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THE TROPICS.

LaND of the Sun ! where joyous green-robed Spring
And leaf-crowned Summer deck the Earth for ever ;
No Winter stern their sweet embrace to sever

And numb to silence every living thing,

But bird and insect ever on the wing,

Flitting ‘mid forest glades and tangled bowers,

While the life-giving orb’s effulgent beams

Through all the circling year call forth the flowers.
Here graceful palms, here luscious fruits have blrth
The fragrant coffee, life-sustaining rice,

Sweet canes, and wondrous gums, and odorous spice ;
While Flora's choicest treasures crowd the teeming earth.
Beside each cot the golden Orange stands,

And broad-leaved Plantain, pride of Tropic lands.



ENGLAND.

SwEET changing Seasons ! Winter cold and stern,
Fair Spring with budding leaf and opening flower,
And Summer when the sun’s creative power
Brings leafy groves and glades of feathery fern,
The glorious blossoms of sweet-scented May,

The flowery hedgerows and the fragrant hay,

And the wide landscape’s many-tinted sheen.
Then Autumn’s yellow woods and days serene ;
And when we’ve gathered in the harvest’s treasure,
The long nights bring us round the blazing hearth,
The chosen haunt of every social pleasure,

Land of green fields and flowers ! Thou givest birth
To shifting scenes of beauty, which outshine

Th’ unvarying splendours of the Tropic’s clime,.



PREFACE.

THE luxuriance and beauty of Tropical Nature is a
well-worn theme, and there is little new to say about
it. The traveller and the naturalist have combined
to praise, and not unfrequently to exaggerate the
charms of tropical life—its heat and light, its superb
vegetable forms, its brilliant tints of flower and bird
and insect. Each strange and beautiful object has been
described in detail; and both the scenery and the
natural phenomena of the tropics have been depicted
by master hands and with glowing colours. But, so far
as I am aware, no one has yet attempted to give a
general view of the phenomena which are essentially
tropical, or to determine the causes and conditions of
those phenomena. The local has not been separated
from the general, the accidental from the essential;
and, as a natural result, many erroncous ideas have
become current as to what are really the charac-
teristics of the tropical as distinguished from the

temperate zones.
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In the present volume I have attempted to supply
this want; and for my materials have drawn chiefly
on my own twelve years’ experience of the castern
and western tropics of the equatorial - zone, where the
characteristic phenomena of tropical life are fully
manifested.

So many of the most remarkable forms of life are
now restricted to the tropics, and the relations of these
to extinct types which once inhabited the temperate
zones open up so many interesting questions as to the
past history of the earth, that the present inquiry may
be considered a necessary preliminary to a study of the
problem—how to determine the climates of geologic
periods from the character of their organic remains,
This part of the subject is however both complex and
difficult, and I have only attempted to indicate what
seem to me the special physical conditions to which
the existing peculiarities of tropical life are mainly due.

The three opening chapters treat the subject under
the headings of climate, vegetation, and animal life.
The conditions and causes of the equatorial climate
are discussed in some detail, and the somewhat complex
principles on which it depends are popularly explained.
In the chapters on plant and animal life, the general
aspects and relations of their several component elements
have been dwelt upon; all botanical and zoological

details and nomenclature being excluded, except so. far
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as was absolutely necessary to give precision to the
descriptions and to enable us to deduce from them
some conclusions of importance.

The remaining chapters have all a more or less
direct connection with the leading subject. The family
of humming-birds is taken as an illustration of the
luxuriant development of allied forms in the tropics,
and as showing the special mode in which natural
selection has acted to bring about considerable changes
in a limited period. The discussion on the nature and
origin of the colours of animals and plants, is intended
to show how far and in what way these are dependent
on the climate and physical conditions of the tropics.
The chapter entitled ‘ By-paths in the Domain of
Biology ” contains an account of certain curious relations
of colour to locality, which are almost exclusively
manifested within the tropical zones; while the essay
on ““ Distribution of Animals and Geographical Changes,”
elucidates the relations of the several continents in
past time, and the probable origin of many of the
groups now characteristic of tropical or of temperate
regions.

While discussing the general laws and phenomena
of colour in the organic world, and its special develop-
‘ments among certain groups of animals, I have been led
to a thecry of the diverse colours of the sexes and of

the special ornaments and brilliant hues which dis-
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tinguish certain male birds and insects, which is directly
opposed to the view held by Mr. Darwin and so well
explained and illustrated in his great work on “The
Descent of Man and on Selection in Relation to Sex.”
Being strongly impressed with the importanee and
fundamental truth of this theory, I published my first
sketch of the subject in Macmillan’s Magazine in order
that it might have the benefit of eriticism before making
it public in a more permanent form. Taking advantage
of some suggestions from Mr. Darwin and from a
few other correspondents, I have made considerable
additions to the original essay and have rearranged,
and I trust strengthened the argument, which I now °
hope may attract the attention of all who are interested
in the subject. I may be allowed here to remark, that
my theory cannot be properly understood without
reading the whole chapter on “The Colours of
Animals ;” beeause the view set forth and illustrated
in the first part of that chapter—that colour in nature
is normal, and that its presence hardly requires to
be accounted for so much as its absence—is an essential

part of the theory.

Crovpox, April, 1878.
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TROPICAL NATURE,

AND OTHER ESSAYS.

L.

THE CLIMATE AND PHYSICAL ASPECTS OF THE
EQUATORIAL ZONE.

The three Climatal Zones of the Earth—Temperature of the Equatorial Zone
—Causes of the Uniform High Temperature near the Equator—Influence
of the Heat of the Soil—Influence of the Aqueous Vapour of the Atmo-
sphere—Influence of Winds on the Temperature of the Equator—Heat due
to the Condensation of Atmospheric Vapour—General features of the
Equatorial Climate—Uniformity of the Equatorial Climate in all parts of
the globe—Effects of Vegetation on Climate—Short Twilight of the Equa-
torial Zone—The aspect of the Equatorial Heavens—Intensity of meteor-
ological phenomena at the Equator—Concluding Remarks,

It is difficult for an inhabitant of our temperate land
to realize either the sudden and violent contrasts of the
arctic seasons or the wonderful uniformity of the equa-
torial elimate. The lengthening or the shortening days,
the ever-changing tints of spring, summer, and autumn,
succeeded by the leafless boughs of winter, are constantly
recurring phenomena which represent to us the estab
lished eourse of nature. At the equator none of
these changes occur; there is a perpetual equinox and

% . ' )



2 TROPICAL NATURE, AND OTHER ESSAYS.

a perpetual summer, and were it not for variations in
the quantity of rain, in the direction and strength of the
winds, and in the amount of sunshine, accompanied by
corresponding slight changes in the development of
vegetable and animal life, the monotony of nature would
be extreme. '

In the present chapter it is proposed to describe the
chief peculiarities which distinguish the equatorial from
the temperate climate, and to explain the causes of the
difference between them,—causes which are by no means
of so simple a nature as are usually imagined.

The three great divisions of the earth—the tropical,
the temperate, and the frigid zones, may be briefly
defined as the regions of uniform, of variable, and of
extreme physical conditions respectively. They are pri-
marily determined by the ecircumstance of the earth’s
axis not being perpendicular to the plane in which it
moves round the sun; whence it follows that during
one half of its revolution the north pole, and during the
other half the south pole, is turned at a considerable
angle towards the source of light and heat. This ineli-
nation of the axis on which the earth rotates is usually
defined by the inclination of the equator to the plane of
the orbit, termed the obliquity of the ecliptic. The amount
of this obliquity is 234 degrees, and this measures the
extent on each side of the equator of what are called the
tropics, because within these limits the sun becomes
vertical at noon twice a year, and at the extreme limit
once a year, while beyond this distance it is never
vertical. It will be evident, however, from the nature
of the case, that the two lines which mark the limits of
the geographical “tropics” will not define any abrupt
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change of climate or physical conditions, such as
characterise the tropical and temperate zomes in their
full development. There will be a gradual transition
from one to the other, and in order to study them sepa-
rately and contrast their special features we must only
take into account the portion of each in which these are
most fully exhibited. For the temperate zone we may
_ take all countries situated between 35° and 60° of lati-
tude, which in Europe will include every place between
Christiana and Algiers, the districts further south form-
ing a transitional belt in which temperate and tropical
features are combined. In order to study the special
features of tropical nature, on the other hand, it will be
advisable to confine our attention mainly to that portion-
of the globe which extends for about twelve degrees on
each side of the equator, in which all the chief tropical
phenomena dependent on astronomical causes are most
fully manifested, and which we may distinguish as the
“equatorial zone.” In the debateable ground between
these two well contrasted belts local causes have a pre-
ponderating influence ; and it would not be difficult to
point out localities within the temperate zone of our
maps, which exhibit all the chief characteristics of
tropical nature to a greater degree than other localities -
which are, as regards geographical position, tropical.
Temperature of the Equatorial Zone.—The most
characteristic, as it is the most important feature in
the physical conditions of the great equatorial zone is
the wonderful uniformity of its temperature, alike
throughout the changes of day and night, and from one
part of the year to another. As a general rule, the

greatest heat of the day does not exceed 90° or 91°
B 2
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Tahr., while it seldom falls during the night below 74°
Fahr. It has been found by hourly observations ecar-
ried on for three years at the meteorological observatory
established by the Dutch government at Batavia, that
the extreme range of temperature in that period was
only 27° Fahr., the maximum being 95° and the mini-
mum 68°. But this is, of course, very much beyond
the usual daily range of the thermometer, which is, on
the average, only a little more than 11° Fahr.; being
12'6° in September when it is greatest, and only 8:1° in
January, when it is least.

Batavia, being situated between six and seven degrees
south of the equator, may be taken as affording a fair
example of the climate of the equatorial zone; though,
being in an island, it is somewhat less extreme than
many continental localities. Observations made at Para,
which is continental and close to the equator, agree how-
ever very closely with those at Batavia; but at the
latter place all the observations were made with
extreme care and with the best instruments, and are
therefore preferred as being thoroughly trustworthy.!
The accompanying diagram, showing by curves the
monthly means of the highest and lowest daily tempera-
tures at Batavia and London, is very instructive ; more
especially when we consider that the maximum of
temperature is by no means remarkably different in the
two places, 90° Fahr. being sometimes reached with us
and not being often very much exceeded at Batavia.

1 “QObservations Made at the Magnetical and Meteorological Observatory
at Batavia. Published by order of the Government of Netherlands India.
Vol. I. Meteorological, from Jan, 1866 to Dec. 1868 ; and Magnetical, from
July 1867 to June 1870. By Dr. P. A. Bergsma. Batavia, 1871.,” This
fine work is entirely in English. -
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Causes of the Uniform High Temperature near the
Equator—It is popularly supposed that the uniform
high temperature of the tropies is sufficiently explained
by the greater altitude, and therefore greater heating-
power, of the midday sun ; but a little consideration will
show that this alone by no means accounts for the
phenomenon. The island of Java is situated in from
six and a half to eight and a half degrees of south
latitude, and in the month of June the sun’s altitude
at noon will not be more than from 58° to 60°. In the
same month at London, which is fifty-two and a half
degrees of north latitude, the sun’s noonday altitude is 62°.
But besides this difference of altitude in favour of London
there is a still more important difference ; for in Java the
day is only about eleven and a half hours long in the month
of June, while at London it is sixteen hours long, so that
the total amount of sun-heat received by the earth must
be then very much greater at London than at Batavia.
Yet at the former place the mean temperature of the
day and night is under 60° Fahr., while in the latter place
it is 80° Fahr., the daily maximum being on the average
in the one case about 68° and in the other about 89°.

Neither does the temperature at the same place depend
upon the height of the sun at noon; for at Batavia it
is nearly vertical during October and February, but
these are far from being the hottest months, which are
May, June, and September ; while December, January,
and February are the coldest months, although then the
sun attains nearly its greatest altitude. It is evident,
therefore, that a difference of 30° in the altitude of the
sun at noon has no apparent influence in raising the
temperature of a place near the equator, and we must
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therefore conclude that other agencies are at work
which often completely neutralise the effect which
increased altitude must undoubtedly exert.

There is another important difference between the
temperate and tropical zones, in the direct heating effect
of the sun’s rays independently of altitude. In England
the noonday sun in the month of June rarely incon-
veniences us or produces any burning of the skin ; while
in the tropics, at almost any hour of the day, and when
the sun has an elevation of only 40° or 50°, exposure to
to it for a few minutes will scorch a European so that
the skin turns red, becomes painful, and often blisters
or peels off. Almost every visitor to the tropics
suffers from incautious exposure of the neck, the
leg, or some other part of the body to the sun’s
rays, which there possess a power as new, as it is
at first sight inexplicable, for it is not accompanied
by any extraordinary increase in the temperature of
the air.

These very different effects, produced by the same
amount of sun-heat poured upon the earth in different
latitudes is due to a combination of causes. The most
important of these are, probably,—the constant high
temperature of the soil and of the surface-waters of the
ocean,—the great amount of aqueous vapour in the
atmosphere,—the great extent of the intertropical
regions which cause the winds that reach the equatorial
zone to be always warm,—and the latent heat given out
during the formation of rain and dew. We will briefly
consider the manner in which each of these causes
contributes to the degree and the uniformity of the
equatorial temperature,
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Influence of the Ieat of the Soil.—It is well known
that at a very moderate depth the soil maintains a
uniform temperature during the twenty-four hours ;
while at a greater depth even the annual inequalities
disappear, and a uniform temperature, which is almost
exactly the mean temperature of the lccality, is con-
stantly maintained throughout the year. The depth at
which this uniform temperature is reached is greater as
the annual range of temperature is greater, so that it is
least near the equator, and greatest in localities near the
arctic circle where the greatest difference between
summer and winter temperature prevails. In the
vicinity of the equator, where the annual range of the
thermometer is so small as we have seen that it is at
Batavia, the mean temperature of about 80° Fahr. is
reached at a depth of four or five feet. The surplus heat
received during the day is therefore conducted down-
wards very slowly, the surface soil becomes greatly super-
heated, and a large portion of this heat is given out at
night and thus keeps up the high temperature of the air
when the sun has ceased to warm the earth. In the
temperate zones, on the other hand, the stratum of
uniform earth-temperature lies very deep. At Geneva
it is not less than from thirty to forty feet, and with us
it is probably fifty or sixty feet, and the temperature
found there is nearly forty degrees lower than at the
equator. This great body of cool earth absorbs a large
portion of the surface heat during the summer, and con-
ducts it downwards with comparative rapidity, and it
is only late in the year (in July and August) when the
upper layers of the soil have accumulated a surplus store
of solar heat that a sufficient quantity is radiated at
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night to keep up a high temperature in the absence of the
sun. At the equator, on the other hand, this radiation
is always going on, and earth-heat is one of the most
important of the agencies which tend to equalise the
equatorial climate.

Influence of the Aqueous Vapour of the Atmosphere.
—The aqueous vapour which is always present in
considerable quantities in the atmosphere, exhibits
a singular and very important relation to solar and
terrestrial heat. The rays of the sun pass through it
unobstructed to the earth ; but the warmth given off by
the heated earth is very largely absorbed by it, thus
raising the temperature of the air; and as it is the
lower strata of air which contain most vapour these act
as a blanket to the earth, preventing it from losing heat
at night by radiation into space. During a large part
of the year the air in the equatorial zone is nearly
saturated with vapour, so that, notwithstanding the heat,
salt and sugar become liquid, and all articles of iron get
thickly coated with rust. Complete saturation being
represented by 100, the daily average of greatest
humidity at Batavia reaches 96 in January and 92 in
December. In January, which is the dampest month,
the range of humidity is small (77 to 96), and at this
time the range of temperature is also least; while in
September, with a greater daily range of humidity (62
to 92) the range of temperature is the greatest, and the
lowest temperatures arc recorded in this and the pre-
ceding month. It is a curious fact, that in many parts
of England the degree of humidity as measured by the
comparative saturation of the air, is as great as that of
Batavia or even greater. A register kept at Clifton
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during the years 1853—1862 shows a mean humidity
in January of 90, while the highest monthly mean for
the four years at Batavia was 88 ; and while the lowest
of the monthly means at Clifton was 79°1, the lowest at
Batavia was 78'9. These figures however represent an
immense difference in the quantity of vapour in every
cubic foot of air. In January at Clifton, with a tem-
perature of 35° to 40° Fahr., there would be only about
4 to 43 grains of vapour per cubic foot of air, while at
Batavia, with a temperature from 80° to 90° Fahr., there
would be about 20 grains in the same quantity of air.
The most important fact however is, that the capacity
of air for holding vapour in suspension increases more
rapidly than temperature increases, so that a fall of ten
degrees at 50° Fahr. will lead to the condensation of
about 1% grains of vapour, while a similar fall at 90°
Fahr. will set free 63 grains. We can thus understand
how it is that the very moderate fall of the thermometer
during .a tropical night causes heavier dews and a
greater amount of sensible moisture than are ever ex-
perienced during much greater variations of temperature
in the temperate zone. It is this large quantity of
vapour in the equatorial atmosphere that keeps up a
genial warmth throughout the night by preventing the
radiation into space of the heat absorbed by the surface
soil during the day. That this is really the case is
strikingly proved by what occurs in the plains of
Northern India, where the daily maximum of heat is far
beyond anything experienced near the equator, yet, owing
to the extreme dryness of the atmosphere, the clear nights
are very cold, radiation being sometimes so rapid that
water placed in shallow pans becomes frozen over.
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As the heated earth, and everything upon its surface,
does not cool so fast when surrounded by moist as by
dry air, it follows, that even if the quantity and inten-
sity of the solar rays falling upon two given portions of
the earth’s surface are exactly equal, yet the sensible and
effective heat produced in the two localities may be very
different according as the atmosphere contains much or
little vapour. In the one case the heat is absorbed
more rapidly than it can escape by radiation; in the
other case it radiates away into space, and is lost, more
rapidly than it is being absorbed. In both cases an
cquilibrium will be arrived at, but in the one case the
resulting mean temperature will be much higher than in
the other.

Influence of Winds on the Temperature of the
Equator. — The distance from the northern to the
southern tropics being considerably more than three
thousand miles, and the area of the intertropical zone
more than one-third the whole area of the globe, it
becomes hardly possible for any currents of air to reach
the equatorial belt without being previously warmed by
contact with the earth or ocean, or by mixture with the
heated surface-air which is found in all intertropical and
sub-tropical lands. This warming of the air is rendered
more certain and more effective by the circumstance, that
all currents of air coming from the north or south have
their direction changed owing to the increasing rapidity
of the earth’s rotational velocity, so that they reach
the equator as easterly winds, and thus pass obliquely
over a great extent of the heated surface of the globe.
The causes that produce the westerly monsoons act in a
similar manner, so that on the equator direct north or
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south winds, except as local land and sea breezes, are
almost unknown. The Batavia observations show, that
for ten months in the year the average direction of the
wind varies only between 5° and 30° from due east or
west, and these are also the strongest winds. In the
two months—March and October—when the winds are
northerly, they are very light, and are probably in great
part local sea-breezes, which, from the position of
Batavia, must come from the north. As a rule, therefore,
every current of air at or near the equator has passed
obliquely over an immense extent of tropical surface
and is thus necessarily a warm wind.

