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ILLUSTRATIONS 
P L A T E I 

Frontispiece. A group of tree ferns (Cyathea) in a ravine in the mossy 
forest near the top of Mount Maqui l ing. The feathery leaves 
scattered through the picture belong to cl imbing palms ( r a t t ans ) ; 
they are particularly prominent under the tree fern to the r igh t . 

P L A T E I I 

FlG. 1. The northeastern slopes of Mount Maquihng as seen f rom the 
grounds of the College of Agricul ture . The peak on the left is 
known as East Peak and is the summit on which measurements 
of environmental conditions were taken. 

2. The southwestern part of Mount Maquihng as seen from Santo 
Tomas The slope of the mountain on this side is much steeper 
than on the opposite side, which is shown in fig. 1. 

P L A T E I I I 

F I G . 1 Section of volcanic tuff from near the base of Mount Maqui l ing at 
an altitude of about 80 meters Note the loose porous structure. 

2. Growth of Saccharum spontaneum at an altitude of about 90 
meters on Mount Maquihng 

PLATE I V 

F I G . 1. A specimen of Macaranga sp. This tree has about reached its 
greatest height but not its greatest diameter. 

2. Ficus nota, showing fruits on trunks This is not an exceptional 
amount of f r u i t for this species. 

3 An old individual of Trcmn fmrntahx Note the open crown. 

PLATE V 

View in dipterocaip forest, Mount Maquihng, at an altitudo of about 500 
meters The large tree in the center is an individual of Para-
tthorea malaarwnan in the first story; the smaller trees on the r i gh t 
are in the second story, while s t i l l smaller third-story species 
are scattered throughout the picture. The feathery leaves of 
the climbing palms (rattans) are the most conspicuous elements 
in the undergrowth. The density of the vegetation is very 
evident, the foliage of the undergrowth and lower stories being 
so dense that most of the large trees are completely hidden. 

P L A T E V I 

F I G . 1. Interior of dipteiocarp forest, Mount Maquihng, at an alt i tude 
of about 500 meters. View from a s l ight ly elevated point, 
looking into the second and th i rd atones The large tree on 

5 
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the left is a Parashorea malaanonwn. The leaves on the t runk 
of this tree belong to an aroid vine, Pothos. Note the size of the 
trees as compared w i t h the man in the upper left center. 

F I G . 2. In ter ior of diptedbcarp forest on Mount Maqui l ing at an alti tude 
of about 300 meters. Note tha t the profusion of small trees 
has almost completely hidden the larger ones. The conspicuous 
leaves in the upper left-hand corner are of a cl imbing bamboo 

P L A T E V I I 

View of dipterocarp forest at edge of a clearing at an altitude of 450 
meters. The conspicuous palms in the foreground are Livistona 
sp. These, as w i l l be seen, are in the clearing and were left 
when the rest of the forest was removed. The feathery leaves 
near the ground at the edge of the forest belong to rattans. 

P L A T E V I I I 

In ter ior of a thinned dipterocarp forest on Mount Maqui l ing at 
an altitude of about 300 meters. A l l of the small trees on this 
area have been cut down by the College of Agr icu l ture in order 
to start a coffee plantation. Some trees more than 1 meter in 
diameter were cut. 

View of dipterocarp forest in a ravine on Mount Maqui l ing at 
an altitude of about 300 meters. Note the small size of the 
trees and the open condition of the forest. These features are 
characteristic of dipterocarp forests in ravines. 

P L A T E I X 

A group of large dipterocarps in the forest in northern Negros. The small 
trees have been largely removed from this area. 

P L A T E X 

F I G . 1. Inter ior of v i r g i n dipterocarp forest in northern Negros. The 
density of the stand does not permit an extended view. The 
conspicuous leaves in the picture belong to climbing palms 
(ra t tans) . 

2. In ter ior of v i r g i n dipterocarp forest in Bataan Province, Luzon, 
at an altitude of approximately 450 meters. The large trees 
are Shorea polysperma. Note the greater prominence of trees 
than in the views of the forest on Mount Maqui l ing. The 
Bataan forest is better developed than tha t on Maqui l ing and 
consequently contains less undergrowth. 

P L A T E X I 

F I G . 1. A large strangling fig, Ficus dementis. This plant seems to have 
started or iginal ly in the top of a large tree and sent its roots 
down this and a neighboring tree; in dipterocarp forest, Mount 
Maquil ing, alti tude about 300 meters. 

2. Anastomosing aerial roots of a s trangling f ig ; in dipterocarp 
forest, Mount Maquil ing, al t i tude about 450 meters. 
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P L A T E X I I 

F I G . 1. An old individual of a strangling fig. The t runk as seen from 
the opposite side appears to have a f a i r l y regular bole; in 
dipterocarp forest, Mount Maquil ing, alti tude about 450 meters. 

2. A tree w i t h large planklike buttresses in dipterocarp forest, Mount 
Maquil ing, altitude about 300 meters. 

P L A T E X I I I 

A strangling fig on a large Parashorea; in dipterocarp forest, 
Mount Maquiling, altitude about 500 meters. 

A myrmecophilous Dischidia. This Dischidia is a vine, which in 
this case is growing on a slender branch. Before t ak ing the 
picture alternating leaves were removed. Note that the leaves 
are convex and that the edges are so close to the supporting 
branch that the leaves inclose a space w i t h i n which numerous 
roots develop from the stem of the Dischidia. These spaces 
usually contain large numbers of ants. In dipterocarp forest, 
Mount Maquiling. 

HydtiophytHm. 
P L A T E X I V 

Myrmecodia 
Section of the base of Myrmecodia, showing cavities inhabited 

by ants. 
Section of base of Hydnophytum, showing cavities inhabited by 

ants. 
P L A T E X V 

A boiling mud spring on Mount Maquil ing at an altitude of about 
300 meters. Note the steam arising f rom the water and the 
luxur ian t vegetation in the immediate neighborhood. This spr ing 
occurs at the highest point at which there is any evidence of 
present volcanic activity on the northern side of the mountain. 
It is an isolated case of volcanic act ivi ty , as most of the other 
springs occur at the base of the mountain or even some l i t t l e 
distance from the mountain. 

Rafftosm mamllana in dipterocarp forest on Mount Maqui l ing at 
an altitude of 450 meters. In this picture are shown six buds 
and one open flower 

P L A T E X V I 

View in midmountain forest, Mount Maqui l ing; altitude, about 700 meters. 
Note the more open condition and the denser ground covering 
than is seen in the dipterocarp forest. The two large trees 
w i t h cracked bark are Cratoxylon celebicum. The vine on the 
one to the r i g h t is a Freycinetia. The conspicuous pinnate 
leaves in the foreground are leaves of rattans. The numerous 
leaves in the ground covering belong to species of Elatostema. 

P L A T E X V I I 

Undergrowth in midmountain forest at an altitude of 740 meters on Mount 
Maquil ing. 
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P L A T E X V I I I 

Interior view of midmountain forest at an altitude of 740 meters on 
Mount Maquiling. This view is taken along a trai l , which is seen 
in the center of the picture and in front of the man. The 
conspicuous vines in the background belong to the genus Frey-
einetia. The large tree on the right is a species of Ficvx; note 
the fruits on the trunk, 

P L A T E X I X 

Midmountain forest, Mount Maquiling, at an altitude of about 780 meters. 
Note the small size of the trees, due apparently to the steepness 
of the slope. 

PLATE XX 

F I G . 1. View in midmountain forest, Mount Maquiling, at an altitude of 
about 780 meters. 

2. Exterior view of mossy forest on East Peak of Mount Maquiling. 

P L A T E X X I 

An average covering of epiphytes and vines on a tree trunk at the lower 
edge of the mossy forest. The vine with the most prominent 
leaves is Dichrotrichum chorisepalum. 

P L A T E X X I I 

Aerial roots of an old tree in the mossy forest near the summit of Mount 
Maquiling. Note the thick covering of mosses and mosslike 
plants on the exposed part of the roots and their absence in the 
interior where the light is greatly reduced. 

PLATE X X I I I 

Epiphytes, particularly mosses, on a branch of a tree in the mossy 
forest. For convenience in photographing, this branch was cut 
off. The lower cut end is seen in the lower left-hand corner of 
the picture. The diameter of the cut end of the branch was 
3 centimeters and the greatest diameter of the moss, 27 centi­
meters. Growing from the upper left-hand corner of the moss 
is a conspicuous specimen of Rhododendron quadrasianum. This 
plant occupies most of the upper left-hand corner of the picture. 
Growing from the right of the moss is a grasslike orchid, 
Dendrochihim glumaceurn, while scattered here and there are 
two species of ferns. 

P L A T E X X I V 

A specimen of the epiphytic Rhododendron quadrasianum. This individual 
was about 2 meters tall. For convenience in photographing, the 
branch on which it was growing was cut and one end placed 
on the ground. The conspicuous small leaves in the foreground 
in the upper part of the picture belong to this Rhododendron, 
and in the lower part of the picture can be seen the base of the 
Rhododendron and also its roots and the branch on which it was 
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growing. The roots were covered by a thick layer of mosses 
which was on the branch. Before the picture was taken this 
layer of moss was removed. The attachment of the roots shows 
clearly in the lower center of the picture. Note the moss grow­
ing on the Rhododendron. This was natural ly somewhat disturbed 
in removing the plant f rom its or iginal position. 

P L A T E X X V 

A covering consisting largely of Selaginella maquiltensu and the filmy 
fern Trichomanes proliferum, on a tree t runk in the mossy 
forest near the summit of Mount Maquil ing. 

P L A T E X X V I 

A covering of mosses, l iverworts, and ferns on a tree t runk in the mossy 
forest near the summit of Mount Maquil ing. The conspicuous 
filmy fern on the r ight is Trichomanes apiifolium, 

P L A T E X X V I I 

A covering consisting largely of mosses and l iverworts , on the small 
aenal loots of a tree in the mossy forest near the summit of 
Mount Maquiling. 

P L A T E X X V I I I 

Inter ior view of the mossy forest on Mount Maquil ing. In the left of 
the picture and on the r ight of the man are tree t runks th ickly 
covered wi th mosses and mosshke epiphytes. The ground cover­
ing consists largely of selagmellas and ferns. 

P L A T E X X I X 

Festoons of mosses and mosshke epiphytes on the aerial roots of two trees 
in the mossy forest near the summit of Mount Maqui l ing. The 
roots to the left of the man are so densely covered as not to be 
distinct in the picture. 

P L A T E X X X 

FICJ. 1 Nepenthes (data in the mossy forest on Mount Maquil ing 
2. Freycinrtia willutmxn on a tree in the mossy forest. Note the 

mosses on the tree trunks. 

P L A T E X X X I 

Epiphytes on a branch of a tree in the mossy forest. The branch was 
thickly covered wi th mosses, in which were growing considerable 
numbers of Medinilla myrtiformia, some M. venosa, one seedling 
of each of two other tree species, two Polypodiaceae, several 
medium-sized filmy ferns, and Utricularia rosulata. The growth 
of epiphytes is so dense that the branch of the tree cannot be 
seen, but the mossy covering is evident in the lower left corner 
of the picture. 

P L A T E X X X I I 

Typical view in the mossy forest near the summit of Mount Maqui l ing. 
The conspicuous vines are Freycinetia. 
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P L A T E X X X I I I 

Ground covering of Selaginella in the mossy forest near the summit 
of Mount Maqui l ing . 

P L A T E X X X I V 

Ravine in the lower port ion of the mossy forest. Note the tree ferns and 
the open character of the vegetation. 

P L A T E X X X V 

Vegetation on a level area near the lower l imi t s of the mossy forest. 
The vegetation here is very much denser than in the ravine 
shown in Plate X X X I V . 

P L A T E X X X V I 

Side of ridge near the ravine shown in Plate X X X I V . Note the much 
denser vegetation than is shown in Plate X X X I V . 

P L A T E X X X V I I 

Fin. 1. Flowers of Melastoma polyanthum. 
2. Begonia aequata on a branch of a tree in the mossy forest. The 

size of the branch can be seen in the r i g h t of the picture. 

P L A T E X X X V I I I 

Pine forest in Benguet mountains. The open parkl ike arrangement is 
very typical . 

P L A T E X X X I X 

F I G . 1. A view in the forest near the top of Mount Banahao. The 
prominent trees are Podocarpus imbricatus; note the slant of 
the trees. Some epiphytes are seen on the trunks, but they are 
much less prominent than is usual on mountain tops in the 
Philippines. 

2 Another view in the forest near the top of Mount Banahao The 
large trees are Podocarpus imbricatus. The undergrowth ap­
pears denser than it really is, due to the facts tha t the picture was 
taken on a foggy day and that the perspective is poor. 

P L A T E X L 

F I G . 1 View in forest on Mount Banahao at an alt i tude of about 1,000 
meters. Note the thick undergrowth and the abundance of vines. 

2. View in mossy forest in a shallow ravine on Mount Banahao at 
an altitude of about 1,800 meters. The mossy covering shown 
in this picture is much heavier than it is on the ridges. 

P L A T E X L I 

Map of Mount Maquil ing. The contours are given in feet. The stations 
where the instruments were placed are represented by circles 
and the plots where exact counts of the vegetation were taken 
by crosses. Drawn from a map by the Bureau of Forestry. 

TEXT FIGURES 
Page. 

F I G . 1. Rates of growth of second-growth trees at the base of Mount 
Maqui l ing compared w i t h the rates of growth of trees in 
the United States 142 
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VEGETATION OF PHILIPPINE MOUNTAINS 
By W I L L I A M H. BROWN 

INTRODUCTION 

The physical characteristics of the vegetation of a given region 
are largely due to environmental factors, while the phylogenetie 
relationships depend to a great extent on past or present geo­
graphical connections or barriers. In most cases similar exter­
nal conditions appear to have produced associations of plants 
whose fundamental physical characteristics are much alike. This 
fact has made it possible for Warming, ' in discussing the vege­
tation of the world, to formulate an extensive ecological classi­
fication based on habitat and physical characteristics rather 
than on systematic composition. Schimperf likewise divides 
the vegetation of the world according to habitat. 

In preparing the present paper it has been assumed that the 
distinctly different physical types of climax vegetation on 
Mount Maquiling and Mount Banahao, Luzon, Philippine Is­
lands, are the result of environment. Working on this assump­
tion an attempt has been made to correlate periodical measure­
ments of environmental factors with the more obvious physical 
characteristics. 

Mount Maquiling is an exceptionally favorable locality for 
such a study. The advantage of not having to deal with a cold 
winter season is obvious. From the base to its summit a num­
ber of very distinct types of vegetation exist in exceptionally 
close proximity, so that it is practicable to obtain weekly 
readings in the more distinct ones. Perhaps of equal impor­
tance is the fact that the division of investigation of the Philip­
pine Bureau of Forestry, and the College of Agriculture of 
the University of the Philippines, are located at the base of the 
mountain, while the Bureau of Science, at Manila, can be reached 
by train in about two and a half hours. 

The different physical types of vegetation occurring on Mount 

* Warming, E., Oecology of Plants. English edition by Groom and Bal­
four, Clarendon Press, Oxford (1909). 

t Schimper, A. F. W., Plant Geography. English edition by Groom and 
Balfour, Clarendon Press, Oxford (1903). 

13 
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Maquiling are similar to those natural on many, if not most, 
mountain peaks rising from the lowlands in moist tropical re­
gions. On the lower slopes there is a lofty evergreen forest, 
which type Schimper * has shown to be characteristic of moist 
tropical lowlands. As higher altitudes are reached on Mount 
Maquiling, shorter trees occur and epiphytes become more numer­
ous, until at an elevation of 1,000 meters there is an elfin forest 
in which the trees are thickly covered wi th mosslike plants, 
interspersed among which are many flowering individuals. 
This condition is widespread in both hemispheres. 

This characteristic gradation from a lofty evergreen forest 
at low altitudes to a lower mossy one at high elevations, pecu­
liar to mountains in widely separated moist tropical regions, 
certainly seems to show that the different types of vegetation 
concerned are due to similar widespread environmental condi­
tions. However, the gradation is not equally characteristic on 
all mountains and occurs at much lower elevations on some than 
on others, depending on the geography of the mountain and the 
region. On Mount Pauai, in the great mountain mass of central 
Luzon, the mossy forest at an elevation of almost 2,500 meters 
is taller than that on Mount Maquiling at 1,000 meters; while 
the isolated cone of Mount Banahao, though more than twice 
as high as Maquiling, is not so characteristically mossy anywhere 
on its northern side (the only one the writer has visited) as is 
the top of Maquiling. For comparison wi th Mount Maquiling 
a short description of the vegetation and environment on Mount 
Banahao is included in the present paper. 

Whitford f has given a very comprehensive floristic analysis 
of the vegetation at different elevations on Mount Mariveles, 
including the number of individuals of each species on extensive 
areas. The specific composition of the flora of Mariveles and 
of Maquiling is very different, but many of the general prin­
ciples brought out by Whitford w i l l apply not only to Maquiling 
but also to a large part of the Philippines. For this reason it 
has not been considered necessary to make a similar study of 
Maquiling. The vegetation wi l l , therefore, be treated wi th 
special attention to measurements of individuals, and in a man­
ner suited primarily to the particular purposes of the present 
paper. A general discussion wi l l be given of the formations 
occurring at different levels, wi th detailed descriptions of limited 

* Schimper, A. F. W. , Plant Geography. English edition by Groom and 
Balfour, Clarendon Press, Oxford (1903). 

† Whitford, H. N . , The vegetation of the Lamao forest reserve, Phil. 
Journ. Sci. (1906), 1, 373. 
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areas in which the trees of each species have been counted 
and the chief measurements of all individuals taken. These 
measurements wi l l serve as a basis for tables by means of which 
the physical characteristics of the different formations may 
be compared and studied in connection wi th the measurements 
of the environmental factors. 

The discussion of the vegetation of Mount Maquiling wi l l be 
confined to that on the eastern slope. 

A list of the species considered, together wi th the authorities 
and native names, is given at the end of this publication. 

The writer wishes to express his thanks to Dr. F. W. Fox-
worthy and Mr. D. M. Matthews for facilities afforded him at 
the division of investigation, Bureau of Forestry, at Los Banos ; 
and to Mr. E. D. Merri l l , of the Bureau of Science, for assistance 
in the identification of specimens. 

