conspicuons than those of Protea, the broad silvery leaves of
the best known specics, Loargentaun, the “silvir-tree™ of Table
Mountain, make if. very ornamental, and it ts not infrequently
seen in culfivation in Colifornia and elsewliere,

A curious leafless twiner, Cassytha sp. is often seen climbing
over the shrubs.  While this reminds one of the common dodder,
it is guite vnrelated to the lutter, but belongs to the laurel family,
The genus is wide-spread through the warmer purts of the world.

Among the most attractive of the Cape flowers, are the roany
true heaths (Kyiew), developed in South Afriea 1o an extruardinary
degree, the Cape flora adone having no Jess than 350 species. They
are most abuadant on its hills and in mountainous districts, and
in the spring one may see great hunchies of these beautiful Bowers
offered for sale in the strects of Cape Town, indeed one fears that
some of the rarer species are threatened with extinetion.

The writer, unfortunately, was unable to make the ascent of
Table Mountuin, which is fupous for its beautiful and interesting
vegetation.

The distingunished German botanist, Professor Engler, has given
an interesting sketch of o trip made at the time of the writer's
visit to South Africa. Engler's account, however, is confined to

' Engler, Die Pflanzenwell Africas, p. 494, Dre VEGeTaTiOn pER E#DE,

IX, 14910,
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the region below 2,000 feet. He notes a fine grove of silver-trecs,
and compares the thick growth of evergreen shrubs to the “‘mae-
chie of Corsica and Algiers,” but notes that this formation at the
Cape issmuch richer in species than the corresponding formation
in the Mediterrancan regions, and that there were more species
with showy fowers. = Especially  conspicuous were species of
Podalyrin (Legununosae) Polvgala (milk-wort), sumacs, and many
others.

White, pink and searlet heaths were abundant and among the
rocks were stone-crops (Crassula, Cotyvledon, Rochea) with fleshy
leaves and showy pink or searlet flowers.

The blue Afvican lily (Agapanthus) is alsa 2 common plant of
this region, as well as many of the showy biduaccae already men-
tioned.

The fine Prolea eynarcides belongs to Tuble Mountain also, and
one of the handsomest orchids, Disa grandiflore, with lurge scarlet
flowers.

Among ihe commnon Compositae are species of Helichrysum,
a genus also abundant in Austra and furnizling some of the
showiest, of the warden “everlastings.”  Tingler ealls special
attention to two of the chaparral shrubs: viz, Cunonda Capensis
and Grubbia rosmarinifolia. The former is w monotypic sp
belonging to the essentially sonthern family  Cumnoniaecae.
Grubbia represents a family, Grubbinceae, confined to the Cape
region.

The Cape s not rich in ferns, as the long dry sumnier is not
favorable to most of them. Nevertheless there ave sume interestiog
species in the sheltered pullies, or roek erevices.  One of the most
notable is Todea barbara, a very handsome fern which also oceurs
“in Aust i In some of the gulches of Table Mountain, a
small trec-fern, Hemetelia Capensis. occurs, and o single small
filmy-fern (Hymenophyllum) was noted by Engler. At Muizen-
herg, near Cape Town, the writer colleeted specimens of the inter-
esting Gleichenia polypodioides belongiog to a family having po
representatives in urope or the United States, but common in
the warm temperate regions of the southern hemisphere.

Just as many plants pative to the Cape have been introduced
into other countries, so one may see in Cape Towr a great rwany
trees, shrubs, snd herbaceous plants brought from abread. One

les,
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Euphorbias are conspicuous.
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igat once strick by the magnificent Buropean oahs and the stately
stone pines from the Mediterrancan which are perfeetly at home
and completely naturalized.  Two Califoroinn conifers are ex-
tensiveby planted, the Monterey pine (Pluus radiaia) and the
Mouterey evpress (Cupressus macrocarpa).  These two trees are
very restricted in their nataral mnge on the coast of centrul
California, but arce casily grown and arc now extensively planted in
niany warm temperate countries.

Australinn gums, watiles (Acacia), and Caswiinas are also
frequently planted, the A being prown extensively for their
bark, which is of great value for tanning.  Haliea suwareolens. one
of the Australian Protenceae, has escaped from cultivation in some
places and heeome quite naturslized.

All the froits of the warm temperate zone flourish at the Cape.
Peaches, upricots, figs, oranges and grapes, are extensively grown,
the latter yielding wine of great exeellence.

It is supposed that much of the Cape region was originally
forested, but at present almost no forest Is teft, and only in a few
mountainous districts can one see the remnants of the original
Torest.  The most important trees are species of Podocarpus;
P. latifolia, and P. elongata ave said to reach a gigantic size. Two
species of Cullitrls, small trees resembling junipers or eypresses
are the only representatives of the true contfers.

In the low wet ground the common ealla-lily is very abundant,
and on the ponds are white and blue water-lilies, and various other
aquatics, some of the common pond-weed types, rushes, and sedges,
but others peculiar to the region, like the curious Aponogelon dis-
tachya, whose forked clusters of white flowers at once attract
attention.

NaTaL

On the east coast of Africa, the transition from the strictly
tropical te the temperate regions is a very gradual one.  Durban,
the port of Natal, in lat. 30°, has 2 suh-tropical climate suited to
the growth of many tropical products: sugar, bananas, piveapples,
ete., and in the attractive hotanieal gardens of the town, one may
sec coco-palms, royal pulms, bamboos, and many gorgeous tropical
trees and shrubs growing luxuriantly.

Fronting the Indian Ocean, the climate is warm and humid,
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w0 pretty heavy rainfully so that the coastal vegetation is
auf, und made up to a great extent of species related to those
of the tropicul regions to the north, Such are the wikl date-palms
(Phoenix reelinala) and apother palm, Hyphaene erinita, sseveral
speeies of Ficus, the banana-like Strelitzing and many others.

In the valleys between the coastal hills is a forest formation of
moderate sized frees, mostly of tropieal affinities like the species
of Tiens, the “water-hoow™ (Syzygium cordatu), of the Myrta-

cene; Albizzia, Minusops, Stryvehnos, Cowbretum, ete.

Along the ronst,
priveipal species is the white mangrove (Aviconmia afficinalis).
Back of the mangrov the wide-spread  yellow free-Hibiscus
(H. tilinccas) and a speeies of Barringionia, a handsome genus of
trees characteristic of the strand-floms of the eastern tropies.

Many hisdsome evergreen shrabs form the undergrowth of the
forest; amang them the writer noted the brilliant searlet flowers of
a trampel. evecper (Tecoma Capensis), the fragrant, white flowers
of the *Nautul plum™ (Carissa sp.). and several species of
Clarden

Adding much to the tropieal aspect of the jungle were great
i of the stately Strelitzia Augusta, wueh resembling the
traveller’s tree (Ravenals) of Mad: ar. Lianas are conspic-
nous, wnong theny an evergreen grapevine (Viles Capensis), growing
fo the tops of the trees, and muny less rampant vines— cucurbits,
worning glories, and some curious asclepiads serambled over the
shrubs und winadler trees,

A very splendid sight was the “ Kaffir-hoom,” Erythrine Caffra,
the leafless branches Loaring elusters of vermilion fowers.

Engler ' reports two epiphytic orchids, Angraecum sp. and
Polyslachya sp. ws common in this region, but these were not scen

in places, are mangrove swamps, in which the

by the writer.

In the sheltered valleys two tree-ferns, Cyathea Dreyii and
Hemitelia Capensis, oceur, and also Todea barbara.

The floral display io Natul is less remnarkable thao in the Cape
region, but there are nevertheless many very beautiful specics.
Near Durban are “flats” like those aronnd Cupe Town, and in
these are many showy flowers, especially Compositae, ¢. g., Ga-
zania, Senecio, Gerbera, everlastings; Lobelia, sundews, and many

' ! Loc cit., p, 411
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others. The Liliacewe and Ividaceae, are perhaps not so numer-
ous as al the Cape, but they include some very showy species of
Kniphofin, Anemotheca. Tritonia and others.

While most of the trees belong to tropieal gepern, theve are a
few related fo norfhern ones, such as species of summae (Rhus),
Celtis, and Vernonia, @ shrubby composite of the same genus as
the ironweed of the castern United States,

On the drier hills are xerophytic forms, related to thase of the
specidly conspicuous are the great can-
~ (L grandidens), reealling the giant Caeti of
s, much

arid parts of Afn
delabra Eupho
Arizony and Mexico,  Alees, some of thom almost
resemble tn appearance the eenturv-plants of the American south-
west.  The Howers of some of the Aloes are extremely showy, great
spikes of Baming searlet or orunge hloom.  Another showy flower
of this region is Haemanihus, which sends up from a bully a short.
stalk crowned by i dense hend of searlet flowers, with a fringe of
long stamens.  Of the Liliaceae with less showy flowers, are many
specics of Asparagus, one of which, o, plumosus, 1s common in
cultivation under the name “ Asparagus fern.”

Among the most interesting botanical festures of Natal are the
cveads. Two genera are found, Encephalartos, with several spe-
cics., and Staugeria paradoza, the most fern-like of «ll the eveads,
and when first discoversd, mristaken for a genuine fern.

The sub-tropical type of vegetation in Nafal reaches from the
coast to about 1,500 feet clevation, above which, is 2 temperate
belt extending {o the foot of the Drakensberg, the mountains
separating Natal from the Orange State and Transcaal.

The railway from the const ascends through a fertile and
picturesque country, which in places is broken by hold ravines or
“kloofs,” in which fthere is a fine growth of timber.  Plantations of
Facalyptus and Acacia are frequent, these Australian immigrants
appearing to be as much at home in Natal as they are in California.
Peach trees apparently have become naturalized in many places
in the higher parts of Natal, and in the spring (October) were in full
fower, presenting a beautiful sight. A stop at Ladysmith, gave
opportunity to examine the very typical formation of this region,
fat-topped “Kopjes” rising from the platcau. The slopes of these
rugged hills were clothed with a variety of more or less xerophytic
plants, among which the Aloes were conspicuous, being in full-
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bloom, the great candelabra Bower spikes a blaze of orange and
scarlet, a truly splendid sight.

The Drakensherg has peaks 10,000~11,000 feet high, the loftiest
mountans i Africa south of Nilimanjaro, and in winter, snow
clad. The valleys of the streams Bowing to the sea are often derp
and abrupt, and are clothed with heavy forest, but the open coun-
try is mostly grss-Jand or savannas.

Among the most valuable timber-trees are Podocarpus and
mountain eypress (Callitris cupressoides),

Vi, 86.—High Veldt, Trangvaal.

Passing the barrier of the Drakensberg, one enters the extensive
table land of the Orange State and Transvag), the *“High Veldt™
of the Boers, a plateau with an average elevation of 4,000-3,000
fect. The mountains intercept much of the moisture {rom the
Indian Ocean and the climate is a relatively dry one, with an
annual precipitation of 20-25 inches (33-G4 ¢m.).  As the rain falls
mostly in the hol weather, and often in violent thunder storms,
much moisture is lost by evaporation, and the country for the
most part, is treeless, except in sheltered places or along the
streams.
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The high veldt reminds one of our own western plains, but the
clinptte s much milder in winter.  Aboot Johannesburg one may
see orchards of oranges and other vegel: which show thot.
the cold is pever severe, a great, contrast to the aretic winters of
Wyoming and Montana.

The writer's nequaintance with this region is confined to a brief
it in the early spring (September) before the summier rains had
started the dormant vegetation, and the monotonous veldt was an
almost unbroken expanse of dead grazs, with only here and there
an oceasionul low bush oy stunted (ree.

In swmnter there s w0 vigorous growth of tall prasses which
furnished feed {or the hosts of antelopes and other big game that
once roamed these great natural pastures, much like the huffulo and
antelopes of our western pliins.

According to Engler! the predominant grass is A nlistheria
(nberbis associated with species of Apdropogen, Punicum and
The bulbous plants, so abundant in the Cape
region and Natal, are much less common, but on the slopes of the
bills and in the moist depressions. are showy species of Crinum,
Gladiolus. Ornithogaluin and others. Dicatyledonous herbs are
abundunt and include representatives of many familics.* While
neny of these helong to wide-spread genera, like Lepidium,
Cassia, Indigofern, Polvgala, Heliotropium, Lobelis, cte., a lurge
number represcnt. genera unkoown in the northern hemisphere.

On the rocky slopes of the kopjes. one may see such conspicuous
plants a- vhe Jeshy-leaved Aloes and Euphorbias, stone-crops, and
the showy Mesembryvanthemums.

The most whundant trees of the veldt are the thorny Acactas,
cspecially the “ Kameel-dorn™  (Acecio prraffac) which grows
muinly along the stream-banks together with several other species
of siall (rees, among which iz an olive (Olew chrysophylia), sumacs,
a willow (Saliz Copensis) and several others,

While the high veldt is waostly a pastoral region, ane may also
sec orchards of oranges and peaches, the latter in full bloom in
Septemler and presenting a beautiful sight, especially when, as
was often the case, they werce assoeiated with weeping willows
just bursting ioto leat, a tree which.is very often seen about the
farms in the neighborhood of Johannesburg and Pretoria.

} Lac. cit., p. 458, 2 Engler, le. cit,
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b ssiu) experiments have Leen red out on field aad orchard
crops in this region where climatic conditions are comparahle to
those of Calilornia, and the orchards are cultivated in mueh the
same way. Maize is a staple crop in South Africu, and in places
alfalfa i alzo proving profituhle.

North of Johannesburg is Pretoria, and not fur away from the
Tufter ix a range of low mountaing, the Magalisberg, a region with
a flora quite ditferent from that of the open high veldt. This
marks the heginmipg of the “bush-veldt,” @ =avanna region with
an apen growth of trees, sometimes becoming a coutinuous thin
dry forest.

The trees of the bush-veldt are mostly deciduons, and in Rep-
tember looked mueh like the leatless winvr forests of the nortl.
There is. however. a consideradle muuber of evergreen spece
notubly the figs, which reinind one how near this region is ta the
{ropies.

Near Pretoria a small stream breaks through the range of hills,
and along its banks is a thin growth of small frees and shrubs.
Among these were noted two sumoces, a hackberry (Celtis) just
unfolding its leaves, and several unfmuniliar species. Close (o the
wafer was a willow, and wll reeds (Phrogmites commnes) and
cedges grew in the moist sand,

In the eclefts of the rocks were various succulents, Aloes and
stone-erops; and a club-moss (Selaginella Dreger) vot unlike the
American S. rupestris, was quite common.  Two xerophytic ferns,
Nolochlaena lanuginosa angd Pellaca calomelanos, swere ul-o noted.
Another interesting fern was Mohria Caffrorion, of the fumily
Schizaeaceae.

Of the various shrubs growing on the racky baoks, one in partic-
ular attracted attention by its profusion of prefty white flowers.
This shrub, Dembeya N alalensis, iz oceasionally grown in Californig.

To the northwest of the Magalisburg, the bhush-veldt iz continued
and the trees sometimes reach quite respectable size, indeed one
of these, a banyan fig, may become quite an imposing free. A
specially fine example of this species (F7cus cordata) known locally
8s the “wonder-boom,”” ix one of the sightx of this region. The
great dome of foliage was said ta be 160 feet in diameter, Other
trees and shrubs of this neighborhood noted were speciex of Acacia,
the scarlet-lowered Erythrina Coffra, Strychnos pungens, Burlea
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Africana, and u poisonous plant, Dichapetahu oz curi o belong-
ing to the predominantly African family Dichape alacenc.

West .of Transvaul and Rhodesia the precipiiaiion jalls off,
and along the Atluntic coast true desert conditions prevail. The
bush-veldt mives plaee to open formations with a fairlyv extensive
vegetation in the less arid portions, but over much of the region
the vegetation i~ extremely scanty. This preat arid region is the
Kalahari Descrt, and ocenpies most of the table land west of the
Transvaul and Rhodesia.  The whele region haz a seanty rainfall,
in some places uo annual precipifation of oniv about four inches.