In the north temperate zone, on the other hand, the
winds are always cool, and often of very low temperature
even in the height of summer, due probably to their
coming from colder northern regions as easterly winds, or
from the upper parts of the atmosphere as westerly winds;
and this constant supply of cool air, combined with quick
radiation through a dryer atmosphere, carries off the
solar heat so rapidly that an equilibrium 1s only reached
at a comparatively low temperature. In the equatorial
zone, on the contrary, the heat accumulates, on account
of the absence of any medium of sufficiently low
temperature to carry it off rapidly, and it thus soon
reaches a point high enough to produce those scorching
effects which are so puzzling when the altitude of the
sun or the indications of the thermometer are alone con-
sidered. Whenever, as is sometimes the case, exceptional
cold occurs near the equator, it can almost always be
traced to the influence of currents of air of unusually
low temperature. Thus in July near the Aru islands,
the writer experienced a strong south-east wind which
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almost neutralised the usual effects of tropical heat
although the weather was bright and sunny. But the
wind, coming direct from the southern ocean during its
winter without acquiring heat by passing over land, was
of an unusually low temperature. Again, Mr. Bates
informs us that in the Upper Amazon in the month of
May there is a regularly recurring south wind which
produces a remarkable lowering of the usual equatorial
temperature. But owing to the increased velocity of the
earth’s surface at the equator a south wind there must
have been a south-west wind at its origin, and this would
bring it directly from the high chain of the Peruvian
Andes during the winter of the southern hemisphere.
It is therefore probably a cold mountain wind, and blow-
ing as it does over a continuous forest it has been unable
to acquire the usual tropical warmth.

The cause of the striking contrast between the climates
of _equatorial and temperate lands at times when both
are recelving an approximately equal amount of solar
heat may perhaps be made clearer by an illustration.
Let us suppose there to be two reservoirs of water,
each supplied by a pipe which pours into it a thousand
gallons a day, but which runs only during the daytime,
being cut off at night. The reservoirs are both leaky,
but while the one loses at the rate of nine hundred
gallons in the twenty-four hours the other loses at the
rate of eleven hundred gallons in the same time, sup-
posing that both are kept exactly half full and thus
subjected to the same uniform water-pressure. If now
both are left to be supplied by the above-mentioned
pipes the result will be, that in the one which loses by
leakage less than it receives the water will rise day by
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day, till the increased pressure caused the leakage to
increase so as exactly to balance the supply; while in
the other the water will sink till the decreasing pressure
causes the leakage to decrease so as to- balance the
supply, when both will remain stationary, the one at
a high the other at a low average level, each rising
during the day and sinking again at night. Just the
same thing occurs with that great heat-reservoir the
earth, whose actual temperature at any spot will depend,
not alone upon the quantity of heat it receives, but on
the balance between its constantly varying waste and
supply. We can thus understand how it is that, although
in the months of June and July Scotland in latitude
57° north receives as much sun-heat as Angola or
Timor in latitude 10° south, and for a much greater
number of hours daily, yet in the latter the mean
temperature will be about 80° Fahr., with a daily
maximum of 90° to 95°, while in the former the mean
will be about 60° Fahr. with a daily maximum of 70° or
75°; and, while in Scotland exposure to the full noon-
day sun produces no unpleasant heat-sensations, a similar
exposure in Timor at any time between 9 A.M. and 3
p.M. would blister the skin in a few minutes almost as
effectually as the application of scalding water.

Heat Due to the Condensation of Atmospheric
Vapour.—Another cause which tends to keep up a
uniform high temperature in the equatorial, as compared
with the variable temperatures of the extra-tropical
zones, is the large amount of heat liberated during the
condensation of the aqueous vapour of the atmosphere
in the form of rain and dew. Owing to the frequent
near approach of the equatorial . atmosphere to the
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saturation point, and the great weight of vapour its
high temperature enables it to hold in suspension, a very
slight fall of the thermometer is accompanied by the

Monthly Rainfall as London and Batavia.
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condensation of a large absolute quantity of atmospheric
vapour, so that copious dews and heavy showers of rain
are produced at comparatively high temperatures and
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low altitudes. The drops of rain rapidly increase in
size while falling through the saturated atmosphere ;
and during this process as well as by the formation of
dew, the heat which retained the water in the gaseous
form, and was insensible while doing so, 1s liberated, and
thus helps to keep up the high temperature of the air.
This production of heat is almost always going on. In
fine weather the nights are always dewy, and the diagram
on the preceding page showing the mean monthly rain-
fall at Batavia and Greenwich proves that this source
of increased temperature is present during every month
in the year, since the lowest monthly fall at the former
place is almost equal to the highest monthly fall at the
latter.

It may perhaps be objected, that evaporation must
absorb as much heat as is afterwards liberated by con-
densation, and this is true; but as evaporation and
condensation occur usually at different times and in
different places, the equalising effect is still very
important.  Evaporation occurs chiefly during the
hottest sunshine, when it tends to moderate the extreme
leat, while condensation takes place chiefly at night in -
the form of dew and rain, when the liberated heat helps
to make up for the loss of the direct rays of the sun.
Again, the most copious condensation both of dew and
rain is greatly influenced by vegetation and especially
by forests, and also by the presence of hills and moun-
tains, and is therefore greater on land than on the
ocean ; while evaporation is much greater on the ocean,
both on account of the less amount of cloudy weather
and because the air is more constantly in motion.
This is particularly the case throughout that large
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portion of the tropical and subtropical zones where the
trade-winds constantly blow, as the evaporation must
there be enormous while the quantity of rain is very
small. It follows, then, that on the equatorial land-
surface there will be a considerable balance of conden-
sation over evaporation which must tend to the general
raising of the temperature, and, owing to the conden-
sation being principally at night, not less powerfully to
its equalisation.

General Features of the Equatorial Climate. ——Tho
various causes now enumerated are sufficient to enable
us to understand how the great characteristic features
of the climate of the equatorial zone are brought about ;
Lhow it is that so high a temperature is maintained
during the absence of the sun at night, and why so
little effeet is produced by the sun’s varying altitude
during its passage from the northern to the southern
tropic. In this favoured zone the heat is never oppres-
sive, as it so often becomes on the borders of the
tropics ; and the large absolute amount of moisture
always present in the air, 1s almost as congenial to the
health of man as it is favourable to the growth and
development of vegetation.! Again, the lowering of
the temperature at night is so regular and yet so strietly
limited in amount, that, although never cold enough to
be unpleasant, the nights are never so oppressively hot
as to prevent sleep. During the wettest months of
the year, it is rare to have many days in succession

1 Where the inhabitants adapt their mode of life to the peculiarities of
the climate, as is the case with the Dutch in the Malay Archipelago, they
enjoy as robust health as in Europe, both in the case of persons born in
Europe and of those who for generations have lived under a vertical sun.

c
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without some hours of sunshine, while even in the
driest months there are occasional showers to cool and
refresh the overheated earth. As a result of this con-
diticn of the earth and atmosphere, there is no eheck to
vegetation, and little if any demarcation of the seasons.
Plants are all evergreen; flowers and fruits, although
more abundant at certain seasons, are never altogether
absent ; while many annual food-plants as well as some
fruit-trees produce two crops a year. In other cases, more
than one complete year is required to mature the large
and massive fruits, so that it is not uneommon for fruit
to be ripe at the same time that the tree is eovered with
flowers, in preparation for the succeeding crop. This is
the case with the Brazil nut tree, in the forests of the
Amazon, and with many other tropical as with a few
temperate fruits.

Uniformity of the Equatorial Climate in all Parts of
the Globe.—The description of the climatal phenomena
of the equatorial zone here given, has been in great part
drawn from long personal experience in South America
and in the Malay Archipelago. Over a large portion of
these countries the same general features prevail, only
modified by varying local conditions. Whether we are
at Singapore or Batavia; in the Moluccas, or New
Guinea ; at Para, at the sources of the Rio Negro, or on
the Upper Amazon, the equatorial climate is essentially
the same, and we have no reason to believe that it
materially differs in Guinea or the Congo. In certain
localities, however, a more econtrasted wet and dry
season prevails, with a somewhat greater range of the
thermometer. This is generally associated with a sandy
soil, and a less dense forest, or with an open and more
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‘cultivated eountry.  The open sandy ecountry with
scattered trees and shrubs or occasional thickets, which
is found at Santarem and Monte-Alegre on the lower
Amazon, are examples, as well as the open cultivated
plains of Southern Celebes ; but in both cases the forest
country in adjacent districts has a moister and more
uniform climate, so that it seems probable that the
nature of the soil or the artificial clearing away of the
forests, are important agents in producing the departure
from the typical equatorial climate observed in such
districts. The almost rainless district of Ceara on the
North-East coast of Brazil and only a few degrees south
of the equator, is a striking example of the need of
vegetation to react on the rainfall. We have here no
apparent cause but the sandy soil and bare hills, which
when heated by the equatorial sun produce ascending
currents of warm air and thus prevent the condensation
of the atmospheric vapour, to account for such an
anomaly ; and there is probably no district where
judicious planting would produce such striking and
beneficial effects. In Central India the scanty and
intermittent rainfall, with its fearful accompaniment of
famine, is no doubt in great part due to the absence of a
sufficient proportion of forest-covering to the earth’s
surface ; and it is to a systematic planting of all the
_bill tops, elevated ridges, and higher slopes that we can
alone look for a radical cure of the evil. This would
almost certainly induce an increased rainfall ; but even
more important and more certain, is the action of forests
in checking evaporation from the soil and -causing
perennial springs to flow, which may be collected in
c 2
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vast storage tanks and will serve to fertilise a great
extent of country ; whereas tanks without regular rain-
fall or permanent springs to supply them are worthless.
In the colder parts of the temperate zones, the absence
of forests i1s not so much felt, because the hills and
uplands are naturally clothed with a thick coating of
turf which absorbs moisture and does not become over-
heated by the sun’s rays, and the rains are seldom
violent enough to strip this protective covering from the
surface. In tropical and even in south-temperate
countries, on the other hand, the rains arc periodical
and often of excessive violence for a short period;
and when the forests are cleared away the torrents
of rain soon strip off the vegetable soil, and thus
destroy in a few years the fertility which has been the
growth of many centuries. The bare subsoil becoming
heated by the sun, every particle of moisture which does
not flow off is evaporated, and this again reacts on the
climate, producing long-continued droughts only relieved
by sudden and wviolent storms, which add to the
destruction and render all attempts at -cultivation
unavailing. Wide tracts of fertile land in the south
of Europe have been devastated in this manner, and
have become absolutely uninhabitable. Knowingly to
produce such disastrous results would be a far more
serious offence than any destruction of property which
human labour has produced and can replace; yet we
ignorantly allow such extensive clearings for -coffee
cultivation in India and Ceylon, as to cause the destruc-
tion of much fertile soil which generations cannot
replace, and which will surely, if not checked in time,
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lead to the deterioration of the climate and the
permanent impoverishment of the country.?

Short Twilight of the Equatorial Zone.—One of the
phenomena which markedly distinguish the equatorial
from the temperate and polar zones, is the shortness
of the twilight and consequent rapid transition from day
to night and from night to day. As this depends only
on the fact of the sun descending vertically instead
of obliquely below the horizon, the difference is most
marked when we eompare our midsummer twilight with
that of the tropies. Even with us the duration of
twilight is very much shorter at the time of the
equinoxes, and it is probably not much more than a
third shorter than this at the equator. Travellers usually
exaggerate the shortness of the tropical twilight, it being
sometimes said that if we turn a page of the book we
are reading when the sun disappears, by the time we turn
over the next page it will be too dark to see to read.
With an average book and an average reader this is
certainly not true, and it will be well to describe as
correctly as we can what really happens.

In fine weather the air appears to be somewhat more
transparent near the equator than with us, and the
intensity of sunlight is usually very great up to the
moment when the solar orb touches the horizon. As
soon as it has disappeared the apparent gloom is propor-
tionally great, but this hardly increases perceptibly during
the first ten minutes. During the next ten minutes
however it becomes rapidly darker, and at the end of

! For a terrible picture of the irreparable devastation caused by the reckless
clearing of forests see the third chapter of Mr, Marsh’s work The Earth as
Modified by Human Action.
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about twenty-five minutes from sunset the complete
- darkness of night is almost reached. In the morning
the changes are perhaps even more striking. Up to
about a quarter pastfive o’clock the darkness is complete ;
but about that time a few cries of birds begin to break
the silence of night, perhaps indicating that signs of
dawn are perceptible in the eastern horizon. A little
later the melancholy voices of the goatsuckers are heard,
varied croakings of frogs, the plaintive whistle of moun-
tain thrushes, and strange cries of birds or mammals
peculiar to each locality. About half-past five the first
glimmer of light becomes pereeptible ; it slowly becomes
lighter, and then increases so rapidly that at about a
quarter to six it seems full daylight. TFor the next
quarter of an hour this changes very little in character ;
when, suddenly, the sun’s rim appears above the horizon,
decking the dew-laden foliage with glittering gems,
sending gleams of golden light far into the woods, and
waking up all nature to life and activity. Birds chirp
and flutter about, parrots scream, monkeys chatter, bees
hum among the flowers, and gorgeous butterflies flutter
lazily along or sit with fully expanded wings exposed to
the warm and invigorating rays, The first hour of
morning in the equatorial regions possesses a charm and
a beauty that can never be forgotten. All nature seems
refreshed and strengthened by the coolness and moisture
of the past night ; new leaves and buds unfold almost
before the eye, and fresh shoots may often be observed
to have grown many inches since the preceding day.
The temperature is the most delicious conceivable. The
slight chill of early dawn, whith was itself agrecable, is
succeeded by an invigorating warmth ; and the intense
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sunshine lights up the glorious vegetation of the tropics,
and realises all that the magic art of the painter or the
glowing words of the poet, have pictured as their ideals
of terrcstrial beauty.

The Aspect of the Equatorial Heavens.—Within the
limits of the equatorial zone the noonday sun is truly
vertical twice every year, and for several months it
passes so near the zenith that the difference can hardly
be detected without careful observation of the very short
shadows of vertical objects. The absence of distinet
horizontal shadows at noon which thus characterises a
considerable part of the year, is itself a striking pheno-
menon to an inhabitant of the temperate zones; and
equally striking is the changed aspect of the starry
heavens. The grand constellation Orion, passes verti-
cally overhead, while the Great Bear is only to be seen
low down in the northern heavens, and the Pole star
either appears close to the horizon or has altogether
disappeared according as we are north or south of the
equator. Towards the south the Southern Cross, the :
Magellanic clouds, and the jet-black * coal sacks ” are the
most conspicuous objects invisible in our northern lati-
tudes. The same cause that brings the sun overhead in
its daily march equally affects the planets, which appear
‘high up towards the zenith far more frequently than
with wus, thus affording splendid opportunities for
telescopic observation.

Intensity of Meteorological Phenomena at the Equator.
—The excessive violence of meteorological phenomena
generally supposed to be characteristic of the tropies is
not by any means remarkable in the equatorial zone.
Electrical disturbances are much more frequent, but not
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generally more violent than in the temperate regions.
The wind-storms are rarely of excessive violence, as
might in fact be inferred from the extreme steadiness of
the barometer, whose daily range at Batavia rarely exceeds
one-cighth of an inch, while the extreme range during
three years was less than one-third of an inch! The
amount of the rainfall is very great, seventy or eighty
inches in a year being a probable average ; and as the
larger part of this occurs during three or four months,
individual rainfalls are often exceedingly heavy. The
greatest fall recorded at Batavia during three years
was three inches and eight-tenths in one hour,' but this
was quite exceptional, and even half this quantity is
very unusual. The greatest rainfall recorded in twenty-
four hours is seven inches and a quarter ; but more than
four inches in one day ocecurs only on two or three occa-
sions in a year. The blue colour of the sky is probably
not so intense as in many parts of the temperate zone,
while the brilliancy of the moon and stars is not
perceptibly greater than that of our clearest frosty nights,
and is undoubtedly muech inferior to what is witnessed
in many desert regions, and even in Southern Europe.

On the whole, then, we must decide, that uniformity
and abundanee, rather than any excessive manifestations,
are the prevailing characteristic of all the climatal
phenomena of the equatorial zone.

Concluding Remarks—We cannot better conclude
our account of the equatorial climate than by quoting
the following vivid description of the physical pheno-
mena which occur during the early part of the dry
season at Para. It is taken from Mr. Bates’ Nuturalist

! On January 10th, 1867, from 1 to 2 A1,
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on the Amazons, and clearly exhibits some of the more
characteristie features of a typical equatorial day.

“ At that early period of the day (the first two hours
after sunrise) the sky was invariably eloudless, the ther-
mometer marking 72° or 73° Fahr.; the heavy dew or
the previous night’s rain, which lay on the moist foliage,
beeoming quiekly dissipated by the glowing sun, which,
rising straight out of the east, mounted rapidly towards
the zenith. All nature was fresh, new leaf and flower-
buds expanding rapidly. * * * The heat inereased hourly,
and towards two o'clock reached 92°to 93° Fahr., by
which time every-voice of bird and mammal was hushed.
The leaves, which were so moist and fresh in early
morning, now became lax and drooping, and flowers shed
their petals. On most days in June and July a heavy
shower would fall some time in the afternoon, producing
a most weleome coolness. The approach of the rain-
clouds was after a uniform fashion very interesting to
observe. First, the cool sea-breeze which had commeneed
to blow about ten o’clock, and which had increased in
force with the inereasing power of the sun, would flag,
and finally die away. The heat and electric tension of
the atmosphere would then become almost insupportable.
Languor and uneasiness would seize on every one, even
the denizens of the forest betraying it by their motions.
White elouds would appear in the east and gather into
eumuli, with an increasing blackness along their lower
portions.  The whole eastern horizon would become
almost suddenly black, and this would spread upwards,
the sun at length becoming obscured.  Then the rush of
a mighty wind is heard through the forest, swaying the
tree-tops ; a vivid flash of lightning bursts forth, then a
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crash of thunder, and down streams the deluging rain.
Such storms soon cease, leaving bluish-black motionless
clouds in the sky until night. Meantime all nature is
refreshed ; but heaps of flower-petals and fallen leaves
are seen under the trees. Towards evening life revives
again, and the ringing uproar is resumed from bush and
tree. The following morning the sun again rises in a
cloudless sky; and so the cycle is completed ; spring,
summer, and autumn, as it were in one tropical day.
The days are more or less like this throughout the year.
A little difference exists between the dry and wet seasons;
but generally, the dry season, which lasts from July to .
December, is varied with showers, and the wet, from
January to June, with sunny days. It results from this,
—that the periodical phenomena of plants and animals do
not take place at about the same time in all species, or
in the individuals of any given species, as they do in
temperate countries. In Europe, a woodland scene has
its spring, its summer, its autumnal, and its winter
aspects. In the equatorial forests the aspect is the same
or nearly so every day in the year: budding, flowering,
fruiting, and leaf-shedding are always going on in one
species or other It is never either spring, summer, or
autumn, but each day is a combination of all three.
With the day and night always of equal length, the
atmospheric disturbances of each day neutralising them-
selves before each succeeding morn ; with the sun in its
course proceeding midway across the sky, and the daily
temperature almost the same throughout the year—how
grand in its perfect equilibrium and sxmphmty is the
march of Nature under the equator!”
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EQUATORIAL VEGETATION.

The Equatorial Forest-Belt and its Causes—General features of the Equatorial
Forests—Low-growth Forest-trees—Flowery trunks and their probable
cause— Uses of Equatorial Forest-trees—The Climbing Plants of the
Equatorial Forests—Palms—Uses of Palm-trees and their Products—
Ferns—Ginger-worts and wild Bananas—Arums—Screw-pines—Orchids
—Bamboos — Uses of the Bamboo — Mangroves—Sensitive-plants—
Comparative scarcity of Flowers—Concluding Remarks on Tropical
Vegetation.

Ix the following sketch of the characteristics of vegetable
life in the equatorial zone, it is not intended to enter
into any scientific details or to treat the subject in the
slightest degree from a botanical point of view; but
merely to describe those general features of vegetation
which are almost or quite peculiar to this region of the
globe, and which are so general as to be characteristic
of the greater part of it rather than of any particular
country or continent within its limits.