MOUNT MAQUILING 

Mount Maquiling is an isolated volcanic cone situated on 
Luzon, midway between the eastern and western coasts, about 
64 kilometers southeast of Manila, in latitude 14° 8' north and 
longitude 121° 11 ' east of Greenwich. Its geology has been dis­
cussed at some length by Abella.* Its main volcanic activity 
has been long extinct, though still evident in many hot springs 
and fumaroles; these, however, do not affect the vegetation, ex­
cept locally. The position of the crater is not very perceptible, 
but its r im may be traced in a series of individual peaks, while 
the streams rising in the center have worn deep and wide chan­
nels that have obliterated the central depression. Ashes and 
lava have disappeared; and the whole mountain, except on very 
steep slopes, is covered by a deep layer of soil. The vegetation, 
where not disturbed by man, is apparently a climax type. 

Most of the observations recorded in this paper were made on 
the eastern slope. On this side the ascent of the lower slopes 
is gradual, while near the top it is, for the greater part, much 
steeper. This change is more or less gradual but is most pro­
nounced at an altitude of about 750 meters. Plate I I , fig. 1, 
shows this side of the mountain as seen from the College of Agr i ­
culture grounds. Plate I I , fig. 2, is a view of the opposite side, 
from Santo Tomas. The topography of the mountain is shown 
by the map oil Plate X L I . The topography of the lower slopes 
may be described as a series of broad, radiating, well-drained 
ridges separated by narrow valleys. Above 750 meters there 

*Abella y Casariego, D. E., El Monte Maquiling. Madrid (1885). 
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are flat places, and others wi th gradual slopes, but at these 
higher elevations the slopes are usually fair ly steep. On the 
eastern side Mount Maquiling grades into the surrounding plain 
at an altitude of about 50 meters, while the plain on the opposite 
side is about 200 meters higher. The mountain is comparatively 
low, the highest peak reaching an elevation of about 1,140 
meters. 

The climate of Maquiling and the surrounding country is 
distinctly monsoon in character. On reaching the eastern coast 
the northeastern monsoon, coming from the Pacific, strikes a 
high plateau, which is the divide between Laguna de Bay and 
the Pacific Ocean. This plateau reaches elevations of from 500 
to 600 meters or more, and on it is deposited a large part of 
the moisture carried by the northeastern monsoon. After pass­
ing over this plateau the monsoon reaches Maquiling as a drying 
wind and produces a very distinct dry season, which is most 
pronounced about March or Apr i l . This dry season is naturally 
less severe on the eastern than on the western side of Maquiling. 
At high elevations conditions are comparatively moist at all 
times. The heaviest rainfall usually occurs between July and 
September, during the season of cyclonic disturbances (ty­
phoons) . 

During the rainy season small springs occur high up on the 
mountain; but, for the most part, the permanent streams rise 
at elevations around 500 meters. It is very common in vol­
canic mountains in this region for the water to run underground 
to such an extent that even on high mountains there are no per­
manent streams much above the base. 

ENVIRONMENTAL CONDITIONS 

As an understanding of the vegetation is dependent to a con­
siderable extent upon a knowledge of the environment, it seems 
advisable to present here a brief summary of the environmental 
conditions obtaining on Mount Maquiling. 

The relative humidity in most parts of the Philippines is 
comparatively high at all seasons of the year, and this is tx ie 
of the region in which Mount Maquiling is situated, and partic­
ularly so of that side of the mountain on which the present 
study was made. As in the case of all mountains, the air which 
is forced up from the lower regions becomes cooler and capable 
of retaining less moisture. The result is that the relative hu­
midity increases as higher elevations are reached, and near the 
summit the air under the forest is practically saturated the year 
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round, while the top of the mountain is bathed in clouds during 
a large part of the time. The hygrometer under the forest 
recorded 100 per cent saturation for months at a time. This, 
however, does not mean that the air was completely saturated, 
as the instrument used was operated by the contraction and 
expansion of hairs, which when wet by clouds would require 
some time to dry before the instrument could record a lower 
humidity. 

Around the base of the mountain the wind is steady during 
the entire dry season, and evaporation at this time is compara­
tively high. At other seasons it is much lower. With increas­
ing altitudes the velocity of the wind rises, but on account of 
the greatly increased humidity the rate of evaporation decreases 
and at the top is extremely low. For weeks at a time a non-rain-
absorbing atmometer under the forest showed no signs of evap­
oration. 

Owing to increasing cloudiness near the top, the amount of 
light received by the vegetation also decreases gradually as 
high elevations are reached. 

The decrease in evaporation and increase in relative humidity 
would appear to be fairly independent of the amount of rainfall, 
as the greatest rainfall occurs at middle altitudes, while the 
rainfall at the top and at about 300 meters' elevation is prac­
tically the same. 

The amount of moisture in the soil is always high in the 
virgin forest but increases at higher elevations, although owing 
to the contour of the ground the soil appears to be well drained 
throughout. 

The temperature gradually decreases wi th increasing alti­
tudes, but the range at any given elevation is small. 

159549 2 



PARANG VEGETATION 

The Tagalog word parang is a name applied to a mixture of 
grassland and second-growth forest. Parang is found around 
the base of Mount Maquiling. The grasses in the parang are 
usually coarse and from 1 to 3 meters in height. The forest 
occurs in patches of varying sizes and consists principally of 
small trees about 6 to 10 meters high. Scattered individuals of 
fair-sized trees are also found in the parang. This type of 
vegetation is very common in the Philippines, as it occurs on 
land from which the original forest has been removed. For a 
general discussion of cleared areas see Brown and Matthews.* 

With the exception of very limited dry areas, the whole of 
the Philippines must originally have been covered by trees, as 
environmental conditions throughout the Archipelago are favor­
able for forests. Both cultivated areas and grasslands quickly 
return to forest if not disturbed by man and fires are excluded. 
When land is cleared of forest and cultivated by primitive 
methods, grasses and other weeds make their appearance. 
These are frequently removed by burning, especially during the 
dry season. Fires k i l l most of the dicotyledonous plants, but 
do little harm to the rhizomes of the grasses. The result of 
several successive fires is to leave the land in possession of the 
grasses, especially Imperata exaltata (cogon) and Saccharum 
spontaneum (talahib). After this, cultivation is usually aban­
doned. Plate I I I , fig. 2, shows a stand of Saccharum spontaneum. 

Dead leaves accumulate quickly in stands of Imperata or Sac­
charum, so that these grasses become very inflammable during 
the dry season. At such times a grass area is usually burned 
over completely, sometimes by accident, but as a rule, inten­
tionally. Burning is resorted to for various purposes; as, for 
example, to make hunting less difficult, to obtain young growth 
for forage, or to clear the land so that it can be easily traversed 
or so that a part of it can be cultivated. When an area is burned 
over regularly, the grasses form almost pure stands. With 
primitive methods of agriculture the grasses get a good start 
even without fires, as their rhizomes are much harder to eradi­
cate than are dicotyledonous plants; but it is only when other 
plants are destroyed by fire that the grasses form extensive pure 

* Brown, W. H., and Matthews, D. M., Philippine dipterocarp forests, 
Phil Journ. Sci., Sec! A (1914), 9, 413-561. 
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stands. If the grass is not burned, it is quickly invaded 
by second-growth trees. If no fire has occurred in an area for 
two or three years, small patches of trees may appear; but an 
area is rarely kept free from fire for a period sufficiently long 
to allow trees to cover i t . The part left in grass is usually 
burned over wi th fair regularity. The fires may ki l l the trees 
at the edge of the forest, or the occasional absence of fires may 
cause the trees to encroach upon the grass. Thus the parang 
persists for years, the trees at times gaining and at other times 
losing ground. When they form a continuous forest, the land 
is frequently cleared again and cultivated, as such areas are 
much more easily put under cultivation than is grassland. 

When ground is cultivated intensively, or with modern meth­
ods, the grasses do not take possession of i t ; but the shifting 
system of cultivation just described has been so widespread in 
the Philippines that, according to Whitford,* 40 per cent of the 
land area of the Archipelago is occupied by grass, 16jj per cent 
by second-growth forest, while only 10 per cent is cultivated. 

PARANG ON MOUNT MAQUILING 

The measurements, recorded in this paper, of environmental 
factors for the cleared region at the base of Mount Maquiling 
were made in the limited area between the College of Agriculture 
and the lower edge of the forest. This area is typical parang. 
In 1909, when the college was established, most of this land was 
covered by grasses, chiefly Imperata c.mltata (cogon) and Sac-
eharum. spontaneum (talahib). 

The original vegetation of the country surrounding Mount 
Maquiling and most of that on the mountain at elevations below 
100 meters has been cleared away and the land put under cul­
tivation. Above this and up to an altitude of 200 meters the 
forest has been so heavily logged that the main canopy has been 
removed almost completely and replaced largely by other species. 
From what is left in ravines and the seedlings found in them 
and in the forest at elevations between 100 and 200 meters, as 
well as by a comparison with the forest at higher elevations 
and other forests occurring in similar situations, we can form 
some idea of the composition of the original forest of the plain 
and slopes up to 200 meters. A l l these conditions would seem 
to indicate quite clearly that it was, like that now occurring 
at the next higher elevations, of a dipterocarp type. A diptero-

* Whi t fo rd , H. N . , The Forests of the Philippines, Bull P. 1. Bur For. 
(1911), No. 10. 
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carp forest is one in which the main story is dominated by 
members of the family Dipterocarpaceae. 

The number of seedlings at elevations between 100 and 200 
meters and of small trees in the ravines at lower elevations is 
sufficient to indicate that the main canopy of the original dip-
terocarp forest, now removed, consisted largely of Parashorea 
malaanonan (plicata) (bagtican lauan), Shorea guiso (guijo), 
and Pentacme contorta (white lauan). These are all large trees 
and in this favorable locality probably formed a canopy about 
40 meters high. Under this main story there must have been 
two other stories besides the undergrowth, the whole form­
ing a tall, dense forest. When the area below 100 meters 
was cleared and for how long a period it was cultivated are 
uncertain. 

The two grasses most prominent in the Maquiling area, Im-
perata exaltata (cogon) and Saccharum spontaneum (talahib), 
have different characteristics and are suited to different hab­
itats. Imperata exaltata is the shorter, rarely reaching a 
height of more than 1.5 meters. The erect stems grow from 
rhizomes and are spread over the ground rather evenly, with 
little tendency to form clumps. Imperata appears to be dis­
seminated more quickly than Saccharum and at first occupied 
the larger part of the grass area at the base of Mount Maqui­
ling. Saccharum spontaneum is taller, being frequently more 
than 3 meters high, and forms dense clumps. It succeeds Im­
perata in the more favorable localities, while the latter persists 
in the drier places. Imperata wi l l frequently be found on the 
top of a small hil l where the soil is shallow and comparatively 
dry, while the slopes with deeper and moister soil wi l l be 
covered with Saccharum. Most of the land under discussion is 
suitable for Saccharum, and this is now the more prominent 
species. 

The large grass areas in the Philippines are called cogonales. 
A l l these areas appear to have a similar origin and possess 
many characteristics in common. The species of grasses first 
entering a cleared area depends to a considerable extent on the 
proximity of seed-bearing plants; but, as the grass areas be­
come older, the distribution of many of the species wi l l be 
definitely determined by their habitats, as has been shown in 
the case of Imperata exaltata (cogon) and Saccharum spontane­
um (talahib), and this distribution wi l l apparently be permanent 
so long as the area remains in grass. In old grass areas these 
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two grasses do not form mixtures, but each in its special hab­
itat forms a practically pure stand. 

In the grass areas there are usually individuals of a few 
species other than grasses that, owing to large underground 
structures, can withstand fire. In the region under consider­
ation the orchid Eulophia exaltata is one of the most wide­
spread, while Blumea balsamifera (sambong), a shrub, occurs 
in scattered patches. The fire-resisting trees Antidesma ghae-
sembilla (binayuyu), Bauhinia malabarica (alibangbang), and 
Acacia famesiana (aroma) occur as scattered individuals. 
When these trees are young their shoots may be killed by fire, 
but new. ones readily spring up from the roots. As each succeed­
ing shoot is usually taller than the one preceding it , the trees 
finally grow higher than the grass and, in the immediate neigh­
borhood, k i l l the latter by shading i t . In this way the tree 
may gradually become the center from which a small clump is 
formed. 

Besides the plants just mentioned, a small Selaginella, S. 
belawgen, and a species of Riccia were also common in the 
Maquiling area during the wet season. 

When fires are excluded from a grass area, it is invaded by 
a large number of shrubs, vines, and small trees. The grasses 
can stand but little shading and soon succumb, and in a few 
years they are replaced by a second-growth forest of small, 
rapidly growing trees. 

Before the establishment of the College of Agriculture, in 
1909, the area between it and the forest appears to have been 
burned over regularly, and large parts of it were burned as late 
as 1911; since then fires have been excluded. 

Table I shows the composition of a plot 2 meters square in 
an area of Imperata exaltata in 1912. 

TABLE I.—Composition of plot of Imperata exaltata Plot, 2 meters square 

IMPERATA E X A L T A T A (COGON). HEIGHT, 130 TO 140 CENTIMETERS 

Plants with— 
One stalk 1,675 
Two stalks 147 
Three stalks 82 
Four stalks 38 
Five stalks 19 
Six stalks 15 

Total plants 1,976 
Total stalks 2,552 
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M I S C E L L A N E O U S S P E C I E S . 

An analysis of this plot shows a dense stand of Imperata. 
With the exception of Imperata and five individuals of Eulophia, 
which is fire-resistant, all the plants are small, the majority being 
seedlings. Al l have invaded the area since the last fire. Mimosa 
pudica, which grows about as tall as Imperata, and Desmodium 
pulchellum, which is slightly taller, together with a few other 
shrubs, are frequently conspicuous in grass areas. Table I 
shows that the two just mentioned are present in sufficient 
numbers to insure their prominence, unless killed by fire. Bio­
phytum sensitivum, Eulophia emltata, and Commelina nudiflora 
are small plants and wi l l remain inconspicuous; while Syne­
drella nodi flora is an annual, and Sida jaceiwis is a small shrub. 
Owing to. their length some of the vines wi l l soon grow over 
the grass and become prominent. This invasion of an Imperata 
area by small shrubs and vines is typical. They grow along 
with the grass, and while making the stand of grass less dense 
they do not usually drive it out. This is done, however, by 
trees that enter an area very quickly after fires are excluded. 
The change from almost pure stands of grass to the first stages 
of invasion by trees is usually accompanied by a change in the 
composition of the grasses, Imperata eoraltata and Saccharum 
spontaneum being replaced by species forming taller but less-
dense stands. 

Species. 

Herbs and shrubs 

Euloph ia exaltata — 

Biophytum sensthvum 

Selaginella belanqeri _. _ _ . .. 

Mimosa pudica - _._ .. 

Desmodium pulchellum _._ 

Comnwhna nudiflora .. 

Compositae - _ _. 

Synedrella nodijtora _ . . . 

Sida javens ia 

Riccia sp ._ 

Vines 

Streptocaulon baumti __ 

Open ulina turpethum 

Merremia umbellata. . . . .._ 

Merremia hastata _ . _ . , _ . . 

Cissus titfoha. . - . . - - _ _. . 

Ipomoea triloba . 

T o t a l 

P lan t s . Greates t 
h e i g h t . 

A v e r a g e 
he igh t . 

Seed­
l i n g s . 

cm cm 

5 

7 

16 

60 

4 

3 

35 

3 
9 

1 

2 

68 

122 

7 

23 

10 

1 

many 

18 

27 

4 5 

6 

21 

5 5 

1 5 

21 

3 

4 

8 

5 5 

43 

84 

7 

23 

8 

1 

2 

1 

6 

9 

5 5 

9 

2 

2 

5 

2 

280 

6 

173 

145 

3 

60 

1 

5 

9 69 31 4 

280 181 
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The tree species may invade either the relatively pure stands 
of grass or those mixed wi th shrubs and vines. The invading 
species are numerous, but most of them are alike in their chief 
characteristics. They are usually small, 10 meters or less in 
height, and are intolerant species with soft wood. They grow 
rapidly, mature early, and decay quickly. There are some ex­
ceptions; as, for example, Bwchofia javanica (tuai), a large 
tree occasionally found in parang, and Psidium guajava (gua-
va), a small tree which has fairly hard wood. As the trees 
grow up in the grass they shade the intolerant grasses, causing 
them to disappear. The trees thus come to form patches of 
second growth mixed with the grass. 

In the area under discussion the second-growth forest has 
already occupied much of the ground and, as fires w i l l probably 
be excluded permanently, it wi l l continue to spread until the 
grass has disappeared. Judging by the present rate of inva­
sion, this process should be completed in less than ten years. 

The first trees to enter the grass were naturally those having 
pronounced ability to resist fires; namely, Acacia farnesiana 
(aroma), Antidesma ghaesembilla (binayuyu), and Bauhinia 
malabarica (alibangbang). As soon as fires were excluded, 
these were followed by a large number of others. The species 
are so numerous, and the composition of the forest is so varied, 
that it is difficult to tell which species are most prominent in 
forming the young second-growth forest; but among them are 
Melochia umbellata (labayo), Columbia serratifolia (anilao), 
Litsea glutinom (puso puso), Macaranga tcmarim (binunga), 
Macaranga tricolor (hamindang), Premna cumingiana (ma-
gui l i ) , Ficus nota ( t ibig), Ficus hauili (hauili), Fiais ulmi-
folia (isis), Mallotus philippensis (banato), Mallotm ricinoides 
(hinlaumo), and Alstovia scholaris (dita). Some of the other 
prominent species are Trema orientalis (anabion), Cordia 
my era (anonang), Canarium villosum (pagsahing), Leucaena 
glauca ( ipi l ip i l ) , Pipturus arborescent (dalunot), Voacanga 
globosa (bayag-usa), Leea manillensis, Litsea perrottetii (ma-
rang), Psidium guajava (guava), Eugenia cumini (duhat), 
Mallotus mokiccanus (alim), and Artocarpus cumingiana (anu-
bing). Plate IV, fig. 1, shows a tree of Macaranga; Plate 
IV, fig. 2, Ficus nota; and Plate IV, fig. 3, an old individual of 
Trema orientalis. The second-growth forest contains a great 
many species besides those mentioned above, some of them being 
possibly more prominent than a number of those listed. 

The plants range in size from small, bushlike forms, such as 
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Tabernaemontana pandacaqui (pandacaqui) and Mussaenda 
philippica (cahoy dalaga), to large trees, like Parkia javanica 
(timoriana) (cupang); the last is occasionally found in both the 
parang and the dipterocarp forests. 