At the extreme north there are a poed :ainy species of {ropical
origin, but on the whole the species are the same as tho<e of the
adjacent vegions, and there wre few peculir to the Kalzhari.
The grasses are thin and ~eattercd, and there are serubhby bhushes
and stunted trees in many places, the commonest being the wide-
spread Acacia giraffae.

Among the herbaceous plants of the Kaluhari are severs) of the
melon family, including, according to Fngler, true water melons
(Citrallus vulgaris), which wre highly prized by man and beast.

Travelling southward from the Orange State one descends from
the high table Jand toward the lower arid region of the Karroo.
This has o very dry elitunte. someties almost raioless for periods
of u wear or more. When, however, the raing come, there is a
surprising amount of vegetation developed, many species having
underground tubers or bulbs which miny remain dormant indefi-
nitely, only waiting for sufficicni moisturc 1o put forth leaves and
flowers,  Shrubs and frees guiehls unfuld fresh grevn leaves which
are destined soon to wither awav,

Trees are scarce, but there are many low shrubs scattered over
the landscape, which is not unlike that of parts of Nevada or Ari-
zona. As in the southern Amcricon deserts, there is a marked
development of succulents, but the place of the American Cacti
and Agaves is taken by cactus-like Euphorbias and Alocs. In
some places, however, true Cacti (Omentia spp.) may be secn, but
these pricklv-pears, although completely haturalized, are escapes
from cultivation.

As in the Cape regiop, there are many showy species of Mesem-
bryanthemum, and the curious Stapelias, members of the milk-
weed family are characteristic of the Karroo. The latter have
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fleshy leaves and dull purplish Bowcers, with a most evil scent of
carrion, which attract flics and other insects that doubtless play
their part in pollination of the flowers.

The writer travelled through this region in September, 1905,
a seasou of unusually abundant rains. so that the Karroo was seen
in ils most attractive aspect.  While the low bushes, looking like
<age-hrush were perhaps the most obvious feature of the landscape,
there were also muny byright flowers, the most. conspicuous a
pink Mesembryanthemum which occurred in large masses, and in
the distance reminded one of the heather on Scottish moorlands.?

The railway through the Korroo ascends to a height of about
3,500 feet (1,130 m,) and then descends through picturesque scenery
to the beautiful valley of the Hexe River, one of the most. attrac-
tive regions in South Afriea. The vegetation of the Hexe valley
is n combination of that of the Karoo and the true Cape flora.
In September, the height of the <pring scason, the wonderful
Cape flora was in its glory, and is unsurpassed by anything the
writer has scen unless, perhops, the somewhat, similar floral dis-
play in West Australia.

Onthe rocky hillsides were masses of beautiful heaths and other
showy shrubs, and along the yailway were millions of exquisite
Alowers of every shade and color: white, vellow, pink, vivid arange,
scartet. blue and purple.  Prrticularly abundant were the Babianas,
benutiful plants of the Iris family, sometimes seen in Calfornian
gardens.  These have all shades of blue, purple and crimson,
and innass are extraordinarily effective.  This region is also the
of Freesia, lvie, Sparaxis and Qladidles,

bhovree o

all garden favorites.

MR

AUSTRALSSIA

Australia and New Zealand, isolated as they are, show a very
high degree of endemism both among plants and animals. The
outlying islands share in this, and the great island of Papua, or
New Guinea, and the adjacent islands to the west. are to a cer-
tain extent Australian in their vegetation, and conneet the Austral-
asinn floras with the more strictly Malayan vegetation of the
large western islands of the Archipelago.

! For details of the flors of the Karroo, see Engler, foc. eif.. pp. 468477, Also
Cannon, W. A., Carncgie Institution of Washington, Publication 354: 1924,



Prate XL1L—DBunya pine (dreucaria Bidwilli), Queensland Australia.
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Australia

Australin comprises much the greater part of Australasia
cqualling ip arca the whole United Rtutes exelusive of Aluska.
The northern portion lies within the tropies, while its southern-
most part corresponds in latitude to New York City. The elimate,
therefore, runges from o true tropical one at the north, fo a warm
temperate ond in the south, comparable to that of the Mediter-
ranean, or southern Caulifornia.

Australia is lacking in high mountoins and there is a dearth of
lurge rivers and lakes, and mucli of the country is oceupied by
monotonous plains of great extent, and largely arid. The highest
elevations are near the eastern evast, where a suecession of high-
lunds and mountain ranges extends {rom the York Peniosula to
Victoria and Tasmania.  Along the coust of North Queensland are
sorme definite mountain ranges, but for the most part the high-
land is a plateau sloping westward to the interor with more or less
definite esearpments near the coast. These esearpments are some-
times deeply indented by abrupt gorges, sueh as may be seen in the
Blue Mountains west of Sydney.  The highest point in Australia,
Mt., Koselusco (7,300 ft.) is in New South Wales near the Victoria
border. ‘The eastern highlands and the coastal strip. have, as o
rule, a good rainfull, but there arc no large rivers. The heaviest
rainfall in Australia is in the coastal region of North Queensland,
at the {oot of the Bellenden-Ker range. At one stafion, Babinda.
visited by the writer, the annual precipitation sometimes exceeds
200 inches.

Inland, however, the rainfall diminishes rapidly, and a third of
the continent, some 1,000,000 square miles, is said to reccive less
ihan ten inches annually, while another third has less than twenty.
This means that a large part of Australia must, be considered as
too arid for most agricultural purposes except under irvigation.
Vast areas, however, are adapted to grazing, and sheep raising is
at present the most important industry of the commonwealth.

There is a more or less pronounced wet and dry sewson in most
purts of Australia. In the south, the rdins coroe mo:tly in the
winter months—May-September,—while at the north, summer is
the rainiest period.

The rain-forests of North Queensland contain many wide-




Prare XLIL—Eucalyptus forest, Vietoria, Australia.
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spread Malayan types, like the figs, screw-pines, palms, arums,
and many epiphytic ferns and orchids. The Maluyun character
of the flora is especially marked in the northernmost region, the
York Pepinsula, which has many genera absent from the rest of
Australiw, like the piteher plants (Nepenthes), and palnis of the
genera Carvota, Borassus and Areca.

As one travels =outhward, bevond the tropies, one still meets a
considerable mumber of the Malayan rain-forest apecies where the
conditions of soil and moisture are favorable, but these gradually
disappear, and are replaced by more strictly Australian (3pes.

Among the most notable of Australiun trees are the conifers of
the genus Arancaria, The finest i= A0 Bid-="lh, the " Bunya-
pine,”" of southeastern Queensland, where in one distriet it forms
forests of considerable extent. A more wide-<pread species is o4
Cunainghamii, which is very abundunt along parts of the Queens-
land coast, forming pure stands, like some of the pines and spraces
of the Pacific const of North Amerte.

Other species eccur in some of the adjacent islunds, New Cale-
donia and Norfalk Island. The Norfolk Island pine (A, rreelsa)
is the most familiar, Two South American species are the only
others known to scicnce.

The coastal region of New Soutlh Wales shows much the sanie
tvpe of vepetation as southern Queensland; but the tropical types
beeome less abundant and there is an increasing number of =uch
true Australian genera ax \cacia apd Buealyptus,  The rain-forest,
however, still has a decidedly tropical aspect, with tall palms,
tree-ferns, and lianas,

Away from the coast, and wherever {he soil is poor, the dense
rain-forest is replaced by open Fucalpytus-forest with an under-
growth composed of a great variety of smaller trees and shrubs,
all more or less decidedly xerophytic in character. Herbaceous
plants are not very abundant, but there are a good many grasses
and sedges, and numerous bulbous and tuberous species including
many showy orchids and Lilizceae, which with the profusion of
showy flowered shrubs, make a magpificent show in the spring.
Many species of Eucalyptus, Leptospermum, Melaleuca, Cal-
listemon, often seen in cultivation, as well as others less familiar,
represent the myrtle family; while the Leguininosae are even
more abundant, and comprise a host of showy species. (M these




Prame XLUIL~—Giant Eucalyptus (£. regnans), Victoria, Australia.
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Acacia leads in number of species, but the pea-family is also ex-
tremely shbundant.  Abaut Sydpey several species of Boronia and
Friostemon (Rufaceae), are common and beautiful shrubs, and
many other voimniliar flowers abound.

As elsewhere in Australin, New South Wales has many Pro-
teaceae, a family which reaches its maximum development. in
Australia.  The connuopest genera are Grevillea, Banksia and
Hakea. To this family helongs also the *Waratah™ (Telopea
speciosissima) one of the most gorgeous of Australian flowers,
whose magnificent clusters of searlet are the pride of New South

PR s g it

Fia. 87.—Desert vegetation, Transcontinental Railway, Australia,

Wales. Another very splendid plant, common near Sydney is
the giant torch-lily (Doryanthes evcelsa) which bears aloft on a
stout stem, 10-13 feet high, a huge cluster of immense searlet Jilies,

The southeasiern part of Ausfralia is occupied by Victoria,
the smallest state in the commonwealth, being about the size of
Kansas. Muchk of Vietoria has a femperate climate, adapted to
the staple crops of the temperate zones, and hetter suited to Euro-
pean settlers than the hotter parts of Australia.

Its smaller size and wore woiform climate result in a Jesser
variety of vegetation than in the larger states; but in the well
watered mountains of the cast are found magnificent forests of
giant gums (Eucalyplus regnans), close rivals in height of the
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Californian redwoods.  The forests of giant gums, with their un-
dergrowth of tree-ferns and other luxuriant vegetation, are among
the fivest in the world.

Travelling overland from Vietoria to the west coast of pustralia,
one Lraverses, for the most part o region of deserts, or dry steppes
comparable to those of Arizons or southern California.  Extensive
tracts show only a sparse growth of salt-hush (Atriplex, Kochia,
cie reminding one of the «age-brush desert o Nevada and Utah;
but for the wost part there Is a growth of stunted trees and shrubs,

3 O Y e P -
Fri. »8.—Sundy desert near Oodnadatta, South Australin, Eucalyptus sp.  Photo.,
. W. A, Cannon.

with scaftered bunch-grasses, and sometimes a few showy her-
baceous plants.

The commonest trees are gums of several species, the shrubby
ones known locally as “Mallee,” Other common trees noted were
species of Casuarina, whose thin leafless twigs simulate pine-
needles, and the free suggests a scrubby straggling pine. Cas-
uarina is cssentially an Australian genus, although a few species,
especially as strand-forms, reach the western Malayan region.

Of the shrubs, several specics of Acacia and a sandal-wood
{Santalum), may be mentioned. In October, the golden flowers
of the wattles relieved the monotony of the prevailing dull green
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of the foliage of most of the desert shrulis. Showy flowers were noi.
abundant, but here and there masses of pink and white everlast-
ings were seen, and the splendid xscarlet flowered *Sturt-pea,”
(Clhianthys Damplierdy, is abundant in sowe {ocalities.

As the west coast. pproached the country hecomes Jess arid,
and presently the increasing moisture is evident in the more luxuri-
ant vegetation and the profusion of showy flowers which in the
spring adorn the country. The train passes through a verituble
garden of brilliant bloom. The variety and beauty of this Horal

FiG. 89.—Coastal vegetation, Perth, West Australia. Red gum (Euwcalyptus
calophyllay, Banksia grandis.,

show must be seen to be appreciated. While some of the flowers,

familiar, most of thent are quite strange to the northern botanist,
many belonging to families entirely wanting in the northern hemi-
sphere. The family Goodeniaceae includes many species of yellow
Goodenia, and blue Dampiera and Leschenaultia, one of the latter,
L. formosa of a blue so magnificent, that ance scen, can never be
forgotten.

Ground orchids are remarkably abundant in West Australia,
mostly characteristic Australian genera, e, ., Caladenia, Diuris,
Thelymitra, and others guite strange to the European or American
botanist. Many of these are very beautiful. Another striking
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feature of this region arc the many species of sundews which
abound 1o the zandy moorlands, some of them slender, half-clini-
mg plants four or five feet high, with pink flowers like small single
roses, while others are tiny roseties of leaves lying cloge to the
ground.  Yellow Hibbertias (Dilleniaceue), seversl pretty Lil-
taceae (¢, g., Thysonotus, Burchardia), and species of Patiersonia,
of the Iris family; Boronias and many species of the curious “ {rig-

“Kangaroo paws" (Anigozan-

Fig. 90.—A. Wild flowers, Perth. At extreme left
thus Manglesii’): B, Banksia grandis.

wer-liowers.” Candoliea, are connnon and characteristic.  Among
the many strange and showy flowers peculiar to West. Australia
none are norc remarkable than the “ Wangaroo-paws’ of the genus
Anigozanthus (Amaryllidaceae). These flowers show the most
bizarre coloring—green and scarlet, vellow and black, red and
yellow, or pure green.

Besides the many species of Tucalyptus, Acacia and Casuarina,
the smaller trees and shrubs include many Proteaceae, of which
Grevillea, Banksia and Hakea are the most abundaunt; Myrtaceae,
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with pumerous species of Leptospermmuni, Melaleuca and Cal-
listernon, and many others less common.

The oaly gymnosperny seen by the writer in Western Australia
was a cwead, Macrozamia Fraseri, which was very commeon and
a serious pest, as animals are often poisornci]l by eating the young
foliage in times of drought.

Especially abundunt in West Australia, but found a=o in the

13
Fra. 91—Cytad (Macrozamia Fraserd), West Australin,  Photo., conrtesy of
Mr. C. E. Lane-Poole,

otber states, are the “grass-tvees” (Xanthorrhoea), striking if
pot beautiful features of the vegetation. The larger species have
a stout trunk and recall in habit the tree-Yuceus of Rauthern
California and Mexico; but the numerous drooping leaves are
much more siender and the innumerable flowers, borne on a tall
club-like spike, are insignificant and quite lacking in the heauty of
the Yucea.

Throughout the less arid parts of West Australia, the spring
display of flowers from August to November, is quite unrivalled
elsewhere, and perhaps culminates in the Albany distriet. to which
are confined many species, among them the curious pitcher plant,
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(Cephalotus),  In variety and beauty, the flowers of the Albany
distrive surpass anything the writer has ever seen.

The visitor fo Australia is at onee impressed by the dominance
of the gum forests. Alibough the prevailing dry open forest. is
very monotonous, ene wusl remember that some of the species of
Fuealyptos are wnong the stateliesd and most striking of trees.
The Warri (£ diversicolor) of West Australia, and the glant gums
of Vietoria, o well ax other species of the motster regions of New
South W apd Queensland, are amoeng the finest of all trees.
Alany species show beautiful golden or raddy tints in the young
leaves, contrasting beawdifully with the gray-preen of the adult
foliage, cod “he Howers are often very showy, especialls in some
of the ~pecies of West Australia.  The best known of these is the
searlet flovwered E. fieifol/a, which ix often cultivated.

The Myriueeae, which include Evcalyptus, mumber about 800
Australinn species, among which are other fine trees, related to
Eucalyptus.  Among these are Tristanea, Augophora and Syn-
carpia. In the moister and warmer regions, are also found species
of Myvrtus and Tugenia, hoth wide-spread genera.

Even more numerous than the Myrtaccae are the Leguminosae,
with over 1.000 species.  First in importance ix Acacia, with over
400 species, everywhere abundant, and rangiag from tiny shrubs,
a few inches high, to frees of large size.  They are generaily known
a~ “wattle,” and the masses of golden flowers of many species are
a feature of the <pring landscape all over Ausiralia. Many of them
are favorities in the gardens of California and the Riviera, where
they often go by the name of “mimosa.”

The pea family, or Papilionaceae, contributes a. host of showy
flowers to the spring show. Their colors are extremely brilliant—
pink, scarlet, orunge, yvellow, blue and purple, and the flowers
are borne in great profusion. Many of the genera, e. g., Chorizema,
Gastrolobtum, Jacksonia, etc., are strictly Australian, but only
a few of them are in cultivation.