The Equatorial Forest-Belt and its Causes.—With
‘but few and unimportant exceptions a great forest band
from a thousand to fifteen hundred miles in width
girdles the earth at the equator, clothing hill, plain, and
mountain with an evergreen mantle. Lofty peaks and
precipitous ridges are sometimes bare, but often the
woody covering continues to a height of eight or ten
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thousand feet, as in some of the voleanic mountains
of Java and on portions of the Eastern Andes. Beyond
the forests both to the north and south, we meet first
with woody and then open country, soon changing into
arid plains or even deserts which form an almost con-
tinuous band in the vicinity of the two tropics. On
the line of the tropic of Cancer we have, in America
the deserts and dry plains of New Mexico; in Africa the
Sahara ; and in Asia, the Arabian deserts, those of Beloo-
chistan and Western India, and further east the dry
plains of North China and Mongolia. On the tropic of
Capricorn we have, in America the Grand Chaco desert
and the Pampas; in Africa the Kalahari desert and the
dry plains north of the Limpopo ; while the deserts and
waterless plains of Central Australia complete the arid zone.
These great contrasts of verdure and barrenness occurring
in parallel bands all round the globe, must evidently
depend on the general laws which determine the distri-
bution of moisture over the earth, more or less modified
by local causes. Without going into meteorological
details, some of which have been given in the preceding
chapter, the main facts may be explained by the mode
in which the great aerial currents are distributed. The
trade winds passing over the ocean from neorth-east to
south-west with an oblique tendency towards the equator,
become saturated with vapour, and are ready to give
out moisture whenever they are forced upwards or in any
other way have their temperature lowered. The entire
equatorial zone becomes thus charged with vapour-laden
air which is the primary necessity of a luxuriant vege-
tation. The surplus air (produced by the meeting of the
two trade winds) which is ever rising in the equatorial
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belt and giving up its store of vapour, flows off north
‘and south as dry, cool air, and descends to the earth in
the vicinity of the tropics. Here it sucks up whatever
moisture it meets with and thus tends to keep this zone
in an arid condition. The trades themselves are believed
to be supplied by descending currents from the tem-
perate zones, and these are at first equally dry and
only become vapour-laden when they have passed over
some extent of moist surface. At the solstices the sun
passes vertically over the vicinity of the tropics for
several weeks, and this further aggravates the aridity ;
and wherever the soil is sandy and there are no lofty
mountain-chains to supply ample irrigation the result is
a more or less perfect desert. Analogous causes, which
a study of aerial currents will render intelligible, have
produced other great forest-belts in the northern and
southern parts of the temperate zones ; but owing to the
paucity of land in the southern hemisphere these are
best seen in North America and Northern Kuro-Asia,
where they form the great northern forests of deciduous
trees and of Coniferse. These being comparatively well-
known to us, will form the standard by a reference to
which we shall endeavour to point out and render in-
telligible the distinctive characteristics of the equatorial
forest vegetation.

General Features of the Equatorial Forests.—It is not
easy to fix upon the most distinetive features of these
virgin forests, which nevertheless impress themselves upon
the beholder as something quite unlike those of tempe-
rate lands, and as possessing a grandeur and sublimity
altogether their own. Amid the countless modifications
in detail which these forests present, we shall endeavour
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to point out the chief peculiarities as well as the more
interesting phenomena which generally characterise them.

The observer new to the scene would perhaps be first
struck by the varied yet symmetrical trunks, which rise
up with perfect straightness to a great height without a
branch, and which, being placed at a considerable average
distance apart, give an impression similar to that pro-
duced by the columns of some enormous building.
Overhead, at a height, perhaps, of a hundred feet, is an
almost unbroken canopy of foliage formed by the meeting
together of these great trees and their interlacing
branches ; and this canopy is usually so dense that but
an indistinet glimmer of the sky is to be seen, and even
the intense tropical sunlight only penetrates to the ground
subdued and broken up into scattered fragments. There
is a weird gloom and a solemn silence, which combine
to produce a sense of the vast—the primeval—almost
of the infinite. It is a world in which man seems an
intruder, and where he feels overwhelmed by the con-
templation of the ever-acting forces, which, from the
simple elements of the atmosphere, build up the great
mass of vegetation which overshadows, and almost seems

to oppress the earth.

Characteristics of the Larger Forest-trees.—Passing
from the general impression to the elements of which
the scene is composed, the observer is struck by the
great diversity of the details amid the general uniformity.
Instead of endless repetitions of the same forms of trunk
such as are to be seen in our pine, or oak, or beech woods,
the eye wanders from one tree to another and rarely
detects two of the same species. All are tall and
upright columus, but they differ from each other more
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than do the columns of Gothic, Greek, and Egyptian
temples. Some are almost cylindrical, rising up out of
the ground as if their bases were concealed by accumu-
lations of the soil ; others get much thicker near the
ground like our spreading oaks; others again, and these are
very characteristic, send out towards the base flat and
wing-like projections. These projections are thin slabs
radiating from the main trunk, from which they stand
out like the buttresses of a Gothic cathedral. They rise
to various heights on the tree, from five orsix, to twenty
or thirty feet ; they often divide as they approach the
. ground, and sometimes twist and curve along the surface
for a considerable distance, forming elevated and greatly
compressed roots. These buttresses are sometimes so
large that the spaces between them if roofed over would
form huts capable of containing several persons. Their
use is evidently to give the tree an extended base, and
so assist the subterranean roots in maintaining in an
erect position so lofty a column crowned by a broad and
massive head of branches and foliage. The buttressed
trees belong to a variety of distinet groups. Thus,
many of the Bombacez or silk-cotton trees, several of
the Leguminosee, and perhaps many trees belonging to
other natural orders, possess these appendages.

There is another form of tree, hardly less curious, in
which the trunk, though generally straight and cylin-
drical, is deeply furrowed and indented, appearing as if
made up of a number of small trees grown together at
the centre. Sometimes the junction of what seem to be
the component parts, is so imperfect, that gaps or holes
are left by which you can see through the trunk in
various places. At first one is disposed to think this is
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caused by accident or decay, but repeated examination
shows it be due to the natural growth of the tree. The
accompanying outline sections of one of these trees that
was cut down, exhibits its character. 1t was a noble

Sections of trunk of a Bornean Forest-tree.

1. Section at seven feet from the ground.
2. 8. Sections much higher up.

forest-tree, more than 200 feet high, but rather slender
in proportion, and it was by no means an extreme
example of its class. This peculiar form is probably
produced by the downward growth of acrial roots, like
some New Zealand trees whose growth has been traced,
and of whose different stages drawings may be seen at
the Library of the Linnean Society. These commence
their existence as parasitical climbers which take root in
the fork of some forest-tree and send down aerial roots
which clasp round the stem that upholds them. As
these roots increase in size and grow together laterally
they cause the death of their foster-parent. The climber
then grows rapidly, sending out large branches above
and spreading roots below, and as the supporting tree
deeays away the aerial roots grow together and form a
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new trunk, more or less furrowed and buttressed, but
exhibiting no other marks of its exceptional origin.
Aerial-rooted forest-trees—like that figured in my
Malay Archipelago (vol. i p. 131)—and the equally
remarkable fig-trees of various species, whose trunks are
formed by a miniature forest of aerial roots, sometimes
separate, sometimes matted together, are characteristic of
the Eastern tropics, but appear to be rare or altogether
unknown in America, and can therefore hardly be in-
cluded among the general characteristics of the equatorial
zone.

Besides the varieties of form, however, the tree-trunks
of these forests present many peculiarities of colour and
texture. The majority are rather smooth-barked, and
many are of peculiar whitish, green, yellowish, or brown
colours, or occasionally nearly black. Some are perfectly
smooth, others deeply cracked and furrowed, while in a
considerable number the bark splits off in flakes or hangs
down in long fibrous ribands. Spined or prickly trunks
(except of palms) are rare in the damp equatorial forests.
Turning our gaze upwards from the stems to the foliage,
we-find two types of leaf not common in the temperate
zone, although the great mass of the trees offer nothing
very remarkable in this respect. First, we have many
,trees with large, thick, and glossy leaves, like those of
the cherry-laurel or the magnolia, but even larger,
smoother, and more symmetrical. The leaves of the
Asiatic caoutchouc-tree (Ficus elastica), so often culti-
vated in houses, is a type of this class, which has a very
fine effect among the more ordinary-looking foliage.
Contrasted with this is the fine pinnate foliage of some
of the largest forest-trees which, seen far aloft against

D
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the sky, looks as delicate as that of the sensitive
mimosa.

Forest-trees of Low Growth.—The great trees we
have hitherto been describing form, however, but a
portion of the forest. Beneath their lofty canopy there
often exists a second forest of moderate-sized trees, whose
crowns, perhaps forty or fifty feet high, do mnot touch
the lowermost branches of those above them. These are
of course shade-loving trees, and their presence effectually
prevents the growth of any young trees of the larger
kinds, until, overcome by age and storms, some monarch
of the forest falls down, and, carrying destruction in its
fall, opens up a considerable space, into which sun and
air can penetrate. Then comes a race for existence among
the seedlings of the surrounding trees, in which a few
ultimately prevail and fill up the space vacated by their
predecessor. Yet beneath this second set of medium-
sized forest-trees there is often a third undergrowth of
small trees, from six to ten feet high, of dwarf palms, of
tree-ferns, and of gigantic herbaceous ferns. Coming to
the surface of the ground itself we find much variety.
Sometimes it is completely bare, a mass of decaying
leaves and twigs and fallen fruits. More frequently it
is covered with a dense carpet of selaginella or other
lycopodiacese, and these sometimes give place to a
variety of herbaceous plants, sometimes with pretty, but
rarely with very conspicuous flowers.

Flowering Trunks ond their Probable Cause.—
Among the minor but not unimportant peculiarities that
characterise these lofty forests, is the curious way in
which many of the smaller trees have their flowers
situated on the main trunk or larger branches instead

~
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of on the upper part of the tree. The cacao-tree is a
well-known example of this peculiarity, which is not
uncommon in tropical forests; and some of the smaller
trunks are occasionally almost hidden by the quantity
of fruit produced on them. One of the most beautiful
examples of this mode of flowering is a small tree of
the genus Polyalthea, belonging to the family of the
custard-apples, not uncommon in the forests of North-
western Borneo. Its slender trunk, about fifteen or
twenty feet high, was completely covered with star-
shaped flowers, three inches across and of a rich orange-
red colour, making the trees look as if they had been
artificially decorated with brilliant garlands. The recent
discoveries as to the important part played by insects
in the fertilization of flowers offers a very probable
explanation of this peculiarity. Bees and butterflies
are the greatest flower-haunters. The former love the
sun and frequent open grounds or the flowery tops of
the lofty forest-trees fully exposed to the sun and air.
The forest shades are frequented by thousands of
butterflies, but these mostly keep near the ground,
where they have a free passage among the tree-trunks
and visit the flowering shrubs and herbaceous plants.
To attract these it is necessary that flowers should be
low down and conspicuous. If they grew in the usual
way on the tops of these smaller trees overshadowed by
the dense canopy above them they would be out of
sight of both groups of insects, but being placed openly
on the stems, and in the greatest profusion, they cannot
fail to attract the attention of the wandering butterflies.

Uses of Equatorial Forest-trees.—Amid this immense
variety of trees, the natives have found out such as are

D 2
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best adapted to certain purposes. The wood of some is
light and soft, and is used for floats or for earving out
rude images, stools, and ornaments for boats and houses.
The flat slabs of the buttresses are often used to make
paddles. Some of the trees with furrowed stems are
exceedingly strong and durable, serving as posts for
houses or as piles on which the water-villages are built.
Canoes, formed from a trunk hollowed out and spread
open under the action of heat, require one kind of wood,
those built up with planks another; and, as the species of
trees in these forests are so much more numerous than
the wants of a semi-civilized population, there are probably
a large number of kinds of timber which will some day
be found to be well adapted to the special requirements
of the arts and sciences. The products of the trees of
the equatorial forests, notwithstanding our imperfect
knowledge of them, are already more useful to civilized
man than to the indigenous inhabitants. To mention
only a few of those whose names are tolerably familiar
to us, we have such valuable woods as mahogany, teak,
cbony, lignum-vite; purple-heart, iron-wood, sandal-
wood, and satin-wood ; such useful gums as india-rubber,
gutta-percha, tragacanth, copal, lac, and dammar; such
dyes as are yielded by log-wood, brazil-wood, and
sappan-wood ; such drugs as the balsams of Capivi and
Tolu, camphor, benzoin, catechu or terra-japonica, caju-
put oil, gamboge, quinine, Angostura bark, quassia, and
the urari and upas poisons; of spices we have cloves,
cinnamon, and nutmegs; and of fruits, brazil-nuts,
tamarinds, guavas, and the valuable cacao; while
residents in our tropical colonies enjoy the bread-fruit,
avocado-pear, custard-apple, durian, mango, mangosteen,
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soursop, papaw, and many others. This list of useful
products from the exogenous trees alone of the equatorial
forests, excluding those from the palms, shrubs, herbs,
and creepers, might have been multiplied many times
over by the introduction of articles whose names would
be known only to those interested in special arts or
sciences ; but imperfect as it is, it will serve to afford a
notion of the value of this vast treasure-house which is
as yet but very partially explored.

The Climbing Plants of the Equatorial Forests.—Next
to the trees themselves the most conspicuous and
remarkable feature of the tropical forests is the profusion
of woody creepers and climbers that everywhere meet the
eye. They twist around the slenderer stems, they drop
down pendent from the branches, they stretch tightly from
tree to tree, they hang looped in huge festoons from bough
to bough, they twist in great serpentine coils or lie in en-
tangled masses on the ground. Some are slender, smooth,
and root-like ; others are rugged or knotted ; often they are
twined together into veritable cables ; some are flat like
ribands, others are curiously waved and indented.
Where they spring from or how they grow is at first a
complete puzzle. They pass overhead from tree to tree,
they stretch in tight cordage like the rigging of a ship
from the top of one tree to the base of another, and the
upper regions of the forest often seem full of them
without our being able to detect any earth-growing stem
from which they arise. The conclusion is at length
forced upon us that these woody climbers must possess
the two qualities of very long life and almost indefinite
longitudinal growth, for by these suppositions alone can
we explain their characteristic features. The growth of
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climbers, even more than all other plants, is upward
towards the light. In the shade of the forest they
rarely or never flower, and seldom even produce foliage ;
but when they have reached the summit of the tree that
supports them, they expand under the genial influence
of light and air, and often cover their foster-parent with
blossoms not its own. Here, asarule, the climber’s growth
would cease ; but the time comes when the supporting
tree rots and falls, and the creeper comes with 1t in torn
and tangled masses to the ground. But though its
foster-parent is dead it has itself received no permanent
injury, but shoots out again till it finds a fresh support,
mounts another tree, and again puts forth its leaves and
flowers. In time the old tree rots entirely away and the
creeper remains tangled on the ground. Sometimes
branches only fall and carry a portion of the creeper
tightly stretched to an adjoining tree ; at other times
the whole tree is arrested by a neighbour to which the
creeper soon transfers itself in order to reach the upper
light. When by the fall of a branch the creepers are
left hanging in the air, they may be blown about by the
wind and cateh hold of trees growing up beneath them,
and thus become festooned from ome treec to another.
‘When these accidents and changes have been again and
again repeated the climber may have travelled very far
from its parent stem, and may have mounted to the tree
tops and descended again to the earth several times over.
Only in this way does it seem possible to explain the
wonderfully complex manner in which these climbing
plants wander up and down the forest as if guided by
the strangest caprices, or how they become so erossed
and tangled together in the wildest confusion.
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The variety in the length, thickness, strength and
toughness of these climbers, enables the natives of
tropical countries to put them to various uses. Almost
every kind of cordage is supplied by them. Some will
stand in water without rotting, and are used for cables,
for lines to which are attached fish-traps, and to bind
and strengthen the wooden anchors used gencrally in
the East.” Boats and even large sailing vessels are built,
whose planks are entirely fastened together by this kind
of cordage skilfully applied to internal ribs. For the
better kinds of houses, smooth and uniform varieties
are chosen, so that the beams and rafters can be bound
together with neatness, strength and uniformity, as is
especially observable among the indigenes of the Ama-
zonian forests. 'When baskets of great strength are
required special kinds of creepers are used ; and to
serve almost every purpose for which we should need a
rope or a chain, the tropical savage adopts some one of the
numerous forest-ropes which long experience has shown
to have qualities best adapted for it. Some are smooth
and supple; some are tough and will bear twisting or
tying ; some will last longest in salt water, others in
fresh ; one is uninjured by the heat and smoke of fires,
while another is bitter or otherwise prejudicial to insect
enemies.

Besides these various kinds of trees and climbers
which form the great mass of the equatorial forests and
determine their general aspect, there are a number of
forms of plants which are always more or less present,
though in some parts scarce and in others in great pro-
fusion, and which largely aid in giving a special character
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to tropical as distinguished from temperate vegetation:
Such are the various groups of palms, ferns, ginger-worts,
and wild plantains, arums, orchids, and bamboos; and
under these heads we shall give a short account of
the part they take in giving a distinetive aspect to
the equatorial forests.

Palms. — Although these are found throughout the
tropics and a few species even extend into the warmer
parts of the temperate regions, they are yet so much
more abundant and varied within the limits of the region
we are discussing that they may be considered as among
the most characteristic forms of vegetation of the equa-
torial zone. They are, however, by no means generally
present, and we may pass through miles of forest with-
out even sceing a palm. In other parts they abound ;
either forming a lower growth in the lofty forest, or in
swamps and on hill-sides sometimes rising up above the
othcr trees. On river-banks they are especially con-
spicuous and elegant, bending gracefully over the stream,
their fine foliage waving in the breeze, and their stems
often draped with hanging creepers.

The chief feature of the palm tribe consists in the
cylindrical trunk crowned by a mass of large and some-
what rigid leaves. They vary in height from a few feet
to that of the loftiest forest-trees. Some are stemless,
consisting only of a spreading crown of large pinnate
leaves ; but the great majority have a trunk slender in
proportion to its height. Some of the smaller species
have stems no thicker than a lead pencil, and four or five
feet high ; while the great Mauritia of the Amazon has
a trunk full two feet in diameter, and more than
100 feet high. Some species probably reach a height
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of 200 feet, for Humboldt states that in South
- America he measured a palm, which was 192 English
feet high. The leaves of palms are often of immense size.
Those of the Manicaria saccifera of Para are thirty
feet long and four or five feet wide, and are not pinnate
but entire and very rigid. Some of the pinnate leaves
are much larger, those of the Raphia tedigera and
Maximiliana regia being both sometimes more than fifty
feet long. The fan-shaped leaves of other species are ten
or twelve feet in diameter. The trunks of palms are some-
times smooth and more or less regularly ringed, but they
are frequently armed with dense prickles which are some-
times eight inches long. In some species, the leaves fall
to the ground as they decay leaving a clean sear, but in
most cases they are persistent, rotting slowly away, and
leaving a mass of fibrous stumps attached to the upper
part of the stem. This rotting mass forms an excellent
soil for ferns, orchids, and other semi-parasitical plants,
which form an attractive feature on what would other-
wise be an unsightly object. The sheathing margins of
the leaves often break up into a fibrous material, some-
times resembling a coarse cloth, and in other cases more
like horsehair., The flowers are not individually large,
but form large spikes or racemes, and the fruits are
often beautifully scaled and hang in huge bunches
which are sometimes more than a load for a strong man.
The climbing palms are very remarkable, their tough,
slender, prickly stems mounting up by means of the
hooked midribs of the leaves to the tops of the loftiest
forest-trees, above which they send up an elegant spike
of foliage and flowers. The most important are the
American Desmoncus and the Eastern Calamus, the
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latter being the well-known rattan or cane of which
chair-seats are made, from the Malay name ‘“rotang.”
The rattan-palms are the largest and most remarkable
of the climbing group. They are very abundant in the
drier equatorial forests, and more than sixty species are
known from the Malay Archipelago. The stems (when
cleaned from the sheathing leaves and prickles) vary in
size from the thickness of a quill to that of the wrist ;
and where abundant they render the forest almost im-
passable. They lie about the ground coiled and twisted
and looped in the most fantastic manner. They hang
in festoons from trees and branches, they rise suddenly
through mid air up to the top of the forest, or coil
loosely over shrubs and in thickets like endless serpents.
They must attain an immense age, and apparently
have almost unlimited powers of growth, for some are
said to have been found which were 600 or even 1000
feet long, and if so, they are probably the longest of all
vegetable growths. The mode in which such great .
lengths and tangled convolutions have been attained
has already been explained in the general account of
woody climbers. From the immense strength of these
canes and the facility with which they can be split, they
are universally used for cordage in the countries where
they grow in preference to any other climbers, and
immense quantities are annually exported to all parts of
the world.