The distribution and the requirements of the different species 
also vary considerably. Bischofia javanica (tuai), a large tree 
frequently more than a meter in diameter, is represented in the 
parang by a few individuals and also occurs in the dipterocarp 
forest and even at elevations above the dipterocarp forest. Leea 
manillensis, a small tree, is very common in the lowest tree story 
in both the dipterocarp forest and the forest at the next higher 
elevations; it is also a dominant tree in the parang. Tabernae­
montana pandacaqui is prominent as an undershrub in the dipte­
rocarp forest and is also a common weed in open ground. On 
the other hand Trema orientalis (anabion), a very rapidly grow­
ing species, is extremely intolerant of shade. It produces large 
numbers of small seeds, which are quickly and thoroughly scat­
tered by birds. Where the ground has been cleared, as by log­
ging, it frequently forms almost pure stands of great extent.* 
On Maquiling it has taken possession of several clearings. The 
writer made a clearing in the forest of Mount Maquiling at an 
elevation of 450 meters. Trema invaded this so quickly and in 
such large numbers that it soon formed an almost pure stand. 
This is the more remarkable as the nearest seed plants observed 
were at a considerable distance and about 200 meters lower in 
elevation. The seeds of Trema are certainly well distributed; 
and, if conditions are favorable, they come up in large numbers. 
Trema does not, however, come up under other trees, and is 
not so successful as are many others in invading grassland. It 
seems not improbable that it usually gets its start in grass when 
the latter has been temporarily disturbed by some external agency. 

Since the trees forming the second-growth forest have such 
decidedly different characteristics, it would seem that it ought 
to be easy to subdivide it into smaller ecological units. Such, 
however, is not the case. The larger trees play an inconspicuous 
part in the early stages. The others form a heterogeneous mix­
ture in which certain ones are more prominent in some spots, 
while others are more numerous elsewhere without there being 
any very apparent reason. 

The successions on cleared areas that are not cultivated are 
much less complex than in grassland. In northern Negros Tre-

* Brown, W. H., and Matthews, D. M., Philippine dipterocarp forests, 
Phil. Journ. Set., Sec. A (1914), 9, 413-561. 
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ma orientalis invades clearings and forms extensive, almost 
pure stands, which can be measured in square kilometers and 
are only limited in extent by the size of the clearings.* Like­
wise, there are places where, under different conditions, other 
second-growth trees form almost pure stands on cleared land. 
Another striking example is the extensive area covered by 
Homalanthus populneus (balanti) on Mount Mariveles.f 

The succession on grasslands is usually very complex, and 
such a mixture as we find at the base of Maquiling is the rule 
rather than an exception. In the area under discussion there 
are certainly no clearly defined subdivisions, and for the pre­
sent it is probably best to regard the forest as a single type 
and to apply to it Whitford's term "second-growth forest."$ 

The individual species in this forest play different roles: as, 
for example, the fire-resisting ones are the first invaders; Trema 
enters only in the early stages and has a very open crown; 
tolerant species close the canopy; Macamnya enters early, grows 
rapidly, and at the same time casts a fairly dense shade. Each 
species thus has its individual peculiarities, which fact, together 
with the favorable conditions of a tropical climate, probably 
accounts for the great diversity of the forest. 

Besides the trees there are many minor species, including 
small grasses and other herbs, shrubs, and vines. The composi­
tion varies very greatly in different localities and is influenced 
particularly by the density and age of the forest. The under­
growth is frequently dense, while vines are numerous. In the 
earlier stages the most prominent vines are members of the 
family Convolvulaceae. 

The forest may perhaps be best described as one in which a 
great variety of small trees, shrubs, and vines are grouped to­
gether in a dense, heterogeneous tangle. 

The canopy of a second-growth forest is much less dense than 
that of a dipterocarp forest, and the conditions within the 
forest are much drier. This is especially true of young forests 
like the one on Maquiling. The undergrowth is, therefore, 
usually somewhat xerophytic. Epiphytes, other than small crus-
taceous lichens, are practically absent from the parang. 

The second-growth forest wi l l naturally pass over into the 

* Brown, W. H., and Matthews, D. M., Philippine dipterocarp forests, 
Phil Journ. SeL, Sec. A (1914), 9, 451. 

f Loc. cit. 
t Whitford, H. N., The Forests of the Philippines, Bull. P. 1. Bur. For. 

(1911), No. 10. 
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dipterocarp type; but, as this process can hardly be said to have 
begun, it is impossible to describe the successions. It has al­
ready been shown that some species are common to both 
the second-growth and the dipterocarp forests. As the second 
growth becomes older, other species from the dipterocarp 
forest wi l l invade i t , and the vegetation wi l l become taller and 
denser, until finally conditions wi l l be moist enough for the 
dipterocarps themselves to enter. At present there are on the 
edges of ravines a few large individuals of Parashorea mala-
anonan (bagtican lauan), which have been left from the original 
forest. These scatter large quantities of seed over the parang; 
but, as they do not produce seedlings, it is evident that con­
ditions are not yet favorable for Parashorea. 

The above description of the parang at the base of Mount 
Maquiling, between the College of Agriculture and the diptero­
carp forest, applies to conditions as they were observed from 
1912 to 1915. Since that time they have been very materially 
altered by cultivation. 

No measurements of the stand were made in the second-
growth forest, as its composition is so varied and it changes so 
greatly wi th age that it was not considered practical to obtain 
representative plots. 



DIPTEROCARP FOREST 

Forests of the dipterocarp type are characteristic of situations 
favorable for plant growth in the lowlands of the Philippines, 
and according to Whitford * they cover 75 per cent of the 
virgin forest area and contain 95 per cent of the standing 
timber of the Archipelago. For an extensive account of Phil­
ippine dipterocarp forests see Brown and Matthews.f 

The dipterocarp forest on Mount Maquiling begins at the 
upper edge of the parang and extends up the slopes of the 
mountain to an elevation of about 600 meters. This forest is 
located in the center of a well-populated district and has been 
subjected to a process of selective logging for many years; 
naturally, the more accessible portions have been most heavily 
logged. The cutting has been so severe at elevations below 
200 meters that the forest has largely lost its dipterocarp 
character. Between 200 and 400 meters' elevation there has 
been less logging; and, although the trees most valuable for 
commercial purposes have been largely removed, the general 
character of the forest has probably not been greatly changed 
at elevations above 300 meters. Above 400 meters logging has 
not been carried on extensively. 

In describing this forest it w i l l be convenient to divide it 
into a cut-over type and a natural one, and to make the 300-
meter contour the line of separation; this division is, of course, 
arbitrary. The upper and lower portions differ, however, not 
only in the extent to which they have been logged, but also 
probably in original composition. 

The dominant dipterocarps of this forest are Parashorea ma-
laanonan (plicata) (bagtican lauan), Shorea guiso (guijo), and 
Pentacme contorta (white lauan). The last mentioned two are 
very valuable timber trees, while Parashorea is much less 
highly prized and is far more prominent over the whole area 
than are the other two. 

A study of the present distribution of seedlings and saplings 
of the dipterocarps throws much light on their past distribution. 

* Whi t fo rd , H. N . , The Forests of the Philippines, Bull P. /. Bur. For. 
(1911), No. 10. 

† Brown, W. H . , and Matthews, D. M . , Philippine dipterocarp forests, 
Phil Joum. Scl, Sec. A (1914), 9, 413-561. 
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In the region between 200 and 300 meters' elevation large in­
dividuals of Shorea guiso and Pentacme contorta have been 
almost entirely removed, but there are present large numbers 
of seedlings and saplings of these species. This would indicate 
that Shorea and Pentacme were fomerly prominent in the area. 
Parashorea has been removed to only a slight extent at elevations 
above 200 meters and probably not at all above 250 meters. A 
comparison between the ratio of small to large trees of this species 
and similar ratios of Shorea and Pentacme w i l l , therefore, indicate 
the extent to which the last two have been removed at higher 
elevations. Such a comparison does not show that Pentacme 
has been removed at all at elevations of about 300 meters, 
while the large specimens of Shorea in the same region have 
for the most part disappeared. Here there are perhaps eight 
small individuals of Parashorea to one of Shorea. At an eleva­
tion of about 450 meters Shorea has apparently not been removed 
to any considerable extent. At elevations above 300 meters 
there are many times as many individuals of Parashorea as of 
Pentacme, although the latter does not appear to have been 
logged at this elevation and there have probably always been 
seven or eight of Parashorea to one of Shorea. This would 
indicate that in the virgin condition of this area Parashorea 
was dominant and that, as stated above, the dipterocarp char­
acter of the forest above the 300-meter contour has not been 
greatly changed. 

It is not practicable for one man to obtain exact figures in 
dealing wi th the composition of so large and dense an area 
as this dipterocarp forest. The figures given here are, how­
ever, probably correct in the main, for they include numerous 
observations over a long period and are confirmed in a number 
of cases by extensive measurements taken by Dr. F. W. 
Foxworthy and his class in dendrology—particularly by a 
classification made by them in 1915 of all individuals of tree 
species on one square kilometer. We can only guess at the 
ratio that formerly existed on the lower slopes, but Shorea and 
Pentacme were probably much more prominent there than at 
altitudes above 300 meters. 

The dipterocarps are by no means the only species that have 
been cut, as there are many others, such as Koodersiodendron 
pinnatum (amugis), Strombosia philippinensis (tamayuan), and 
Dillenia philippinensis (catmon), that are valuable. These, how­
ever, like the dipterocarps, have been removed to a much greater 
extent at lower than at higher elevations. 

Environmental conditions in the forest have probably not 
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undergone marked change above the 300-meter contour. One 
important reason for this is that the forest consists of a mixture 
of a great many species, many of which are not valuable for 
local use. This is true of Parashorea malaanonan and Celtis 
philippensis (malaicmo), the two trees that are far more nu­
merous than any others in the dominant story, and also of 
Diplodiscus panictdatus (balobo), a second-story tree, represented 
by about three times as many individuals as any other except 
the two just mentioned. 

Cutting may change the value of the stand considerably, even 
though it may not affect the environment within the forest. 
When the valuable trees are cut their places are naturally taken 
by others, and as growth within the forest is slow much time 
may elapse before the valuable species occur again as large 
individuals. Many of the trees form soft and medium-hard 
woods valuable in temperate countries for construction timbers; 
but these are quickly destroyed by termites and fungi in the 
Philippines and, therefore, are not sought by loggers who, like 
those who have worked on Maquiling, use animals to haul their 
lumber. Other trees have wood that is very hard to work. For 
these reasons trees that would be used by a sawmill have been 
left even on the lower slopes of Maquiling. Brown and Mat­
thews * have given a short description of this forest and discussed 
the forestry problems connected wi th i t . 

Not only has the forest above the 300-meter contour undergone 
comparatively little change so far as environment is concerned, 
but the number of individuals of each species has also been 
changed much less than might be supposed. Each species is 
usually represented by more small individuals than large ones; 
and, as only a portion of the latter have been removed, a count of 
those present gives a fairly good idea of the original composition. 
From the standpoint of the present paper we would appear to 
be justified in treating the forest above an elevation of 300 
meters as a natural climax one. However, the plot used for 
detailed measurements was located at an elevation of about 
450 meters and in an area where there has been little logging. 
There was no evidence of trees having been removed from the 
plot. 

For convenience the more nearly virgin forest (that above the 
300-meter contour) wi l l be discussed first, as the cut-over forest 
wi l l then be more easily understood. 

* Brown, W. H., and Matthews, D. M., Philippine dipterocarp forests, 
Phil Journ. ScL, Sec. A (1914), 9, 413-561. 
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VIRGIN DIPTEROCARP FOREST 

The virgin dipterocarp forest, which we have considered as 
extending from the 300-meter contour to an elevation of ap­
proximately 600 meters, is decidedly a lowland, moist-tropical 
forest formation. In the Philippines dipterocarp forests are 
characteristic of the moist plains and lower slopes of mountains, 
giving way to other types in drier situations, and usually at an 
altitude of 800 meters or less. From the standpoint of the 
physical characteristics of the vegetation the dipterocarp forest 
on Maquiling is a lofty, evergreen, three-storied forest formation. 

The regular occurrence of lofty, evergreen forest in lowland, 
moist-tropical regions would certainly seem to justify the use 
of the term lowland, moist-tropical forest formation. 

The dipterocarp forest of Maquiling not only represents a 
single formation, but except for the tension zone at its upper 
limits also belongs to a single well-defined association, which 
from its composition should be called the Parashorea-Diplodiscus 
association. This forest, like the dipterocarp types described by 
Whitford * from Mount Mariveles, contains a great mixture of 
species. There are probably at least three hundred fifty tree 
species in the dipterocarp forest of Mount Maquiling. 

Some species are more prominent at lower than at higher 
altitudes, while wi th others the reverse is the case. Again, 
certain species wi l l be more numerous in limited areas than else­
where, or species that occur in fairly large numbers in one 
locality may not be represented in a neighboring one. The 
reasons for some of these differences are more or less obvious; 
as, for example, certain species do best in the valleys and others 
on the ridges. In general, however, the composition is fairly 
uniform, the slight differences being confined largely to the less 
conspicuous elements of the vegetation. 

The development of the trees varies somewhat according to 
the topography. Large trees are scarce in ravines and narrow 
valleys, while on the tops of sharp ridges the individuals may 
have large diameters but are usually shorter than on gentle 
slopes. In ravines the light is poor, while on sharp ridges the 
trees do not have to grow particularly tall to enable them to 
reach the light. Therefore, it would seem that light is the 
factor determining their development. In ravines the under­
growth also is more open than on the ridges. The small size of 
the trees in a ravine is shown in Plate V I I I , fig. 2. 

* Whitford, H. N., The vegetation of the Lamao forest reserve, Phil. 
Journ. Sci (1906), 1, 373. 
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The trees are arranged in three rather definite stories. The 

first, or dominant, story forms a complete canopy; under this 
there is another story of large trees, which also forms a complete 
canopy. Still lower there is a story of small scattered trees. 

Plate V is a view in the virgin dipterocarp forest at an altitude 
of about 500 meters. The large tree in the center is a Para-
shorea mahanonan. On the right are two second-story trees, 
while in the center at the left a third-story tree can be seen 
very plainly. Plate V I , fig. 1, is another view at about the same 
altitude. A view of this forest at the edge of a recent clearing 
is shown in Plate V I I . In making the clearing several specimens 
of the palm Livistona sp. were left standing; these are seen in 
the foreground. 

FIRST, OR DOMINANT, STORY 

The Maquiling region has a too pronounced dry season for the 
best development of a dipterocarp forest; and, moreover, this 
type is usually much poorer near its upper limits than at lower 
elevations. It is not surprising, therefore, that the first, or 
dominant, story is not so well developed nor so distinctly dip­
terocarp as is that of forests in more favorable situations. The 
first story is irregular and, while usually continuous, is not very 
dense. 

The most prominent tree is Parashorea malaanonan (bagtican 
lauan), which reaches a height of 35 to 40 meters and is fre­
quently considerably more than a meter in diameter. Over large 
areas there are more than twice as many individuals of this 
species having a diameter of a meter or more as of all other 
species together. This does not take into account the strangling 
figs wi th their irregular and hollow trunks; these occur in the 
proportion of one large individual of Ficus to about three of 
Parashorea. Parashorea, like the other dominant dipterocarps, 
is taller than most trees of the first story. Its crown is flat 
and spreading and has a tendency to grow out over the neigh­
boring trees. Other species, such as Canarinm hnonlcum (pili) 
or Eugenia spp., are represented by large individuals that, like 
Parashorea, tower over the surrounding trees; however, they 
seldom dominate their surroundings as do the dipterocarps. 

Celtis philippemis (malaicmo) is a good example of another 
class of trees in the first story. It is represented by probably 
about two-thirds as many individuals as Parashorea, and next 
to it is decidedly the most numerous tree in the first story. 
It is a smaller and shorter tree than Parashorea; and, while it 
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may reach the upper surface of the canopy, it is usually somewhat 
shaded by taller individuals like Parashorea. Celtis philippensis 
is one of the species that are more numerous at lower than at 
higher altitudes. Among the more prominent of the remaining 
species are Shorea guiso and members of the genera Eugenia, 
Canarium, and Palaquium. 

Under the first story there are two other stories, each com­
posed of different species, and a ground covering. The presence 
of the three stories of different trees is not evident on casual 
observation, for the composition of all the stories is very complex 
and few of the trees present any striking peculiarities, while 
smaller trees of a higher story always occur in a lower story and 
between the different stories. 

SECOND STORY 

The second, or middle, story is composed of fair-sized trees, 
which spread their leaves under the branches of those of the top 
story. The trees of this story, like those of the first, vary 
greatly in height. There is, of course, no sharp line separating 
the different stories; but the second story may be regarded as 
having an average height of about 18 meters, although many 
individuals wi l l grow as tall as 20 meters or even taller. Oc­
casionally, under favorable circumstances, a tree of the second 
story may make exceptional growth and take a place in the 
dominant canopy; but usually they remain under the first story, 
except in cases where, by the falling of an old tree, they are 
temporarily exposed to full sunlight. Most of the second-story 
species grow to more than 50 centimeters in diameter, and 
some of them attain diameters of a meter or more. In this story 
there are many individuals with diameters of from 50 to 80 
centimeters. 

The second-story trees have much smaller crowns than do 
those of the dominant story, and they are much more numerous 
than the latter. This story also contains a greater number of 
species than either the first or the thi rd and probably as many 
as both. 

The most prominent species is Diplodiscus paniculatus (balo-
bo), represented by many more trees than any other species 
in the forest, and probably about four times as numerous 
as any other second-story species. The next most prominent 
species are probably Diospyros ahernii (anang), Dillenia philip-
pinensis (catmon), and Nephelium mutabile (bulala). Among 
the other important ones are Diospyros discolor (camagon), 
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Strombosia, phttippinensis (tamayuan), and members of the 
genera Aglaia, and Chisocheton. 

THIRD STORY 

The third story, like the other two, is composed of species 
attaining different heights. The average height of this story is 
probably about 10 meters. Comparatively few of the trees are 
more than 30 centimeters in diameter, and most of them are 
much smaller. The foliage is usually not dense, and the crowns 
are small. There are fewer species than in the second story, 
and in a given area of forest there wi l l be about half as many 
individuals of third-story species as there are of second-story 
ones. This is probably due partly to the situation of this story 
and partly to competition wi th smaller individuals of the other 
stories. There are several times as many trees in the th i rd as 
in the second story, but most of them are small individuals of the 
taller stories. 

Some of the species are not evenly distributed throughout the 
area, and the composition of the th i rd story is probably not so 
uniform at low and high altitudes as is that of the other stories. 
Among the most prominent and widely distributed are Thea 
montana, Garcinia spp., Laportea subclausa (lipa), and Leea 
manillensis. 

Whitford,* in discussing the vegetation of the Lamao forest 
reserve, describes a dipterocarp type which he calls the Anisop-
tera-Strombosm formation, and in which he says a two-story 
vegetation prevails. This forest has a storied arrangement very 
similar to that in the Parashorea-Diplodiscus association on 
Mount Maquiling. Whitford evidently includes in the second 
story or in the undergrowth those plants which in this paper are 
regarded as forming the third story. 