The Proteaceae, which have no representatives in the United
States, and are almost entirely wanting north of the equator,
are third in number in the Australian flora.  They are mostly
shrubs, but some are trces of considerable size, the latter
most, abundant in the rain-forests of Queensland and New
South Wales. Of these, the silk-oak (Grevillea robusta) is often




Prate XLIV.—~Grass-trees (X anthorrhoea Preissii), West Austrslia,  Photo.,

courtesy of Mr. C. E. Lane-Poole.
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cultivated, and less frequently others are scen, e g, Stenocarpus,
Macadamia.

TFew Australian trees are more characteristic thun some species
of Bunksin, whose stiff serrafe leaves, and hig oblong heuds of
flowers are very striking,  Ixcept for a few frees of the northern
rain-forests, mosl of the Proteaceae are xerophytic in halat.

Other characteristie Australian failies with few or no repre-
sentotives  clsewhere are the Tremandruceae, Goodeniacese,
Candolleaceae and Casuarinaceae.

The gymuosperms of Australia, apart fron the eveads, Kauri,
and Arauearias, are mostly of the yew family, the most important
heing species of Podocarpus. Most nearly related to the northern
conifers are several species of Callitris, much resembling eypresses.

Tasmania has a v ber of peculiar Tisacess, absent from the
mainland, but also found in New Zealund. The most mportant,
of these are Dacrydivm und Phyllocladus,

TFerns and their rclatives are searce, or wanting in much of
Australia, owing to the prevalence of arid or semi-urid conditions,
Where there ix aufficient moisture, however. as in the mountain
forests of Vietoria. New South Wales and Tasmaniu, they are
abundant and luxuriant, and fortn an impaortant clement of the
vegetation.

Tree-ferns are abundant in these yegions, especially species of
Alsophila and Dieksoniz, and in the wetter districts, filmy-
ferns, und other epipbytic species abound. Among these the
extraardinary <tag-liorn ferns {Platycerium), are cummon and
CORRPLUONS,

Club-masses {Lycopodineae) and the curious Psilotum and
Tmesipteris, are sometimes seen, and many interesting Hverworts
and mosses may be found by the student of these plants,

Tasmunia, untike most of the Australian mainland, is extremely
mountainous, and in the west especially, has a heavy rainfall.
Both in {opography and climate it. has much in common with New
Zealand, and like the latter there is an important element in the
flora closely related to that of Patagonia and the Chilean Aundes.
Somc of these “ Fuegian ” plants oceur also in southern Victoria and
the higher mountains of New South Wales and Queensland. The
most important of the Fuegian fypes are the antarctic héeches (No-
thofagus), the sole representatives of the oak family in Australia,




L

Foare XEV.—Tucerior of Kaari lorest, North Island, New Zeslspd.
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New Zealand

New Zealand, lving over 1000 miles from Australia, and like it,
completely isolated, consists of two main islands of aboyt equal
size. and a pumber of wmall outlying ones. The two principal
islands lie hetween 34° and 47° 8. 1af., and the total area i= a little
more than 100000 square mites.

Noew Zealund presents a strong contrast o Australia, both in
topography and climate.  Hs relatively sinall area results in a
decidedly insulir elimate with very suueh less range of precipita-
fion and fermperature than i found in continental Australia.
Owing to the higher latitude, the climate ax a whole is rather cool,
but severe frost is rare in the Jowlands, and the effect of the sur-
rounding ocean is seen in the relatively small range of temperature
due to latitude.  Thus between Auckland in the North Islund,
and Tnvercargill. fen degrees furfher south, there is Jess than 10°F.
difference in the mean annual temperatures.

Lor the most part, rain is abundant and well distributed, and
originally extensive forests cavered much of ‘he country. Most
of the forest has disappeared, especially iv -he North Island.
There are, however, in the South Island, arcos of light rainfail,
which are patural grass-lands, and may he con yueced fo the Amer-
ican prairvies.  The most important of these is the Canterbury
Plain.

New Zealand iz very mountainous, and {bere are extensive
voleanice formations especially in the North Ishind. The Rotorua
distriet, Tamniliar 1o tourisis, recalls the Yellowstone Park, with

its geysers and thermal springs.

The lofty snow-clad Southern Alps parallelling the west coast of
the South Island, enlminate in M. Cook, over 12,000 feet high,
from which exfensive glaciers descend, ahnost to its hase. These
mountains greatly influence the cliiate of the South lsland,
intercepting a large part of the moisture from the ocean, so that
in the narrow strip of territory, Westland, between the roountains
and the coast. there are stations with as much as 200 inches of
annual rainfall; while Christchurch, on the east coast has only
cbout. 25 inrhes, and some eastern stations even less.

This ea-tern dry region is mostily treeless, the ground covered
with voarse tussock-grasses, especially Festuca Novae-Zeylandeae,



PLate XLVI.—Giant Kauri (Agathis dustralis), New Zealand.
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and Poa cacspitosa.  The contrast between this region and the
dense evergreen rain-forest of Westland, is very marked.

The most iniportant. tree of the great forest which once covered,
most of the North Island, is the Naurl (Agathis Australis’. Very
little remains of this primitive forest, and the Kaurl is almost
extinct except in a few reservations,  This roagnificent tree is very
different in appearance fromn any northern conifer. While the
voung tree has the sane symmetrical pyiamidal form, this is

Fii. 92.—Cabbage-trees (Cordyling Australis) and native flax (Phormium tenax),
North Island, New Zealand. Pholo., Mr. W. D. Reid,

later lost, and the mature {ree has an almost perfectly cylindrical
bole, G60-80 ft. high, sometimes 810 feel in diameter, or even
more, which divides abruptly into several widely divergent
branches, supporting an immense spreading crown, which over-
tops ull the other trees.

The interior of (he Kauri forest. with its huge smooth gray pillars
is most impressive. Associated with the Kauri are other char-
acteristic trees. Among these are several members of the yew
family, e. g., “Totara” (Podocarpus Totara); “ Rimu’’ (Dacrydium
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cupressinum), both valuable timber-trees, und the curious Phyl-
locladus trichomanoides whose Hattened leaf-like shoots, or © clado-
des’’ look like fern leaves. Other common trees are Wernmanuia
sylvicolo, (Saxifragaceae), and Bedschmicdia taraire, of the laurel
family. Weinmannia is said to be the commonest tree of New
Zealand.

Many very ornamental evergreen shrubs are common, e. g,
Coprosma, Pittosporum, Nothopanax, and as cverywhere in

ronnd.

¥i6. 93.—Todea (Leplopleris) superba. Tree-ferns in huc

New Zealand, ferns are much in evidence. The tree-ferns of New
Zealand are especially beautiful and abundant. Cyathea medul-
laris, sometimes upwards of 50 feet high, is probably unsurpassed
in beauty by any tree-fern.

In the wet forests lianas and epiphyies are abundant, the latter
including many bryophytes and ferns, as well as a good many
flowering plants, among which several orchids may be noted;
but these are much inferior in beauty to those of northern Aus-
tralia. A very common epiphyte, belonging to the Jily family is
Astelia Solander? whose great bunches of sword-shaped leaves




Prate XLVIL.—Tree-ferns (Cyathea mudul[un'a‘)_. North Island, New Zcaland.

340



THE SOUTH TEMPERATE ZONE 341

cling to the trunks and branches of the trees. It is often found
attached to the slender trunk of the “Nikau' (Rhopalestylis
sapida), very common in the North Island, and the oply pabu
native to New Zealand.

Where the cleared land has been abandoned, it Is often invaded
by the ubiquitous hracken (Pleridium aquilinin), and another
plant which quickly fakes possession is the “ Munuka™ (Lepto-
sperman seopariun). a shrub closely resembling sone of the Aus-
tralian species.  When in bloom, the profusion of pretty white
flowers is quite ornamental.

In open moist places, all over New Zealand, two characterixtic
plants at once attract altention. The native Rax (Phormewm
tenaz) and the “cabbage-trec” (Cordyline Australis), hoth band-
some plunts, are often seen in cultivation,  The latter, sometimes
in California known as “Yueca-palm,” is pot very distantly
related to our native Yuceas. The flax yields an abundsnt strong
fibre which = manufactured on a large scale and is one of the most
important products of the country. In November, when these
two plants are in bloom, they present a fine picture. The flax
sends up from its great tufts of broad leaves, four or five feet high,
flower stalks of {wice thal height, bearing raceme< of dark red
flowers, which are [requented by the honey-sucking bird<. The
stately cabhage-trees have big clusters of small white, very fru-
grant flosvers.

Among the common {rees of New Zealand are several species of
Metrosideros (Myrtaceae), a genus distributed over Polynesia and
Australasia. 3. robusta, the “Rata” iz a handsome tree with
glossy foliage, and a profusion of bright red flowers, the stamens,
as in many other Myriaceae, Leing the showy part of the flower.
M. tomentesa is very common abont Auckland, and M. lucido in
the South Island. Some of the species are climbers, and M. robusta
begins life as an epiphyte behaving like many of the tropical han-
yapo figs.

Further south the forest is of miuch the same type, but the
Kauri is entirely absent, and finally the Nikau-palm disappears.
In the extreme southern part of the North Island, near Wellington,
one first encounters the evergreen beeches, which are very cliar-
acteristic of many districis in the South Tsland.

The predoruinant forest near Wellington is a mixed one. Iine




Prate XLV1IL.—Nikau-palm (fthopulostylis sapide), North Island, New Zewsznd.
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specimens of Knightia cxcelsa, one of the fwo species of Proteaceas
found in New Zealand. were seen about Wellington. This iz a hand-
some tree somewhat resembling the Austialian Banksias. Another
interestigg small (ree, is a species of Fuchsia (£, crcorlicata). New
Zealand hus three specjes of this otherwise American genus.

The beeeh forest neur Wellington is composed exclusively of {wo
species, Nothofagus fusco and N. Menziesii.  The forest is more
open than the mixed forests of the North Island,  lixeept for
their very small leaves, they are not uniike the beeches of the north-
ern larests, vnd alsa remiond one of the wlders of the northern Pucific
coasf,

Cook’s Srait separating the Norh and South Islands seems to
afford no appreciable barrier to plant migration, there being little
difference in the vegetation on the twao sides of the strait, indicating
that the separation of the islands is foo recent for any marked
changes in the vegetation.

The eastern part. of the Sonth Island i Jargely orenpicd by open
grass-land, the Canterbury Plain, in which is situated the impor-
tant city of Christchurch, being the most extensive. Thix is a
rich agricultural und pastoral region.  Where it has not Heen cul-
tivated it is covered hy coarse tussock-gri <o, and this i< also true
of the castern foot-hills of the mountuins. o « few localities,
where the gronnd is low and mois:, und in some sheltered ravines
in the coastal bills, there are patches of Torext.

Crossing the South Island from Christebureh to the west coast,
one traverses a great variety of eountry, with a correspondingly
varied vegetation.

The tussock grass-land of the Centerbury Plain extends over
the lower slopes of the mountains bui gives place, very abruptiy,
to dense woods of the mountain beech (Nothofagus Cliffortioides),
marking the beginning of the western rainy district.

At Arthur's Pass, abouf 3,000 feet elevation, the increasing
moisture is still more evident. The country is an open rocky
moarland, with a great variety of herbaceous plants and Jow shrubs.
Preéminent among the Howers 1z the superh giant buttercup
(Ranuncwlus Lyallit), with great clusters of big snow-white blos-
soms, and immense almost circular entire leaves.  Another com-
mon and beautiful flower is Qurisia macrocarpa, somewhat like
a white Mimulus.
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F1a. 94—Beach foresy (Nothofagus fusca), South Islond. New Zesland. The fern
is Polystichum vestitum, Photo., Mr. W. D. Red.

There is a very characteristic sub-alpine scrub, including several
species of Verorica, a genus remarkably developed in New Zea-
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land, as well as many others. Among the latter are various woody
Corupositae (Olearia, Celmisia, Senecio); a lealless leguminous
shrub (Carmichaelia); Gauwtheria, Pseudopanax, and most strik-
ing of all the conspicuous Dracaena-like Dracophylium Travrsii, a
low tree with bunches of long reddish leaves at the tips of the
straggling Lranches. ln spite of the Yucca-like aspect, it s a
heath, of the family Epacridaceace, especially developed in Aus-

Fio. 95.—Tussoch prass-land (Poa llh\puuqu) South Island, New Zealand. Photo.,
Mr . D. Reid.

tralia. A second species of flax (Phormium Colensoi) is common
in this district.

The descent. toward the west coast through the magnificent
Otira Gorge, is one of the finest pieces of scenery in New Zealand.
Luxuriant forest completely covers the precipitous walls of the
canyon, and testifics to the heavy rainfall of the western =lopes of
the mountains.

The beech forest of the higher elevstions gradually gives way
to the typical Westland rain-forest, and there is an increasing

-
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luxuriance in the roudside vegetation, where there is a pro'fusion
of moixture-loving plants like liverworts and ferns, and such her-
baceous flowers as violets and the interesting genus Cunnera,
which i= especially developed in New Zealand. Tree-fernwbecome
more and more abundant as one descends, and in the fypical
Westland forest are developed in magnificent profusion.

The Westland yain-forest is one of extraordinary lusuriance.
The very heavy precipitation and mild temperature result in a rich
vegetation that recalls the NMalavan jungle.  Composed entirely
of evergreen trees and shrubs, draped with giant creepers and
epiphyies, apd with groves of tall tree-ferns, it ix hard to realize
that this forest, in 2. lat. 43° corresponds in lastitude Lo Buffalo
or Milwaukee,

This forest ix dominated by two trees of the yew family, Po-
docarpus ducrydivides and Dacrydiwm cupressinum, and has been
called a »* Taxad ™ {orest for this reason. However, other trees
are alxo common, especially Weinmannia, already referred to in
connection with the forest of the North Island. Related to this
is another abundant species, Quinquinia ocutifolia. A very com-
mon shrub is Aristolelia racemoesa, with rather pretty pinkish
flowers; other abundant shrubs and small trees wre species of
Coprosma, AMetrosideros and Pseudopanax.

TFerns, mosses and Jliverworts luxuriate jn these wet forests, and
club-mosses are abundant, hotly terrestrial and epiphytic <pecies.
The interesting Tmesipteris, formerly  associated  with the ly-
copods, but now assigned to o clasx of its own (Psilotinenc) is
common as an epiphyte in many places,

Of the tree-ferns the conunonest s Dicksonia squarrosa, some-
tinies 20-30 feet high.  Less abundunt is Hemitelic Suithii.  Of
the epiphytic ferns, the beautiful filmy-ferns are expecially abun-
dant and lusuriant. Of these the very chara stie kidoey-fern
(Trichomanes reniforme), with vivid green, vather leathery leaves
is peculiar to New Zcaland, as are several other species of Hy-
rnenophyllum and Trichomanes.  Another abundant and beauti-
ful fern, confined to New Zealand is Todea (Loptopters) superba,
belonging to the same family, Osmundaceae, as the royal {ern and
cinnamon fern of the United States. .

As might be expected, these saturated forests are a veritable
garden of mosses and liverworts which drape the trunks and
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branches of the trees, and form thick carpets on the forest foor,
and great cushions over every stump and fallen top. Big tussocks
of Sphagoum grow in the forest pools, and here and there are
coloniex of the giant Dawsonia superba, the last word in noss-
evalution.

The abundance and luxuriance of the liverworts i~ astounding;
it is doubtful if anywhere clse in the world ix a vicher growth of

o £

Fia. 96.—Giant moss (Dawsonia superba), Kauri forest, North Island, Nuw Zea-
land.  Photo., Dr. L. Cockayne.

these interesting forms. They include some of the giant= of the
class, one in particular, Monoclea Forsteri, being the Jargest liver-
wort: thai, the writer has ever seen.