Uses of Palm-trees and thewr Products—To the
natives of the equatorial zone the uses of palms are
both great and various. The fruits of several species—
more especially the cocoa-nut of the East and the
peach-nut (Guilielma speciosa) of America—furnish
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abundance of wholesome food, and the whole of the trunk
- of the sago-palm is converted into an edible starch—
our sago. Many other palm-fruits yield a thin pulp, too
small in quantity to be directly eaten, but which when
rubbed off and mixed with a proper quantity of water
forms an exceedingly nutritious and agreeable article
of food. The most celebrated of these is the assai of
the Amazon, made from the fruit of Euterpe oleracea,
and which, as a refreshing, nourishing, and slightly
stimulating beverage for a tropical country, takes the
place of our chocolate and coffee. A number of other
palms yield a similar product, and many that are not
eaten by man are greedily devoured by a variety of
animals, so that the amount of food produced by this
tribe of plants is much larger than is generally supposed.

The sap which pours out of the cut flower-stalk of
several species of palm when slightly fermented forms
palm-wine or toddy, a very agreeable drink; and when
mixed with various bitter herbs or roots which check
fermentation, a fair imitation of beer is produced. If
the same fluid is at once boiled and evaporated it
produces a quantity of excellent sugar. The Arenga
saccharifera, or sugar-palm of the Malay countries, is
perhaps the most productive of sugar. A single tree
will continue to pour out several quarts of sap daily
for weeks together, and where the trees are abundant
this forms the chief drink and most esteemed luxury of
the natives. A Dutch chemist, Mr. De Vry, who has
studied the subject in Java, believes that great advan-
tages would accrue from the cultivation of this tree in
place of the sugar-cane. According to his experiments
it would produce an equal quantity of sugar of good
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quality with far less labour and expense, because no
manure and no cultivation would be required, and the
land will never be impoverished as it so rapidly becomes
by the growth of sugar-cane. The reason of this
difference is, that the whole produce of a cane-field is
taken off the ground, the crushed canes being burnt;
and the soil thus becomes exhausted of the various
salts and minerals which form part of the woody fibre
and foliage. These must be restored by the application
of manure, and this, together with the planting, weeding,
and necessary cultivation, is very expensive. With the
sugar-palm, however, nothing whatever is taken away
but the juice itself ; the foliage falls on the ground.and
rots, giving back to it what it had taken; and the
water and sugar in the juice being almost wholly
derived from the carbonic acid and aqueous vapour
of the atmosphere, there is no impoverishment ; and a
plantation of these palms may be kept up on the same
ground for an indefinite period. Another most impor-
tant consideration is, that these trees will grow on poor
rocky soil and on the steep slopes of ravines and hill-
sides where any ordinary cultivation is impossible, and
a great extent of fertile Jand would thus be sct free for
other purposes. Yet further, the labour required for
such sugar plantations as these would be of a light and
intermittent kind, exactly suited to a semi-civilized people
to whom severe and long-cOntinued labour is never
congenial. This combination of advantages appears to
be so great, that it scems possible that the sugar of the
world may in the future be produced from what would
otherwise be almost waste ground ; and it is to be hoped
that the experiment will soon be tried in some of our
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tropical colonies, more especially as an Indian palm,
Phenix sylvestris, also produces abundance of sugar,
~ and might be tried in its native country.
- Other articles of food produced from palms are,
cooking-oil from the cocoa-nut and baccaba palm, salt
from the fruit of a South American palm (Leopoldinia
major), while the terminal bud or cabbage” of many
species is an excellent and nutritious vegetable ; so that
palms supply bread, oil, sugar, salt, fruit, and vege-
tables. Oils for various other purposes are made from
several distinet palms, while wax is secreted from the
leaves of some South American species; the resin called
dragon’s-blood is the product of one of the rattan
palms ; while the fruit of the Areca palm is the “betel-
nut ” so universally chewed by the Malays as a gentle
stimulant, and which is their substitute for the opium
of the Chinese, the tobacco of Europeans, and the coca-
leaf of South America.

For thatching, the leaves of palms are invaluable, and
are universally used wherever they are abundant; and
the petioles or leaf-stalks, often fifteen or twenty feet
long, are used as rafters, or when fastencd together with
pegs form doors, shutters, partitions, or even the walls
of entire houses. They are wonderfully light and strong,
being formed of a dense pith covered with a hard rind
or bark, and when split up and pegged together serve
to make many kinds of boxes, which, when covered
with the broad leaves of a species of screw-pine and
painted or stained of various colours, are very strong
and serviceable as well as very ornamental. Ropes and
cables are woven from the black fibrous matter that
fringes the leaves of the sugar-palm and some other
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species, while fine string of excellent quality used even
for bow-strings, fishing-lines, and hammocks, is made of
fibres obtained from the unopened leaves of some American
species. The fibrous sheath at the base of the leaves of
the eocoa-nut palm is so compact and cloth-like, that it
is used for a variety of purposes, as for strainers, for
wrappers, and to make very good hats. The great
woody spathes of the larger palms serve as natural
baskets, as cradles, or even as cooking-vessels in which
water may be safely boiled. The trunks form excellent
posts and fencing, and when split make good flooring.
Some species are used for bows, others for blow-pipes;
the smaller species are sometimes used as needles or to
make fish-hooks, and the larger as arrows. To describe
in detail all the uses to which palm-trees and their
products are applied in various parts of the world
might occupy a volume ; but the preceding sketch will
serve to give an idea of how important a part is filled
by this noble family of plants, whether we regard them
as a portion of the beautiful vegetation of the tropies, or
in relation to the manners and customs, the lives and
the well-being of the indigenous inhabitants.
Ferns.—The type of plants which, next to palms,
most attracts attention in the equatorial zone, is perhaps
that of the ferns, which here display themselves in vast
profusion and variety. They grow abundantly on rocks
and on decaying trees ; they clothe the sides of ravines
and the margins of streams ; they climb up the trees and
over bushes; they form tufts and hanging festoons
among the highest branches. Some are as small as mosses,
others have huge fronds eight or ten feet long, while in
mountainous districts the most elegant of the group, the
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tree-ferns, bear their graceful crowns on slender stems
twenty to thirty, or even fifty feet high. It is this -
immense variety rather than any special features that
characterises the fern-vegetation of the tropics. We have
here almost every conceivable modification of size, form of
fronds, position of spores, and habit of growth, in plants
that still remain unmistakably ferns. Many climb over
shrubs and bushes in a most elegant manner ; others
cling closely to the bark of trees like ivy. The great
birds-nest fern (Platycertum) attaches its shell-like
fronds high up on the trunks of lofty trees. Many
small terrestrial species have digitate, or ovate, or ivy-
shaped, or even whorled fronds, resembling at first sight
those of some herbaceous flowering-plants.  Their
numbers may be judged from the fact that in the
vicinity of Tarrapoto, in Peru, Dr. Spruce gathered
250 species of ferns, while the single volcanic mountains
of Pangerango in Java (10,000 feet high) is said to
have produced 300 species.

Ginger-worts and wild Bananas.~—These plants, form-
ing the families Zingiberacez and Musaces of botanists,
are very conspicuous ornaments of the equatorial forests,
on account of their large size, fine foliage, and handsome
flowers. The bananas and plantains are well known as
among the most luxuriant and beautiful productions of
the tropics. Many species occur wild in the forests;
all have majestic foliage and handsome flowers, while
some produce edible fruit. =~ Of the ginger-worts (Zingi-
beracese and Marantacez), the well known cannas of our
tropical gardens may be taken as representatives, but the
equatorial species are very numerous and varied, often
forming dense thickets in damp places, and adorning the
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forest shades with their elegant and curious or showy
flowers. The maranths produce “arrow-root,” while the
ginger-worts are highly aromatic, producing ginger,
cardamums, grains of paradise, turmeric and several
medicinal drugs. The Musaceze produce the most valuable
of tropical fruits and foods. The banana is the variety
which is always eaten as a fruit, having a delicate
aromatic flavour ; the plantain is a larger variety which is
best cooked. Roasted in the green state it is an excellent
vegetable resembling roasted chestnuts; when ripe it is
sometimes pulped and boiled with water, making a very
agreeable sweet soup; or it is roasted, or cut into slices
and fried, in either form being a delicious tropical
substitute for fruit pudding. These plants are annuals,
producing one immense bunch of fruit. This bunch is
sometimes four or five feet long containing near
200 plantains, and often weighs about a hundred-
weight. They grow very close together, and Humboldt
calculated that an acre of plantains would supply more
food than could be obtained from the same extent of
ground by any other known plant. "Well may it be said
that the plantain is the glory of the tropics, and well
was the species named by Linnseus—Musa paradisiaca !

Arums.—Another very characteristic and remarkable
group of tropical plants are the epiphytal and climbing
arums. These are known by their large, arrow-shaped,
dark green and glossy leaves, often curiously lobed or
incised, and sometimes reticulated with large open
spaces, as if pieces had been regularly eaten out of
them by some voracious insects. Sometimes they form
clusters of foliage on living or dead trees to which they
cling by their aerial roots. Others climb up the smooth
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bark of large trees, sending out roots as they ascend
which clasp around the trunk. Some mount straight
up, others wind round the supporting trunks, and their
large, handsome, and often highly-remarkable leaves,
which spread out profusely all along the stem, render
them one of the most striking forms of vegetation
which adorn the damper and. more luxuriant parts
of the tropical forests of both hemispheres.
Screw-pines.—These singular plants, constituting the
family Pandanacese of botanists, are very abundant in
many parts of the Eastern tropics, while they are com-
paratively scarce in America. They somewhat resemble
Yuccas, but have larger leaves which grow in a close
spiral screw on the stem. Some are large and palm-like,
and it is a curious sight to stand under these and look
up at the huge vegetable screw formed by the bases of
the long drooping leaves. Some have slender-branched
trunks, which send out aerial roots ; others are stemless,
consisting of an immense spiral cluster of stiff leaves ten
or twelve feet long and only two or three inches wide.
They abound most in sandy islands, while the larger
species grow in swampy forests. Their large-clustered
fruits, something like pineapples, are often of a red
colour ; and their long stiff leaves are of great use for
covering boxes and for many other domestic uses.
Orchids.—These interesting plants, so well known
from the ardour with which they are cultivated on
account of their beautiful and singular flowers, are pre-
eminently tropical, and are probably more abundant in
the mountains of the equatorial zone than in any other
region. Here they are almost omnipresent in some of
their countless forms. They grow on the stems, in the
o
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forks or on the branches of trees ; they abound on fallen
trunks ; they spread over rocks, or hang down the face
of precipices; while some, like our northern species,
grow on the ground among grass and herbage. Some
trees whose bark is especially well adapted for their
support are erowded with them, and these form natural
orchid-gardens. Some orchids are particularly fond of
the decaying leaf-stalks of palms or of tree-ferns. Some
grow best over water, others must be elevated on lofty
trees and well exposed to sun and air. The wonderful
variety in the form, structure, and colour of the flowers
of orchids is well known ; but even our finest collections
give an inadequate idea of the numbers of these plants
that exist in the tropics, because a large proportion of
them have quite inconspicuous flowers and are not worth
cultivation. More than thirty years ago the number of
known orchids was estimated by Dr. Lindley at 3,000
species, and it is not improbable that they may be now
nearly doubled. But whatever may be the numbers of
the collected and described orchids, those that still remain
to be discovered must be enormous. Unlike ferns, the
species have a very limited range, and it would require
the systematic work of a good botanical collector during
several years to exhaust any productive district—say
such an island as Java—of its orchids. It is not there-
fore at all improbable that this remarkable group may
ultimately prove to be the most numerous in species of
all the families of flowering plants.

Although there is a peculiarity of habit that enables
one soon to detect an orchidaceous plant even when
not in flower, yet they vary greatly in size and aspect.
Some of the small crecping species are hardly larger
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than mosses, while the large Grammatophyllums of
Borneo, which grow in the forks of trees, form a mass
of leafy stems ten feet long, and some of the terrestrial
species—as the American Sobralias—grow erect to an
equal height. The fleshy aerial roots of most species
give them a very peculiar aspect, as they often grow
to a great length in the open air, spread over the surface
of rocks, or attach themselves loosely to the bark of
trees, extracting nourishment from the rain and from
the aqueous vapour of the atmosphere. Yet notwith-
standing the abundance and variety of orchids in the
equatorial forests they seldom produce much effect by
their flowers. This is due partly to the very large pro-
portion of the species having quite inconspicuous flowers ;
and partly to the fact that the flowering season for each
kind lasts but a few weeks, while different species flower
almost every month in the year. It is also due to the
manner of growth of orchids, generally in single plants or
clumps which are seldom large or conspicuous as compared
with the great mass of vegetation around them. Itis only
at long intervals that the traveller meets with anything
which recalls the splendour of our orchid-houses and
flower-shows. The slender-stalked golden Oncidiums of
the flooded forests of the Upper Amazon; the grand
Cattleyas of the drier forests; the Cwlogynes of the
swamps, and the remarkable Vanda lowii of the hill
forests of Borneo, are the chief examples of orchid-
beauty that have impressed themselves on the memory
of the present writer during twelve years’ wandering
in tropical forests. The last-named plant is unique
among orchids, its comparatively small cluster of leaves
sending out numerous flower-stems, which hang down
E 2 [
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like eords to a length of eight feet, and are covered with
numbers of large star-like crimson-spotted flowers.
Bamboos.—The gigantic- grasses called bamboos ean
hardly be classed as typical plants of the tropical zone,
because they appear to be absent from the entire African
continent and are comparatively scarce in South
America. They also extend beyond the geographieal
tropies in China and Japan as well as in Northern India.
It is however within the tropics and towards the equator
that they attain their full size and beauty, and it is
here that the species are most numerous and offer that
variety of form, size, and quality, which renders them
so admirable a boon to man. A fine clump of large
bamboos is perhaps the most graceful of all vegetable
forms, resembling the light and airy plumes of the bird-
of-paradise copied on a gigantic scale in living foliage.
Such clumps are often eighty or a hundred feet high, the
glossy stems, perhaps six inches thick at the base, spring-
ing up at first straight as an arrow, tapering gradually to
a slender point, and bending over in elegant curves with
the weight of the slender branches and grassy leaves.
The various species differ greatly in size and proportions ;
in the comparative length of the joints; in the thickness
and strength of the stem-walls; in their straightness,
smoothness, hardness, and durability. Some are spiny,
others are unarmed ; some have simple stems, others are
thickly set with branches ; while some speecies even grow
in such an irregular, zig-zag, branched manner as to form
veritable climbing bamboos. They generally prefer dry
and upland stations, though some grow near the banks
of rivers, and a few in the thick forests and, in South
America, in flooded tracts. They often form dense
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thickets where the forests have been cleared away ; and,
owing to their great utility, they are cultivated or
preserved near native houses and villages, and in such
situations often give a finishing charm to the landscape.

Uses of the Bamboo.—Perhaps more than any other
single type of vegetation, the bamboo seems specially
adapted for the use of half-civilized man in a wild
tropical country ; and the purposes to which it is applied
are almost endless. It is a natural column or cylinder,
very straight, uniform in thickness, of a compact and
solid texture, and with a smooth flinty naturally-polished
external skin. It is divided into ringed joints at
regular intervals which correspond to septa or partitions
within, so that each joint forms a perfectly closed and
air-tight vessel. Owing to its hollowness, the hardness
of the external skin, and the existence of the joints
and partitions, it is wonderfully strong in proportion to
its weight. - It can be found of many distinct sizes and
proportions ; light or heavy, long or short-jointed, and
varying from the size of a reed to that of a tall and
slender palm-tree. It can be split with great facility and
accuracy ; and, owing to its being hollow, it can be easily
cut across or notched with a sharp knife or hatchet. It
is excessively strong and highly elastic, and whether green
or dry is almost entirely free from any peculiar taste or
smell. The way in which these various qualities of
the bamboo render it so valuable, will be best shown by
giving a brief account of some of the uses to which it
is applied in the Malay Archipelago.

Several effective weapons are easily made from
bamboo. By cutting off the end very obliquely just
beyond a joint, a very sharp cutting point is produced
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suitable for a spear, dagger, or arrow-head, and capable
of penetrating an animal’s body as readily asiron. Such
spears are constantly used by many of the Malay tribes.
In the eastern half of the Archipelago, where bows and
arrows are used, these weapons are often formed entirely
of bamboo. The harder and thicker sorts, split and
formed with tapering ends, make a very strong and
elastic bow, while a narrow strip of the outer skin of the
same is used for the string, and the slender reed-like
kinds make excellent arrows. One of the few agricul-
tural tools used by the Papuans—a spud or hoe for
planting or weeding—is made of a stout bamboo cut
somewhat like the spear.

For various domestie purposes the uses of bamboo are
endless. Ladders are rapidly made from two bamboo
poles of the required length, by cutting small notches
just above each ring, forming holes to receive the rungs
or steps formed of a slenderer bamboo. For climbing
lofty trees to get beeswax, a temporary ladder reaching
to any height is ingeniously formed of bamboo. One of
the hardest and thickest sorts is chosen, and from this a
" number of pegs about a foot long are made. These are
sharpened at one end and then driven into the tree in a
vertical line about three feet apart. A tall and slender
bamboo is then placed upright on the ground and
securely tied with rattan or other cords to the heads of
these pegs, which thus, with the tree itself, form a ladder.
A man mounts these steps and builds up the ladder as he
goes, driving in fresh pegs and splicing on fresh bamboos
till he reaches the lower branches of the tree, which is
sometimes eighty or a hundred feet from the ground. As
the weight of the climber is thrown on several of the
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pegs, which are bound together and supported by the
upright bamboo, this ladder is much safer that it looks
at first sight, and it is made with wonderful rapidity.
When a path goes up a steep hill over smooth ground,
bamboo steps are often laid down to prevent slipping
while earrying heavy loads. These are made with
uniform lengths of stout bamboo in which opposite
notehes are cut at each end just within a joint. These
notches allow strong bamboo pegs to be driven
through into the ground, thus keeping the steps seeurely
in place. The masts and yards of native vessels are
almost always formed of bamboo, as it ecombines light-
ness, strength, and elasticity in an unequalled degree.
Two or three large bamboos also form the best outriggers .
to canoes on account of their great buoyancy. They
also serve to form rafts; and in the city of Palembang
in Sumatra there is a eomplete street of floating houses
supported on rafts formed of huge bundles of bamboos.
Bridges across streams or to carry footpaths along the
face of precipices are constructed by the Dyaks of
Borneo wholly of bamboos, and some of these are very
ingeniously hung from overhanging trees by diagonal
rods of bamboo, so as to form true suspension bridges.
The flooring of Malay houses is almost always of
bamboo, but is eonstructed in a variety of ways. Gene-
rally large bamboos are used, split lengthways twice and
the pieces tied down with rattan. This forms a grated
floor, slightly elastic, and very pleasant to the barefooted
natives. A superior floor is sometimes formed of slabs,
which are made from very stout bamboos cut into
lengths of about three or four feet and split down one
- side. The joints are then deeply and closely notched all
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round with a sharp chopping-knife, so that the piece can
be unrolled as it were and pressed flat, when it forms a
hard board with a natural surface which, with a little
wear, becomes beautifully smooth and polished. Blinds,
screens, and mats, are formed of bamboos in a variety
of ways,—sometimes of thin kinds crushed flat and
plaited, but more frequently of narrow strips connected
together with cords of bamboo-bark or rattan. Strips
of bamboo supported on cross-pieces form an excellent
bed, which from its elasticity supplies the purpose of a
mattress as well, and only requires a mat laid over it
to insure a comfortable night’s repose. Every kind of
basket, too, is made of bamboo, from the coarsest heavy
kinds to such as are fine and ornamental. In such
countries as Lombock and Macassar, where the land is
much cultivated and timber scarce, entire houses are
built of bamboo,—posts, walls, floors, and roofs all being
constructed of this one material ; and perhaps in no
other way can so elegant and well-finished a house be
built so quickly and so cheaply. Almost every kind of
furniture is also made of the same material, excellent
bamboo chairs, sofas, and bedsteads being made in the
Moluccas, which, for appearance combined with cheap-
ness, are probably unsurpassed in the world. A chair
costs sixpence, and a sofa two shillings.