Brown and Matthews † describe the Philippine dipterocarp 
forest as composed of three stories. Any division into stories 
is more or less arbitrary; but there are certainly three very 
distinct classes of trees in the dipterocarp forests, and it is 
convenient to divide the vegetation into three stories. 

Wallace, ‡ in discussing the general character of the forests 

* Whitford, H. N., The vegetation of the Lamao forest reserve, Phil. 
Journ. Sci. (1906), 1, 373. 

† Brown, W. H., and Matthews, D. M., Philippine dipterocarp forests, 
Phil. Journ. Sci., Sec. A (1914), 9, 413-561. 

‡ Wallace, A. R., Natural Selection and Tropical Nature. London 
(1895), 240-244. 
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in the equatorial belt, describes them as composed of three 
stories of trees, as will be seen from the following quotation: 

The observer new to the scene would perhaps be first struck by the 
varied yet symmetrical trunks, which rise up w i t h perfect straightness to 
a great height wi thout a branch, and which, being placed at a considerable 
average distance apart, give an impression similar to tha t produced by 
the columns of some enormous building. Overhead, at a height, perhaps, 
of a hundred and fifty feet, is an almost unbroken canopy of foliage formed 
by the meeting together of these great trees and their interlacing branches; 
* * *. The great trees we have hitherto been describing form, however, 
but a portion of the forest. Beneath their lof ty canopy there often exists 
a second forest of moderate-sized trees, whose crowns, perhaps fo r t y or 
fifty feet high, do not touch the lower-most branches of those above them. 
* * * Yet beneath this second set of medium-sized forest trees there is 
often a t h i r d undergrowth of small trees, f rom six to ten feet high, of 
dwarf palms, of tree-ferns, and of gigantic herbaceous ferns. Yet lower, 
on the surface of the ground itself, we find much variety. 

VINES 

Vines are very numerous in the Parashorea-Diplod'iscus asso­
ciation. These are very evident in Plate V and in Plate V I , 
fig. 1. The most conspicuous are species of the climbing palms 
Calamus and Daemonorops (rattans), which in their early stages 
are also the most noticeable element in the ground covering. 
The rattan plant forms a rosette when young, and maintains 
this form until the spiny, pinnate leaves are 2 to 3 meters long. 
After this it sends out a climbing stem wi th long internodes. 
This scrambles up among the trees, sometimes attaining a 
length of more than 100 meters. The midribs are armed with 
strong recurved spines, besides which there is a lashlike struc­
ture ( in some species an extension of the midrib and in others 
growing directly from the stem), also covered wi th recurved 
spines. These spines enable the plant to climb, while other 
smaller ones, scattered over the leaves and long leaf-bases, help 
to protect it from being eaten by animals. These rattans are 
very numerous, and their feathery leaves are exceedingly prom­
inent in giving character to the appearance of the vegetation. 
The feathery leaves of the rattan are very conspicuous in the 
undergrowth in Plate V. 

Climbing bamboos, especially Schizostachyum diffusum, are 
very abundant and conspicuous. The leaves of a climbing bam­
boo are shown at the left of Plate V I , fig. 2. Besides these 
there are other prominent monocotyledonous vines, particularly 
members of the families Pandanaceae and Araceae, the genera 
Freycinetia and Pothos being very prominent. Large dicotyle­
donous vines are also numerous, especially on the trunks of 
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the larger trees. The long spirally arranged leaves of Freycine­
tia, a genus of the Pandanaceae, are crowded together over 
considerable lengths of stem and make these plants conspicuous, 
while the dicotyledonous vines are chiefly noticeable, except 
when in flower, as large cords extending fromthe ground to the 
crowns of the trees. A conspicuous development of Freycinetia 
is shown on Plate X X X . Symphorema luzonicum appears to 
be the most numerous of the dicotyledonous vines, possibly be­
cause of its showy flowers. The vines, naturally, increase the 
density of the vegetation. 

STRANGLING FIGS 

A very striking appearance is presented by the strangling 
figs, species of Ficus. They start as epiphytes in the tops of 
the trees and send down roots that reach the ground (Plate 
X I I I , fig. 1). Branches from these roots grow around the tree 
and coalesce either wi th each other or with the main root, until 
the trunk of the tree is usually enclosed by a network (Plate 
X I , fig. 2) . As this grows and coalesces, it interferes wi th the 
growth of the tree, the fig leaves shade the tree, and the roots 
of the fig interfere wi th those of the tree. This combination 
usually results in the death of the tree on which the fig is grow­
ing. The meshlike support of the fig continues to grow until 
it may finally have the appearance of a solid trunk. Usually, 
however, some of the meshes persist (Plate X I I , fig. 1). The 
final appearance of these figs is greatly influenced by the form 
and height of the trees on which they start. When they grow 
on slanting or peculiarly shaped trees, they sometimes assume 
very fantastic shapes. 

Plate X I , fig. 1, shows a very large strangling i\gf which 
apparently developed on one tree and then sent roots down a 
neighboring tree. The result is a conspicuous harplike appear­
ance. The large size of the tree can be seen plainly by compar­
ing it wi th the man in the picture. These strangling figs are 
very numerous and often give a picturesque appearance to the 
vegetation. Old individuals are properly considered trees. 

MONOCOTYLEDONOUS TREES 

Erect palms are very scarce as compared wi th rattans or 
dicotyledonous trees, but are present in sufficient numbers to 
ornament the forest. Their bulk is inconsiderable, and they 
have almost no influence on the other elements of the vegetation. 
Their crowns frequently reach into the second story. The most 
prominent is Livistona sp. (anahau), a fan-leaf palm. A large 
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specimen of this palm is seen in the center of Plate V and a 
small individual in the lower right. Several large specimens 
are shown on Plate V I I . The other species have pinnate leaves. 
Pinanga insignis and Caryota cumingii occur in considerable 
numbers, Heterospathe elata is less numerous, while Arenga 
pinnata (sugar palm) is conspicuous at lower elevations. 

Wallace,* in discussing the occurrence of palms in the equa­
torial belt, says: 

They are, however, by no means generally present, and we may pass 
through miles of forest wi thout even seeing a palm. In other parts they 
abound; either forming a lower growth in the lof ty forest, or in swamps 
and on hillsides sometimes r is ing up above the other trees. 

Monocotyledonous trees are also represented in the diptero-
carp forest by a few scattered specimens of Pandanus luzonensis 
and P. gracilis, which belong to the third story. 

BUTTRESSES 

In this, as in many other tropical forests, buttresses † and 
cauliflory are characteristic of a number of species. A consider­
able proportion of the tall trees have large planklike buttresses, 
which in extreme cases may extend several meters from the 
tree and probably help to support it (Plate X I I , fig. 2). Whit-
ford J has discussed the occurrence of these in the Lamao forest. 

CAULIFLORY 

Cauliflory occurs in a number of species, particularly in the 
genus Ficus. This character is not found in the largest species, 
and the number of individuals possessing it is insignificant when 
compared wth the total number of trees present. 

GROUND COVERING 

Rattans in the rosette stage are the most prominent element 
in giving character to the appearance of the ground covering 
throughout the forest. The other elements vary according to 
the locality. Small individuals of tree species are the most 
numerous plants on the ridges at the lower elevations. In these 
localities succulent herbs are rare and ferns are represented by 
very few individuals. In the wet ravines succulent herbs are 

* Wallace, A. R., Na tura l Selection and Tropical Nature. London 
(1895), 248. 

† Schimper, A. F. W., Plant Geography. English edition by Groom and 
Balfour, Clarendon Press, Oxford (1903). 

‡ Whi t fo rd , H. N . , The vegetation of the Lamao forest reserve, Phil. 
Journ. Sci (1906), 1, 373. 
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conspicuous; species of Elatostema, small shallow-rooting herbs, 
are present in large numbers, while ferns are numerous. The 
latter are usually fairly small species; but Angiopteris angusti-
folia, wi th fronds from 3 to 5 meters in length, is fairly 
common and very showy. At the higher elevations, about 500 
meters or more, succulent herbs, especially Elatostema, are con­
spicuous and cover large patches of ground even on the ridges. 
The environment here is moister, and ferns are a very noticeable 
element in the undergrowth. 

Except at high elevations and in spots along the streams, the 
ground is not carpeted with vegetation. The undergrowth is 
dense as one looks through the forest, but the soil itself is bare. 

EPIPHYTES 

Epiphytic vegetation is scarce, being confined chiefly to the 
large branches of the tallest trees. Here they form veritable 
aerial gardens. The chief components are ferns (particularly 
the humus-gathering Drynaria quercifolia), orchids, and species 
of Hoya. A l l of these are pronounced xerophytes and usually 
have well-developed water-storing tissue. Drynaria has large 
fleshy stems which store water, while certain of the leaves are 
modified and form cups for collecting humus. These gather soil 
for the Drynaria, but also produce a substratum in which many 
other plants take root. The epiphytes forming these aerial gar­
dens are in an advantageous situation for collecting water and 
for making full use of the sunlight. 

Mosses and hepatics, on the trunks of the trees, are very 
rare. Other epiphytes on the trunks or even in the crowns of 
the small trees are also scarce, and with the exception of Asple-
nium nidus (birdVnest fern) are for the most part incon­
spicuous. The bird's-nest fern, on the other hand, with its many 
entire fronds a meter or more in length, is the most striking 
epiphyte in the forest. This plant grows either in the crotches 
of the trees, on the lower branches, or along the trunks. When 
so situated that its fronds can grow freely, these radiate from 
the center in all directions, from which habit it derives its name. 
It does best in the moister situations and is not present on the 
drier ridges. 

The largest epiphytes, other than young strangling figs, are 
members of the genus Schefflera. These are vines with pal-
mately divided xerophytic leaves, and woody stems several centi­
meters in diameter. They usually start in hollows in the trees, 
in crotches, or in other places where a quantity of debris has 
accumulated. 
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Phalaenopsis amabilis, a handsome orchid, grows high up on 
the trunks of trees and is collected by orchid hunters, but is 
rarely seen by anyone else. This is an example of a number 
of plants, usually less showy, which are small and occur in such 
limited numbers that they do not influence even the appearance 
of the vegetation. The Philippine flora is very rich in Orchida-
ceae, there being about seven hundred fifty species, many more 
than there are in any other family. Most of these have small 
inconspicuous flowers, but a number are showy and are highly 
prized by orchid collectors. However, in the tall forests showy 
individuals are rare and, as noted above, are usually hidden by 
the foliage. 

Wallace,* in discussing the orchids in the equatorial belt, says: 

Yet notwithstanding the abundance and variety of orchids in the equa­
to r ia l forests, they seldom produce much effect by their flowers. This is 
due par t ly to the very large proportion of the species having quite i n ­
conspicuous flowers; and par t ly to the fact tha t 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 conspicu­
ous as compared w i t h the great mass of vegetation around them. It is 
only at long intervals that the traveller meets w i t h anything which re­
calls the splendour of our orchid-houses and flower shows. 

FLOWERS 

Showy flowers are not so conspicuous in the Parashorea-Diplo-
discus association as in deciduous temperate forests. This is not 
due so much to scarcity of flowers as to a lack of a definite bloom­
ing period when the trees are leafless, and to the absence of a 
ground covering of herbs that in temperate countries have a 
striking display of flowers in the spring. A very large propor­
tion of the flowers in the dipterocarp forest are in the tops of 
the tall trees and so are completely hidden by the foliage. The 
flowers of Planchonia spectabilis are large and very handsome, 
but are only seen as scattered specimens that have fallen 
to the ground. Parashorea malaanonan has yellow flowers 
tinged with pink, which fall in such numbers as almost to cover 
the ground under the large flowering trees. These flowers 
would be very conspicuous if they were borne in like quantity 
on short leafless trees. The Parashorea-Diplodiscus associa­
tion is, however, like the temperate deciduous forests in that 
the majority of the trees have small and inconspicuous flowers. 

* Wallace, A. R., Na tu ra l Selection and Tropical Nature. London 
(1895), 256. 
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Showy flowers are not confined to the dominant canopy/ as a 

few of the under-story trees have displays which are readily 
seen from the ground. Dillenia philippinensis, a common sec­
ond-story tree, has very handsome, large, white flowers, but 
usually only a few are open at one time. The purple clusters 
of Clerodendron quadriloculare, a third-story species, are pretty 
but not conspicuous at a distance. 

The flowers of most of the vines are produced in the crowns 
of the tall trees. Symphorema luzonicum is very common, and 
has flowers with large lilac-colored bracts. These are produced 
in great numbers and are very showy, particularly in the culled 
forest. Perhaps the most striking flowers in the Parashorea-
Diplodiscm association are those of the leguminous vine Strongy-
lodon macrobotrys. These are large and bluish green and are 
crowded together on pendent racemes, which may be a meter 
in length. These racemes are not seen very frequently. At the 
higher altitudes in the dipterocarp forest climbing begonias 
sometimes produce very handsome displays. 

The flowers in the undergrowth are not conspicuous as they 
are usually small and scattered. 

The above list includes some of the most striking flowers in 
the forest, but only a small proportion of those that could be 
considered as showy. The flowers have, however, little influence 
on the appearance of the vegetation, as they are usually either 
borne at a great height or so few of them are produced at any 
one time that they are not conspicuous from the ground. 

In a temperate-zone forest the dominant tree species are 
usually few in number, and so are favorably situated for wind 
pollenation. The majority of trees in such forests are thus 
pollenated, while showy flowers are confined largely to scattered 
and minor elements. The mixed dipterocarp forest contains 
very few wind-pollenated species. On the plot in the virgin 
dipterocarp forest there were ninety-two species of erect woody 
plants more than 2 meters in height. In many of these pollena­
tion has not been observed, but wi th the exception of the palm JAr-
vis torn sp. all appear to be adapted for insect pollenation. The 
method of pollenation in Livistona sp. is not known. The scarcity 
of wind-pollenated trees in the dipterocarp forest appears to be 
associated with the mixed composition of the forest. It seems 
surprising, therefore, that the small scattered species usually 
have inconspicuous flowers, while the gregarious, dominant 
dipterocarps frequently have showy displays. 
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SEASONAL CHANGES 

The appearance of the vegetation varies slightly according to 
the season. During the dry season the shedding of leaves by the 
trees is conspicuous. At such times the ground is usually cov­
ered with leaves, and the view in the forest is more open than 
in more favorable weather. The trees are, however, by no means 
deciduous, and this difference in the density of the foliage would 
only be noticed by one familiar wi th the forest. A few minor 
changes occur wi th the seasons; as, for example, a species of' 
Selaginella is very common in the wet season on cuts in the 
banks, but it disappears during the dry period. 

GENERAL VIEW 

We have seen that the Parashorea-Diplodiscus association on 
Maquiling is essentially a forest of large and medium-sized trees 
and that these compose the great bulk of the vegetation. Ex­
cept for the arrangement in stories, wi th accompanying greater 
density of foliage, most of these trees are not very different in 
appearance from those in dicotyledonous forests in temperate 
countries. 

The view of the large trees is, however, frequently obscured 
by the great development of small trees and vines, particularly 
rattans and climbing bamboos. Owing to this fact, it is the 
great development of foliage that gives character to the appear­
ance of the vegetation rather than the trunks of the large trees. 
Plate V I , fig. 2, shows this characteristic very plainly. A 
striking contrast is afforded by Plate V I I I , fig. 1, which represents 
the forest at an elevation of about 300 meters. A l l of the small 
trees and some even more than a meter in diameter were re­
moved from this area in preparation for a coffee plantation. 
The number of large trees in this area is probably not greater 
than in that represented in Plate V I , fig. 2. Except when one 
looks up at the canopy, the view in the dipterocarp forest is 
usually that of a dense tangle of small trees and vines rather 
than of a forest of big trees. In better-developed dipterocarp 
forests the large trees are relatively very much more prominent,* 
while small trees and vines are less developed; see Plates IX 
and X. 

If we were to sum up the impression made upon one in passing 
through the dipterocarp forest, it would be something like this: 
A tall, dense forest, in which large and small trees are crowded 

* Brown, W. H., and Matthews, D. M., Philippine dipterocarp forests, 
Phil Journ. Set., Sec. A (1914), 9, 413-561. 
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together unti l their leaves very fully occupy all the available 
space, while the ground is covered wi th a dense undergrowth 
consisting largely of feathery rattans, some of which reach up 
among the trees. Scattered here and there are tall palms, while 
now and then the eye is caught by a large tree wi th gigantic 
buttresses, the bizarre form of a strangling fig, the long leaves 
of the epiphytic bird's-nest fern, or a tree trunk covered with 
fruit . 

BIZARRE PLANTS 

The tropical forest is usually considered the special habitat 
of bizarre plants. Such plants occur in the forest under dis­
cussion, but with the exception of the strangling figs are not 
prominent. 

In spots Rafflesia manillana is rather showy. Scattered 
through the forest are places several meters square where the 
roots of Ciasus are either near or on the surface of the ground. 
Such roots may be thickly infested with Rafflesia.* Usually only 
a few flowers wi l l be open at a time, but the buds are frequently 
numerous (Plate XV, fig. 2) . When several of the flowers, 
which spring directly from the root of the host and are from 
15 to 20 centimeters in diameter, are open at once, they are 
rather s tr iking; but the patches are widely separated and affect 
the appearance of the forest so little that people usually become 
very familiar with it without noticing the Rafflesia. 

Several interesting myrmecophilous plants are present but are 
rarely seen, as they are not abundant and are usually confined 
to the tops of the tall trees. Hydnophytum and Myrmecodia 
(Plates X I I I , fig. 3, and X I V ) , with their large bulbous bases 
containing labyrinthian cavities, are occasionally found on fallen 
trees; while Polypodium sinuatum, wi th its enlarged, hollow 
stems, has been observed once. Probably more abundant than 
the above-mentioned species is Dischidia purpurea, a vine grow­
ing in close contact wi th the surface of the bark of a tree 
(Plate X I I I , fig. 2) . The edges of a leaf touch the bark while 
the center is raised, forming a cavity in which roots grow and 
which is inhabited by ants. 

The leafless orchid Taeniophijllum philippinense, wi th its pho-
tosynthetic roots, is occasionally found on the trunks of trees; 
this is a small and very inconspicuous plant. Galeola hydra, 
a rare but conspicuous saprophytic orchid, is a vine, which may 
grow to be about 10 meters in length, and which has rather 

* Brown, W. H., The relation of Rafflesia manillana to its host, Phil. 
Journ. Sci See. C (1912), 7, 209-226. 
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large clusters of yellow flowers. Other saprophytes and para­
sites occur in this forest, but for the most part they are small 
and not striking in appearance. The previously mentioned 
humus-gathering ferns, Drynaria quercifolia and Asplenium 
nidus, are much more in evidence than the plants just mentioned. 