The New Zealand rain-forests are rich in climbing plants and
epiphytes. Of tbe latter some are permancol epiphytes, others
begin life as epiphytes but later send roots downward and assume
a terrestrial habit. The pennanent epiphytesinctude muny mosses,
liverworts, lycopods and ferns, as well as a good many flowering
plants like orchids, Peperomia, Astelia and others. Several New
Zealand trees begin life as epiphytes. The seeds germinate on
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the branches of {rees, and presently the voung plant sends"down
roots which descend along the trunk of the host until they reach

iy of 4 N4
Fus. 97.—Sub-alpine scrub. ass, South Istand, New Zealand.
cophyllum Traversii; in front, Sultoria divaricala. Photo., Dr. L. Cockayme.

the ground. Sometimes these roots coalesce into a more or less
solid trunk, and the host may be completely strangled. The
“rata” is the most conspicuous of these temporary epiphytes.
Other species are Dracophyllum arboreum and Griselinea litloralis.
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Co'mparcd with Auxtralia, New Zealand has few showy flowers, a
remarkable oumber of the plants having white oy greenish fowers.
There s, however, a considerable number of marked exreptions
to this,dike the scarlet flowers of the rata and notive flax: the bright
yellow of Sophora letraptera, and the showy blue or purple of many
species of Veroniea and various Composiiae, like Celiiisia,

When the flaras of New Zealand und Anstralia are campared,
there are fewer correspondences than might be unticipated, wod
these are largely of northern genera which are also comnmon to the
Malayan florn.  The Maluyan element, however, ix relatively
of inuch greater importance in New Zenlaod, where in spife of the
much cooler ¢limate, a large propourtion of the trees and shrubs
are more or less evidently related to Molavan types. There is
very strang evidence of forner land estensions 1o the north of
New Zealand, und it i quitce likely that the Malayan genera which
New Zealand shures with Australia, hove reached the former
country quite independently.

The distinetly Australian gepera are relatively few in New
Zealand, some of the most important like Lucalyplos, Acacia and
QGrevillea, heing totally absent.  The nivrtle family, with over
830 species In Australia s a scunt, 20 in Now Zeuland, and the
Proteacese, with approximately 650 in Australia, have but two
species in New Zealand. The characteristic Australian family
Epacridaceae is well represented in New Zealand, as well as sev-
eral Australtun genera of Orchidaccae, Leguminosac and Composi-
tae; but it has been suggested That =ome-of these may have origi-
nated in New Zealand, and later migrated to Australia.

The Sub-nntarctic Flora

Reference has already been made to the presence in southeast
Australia and Tasmania of certain plants which are evidently
related to species found in sub-antarctic South America. This
“Fuegian” flora is much more evident in New Zealand, and has
been the subject of many careful investipations. In one of the
more recent of these publications?! it is steted that 37 families

? Seottsburg, K., 7 Noteo rn the Kelation between the Floray of Sub-antarctic

South America und New Zealand,” Plawt World, May. 1915,
Cockayne, L., New Zealand Plants ard Ther Story, Wellington. 1919,
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and 68 peners ure commeon to the two regions, and there are ‘even
several identical species,  The southern beeches (Nothofagus)
have alresdy heen mentioned, but there are other more or less
familiar genera, like Fuchsia, Geraniuny, Myosotis, Verongea, Ra-
nunculus, ete., o= well as others, ¢, ., Ouyisia, Drimys, Pernettya,
Libertia, Loaurelin, Astelia, Muhlenbeckia, cfe.

So difficult ix it 10 explain the transpart. of s0 many forms across
the innmense <treteh of occun between New Zealand and South

Fra. ys.—Westland ruin-forest, South Iland. New Zealand.  Pholo.,
Dr. L. Cockayne

Ajerica, that ove is compelled to assume some former land con-
nections, probably vie some northern extension of the present
antarctic regions. Such fossil evidence as is available shows that
some of these common types formerly existed in the Antarctic.
Further investigation may show that there was o northward
extension of the antarctic regions, with climatic conditions suit-
able for vegetation. 1 further discoveries of fossils should indicate,
as in the northern hemisphere, that a uniform vegetalion existed
in Tertiary time throughout what is now the antarctic regions,
it would explain much of the present plant distribution in the
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southern hemisphere,  Migrmnts Trom such a common temperate
flora, shut off in the al present widely sundered regions, woukl
in course of thne show greater or less divergence, depending upon
the difference in environment. The cool huid climates of Tuegia,
Tasmania and southern New Zealand would he more likely to
preserve these ancient forms with little change, than the hot
arid climate of most of Australia and South Afric

There is sufficient, similarity in the floras of South Aflriea and
Australia to warrant the assumption of some former Lad connee-
tions; but such, if they did exist, were =evered at a very reote
veriod.  The high depree of endenidsm in the two regions, points
to a long periwd of izolation; and while, for example, such a pecu-
liarly southern family as the Proteaceae, is abundantly represented
in both regions, there ix not a single genus conunon to the {wo.

The rain-forests of Queensland and New Svuth Wales are probi-
ably the remnants of a once much more extensive flora of Mal
type. It is certain {hat at no very remote period, geotogic:
speaking, northeastern Australia and Papua were united, and this
is amply shown by both the floras and faunas of the two regions.

Western Australin, however, supposed to he part of a very
ancient continent which was at one time completely separaled
from what s now eastern Australin.  In this ancient western con-
tinent it has heen thought that most of the peculiar autochtho-
nous Australinn tvpes originated. The typical Australian flora
shows a very high degree of endemism, this reaching its masimum
in Western Austialin,  The proportion of both endemic genera
and specics is very bigh, but the number of fumilies represented
is relatively small.  The {arge number of species in cerfain genera
is notable.  Thus the genus Eucalyptus has over 200 species,
and of the Leguniinosae, the largest fanily in the Australian
flora, over 400 species, or approximately onc third of fthe total
nmnber, belong to the single genus Acacia.  The Myrtaccae, the
second largest Australian family, has over 800 species and the
Proteaceae more than 650.0 Several families, e. g, Candol-
leacene, Goodeniaceae, are almost coxclusively Australian, and
especially developed in West Australia.

The tvpical Australian fypes are largely adapted to dry condi-
tions, and after the union of castern and western Australia, it may

U uiden, tue. et p. 166,
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Fig. 09.—Vegetation of constal cliff, southern part of South laland. New Zea-
land. At center, Celmisia Lindsayi; foreground, Pos Astosi. Photo., Dr.
L. Cockayne.
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be assumed that the extreme aridity and poor soils of the central
part of the continent. would be much better adapted to the xero-
phytes from the west than to the Malayan ruin-forest {ypes, which
seem {ey have been to a great exient evieted by the droughif~
resistapt. western immigrants, fnd are now resiricted fo compar-
atively limited areas of good soil and adequatc noisture.

The autochthanous types have for the most part remained in
Australia. Eucalvptus, Acacia, and a few Proteaceae, and a few
others are found in the savannas of southern Papua, and some
even reach the drier parts of the Philippines, and range through
Polynesia; but the great majority of the true Australian types
are unkoown beyond the Australian continent.

Agriculture and Horticulture in Australasia

The cooler parls of Australia and all of New Zealand are adapted
to the usual crops of the temperate zones. In Australia wheat is
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grown on a large seale and is much fhe most important agrieditural
product.  Corn, oat=, and barley are growa in considerable quan-
tilies, und alfalfa an fmporfant forage crop jo many places.
Froits and vegetables of many kinds thrive, and some [rgt is ex-
ported, especially apples fronr Tasmanin,  Crapes, figs, passion-
fruit and oranges thrive in southern Australia, and wine of excel-
Jent guality is an important product, especially 1o South Australia.
Dried fruits are made under much the same conditions as in
Culifornia, but as yet the industry is still on a relatively small

scale.

In Queensland sugur iy grown in considerable quantitics, and
tropical fruits, pincapples, bananas and papayas, are produced on
a commereial seale,

The climate of New Zealand is too cool for tropical fruits, and
the cultivated fruits and vegetables are all the familiar oues of
the temperate zone.

Weeds

As inoall other lands setiled by Furopeans, there have ulzo
come juany plant iminigrants, not always welcome.  These weeds
hail fromi many countries.  In the hotter and drver parts of Aus-
tralia, many of the weeds have come from India, Brazil or Africa,
while in the temperate parts of Australia and New Zealand, they
are the familiar Boropean and American weeds, like sorrel, dock,

thistles, plantaio, efc.

Parts of Australia, especially Queensland, have been invaded
iy the American prickly~-pears (Opunlia spp.) which have proved
a very serious pest. It iz said that in Queensland, 30,000,000
acres have been overru by one species, causing immense damage.
America has also contributed the cockle-bur ( Nanthium), Stramo-
nium and some other troublesome weeds.  In the eooler and moister
parts of Austrilia and New Zealand, Furopean blackberries,
sweel-brier, gorse and broom, have escaped from cultivation and
hecome very difficult to eradicate.

South Africa, whose climate i~ so like that of Australiz, has
captributed a number of plants which have become more or less
completely naturatized.  The cormmon calla lily may often be
seen growing in ditches io southern Australia, and several hand-
some South African Iridaccae, Ixia, Sparaxis, Watsonia and
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Homeria, are sometimes seen growing zlong the railway embank-
ments and elsewhere.  Homerly ix said to he puisonous, und may
be ranked as o weed. A showy vellow Oxalis (0. cernua) has also
run wild, and the “Cape-weed ™ (Cryptostemma  calendulacea)
covers acres with its light yellow duaizy flowers,!

TEMPERATE SOUTH AMERICA

The transition from the tropical regions of Brazil to {enmiperate
Argentina and Urugnay is very gradual. Southern Brazil extends
beyond the Tropic of Capricory, and the highlands have a climate
not unlike that of parts of South Afriea.  Like the South African
plateau, the rain, which is much heavier than in central Africa,
falls mostly in <unnper, and very hof suvuners contrast with
relatively cold winters.

Much of the couniry is open gruss-land, but the valleys show a
fuxuriant sub-tropical vegetation, and there are many beautiful
flowering trees, shrubs and ereepers, some of which are not rare in
cuftivation. Among these may be mentioned, the beautiful Jue-
aranda, with ifs masses of blue flowers, and graceful foliage; the
gorgeous orange Bignonia venusta, and the purple Bougainvillea.

Southern Brazil is also the home of an Arauearia (4. Braziliana),
a very peculiar genus of conifers, confined to South America
and the Australian region.  This tree forms pure stands, like the
northern pines, and associated with it ix an undergrowth of “maté”
(Zlex Paraguayensis), a shrub of the holly family, whose leaves
vield the maté tea, extensively used by the natives, nod now
beginning to be an article of export.

Among the sub-tropical types of southern Brazil and northern
Argentina, are various palms, some of which are in cultivation,
like Cocos plumosa and C. datil, often seen in southern Culilurnia.

Paraguay. like southern Brazil, has a sub-tropical climate with
abundant precipitation especially in the eastern portion, so that
there are luxuriant forestz mainly of evergreen trees, but with
predonainantly deciducus species on the drier soils.  Westwaid
the forest hecomes more restricted in its range and is interspersed
with open prairies, with some palms and scattered thickets.* The

TFor a fuller account of the Australasian vegetation, see the writer's pupers

in the American Journal of Botany, Vol. Junuary, April. December, 1923,
* Hardy, M. E., Geography of Plants, Oxiord, 1920, p. 155.
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Paraghay tea, oy maté, is abundant in this region and collected
in great quanufics.

The Paraguay river is subject to great floods, and the Jow country
i then inunduted =0 that the land adjacent to the river becomes
an immense swanp.

South of Brazil and Paraguay, and east of the Andex lies the
great plain of Avgenfing, the pampas, covering thousands of
niiles with a sea of grass, like the North American praivies,  As in
North America, the western portions of these plains are arid and
broken, and sparselv covered with bunch-grasses, interspersed
with tafts of dry thorny <lrubs and € ‘aeti, much like the deserts of
Arizona and southern California.  Salt pans, where the bharren
ground is covered with a film of white u]k:lli are also rentiniscent. of
aur own southwest,

The pmnpa proper extends from Trugnuy to the Tio Colorado
near the northern boundury of Patagonia. - The general aspect of
the pampas must be mwuch like the pluins of the central United
States. The grasses wre mostly hunch-grasses belonging to several
genera—Rtipa, Aristida, Andropogon, Paspalum, Panjicum and
others, aod these completely dominate the landscape.  Where
water setties in the hollows of the rolling prairvie, there may be a
continuous turf of finer gr: and flowering herbs,  Originally
great numbers of estriches, guanacos, and many small rodents
inhabited these grass-lands; but with the coming of the white man,
these have become greatly reduced in numbers, and now the pampas
furnish pasturage for vast herds of cattle and horses. With the
rapid setilement of the Argentine, vast arcas have gone under the
plow, and the Argentine wheat and corn compete in world markets
with the grain of North Mmeriva, Australia, India and Russia.

As in all newly settled countries, plant immigrants h'\\o conje,
and Curopean weeds have invaded the cultivated areas.  Lispeciaily
notable is the cardonn-thistle (Cynara Cardunculus) which is said
to cover extensive tracts of couniry almost to the exclusion of
other vegetation.

South America parrows rapidly southward and powhere is the
climate of the pronounced continental type found in mo=: parts of
the morthern herisphere in correspooding latitudes, although
there is a marked difference between winter and summer.

Buenos Aires, in about the sane latitude as Los Angeles, has
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much the same range of temperature, viz,, 104°-32°F,, but the raio-
fall is twice as great. The southern extremity of Patagonia, has
a harsh, hut ot extreme climate, comparable with that of the
extreme north of the British Islands .

The greater part of Patagoniu is a most forhidding semi-desert,
a =andy or stony broken plain, with scanty vegetation comprising
only the hardiest of plants.  The scrubby bushes have small
leathery leaves, and are olfen hairy or sticky,  Showy flowers are
Conmpositae, pluntain and verbenas being
!

alioest wanting, weedy
ameng the characteris

The southernmost part of Patagonia has much more rain, and
the climate is a moist, cloudy and windy one, with much less range
ol temperature than the drier region to the northeaxt.  The
stormy elimate i» not conducive to tree growth, but conditions
favor the development of a moorland vegetation. Tussock-
grasses (Poo flabellata) form huge tufts over the dreary moorland,
and prostrate evergreen shrulss cover the ground in places.®

The flora of the Falkland Islands whose climate is even less
genizd than that of the mainland, has been somewhat carefully
studied.” 130 species of flowering plants have been described, of
which 206 are endemir.  The ferns and mosses number 73, and the
algae and fungi, 173, The most conspicuous plants are the
tussock-gras ind of the prostrate shruls, two are notable, &
peculiar umbellifer (Azorella glcberia) and w myrtle (MWyrius
nuneniularia).

Fuegia

The preat Andean chain gradually diminishes in height as it
approaches the extreme southern part of the continent.  The lower
slopes, and the adjacent const receive much more rain than the
east coast of Patagonin, and the cliuaie i= much milder, so that
conditions are favorable for a relatively rich vegetation. The same
conditions prevail in Tierra del Fuezo, across the Straits of Magel-
lan, and the Fuegian region develops a low serub forest composed
mainly of the southern beeches (Nothofagus antarctica and N. bel-
uloides), with & dense undergrowth of shrubs and herbaceous
flowering plants, and a rich growth of fcrns, mosses and lichens.
The Fuegian flora has g considerable number of species either

1 Drude, loc. oo, 529, ? Hardy, loc. cil., 162, * Drude, loc. cif . MG
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identical with or related to forms found in New Zealand, Tasmania
and parts of Australia.  Among these are the species of Clunneru
Astelia, Nertera, und Nothofugus. A single contfer, Libocedrus
tetragor, ix found in the Fnegian region.  Other species oceur
further north in the Chilean Aades, and another 1= L. decurrens,
the incense cedar of California.

Hardy eompares the climate and vegetation of Fuegla with
that of the north of Cireat Britain.