Among simpler uses, bamboos are admirably adapted
for water-vessels. Some of the lighter sorts are cut
into lengths of about five feet, a small hole being
knocked through the septa of the joints. This prevents
the water from running out too quickly, and facilitates
its being poured out in a regulated stream to the last
drop. Three or four of these water-vessels are tied



USES OF BAMBOO. 57

together and carried on the back, and they stand very
conveniently in a corner of the hut. Water pipes and
aqueducts are also readily made from bamboo tubes
supported at intervals on two smaller pieces tied cross-
wise. In this way a stream of water is often conveyed
from some distance to the middle of a village. Measures
for rice or palm-wine, drinking-vessels, and water-
dippers, are to be found almost ready-made in a joint of
bamboo ; and when fitted with a cap or lid they form
tobacco or tinder-boxes. - Perches for parrots with food
and water vessels are easily made out of a single piece
of bamboo, while with a little more labour elegant
bird-cages are constructed. In Timor a musical instru-
ment is formed from a single joint of a large bamboo,
by carefully raising seven strips of the hard skin to form
strings, which remain attached at both ends and are
elevated by small pegs wedged underneath, the strings
being prevented from splitting off by a strongly-plaited
ring of a similar material bound round each end. An
opening cut on one side allows the bamboo to vibrate in
musical notes when the harp-like strings are sharply
pulled with the fingers. In Java strips of bamboo
supported on stretched strings and struck with a small
stick produce the higher notes in the “gamelung” or
native band, which consists mainly of sets of gongs and
metallic plates of various sizes. Almost all the common
Chinese paper is made from the foliage and stems of
some species of bamboo, while the young shoots, as they
first spring out of the ground, are an excellent vegetable,
quite equal to artichokes. Single joints of bamboo make
excellent cooking-vessels while on a journey. Rice can
be boiled in them to perfection, as well as fish and
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vegetables. They serve too for jars in which to preserve
sugar, salt, fruit, molasses, and cooked provisions; and
for the smoker, excellent pipes and hookahs can be
formed in a few minutes out of properly chosen joints
of bamboo.

These are only a sample of the endless purposes to
which the bamboo is applied in the countries of which
1t is a native, its chief characteristic being that in a few
minutes it can be put to uses which, if ordinary wood
were used, would require hours or even days of labour.
There is also a regularity and a finish about it which is
found in hardly any other woody plant ; and its smooth
and symmetrically ringed surface gives an appearance
of fitness and beauty to its varied applications. On
the whole, we may perhaps consider it as the greatest
boon which nature gives to the natives of the Eastern
tropies.

Mangroves.—Among the forms of plants which are
sure to attract attention in the tropics are the mangroves,
which grow between tide-marks on coasts and estuaries.
These are low trees with widely-spreading branches and
a network of aerial roots a few feet above the ground ;
but their most remarkable peculiarity is, that their fruits
germinate on the tree, sending out roots and branches
before falling into the muddy soil—a completely formed
plant. In some cases the root reaches the ground before
the seed above falls off. These trees greatly aid the
formation of new land, as the mass of aerial roots which
arch out from the stem to a considerable distance collects
mud and floating refuse, and so raises and consolidates
the shore ; while the young plants often dropping from
the farthest extremity of the branches, rapidly extend
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~ the domain of vegetation to the farthest possible limits.
The branches, too, send down slender roots like those of
the banyan, and beecome independent trees. Thus a
complete woody labyrinth is formed ; and the network
of tough roots and stems resists the action of the tides,
and enables the mud brought down by great tropical
rivers to be converted into solid land far more rapidly
than it could be without this aid.

Sensttive- plants.—Among the more humble forms of
vegetation that attract the traveller’s notice none are
more interesting than the sensitive species of Mimosa.
These are all natives of South America, but one species,
Mimosa pudica, has spread to Africa and Asia, so that
sensitive-plants now abound as wayside weeds in many
parts both of the eastern and western tropies, some-
times completely carpeting the ground with their
delicate foliage. Where a large surface of ground is
thus eovered the effect of walking over it is most
peculiar. At each step the plants for some distance
round suddenly droop, as if struek with paralysis,
and a broad track of prostrate herbage, several feet
wide, is distinctly marked out by the different colour
of the closed leaflets. The explanation of this pheno-
menon, given by botanists, is not very satisfactory ;'
while the purpose or use of the peculiarity is still
more mysterious, seeing that out of about two hundred
species belonging to this same genus Mimosa, only
some three or four are semsitive, and in the whole
vegetable kingdom there are no other plants which
possess more than the rudiments of a similar property.

! See Nature, vol. xvi. p. 349, where the German botanist Pfeffer’s theory
is given.
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It is true that, as they are all low-growing herbs or
shrubs with delicate foliage, they might possibly be liable
to destruction by herbivorous animals, and might escape
by their singular power of suddenly collapsing before
the jaws opened to devour them. The fact that one
species has been naturalized as a weed over so wide an
area in the tropics, seems to show that it possesses some
advantage over the generality of tropical weeds. It is
however curious that, as most of the species are some-
what prickly, so easy and common a mode of protection
as the development of stronger spines should here have
failed ; and that its place should be supplied by so
singular a power as that of simulating death, in a manner
which suggests the possession of both sensation and
voluntary motion.

Comparative Scarcity of Flowers.—It is a very
general opinion among inhabitants of our temperate
climes, that amid the luxuriant vegetation of the tropics
there must be a grand display of floral beauty ; and this
idea is supported by the number of large and showy
flowers cultivated. in our hot-houses, The fact is, how-
ever, that in proportion as the general vegetation
becomes more luxuriant, flowers form a less and less
prominent feature ; and this rule applies not only to the
tropics but to the temperate and frigid zomes. It is
amid the scanty vegetation of the higher mountains and
towards the limits of perpetual snow, that the alpine
flowers are most brilliant and conspicuous. Our own
meadows and pastures and hill-sides produce more gay
flowers than our woods and forests ; and, in the tropies,
it is in the parts where vegetation is less dense and
luxuriant that flowers most abound. In the damp and
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uniform climate of the equatorial zone the mass of
* vegetation is greater and more varied than in any other
part of the globe, but in the great virgin forests them-
selves flowers are rarely seen. After describing the
forests of the Lower Amazon, Mr. Bates asks: “But
where were the flowers? To our great disappointment
we saw none, or only such as were insignificant in appear-
ance. Orchids are rare in the dense forests of the
lowlands, and I believe it is now tolerably well ascer-
tained that the majority of the forest-trees in equatorial
Brazil have small and inconspicuous flowers.”* My
friend Dr. Richard Spruce assured me that by far the
greater part of the plants gathered by him in equatorial
America had inconspicuous green or white flowers.
My own observations in the Aru Islands for six months,
and in Borneo for more than a year, while living almost
wholly in the forests, are quite in accordance with this
view. Conspicuous masses of showy flowers are so rare,
that weeks and months may be passed without observing
a single flowering plant worthy of special admiration.
Occasionally some tree or shrub will be seen covered
with magnificent yellow, or crimson, or purple flowers,
but it is usually an oasis of colour in a desert of
verdure, and therefore hardly affects the general aspect
of the vegetation. The equatorial forest is too gloomy
for flowers, or generally even for much foliage, except of
ferns and ether shade-loving plants; and were it not
that the forests are broken up by rivers and streams,
by mountain ranges, by precipitous rocks and by deep
ravines, there would be far fewer flowers than there are.
Some of the great forest-trees have showy blossoms,

! The Naturalist on the River Amazons, 2nd edit. p. 38.
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and when these are seen from an elevated point looking
over an expanse of tree-tops the effect is very grand ;
but nothing is more erroneous than the statement some-
times made that tropical forest-trees generally have
showy flowers, for it is doubtful whether the proportion
is at all greater in tropical than in temperate zones. On
such natural exposures as steep mountain sides, the
banks of rivers, or ledges of precipices, and on the
margins of such artificial openings as roads and forest
clearings, whatever floral beauty is to be found in the
more luxuriant parts of the tropics is exhibited. But
even in such favourable situations it is not the abund-
ance and beauty of the flowers but the luxuriance
and the freshness of the foliage, and the grace and
infinite variety of the forms of vegetation, that will
most attract the attention and extort the admiration
of the traveller. Occasionally indeed you will come
upon shrubs gay with blossoms or trees festooned with
flowering creepers ; but, on the other hand, you may travel
for a hundred miles and see nothing but the varied
greens of the forest foliage and the deep gloom of its
tangled recesses. In Mr. Belt's Naturalist wn Nica-
ragua, he thus describes the great virgin forests of that
country which, being in a mountainous region and on
the margin of the equatorial zone, are among the most
favourable examples. “ On each side of the road great
trees towered up, carrying their crowns out of sight
amongst a canopy of foliage, and with lianas hanging
from nearly every bough, and passing from tree to tree,
entangling the giants in a great network of coiling
cables. Sometimes a tree appears covered with beautiful
flowers which do not belong to it, but to one of the lianas
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that twines through its branches and sends down great
rope-like stems to the ground. Climbing ferns and
vanilla cling to the trunks, and a thousand epiphytes
perch themselves on the branches. Amongst these are
large arums that send down long aerial roots, tough and
strong, and universally used instead of cordage by the
natives. Amongst the undergrowth several small species
of palms, varying in height from two to fifteen feet, are
common ; and now and then magnificent tree ferns
sending off their feathery crowns twenty feet from the
ground delight the sight by their graceful elegance.
Great broad-leaved heliconias, leathery melastomee, and
succulent-stemmed, lop-sided leaved and flesh-coloured
begonias are abundant, and typical of tropical American
forests ; but not less so are the cecropia trees, with their
white stems and large palmated leaves standing up like
great candelabra. Sometimes the ground is carpeted
with large flowers, yellow, pink, or white, that have
fallen from some invisible tree-top above; or the air is
filled with a delicious perfume, the source of which one
seeks around in vain, for the flowers that cause it are
far overhead out of sight, lost in the great overshadow-
ing crown of verdure.”

Although, as has been shown elsewhere, it may be
doubted whether light directly produces floral colour,
there can be no doubt that it is essential to the growth
of vegetation and to the full development of foliage and
of flowers. In the forests all trees, and shrubs, and
crecpers struggle upwards to the light, there to expand
their blossoms and ripen their fruit. Hence, perhaps,
the abundance of climbers which make use of their more
sturdy companions to reach this necessary of vegetable
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life. Yet even on the upper surface of the forest, fully
exposed to the light and heat of the tropical sun,
there is no special development of coloured flowers.
When from some elevated point you ean gaze down upon
an unbroken expanse of woody vegetation, it often
happens that not a single pateh of bright colour can be
discerned. At other times, and especially at the
beginning of the dry season, you may behold scattered
at wide intervals over the mottled-green surface a few
masses of yellow, white, pink, or more rarely of blue
colour, indicating the position of handsome flowering
trees.

The well-established relation between ecoloured flowers
and the need of insects to fertilize them, may perhaps be
connected with the comparative scarcity of the former
in the equatorial forests. The various forms of life are
linked together in such mutual dependence that no one
can inordinately increase without bringing about a
corresponding increase or diminution of other forms.
The insects which are best adapted to fertilize flowers
cannot probably increase much beyond definite limits,
because in doing so they would lead to a corresponding
increase of insectivorous birds and other animals which
would keep them down. The chief fertilizers—bees and
butterflies—have enemies at every stage of their growth,
from the egg to the perfect insect, and their numbers are,
therefore, limited by causes quite independent of the
supply of vegetable food. It may, therefore, be the case
that the numbers of suitable insects are totally inade-
quate to the fertilization of the countless millions of
forest-trees over such vast areas as the equatorial zone
presents, and that, in consequence, a large proportion of
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the species have become adapted either for self-fertiliza-
tion or for cross-fertilization by the agency of the wind.
Were there not some such limitation as this, we should
expect that the continued struggle for existence among
the plants of the tropical forests would have led to the
acquisition, by a much larger proportion of them, of so
valuable a character as bright-coloured flowers, this being
almost a necessary preliminary to a participation in the
benefits which have been proved to arise from cross-
fertilization by insect agency.

Concluding Remarks on Tropical Vegetation.—In
concluding this general sketch of the aspect of tropical
vegetation we will attempt briefly to summarize its main
features. The primeval forests of the equatorial zone are
grand and overwhelming by their vastness, and by the
display of a force of development and vigour of growth
rarely or never witnessed in temperate climates. Among
their best distinguishing features are the variety of forms
and species which everywhere meet and grow side by side,
and the extent to which parasites, epiphytes, and creepers
fill up every available station with peculiar modes of life.
If the traveller notices a particular species and wishes to
find more like it, he may often turn his eyes in vain in
every direction. Trees of varied forms, dimensions, and
colours are around him, but he rarely sees any one of
them repeated. Time after time he goes towards a tree
which looks like the one ‘he seeks, but a closer exami-
nation proves it to be distinct. He may at length,
perhaps, meet with a second specimen half a mile off, or
may fail altogether, till on another occasion he stumbles
on one by accident.

The absence of the gregarious or social habit, so

F
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general in the forests of extra-tropical countries, is
probably dependent on the extreme equability and per-
manence of the climate. Atmospheric conditions are
much more important to the growth of plants than any
others. Their severest struggle for existence is against
climate. As we approach towards regions of polar cold
or desert aridity the variety of groups and species regu-
larly diminishes ; more and more are unable to sustain
the extreme climatal conditions, till at last we find only
a few specially organized forms which are able to
maintain their existence. In the extreme north, pine or
birch trees ; in the desert, a few palms and prickly shrubs
or aromatic herbs alone survive. In the equable equa-
torial zone there is no such struggle against climate.
Every form of vegetation has become alike adapted to
its genial heat and ample moisture, which has probably
changed little even throughout geological periods; and
the never-ceasing struggle for existence between the
various species in the same area has resulted in a nice
balance of organic forces, which gives the advantage,
now to one, now to another, species, and prevents any
one type of vegetation from monopolising territory to
the exclusion of the rest. The same general causes have
led to the filling up of every place in nature with some
specially adapted form. Thus we find a forest of smaller
trees adapted to grow in the shade of greater trees.
Thus we find every tree supporting numerous other forms
of vegetation, and some so crowded with epiphytes of
various kinds that their forks and horizontal branches
are veritable gardens. Creeping ferns and arums run
up the smoothest trunks ; an immense variety of climbers
hang in tangled masses from the branches and mount over
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the bighest tree-tops. Orchids, bromelias, arums, and
ferns grow from every boss and crevice, and cover the
fallen and decaying trunks with a graceful drapery.
Even these parasites have their own parasitical growth,
their leaves often supporting an abundance of minute
creeping mosses and hepaticze. But the uniformity of
climate which has led to this rich luxuriance and
endless variety of vegetation is also the cause of a
monotony that in time becomes oppressive. To quote
the words of Mr. Belt: ‘ Unknown are the autumn
tints, the bright browns and yellows of English woods ;
much less the crimsons, purples, and yellows of Canada,
where the dying foliage rivals, nay, excels, the expiring
dolphin in splendour. Unknown the cold sleep of
winter ; unknown the lovely awakening of vegetation at
the first gentle touch of spring. A ceaseless round of
ever-active life weaves the fairest scenery of the tropics
into one monotonous whole, of which the component parts
exhibit in detail untold variety and beauty.” !

To the student of nature the vegetation of the tropics
will ever be of surpassing interest, whether for the
variety of forms and structures which it presents, for
the boundless energy with which the life of plants is
therein manifested, or for the help which it gives us in
our search after the laws which have determined the
production of such infinitely varied organisms. When,
for the first time, the traveller wanders in these primeval
forests, he can scarcely fail to experience sensations of
awe, akin to those excited by the trackless ocean or the
alpine snowfields. There is a vastness, a solemnity, a
gloom, a sense of solitude and of human insignificance

I The Naturalist in Nicaragua, p. 58.
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which for a time overwhelm him ; and it is only when
the novelty of these feelings have passed away that he
is able to turn his attention to the separate constituents
that combine to produce these emotions, and examine
the varied and beautiful forms of life which, in inex-
haustible profusion, are spread around him.



IIL
ANIMAL LIFE IN THE TROPICAL FORESTS.

Difficulties of the Subject— General Aspect of the Animal life of Equatorial
Forests—Diurnal Lepidoptera or Butterflies—Peculiar Habits of T'ropical
Butterfliess—Ants, Wasps, and Bees—Ants—Special Relations between
Ants and Vegetation—Wasps and Bees—Orthoptera and other Insects—
Beetles—Wingless Insects—General Observations on Tropical Insects—
Birds—Parrots—Pigeons—Picarizz—Cuckoos—Trogons, Barbets, Toucans
and Hornbills—Passeres—Reptiles and Amphibia—Lizards—Snakes—
Frogs and Toads — Mammalia — Monkeys — Bats — Summary of the
Aspects of Animal life in the Tropies.

THE attempt to give some account of the general
aspects of animal life in the equatorial zone, presents
far greater difficulties than in the case of plants. On the
one hand, animals rarely play any important part in
scenery, and their entire absence may pass quite un-
noticed ; while the abundance, variety, and character of
the vegetation are among those essential features that
attract every eye. On the other hand, so many of the
more important and characteristic types of animal life
are restricted to one only out of the three great divisions
of equatorial land, that they can hardly be claimed as
. characteristically tropical ; while the more extensive
zoological groups which have a wide range in the tropics
and do not equally abound in the temperate zones, are
few in number, and often include such a diversity of



70 TROPICAL NATURE, AND OTHER ESSAYS.

forms, structures, and habits, as to render any typical
characterisation of them impossible. We must then, in
the first place, suppose that our traveller is on the look
out for all signs of animal life ; and that, possessing a
general acquaintance as an out-door observer with the
animals of our own country, he carefully notes those
points in which the forests of the equatorial zone offer
different phenomena. Here, as in the case of plants, we
exclude all zoological science, classifications, and nomen-
clature, except in as far as it is necessary for a clear
understanding of the several groups of animals referred
to. 'We shall therefore follow no systematic order in
our notes, except that which would naturally arise from
the abundance or prominence of the objects themselves.
We further suppose our traveller to have no prepos-
sessions, and to have no favourite group, in the search
after which he passes by other objects which, in view
of their frequent occurrence in the landscape, are really
more important.