In discussing the bizarre plants their scarcity has been em­
phasized. This feature is not peculiar to the dipterocarp forest 
of Mount Maquiling, but is characteristic of the tall forests 
of the Philippines. Most of the unusual forms of plants found 
in the Indo-Malayan region occur in the Philippines, and many 
of them are widely distributed, but they are usually of local 
occurrence. Bizarre plants, when they occur in more open and 
lower types of forest at high elevations, are frequently more 
evident than in the dipterocarp forest. It is from high-
mountain forests that many of the current impressions of trop­
ical forests have been obtained, as frequently the tall lowland 
forests have been removed for cultivation, while only the more 
inaccessible mountain forests have retained their virgin char­
acter. Most botanists in describing tropical forests mention 
only or chiefly peculiar characters which are of particular in­
terest to botanists, and thus unintentionally give the impression 
that striking and bizarre plants are much more prominent than 
is the case. 

In considering the question of peculiar plants it is wrell to 
bear in mind that people are apt to regard the things to which 
they are accustomed as usual and those to which they are 
unaccustomed as unusual. Thus one raised in a temperate 
country wil l think of the deciduous broad-leaved forest as a 
usual one, and of the tropical forest as strange and bizarre. On 
the other hand, the inhabitants of moist tropics look upon 
the deciduous forests in temperate regions as very strange. 
It is certainly reasonable to regard the broad-leaved, evergreen 
forests of the tropics as a generalized type; and the deciduous 
forest of temperate regions as fitted to adverse winter con­
ditions, just as the thorny vegetation of desert regions is suited 
to a dry climate. Nor is there any reason to regard the presence 
of palms, tree ferns, and epiphytes as more peculiar than their 
absence, particularly as their absence is connected with adverse 
rather than favorable conditions. Likewise, a dense forest 
composed of many species should not be regarded as more pe­
culiar than a more open one composed of a few species. Again, 
it may be pointed out that annual growth rings; winter pro­
tective bud-coverings: early spring bloomers; biennials; and 
many other features connected with the presence of a cold sea-
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son are special adaptations. It seems wel l to emphasize the 
above points, as botanists f r o m temperate regions are too apt 
to regard temperate vegetation as a generalized type and t rop ­
ical vegetation as a specialized one, whereas there certainly are 
many reasons fo r considering the reverse as the more nearly 
correct view. A l though a l l the fundamental features of botany 
are s imi la r in t ropical and temperate zones, elementary text­
books prepared for temperate countries are not suitable for the 
tropics, because conditions connected w i t h the win te r season 
are treated as though they were not only the usual but also the 
generalized conditions. This method is natura l and may be 
valuable in view of the use for which the books are prepared, 
but it would seem to have a tendency to leave an incorrect 
impression. 

DESCRIPTION OF PLOT 

In order to compare the physical characteristics of different 
types of vegetation, accurate measurements of the component 
parts are necessary. Such measurements are obtained only w i t h 
difficulty in lof ty forests that have the density and divers i ty 
found in the dipterocarp type, and the methods that ecologists 
have usually used in describing vegetation are not suitable for 
these forests. 

O w i n g to the density of the stand and the size of the trees, 
it is impossible to measure the heights of the individuals in 
s i tu . Accurate measurements over extensive areas are there­
fore impracticable, while data f rom small plots do not give an 
adequate idea of the composition of the stand. For these reasons 
it seemed best to select a single fair-sized plot in each of the 
t a l l types of vegetation, par t icu la r ly as the purpose of the 
present paper is to compare different formations rather than 
minor variat ions w i t h i n a format ion. The different plots used 
had s imi lar slopes and exposures. Each of the three lower ones 
comprised an area 50 meters square. A l l of the plants on these 
plots were cut and removed, which made it possible to measure 
the individuals accurately and to utilize the plots for fur ther 
experiments. 

The plot in the v i r g i n dipterocarp forest was at an al t i tude 
of approximately 450 meters, situated on the gently sloping side 
of a ridge, and fu l ly exposed to sun and wind . A l l the plants 
were cut down, and each individual more than 2 meters in 
height was measured w i t h a tape to ascertain its height and 
diameter. The clear length of t r u n k was also measured of all 
trees that were large enough to have t runks free from branches. 
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Buttresses were not included in the measurements of the diam­
eters. The results of the measurements for the plot in the 
dipterocarp forest are given in Tables II to I X . 

T A B L E II.—Stand of trees over 2. meters in height on 0.25 hectare in 
dipterocarp forest on Mount Maquiling; altitude, 450 meters. 
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TABLE II .—Stand of trees over 2 meters in height on 0 25 hectare in 
dipterocarp forest on Mount Maquiling; altitude, 450 meters—Continued. 
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TABLE II.—Stand of trees over 2 meters in height on 0.25 hectare in 
dipterocarp forest on Mount Maquiliyig; altitude, 450 meters—Continued. 
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In Table II the species are arranged according to the stories 

in which the mature individuals occur. This classification is 
necessarily inexact, as not all specimens of a single species attain 
the same size or form. Individuals of species usually occurring 
in the second or third story may be in an exceptionally favor­
able situation and attain a height sufficient to place them in 
the story next higher than that in which they are usually found. 
On the other hand, individuals of species that are usually large 
may be dwarfed and never reach the story to which the species 
properly belongs. The species are placed in the story in which 
mature specimens have usually been found. The species in a 
story vary considerably in size, some being nearer than others 
to the border line between the stories. 

Some of the species occur only as very scattered individuals, 
and a few may be placed in the wrong story owing to a lack 
of thorough acquaintance with the species. In Table II are listed 
nineteen which are identified only as to the genus and one 
unidentified species. Many of them are better known than this 
would indicate, and in most cases the species can be readily 
assigned to the proper story. In a few instances this could 
not be done with certainty, but probably few if any of the 
species are placed in the wrong story. 

In preparing a table it is convenient to adopt arbitrary limits 
for the different stories. In Table II trees from 22 to 38 meters 
in height are regarded as being in the first story; those from 
12 to 22 meters, as composing the second story; and those from 
2 to 12 meters high, as forming the third. Jn most cases this 
arbitrary classification throws the trees into the stories in 
which they properly belong. Some of the individuals whose 
tops arc near the border line between two stories may be 
thrown into a story that contains only a small part ol the crown; 
but this error is not serious, as such individuals can usually be 
regarded as belonging to either story. 

In Table II is given the number of individuals of each species 
on the plot, as well as the greatest height and largest diameter 
attained by each species, and the volume arranged according to 
the story in which the individuals were found. 

There were in all 92 species and 353 individuals of erect 
woody plants more than 2 meters in height on this plot. Thirty-
two, or more than one-third of the species, were represented 
by only one individual. This would indicate that, had the plot 
been larger, the number of species would have been greater. 
An examination of the surrounding vegetation showed this to 
be true. 
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There were on the plot 22 first-story species, 43 second-story, 
and 23 third-story species. The second-story species are smaller 
than those in the first, and there are naturally more individuals 
present in the story containing the smaller species. This fact 
may account to some extent for the presence of about twice 
as many species of second- as of first-story trees. The third-
story species are small, but there is only one more of these 
species than there are of the first story. The former have the 
disadvantage of being heavily shaded and of having to com­
pete wi th small individuals of the higher stories. In the general 
discussion it was pointed out that there are many more species 
of second-story trees in the Parashorea-Diplodiscus association 
than there are of either first- or third-story species. 

In Table IV are given the heights of all individuals more than 
2 meters tall . The results of this table are summarized in 
Table V. An examination of Table V shows that the individuals 
of first-, second-, and third-story species are present in about 
the same proportion as the species themselves. That is, the 
number of individuals belonging to first-story species is not very 
different from the number belonging to third-story species, while 
the individuals of second-story species are about as numerous 
as those of both of the other stories together. The number of 
species of second-story trees is 96 per cent of that of both 
first- and third-story species, while the number of individuals 
of second-story trees is 109 per cent as great as that of in­
dividuals of both first- and third-story species. 

T A B L E IV.—Height of all trees over 2 meters high on 0.25 hectare in 
dipterocarp forest on Mount Maquiling; altitude, 450 meters. 

[Figures represent numbers of individuals ] 
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TABUS IV.—Height of all trees over 2 meters high on OSS hectare in 
dipterooarp forest on Mount Maqwiling; altitude, 450 meters—Continued. 
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TABLE IV. Height of all trees over 2 meters high on 0.25 hectare in 
dipterocarp forest on Mount Maquiling; altitude, 450 meters—Continued. 

No. Species 

SECOND-STORY SPECIES"-COIlt. 

H e i g h t in meters. 

Species 

SECOND-STORY SPECIES"-COIlt. 

2 
to 6. 

4 
3 
1 

6 
to 10. 

10 
to 12. 

12 
to 14. 

14 
to 18. 

18 
to 22. 

22 
to 26. 

26 
to 30. 

30 
to 34. 

84 
to 38 

Species 

SECOND-STORY SPECIES"-COIlt. 

2 
to 6. 

4 
3 
1 

6 
to 10. 

12 
to 14. 

14 
to 18. 

18 
to 22. 

22 
to 26. 

26 
to 30. 

30 
to 34. 

84 
to 38 

Euonymus javanica 

Euphoria cinerea (a lupagr) . . 

2 
to 6. 

4 
3 
1 

Euonymus javanica 

Euphoria cinerea (a lupagr) . . 

2 
to 6. 

4 
3 
1 

Euonymus javanica 

Euphoria cinerea (a lupagr) . . 

2 
to 6. 

4 
3 
1 

1 

1 

1 

1 

1 

2 

3 

2 

1 
1 

1 

Ficus vaniegata ( t a n g i s a n g 

1 

2 

3 

2 

1 
1 

1 

1 
1 

1 
1 

1 

2 

3 

2 1 
1 

1 
1 

Garcinia binucao. 

Garcinia venulom (gratasan). 

Gymnacranthera paniculata 

1 
1 

2 

1 
1 

1 
1 

Garcinia binucao. 

Garcinia venulom (gratasan). 

Gymnacranthera paniculata 

1 
1 

2 

1 
Garcinia binucao. 

Garcinia venulom (gratasan). 

Gymnacranthera paniculata 

1 
1 

2 

1 
1 
1 

2 
2 

2 
1 
3 Livistona sp. (anahau) 

Lophopetalum toxicum (cala-

3 3 

1 

2 

2 

2 
1 
3 Livistona sp. (anahau) 

Lophopetalum toxicum (cala-

3 3 

1 

2 

2 

2 
1 
3 

1 1 
Mastixia phihppinensis ( t a -

pulao) -

Memecylon paniculatiim ( c u ­

tis) 

3 

2 

2 
2 
1 
6 

2 

3 

1 1 1 
Mastixia phihppinensis ( t a -

pulao) -

Memecylon paniculatiim ( c u ­

tis) 

3 

2 

2 
2 
1 
6 

2 

Nauclea junghuhnu ( m a m -

bog) 

Neonauclea ealycina 

Neonaulea media ... 

Nephehummutabile ( b u l a l a ) . 

Pisonia umbelltfera (anuling?) 

Papualthia lanceolata ( l anu-

tan) 

3 

2 

2 
2 
1 
6 

2 

1 1 
1 

.... .. 
Nauclea junghuhnu ( m a m -

bog) 

Neonauclea ealycina 

Neonaulea media ... 

Nephehummutabile ( b u l a l a ) . 

Pisonia umbelltfera (anuling?) 

Papualthia lanceolata ( l anu-

tan) 

3 

2 

2 
2 
1 
6 

2 

1 

Nauclea junghuhnu ( m a m -

bog) 

Neonauclea ealycina 

Neonaulea media ... 

Nephehummutabile ( b u l a l a ) . 

Pisonia umbelltfera (anuling?) 

Papualthia lanceolata ( l anu-

tan) 

3 

2 

2 
2 
1 
6 

2 

2 

1 

1 

| 1 1 

Nauclea junghuhnu ( m a m -

bog) 

Neonauclea ealycina 

Neonaulea media ... 

Nephehummutabile ( b u l a l a ) . 

Pisonia umbelltfera (anuling?) 

Papualthia lanceolata ( l anu-

tan) 

3 

2 

2 
2 
1 
6 

2 

2 

1 

1 

1 1 

Nauclea junghuhnu ( m a m -

bog) 

Neonauclea ealycina 

Neonaulea media ... 

Nephehummutabile ( b u l a l a ) . 

Pisonia umbelltfera (anuling?) 

Papualthia lanceolata ( l anu-

tan) 

3 

2 

2 
2 
1 
6 

2 

2 

1 

1 | 
Semecarpus gigantifolia ( l i -

3 

2 

2 
2 
1 
6 

2 

2 

1 

1 

1 

Strombosia phihppinensis 

1 
1 

1 

Symplocos sp _ 

Terminalia pellucida ( c a lum-

pi t ) . . . 

1 
1 Symplocos sp _ 

Terminalia pellucida ( c a lum-

pi t ) . . . 

1 
1 

1 | 
THIRD-STORY SPECIES. 

Ficus minahassae ( h a g i m i t ) . 

1 

1 

! THIRD-STORY SPECIES. 

Ficus minahassae ( h a g i m i t ) . 
2 

1 
\ 2 

1 
Glochidion lancifolium | 1 

2 
3 
7 
1 
1 

11 
8 
9 

1 
Glochidion lancifolium | 1 

2 
3 
7 
1 
1 

11 
8 
9 

Goniothalamus elmert 

Grewia stylocarpa (susumbic] 

| 1 
2 
3 
7 
1 
1 

11 
8 
9 

Goniothalamus elmert 

Grewia stylocarpa (susumbic] 

| 1 
2 
3 
7 
1 
1 

11 
8 
9 

1 1 ! 
Goniothalamus elmert 

Grewia stylocarpa (susumbic] 

| 1 
2 
3 
7 
1 
1 

11 
8 
9 

1 1 

| 1 
2 
3 
7 
1 
1 

11 
8 
9 

1 
Laportea subclause, (hpa) 

| 1 
2 
3 
7 
1 
1 

11 
8 
9 

1 
1 Laportea subclause, (hpa) 

| 1 
2 
3 
7 
1 
1 

11 
8 
9 

1 

I 
Leea manillensis 

| 1 
2 
3 
7 
1 
1 

11 
8 
9 5 1 \--\ 
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TABLE IV.—Height of all trees over 2 meters high on 0.25 hectare in 
dipterocarp forest on Mount Maquiling; altitude, 450 meters—Continued. 

Species. 

THIRD-STORY SPECIES— Cont 
Leea philippinensis 
Leucosyke capitellata 

(lagasi) 
Macaranga bicolor (ha-

mindang) -
Macaranga grandifolia (ta-

quip asm). 
Mallotus ricinoides (hin-

laumo) , 
Neolitsea villosa 
Neotrewia cumingii (ba-

tobato) .--
Oreoenide trinervis 
Sambucus javanica 
Saurauia latebi acteata . .. 
Saurauia sp 

UNDERGROWTH SPECIES 

Callicarpa erioclona _ 
Clerodendron guadriloculait 
Tabernaemontana panda-

caqui (pandacaqui) . . . . 
Wickstroemia meyeniana. 

Total .. . . . . . 

TABLE V.—Summary of the composition of different stories in the dip­
terocarp forest on Mount Maquiling, altitude, 450 meters. 

[ F i g u r e s represent numbets of ind iv idua l s 1 

S t o r y to w h i c h species belong w h e n the ind iv idua l s 
are m a t u r e 

F i r s t - s t o r y . . . . 
Second-story 

T h i r d - s t o r y 
U n d e r g r o w t h 

T o t a l . 

The total number of individuals in the first story was 16. 
Owing to their size these formed a practically closed canopy. 
The second-story trees were smaller, and there were 54 present 
in the second story, or 3.4 times as many individuals as in the 
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first story. In the third story there "were 283 individuals, or 
5.2 times as many as in the second story and 17.7 times as 
many as in the first story. The* large number present in the 
third story is evidently connected wi th the small size of the 
trees. The third story consists largely of individuals belonging 
to stories other than the third, the latter species composing 
only 27.6 per cent of the total number of individuals present, 
while the second-story species are represented by 48.4 per cent. 
In the second story 77.8 per cent of the trees belong to sec­
ond-story species. 

An examination of Table IV shows that most of the trees of 
any story reach only to the lower portions of the story. This 
is particularly true of the th i rd story. The individuals between 
2 and 6 meters in height form 72.8 per cent of the total number 
of those in the third story and 58.4 per cent of all erect woody 
plants more than 2 meters high that were on the plot. 

Table II shows that Parashorea malaanonan and Diplodiscus 
paniculatm were by far the most numerous species on the plot, 
while from Table I V i t w i l l be seen that Parashorea is repre­
sented by more large trees than is any other species. 

In Table II are given the volume of each species in the differ­
ent stories and the total for each species. The figures repre­
sent the volume in cubic meters of the part of the trunk that 
was clear of branches. The volume of trees less than 10 centi­
meters in diameter was very small and was omitted from the 
tables. The total volume was 76.35 cubic meters. The volume 
of Parashorea was 2.1 times as great as that of any other spe­
cies and was 24.2 per cent of the total volume on the plot. 
Parashorea composed a larger proportion, 33.1 per cent, of the 
volume of the first story than of the volume as a whole. 

The volume shown in Table II is not large for a dipterocarp 
forest, and the percentage of dipterocarp timber by volume is 
low. Measurements made by Everett and Whitford * in the 
forest of northern Negros showed a volume of 519.58 cubic 
meters to the hectare, and more than 95 per cent of this be­
longed to members of the family Dipterocarpaceae. Plate IX 
and Plate X, fig. 1, show views in this forest. 

Table I I I gives a summary of the volume of the different 
stories in the Maquiling forest. Of the total volume of 76.35 
cubic meters 55.73, or 73 per cent, belong to first-story species; 

* Everett, H. D., and Whitford, H. N . , A Preliminary Working Plan 
for the Public Forest Tract of the Insular Lumber Company, Occidental 
Negros, P. I . , Bull P. I. Bur. For. (1906), No. 5. Brown, W. H . , and Mat­
thews, D. M . , Philippine dipterocarp forests, Phil. Journ. Sci., Sec. A (1914), 
9, 413-561. 
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20.27 cubic meters, or 26.5 per cent, to second-story species; 
while third-story species are represented by only 0.35 cubic 
meter, or 0.5 per cent. The volume is not only concentrated in 
first-story species, but 47.21 cubic meters, or 61.8 per cent of 
the total volume, are of these species within the first story. 