Chile

Chile oceupies the Pacific coastal strip of Routh America, between
[atitude 18% and 557, corresponding in North America 1o the const
from Central Mexica to southern Alaska, and there is a striking
similarity in the climates of the two reginns in corresponding
latitudes, due to sinilar conditions, As in North America, the
narrow coastal belt is bounded on the cast Ly the great Cordillers,
and the climate i a pronounced maritime one heing dominated
by the winds fromi the Pacific.

Of course, as Chile lics in the southern hemisphere, the seasonx
are reversed when compared with North America, and the northern
regions are the hot ones. Like the west coast of the United States,
winter is the rainy season, and is associated with northerly winds
corresponding to the rain-hringing south winds in California;
while the summer fair-weather southwest winds correspond to
the prevailing northwest summer winds along the Califurnian
coast.

All of northern Chile ix extremely dry—practically rainless, in
fact, and almost destitute of vegetation. This is the region of the
famous nitrate deposits, the source of great wealth to the country.
This fong stretch of arid country extending into the tropies, forms
an effectual barrier to the southward migration of tropical plants,
which are almost entirely wanting in the temperate parts of Chile.

The scanty rainfall of all of northern and much of the coastal
region of central Chile prevents the growth of any plants except
those adapted to long periods of drought. It is not remarkable,
therefore, that as in corresponding regions of North America,
Cacti play a very important role in the flora. Other dry region
plants like species of Euphorbia, Croton, Cassia, Ephedry, as well
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as a food many hulbous plants and short-lived annuals, are slso
characteristic of the region.

The country ahout Valparaiso, which in latitude and climate may
be compared to southern California, has a flora which is decidedly
reminiscent of the latter region.!

There are many genera familiar to the Californian botanist,
¢. g, Calandrinia, Baccharis, Gilia, Lupinus, Sisyrinchium, ete.,
but there are also many which are exclusively Sonth American,
Some of these are very showy, and are cultivated in our gardens
and greenhouses.  Calceolaria, Schizanthus, nasturtiums  and
Petunias, are familiar instances of these herhaceous plants, while
in ihe moister localities like ravines and the higher mountains,
are many ftrees and shrubs which are highly prized in cultivation.

Sonie of the common weeds have come from the Mediterranean
regions, and are also common in California.  Among the carliest
plant= to respond fo the first autumn rains are two common weeds,
the bar-elover (M edicayo denticulala) and the © Mflavia ™ ( Erodiun
cicularium) both very common in California, where the seeds
sprout within twa or three days after the first good ruin and soon
cover the hare ground with a film of fresh green.

Among the characteristic species of Valparaizo, a few may be
mentioned.”  Near the shore on granite banks are species of Buhia,
Fupatorium, Leucerin, Senecio, Ervagium, Puja (Bromeliaceae),
Lobelin.  Of the herhaceous plants Caleeolaria, various Crueif-
erae, Sisvrinehium, Cerastium, and various grasses.

On the mountain slopes and on the platean hack of Valparaixo
Reiche mentions, among others, the following as character-
istic,  Low bushes and scrub included species of Baccharis, Mih-
lenbeckia, Azara, Flourensia, Haplopappus, and several others;
associated with these were wany showy herbaceous plants, e. o,
Sisyrinchium, Scilla, Stenandriuni, Thecophilaea, while occasion-
ally a Puja or Cercus was seen. A few clinbing plants were also
noted, especially a yam (Dioscorea), and Aristolochia Chilensis.

Near Valparaiso are numerous mountain gorges in which there
is & dense growth of 1all shrubs, includiog some showy forms like
Fuchsia, Eupatorium and Lobelia, as well as others less familiar.
Among the interesting herbaceous plants is a wild potato, Solenum

1 Reiche, K.. Pftanzenrerbreitung in Chile, DI VEGETATION DER ERDE, VIII. 190,
* Reiche, loc. cit.
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Maglia. In this region also, is a fine palm (Jubaca spectobilis).
One of the largest groves of thix palm occurs at Cacolan, in laf.
34° 10”7, In California, in almost the same latitude north, is the
only nagive palm, Washinglonia filifera.

South of 35° the rainfall increases and in favorable localitiex,
true forests hegin, increasing southward in extent and luxuriance
with the rapidly augmenied precipiation.

Along the coust, opening to the seu. are protected valleys, re-
calling the redwood canyons of central California. and harboring
a fairly heavy forest in which the beeclies, soine evergreen, others
deciduous, are the most important, tr These heeches are as
has been pointed out, a prominent feature of the sub-antarctic
forests of Fuegia, New Zealancl, Tasmania, and associated with
them are also other tree genera common fo the southermost parts
of South America and Australasia, . g, Weinmannia, Podocurpus,
Drimys, as well as a good many shrubs and herbaceous species.
One in particalar, Nertera depressa, a pretty little evergreen trail-
ing plant, has ap extraordinary range, being common in New
Zealand and Tasmania, and alvo known from some of the moun-
tains of wostern Mulaya.

- Southwurd from Valparaiso there is a rapid increase in the rain-
fall, and ferns, mosses and other moisture-loving plants become
more and more abundant, and coniferous trees play a much more
important role in the forest. The myrtle family s represented
by species of Myrtus and Eugenia, both genera also abundantly
represenfed in the Australasian and Mulayan rain-forests. The
myrtle family is largely developed in the tropical forests of South -
America, as it is in Australia, and anotber characteristic Austrafian
family, the Proteaceae, has also a pumber of genera, two of which,
Embothrium and Lomatia are shared with Australia. Another
genus, Roupala is exclusively American.

The Chilean Coniferae are mostly southern genera, Podocarpus,
Libocedrus, Saxegothaea and Araucaria, the Jatter, as already
mentioned, being another genus which South Armerica shares with
Australia. The Chilean species, A. imbricata, popularly known as
“monkey-puzzle,” grows in the mountains of Chile at an altitude
of 2,000-3,000 feet.

Central Chile, both in climate and topography, much resembles
the corresponding regions of California, and the central valley

.
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between the Andes and the coastal hills has been compared with
the great central valley or Calilornia. There is the sane expanse

Photo., Dr. Bailey Willa,

of open grass-land, with an extensive development of evergreen,
often thormy shrubs in the foot-hills, like the chaparral of the foot-
hills of the Sacrapento and San Joaquin Valleys.
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On the coast the rainfall becomes very heavy. Valdivia, laf.
40°, has 100 inches annually, almost the same as on the coast of
California in the same latitude north, and the heavy rain-forests
of cendral Chile have their counterpart in the magnificent conii-
erous forests of nerthern California, Oregon and Washingion.
In both regions the cimate is a cool and uniforn one, which with
the abundant meisture results in evergreen forests of the greatest
Tuxwriianee,

The constituents of these forests in Chile and North America,
however, are very different.  While the northern forests are com-
posed almost exclusively of cooifers—redwood, spruce, fir, hemlock
and cedar, etc., these play a very subordinate role in the Chilean
coastal forest where the prevailing trees are beeches and other
broad-leaved cvergreens, quite wanting in the northern forests.
Among the most characteristic of these are the following ~Drimys
Wintes/ Aaonoliaceae), Laurclia aromatice (Monimiaceae), Myr-
tus  luma, devioricum  punctatwn (Buphorbiaceac), Flotowio
diacanthoides (Cowmpositae), Weinmannia trichosperma (Cunonia-
ceae), Cryplocarya pewmus (Lauraceae).  Speeies of Laurelia and
Weimmannia are hoth important trees of New Zealand, Only
a single conifer, Podocarpus Chilensis, is found 1n this forest, and
this is noi a dominant {ree. Among the shrubs are species of
Griselinea (Cornaceae), Lomatia and Fmbothrium (Proteaceae);
Escallonia (Raxifragaceae); the latter with handsome glossy foliage
and pretty whife, pink or crimson flowers, often cultivated in
California and other warm femperate regions. Fuchsias are also
frequent, as well as evergreen barberries, myrtles, and the less
famifiar Baccharis, Aristotelin (Tiltaceae), and Preudopanax.
The two lafter, with TFuchsia and Griselinia, arc characteristic
genera of New Zealand.

These cool rain-forests abound in mosses, liverworts and ferns,
among the latter a tree-fern (Alsophila pruinata), and epiphytes
abound, amnng which the filmy ferns are notable.

Climbing plants are abundant including a scarlet nasturtium
(Tropacolwm speciosum) and a beautiful climbing lily (Lapageria
rosea), both occasionally seen in cultivation. Wild yams (Dios-
corea), a vine, Cissus stricle, and a number of less {amiliar genera
occur, and several parasites of the mistletoe fargily are common.

Within the dark forest flowers are scarce, but in clearings, and
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at. the odge of the forest are many shrubs and herhaceous plants
of great heauty.  Of the shrubs, the handsome Sophora letraptera,
with vellow pea-lowers is poteworthy, as the ~ame species is wide-
spread in New Zealund and also oceurs in Lord Howe olsland.
Alstrocmeria aurnntiaca, a showy llyv sometimes seen in (nliiva-
tion, o raspherry (Rubus wlmifoliu<), a violet, an orchid (Pogonia
{etraphylla.).  Caleeolaria, Sisyrinchium, and Calandrinia are sone
of these flowers of fhe more apen greas. Libertia, a liliaceous
genus ul-o found in Australasiy, may also be cited.

Ascending the mountuins east of Valdivia, the rain-foresi is
repluaced hy one in which coniferous trees are more prominent.
One of the mest. important commercially is the ~Alerce” (Fite-
roya Patogonica) whose timber iy hichly esteemed and which has
been pretty well exterminated in many places.  Several other
coniferous genera occur, viz., Saxerofhaea, Podocarpus, Liboce-
drus, the ladfer the only peous occwrring in the United States.
Of the lawer shrubs, a speeies of Gaultheria recalls the “salal™
of the Pacific coast, and the litile wintergreen of Atlantic North
Amerieu,

Awong the most remarkable of the Chilean plants is Gunnero
Chilensis, sometimes seen in cultivation. It suggests a gigantic
rhubharb with huge leaves 4-3 feet across. A still larger species,
(. manicate ) found in Brazil, and in Hawaii a very similar species,
(. peladoidea lives in the mountain rain-forest.

South of lat. 43° there extends a chain of islands characterized
by rain-forests in which mosses, fiverworts and ferns are developed
to an extraovdinary degree, forming dense carpet: on the forest
floor, and covering the trunks and branches with a thick drapery.
Trec-ferns, however, are apparently much less abundant than in
the rain-forests in the sane latitude in New Zealand.

The rain-forest occupies the whole coast of southern Chile to
the extrerne tip of Fuegia; but with the decreasing temperature
there is a marked falling off in the number of species, and the trees
become more stunted; but the vegetation is still, for the most
part, evergreen, for although the climate is raw and boisterous
there is no excessive cold.

The predomninant trees are the same as in the forest further
north, heeches, Libocedrus, Podocarpus, Weinmanniz, Myrtus,
Drimys, etc. There are extensive bogs with peat-mosses in which
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grow” a good roany plants closely related to the bogs of the fur
north, such as sundews, butter-wort (Pinguicula), mrsh-marigold
(Caltha), crowberry (Empetrum), and others. O the lower ever-
green growths are various ferns, including a Gleichenia.  Dae-
rydiun and Orobolus are also churacteristic genera.

The Chilean flora, as might he expected from the great range of
latitude, shows marked differences hetaween the novth and south.
The extrenic desert conditions of the north vonstitute an gbsolute
barrier against invasion of plants from the moist tropies,  This
accounts for the comnplete absence in Chile of such striking fanlies
as the Aracveae, Scitamineae, Bignoninccae, Mulpighiaceae, and
the bamboos.  The palms, so extensively developed in tropical
America, are resivicted to two species, onc of which, Juana
Australis, is confined to the island of Juan Fernandez. The
Bromelinceae, more xerophytic in habit, have a considerable
number of representatives hut are much less important than is
the case in most other parts of South Awerica.

On the other hund, owing to the cool and moist. coastal climate
of central Chile, many sub-antarctic species extend far northward,
a condition parallelled in Califarnia hy the southwurd extension
of many boreal species in the coastal redwood belt.  In hoth regions
there is also a migration southward along the higher parts of the
great Cordilicra.

A comparison of the floras of California and Chile show upwards
of 150 genera in common, and although a large part of these are
wide-spread in temperate clinates, there are a good many strictly
American genera, and some confined to the Pacific slope. Such,
for example, are many Cacti, the creosote-bush (Larrea), Bac-
charis, Encelia, Grindelia, Orthocarpus. Mirabilis, and others.

There has been prahably a ruigration in bath directions, as some
genera are more characteristic of the north, others better developed
in the southern hemisphere. Thus Calandrinia, which bas some
half dozen species in California, has many more in Chile, and also
Australia, and is presumably of southern origin. On the other
band, Orthocarpus (Scrophulariaceae), with about 30 species in
Pacific Norlth America, is represented by a single species in the
Andes.

While the number of species common to Chile and the Pacific
Coest of North America is small, there are several which could be
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meationed.  Thus the Chilcan strawhierry (Fragaria Chelensis)
is very common on the eliffs and =and dunes about. San Francisco.

None of the Chilean conifers belong {0 northern types. Podo-
carpuss represented in the West Indies, hut otherwise, except, for
Libocedru~ with a =olitary species in California, the Chilean co-
pifers belong' o «trictly austra) gepera, Aravearia and Fitzroya.

Southern Chike has a flora which is unmistakably related 1o that
of New Zealand and Southern Australia: indeed so intimate is this
refationship, <haf it scems extremely likely that some sort of fand
connection must al one tine have existed between these countries,
now =0 widely severed. Not only are there mupy genera in com-
man, but <ome fifty species are cited as helonging to both regions.

Muny of the trees characteristic of the forests of sub-unturetic
South Ansericn and New Zesland helong {0 the same gencra.  In
both regions the antaretic beeches (Nothofagus) ahound, and such
gencra as Weinmannia, Laurelia, Aristotelin and Drimyx, char-
acteristic of New Zealand, but quite unknown in Americu, except in
the Chilean region, indicate that these have reached South America
from some ~outhern Jand whirh has disappeared, while the pres-
ence in Chile of such a styiking New Zealand species as Sophora
letraplere, oresidy referred to, and the occurrence in New Zea-
land of three species of the cssentially South American genus
Fuchsia, make it pretfy certain that there must have been some
much mwore intimate connection between South Awerica and
Australasia than now exis{s.  So many are the correspondences
between the Andean and sub-antarctic floras of South Ameriea
and those of New Zealand, as to make it practically certain that
these regions have been in connection at some former time.
Presumably this conpection was v7a some extension northward of
the existing antarctic continent.

Temperate South America bas contributed many ornamental
plants to our gardens. From South Brazil and Argentina come
the Petunias, Verhenas, and Portulaca; from Chile the showy
Calceolarias and Schizanthus of the greenhouses, Salpiglossis and
nasturtiums.

The garden fuchsias are derived largely from Chilean species,
while in milder climates the pepper tree (Schinus mollc), the
monkey-puzzle (Araucaria imbricala) evergreen barberries, espe-
cially Berberis Darwinii, Escallonias, the heath-like Fabiana,
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passion-flowers, and the beautiful Lapagrvia reseo, are among a
few of the notable horticuitural contributions ol Chile.

More useful, il not ornamental, is the potato, several &pec:ex of
which are native {o Chile and Peru.

The Chilean Oceanic Islunds

Off the coast of Chile are fwo groups of voleanic islands said
to be situsted on a common submariae ridge. The southern
group, Juan Fernandez, lies directly west of Valparaizo, the second,
San Ambrosio and San Félix, further north, 900 km. from the
coast.

There are three islands in the Juan TFernandez group, two of
thewm, Masatierra und Masafuera, having peaks respectively 1.000
and 1,800 m. in elevation. There is an extensive evergreen forest
developed over much of the two larger islands, bul io the drier
parts the vegetation is to a great extent herbaceous. In the driest
distriets, especially on rocky slopes and cliffs, are many xerophytes,
uamong them a large bromeliad (Ochagaria clegans).!