General Aspect of the Animal Life of Equatorial
Forests.—Perhaps the most general impression produced
by a first acquaintance with the equatorial forests, is the
comparative absence of animal life. Beast, bird, and
ingect alike require looking for, and it very often
happens that we look for them in vain. On this subject
Mr. Bates, describing one of his early excursions into
the primeval forests of the Amazon Valley, remarks as
follows :—* We were disappointed in not meeting with
any of the larger animals of the forest. There was no
tumultuous movement or sound of life. We did not see
or hear monkeys, and no tapir or jaguar crossed our
path. Birds also appeared to be exceedingly scarce.”
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Again—* I afterwards saw reason to modify my opinion,
founded on first impressions, with regard to the amount
and variety of animal life in this and other parts of the
Amazonian forests. There is in fact a great variety of
mammals, birds, and reptiles,but they are widely scattered
and all excessively shy of man. The region is so exten-
sive, and uniform in the forest clothing of its surface,
that it is only at long intervals that animals are seen in
abundance, where some particular spot is found which
is more attractive than others. Brazil, moreover, is
throughout poor in terrestrial mammals, and the species
are of small size; they do not, therefore, form a con-
spicuous feature in the forests. The huntsman would be
disappointed who expected to find here flocks of animals
similar to the buffalo-herds of North America, or the
swarms of antelopes and herds of ponderous pachyderms
of Southern Africa. We often read in books of travel
of the silence and gloom of the Brazilian forests. They
are realities, and the impression deepens on a longer ac-
quaintance. The few sounds of birds are of that pensive
and mysterious character which intensifies the feeling of
solitude rather than imparts a sense of life and cheerful-
ness. Sometimes in the midst of the stillness, a sudden
yell or scream will startle one; this comes from some
defenceless fruit-eating animal which is pounced upon by
a tiger-cat or a boa-constrictor. Morning and evening
the howling monkeys make a most fearful and harrowing
noise, under which it is difficult to keep up one’s buoy-
ancy of spirit. The feeling of inhospitable wildness
which the forest is calculated to inspire, is in-
creased tenfold under this fearful uproar. Often, even
in the still midday hours, a sudden crash will be heard
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resounding afar through the wilderness, as some great
bough or entire tree falls to the ground.” With a few
verbal alterations these remarks will apply equally to
the primeval forests of the Malay Archipelago; and it is
probable that those of West Africa offer no important
differences in this respect. There is, nevertheless, one
form of life which is very rarely absent in the more
luxuriant parts of the tropies, and which is more often
so abundant as to form a decided feature in the scene.
It is therefore the group which best characterises the
equatorial zone, and should form the starting-point for
our review. This group is that of the diurnal Lepidop-
tera or butterflies. :
Diurnal Lepidoptera.—Wherever in the equatorial
zone a considerable extent of the primeval forest
remains, the observer can hardly fail to be struck by the
abundance and the conspicuous beauty of the butterflies.
Not only are they abundant in individuals, but their
large size, their elegant forms, their rich and varied
colours, and the number of distinet species almost
everywhere to be met with are equally remarkable. In
many localities near the northern or southern tropics
they are perhaps equally abundant, but these spots are
more or less exceptional ; whereas within the equatorial
zone, and with the limitations above stated, butterflies
form one of the most constant and most conspicuous
displays of animal life. They abound most in old and
tolerably open roads and pathways through the forest,
but they are also very plentiful in old settlements in
which fruit-trees and shrubbery offer suitable haunts. In
the vicinity of such old towns as Malacca and Amboyna
in the East, and of Para and Rio de Janeiro in the
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West, they are especially abundant, and comprise some
of the handsomest and most remarkable species in the
whole group.  Their aspect is altogether different from
that presented by the butterflies of Europe and of most
temperate countries. A considerable proportion of the
species are very large, six to eight inches across the
wings being not uncommon among the Papilionidee and
Morphidee, while several species are even larger. This
great expanse of wings is accompanied by a slow flight ;
and, as they usually keep near the ground and often
rest, sometimes with closed and sometimes with ex-
panded wings, these noble insects really look larger and
are much more conspicuous objects than the majority of
our native birds. The first sight of the great blue
Morphos flapping slowly along in the forest roads near
Para—of the large, white-and-black semi-transparent
Ideas floating airily about in the woods near Malacca—
and of the golden-green Ornithopteras sailing on bird-
like wing over the flowering shrubs which adorn the
beach of the Ké and Aru islands, can never be forgotten
by any one with a feeling of admiration for the new and
beautiful in nature. Next to the size, the infinitely
varied and dazzling hues of these insects most attract
the observer. Instead of the sober browns, the plain
yellows, and the occasional patches of red or blue or
orange that gdorn our European species, we meet with
the most intense metallic blues, the purest satiny greens,
the most gorgeous crimsons, not in small spots but in
large masses, relieved by a black border or background.
In others we have contrasted bands of blue and orange,
or of crimson and green, or of silky yellow relieved by
velvety black. In not a few the wings are powdered
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over with scales and spangles of metallic green, deepen-
ing occasionally into blue or golden or deep red spots. .
Others again have spots and markings as of molten silver
or gold, while several have changeable hues, like shot-
silk or richly-coloured opal. The form of the wings,
again, often attracts attention. Tailed hind-wings
occur in almost all the families, but vary much in
character. In some the tails are broadly spoon-shaped,
in others long and pointed. Many have double or
triple tails, and some of the smaller species have them
immensely elongated and often elegantly curled. In
some groups the wings are long and narrow, in others
strongly falcate ; and though many fly with immense
rapidity, a large number flutter lazily along, as if they
had no enemies to fear and therefore no occasion to
hurry.

The number of species of butterflies inhabiting any
one locality is very variable, and is, as a rule, far larger
in America than in the Eastern hemisphere; but it
everywhere very much surpasses the numbers in the
temperate zome. A few months’ assiduous collecting in
any of the Malay islands will produce from 150 to 250
_ species of butterflies, and thirty or forty species may be
obtained any fine day in good localities. In the
Amazon valley, however, much greater results may be
achieved. A good day’s collecting will produce from
forty to seventy specics, while in one year at Para about
600 species were obtained. More than 700 species of
butterflies actually inhabit the district immediately
around the city of Para, and this, as far as we yet
know, is the richest spot on the globe for diurnal
lepidoptera. At Ega, during four years’ collecting ;
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Mr. Bates obtained 550 species, and these on the whole
surpassed those of Para in variety and beauty. Mr.
Bates thus speaks of a favourite locality on the margin
of the lake near Ega:—*The number and variety of
gaily-tinted . butterflies, sporting about in this grove
on sunny days, were so great, that the bright moving
flakes of colour gave quite a character to the physiog-
nomy of the place. It was impossible to walk far
without disturbing flocks of them from the damp sand
at the edge of the water, where they congregated to
imbibe the moisture. They were of almost all colours,
sizes, and shapes; I noticed here altogether eighty
species, belonging to twenty-two distinct gencra. The
most abundant, next to the very common sulphur-
yellow and orange-coloured kinds, were about a dozen
species of Eunica, which are of large size and conspicuous
from their liveries of glossy dark blue and purple. A
superbly adorned creature, the Callithea Markii, having
wings of a thick texture, coloured sapphire-blue and
orange, was only an occasional visitor. On certain days,
when the weather was very calm, two small gilded species
(Symmachiz Trochilus and Colubris) literally swarmed
on the sands, their glittering wings lying wide open
on the flat s1\irface.”1

When we co;}sider that only sixty-four species of butter-
flies have been found in Britain and about 150 in Germany,
many of Whic}l are very rare and local, so that these
numbers are the result of the work of hundreds of
collectors for a long series of years, we see at once the
immense wealth of the equatorial zone in this form
of life.

1 The Naturalist on the Amazons, 2nd edit. p. 331.
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Peculiar Habits of Tropical Butterflies.—The habits
of the butterflies of the tropics offer many ecurious
points rarely or never observed among those of the
temperate zone. The majority, as with us, are truly
diurnal, but there are some Eastern Morphide and the
entire American family Brassolidee, which are cre-
puscular, coming out after sunset and flitting about the
roads till it is mearly dark. Others, though flying in
the daytime, are only found in the gloomiest recesses of
the forest, where a constant twilight may be said to
prevail. The majority of the species fly at a moderate
height (from five to ten feet above the ground) while a
few usually keep higher up and are difficult to capture ;
but a large number, especially the Satyridee, many
Erycinidee, and some few Nymphalide, keep always
close to the ground, and usually settle on or among the
lowest herbage. As regards the mode of flight, the
extensive and almost exclusively tropical families of
Heliconidee and Danaide, fly very slowly, with a gentle
undulating or floating motion which is almost peculiar
to them. Many of the strong-bodied Nymphalidee and
Hesperidee, on the other hand, have an excessively rapid
flight, darting by so swiftly that the eye cannot follow
them, and in some cases producing a deep sound louder
than that of the humming-birds.

The places they frequent, and their mode of resting, are
various and often remarkable. A considerable number
frequent damp open places, especially river sides and
the margins of pools, assembling together in flocks of
hundreds of individuals ; but these are almost entirely
composed of males, the females remaining in the forests
where, towards the afternoon, their partners join them.
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The majority of butterflies settle upon foliage and on
flowers, holding their wings erect and folded together,
though early in the morning, or when newly emerged
from the chrysalis, they often expand them to the sun.
Many, however, have special stations and attitudes.
Some settle always on tree-trunks, usually with the wings
erect, but the Ageronias expand them and always rest
with the head downwards. Many Nymphalide prefer
resting on the top of a stick ; others choose bushes with
dead leaves ; others settle on rocks or sand or in dry
forest paths. Pieces of decaying animal or vegetable
matter are very attractive to certain species, and if
disturbed they will sometimes return to the same spot
day after day. Some Hesperidee, as well as species of
the genera Cyrestis and Symmachia, and some others,
rest on the ground with their wings fully expanded and
pressed closely to the surface, as if exhibiting themselves
to the greatest advantage. The beautiful little Erycinidee
of South America vary remarkably in their mode of
resting. The majority always rest on the under surface
of leaves with their wings expanded, so that when
they settle they suddenly disappear from sight. Some,
however, as the elegant gold-spotted Helicopis cupido,
rest beneath leaves with closed wings. A few, as the
genera Charis and Themone, for example, sit on the
upper side of leaves with their wings expanded ; while
the gorgeously-coloured Erycinas rest with wings erect
and exposed as in the majority of butterflies. The
Hesperidee vary in a somewhat similar manner. All
rest on the upper side of leaves or on the ground, but
some close their wings, others expand them, and a third
group keep the upper pair of wings raised while the
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hind wings are expanded, a habit found in some of our
European species. Many of the Lycwmenide, especially
the Theclas, have the curious habit, while sitting with
their wings erect, of moving the lower pair over each
other in opposite directions, giving them the strange
appearance of excentrically revolving dises.

The great majority of butterflies disappear at night,
resting concealed amid foliage, or on sticks or trunks,
or in such places as harmonise with their eolours and
markings ; but the gaily-coloured Heliconidee and
Danaidee seek no such concealment, but rest at night
hanging at the ends of slender twigs or upon fully
exposed leaves. Being uneatable they have no enemies
and need no concealment. Day-flying moths of bril-
liant or conspicuous colours are also comparatively
abundant in the tropical forests. Most magnificent of
all arec the Uranias, whose long-tailed green-and-gold
powdered wings resemble those of true swallow-tailed
butterflies. Many Agaristidee of the East are hardly
inferior in splendour, while hosts of beautiful clear-
wings and Ageriidee add greatly to the insect beauty
of the equatorial zone.

The wonderful examples afforded by tropical butter-
flies of the phenomena of sexual and local variation,
of protective modifications, and of mimicry, have been
fully discussed elsewhere. For the study of the laws
of variation in all its forms, these beautiful creatures
are unsurpassed by any class of animals; both on
account of their great abundance, and the assiduity with
which they have been collected and studied. Perhaps
no group exhibits the distinctions of species and genera
with such precision and distinctness, due, as Mr. Bates
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has well observed, to the fact that all the superficial
signs of change in the organization are exaggerated,
by their affecting the size, shape, and colour, of the
wings, and the distribution of the ribs or veins which
form their framework. The minute scales or feathers
with which the wings are clothed are coloured in regular
patterns, which vary in accordance with the slightest
change in the conditions to which the species are ex-
posed. These scales are sometimes absent in spots or
patches, and sometimes over the greater part of the
wings, which then become transparent, relieved only
by the dark veins and by delicate shades or small spots
of vivid colour, producing a special form of delicate
beauty characteristic of many South American butter-
flies. The following remark by Mr. Bates will fitly
conclude our sketch of these lovely insects :—* It may
be said, therefore, that on these expanded membrancs
Nature writes, as on a tablet, the story of the modifica-
tions of species, so truly do all the changes of the
organization register themselves .thereon. And as the
laws of Nature must be the same for all beings, the
conclusions furnished by this group of insects must be
applicable to the whole organic world ; therefore the
study of butterflies—creatures selected as the types
of airiness and fuvohty———mstead of being despised, will
some day be Valued as one of the most important
branches of biological science.”

Next after the butterflies in importance, as giving an
air of life and interest to tropical nature, we must place
the birds ; but to avoid unnecessary passage, to and fro,
among unrelated groups, it will be best to follow on

! Bates, The Naturalist on the Amazons, 2ad edit. p. 413.
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with a sketch of such other groups of insects as from
their numbers, variety, habits, or other important features,
attract the attention of the traveller from colder
climates. We begin then with a group, which owing to
their small size and obscure colours would attract little
attention, but which nevertheless, by the universality of
their presence, their curious habits, and the annoyance
they often cause to man, are sure to force themselves
upon the attention of every one who visits the tropics.

Ants, Wasps, and Bees.—The hymenopterous insects
of the tropics are, next to the butterflies, those which
come most prominently before the traveller, as they love
the sunshiné, frequent gardens, houses, and roadways as
well as the forest shades, never seek concealment, and
are many of them remarkable for their size or form, or
are adorned with beantiful colours and conspicuous
markings. Although ants are, perhaps, on the whole
the smallest and the least attractive in appearance of all
tropical insects, yet, owing to their being excessively
abundant and almost omnipresent, as well as on account
of their curious habits and the necessity of being ever
on the watch against their destructive powers, they
deserve our first notice.

Ants are found everywhere. They abound in houses,
some living underground, others in the thatched roof on
the under surface of which they make their nests, while
covered ways of earth are often constructed upon the
posts and doors. In the forests they live on the ground,
under leaves, on the branches of trees, or under rotten
bark ; while others actually dwell in living plants, which
seem to be specially modified so as to accommodate them.
Some sting severely, others only bite ; some are quite
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harmless, others exccedingly destructive. The number
of different kinds is very great. In India and the
Malay Archipelago nearly 500 different species have been
found, and other tropical countries are no doubt equally
rich. I will first give some account of the various
species observed in the Malay Islands, and afterwards
describe some of the more interesting South American
groups, which have been so carefully observed by Mr.
Bates on the Amazon and by Mr. Belt in Nicaragua.
Among the very commonest ants in all parts of the
world are the species of the family Formicidee, which do
not sting, and are most of them quite barmless. Some
make delicate papery nests, others live under stones or
among grass. Scveral of them accompany Aphides to
feed upon the sweet secretions from their bodies. They
vary in size from the large Formica gigas, more than an
inch long, to minute species so small as to be hardly
visible. Those of the genus Polyrachis, which are
plentiful in all Eastern forests, are remarkable for the
extraordinary hooks and spines with which their bodies
are armed, and they are also in many cases beautifully
sculptured or furrowed. They are not numerous indi-
vidually, and are almost all arboreal, crawling about
bark and foliage. One species has processes on its
back just like fish-hooks, others are armed with long,
straight spines. They generally form papery nests on
leaves, and when disturbed they rush out and strike
their bodies against the nest so as to produce a loud
rattling noise ; but the nest of every species differs from
those of all others either in size, shape, or position. As
they all live in rather small communities in exposed
situations, are not very active, and are rather large and
G
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conspicuous, they must be very much exposed to the
attacks of insectivorous birds and other creatures ; and,
having no sting or powerful jaws with which to defend
themselves, they would be liable to extermination with-
out some special protection. This protection they no
doubt obtain by their hard smooth bodies, and by the
curious hooks, spines, points and bristles with which
they are armed, which must render them unpalatable
morsels, very liable to stick in the jaws or throats of
their captors.

A curious and very common species in the Malay
Islands is the green ant (Ecophylla smaragdina), a
rather large, long-legged, active, and intelligent-looking
creature, which lives in large nests formed by glueing
together the edges of leaves, especially of Zingiberaceous
plants. 'When the nest is touched a number of the ants
rush out, apparently in a great rage, stand erect, and
make a loud rattling noise by tapping against the leaves.
This no doubt frightens away many enemies, and is
their only protection ; for though they attempt to bite,
their jaws are blunt and feeble, and they do not cause
any pain. _

Coming now to the stinging groups, we have first a
number of solitary ants of the great genus Odontomachus,
which are seen wandering about the forest, and are con-
spicuous by their enormously long and slender hooked
jaws. These are not powerful, but serve admirably to
hold on by while they sting, which they do pretty
severely. The Poneride are another group of large-
sized ants which sting acutely. They are very varied in
species but are not abundant individually, The Ponera
clovate of Guiana, is one of the worst stinging ants
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known. It is a large species frequenting the forests on
the ground, and is much dreaded by the natives, as its
sting produces intense pain and illness. I was myself
stung by this or an allied species when walking barefoot
in the forest on the Upper Rio Negro. It caused such
pain and swelling of the leg that I had some difficulty
in reaching home, and was confined to my room for two
days. Sir Robert Schomburgh suffered more; for he
fainted with the pain, and had an attack of fever in
consequence.

We now come to the Myrmecidee, which may be called
the destroying ants from their immense abundance and
destructive propensities. Many of them sting most
acutely, causing a pain like that of a sudden burn,
whence they are often called “fire-ants.” They often
swarm in houses and devour everything eatable. Isola-
tion by water is the only security, and even this does
not always succeed, as a little dust on the surface will
enable the smaller species to get across. Oil is, however,
an effectual protection, and after many losses of valuable
insect specimens, for which ants have a special affection,
I always used it. One species of this group, a small
black Crematogaster, took possession of my house in
New Guinea, building nests in the roof and making
covered ways down the posts and across the floor. They
also occupied the sctting boards I used for pinning out
my butterflies, filling up the grooves with cells and
storing them with small spiders. They were in constant
motion, running over my table, in my bed, and all over
my body. Luckily, they were diurnal, so that on
sweeping out my bed at night I could get on pretty well ;
but during the day I could always feel some of them

G2



84 TROPICAL NATURE, AND OTHER ESSAYS.

running over my body, and every now and then one
would give me a sting so sharp as to make me jump and
search instantly for the offender, who was usually found
holding on tight with his jaws, and thrusting in his sting
with all his might. Another genus, Pheidole, consists
of forest ants, living under rotten bark or in the ground,
and very voracious. They are brown or blackish, and are
remarkable for their great variety of size and form in the
same species, the largest having enormous heads many
times larger than their bodies, and being at least a
hundred times as bulky as the smallest individuals.
These great-headed ants are very sluggish and incapable
of keeping up with the more active small workers,
which often surround and drag them along as if they
were wounded soldiers. It is difficult to see what use
they can be in the colony, unless, as Mr. Bates suggests,
they are mere baits to be attacked by insect-eating birds,
and thus save their more useful companions. These ants
devour grubs, white ants, and other soft and helpless
insects, and seem to take the place of the foraging ants
of America and driver-ants of Africa, though they are
far less numerous and less destructive. An allied genus,
Solenopsis, consists of red ants, which, in the Moluccas,
frequent houses, and are a most terrible pest. They form
colonies underground, and work their way up through
the floors, devouring everything eatable. Their sting is
excessively painful, and some of the species are hence
called fire-ants. 'When a house is infested by them, all
the tables and boxes must be supported on blocks of
wood or stone placed in dishes of water, as even clothes
not newly washed are attractive to them ; and woe to the
poor fellow who puts on garments in the folds of which
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a.dozen of these ants are lodged. It is very difficult to
preserve bird skins or other specimens of natural history
where these ants abound, as they gnaw away the skin
round the eyes and the base of the bill; and if a
specimen is laid down for even half an hour in an un-
protected place it will be ruined. I remember once
entering a native house to rest and eat my lunch; and
having a large tin collecting box full of rare butterflies
and other insects, I laid it down on the bench by my
side. On leaving the house I noticed some ants on it,
and on opening the box found only a mass of detached
wings and bodies, the latter in process of being devoured
by hundreds of fire-ants.