The first story contained 48.95 cubic meters, or 64.1 per cent 
of the total; the second story 25.11 cubic meters, or 32.9 per 
cent; and the th i rd story 2.29 cubic meters, or 3 per cent. 
These figures, considered in connection with the number of trees 
in the various stories, show a very striking difference in the 
size of the individuals composing them. In the first story there 
were 16 trees containing 48.95 cubic meters of timber, an aver­
age of 3.1 cubic meters to a tree. The second story contained 
54 individuals wi th an average volume of 0.46 cubic meter. 
The volume of third-story trees less than 10 centimeters in 
diameter is not included in the table. The 2.29 cubic meters in 
this story were, therefore, in the 37 individuals more than 10 
centimeters in diameter, the average per tree being 0.062 cubic 
meter. The figure would, of course, have been very much 
smaller had it been based on the 283 trees comprising the 
third story. 

Table VI gives the diameter classes of all trees over 10 centi­
meters in diameter on the plot. The largest number belonging 
to any one species was 13, of Dillenia, philippinensis, a second-
story species. Parashorea malaanonan and Livistona sp., the 
latter a palm, were represented by 8 individuals each. The 
specimens of Livistona were relatively small while, as in pre­
vious tables, Parashorea was the most conspicuous large tree. 
In all there were 107 trees more than 10 centimeters in dia­
meter, distributed in 36 genera and 43 species. 

T A B L E YI.—Diameter classes of all trees over JO centimeters in diameter 
on 0.25 hectare in dipterocarp forest on Mount Maquiling; altitude, 
450 meters. 

[Figures represent numbers of individuals ] 



54 MOUNT MAQUILING 

T A B L E VI.—Diameter classes of all trees over 10 centimeters in diameter 
on 0.25 hectare in dipterocarp forest on Mount Maquiling; altitude, 
450 meters—Continued. 
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TABLE VI.—Diameter classes of all trees over 10 centimeters in diameter 

on 0.25 hectare in dipterocarp forest on Mount Maquiling; altitude, 
450 meters—Continued. 
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when mature. The range of diameter classes for the first and 
second stories is not so different as might have been expected. 
Both stories have trees in the 10- to 20-centimeter class. The 
only first-story tree in this class, however, was just small enough 
to be included, as it was 20 centimeters in diameter. The 
largest diameters of first-story trees were between 90 and 100 
centimeters, while a second-story tree is included in the 70- to 
80-centimeter class. The latter was an old individual of Bis-
chofia javaniea, a first-story species. It is probable that this 
tree formerly reached into the first story. 

The average diameter of trees in the three stories is very dif­
ferent, that of the first story being 52.9 centimeters, the second 
28.4, while that of the third-story trees that were more than 10 
centimeters in diameter was 15.6 centimeters. The average dia­
meter of all individuals of first-story species in the first story 
was 55.4 centimeters; of second-story species in the second 
story, 28.9 centimeters; and of third-story species in the th i rd 
story, 16 centimeters. These averages are very similar to those 
just given for all of the trees in the different stories. Table 
V I I shows that there are comparatively few second-story trees 
more than 40 centimeters in diameter, while most of the third-
story individuals are less than 20. The th i rd story contained 
246 individuals less than 10 centimeters in diameter, which were 
not included in Tables VI and V I I . 

The average height of all first-story trees was 27.2 meters; 
of second-story individuals, 16.4 meters; while the third-story 
trees more than 10 centimeters in diameter averaged 9.8 meters. 
If these figures are compared with the average diameters of 
trees in the different stories i t wi l l be seen that, as a higher 
story is reached, the percentage of increase is greater for the 
diameters than for the heights. First-story trees have an aver­
age height that is fifty-one times as great as the average diam­
eter; in the second story the average height is fifty-eight 
times as great as the average diameter; while third-story trees 
more than 10 centimeters in diameter have an average height 
sixty-three times as great as the average diameter. 
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TABLE VIII.—Clear lengths of first-story trees 22 to 38 meters in height 

on 0.25 hectare in dipterocarp forest on Mount Maquiling; altitude, 
450 meters. 

Table V I I I gives the clear lengths of the trunks of all first-
story trees in the first story, and Table IX of ail second-story 
trees in the second story. From Table V I I I i t will be seen that 
no first-story tree had a clear length of more than 22 meters, or 
in other words part of the crown of all the individuals was in 
the space considered as being occupied by the second story. The 
average clear length of all the trees was 14.1 meters. If this 
figure is compared with the heights of the same individuals, it 
will be seen that a larger part of the length of the average crown 
is below rather than above a height of 22 meters. From Table 
V I I I i t wil l be seen that two of the first-story trees have 
branches below 12 meters, or within the third story. These 
figures show that there is no sharp dividing line between the 
crowns of the first and second stories, but that the higher 
branches of the second-story trees reach up among the lower 
branches of the first story. In a forest the lower leaves of a 
tree are frequently at a much greater height than the origin 
of the first branches, so that there is not as much overlapping 
of canopy as of branches in first- and second-story trees. It is, 
however, natural that there should be considerable interming­
ling of the lower part of the canopy of the first story and the 
upper part of that of the second story. 
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TABLE IX.—Clear length of second-story trees 12 to 2U meters in height 
on O.25 hectare in dipterocarp forest on Mount Maqwiling; altitude, 
450 meters." 

[ F i g u r e s represent numbers o f i n d i v i d u a l s . ] 

Table IX shows that out of 37 second-story species in the 
second story 35 had clear trunks less than 12 meters in length. 
The average clear length of all trees was 8 meters. These fig­
ures show that there was an intermingling of branches between 
the second and third stories similar to that described for the 
first and second stories. 

GROUND COVERING OF PLOT 

In clearing the plot just described an area 10 meters square 
was selected, and an enumeration was made of all terrestrial 
plants growing on i t ; the results are given in Table X. The 
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TABLE X.—Composition of plot 10 meters square in dipterocarp forest 

on Mount MaquiHng; altitude, 4-50 meters. 

[Figures represent numbers of individuals.] 

No. Species. 
Height in meters 

-! Total. 

TREES 

Aglata ap (matasagtm?) 

Alavgium meytrx (putian) ... 

Ardxsxa boiamen (tagpo) 

Ardina perrottettana . 

Ardistaap . . . 

Canartum luzonicum ( p i l l ) 

Cananum s p _ . . . . 

CelHs phxhppen818 (malaicmo) 

Cinnamomum mercadot (cal ingag)- . . 

Clerodendr on quadnloculare _ .. 

Cryptocarya launjlora . . . 

DiUenxa philipptnentm (catmon) 

Dtmot phoralyx luzomenmi 

Dwtpyt OH discolor _ . . . 

Diplodiscus pamcnla tus (balobo) 

Dygoxylum sp . 

Eugenia maligna 

Kugenia sp . . 

Eugmia sp 

Euonymu /avanxra , 

f'icwt ribes (auymit) .. 

Garemia binucao (binucao) 

(Ireuna atyloearpa (susumbic) 

Ixora totigmtipula .. . _ 

Knema glomciata ( tambalao) . . 

Ijaportea subilausa ( l ipa) 

Lfta Oculeata 

LAI a mantltemut . 

Ltvistona sp 

Neolitnea sp 

Palaqmuiv sp 

Parashmm maUiartonan (batftican lauan) 

Pinanga sp 

Planchonia upectabilix (lamoK) 

Pterocymbiu7n ti net or mm ( ta lu to) 

Radermarhera up 

Semecarpu* gp 

Miscellaneous indt . . . 

Total 

SHRUB 

Tabtmaemontana pandacaqui (pandaca-

qui) 

1 

2 

3 

4 

5 

6 

7 

g 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 
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T A B L E X.—Composition of plot 10 meters square in dipterocarp forest 
on Mount Maquiling; altitude, 450 meters—Continued. 

Specten. 

HERBS 
Alpxnta bremlabns 
Chloranthus offici7nxh s _ 
Donor cannaejormta 
Hern igraphts strxgosa . _ 
Phacelo-phrymum sp -
Pteris Quadrtaurtta._ 
Rungxa sp 
Tectarta sp 

Total 

VINES. 

Agelaea BP 
Alyxia montlufera 
Araceae.-- _._ 
Calamus and Daemonoroptf spp 
Freyci netta wilhamm t. _ „ 
Lygodium cimnnatum^.. 
Pathos sp 
Schizostachyum drffusum 
Miscellaneous indt „ . 

Total . 

Total of all plants 

to ta l number of plants was 492. Of these, 427 were less than 
1 meter h igh, 26 were between 1 and 2 meters, and 39 were 
more than 2 meters in height. There were 238 vines, 187 plants 
of tree species, 66 herbs, and 1 shrub. Of plants less than 1 
meter h igh 209 were vines, 151 were tree species, 66 were herbs, 
and 1 was a shrub. W i t h the exception of some of the herbs, 
most of these were seedlings, and only a small percentage of 
them stood any chance of reaching m a t u r i t y . In the case of 
the tree species this is evident when it is considered that there 
were 151 individuals less than a meter in height on 100 square 
meters, and only 353 t ha t were more than 2 meters h igh on 2,500 
square meters. In the first case there were 1.51 seedlings and 
in the second 0.14 tree to the square meter. 

Herbs were represented by 8 species. These are, perhaps, 
best described as mesophytes; certainly not one of them is a hy­
drophyte. Alpinia brevilabris, Chloranthus officinalis, and Donax 
cannaeforrnis are among the commonest herbs in the forest. 
The herbs, inc luding seedlings, were scattered over the plot at 
the rate of one to every 1.5 square meters. It is evident f r o m 
this tha t the herbs were not a prominent pa r t of the vegetation. 



DIPTEROCARP FOREST 61 
The most conspicuous vines were the rattans Calamus and 

Daemonorops, of which there were 82 specimens. Of these there 
were 15 between 1 and 2 meters high, 13 between 2 and 12 
meters, and 1 that was 15.3 meters in length. This number of 
young rattans is not unusually large. Their long leaves are 
the most striking feature of the undergrowth. 

There were on the plot 427 plants less than 1 meter in height, 
or 4.27 to the square meter. This shows that the ground i t ­
self is not covered by a carpet of vegetation. Density is char­
acteristic of the undergrowth rather than the ground covering, 
the soil being usually visible, except when covered with leaves, 
as is frequently the case in the dry season. 

The unidentified specimens of vines and tree seedlings, shown 
in Table X, represented a number of species. On this plot, 10 
meters square, there were certainly more than 75 species of 
terrestrial plants. 

CULLED DIPTEROCARP FOREST 

We have noted that the composition of the dipterocarp forest 
at elevations below 300 meters has been changed from its orig­
inal condition by a system of selective logging. Naturally, the 
results are most marked near the lower edge of the forest and 
much less evident as higher elevations are reached. At about 
300 meters' altitude many of the trees most valuable for com­
mercial purposes have been removed; however, only the best 
specimens of the most highly prized species have been logged, 
and the physical character of the forest as a whole has probably 
not been greatly changed. Near the lower edge of the forest 
almost all good specimens of the valuable species and many of 
the better individuals of poorer ones have been removed. 

At elevations of about 200 meters the original forest must 
have been much more largely dipterocarp than that now existing 
at elevations above 300 meters. Brown and Matthews * have 
shown that in the Philippines dipterocarp forests are better 
developed at lower elevations than at higher. That this is true 
of the forest on Maquiling also is indicated by the present dis­
tribution of seedlings and small trees. At an altitude of about 
200 meters there are now present sufficiently large numbers 
of seedlings and small individuals of the valuable clipterocarps 
Pentacme contorta (white lauan) and Shorea guiso (guijo) to 
make it probable that these species were nearly as prominent in 
this area as Parashorea malaanonan (bagtican lauan). It seems 
likely, therefore, that the dipterocarps formed most of the first 

* Brown, W. H . , and Matthews, D M . , Philippine dipterocarp forests, 
Phil Journ Sci.„Sec. A (1914), 9, 413-561. 
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story and that this was more regular and had a higher average 
height than the virgin forest which has already been discussed. 

This culled forest is not so directly connected wi th the present 
problem as is the more virgin forest at higher elevations; but 
a study of it w i l l be of help in understanding the latter and, by 
giving an idea of the original composition, wi l l aid in tracing the 
changes which naturally occur in the physical type of vegetation 
from the base to the summit of the mountain. The problem of 
how this culled forest can be restored to its original condition 
is a very practical one and has been discussed by Brown and 
Matthews.* 

If the culled forest were to be placed in a formation named 
from the first- and second-story species most prominent in their 
respective stories, it would be in the Parashorea-Diploduxus 
association. The wood of Parashorea malaanonan (bagtican la-
uan) is not resistant enough to termite and fungus attacks to be 
considered valuable in the Philippines; and, as the large trees of 
this species are difficult to handle with the primitive methods 
of logging that have been used on Mount Maquiling, Parashorea 
is very conspicuously the commonest of the very large trees 
found in the culled forest. Likewise the wood of Diplodiseus 
paniculatus (balobo) is not regarded as being of good quality, 
and this species is probably even more prominent in the second 
story of the culled than of the virgin forest. 

It would seem certain that both of these species were originally 
very numerous in the area; but, as wi l l be shown later, possibly 
others were equally prominent. However, as the latter possibi­
l i ty is only a speculation, the culled forest wi l l , for convenience, 
be placed in the Parashorea-Diplodiscus association. To avoid 
confusion "dipterocarp forest" or "Parashorea-Diplodiscus as­
sociation" wi l l be used only for the virgin portion of the forest, 
except where the names are modified by "culled" or an equiv­
alent adjective. 

The present composition of this forest can be best explained 
by describing in detail the composition of a selected area. The 
plot on which measurements were made was at an elevation of 
about 200 meters and was 50 meters square. It was thus the 
same size as the plot described in the virgin dipterocarp forest, 
and its slope and exposure were similar. 

In Table XI are given the heights of all erect woody plants 
on the plot that were more than 1 meter in height. Two, Anax-
agorea luzonensis and Tabernaemontana pandacaqui, are small 
undergrowth shrubs; while another, Schizostachyum sp., is an 

* Brown, W. H., and Matthews, D. M., Philippine dipterocarp forests, 
Phil. Journ. Sci., Sec. A (1914), 9, 413-561. 
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erect bamboo, which in this case formed a clump of thirty-five 
stalks. The remainder may be considered as trees, although a 
few might properly be classified as large shrubs. 
TABLE XI.—Heights of all trees over 1 meter in height on 0.25 hectare in 

culled dipterocarp forest on Mount Maqtriling; altitude, 200 meters. 
[Figures represent numbers of individuals.] 

No Species 

FIRST-STORY SPECIES 

Dipterocarps-

Shorea guiso (gruijo) 
Parashorea mala-' 

anonan (bajrtican 
lauan) 

Pentacme contorta 
(white lauan) 

Miscellaneous species* 
Alphonnea arbor en. 
Canarium luzom-

rum (pill) . 
Canarium sp . 
Celtic pktlippensiH 

(malaicmo) 
Cryptocarya sp 
Dracontomelum dao 

(dao) ._ 
Eugenia longtflora 
Eugenia luzonensw 

(malaruhatputi). 
Eugenia sp 
Eicitb nervosa 
Koodersi odendron 

pinnatum (amuRis) 
Meliosma ttylvatica... 
OctomeleH sutnatrana 
Paiaquxum mernlhi . 
Palaquium tenuipe-

Uolatum (p a 1 a c 
palac) - . 

Palaquium sp 
Hanckonia npectabi-

hs (lamogr) 
Pometia pxnnata 

(malugray) .. 
Pterocymbium tine-

tonum (taluto) .. 
Sterculia craxstra-

mea ___ 
Terminalia edulis 

(calumpit) „ 
Terminalia nitens ... 
Urandra luzoniensis 

(tapulao) I 
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TABLE XI.—Heights of all trees over X meter in height on OM hectare in 
Hulled dipteroearp forest on Mount Maquiling; altitude, 200 meters—Ctd. 

Species. 

SECOND-STORY SPECIES. 
Aglaia diffusa (salaquin 

pula) 
Aglaia harnunana (ma-

lasagringr) 
Aglaia s p . 
Aglaia tloilo 
Aglaia llanowana 

A hernia glandulosa. _. . 
Alangium longijtorum.. 

Alangium meyeti ( p u -

t ian) 
Allophylua groasedenta-

tua . . . 
Amoora cummgiana 

Antidenma pleuncum . . . 
Ardisia bowmen (tagrpo) 

Ardista serrata 

Arenga pinnata (cabo 
negro) 

A r t o c a r p u s rubrovenia 

(anubinpr) „ 
Artocarpus woodn 

fiarrtngtonia sp 
Bn delta minutijtara ... 
Huchananta arbores-

cens (balinirhasay) 
Cananum ahernianum-

Cananum luetdum . . . 
Caryota sp (pugahan) -
Chisocheton «p. (sala-

quing pula) . . 
Cratoxylon celebicum 

(Ruyong-jcuyong:) 
('yclostemon maquihng-

ensist ( t inaan panta i ) . 
Cyoloatenwn sp 
Ihllema phihppinenmx 

(catmon) . . 
Lhllenia reifferschcidia 

(catmon) 
Dimorphocalyx long t pen . 

Dimm phocalyx luzoni-

enste _ 
Dioapyros a her nit 

(anan«r) 
Ihospyroa pilananthera 

(bolongreta) 
lyiplodxscuit pamculatun 

(balobo) 
Dynoxylum pauciftorum 
Dysoxylum rubrum 
Jffuonymus javanica 

No. 

27 

28 

29 
30 
81 
32 
33 
34 

35 

36 
37 
38 
39 
40 

41 

42 
43 
44 
45 

46 
47 
48 
49 

50 

51 

52 
53 

54 

55 
56 

57 

58 

59 

60 
61 
62 
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TABLE XI.—Heights of all trees over 1 meter in height on 0.25 hectare in 
culled dipterocarp forest on Mount Maquiling; altitude, 200 meters—Ctd. 

Species. 

SECOND-STORY SPECIES— 

cont inued 

Euonymua vtburnifolia.. 

Euphoria cvnerea (alu-
pag) 

Evodia glabra 

Evodxa villa miln 

Ftcust ampelox (malaisis) 

F i c u s barnestr 

Ficua hneanfoha 

Fievs mutahaasae (hapri-

m i t ) 

Ficus xattrrthwaitet. 

Ficussp „„ „_ 

FICUKHP . . . __ . . . 

Garcima vrnulosa (ffa-

tasan) . . . 

Goniothalamuk amuyon . 