The general character of the forest is much the same as that of
the Chilean coast, but therc ix a very large proportion of endemic
specie<.  Perhaps the most notable is a palm (Juania Australis),
with the exception of Jubaca spectabilis, the only Chilean palm.

Terns abound in the islands, maoy, like the filmy-ferns, being
epiphytes, while tree ferns are also common. Oun Masafuera the
clevated platcau of the interior is covered by an extensive growth
of ferns, forming what has been called a ““fern-steppe.”

According to Drude,” of the 102 species of flowering plants in
Juan Ternandez, no less than 70 are endemic, and there are 10
endemic genera.

The archipelago of San Ambrosio and San Félix is very barren,
and the flora extremely scanty. Professor Bailey Willis, of Stan-
ford University, who recently visited San Felix, which formerly
had extensive guano deposits, collected four species, one of which,
Thamnoseris lacerata (Cichoraceag) is a monotypic species, endemic
to the islands.

! Reicher, loc. e, p. 267, * Loc. cit., p. 132,
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(hs\rl]nm]l lmh 178
b ulnh New Zealand, 3 ’»G 343
5o Pracs, 43, 47,18,
l 90, 1
Ch(slnut, 21,33, 47, 48, 56, 01, 96,
230

C blight, 2

(hu.tm])hl]u 36,119
Chinquapin, 146
China, 74, 76
(fbr)’sn]wh)‘“uu:. 113
Chlorogalum, 143
Chorizema, 37
Chuzenji, Japan, 81
Cinchona, 224, 279, 284, 286
wnocxrubrn, 284
Cinnamomum, 78, 237

C. camphora, 78

Cinnamon fern, see Osmunda
Cinquefoil, see Polentille
Clissus, 168

150
Clematis, 19 9.5 100, 168, 171
Clerodendror, 181 168, 172 221
C. splendens, 161
Clethra, 101, 303
C. aloufohs, 101
Cliathus Dampicri, 329
Clituria, 292
Clove, 19:, 5
Clover, 1
Clul-moss, see also LJco,;od, Lycopo-

dineae, 8, 35, 240, 208

Clusia, 296
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Coassal len l“ﬁ\urn United Mates,
96, 100,

(,omnux (nm 16, 113, 164, 189,
211 4. 230 313,355

(‘ \mhnn 1//

C. Engien, §72

Colehicum, M

Coleus, 168

Colocasia antiguorum, 238

Coloeynth, see Cetralius

Colombia, }

Colombao, 1

Colorado, 11:’), 116

Cojorado Desert, {44, 134, Tig. 48

Colpoon, 172

Columbia River, 123

Cu]umhiue see also Agidias
115, 150

Cumbnlum Combretaceae, 139, 249,

314

42, 49,

Compto
Congo, 16
Coulhr (onlhr\e a, IO 74,118, 138,
215,325

Conoe ATPus erectu 1)‘)

Contincatal l')m(ls, 116

Convolvulus, 64,
C. Ianrmmnrne G4
Cook's Strajt, 34
Copaifera, 113 -
C. colea\permu 173
Coprosma, 336 (
Coral Islanc

Cordyline, SJ&, 341

Corea, 74

Cnrcopsiﬁ, 108

Cork ouk, see also Quercus suber, 57,

59,
Cotyledon, 42, 309, 311
C. huemh])hcrlcum Fig.
Cornel, Corus, 36,41,

119 128, 130,
C. Cunadensis,
C, Florida, 48
T Nuttallii, 130, 148

. Suceica, 36
Corn-flower, see Centauren

€0, 41

INDEX ‘

Corsica, 59

Corypha, 191,
C Ulnhld(‘ll]lff‘rn I’l XVII
(' lu |‘ 9

Cnmm wood, see also [’nplm— Popu-
lus, 109, 116G, 118, 140
Cumn(‘n\lm

208, Fig. 92
1 5

Creosote bush, see Lm’rcll
Cretaceons. 6, 9, 10

Crete, 59

Crinum, 113, 166

Croton, 170

Cryplomeris, 76. 81, 82
C.Japoniea, PL VI
Cryptostemma calendulacea, 355
Cucumber tree, see Megnolia
Cuoonia, (uxmnmmm 311

C. Capensis

Cupressus
. maeroe
Curcamna,
Currant, sec also Ribes, 92, 118

C uumrd Appl ec also Sapolaceae

313
138, 316

hmhnwae. 2/1

HU 169

also Cupressus, Tazo-
3, 103, 112, 139
Cyprus, 69
Cypripedium, 42, 50, 95, 239
C. Arpus, Fig, 67
50

C. spectabile, 95
Cyrtostachys lacea, 202
Cytisus, see also Brmm 48, 59

Dacrvdinm, 207, 215, 238, 334, 366
D. cupressinum, 338, 346

Dakota, 108

Dnlbcn:is, 184

Dammar gum, 222

Dampiera, 329

Danaea, 296

Dandetion, 49



Dnnhmni:\, 142
Daphne. 51, 76
D. cocorum. 31
Darlingtonis, 146, 151

Californica, Fig. 45
Darjiliffz, 70, 72, 183
Date pal so Phoenix, 57, 58,

66, 67, 160, Vig. 12

Dawsonia superb: Tig. 96

Death Valley . 144, Fig. 39

Decean, In 186

Dempo, Mt., Sumatra, 223

Dendrobium, 72, 80, 193, 216, 231

240

D. crumenatum, 216

D. secundum, 223

Dendracalamus, 190, 228

D. giganteus, 190, 19), 207, Pl XV1

Dendromecon, 141

Dentaria, 92

Deodar cedar, see also Cedrus, 70

Deserts,
Arabin, 177
Australia, 32
Colorado,
Mojave, 125, 134, 144
Mesopolamia, 66
\Iungoln 7
Sahara
Sonora
Utah, 121

Desmodium, 108

Desmoneus

w0 Lchinopanaz,

Devonian, 7, &
Dha

L see Bulen

Dianthus, 48,170

Diapensia Lapponica, 31
Diatoms, 6

Dicentra, 78, 02, 150
Dicksonia, 340

Dicotyledons, 49
Didymocarpus, 214, 221
Digger-pine, Pinus Sebiniana, 146
Digitalis, sce Foxglove
Dillenia, Dilleniaceae, 218, 230
Dlmorph(v!ho 209

Dlpwmca.rp Diptcrocarpaceae, 184,
205, 214, 218, 222, 228, 235, 243

Dipterocarpus, 206

Dise, 170

Disperis, 308

Distribution, Factors in, 15

EX 377
320
k, see also Rumez, 64
Daodecatheon, 32, 33, 92, 148
Dogwood, see also hm:[hmnw Cornus,
31, 93, 98, 100, 13

Dom-palm, sce I[I/plmcrlc

Doryanthe:

Douglas fir. Pseudotsugn, BT,
115, 117 29, 130, 139, 146,
130

Drabu, 30

Dracacna, 66, 257

D. draco, 66
Dracophylluny, 34", 348
D urhorvum, 34

D. Winteri,
Drosera, see also Sundew, 36, 96, 290,
307

.71, PLDT

Durian, Durio, 1‘)/ 201, 204
D. zibethinug, 204

Fm' Asia, 74

Canada and United States, &8
* Central Africa, 169

C s

Hmn\ Ebenaceae, 162, 218
Lchmupdn.)\ see also Derd’s club,

40
L. horrida, 40, Fig. 6
Edelweiss, see Leoniopodium
Edible fruits, 16
Egregia, 128
Ehre 1. 187

Tlaem arpus, 198, 230, 249

Elder, see also Sambucus 39, 93, 04,
119, 129

Eletteria, 220, Fig. 63

Elm, sce also Ulmus, 47, 33, 70, 83,
83, 89, 91, 92, Fig. 18

Elodea, 4

Elymous arenarius, 33

Embothrium, 248, 363

Empetrum, 30, 367

Encelin, 367

Encephalartos, 316
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Lndmmm
Hawan
Juan 19rn indez, 370

Engelmann Nproee. see Ficeo

2 318

L 349

]
prdendmm 113
Epigaea. 7,
(. Asiatica, 8
[ repens, 83, 90
pilobium, 41, 42
- angustifolium, 41
<. latifolium, 120
15

Fips. 07
Rhodadendran, 209
,quufnrlul West Africa. 150
L35 8

. 59,
Jngcron 44,126, 138
,r)umulm‘mc 200
0. cicutarium, 361
thrina, 168,172,313, 319
319
131, 140
v urnndzﬂumm 116
. montanum, 131, I
el ypins, 326, 327,

330. 3382, 340,35

. diversicolor, 332

o ficifolia, 332

.. regnans, 326, 327, P, XLIU

wealysta, 274

ucharidium, 144

ugenia, 113, 189, 206, 228, 230, 249,
257, 280, 36:

2 Malacceosis

‘wupatorium, 94, 266 361

.uphmbm 66. 144, 185,171,172, 174,
180, 181, 198, 266, 308, 312, 318,
320, Pl XXXIX

W fulva, Fig. 77

INDEX

Euphorbia g:—nnr)ulenc 316
E. Mauretanica,
Euphorbiareac, 16
Everglad 10
Exacum, 195

218, 280, 365

Fern steppe, &
Filmy fer
Tree-fern

1K,
“,247 _AJ 277,

¥ religiosa, 182
F.

amora, 64, 170, 172
9

i34, 43,45,
20116, 119,

l". )’;Ll‘{l;_’nui(‘ll.
Flacourtia, 18
Flagellaria, 1

1 \ml(m see A . colendidocena
I’Iwrmuun 65, 108

103, 110,

¥lindersia, 24
ﬂondﬂ &, 8h 102,
2, 301

Flotow, 365
Flourensia, 261
Forbes, H. Q., 222
Forget-me-not, 50
Formosu, 241
Forsythia, 76

Fossils, 2. 3
l‘ouqulCm 152, 156
F. splendens, Fig. 46
Poxglove, 20, 45
Fragarin, 138, 191, 369

F. Chilensis, I&S 369
Franseria dumosa, 144 °
Franz Josef Land, 28
Fruxinus, see also Ask, 47, 103

1,




INDEX

Fraginus elatior, 17

sin, 32
Fremontin Californica. 146
Fresnoe 8%
Freyeineti
B

i
Fritillaria, Fritillary, 68, 109, 116,
140

. pudica 16
343, 350, 361, 365, 369

1,349, 3531, 350

l'uny.l T ”1
Gaillardin, 109, 150
(. anstata, 10
Galapagos Islands, 3040
Galiu ¢

332
(x.mlll)(rm G0, 101, 242, 210, 315

51,
(. verna, 49
Geological climate:
Geonoma, 26!
Geranium, L 286

7.

Gerbera, 170

(neﬂwmco-w 21»1 277

Geum, 31,

Cihats, lm!m }m 186

Giant arbor vitae, see Thuya plicaia

Giant bamboa, see Dendrocalamus

Giant gum, see Eucalyptus

Giant Kelps, 39, 128

Gigantochloa,

Glgarmm 136

Gilia,

Ginger. see also Zingiberaceas, 1. 233,
270

28

dic
G polypodisides, :
(lﬂh])k 208

R

Godetin, 142
Goldenrnd, see also Solidage, 42, 93,
109

(mlr!rvn \hﬂ\\nr see Cassia fistule
81

ine, Vitis, 67, 83,

142, 163,
10, 300,

I
Cireat Valley of C:
(-r« uSE-ty vorl,

Griselinia littoralis, 348
Giroo-groo, see Acrocomia sclerocarpn
Cirubbia, 311
Guayacum, 113
Guatemala, 269
iuava, see Psidyum
Guinnas, 283, 286
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Gulf of Mexivo, Gulf remion, &4, 102,
103

Guliclma speciosa, 280

Gum, see also Eucalyptus, Liguidam-
har, Nyssa, 27, 87. 313

Mb 363, 366

“258, Fig. 73
Gymngsp 0
Gynerium, 28
G. saccharoides, 286
Gypsophila, 57

Habenuriu. 148, 170
H. I(‘um\mch 'S,
Huck

o
Fammock (Florida), 112,
Harz Mountains. 46

113, PL X

S
Origin of flora, 261
Hawkweed, see Hicracium
Hawthorn, see also Crataegus, 47. 48,
5

5
Hazel, 48
Heath, Heath fanuly, sec ulso
LEric G(l(,, 435, 47, 66, 90, 310,
311, 321

Hedyotis, 193

Helichrysum, 311

Heliconia, 252, 2853, 201, 296, 303,
PLXXX -

H. bihai, 296

Heliotropiurn, 318

Helminthostachys Zeylanica, 189

Hemerocallis, 37

Hemitelia, 311, 314, 346

H. Capensis. 311, 314

H,Smithu 346

Hermizonia, 144

Hemlork see also Tsuga, 83, 92,

139
Hepatica, 36, 50, Qu
Hepaticue, R(‘,(’
Heracleum, &
H. barbatum, ‘37
H. lunatum, 37

INDEX

HE\C};\ Braziliensis, 201, 205, 280,

1.

Hexe \nl]e\ South \l' i 21

Hibiscus, (M 943, 217, 3

H. mnscheutos 9

H. tiliaccus, 217, 233, 253

Hickorv. see also (rmm 1L 8/ az,
103, lO: 106

Hicracium, 34, 30

High \cldl South Africs, 317, 318,

33, 25

Cigr,
}Ilmh]'lh\a Mountains, Himalayan

region, 658-75, 184, 185
Hokkaido, Japan, 78,

Holaretic

yobalanoides, 222
Hornbeam, see also Carpinus, Ostrya,
106

Horse-chestnut, 70
Horse-mint, see Monarda
Florse-tail, see Equisetum
Houstonia, 279
Houttuypin, &0
Huckicberry, sce also [
47, 87,90, 101, 129
Hungarian Phiin, 48
Huonemanpniu, 172
Hura ereputans, 280, 240, 275
Hydrangea, 72, 76
Hymenocallis, 104, 113
Hymenaphyllaceue, 193, 207, 221,
238,296, 311, 334. 346

, 39,

n\Ln, &M
H. Thebaiea, 169

Iberian Peninsula, 54~57
Iceland, 28, 29, 46

Iceland DOpRy, see Puaparer-nudicaule
Idaho, 12

Idria columnaris, 267, PL XXVIIL
Tiex, 101, 353

L Pur!uzuu_\ ensis, 353

1. verticillata, 101

Nex-oak, sce Qucrcus Tex

llinois, 03 -

Impetiens, 221, 230

Irnperata arundumrea, 221,243
lperial Valley, 151 -
Incense-cedar, see Libocedrus

India, 177-188



Indian- p)[w sec Afanntropa
Indigo. 18

Inchgofera, 318
Indo- Chinn 195-197
lnga, 274, 279, 288

Towa, 108~
Ipomoed® 112, 168, 183
300
236, 267

6

201, 218,

1. pes-caprac. 112, 216,
Irrawadday River, 104,
Iriartia ventrico:

Iridaceae, 143, 31

Iridea, 136

Iris, 53, 64, 68, 103, 143

1. cuprea, 103
hexagona, 103

X . 35
J\or. 191,214
L. coccinen, 191

Jacaranda, 355

Jack;fruil‘, Artocarpus  integrifolia,
215

Juana Austral

Juan Fernand

Jubnea spectabilis, 363, 370

Juglons, see also Watnu,
106

J. cinerea, 106

J. nigra, 53, )06

J. regia, 68

Jujube, see also Zizyphus, 171

1un|pcr, Juniperus, 30, 44, 03, 122,

71

53, 68,

J. mnue 41
J. occi(!cr_)talis. 149
J. Virginiana, 90

Kadiak Islapd, 38

Kaffr-buom, see Erythrina Cafira
Kalahari desert, 306, 307, 320
Kalmia, 45, 90, 98

K. glauca, 33

K. tatifolia, 98

Kameel-dorn. sce Acocwa mraffae
Kamerun, 165

Kamtchatka, 37, 38, 80

X paws, see Anri
Kansas, JO‘S

Kapok,

Karroo, &0(: 307, 320

anthus

381

i Hills, India, 178

J\*\u , Hawa!