The celebrated Saiiba ant of America (Fcodoma
cephalotes) is allied to the preceding, but is even more
destructive, though it seems to confine itself to vegetable
products. It forms extensive underground galleries, and
the earth brought up is deposited on the surface, forming
huge mounds sometimes thirty or forty yards in circum-
ference, and from one to three feet high. On first seeing
these vast deposits of red or yellow earth in the woods
near Para, it was hardly possible to believe they were
not the work of man, or at least of some hurrowing
animal. In these underground caves the ants store
up large quantities of leaves, which they obtain from
living trees. They gnaw out circular pieces and carry
them away along regular paths a few inches wide, form-
ing a stream of apparently animated leaves, The great
extent of the subterranean workings of these ants is no

doubt due in part to their permanence in one spot, so
" that when portions of the galleries fall in or are other-
wise rendered useless, they are extended in another
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direction. When in the island of Marajo, near Para, I
noticed a path along which a stream of Saiibas were
carrying leaves from a neighbouring thicket; and a
relation of the proprietor assured me that he had known
that identical path to be in constant use by the ants for
twenty years. Thus we can account for the fact mentioned
by Mr. Bates, that the underground galleries were traced
by smoke for a distance of seventy yards in the Botanic
Gardens at Para; and for the still more extraordinary
fact related by the Rev. Hamlet Clark, that an allied
species in Rio de Janciro has excavated a tunnel under
the bed of the river Parahyba, where it is about a quarter
of a mile wide! These ants seem to prefer introduced
to native trees ; and young plantations of orange, coffee,
or mango trees are sometimes destroyed by them, so
that where they abound cultivation of any kind becomes
almost impossible. Mr. Belt ingeniously accounts for
this preference, by supposing that for ages there has
Been a kind of struggle going on between the trees and
the ants ; those varieties of trees which were in any way
distasteful or unsuitable escaping destruction, while the
ants were becoming slowly adapted to attack new trees.
Thus in time the great majority of native trees have
acquired some protection against the ants, while foreign
trees, not having been so modified, are more likely to be
suitable for their purposes. Mr. Belt carried on war
against them for four years to protect his garden in
Nicaragua, and found that carbolic acid and corrosive
sublimate were most effectual in destroying or driving
them away.

The use to which the ants put the immense quantities
of leaves they carry away has been a great puzzle, and
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is, perhaps, not yet quite understood. Mr. Bates found
that the Amazon species used them to thatch the domes
of earth covering the entrances to their subterranean
galleries, the pieces of leaf being carefully covered and.
kept in position by a thin layer of grains of earth. In
Niearagua Mr. Belt found the underground cells full of
a brown flocculent matter, which he considers to be the
gnawed leaves connected by a delicate fungus which
ramifies through the mass and which serves as food for
the larvee; and he believes that the leaves are really
gathered as manure-heaps to favour the growth of this
fungus !

When they enter houses, which they often do at
night, the Saiibas are very destructive. Once, when
travelling on the Rio Negro, I had bought about a peck
of rice, which was tied up in a large cotton handkerchief
and placed on a bench in a native house where we were
spending the night. The next morning we found about
half the rice on the floor, the remainder having been
carried away by the ants; and the empty handkerchief
was still on the bench, but with hundreds of neat cuts in
it reducing it to a kind of sieve.!

The foraging ants of the genus Eciton are another
remarkable group, especially abundant in the equatorial
forests of America. They are true hunters, and seem
to be continually roaming about the forests in great
bands in seareh of inseet prey. They especially devour
maggots, caterpillars, white ants, cockroaches, and other
soft insects ; and their bands are always accompanied by

! For a full and most interesting description of the habits and instincts of
this ant, see Bates’ Naturalist on the Amazons, 2nd edit. pp. 11-18; and
Belt's Naturalist in Nicaragua, pp. 71-84.
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flocks of insectivorous birds who prey upon the winged
insects that are continually trying to escape from the
ants. They even attack wasps’ nests, which they cut to
pieces and then drag out the larvee. They bite and sting
severely, and the traveller who accidentally steps into a
horde of them will soon be overrun, and must make his
escape as quickly as possible. They do not confine
themselves to the ground, but swarm up bushes and low
trees, hunting every branch, and clearing them of all
insect life. Sometimes a band will enter a house, like
the driver ants in Africa, and clear it of cockroaches,
spiders, centipedes, and other insects. They seem to
have no permanent abode and to be ever wandering
about in search of prey, but they make temporary habi-
tations in hollow trees or other suitable places.

Perhaps the most extraordinary of all ants are the
blind species of Eeciton discovered by Mr. Bates, which
construct a covered way or tunnel as they march along.
On coming near a rotten log, or any other favourable
hunting ground, they pour into all its crevices in search
of booty, their covered way scrving as a protection to
retire to in case of danger. These creatures, of which
two species are known, are absolutely without eyes ; and
it seems almost impossible to imagine that the loss of
so important a sense-organ can be otherwise than in-
jurious to them. Yet on the theory of natural selection
the successive variations by which the eyes were reduced
and ultimately lost must all have been useful. It is
true they do manage to exist without eyes; but that is
probably because, as sight became more and more imper-
fect, new instincts or new protective modifications were
developed to supply its place, and this does not in any
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way account for so wide-spread and invaluable a sense
having become permanently lost, in creatures which still
roam about and hunt for prey very much as do their
fellows who can see.

Special Relations between Ants and Vegetation.—
Attention has recently been called to the very remarkable
relations existing between some trees and shrubs and
the ants which dwell upon them. In the Malay Islands
are several curious shrubs belonging to the Cinchonacez,
which grow parasitically on other trees, and whose
swollen stems are veritable ants’ nests. When very
young the stems are like small, irregular prickly tubers,
in the hollows of which ants establish themselves; and
these in time grow into irregular masses the size of
large gourds, completely honeycombed with the cells of
ants. In America there are some analagous cases
occurring in several families of plants, one of the most
remarkable being that of certain Melastomas which have
a kind of pouch formed by an enlargement of the petiole
of the leaf, and which is inhabited by a colony of small
ants. The hollow stems of the Cecropias (curious trees
with pale bark and large palmate leaves which are
white beneath) are always tenanted by ants, which make
small entrance holes through the bark; but here there
seems no special adaptation to the wants of the insect.
In a species of Acacia observed by Mr. Belt, the thorns
are immensely large and hollow, and are always tenanted
by ants. 'When young these thorns are soft and full of
a sweetish pulpy substance, so that when the ants first
take possession they find a store of food in their house.
Afterwards they find a special provision of honey-glands
on the leaf-stalks, and also small yellow fruit-like bodies
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which are eaten by the ants; and this supply of food
permanently attaches them to the plant. Mr. Belt
believes, after much careful observation, that these ants
protect the plant they live on from leaf-eating insects,
especially from the destructive Saiiba ants,—that they
are in fact a standing army kept for the protection of
the plant! This view is supported by the fact that
other plants—Passion-flowers, for example—have honey-
secreting glands on the young leaves and on the sepals
of the flower-buds which constantly attract a small
black ant. If this view is correct, we see that the need
of escaping from the destructive attacks of the leaf-
cutting ants has led to strange modifications in many
plants. Those in which the foliage was especially
attractive to these enemies were soon weeded out unless
variations occurred which tended to preserve them.
Hence the curious phenomenon of insects specially
attracted to certain plants to protect them from other
insects ; and the existence of the destructive leaf-cutting
ant in America will thus explain why these specially
modified plants are so much more abundant there than
in the Old World, where no ants with equally destructive
habits appear to exist.

Wasps and Bees—These insects are excessively
numerous in the tropics, and, from their large size, their
brilliant colours, and their great activity, they are sure
to attract attention. Handsomest of all, perhaps, are
the Scoliadee, whose large and rather broad hairy bodies,
often two inches long, are richly banded with yellow or
orange. The Pompilidee comprise an immense number
of large and handsome insects, with rich blue-black bodies
and wings and exceedingly long legs. They may often
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be seen in the forests dragging along large spiders,
beetles, or other insects they have captured. Some of
the smaller species enter houses and build earthen cells
which they store with small green spiders rendered
torpid by stinging, to feed the larvee. The Eumenide
are beautiful wasps with very long pedunculated bodies,
which build papery cones covering a few cells in which
the eggs are deposited. Among the bees the Xylocopas,
or wood-boring bees, are remarkable. They resemble
large humble-bees, but have broad, flat, shining bodies,
either black or banded with blue; and they often bore
large cylindrical holes in the posts of houses. True
honey-bees are chiefly remarkable in the East for their
large semi-circular combs suspended from the branches
of the loftiest trees without any covering. Irom these
exposed nests large quantities of wax and honey are
obtained, while the larve afford a rich feast to the natives
of Borneo, Timor, and other islands where bees abound.
They are very pugnacious, and, when disturbed will
follow the intruders for miles, stinging severely.
Orthoptera and other Insects.—Next to the butterflies
and ants, the insects that are most likely to attract the
attention of the stranger in the tropics are the various
forms of Mantidee and Phasmidse, some of which are
remarkable for their strange attitudes and bright colours ;
while others are among the most singular of known
insects, owing to their resemblance to sticks and leaves.
The Mantidee—usually called “praying insects,” from
their habit of sitting with their long fore-feet held up as
if in prayer—are really tigers among insects, lying in
wait for their prey, which they scize with their powerful
serrated fore-feet. They are usually so coloured: as to
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resemble the foliage among which they live, and as they
sit quite motionless, they are not easily perecived.

The Phasmidae are perfectly inoffensive leaf-eating in-
sects of very varied forms ; some beihg broad and leaf-like,
while others are long and cylindrical so as to resemble
sticks, whence they are often called walking-stick insects.
The imitative resemblance of some of these insects to the
plants on which they live is marvellous, The true leaf-
insects of the East, forming the genus Phyllium, are the
size of a moderate leaf, which their large wing-covers
and the dilated margins of the head, thorax and legs
cause them exactly to resemble. The veining of the

wings, and their green tint, exactly correspondsto that of
 the leaves of their food-plant ; and as they rest motion-
less during the day, only feeding at night, they the more
easily escape detection. In Java they are often kept
alive on a branch of the guava tree ; and it is a common
thing for a stranger, when asked to look at this curious
insect, to inquire where it is, and on being told that it is
close under his eyes, to maintain that there is no insect
at all, but only a branch with green leaves.

The larger wingless stick-insects are often eight inches
to a foot long. They are abundant in the Moluccas ;
hanging on the shrubs that line the forest-paths; and
they resemble sticks so exactly, in colour, in the small
rugosities of the bark, in the knots and small branches,
imitated by the joints of the legs, which are either pressed
close to the body, or stuck out at random, that it is
absolutely impossible, by the eye alone, to distinguish the
real dead twigs which fall down from the trees overhead
from the living insects. The writer has often looked at
them in doubt, and has been obliged to use the sense of
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touch to determine the point. Some are small and
slender like the most delicate twigs ; others again have
wings ; and it is curious that these wings are often beauti-
fully coloured, generally bright pink, sometimes yellow,
and sometimes finely banded with black ; but when at
rest these wings fold up so as to be completely concealed
under the narrow wing-covers, and the whole inseet is then
green or brown, and almost invisible among the twigs or
foliage. To increase the resemblance to vegetation, some
of these Phasmas have small green processes in various
parts of their bodies looking exactly like moss. These
inhabit damp forests both in the Malay islands and in
America, and they are so marvellously like moss-grown
twigs that the closest examination is needed to satisfy
oneself that it is really a living insect we are looking at.
Many of the locusts are equally well-disguised, some
resembling green leaves, others those that are brown and
dead ; and the latter often have small transparent spots on
the wings, looking like holes eaten through them. That
these disguises deceive their natural enemies is certain,
for otherwise the Phasmidee would soon be exterminated.
They are large and sluggish, and very soft and su¢eulent;
they have no means of defence or of flight, and they are
eagerly devoured by numbers of birds, especially by the
numerous cuckoo tribe, whose stomachs are often full of
them ; yet numbers of them escape destruction, and this
can only be due to their vegetable disguises. Mr. Belt
records a curious instance of the actual operation of
this kind of defence in a leaf-like locust, which
remained perfectly quiescent in the midst of a host of
insectivorous ants, which ran over it without finding out
that it was an insect and not a leaf! It might have
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flown away from them, but it would then instantly have
fallen a prey to the numerous birds which always accom-
pany these roaming hordes of ants to feed upon the
insects that endeavour to escape. Far more conspicuous
than any of these imitative species are the large locusts,
with rich erimson or blue-and-black spotted wings. Some
of these are nearly a foot in expanse of wings; they fly
by day, and their strong spiny legs probably serve as a
protection against all the smaller birds. They cannot be
said to be common ; but when met with they fully satisfy
our notions as to the large size and gorgeous colours of
tropical insects.

Beetles. — Considering the enormous numbers and
endless variety of the beetle tribe that are known to
inhabit the tropics, they form by no means so prominent
a feature in the animal life of the equatorial zone as we
might expect. Almost every entomologist is at first
disappointed with them. He finds that they have to be
searched for almost as much as at home, while those of
large size (except one or two very common species) are
rarely met with. The groups which most attract atten-
tion from their size and beauty, are the Buprestidee and
the Longicorns. The former are usually smooth insects
of an elongate ovate form, with very short legs and
antennee, and adorned with the most glowing metallic
tints. They abound on fallen tree-trunks and on foliage,
in the hottest sunshine, and are among the most brilliant
ornaments of the tropical forests. Some parts of the
temperate zone, especially Australia and Chili, abound
in Buprestidee which are equally beautiful; but the
largest species are only found within the tropics, those of
the Malay islands being the largest of all.
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The Longicorns are elegantly shaped beetles, usually
with long antenne and legs, varied in form and structure
in an endless variety of ways, and adorned with equally
varied colours, spots and markings. Some are large and
massive inscets three or four inches long, while others
are no bigger than our smaller ants. The majority have
sober colours, but often delicately marbled, veined, or
spotted ; while others are red, or blue, or yellow, or
adorned with the richest metallic tints. Their antennae
are sometimes excessively long and graceful, often
adorned with tufts of hair, and sometimes pectinated.
They especially abound where timber trees have been
recently felled in the primeval forests; and while
extensive clearings are in progress their variety seems
endless. In such a locality in the island of Borneo,
nearly 300 different species were found during one
dry season, while the number obtained during eight
years' collecting in the whole Malay Archipelago was
about a thousand species.

Among the beetles that always attract attention in
the tropics are the large, horned, Copridee and Dynastidee,
corresponding to our dung-beetles. Some of these are
of great size, and they are occasionally very abundant.
The immense horn-like protuberances on the head and
thorax of the males in some of the species are very
extraordinary, and, combined with their polished or
rugose metallic colours, render them perhaps the most
conspictious of all the beetle tribe. The weevils and
their allics are also very interesting, from their immense
numbers, endless variety, and the extreme beauty of
many of the species. The Anthribidee, which are
especially abundant in the Malay Archipelago, rival the
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Longicorns in the immense length of their elegant
antennese ; while the diamond beetles of Brazil, the
Eupholi of the Papuan islands, and the Pachyrhynchi of
the Philippines, are veritable living jewels.

‘Where a large extent of virgin forest is cut down in the
early part of the dry season, and some hot sunny weather
follows, the abundance and variety of beetles attracted by
the bark and foliage in various stages of drying is amazing.
The air is filled with the hum of their wings. Golden and
green Buprestidee are flying about in every direction, and
settling on the bark in full sunshine. ~Green and spotted
rose-chafers hum along near the ground ; long-horned
Anthribidee are disturbed at every step ; elegant little
Longicorns circle about the drying foliage, while larger
species fly slowly from branch to branch. Every fallen
trunk is full of life. Strange mottled, and spotted, and
rugose Longicorns, endless Curculios, queer-shaped
Brenthidee, velvety brown or stcel-blue Cleridee, brown
or yellow or whitish click beetles, (Elaters), and
brilliant metallic Carabidee. Close by, in the adjacent
forest, a whole host of new forms are found. Elegant
tiger-beetles, leaf-hunting Carabidee, musk-beetles of
many sorts, scarlet Telephori, and countless Chrysomelas
Hispas, Coccinellas, with strange Heteromera, and many
curious species which haunt fungi, rotten bark or decay-
ing leaves. With such variety and beauty the most
ardent entomologist must be fully satisfied ; and when,
every now and then, some of the giants of the tropics
fall in his way—grand Prionide or Lamiidee several
inches long, a massive golden Buprestis, or a monster
horned Dynastes—he feels that his most exalted notions
of the insect-life of the tropics are at length realized.
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Wingless Insects.—Passing on to other orders of
insects, the hemiptera, dragon-flies, and true flies hardly
call for special remark. Among them are to be found a
fair proportion of large and handsome species, but they
require much searching after in their special haunts, and
seldom attract so much attention as the groups of insects
already referred to. More prominent are the wingless
tribes, such as spiders, scorpions, and centipedes. The
wanderer in the forests often finds the path closed by
large webs almost as strong as silk, inhabited by gorgeous
spiders with bodies nearly two inches long and legs
expanding six inches. Others are remarkable for their
hard flat bodies, terminating in horned processes which
are sometimes long, slender, and curved like a pair of
miniature cow’s horns. Hairy terrestrial species of
large size are often met with, the largest belonging to
the South American genus Mygale, which sometimes
actually kill birds, a fact which had becn stated by
Madame Merian and others, but was discredited till Mr.
Bates succeeded in catching one in the act. The small
jumping spiders are also noticeable from their immense
numbers, variety, and beauty. They frequent foliage
and flowers, running about actively in pursuit of small
insects; and many of them are so exquisitely coloured
as to resemble jewels rather than spiders. Scorpions
and centipedes make their presence known to every
traveller. In the forests of the Malay islands are huge
scorpions of a greenish colour and eight or ten inches
long ; while in huts and houses smaller species lurk under
boxes and boards, or secrete themselves in almost every
article not daily examined. Centipedes of immense size
and deadly venom harbour in the thatch of houses and

H
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canoes, and will even ensconce themselves under pillows
and in beds, rendering a thorough examination nccessary
before retiring to rest. Yet with moderate precautions
there is little danger from these disgusting insects, as
may be judged by the fact that during twelve years
wanderings in American and Malayan forests the author
was never once bitten or stung by them.

General Observations on Tropical Insects—The
characteristics of tropical insects that will most attract
the ordinary traveller, are, their great numbers, and the
large size and brilliant colours often met with. But a
more extended observation leads to the conclusion that
the average of size is probably no greater in tropical
than in temperate zones, and that, to make up for a
certain proportion of very large, there is a corresponding
increase 1n the numbers of very small species. The
much greater size reached by many tropical insects is no
doubt due to the fact, that the supply of food is always
in excess of their demands in the larva state, while
there is no check from the ever-recurring cold of winter ;
and they are thus able to acquire the dimensions that
may be on the whole most advantageous to the race,
unchecked by the annual or periodical scarcities which in
less favoured climates would continually threaten their
extinction. The colours of tropical insects are, probably,
on the average more brilliant than those of temperate
countrics, and some of the causes which may have led
to this have been discussed in another part of this
volume.! It is in the tropics that we find most largely
developed, whole groups of insects which are unpalatable
to almost all insectivorous creatures, and it is among these

! Chapters V. and VI.—Thke Colours of Animals and Plants.
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that some of the most gorgeous colours prevail. Others
obtain protection in a variety of ways; and the
amount of cover or concealment always afforded by the
luxuriant tropical vegetation is probably a potent agent
in permitting a full development of colour.