Gomothalamvs el men 

I n d t . 
Knema glome fata ( t am-

ba lao ) . - -.-
Mallotuti menordes ( h m -

laumo) 
Myt thtica phiitppensrs 

(dup:uan) . — 

Nepheltum mutalnle (bu-
Jala) 

Oroxylum indicum ( p i n -
rapineahan) _ 

Otmehn ennjerta 

Omnelia phdippinewas .. 
Pisnnia umbel hjcra (an-

u l ing ) . . . . . 
polyalthia cumingtana .. 
Polyalthra sp . _ _ . . _ . 
Pterospermum diver sijo-

hum (boyek) . . _. . . . 
Pygeunivrealn ( u to -u to ) . 
Quercutt sulenana (cata-

ban) . . . . 
Quercus s p . . . . . . - . . 
Naucleu onentalis (ban-

cal) 
Schizostachyum sp (boho) 
Semecarpus phili ppxnen-

sis (Iigae) 
Stderoxylon sp (white 

nato) i 
SteraUta oblongata (ma- 1 

lacacao) 

159549 5 

No. 

63 

64 

65 

66 

67 

68 

89 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 
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TABLE XL—Heights of all trees over 1 meter in height on 0.25 hectare in 
culled dipterocarp forest on Mount Maquiling; altitude, 200 meters—Ctd, 

N o . ! Species 

SECOND-STORY SPECIES— 
con t inued . 

Stromhosta p h i l i p p m e n -

HIH ( t amayuan) . 

Symplocos v i l l a r n ? 

Symplocos sp 

THIRD-STORY SPECIES 

Calhcarpa enorlona (pa­
hs) 

CananumvilloHum (pas:-

gahingr) 
Caseana sp (mala tapai ) 
Citrus hyxtnx (cabuyao). 
Cleidum lanameum.. .. 

Clerodend? on q imdrtlo-

culare _ . . -

Crotuti consanguinma. 

FICUH mamlensis ( i s i s ) . . 
(ilochidion album (ma«-

na) 
Glochidion phihppicum . 

Glochidion teticulatum-. 

Glochidion sp 
Gre una stylocarpa ( B U -

sumbjc) - -
I r o t a l o n q i s t i p u l a 

ljeea mandlensis 

Leea phil tppincnsis 

I j ' p iwnthes SErhtzolrpts 

Lcueottykt capittlhita 

Li tsca I uzomca . -
Macaianpa bicolor (ha-

mindanif ) 
Macaranga grundijoha 

( t a q u i p a s m ) . 
N r o t r e w r a umingii (ba-

t o b a t o ) . - _ 
Papualthia lanceolata 

( lanu tan) 
Pitht'tolobnim subacutun 

Psychotria Bp 

Siphonodon celastrtneus 

Ste rcnha cu nea ta 

Voacanga globosa (bayatf-

uaa) 
UNDERGROWTH SPECIES. 

Anaxagorea luzonenst*. 
Tabemaemontana pan-

dacaqvi (pandacaqui) . 

Tota l 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 
114 
115 
116 
117 
118 
119 

120 

121 

122 

123 

124 

126 

126 

127 

128 

129 
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In the table are l isted 129 species* Of these only 29 are found 

in the table fo r the plot in the v i r g i n dipterocarp forest. This 
difference in specific composition was due p a r t l y to differences 
in elevation, some species in the dipterocarp forest being charac­
ter is t ic of higher and others of lower elevations. 

The removal by logging of a large pa r t of the m a i n canopy 
favored the development of certain species, but d id not cause the 
appearance of any tha t do not normal ly occur in the dipterocarp 
forest. Species tha t are aided by logging are more l ike ly to be 
found on a l imi ted plot in a culled than in a v i r g i n forest, whi le 
the reverse is the case w i t h species upon which the effect of 
cu t t ing is in jur ious . The disappearance of most of the large 
trees resulted in the presence of a much larger number of small 
individuals and very l ikely an accompanying greater number of 
species. It is thus probable tha t logging caused a considerable 
change in the species on the plot, but i t would seem tha t i t s 
greatest effect was to increase the number of species on a l imi ted 
area and not to add new ones to the forest. 

The differences in the lists of species for the plots in the 
culled and in the v i r g i n forest are due to a considerable extent 
to the small size of the plots, and they emphasize the great d i ­
vers i ty of species found in the dipterocarp forest. In each case 
many species are represented by only one individual , and so it 
is not surpr i s ing to find that enlarging the size of the plot would 
greatly increase the number of species. It is not unusual to find 
that a species which is f a i r l y numerous in a given area is not 
represented on a plot as small as those f r o m which the lists were 
prepared. In classifying the species according to stories, the 
same heights have been used as in the ease of the v i r g i n forest. 
Most of them belong to the same story in both areas, but a 
few appear to reach different heights in the two regions. This 
is probably due to changed conditions in the lower forest. 

There were 50 individuals of dipterocarps more than 2 meters 
in height on the plot in the culled forest, and only 34 on tha t in 
the v i r g i n forest. In the culled forest there were 81 dipterocarps 
over 1 meter h i g h ; of these 43 were of Parashorea malaanonan 
(bagtican lauan) , 25 of Pentacme contorta (whi te lauan) , and 
13 of Shorea guiso ( g u i j o ) . The largest trees on the plot were 
2 specimens of Parashorea, wh ich were more than 37 meters in 
height. Nei ther Shorea nor Pentacme was represented by large 
individuals, either on the plot or in the general neighborhood; 
but in both cases there were enough small and medium-sized 
trees present to indicate tha t specimens comparable in size w i t h 
the large ones of Parashorea former ly existed on the plot. 

A f t e r the two large individuals of Parashorea the tallest tree 
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on the plot was a Celtis philippensis (malaicmo), 26.64 meters 
in height. Celtis philippensis is a much shorter and smaller 
species than Parashorea malaanonan, and in a virgin forest its 
crown is usually shaded by such species as the latter. Celtis was 
the most numerous species on the plot, but most of the individuals 
v,ere very small, only one being tali enough to be in the first 
story of a virgin forest. Logging has probably made this 
species more prominent than it was originally, as its wood is con­
sidered of very poor quality, and it is one of the last trees to be 
i emoved. Owing to its smaller size it is not nearly so prominent 
as Parashorea. An examination of Table XI wil l show that 
Celtis philippensis is the only first-story species that can compare 
in numbers wi th the dipterocarps Parashorea malaanonan and 
Petitacme contorta. 

Diplodiscus paniculatus (balobo) was the most numerous spe­
cies within the limits of the second story and was represented 
by more large individuals than any other species of this story. 
The most numerous second-story species was Strombosia philip-
pinensis (tamayuan), but most of the individuals were small. 
Strombosia has a very durable wood and is much used for posts 
of houses, so that even medium-sized trees are logged. Diplo­
discus is of little value and is not removed until the culling is in 
its last stages. There were 74 individuals of Stro?nbosia and 
60 of Diplodiscus, so that it seems not impossible that originally 
Strombosia was nearly as prominent as Diplodiscus, if not equal­
ly so. Whitford * found that Strombosia philippinensis was the 
principal second-story tree in the dipterocarp forest occurring 
at the lowest altitude on Mount Mariveles. This forest, which 
Whitford called the Anisopteror-Strombosia formation, has a 
composition very different from anything on Mount Maquiling. 

Table XI shows that none of the third-story species were 
numerous on the plot in the culled forest. 

The figures in Table XI are summarized in Table X I I . In this 
table the different stories are regarded as being of the same 
heights as in the virgin forest. Since a large part of the main 
canopy has been removed, this classification places in the second 
story many trees that are exposed to full sunlight. There were 
5 trees in the first story, 54 in the second, and 496 in the third. 

* Whitford, H. N . , The vegetation of the Lamao forest reserve, Phil. 
Journ. Sri. (1906), 1, 403. 
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T A B L E XII.—Summary of the composition of different stories in the culled 

dipterocarp forest on Mount MaquUing; altitude, $00 meters. 

{Figures represent numbers of individuals.) 

Stonea in which the indi­
viduate present were found 

Second Third Total 
story; story, 
height, height, 
12 to 22 2 to 12 
meters meter 

First Htory . . . , . , 
Second story 
Third story ., * 
Undergrowth . . 

Total  

The number of trees in the second story was exactly the 
same as that in the second story on the plot in the virgin forest. 
The number of individuals in the first and the third stories h 
very different in the two cases. That a large portion of t i n 
first story had been removed from the plot in the culled forest 
is shown by the fact that there were only 5 trees in this story, 
while there were 16 in the same story in the virgin-forest plot. 
The disappearance of a large portion of the first story resulted 
in the entrance of a greater amount of light into the other stories. 
The effect of this was to increase the number of individuals in 
the third story. This story contained 49ft trees in the culled 
forest and 283 in the virgin forest. The large number of indi­
viduals in the third story is due to an increase in the number 
of trees of first- and second-story species in this story, as there 
are fewer individuals of third-story species in the1 third story 
of the culled than of the virgin forest. In the latter there were 
78 specimens of third-story species, while there were only 46 
in the same story in the culled forest. This would indicate* that 
the trees of third-story species could not stand the drier condi­
tions caused by the removal of the first story so well as could 
those of first- and second-story species. Small individuals of 
the latter appear to be benefited by having a greater amount of 
light than they would normally have in a virgin forest. This 
is in agreement with the conclusions of Brown and Matthews,* 
who found that dipterocarps in a virgin forest passed through 
a very long suppression period, during which growth was ex­
tremely slow. 

• B r o w n , W. H . , and Matthews, I ) . M . , Philippine dipterorarp forests, 
Phil. Journ Sci, Sec A (1914), 9, 413-561 

Story to w h i c h speeies belong u h e n the ind iv idua l s 
a re m a t u r e F u s t 

story , 
he igh t . 
22 to 38 
meters 
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The decrease in the number of trees of third-story species 
in the culled forest is the more striking when we consider that 
eleven of the twenty-three third-story species on the plot also 
occur in open country, and that five of them are common in 
second-growth forests. These species occur normally in a dip-
terocarp forest. They have not entered the forest on account 
of the changed conditions. On the plot in the vi rgin forest 
there were in the thi rd story eight third-story and two under­
growth species, which are also found in the open country at 
the base of the mountain. 

Table X I I I gives the diameter classes of all trees more than 
10 centimeters in dianfeter on the plot in the culled forest. 
The prominence of Parashorea malaanonan and Diplodiscus pa-
niculatus is even more pronounced in this table than in Table 
XL Tfye largest tree was a Parashorea wi th a diameter of 
139 centimeters. No other species showed diameters half as 
large as this Parashorea. The diameters were for the most 
part small, and medium-sized diameters occurred only in. trees 
that were not valuable for lumber. 

T A B L E XII I .—Diameter classes of all trees more than 10 centimeters in 
diameter on OM hectare in culled dipterocarp forest on Mount Mm-
quiling; altitude, 200 meters. 

[ Figures represent numbers of individuals ] 

Diameter class in centimeters. 
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TABLE XIII.—Diameter classes of all trees more than 10 centimeters in 

diameter on OSS hectare in culled dipterocarp forest on Mount Ma-
quiling; altitude, 200 meters—Continued. 

No Species 

Diameter clas* in centimeters 

'Total. 
10 to 20 t o 30 t o 40 to 60 t o ' 70 to ''130 t o 
20 | 30 40 60 60. ' 80. , 140 | 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
28 
24 
25 
26 
27 
28 
29 
30 
31 
82 
33 
84 
35 
36 
37 
38 

39 
40 
41 
42 

Table X I V gives the volume of all trees more than 10 centi­
meters in diameter. Parashorea malaanonan is more promi­
nent in this than in the preceding tables. This species contained 
31.79 cubic meters out of a total volume of 47.72 cubic meters. 
Table X I V also emphasizes the small size of the other trees, 
the species next in volume being Celtis philippemis, which 
contained only 2.45 cubic meters, distributed among five 
individuals. 
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TABUS XIV.—Volume of all trees more than 10 centimeters m diameter on 
0.25 hectare in culled dipterocarp forest on Mount MaquUing; 
altitude, 200 meters. 

Volume in cubic meters. 

N o . j Species 
: F i r s t Second T h i r d T o t a l . 

s to ry s to ry s to ry . 
T o t a l . 

FIRST-STORY SPECIES 

Dip t e roca rp* 

1 Shorea guiso (gruijo) - - - -- - . , ,- 0 47 ! 0.47 

2 Parashorca rnalaanojian ( bag t i can l a u a n ) - . - . 3112 0 67 -' 81 79 

3 j Pentavme eontorta ( w h i t e lauan) 

Miscel laneous species 

0 07 ; 0 04 0.11 

4 Celtis philippensix . . . . . . . . 1 43 0 96 0 06 2.45 

5 I Cryptocarya sp 1 29 1 29 

6 ! Kuyenui sp . . . . . . . . <» 41 0 41 

7 Ficu*neivom (aKuflus) . .. , _. 0 35 0 35 

8 OctomclcH su niatvana . . 0.21 0 19 ! 0 40 

9 Palaquium me mil u . . . . . . . . . . . . . . 0 08 I 0 08 

10 Pterocymbmm tmctot mm ( t a lu to ) . . . . . . 

SECOND-STORY SPECIES 

0 10 ; 0 09 0 19 

11 j Aglaia llarwsiana (a lupag) . . 0 05 0 05 

12 AUophylutt grosHedcntafUH .. . _ . . . o 03 0 03 

18 Artocarpun wootln . . . . . . 0 02 ( 0 02 

14 Chwocheton sp. (salaquniK pula) . . . . .. . 0 39 ' 0 39 

15 Ddlenia philippincwms (ca tmon) 0 12 0 07 0 19 

16 DioHpyiot pilonanthfta (holonffe ta) . 0 39 (» 39 

17 l)iplodiHcun pauitculatus (balobo) .. 2 30 o 03 2 33 

18 Erodra glabra . . (I 11 0 11 

19 Hvodta vdlamiln 157 1 57 

20 Ftcus amprlos 0 06 0 06 

21 FtcuHbanu\sw . . . _ 0 06 0 06 

22 FICUH minahnxMf ( h a ^ i m i t ) . . . 1 25> 1 25 

28 Ficu* Mittnthwuttt 0 19 0 19 

24 Fieui B p . . . . . 0 52 0 52 

25 : Uonwthnlanuc* elmen . _ 0 49 ' 0 49 

26 ; l n d t 0 27 li 27 

27 j Mullotns ricttmnieh ( h in laumo) .. .. , . i 0 16 0 16 

28 Myrinttco phihpptti/ui (dugunn) 0 12 U 12 

29 Nrphehum mutabrfe (bulala) . . . . 0 11 0 11 

80 Oimelia conterfa dna la tapa i ) . . 0 03 0 03 

31 J Oimvha pl i ihpptnens is 0 07 0 15 0 22 

.12 j Ihtoma umbtllifem (anulinur) . . . _ 0 19 0 19 

33 Jterovpcrmum dtvemifottum (boyek) - 0 24 0 24 

34 ' Suhroxylon sp ( w h i t e nato) . .. 0 06 0 06 

85 ' StroinboHui phthpptmvvm ( t amavuan) . 0 37 0 37 

! HIIRO-STORY SPECIES 

36 Freus mamlens is (isis) __ _ . . . . o 57 0 57 

| 37 Leucouyke capttellata . . . . 0 15 0 15 

| 38 j Macaranxa biculor (hamindan>r) . 0.03 0 03 

1 39 Ihthecolobtunt ttubacutum .. 0 01 0 01 1 39 
i 

0 01 

1 T o t a l . . .. .* . .. 34 05 ' 12 44 1.28 47.72 
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The results given in Table X I V are summarized according to 

stories in Table XV. Owing to the huge bulk of the large 
individuals of Parashorea a great part of the volume was in 
the first-story species in the first story. The volume of the 
first story was only 38 per cent lower than that of the same 
story in the virgin forest. The comparatively high volume of 
the culled forest was due to the presence of a single, very large 
Parashorea. The second and third stories in the culled forest 
showed relatively greater decreases in volume than the first 
story. The loss in the second story was probably due to the 
logging of the more valuable specimens, while that in the third 
was incidental to the removal of large trees or was the result 
of changed conditions. 

T A B L E XV.—Summary of composition by volume of the different stories 
in culled dipterocarp forest on Mount Maquiling; altitude, 200 meters. 

| Stones tu which individual j 
| present were found 

J Stories to which species belong when the individuals frist Second Third Total 

j are mature story ght. height, height. 
22 to 38 12 to 22 2 to 12 
meter* i rnetem , meterb 

, First Htorv . „_ 

Second Btor> 

I Third story 

Total , ^  

The plot just discussed is evidently a reduction product from 
a typical dipterocarp forest. The same species are present, 
but the individuals are smaller and more numerous. Probably 
the chief difference in specific composition, which has resulted 
from culling, is that the removal of the best individuals of 
the most valuable species has favored the less valuable ones. 

In the plot just described an area 10 meters square was se­
lected before it had been disturbed, and all plants less than 
a meter in height were counted, the results being given in Table 
X V I . There were 112 plants less than a meter in height on 
the plot. The majority of them, 62, were of tree species, 46 
were herbs, and 4 were vines. The total number was small 
when compared with the 427 on the similar plot in the virgin 
forest. 
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TABLE XVI.—Plants less than 1 meter in height on plot 10 meters square in 
culled dipterocarp forest on Mount MaquUing; altitude, 200 meters. 

N o . Species 

TRBE8. 

Aglaiailoilo 

Aglaia diffusa , 

Catearia sp 

Cdtts philippfinns 

Cycloatemon maquthngerusis 

Dysosrylum sp 

BuonymoH javanxea .. 

Fieua hnean folia. _ 

I n d t , . . . . . 

Lcpiaanthps schizolepts . 

Palagutum sp -

Papualthta lanceolata 

Paratiharea malaanonan. 

N u m ­
ber o f 

plants. 
Species. 

Pentacme contorta 

Pithecolobiutn subacutum . 

Polvalihia sp 

Sfereulia crtumramea 

Stromboma philippmensw-. 

Symplocos sp _ 

Termtnaltamiens.. . 

Nuro-
I b e r o f 
; plants. 

2 

15 

2 

1 

11 

1 

2 

HERBS 

Alpmxa brevilabms.. _ 

Chloranthus officinalis. 

I 

Vines are very prominent in the culled forest. The most 
conspicuous are climbing bamboos, especially Schizostachyurn 
diffusum. Besides these there are climbing palms (rattans) 
and a large number of dicotyledonous vines. The increase in 
light in the lower stories, due to the removal of the large trees, 
causes such an increased development of climbing bamboos 
that they are very important factors in giving character to 
the appearance of the vegetation. Owing to the small size of 
most of the trees and the great development of vines, the culled 
forest presents the appearance of a low dense tangle. 

The ground covering consists largely of woody plants, for the 
most part seedlings of trees and vines. Among the commonest 
shrubs are Anaxagorea luzonensis and Tabernaemontana pan-
dacaqui. Except in ravines herbaceous species are scarce, and 
those that do occur on the ridges are adapted to withstand fairly 
dry conditions. 