Kaulfussia-C} ensenia, 218

see '1[\0 Agathis, 9, 24, 207,
341

AP,
‘\c\b (Floluh) 301
WKidney-fern, see Trichomones reni-
orme
Kigelin, 16
Kina-balu, Mount, Borneo. 210
;:—mlp 50¢ Irnllzus

Kochia, 32
ohala Mountains, Hawaii, 259
Koele 108

Krakatau, 233, 234, 260
Kuching. Borneo, 212
Wukui, see Aleurites

Labiatac
Labrac
Ld,d\~f(‘rl.l

mina
Lady's slipper, see Cypripuiium
Ladysmith, South Africa, 315
Ln;.or\trrnmmu 198, 204
Laguncularia nu emoga, 159
Lalang grass, 221,
Laminaria. Laminari
Landalphia, 161
Lanuto, Lake, Samoa, 251, Pl. XXV
Lapageria rosea, 370
Laportea, 249

249

269
43, 44
see  Aspleieum  fliz-fog-

iaceae, 91

53 37, 45, 70, 74, 92,

L. Americans, 43, 92

L. ocoidentalis, 117 119, Fig. 27

Larkspur, 47, 108, 116, 120, 140

Larrea, 144, 131, 156, 367

L. Mexieana, 144

Lathyrus, 95

L. maritimus, 83

LAururcuc, Lnurel Laurus
2. 66, 115, 269, 465

Laurelia, 349, 365

L. uromatica, 365

Laurestinus, see Viburnum linus

Lavatera, 57

Laveoder, Lavandula, 59

Lawson Cypress, see Chamaecyparis

1ebanon Mountains, 67, 68




3R2

l,{'r\!hw‘ Leevthidaceae, 276, 280,

S, 228,
2. 300,

Lemon, 52

Leantopodium alpinum, 49
Lepidium, 57, 144
Leptospermum, 232, 331, 341
L. ﬂorlh\mrlum 232

L. formosa,
Lettuce, 1

Leuceria, 361

Lencodendron, 310
L. argenteum. 310
Leucothae, 101

Lnnu

IUO lh

107
Llhor!m 340, 366
Libocedrus, 124, 36t
L. decurre:
L. (Nrtg(nm
Licuala, &
L. Miille
Lichens, 3

207
Lic hr u tundra, 33

L 2649,

81,
366

L mrmun N lm 16
L. bulbiferum, 50
L. Humboldtii, 143

1. rubescens, ]-“

| PR n'-hm;zlnmunum 143

Lilv of the Valley, 50

Limber pine, sce Pinus flerilis

Limnanthes, 143

Linden, sec also T'ilia, 47, 48

Lindera, 230

Linnaea borealis, 37, 39, 41, €0, 128,
151

Liquidambar, 10, 11, a1, 96

L. Styracifiua, 9%

Liriodendron Lullp\fcm, see
Tulip-tree, 11, 74

[astera, 36, 193

Liverworts, 7, 194, 210, 228, 232, 237,
238, 239, 284, 292, 346, 347

also

INDEX

Live oak, sec also Quercus, 113 141
Livingstone lIsland, Zambesi, 174
Lizard- lml see Saururus

274

. 102, 170, 239,
3,318, 36
¢ also Robinia. 47596, 101
Lodge-pole  pine, sce also  Frnus
Murrayana, 43, 115. 116, 148
vehellarum, 199
7.

365
Lonicera involucrata, 120
Loose strife, Lythrum, 94
Loranthus, 17 38
Lotus, see

0
Lupinus, 42, 93, 100
anus, 120, 131, 147, 142, 286,

361
Luzon, Chilippine Islands, 236, 239
Lyehms,
um, 307, Fig. 83

Ly anml Lycopodinene, sec also
Club-moss, 35,39, 113, 143, 285,
334, 347

L\cnnn(hum 39. 113, 128, 193,
216, 230 10, 294

L. (nm]lnmnum 193, 295
L. cernuum, 113, 295

L. clavatam, 193, 240, 272
L. complanatum, 242, 240
L. Phlegmaria, 210, 230
L. volubile
Lygodium, 1 203, 212, 293
Lysichiton, 40, 129

Macadamia, 334

Macchie, 53, 61, 66, 306

AacDonald, Lake. 148, 119

Mackenzic Hl\or 43

Macros , 128, 130

AL pyr

\laoro;zln um /\hdae. 213

\Iarrnmn in, 249, 351

M. Fraseri, Fig. 91

\hd.’.\g&uxr 197, 198

Madeirs, 52

Madras, 186

x\‘iadrono. see also Arbutus, 141, 266

Magalisberg, Transvaal, 319

Magnolia, 11, 27, 70, 72, 74, 80, §3,
100, 101, 240

M. acuminata, 98

M. glauca, 90, 98

M. grandiflora, 98

M. macrophylla, 98
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Magudy, see Agare o, Melastomacear, 212, 221
Mahogany, see also Swietenic, 181, : 288, 202
301, 303 \J(‘llmurm
Maiden-hair, see Adiantum Meliz
Maine, 89, 40 \h\m*p( rrnum ni
Maize, 3¢9 Merapi. \]| Ju.) 226
Majorea, 58, 61
Malaya, Malasy Archipelago, 200-243
Mall
0, 137,
| 282, 286,
\InHuu . 265, 303

o
Aan, agent in distribution, 17
Mandrake, sce also Podophylhum
Mango, 197 AL pnl\nmrp\
Mangosteen, see also (fureinin. 197 N robusta,
Mangrove, Il.’, 1549, 160, 64,
71, 182, 211
314, Figs
Manila, 236
Manuka, see Leptospermunt
Manzanita, see also Arclostaphylos
141, 145
Maple, sce nlw. Ace i 30, 47,

3, 04,

see Calochorlus
\IAthmz,\Imm( Philippine Islands,

236
Marsilea, 236
AL (‘rinilﬂ, 236 Viscum, 2
Marsh marigold, see also Caltha, 36 Caffroram,
Martha's V mvuu! 100 Mojuve Desert,
Massachuset & E
Mascarene Islands, 198
Matabele Plateau, 171
Maté, see Iler Parnguayensis
Mattang, Mount, Borneo, 211, 214,
216

84
s Loranthus, Phora-
i

e, 365
\lunkxhnn(l 148
Matonia, 209, 210, 2(3 flower, see Mimulus
M. pectinata, 209 ¢ Iithecolobium
M. sarmentosa, 213 lea Forsterd, 34
Matoppos, Rhode:
Maui, Hawaii, 25
Mauritia, 281, 29z 3,
M. flexuosa, Pl XXXV

osa, 278
‘«Xnn!.m‘z 56, 117

M. setigera, 206 Mentana de Canelos, Anles, 284
Maximmliann regi 4 Monterey Cypress, Cupress
Medan, Swmatm, 2 carpa, 13

Medicago denti Monterey Peninsula, 137

Medinilla, 209, 238 Monterey Pine, Pinus radiata, 137,
Mediterrancan region, 52-66 138
Melalouea, 203, 235, 239, 240, 331 Montrichardia arborescens, 278, 288
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Moon-seed, see Menis pernum

Moor, Moorland, 47

Moracene, see F

Moraea, 170, 30

Morning glory, see
4

Mor

. 57, 60, 63
Morus. 106
Al rubra. 106
Moss, 7, 31, 32, 194,
284, 347

also  Tpemoen,

230, 231, 269,

Moss-forest, 200

Mountain-laurel, see Kalmia
Nucuna, 183

Muchlenbeckia, 350, 361

Mulatto tree, see Eucalysta

e Morus

. sce ulso Bonana,
)

162,
M. Malacc
1. violacen,
ca Caroliniana, 90
Myristicacene, 162, 280
0

\l nummuhmu 358, 363

Nantue kct ‘N) 100

N s\uruum, see Tropocolum

Natal, 313-316

Natal plum, see Carissa

Nebraska, 106, 108

Needles, Californin, 126

Neem, see dzaderochta

I\cgru Rio, 274, 282

Nelumbo, 94

Nemophila, 142

Neotropics, Neotropical regions, 262

Nepenthes, see also  Pucher-plant,
10, .,0(5‘ 208, 213, 216, 220,
325, Fig. 6

N. Rajah, 213
N. Veitehii, 216
Nephelium, 215
Nereocystis, 30, 128, 136
N. Lutkeana, 156
Nerine, 308
Nertern depresss, 332,
Nevada, 121, 123

350, 363

INDEX .

New Brunswick, 88, 80, 100 ¢

Newfoundland, 38

New Guinea, see also Papua, 25, 235,
1

32

New Hampshire, 89
New Jersey, 1
New South W all,s,
New York, 91
New World Tropies, see Neotropics
New ZLulIlDLl 14, 321, 333, 335-3352,

00, 10k
26, 334, 363

Nlhom., see Oncosperma
Nikau )mlm see nlso Rhopalostyls,
341

Nikko I.xp.m 81, 82

Nile delta, 64

Is, India, 179, 187

1 201, 211, 219, 224, 226
1

-\uslralia, 243,
, 248

North TBIU[J(‘ru(P Zon( 206, 45, &4

Northea Seychellarum, 199

Norway Pine, Pinus resinosa, 92

Norway '\‘)\‘\\(‘,k Picea excelsa, 58

Nothofagus, 342, 343, 350, 358, 362,
364, Figs. 94, 101, PL LI

Nothopunex, 339
Nupbar, 44
Nutmeg, see also Myristica, 235, 237
Qahu, Hawaii, 253
Quk, sce also Quercus, 10. 23. 45. 46,
52, 57, 39, 72, 78, 81, 85, &Y, 91,
95, 103, 106, Z.J 2066, 268, 270
Cork oak, 57, 59, 65
Ilex oak, 32, 5
Live oak 113, 141
Red ouk, 85
Searlet oak, 96
Tanbark oak, 140
White ask, 85, 96, 141
Qak openings, 92, 105
ases,
Outs, see also Avena, 142
Obemmu, 193

Ocutilln, see Fouguiera
Ocean curmu(s. agents-in distribu-

tion, 16
Oceanic Islands, Chile, 370
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Ochagavia elegans, 370
Odontoglossum, 356

Qhio, 96

Qil-palm, see also Elacis, 168

Old World Trapics, see Palaeotropics
Olcu ()Iiu. : L B8, Fie. §

30
202, 211, 219, 223, 237,

0. horndu, 202,211
Opoclea sens: 5
COntario, Canada,
Oodnadatta, \u:truln 328
Ophmglnssum 113, 189, 193, 230
O. palmatum, 113

O. pendulum, 189, 230

Q. reticulatum, 1
Opuntin, 144, 32 Li:»l
Orchid, Orchidaceae
53, 80, 90 95, 11

chis rotun difolia, 42
Oreodaphne, 64
Oreodoxa, 113, 209, 205, 208
Q. olera ), 208, Fig. 62
Q. regia, 113, 205
QOregon, 123
QOrinoco, Kiver, 274, 283
Orizaba, Mt., 2(4, 269
Ornithogalum, 64, 318
Orubolus, 367
Orthocarpus, 367
Osmuuda, Osmundaceae, 83, 101,

346

O. cinnamomen, 83, 101

©O. regalis, 101

Qstrya, 48, 106

Otira (mxgc New Zealand, 345
Ourisig, 343, 350

O. macrocarps, 343
Ouvinandra fenestralis, 198
Oxalis, 108, 308, 309, 355
o] nug, ‘109 355
Oxydendron. 98
Oxvtropia, 31

Pachycerens Pringlei, 270, Fiz. 79

Pacific (()u~1 P Blope, Unted Stm.e
83, 8t~

Pacific Hlope 01 Andes, 280

Padang Fighlands, \umutm, 221

Padina, 101

P&hnng Gap, Malay Peninsula, 206

Pulawan, Ph ppm\ Lt-]u.lld\. 235

Pals

100, 101,

Pal wro, sec also Sabal,

103, 110, 303
Palmiste, see Orcodoza oleracen
Palo-verde,
Pandanus,
1%

Parkinsonia, 15
ec also Arrml‘-/nuc 160,
20 17, 221, 230, 236,

P obeliscas, 198
P. tectorius, 236
Pungerango, Mount, Java, 230

Panicum, 108, 163, 318
Puapilionaceae, 50, 57, 279, 3:
papun see also New Guinea, 24

51
Pnpyrus, see also (yperus, 162, 169,
174

Pard, 275, 276

Pard rubber, sce Hevea
Paramaribo, 200
Parks, C. n]nrwlo 115

Paspalum, 16

Passion- ﬁoucr Passiflore, Passifiora-
cene, 100, 27 5, 283, 370

Patana (/P\Ion 141

Tatagonia ] , 368

}"LYH‘N)H)J 0

Peach, 197, 316

Pear, 46

Peat-bogs, 95

Peat-moss, see Qpha/]mzm

Pedlicular 120

D Groenlaod 3\ 170

Pelugophyeus, 136

Pelargomum, 170, 307

Pellaea, 172, 319

P. calomelanos, 319

Peltophorum Africanum, 173

Pentstemon, 45, 120, 121, 143, 149

Pennisetum, 166, 243

P. purpurcum, 166

Peony, 76

beperomia, 113, 244, 277, 300, 347

Pepper, Pipt Piperacene, 72, 80,
185, 197, 240

P. Mestoni, 244

Pepper-tree, 57, 369

Pepperidge, see olso Nyssa, 93, 96

Parfume, extraction {rom ﬂowens, 5

Permian, 3, 4
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Teratis, 163
also [rospyros. 06

l’]ullml(l]llxm .\' l~llu 150
P. Lewisii, 14¢

Dhilippine

=240
3, 104, 121
see also Date,

S_

P}IL\}J\I]I!
P.commu
P, \nl;mn» 1
Phyleria angu
Phyllocladus
P. trichon

Pickerel-w e Pontederia
Picl kt-rml.u
Pinanga, 20)

Pine, Pinu

34, 37, 43,43,
70, 91, 92,
223, 241,

P. cembru, 38
P. dt‘n\lﬂur’l S1

P Lmeertan l)b Tig- 42~
P faricio, HH
P. longifolia, 70, 184

225

. Mereusii,
P’ monticola, 130 149
P. Murrayana, 125
P. palustris, 102

170, 174, 181,

INDEX

Pinus Parrvana X'IS
I"oPi

Pine-harrens, 96, 100
Vi Chimaphile
us religiosy

ntixcus, Fig. 8
Piteh- -pine. see P. taeda
Piteher-plant, see also Dnrhuglo'tm_
Nepenthes, Surracenia. 101, 146,

2 3
Pltl)( 2 ulnblum, 2006, 237,
P. saman, 295
Pntn:porum 80, 170, 257, 339
80

275,279, 295

68, 70. 96, 144
6

Pl 5
Plantain, &\’k\\\\m‘»\ ‘)\, FC1N
Plantain, (Musa,) 1
Platanthera, 170
Platycerium, 248. 334
P. grande, 248
Platydesma, 258
Platystemon, 143
Pleistocene, 4, 6

P. glaciation, 6, 13
Pliocene, 3, 11
Plum, 48, 78, 93
Pnom\'m.aphom, 103, 183
Poa S, 352

2, Fig. 99

38, 345, Fig. 95

T’od'ﬂ\'rm 311

Podncarpue 24, 171, 215, 230, 238,
239, 249, 105 317, 363, 365, 366

. elonmtu 313
P, )rmclhur 71

P.