Birds.—Although the number of brilliantly-coloured
birds in almost every part of the tropics is very great,
yet they are by mo means conspicuous; and as a rule
they can hardly be said to add much to the general
effect of equatorial scenery. The traveller is almost
always disappointed at first with the birds, as he is with
the flowers and the beetles; and it is only when, gun
in hand, he spends days in the forest, that he finds out
how many beautiful living things are concealed by its
dense foliage and gloomy thickets. A considerable number
of the handsomest tropical birds belong to family groups
which are confined to one continent with- its adjacent
islands ; and we shall therefore be obliged to deal for the
most part with such large divisions as tribes and orders,
by means of which to define the characteristics of tropical
bird-life. =~ We find that there are three important
orders of birds which, though by no means exclusively
_tropical, are yet so largely developed there in proportion
to their scarcity in extra-tropical regions, that more
than any others they serve to give a special character
to equatorial ornithology. These are the Parrots, the
Pigeons, and the Picarie, to each of which groups we
will devote some attention.

Parrots.—The parrots, forming the order Psittaci of
naturalists, are a remarkable group of fruit-eating birds,
of such high and peculiar organization that they are
often considered to stand at the head of the entire class.

" 2
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They are pre-eminently characteristic of the intertropical
zone, being nowhere absent within its limits (except
from absolutely desert regions), and they are generally
so abundant and so conspicuous as to occupy among
birds the place assigned to butterflies among insects.
A few species range far into the temperate zones. One
reaches Carolina in North America, another the Magellan
Straits in South America ; in Africa they only extend
a few degrees beyond the southern tropic; in North-
Western India they reach 35° North Latitude ; but in the
Australian region they range farthest towards the pole,
being found not only in New Zealand, but as far as the
Macquarie Islands in 54° South, where the climate is very
cold and boisterous, but sufficiently uniform to supply
vegetable food throughout the year. There is hardly any
part of the equatorial zone in which the traveller will
not soon have his attention called to some members of
the parrot tribe. Tn Brazil, the great blue and yellow or
crimson macaws may be seen every evening wending
their way homeward in pairs, almost as commonly as
rooks with us ; while innumerable parrots and parraquets
attract attention by their harsh cries when disturbed
from some favourite fruit-tree. In the Moluccas and
New Guinea, white cockatoos and gorgeous lories in
crimson and blue, are the very commonest of birds.
No group of birds—perhaps no other group of animals
—exhibits within the same limited number of genera
and species, so wide a range and such an endless variety
of colour. As a rule parrots may be termed green birds,
the majority of the species having this colour as the
basis of their plumage relieved by caps, gorgets, bands
and wing-spots of other and brighter hues. Yet this
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general green tint sometimes changes into light or deep
blue, as in some macaws; into pure yellow or rich orange,
as in some of the American macaw-parrots (Conurus) ;
into purple, grey, or dove-colour, as in some American,
African, and Indian species; into the purest crimson, as
in some of the lories ; into rosy-white and pure white, as
in the cockatoos; and into a deep purple, ashy or black,
as in several Papuan, Australian, and Mascarene species.
There is in fact hardly a single distinct and definable
colour that cannot be fairly matched among the 390
species of known parrots. Their habits, too, are such
as to bring them prominently before the eye. They
usually feed in flocks ; they are noisy, and so attract
attention ; they love gardens, orchards, and open sunny
places ; they wander ahout far in search of food, anc
towards sunset return homewards in noisy flocks, or in
constant pairs. Their forms and motions are often
beautiful and attractive. The immensely long tails of
the macaws, and the more slender tails of the Indian
parraquets; the fine crest of the cockatoos; the swift
flight of many of the smaller species, and the graceful
motions of the little love-birds and allied forms; to-
gether with their affectionate natures, aptitude for
domestication, and powers of mimicry—combine to
render them at once the most conspicuous and the
most attractive of all the specially tropical forms of
bird-life,

The number of species of parrots found in the dif-
ferent divisions of the tropics is very unequal. Africa
is by far the poorest; since along with Madagascar
and the Mascarene islands, which have many peculiar
forms, it scarcely numbers two dozen species. Asia, along
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with the Malay islands as far as Java and Borneo, is
also very poor, with about thirty species. Tropical Ame-
rica is very much richer, possessing about 140 species,
among which are many of the largest and most beautiful
forms. But of all parts of the globe the tropical islands
belonging to the Australian region (from Celebes east-
ward), together with the tropical parts of Australia, are
richest in the parrot tribe, possessing about 150 species,
among which are many of the most remarkable and
beautiful of the entire group. The whole Australian
region, whose extreme limits may be defined by Celebes,
the Marquesas, and the New Zealand group, possesses
about 200 species of parrots.

Pigeons.—These are such common birds in all tem-
perate countries, that it may surprise many readers to
learn that they are nevertheless a characteristic tropical
group. That such is the case, however, will be evident
from the fact that only sixteen species are known from
the whole of the temperate parts of Europe, Asia, and
North America, while about 830 species inhabit the
tropics. Again, the great majority of the species are
found congregated in the equatorial zome, whence they
_diminish gradually toward the limits of the tropies, and
then suddenly fall off in the temperate zones. Yet
although they are pre-eminently tropical or even equa-
torial as a group, they are not, from our present point
of view, of much importance, because they are so shy
and so generally inconspicuous that in most parts of the
tropics an ordinary observer might hardly be aware of
their existence. The remark applies especially to
America and Africa, where they are neither very
abundant nor peculiar; but in the Eastern hemisphere,
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and especially in the Malay Archipelago and Pacific
islands, they occur in such profusion and present such
singular forms and brilliant colours, that they are sure
to attract attention. Here we find the extensive group
of fruit-pigeons, which, in their general green colours
“adorned with patches and bands of purple, white, blue,
or orange, almost rival the parrot tribe; while the
golden-green Nicobar pigeon, the great crowned pigeons
of New Guinea as large as turkeys, and the golden-
yellow fruit-dove of the Fijis, can hardly be surpassed
for beauty.

Pigeons are especially abundant and varied in tropi-
cal archipelagoes; so that if we .take the Malay and
Pacific islands, the Madagascar group, and the Antilles
or West Indian islands, we find that they possess
between them more different kinds of pigeons than all
the continental tropics combined. Yet further, that
portion of the Malay Archipelago east of Borneo,
together with the Pacific islands, is exceptionally rich
in pigeons ; and the reason seems to be that monkeys
and all other arboreal mammals that devour eggs are
entirely absent from this region. Even in South Ame-
rica pigeons are scarce where monkeys are abundant,
and vice versd ; so that here we seem to get a glimpse
of one of the curious interactions of animals on each
other, by which their distribution, their habits, and even
their colours may have been influenced ; for the most
conspicuous pigeons, whether by eolour or by their crests,
are all found in countries where they have the fewest
enemies.

Picarie.—The extensive and heterogeneous series of
birds now comprised under this term, include most of the
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fissirostral and scansorial groups of the older naturalists.
They may be described as, for the most part, arboreal
birds, of a low grade of organization, with weak or
abnormally developed feet, and usually less active than
the true Passeres or perching birds, of which our
warblers, finches, and crows may be taken as the types.
The order Picariee comprises twenty-five families, some
of which are very extensive. All are either wholly or
mainly tropical, only two of the families—the wood-
peckers and the kingfishers—having a few representa-
tives which are permanent residents in the temperate
regions ; while our summer visitor, the cuckoo, is the
sole example in Northern Europe of one of the most
abundant and widespread tropical families of birds.
Only four of the families have a general distribution
over all the warmer countries of the globe—the cuckoos,
the kingfishers, the swifts, and the goatsuckers; while
two others—the trogons and the woodpeckers—are only
wanting in the Australian region, ceasing suddenly at
Borneo and Celebes respectively.

Cuckoos.—Whether we consider their wide range,
their abundance in genera and species, or the pecu-
liarities of their organization, the cuckoos may be taken
as the most typical examples of this extensive order of
birds ; and there is perhaps no part of the tropics where
they do not form a prominent feature in the ornithology
. of the country. Their chief food consists of soft insects,
such as caterpillars, grasshoppers, and the defenceless
stick- and leaf-insects; and in search after these they
frequent the bushes and lower parts of the forest, and
the more open tree-clad plains. They vary greatly in
size¢ and appearance, from the small and beautifully
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metallic golden-cuckoos of Africa, Asia, and Australia,
no larger than sparrows, to the pheasant-like ground
cuckoo of Borneo, the Scythrops of the Moluccas which
almost resembles a hornbill, the Rhamphococeyx of
Celebes with its richly-coloured bill, and the Goliath
cuckoo of Gilolo with its enormously long and ample
tail.

Cuckoos, being invariably weak and defenceless birds,
conceal themselves as much as possible among foliage
or herbage ; and as a further protection many of them
have acquired the coloration of rapacious or com-
bative birds. In several parts of the world cuckoos
are coloured exactly like hawks, while some of the
small Malayan cuckoos closely resemble the pugnacious
drongo-shrikes.

Trogons, Barbets, and Toucans—Many of the
families of Picarize are confined to the tropical forests,
and are remarkable for their varied and beautiful
colouring. Such are the trogons of America, Africa,
and Malaya, whose dense puffy plumage exhibits the
purest tints of rosy-pink, yellow, and white, set off by
black heads and a golden-green or rich brown upper
surface. Of more slender forms, but hardly less brilliant
in colour, are the jacamars and motmots of America, with
the bee-caters and rollers of the East, the latter ex-
hibiting tints of pale blue or verditor-green, which are
very unusual. The barbets are rather ciumsy fruit-eating
birds, found in all the great tropical regions except
that of the Austro-Malay islands; and they exhibit a
wonderful variety as well as strange combinations of
colours. Those of Asia and Malaya are mostly green,
but adorned about the head and neck with patches of
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the most vivid reds, blues, and yellows, in endless com-
binations. The African species are usually black or
greenish-black, with masses of intense crimson, yellow,
or white, mixed in various proportions and patterns ;
while the American species combine both styles of
colouring, but the tints are usually more delicate, and
are often more varied and more harmoniously inter-
blended. In the Messrs. Marshall’s fine work ! all the
species are described and figured ; and few more in-
structive examples can be found than are exhibited in
their beautifully-coloured plates, of the endless ways in
which the most glaring and inharmonious colours are
often combined in natural objects with a generally
pleasing result.

We will next group together three families which, al-
though quite distinct, may be said to represent each other
in their respective countries,—the toucans of America, the
plantain-eaters of Africa, and the hornbills of the East
—all being large and remarkable birds which are sure
to attract the traveller’s attention. The toucans are the
most beautiful, on account of their large and richly-
coloured bills, their delicate breast-plumage, and the
varied bands of colour with which they are often adorned.
Though feeding chiefly on fruits, they also devour birds’
eggs and young birds ; and they are remarkable for the
strange habit of sleeping with the tail laid flat upon
their backs, in what seems a most unnatural and in-
convenient position. What can be the use of their
enormous bills has been a great puzzle to naturalists,
the only tolerably satisfactory solution yet arrived at

1 A Monograph of the Capitonide or Scansorial Barbets, by C. F. T.
Marshall and G. F. L. Marshall. 1871.
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being that suggested by Mr. Bates,—that it simply
enables them to reach fruit at the ends of slender twigs
which, owing to their weight and clumsiness, they would
otherwise be unable to obtain. At first sight it appears
very improbable that so large and remarkable an organ
should have been developed for such a purpose; but
we have only to suppose that the original toucans had
rather large and thick bills, not unlike those of the
barbets (to which group they are undoubtedly allied),
and that as they increased in size and required more
food, only those could obtain a sufficiency whose un-
usually large beaks enabled them to reach furthest. So
large and broad a bill as they now possess would not
be required ; but the development of the bill naturally
went on as it had begun, and, so that it was light and
handy, the large size was no disadvantage if length
was obtained. The plantain-eaters of Africa are less
remarkable birds, though adorned with rich colours and
clegant crests. The hornbills, though less beautiful
than the toucans, are more curious, from the strange
forms of their huge bills, which are often adorned with
ridges, knobs, or recurved horns. They are bulky and
heavy birds, and during flight beat the air with pro-
digious force, producing a rushing sound very like the
puff of a locomotive, and which can sometimes be
heard a mile off. They mostly feed on fruits; and as
their very short legs render them even less active than
the toucans, the same explanation may be given of the
large size of their bills, although it will not account for
the curious horns and processes from which they derive
their distinctive name. The largest hornbills are more
than four feet long, and their laboured noisy flight and
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huge bills, as well as their habits of perching on the top
of bare or isolated trees, render them very conspicuous
objects. :

The Picarice comprise many other interesting families ;
as, for example, the puff-birds, the todies, and the hum-
ming-birds ; but as these are all confined to America we
can hardly claim them as characteristic of the tropics
generally. Others, though very abundant in the tropics,
like the kingfishers and the goatsuckers, are too well
known in temperate lands to allow of their being con-
sidered as specially characteristic of the equatorial zone.
We will therefore pass on to consider what are the more
general characteristics of the tropical as compared with
the temperate bird-fauna, especially as exemplified
among the true perchers or Passeres, which constitute
about three-fourths of all terrestrial birds.

Passeres—This great order comprises all our most
familiar birds, such as the thrushes, warblers, tits, shrikes,
flycatchers, starlings, crows, wagtails, larks, and finches.
These families are all more or less abundant in the
tropics ; but there are a number of other families which
are almost or quite peculiar to tropical lands and give
a special character to their bird-life. ~All the peculiarly
tropical families are, however, confined to some definite
portion of the tropics, a number of them being American
only, others Australian, while others again are common
to all the warm countries of the Old World; and it is a
curious fact that there is no single family of this great
order of birds that is confined to the entire tropies, or
* that is even especially characteristic of the tropical zone,
like the cuckoos among the Picarie. The tropical
families of passerine birds being very numerous, and
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their peculiamties not easily understood by any but
ornithologists, it will be better to consider the series
of fifty families of Passeres as one compaet group, and
endeavour to point out what external peculiarities are
most distinctive of those which inhabit tropical countries.

Owing to the prevalence of forests and the abundance
of flowers, fruits, and insects, tropical and especially
equatorial birds have become largely adapted to these
kinds of food ; while the seed-eaters, which abound in
temperate lands where grasses cover much of the sur-
face, are proportionately scarce. Many of the peculiarly
tropical families are therefore either true insect-eaters or
true fruit-eaters, whereas in the temperate zones a mixed
diet is more general.

One of the features of tropical birds that will first
strike the observer, is the prevalence of crests and of
ornamental plumage in various parts of the body, and
especially of extremely long or curiously shaped feathers
in the tails, tail-coverts, or wings of a variety of species.
As examples we may refer to the red paradise-bird,
whose middle tail-feathers are like long ribands of
whalebone ; to the wire-like tail-feathers of the king
bird-of-paradise of New Guinea, and of the wire-tailed
manakin of the Amazons; and to the long waving
tail-plumes of the Whydzih finch of West Africa and
paradise-flycatcher of India; to the varied and elegant
crests of the cock.of-the-rock, the king-tyrant, the
umbrella-bird, and the six-plumed bird-of-paradise ;
and to the wonderful side-plumes of most of the true
paradise-birds. In other orders of birds we have such
remarkable examples as the racquet-tailed kingfishers
of the Moluccas, and the racquet-tailed parrots of

[
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Celebes ; the enormously developed tail-coverts of the
peacock and the Mexican trogon; and the excessive
wing-plumes of the argus-pheasant of Malacca and the
long-shafted goatsucker of West Africa.

Still more remarkable are the varied styles of colora-
tion in the birds of tropical forests, which rarely or never
appear in those of temperate lands. We have intensely
lustrous metallic plumage in the jacamars, trogons,
humming-birds, sun-birds, and paradise-birds ; as well as
in some starlings, pittas or ground thrushes, and drongo-
shrikes. Pure green tints occur in parrots, pigeons,
green bulbuls, greenlets, and in some tanagers, finches,
chatterers, and pittas. These undoubtedly tend to con-
cealment ; but we have also the strange phenomenon of
white forest-birds in the tropies, a colour only found
elsewhere among the aquatic tribes and in the aretic
regions, Thus, we have the bell-bird of South America,
the white pigeons and cockatoos of the East, with a few
starlings, woodpeckers, kingfishers, and goatsuckers,
which are either very light-coloured or in great part
pure white.

But besides these strange, and new, and beautiful
forms of bird-life, which we have attempted to indicate
as characterising the tropical regions, the traveller will
soon find that there are hosts of dull and dingy birds,
not one whit different, so far as colour is concerned, from
the sparrows, warblers, and thrushes of our northern
climes. He will however, if observant, soon note that
most of these dull colours are protective; the groups to
which they belong frequenting low thickets, or the
ground, or the trunks of trees. He will find groups of
birds specially adapted to certain modes of tropical life,

«
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Some live on ants upon the ground, others peck minute
insects from the bark of trees; one group will devour
bees and wasps, others prefer caterpillars; while a host
of small birds seek for insects in the corollas of flowers.
The air, the earth, the undergrowth, the tree-trunks, the
flowers, and the fruits, all support their specially adapted
tribes of birds. Each species fills a place in nature,
and can only continue to exist so long as that place
is open to it; and each has become what it is in every
detail of form, size, structure, and even of colour,
because it has inherited through countless ancestral
forms all those variations which have best adapted it
among its fellows to fill that place, and to leave behind
it equally well adapted successors.

Reptiles and Amphibia.—Next to the birds, or
perhaps to the less observant eye even before them, the
abundance and variety of reptiles form the ehief charac-
teristic of tropical nature; and the three groups—
Lizards, Snakes, and- Frogs, comprise all that, from our
present point of view, need be noticed.

Lizards.—Lizards are by far the most abundant in
individuals and the most conspieuous; and they con-
stitute one of the first attractions to the visitor from
colder lands. They literally swarm everywhere. In
cities they may be seen running along walls and up
palings; sunning themselves on logs of wood, or creeping
up to the eaves of cottages. In every garden, road, or
dry sandy path, they scamper aside as you walk along.
They crawl up trees, keeping at the further side of the
trunk and watching the passer-by with the caution of
a squirrel. Some will walk up smooth walls with the
greatest ease ; while in houses the various kinds of Geckos
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cling to the ceilings, along which they run back down-
wards in pursuit of flies, holding on by means of their
dilated toes with suctorial discs; though sometimes,
losing hold, they fall upon the table or on the upturned
face of the visitor. In the forests large, flat, and marbled
Geckos cling to the smooth trunks; small and active
lizards rest on the foliage ; while occasionally the larger
kinds, three or four feet long, rustle heavily as they
move among the fallen leaves.

Their colours vary much, but are usually in harmony
with their surroundings and habits. Those that climb
about walls and rocks are stone-coloured, and sometimes
nearly black ; the house lizards are grey or pale-ashy,
and are hardly visible on a palm-leaf thatch, or even on
a white-washed ceiling. In the forest they are often
mottled with ashy-green, like lichen-grown bark. Most
of the ground-lizards are yellowish or brown ; but some
are of beautiful green colours, with very Jong and slender
tails. These are among the most active and lively ; and
instead of crawling on their bellies like many lizards,
they stand well upon their feet and scamper about with
the agility and vivacity of kittens. Their tails are very
brittle ; a slight blow causing them to snap off, when
a new one grows, which is, however, not so perfectly
formed and completely scaled as the original member.
It is not uncommon, when a tail is half broken, for a
new one to grow out of the wound, producing the curious
phenomenon of a forked tail. There are about 1,300
different kinds of lizards knmown, the great majority of
which inhabit the tropics, and they probably increase
in numbers towards the equator. A rich vegetation and a
due proportion of moisture and sunshine seem favourable
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to them, as shown by their great abundance and their
varied kinds at Para and in the Aru Islands—-places
which are nearly the antipodes of each other, but which
both enjoy the fine equatorial climate in perfection, and
are alike pre-eminent in the variety and beauty of their
insect li