Ym\vp\n\\\)m 7%
Podostemon, 174
Pogoniz, 45, 366

P. tetraphylla, 366
Poinciuna regia, 148
Poison ivy, 83, 03



INDEX

Polemonium, 42
Polygala, 170, 311, 318
Polygonum. Polygonaeeae, 33, 66
Polygonatum, see Solomon's seal
I’ul\pmlunn 200
Polyvnesiy X1,
Polvtrichum, 31
Polystichum vestitum, H2, Fig. ¢4
Pomegranute. (7
Pontederia, Pontederiae
Poplar, Populus, 10, 11
41, 43, 47, 53, 90, 118

I,. 259

118, Fig, 28
Poppy, Papa 28, 30, 47, 120

P. nudicaule, 30, 120

Port Antonio, Jamaica, 301
Portugal, 54

West Africa, 165

369

i pulnmefomm, 136, Tieg. 36
Pothos, 220, 244

P. longipes, 244

Potomogeton, 4

Prairies, . 106G, 109, 110, 130
Pre-Cumbrian, 5
Preto 1
Prickly- see also Opuntin, 57,
100
Primrose, Primula, Primulaceae, 30,
170, 232

48, 4‘7‘ .11

P. auricu a9

P. imperiali

Prince's Pine, see Chimaphila

Pritchardia, 238

Prosopis, 156, 257

Protea, Proteacene, 170, 174, 243, 248,
307, 810

P. cynaroides, 210

P. mellifera, 174

Prunus, see also Cherry, Plum

P.avium, 62

Pseudopanax, 345, 34

Psilotum, Psilotineae,
346

3, 8365

113, 210, 334,

P. flacciduni, 216

P. triquetrum, 113

Psilophyta, 8

Pteridophyte, see nl\o Fern, Horse-
tail, Lycopod,

Pterocarpus, 172, 20(: 224, 237

Pterocarya. 68

Pterospermum, 187

Pueraria, 185

Puget Sound, 130

Punics, sec Pomegranate

Pyrences, 46, ¢
Pyrola. Pyrolace:
127

Quamash, sec Cama
Queensfand, Austs

351
Queren also Ok
Q. agrifolia, 141
ullm, mu

:I\Pllugml 140,111
Q. lobata, 141
Q. Marylandica, 106

106
Qumqmn acutifoha, 346
Quisqualis Indiea, 160

RafHlesja,

7
Tainier, Mt., 130
Rajputana, 181

Rambutan, see Neplelium

see also Buattercup, 49,

P 3
Rn])hm l(»O 198
R.ruffia, 198
R. vinifera, 160
Rasamala, Altingia excefsa, 230
Rata, see Metrosideros
R,m:m :wo nl»m Calanus, 185,
237,213, 2
Rutll&snnke rnhm'nn see (oodyera
Rattle-weed, se ragalus
Ravensla, XDX. 91, 202
R. Madagascaric
R. Guianensis,
NXXII
Red Algae, 5
Red bark, see Cinchona
Red bud, see also Cercis, 98, 100
Red bay, see Persea
Red cedar, Juniperus Virginiana, 20
Red wsple, Acer rubrum, 0
Red oak, Quercus rubra, 85

203,

194
o78, 291, 292, Pl
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Red River, 93

Red spruce, Picea rubra, 89

Redwood, see also Sequoia, 127, 132,
133, 138, 130, PL X1

Reed, see I‘/lmgmz((‘x

Reindeer moss, see Cetraria
Reseda, 4

Restionaceae, 310

Rhamnus, 48, 146
Rhapidophora Australusica, 244

o Mangrove, 112,

Rhodesia, 163, 17

Rhododendron, 1. 2% 'S
70, 76, 209, ‘Zlh 22.

R.arboreum, 191

R. (.ulll'urnuum 130, )40

Rhopalostvlis sapida, see also Akau,
341, 344, PL XLV

Rbus, see also Swmae, 44, 83, 146,
170, 310

R uoLmuh 49

R. diversiloba, 141

R. Loxu()dondron 83

Rhymiaceac, 8

RS, 41, 146

Rimﬂ 53, 57, l‘l: 224

Rio Negro,

Robinis, see Locust

R. pseudacacia, 96
Robinson, B. L., 300
Rochea, 311

Rocek

., 85, 114,

Hnmm—')a, 143

Romulea, 308

Rose, Ro«m 41, 42, 45, 48, 70, 78, 90,
98,

Bankﬂm R 78
Cherokee K. , 78
Fortune's Yellow R, 78
R. Arkansuanu, 108, 109
R. Chinensis, 76
R. Nutkana, 41
Rosaceae, 266, 269
Roupala, 363
Royal pulm, see Oreodozra

Rubber, 161, 183, 197, 188, 204, 222,

Ruhmonr 172, 218, 258, 274, 279,
284, 286, 292

see also Bramble, Raspberry,
118, 129 2, 232

22, 232

R.
R. SP{‘NDhII X
R. ulmifolius, 366
Rumex, 116

R. maritima, 116
R 29

Rutaceae, 258, 327

Sabal, 101, 103, 111, 269

8. Adansonii, 103

S. palmetto, 101, 111, PL. X
Saccharum spontancum, 163, 222
Sachalien, 83

Sacramento Vallev, 134, 145
Sage-brush, 64, 122 124
Samll'xn' W

. Mount, Java, 225, 226
Salal, see Gaullkeria
Salicornia, 116
8. herba 110G
Salix, see also Willow, 279, 318
8. Capensis, 318
S. Humboldtii, 279
Salmon-berry, sec Rubus spectabilis
Salsale, 57
Salt-bush, see also Airplez, Salsuia,
57, 66, (3, 328
Salvia, 48
Sulween River, 105
Samoa, 249, 250, 251
San Ambrosio Istand, 370
San Berpardino Moumams, 134
Sundalwood, see Santofum
Sznd verbena, see Abronia
San Francisco,

Climate, &R, 126
Sanguinaria, 45
Sanicula, 138
Szn Jacinto Mountains, 134, 152
San Joaquip Valloy, 134, 145
Sansevicra cylindriea, 165
Santalum, Soptalaceae, 172, 257, 328
Santubong, Mount, Borneo, 211, 214
Surawak, Borneo, 210, 211
Sarawak River, 211
Sarcobatus, 122
Sardinia, 59
Sargassumn, 101




INDEX

93, 308
202, 203,

296,

',zl

Saw-palmetto, Serenoa serrulata, 102,
100, 112

Saxifrage, Saxifraga, 28, 30, 31, 50,
151,339, 365

S. peltata,
Secaevol
Scandina 9, 37

Searlet flax, Linum grandiflorum, 63
Searlet maple, see Red miaple
Schellia splenden:

L];]u»MrL(

2. Schizacacese, 88, 101, 216,
296, 3L9

S. pennula, 296

S. pusills, 88, 101

Schizanthus, 361, 369

Schmidten, 163

Schnecberg, Austria, 49

Scigdopitys, 76

Scilla, 361

Scindapsus, 220

Scirpus, 44, 94, 145

Scitamineae, 80, 162, 276, 277, 3067

Selerolobium, 281

Scotch pine, see Pinus sylvestris

Scotland, 51

Scrt\\—pmo, see also Pandmum 16,

217, 2 234, 236, 246,

Scmphulurmc ae, 367

Sea-palm, see Pm‘ld.s‘m
Sea-rocket, see Calkile
Sealingwax palm, see Cyrlostackys
Seed-plants, 8, 9, 10

Sego-lily, see Calochortus, 123
Selagmei]u, 13, 172, 2}0 276,
S. Dregi, 172, 310

Senecio, 109, IZO 314, 361
Senegal, 165

Sensitive fern, sce Onoclea
Sequoisa, see also Redwood

S, p,ignntea 147

S. sempervirens, 132

Service berry, seec Amelanchier
Seymour Nund 13

Seychelles 1%L\.ndx 109

Shasta, Mount, 83, 186
Shepherdia, 41, 43

Sbootmg star, see nlso Dodecatheon,

319

&hores robusta, 184
Siam, 195, 196
Siberiu, 28, 29, 36, 37

389

e Bombar, Caba
o Grevillea

Silurian, .

Silver fir, see Abies pectinata

Silver linde Tilia argentea

Silver mapl scharinum,

Singapore. 20 H

Sisal hemp, Agave rigida, var. Sisilan,
»

106

Sisyrinchium, 108, 143, 361
bellum. 143

Sitka, 86, 128

iil. pruce, see Picea Silchensis

.74

Skunk-cahbage, see Lysichiton,
Sinoke-hush, sec Rhus cotinus
Snowberry, Bymphoriearpus, 120
Snow-plsnt, Sarcodes sanguines, 148
Solenum, 161, 275

Soldanella, 49
Solidaga, see ulso Golderrod, 115
Solomon'; \lf‘al. Polygonatum, 50
Bonchu
Soanera J?

Sonoran Dese rt, 267

Sophora tetrapters, &4:’1! 366, 369

ron

K . 306, 351
bouth Amenca 13,14, 69, 271-300,

South Auatrn]m 328, 329

South Carolina, 101, 102

South Germany, 47

South I‘cmperatv Zone, 306G
Southel ]\e\» Zealund, 336
Spain
Spanish Ce.dar see ( edrela

Spanish Mn&s, see Tillandsia
Sparganium, 44

Sparmannia, 170

Spartium junceum, 59

Spathodea campanulata, 162
Spﬂthiphy“um cannaefolium, 295
Spathoglottis, 204, 220
8permatophyte, see Secd-plant
Sphagoum, 31, 209, 248, 290, 347
Spice Islands, see Molucca

Spiraea, 39, 41, 72, 78, 90, 93, 98, 120
Spitzbermen, 27, 25, 29

Spraguea, 148
Sprmsg beauty,

see glso Claytonia,
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AN

271,270, 251,

A
Staghorn fern. soe Platyecrivm
Stanley Park, Vancouver, 130
Stapelia, 320

Star of Bethlehem, se

also Ornitho-

s, 86, 100

Stone-pin
Stonewort, sec (hurau(n

Strangling figs, 161

Strawberry, see also Fragaria, 138,
369

Strawberry-tre:

Strelit s

Stm)nl.mnnm

e Arbulus

Suarro, see ('ereu ’71!7(:11!( s

Sub-alpine floras, 50, 122, Tig. 31

Sub-alpine serub, ! ew Zealand. 43,
47

Sub-Antarctic flora, 349, 3

Sub-Arctic Zone, 34

Sudd, 169

Sueda, 123

Sugar cane, 163,

Sugar maple,
92

cer harum, 7.

Qumr]ulm see Arenga
Sugar pine, see also Pinus Lamberte-

ana, 148, 150
Sumae, see also Rhus, 83, 00, 98, 118
Sundarbuns, Indig, 1
Sundew, see also Drosera, 43, 101,
143, 296, 309, J 30, 367

\unﬂm\ er, %3,

ricata, 347, Fig. 47
Sweet bay, see Magnolia glauca

INDEX

Sweet briar, 20, 354

Sweet fern, sev Complowin
Nweet gum, sec Liquidembar
ena, 303

erlund, 49, 50

ce Plataras

camore maple, s
platanus

vzygium, 1
. cordatum, :

Table
31

AMountain, Seath Africa, 210,
1

.\lmn; Mills, Malay Peninsula, 206,
207

Talipot palm_see also Corypha, 191,
192, PL XV

. see  Larir  Americana,
Pinus \Iuruu/unn
F'lm.xllhtl Tamy 70, 228

351, 354, 359

miania, 14, 334,
odiurg, 11, l(J’
tichum, 102, l()j Tlg 21

Ta e, 46, 119, 110, 238,

14
Tehachaps Mountains, Cahforma, 132
Tell, :\l‘urm &

Indm 183
Terchinthaceae, 269
Terminalia, 113, 172, 173, 181, 184,
200, 234, 236
T. Catappa, 181, 217, Fig. 72
T. sericea, 173
Tertiary, 6
T. flimate, 12
T. flora, 27, 68
Texas. (02, 103, 106
Thalictrum, 168
Thamnoseris lacerata, 370
Thea, Theaceac, 72
Theeophiluea, 361
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Theghroma cacno, 206
T Iumhl‘ln TN,
s, 4

see Kubus Nuthanus

Tuhhuvl spruce,
a caliente,
TTi (h-l IFuego,

Fuegin, 14

N 4\ 92, 96, lﬂh 365

2, 96, 101

T 260, 290, 300,

391

ce merm Tnreducrata
T, see Linnaea

Typha, 44
Tyrol, 50

Ulex, 47

I'm\xlhf( rae, 38,
lu/mrm
LoR2

L 109, 266

L 174, 193, 290, 296, 298
i

Vae llllum 113, 230, 232 )40

V. tricolor 215

Vanilly, 199, 23

Vegetable jvory
284

ee also Phytelephas,

Tropical \fl a, 157-175
Tropical East Afr
Tropoeolum, .Sbl Jbo 369
T. speciosumz, 365
Trumpet ereeper, see Tecoma
Tsugs, 38, 83, 128

T. heteraphylla, 39

T. Mertengiana, 128
Tucuchi, Mt., Trinidad, 296, 208
Tule, see Scu/m,\

Tulip-tree, see also Liriodendron, 11,

53, 74, W

Ja. 283
-nus's ﬁ_\ -trap, see Dionaen
Veratrum, 49, 120, 149, 150

V. viride, 120

V. Californicuro, 149, 150, Fig. 43
Verbena, Verbenaceae, 108, 242, 300,
368

Vermont, 89

Vernonia, 168, 230, 316

V. amygdalina, 168

Veronica, 109, 345, 349, 350
\’etch 42, 50
xburuum 4 , 56,93, 98, 120, 187,230

Vine, see also Grape, Vilis, 57

Viola, Violet, 72, 87, 93, 106, 168, 101
V. pedaty, 106

Virgioia, 108



392
Varginia creeper, sce also Ampelspsis,
70

\:m 8.1

3
Vuﬁgm A\J!s 46

Wallace, A.
Wallnae's
Walnut

144

qulan 53, 8, @2,

12
Water, u"enl in ilh(nbu()on 16
Watermel ee Citrullus
Watsonia, 54
Wattle, see Acacia
Waxberry, see Myrica
Weber's line, 2:
Weeds, 20, 21,
Weigela, 83
Weinmannia,

L 857

3

198, 346, 363,

365,

306
W. sylvicola, 339
W m:hos]wrma 365
Wellington, New Zealand. 22, 441
\\ulmlsrth mirabilis, 166, 167, PL.

X
West- Australia 3‘79—33.3 331
Wild flowers, 33
Western Europe, 40
- Western Ghats, Ith 186
West Imlx(s 101, 2

W hue cedar, sec Thuya, Chamgecy-
Tis

V\'hi!.c Mountains, 31

White onk, see Quercus alba, Q. lpbata

INDEX

White pine, see Pinus Strobue, P.
maonlticola

Whitlow grass, see Drola

Whitney, M 33

Willis, B

lso Salir. 26,
47, 108, 279,
Willowtherb, see 2 pilobi
Wine palm, see
260, 263, 208, 202
Wintergree
Wisconsin, 8
Wistaria, 81
Witeh  hazel,
76, 98
Wonder-boom, «op Ficus cardein
Wormia, 1¢
W. ferruginea, l'.?ﬂ
Wormwood, see Arlemisia
Wyethia, 149
Wyoming, 116

.32, 35,

see also Hamamelis,

Nanthium,
Nanthorrh
X. Preissii, &
Xerophytes, 2
Xyridaceae, 200

Yam, see Dioscarea
Yangtse-Kiang River, 74, 79, PL. V
E 116

Yosemite Yalley, 146, 147

York Peninsula, Australia, 243, 246,

323

Yueen, 106, 108, 154, 136, 265, Fig. 48
Yukon Territory, 40

Zumia, 9, 109

Z. Floridana, 109

Zambesi River, 174

Zingiber, Zinmbernceae, see a30 Gri-
ger, 162, 208, 278

Zizanin aquatica, 94

Zizyphus, 171, 179

Zonesohegemuau Mt. Orizaba, 269

Zygadenus, 143
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