Having considered the present composition of the culled for­
est, we are now in a position to form an idea of the type of 
forest that originally occurred on the lower slopes of Mount Ma-
quiling. Judging from the size of the large individuals of Para-
shorea malaanonan that are left and the number of seedlings and 
small specimens of other dipterocarps, the original forest at 
elevations of about 200 meters must have been pronouncedly 
dipterocarp. Its average height must also have been greater 
than that of the more nearly virgin dipterocarp forest at higher 
elevations. 
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This forest probably extended below the region in which 

we now find the grassland and the second-growth forest pre­
viously described. At these elevations occasional large indi­
viduals of Parashorea malaanorvan and smaller trees of other 
dipterocarp species occur along the streams. 

OPENINGS IN DIPTEROCARP FOREST 

The first stages of the successions that occur in openings 
appear to be quite uniform. If the opening is a small one, 
such as is caused by the fall of a large tree, the first tree 
species to enter is usually Maearanga bicobr. Accompanying 
it at low elevations is an herbaceous vine, Tnchosanthes quirtr 
quangulata, and at higher altitudes a raspberry, Rubus fraxini-
folius. These plants grow rapidly, and rattans quickly enter the 
area, so that the opening is soon filled. 

The plot in the virgin forest at an altitude of 450 meters was 
divided into two parts, after the vegetation had been removed. 
One part was used for planting experiments, and the other was 
left bare. The latter part soon became covered with a thick 
growth consisting almost entirely of the second-growth tree 
Trema orientalls. 

Clearings have been made in the forest at low altitudes and 
then abandoned after little or no cultivation. The early stages of 
these were not observed, but after four or five years they were 
covered with second-growth forest composed very largely of 
Trema orientals. Trema appears, therefore, to be the first in­
vader in cleared areas. 

On the plot at an elevation of 450 meters Trema was not 
preceded by herbaceous vegetation. A few scattered annuals 
appeared about the same time as Trema, but they were small 
and not numerous enough to influence the successions and soon 
disappeared. Brown and Matthews * found that when the dip­
terocarp forest of northern Negros was removed the ground 
became covered very quickly with an almost pure stand of 
Trema orientalis Usually areas from which dipterocarp for­
ests have been removed are invaded by second-growth forests 
consisting of almost pure stands of a single species, but the 
species varies in different cases. If the ground is cultivated, 
the successions are quite different, as has been previously shown. 

* Brown, W. H., and Matthews, D. M., Philippine dipterocarp forests, 
Phil Journ. Sci, Sec. A (1914), 9, 41,3-561. 
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The formation above the dipterocarp forest, which from its 
habitat may be called the midmountain moist-tropical for­
mation, differs from the former not only in composition but also 
in physical type. It is much less dense than the dipterocarp 
forest and has only two stories of trees, the taller being about 
the same height as the second story in the Parashorea-Diplo-
discus association. From its physical type it may be called an 
evergreen two-story forest formation. 

Its two-story character, rather than its specific composition, 
has been used as a criterion for determining the limits of the 
distribution of this formation. It may be regarded as extend­
ing from about the 600-meter contour up to an elevation of ap­
proximately 900 meters. The most prominent physical charac­
teristics remain fairly constant throughout this area, but the 
specific composition changes considerably. For convenience the 
present discussion wi l l be confined to the ridge on which the 
main t ra i l is located, and where all measurements of environ­
mental factors were made. Neighboring ridges would, of 
course, be much like the one to be described. As the trees of 
this formation are small and the region is inaccessible, the forest 
has remained in practically a virgin condition. Plates X V I to 
XX, fig. 1, show views in this forest. 

The midmountain formation, like the dipterocarp forest, con­
tains many species and is such a mixed type that it is difficult 
to tell which species predominate, even in a limited area, with­
out making actual counts and measurements of the individuals 
present. 

The main canopy is usually continuous, but is fairly open— 
much more so than is that of the dipterocarp forest. The height 
of the canopy varies slightly at different elevations, becoming 
lower as higher altitudes are reached. At 700 meters it is 
approximately 18 meters in height, although some of the species 
are taller than this and some shorter. 

The second story is well developed at lower elevations, but 
less prominent at higher. The species composing it vary con­
siderably in height. Some of them have a maximum height of 
about 6 meters, while others frequently reach 12 meters or 
more. The average for this story is probably about 8 meters. 

76 
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Between elevations of about 600 and 700 meters there is a 

considerable development of rattans, which are tangled with 
the second story and the undergrowth. In places this gives 
the forest a dense appearance. Rattans occur at higher ele­
vations, but they are not a prominent part of the vegetation. 

The undergrowth is much less dense than in the dipterocarp 
forest (see Plates X V I to X V I I I ) . The ground covering consists 
largely of ferns and other herbaceous plants. The commonest 
tall herb is Strobilanthes plitriformis, while the most numerous 
small ones are species of FJlatostema. These frequently form a 
thick carpet over the ground. Ferns are also prominent. 

The most conspicuous change that takes place within the 
confines of the midmountain formation is an increase in the 
amount of epiphytic vegetation. At lower elevations in this 
formation, as in the dipterocarp forest, epiphytes are scarce, 
except in the crowns of the taller trees. Ferns and mosses 
on the tree trunks are, however, slightly more numerous 
than in the dipterocarp forest. In the lower half of the for­
mation, mosses on the trunks of the trees never form more than 
a thin covering, and this development is reached on only a 
small proportion of the trees. In the same region orchids also 
occur to some extent on the trunks of the trees, and at an ele­
vation of about 750 meters they are numerous enough to be 
rather showy. Here, however, it is the bark of the trees that 
is prominent in giving character to the appearance of the for­
est, and not the epiphytic vegetation. 

In the upper portion of this formation epiphytic and climb­
ing vegetation is very much more abundant. At elevations 
greater than 900 meters the trees are so thickly covered wi th 
these epiphytic and climbing plants that the bark is largely hid­
den, and the branches of the trees are frequently loaded with 
epiphytes. Orchids are numerous, both on the trunks and in 
the branches. Vines, more particularly species of Freycinetia, 
are very prominent. Not only scandent but also epiphytic vines 
are conspicuous. Among the latter may be mentioned Dichro-
trichum chorisepalum, which is very numerous and owing to 
its long flowering season and showy blooms is very conspicuous. 
The other most prominent epiphytic vine is Trichosporum phiU 
ippinense. Plate X X I represents the average covering of the tree 
trunks at an altitude of about 900 meters. The long leaves on 
the left belong to a Freycinetia; the numerous elliptic, serrate 
ones in the center and on the right are the leaves of Dichro-
trichum chorisepalum. The vine with smaller, opposite, entire 
leaves is Trichosporum philippinense. Besides the above, there 
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are several species of ferns, a SelagineUa, a species of Piper, 
and a number of other plants. Between and among the larger 
plants is a covering of mosses. 

The increased amount of epiphytic vegetation at this altitude 
represents a transition from the condition in this formation at 
lower elevations to that in the mossy forest at higher elevations. 
In the latter situation the trees are, for the most part, densely 
covered by a growth of mosses and mosslike plants in which 
grow a great variety of larger epiphytes. 

From the above discussion i t wi l l be seen that the midmoun-
tain forest formation is an evergreen, two-story, rather open 
forest composed of medium-sized trees representing many spe­
cies. Between elevations of approximately 600 and 850 meters 
there appear to be two distinct associations. Changes in en­
vironment between the upper and lower limits of this formation 
are much greater than in the same range of altitude in the dip-
terocarp forest. This is largely due to the increased cloudiness 
near the top of the mountain, the lower part of the formation 
being frequently in the sunlight while the upper part is bathed 
in clouds. 

The midmountain forest is in most places a very greatly 
mixed type in which no species dominates in any such manner 
as does Parashorea in the dipterocarp forest. It is, therefore, 
difficult to define the associations. Counts and measurements of 
all trees over large areas wi l l very likely show other associations 
than those described from the ridge under discussion. 

QUERCUS-NEOLITSEA ASSOCIATION 

Between elevations of approximately 600 and 750 meters there 
appears to be a single type, to which the name Quercus-Neo-
litsea association has been applied. Qaercus solerkina (cata-
ban) is apparently represented by more individuals than any 
of the other larger species of dominant trees, while additional 
species of Quercus are also present in considerable numbers. 
Cratoxylon celebicum, another first-story tree, is probably pres­
ent in greater numbers than Quercus; but it is usually smaller, 
being slightly shorter and having a smaller crown, so that the 
individuals are not so conspicuously dominant. The three large 
trees shown in Plate X V I are of this species. Among the other 
more prominent first-story species are Neonauclea calycina 
(uisac), Palaquium philippense (palac palac), Weimnannia Iw-
zoniensis, and species of Ficus. 

The canopy of the first story has an average height of about 
18 meters. The trees composing it are smaller than in the first 
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story of the dipterocarp forest, and consequently much more 
numerous (see Plates X V I and X V I I I ) . I n limited areas, such 
as a fourth of a hectare, there are also more species in the first 
story of the Quercus-Neolitsea association than in the same story 
in the dipterocarp forest. 

Most of the tree species in the Quercus-Neolitsea association 
are also found in the dipterocarp forest. The species common 
to the two associations and which occur as first-story trees in 
the Quercus-Neolitsea association are usually second-story 
species in the dipterocarp forest. 

The occurrence of these species in the first story in the mid-
mountain forest is probably connected with the smaller amount 
of light at the higher elevations. These first-story trees are not 
very different in size from those of the second story in the 
Parashorea-Diplodiscus association. Large specimens frequent­
ly grow to be between 20 and 22 meters in height and have 
diameters of more than 50 centimeters. When species belong­
ing to the first story in the dipterocarp forest are found in the 
Quercus-Neolitsea association, they are much smaller at maturity 
in the latter than in the former forest. 

The second story is composed of numerous small trees be­
longing to many species. The average height of this story is 
about 7 meters. Occasional specimens may be more than 14 
meters in height, but most of the species are rarely more than 
10 and some, such as Saurauia luzoniensw, reach a maximum 
height of about 6 meters. The method of growth of many of 
the species is quite irregular. Some of the individuals wi l l form 
straight trees wi th clear trunks, while others of the same species 
wi l l branch near the ground, or in other ways form irregular 
specimens. In Table X V I I the height of the tallest individual 
of Neolitsea villosa on a quarter of a hectare is given as 18.55 
meters. The main part of the crown of this tree was well with­
in the second story, while a small, slender branch had shot up 
and entered the first story. Most of the trees are not only short 
but also slender. In some species, however, individuals with 
diameters of 30 centimeters or more are not rare. 

The most numerous tree species in the association belong to 
this story. These are Oreocnide trinervis (malatuba), Neolit­
sea villosa, and Saurauia luzoniensis. Oreocnide trinervis (ma­
latuba) is, apparently, the most numerous in the central part 
of the association, while near the upper limits it is almost en­
tirely absent. This is a small species, which reaches a height of 
about 8 or 9 meters and is quite irregular in its branching. It 
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is comparatively seldom that it has a definite clear trunk. Neo­
Utsea is a larger species wi th a more regular tree form. Indi­
viduals with a height of 10 or 12 meters are fairly numerous. 
The leaves are covered wi th silky hairs, which give them a 
striking appearance. Owing to the size and number of the trees 
and the character of the leaves, this species is the most conspic­
uous of the tree forms in the association. Saurauia luzoniensis 
is one of the smallest second-story trees and is less prominent 
than Oreocnide or NeoUtsea. Its maximum height is about 6 
meters, and its greatest diameter is about 7 centimeters. 

Erect palms are much less numerous than in the Parashorea-
Diplodiscus association and are represented chiefly by scattered 
specimens of Pinanga bafnesii. 

Tree ferns, Cyathea, are, much more prominent. Scattered 
individuals occur in the upper part of the dipterocarp forest. 
From this point they gradually increase in numbers as higher 
elevations are reached, until near the top of the mountain they 
are more numerous than any other tree species. In the Quercus-
Neolitsea association they occupy about the same position that 
erect palms do in the dipterocarp forest. They occur as scat­
tered individuals, which have little effect on the forest except 
as ornaments. 

Dicotyledonous vines are much less prominent than in the 
Parashorea-Diplodiscus association. Climbing palms (rattans) 
are numerous; and, as the forest is so low that they cannot reach 
great heights, they are very conspicuous. Their bulk, however, 
is probably much less than in the dipterocarp forest. They are 
much more prominent in some spots than in others. Where they 
are relatively scarce, the main canopy is frequently well devel­
oped and the undergrowth very open. When they are numerous, 
the forest appears to be very dense; but in such places the tree 
growth is usually much less developed than in spots where they 
are not conspicuous. The rattans, apparently, grow quickly 
into the more open places where the main canopy has been dis­
turbed, and are afterwards put at a great disadvantage, as the 
trees reach large size. 

Next to the rattans species of Freycinetia (Pandanaceae) are 
the most conspicuous vines. In many places their long spirally 
arranged leaves give a characteristic appearance to the vegeta­
tion. In Plate X V I I I they can be seen very plainly on the trunks 
of the trees. The trunks and branches of old trees are some­
times almost completely covered with them. 
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With the exception of small rattans, the ground covering is 

largely herbaceous. Strobilanthes pluriformis, which is fre­
quently from 1 to 2 meters high and occasionally reaches about 
4 meters, occurs in large numbers. 

Among the smaller herbs Elatostema viridescens and E. carinoi 
are the most prominent. These are succulents that in places 
form a thick carpet over the ground. Ferns are much less 
numerous, but they are rather conspicuous. Strobilanthes and 
Elatostema are alike in having very shallow root systems (see 
Plates X V I and X V I I ) . 

The density of the undergrowth, except where rattans form 
tangles, is very much less than in the dipterocarp forest, while 
the ground covering is much better developed. The character 
of the ground covering is shown in Plates X V I and X V I I . The 
open character of the undergrowth is apparently connected with 
the decreased light intensity at the higher elevations, and the 
more prominent ground covering of succulent herbs with moister 
conditions. 

In wet ravines Hymenophyllaceae may be fairly numerous; 
the most prominent species is Trichomanes apiifolium. 

Not only are epiphytes more numerous than in the dipterocarp 
forest, but owing to the smaller size of the trees those in the 
crowns are decidedly more in evidence. The most striking are 
species of ferns and orchids large enough to render the indi­
vidual plants conspicuous. Those in the tops of the trees have 
a xerophytic appearance, while the species in more-protected 
situations are sometimes more mesophytic. 

Species of ferns are more numerous than in the dipterocarp 
forest. The most prominent are humus-gathering ones, particu­
larly Asplenium nidus (the bird's-nest fern) and Aglaomorpha 
meyeniana. Aglaomorpha has fleshy stems, while the bases of 
the leaves are modified into humus-gathering pockets. The 
leaves are large, frequently more than a meter in length, pinnate, 
and very handsome. Asplenium nidus is considerably smaller 
in the midmountain than in the dipterocarp forest. 

Orchids are frequently found on the trunks of the trees. 
Probably the commonest is Dendrochilum glumaceum. The 
flowers of this species are small, but are crowded in the racemes, 
which are fair ly striking. Showy orchids are very scarce in the 
midmountain forest. ' 

Dicotyledonous epiphytes are also present; among the most 
prominent are the vine Schefflera and the myrmecophilous genera 
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Hydnophytum and Myrmecodia. These are not conspicuous 
from the ground, but owing probably to the small size of the 
trees are more in evidence than in the dipterocarp forest. 

Mosses and various mosslike plants are frequently numerous 
on the trunks of the trees, and these sometimes form a thin 
layer over considerable areas of bark. Hepatics are often found 
as epiphytes on leaves in ravines. 

Strangling figs occur in this forest, but they are rare. Bizarre 
plants are not so numerous as in the dipterocarp forest. The 
saprophytic phanerogams are small and inconspicuous. The 
most numerous are Epirixanthes cylindrica (Polygalaceae) and 
the blue-flowered Cotylanthera tenuis (Gentianaceae). The root 
parasite Christisonia wightii (Orobanchaceae) is slightly larger 
and grows in small clumps. A l l of these plants are rare. 

At an elevation of approximately 740 meters the ridge to 
which this description applies is narrow and flat for a short dis­
tance. Just beyond this there is a steep ascent. The forest 
on the flat is well developed and has relatively little undergrowth. 
A large proportion of the dominant trees belongs to one species, 
Astronia pulchra, which is represented by only a few individuals 
on other parts of the ridge. The flat is, therefore, quite distinct 
in composition from the remainder of the Quercus-NeoliUsea as­
sociation. It has been included in the latter, however, as the 
flat is small and the physical character of the vegetation is very 
similar to that of the well-developed parts of the association. 

TRANSITION FROM DIPTEROCARP TO MIDMOUNTAIN FOREST 

The change from one association to another is usually gradual 
and is marked by intermediate conditions. This is likely to be 
particularly true of such complex associations as those on Mount 
Maquiling. We have seen that the chief difference between the 
dipterocarp forest and the Quercus-Neolitsea association is that 
the latter lacks the first story of the former. The first story 
of the Quercu$-Neolitsea association is approximately the same 
height and is composed largely of the same species as the second 
story in the dipterocarp forest. The disappearance of the first 
story of the Parashorea-Diplodiscus association, as this forest 
changes into the midmountain type, is gradual. In the well-
developed dipterocarp forest it forms a continuous canopy. This 
gradually becomes more and more open, until these first-story 
trees occur as scattered individuals only and finally disappear. 

No marked change in the composition of the minor elements 
occurs in this transition zone. In most of the dipterocarp forest 
the ground is bare and herbs are scarce. In the Quercus-
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Neolitsea association there is in most places a well-developed 
ground covering of herbs, of which Elatostema carinoi and E. 
viridescens are the most prominent. The change takes place, 
not in the tension zone between the two associations, but in the 
upper part of the dipterocarp forest. Elatostema begins to be 
abundant at altitudes of 500 to 550 meters, and frequently covers 
large areas just as it does in the Quercus-Neolitsea association. 

Rattans, conspicuous as vines and in the undergrowth in the 
dipterocarp forest, are very numerous in the lower part of the 
Quercus-Neolitsea association; but they are not prominent in the 
upper part of this area or at higher elevations. The next most 
conspicuous vines in both the upper part of the dipterocarp forest 
and the lower part of the midmountain forest are the same 
species of Freycinetia that are the most prominent vines in the 
remainder of the midmountain forest. 

The development of epiphytes is greater in the Quercus-
Neolitsea association than in the dipterocarp forest. This is due 
to the general complex of conditions that causes increased 
epiphytic vegetation as higher elevations are reached; there is 
no marked change, either in amount or composition of this 
vegetation, on the border between the two associations. 

The midmountain forest is more open than the dipterocarp 
forest. This change is also a gradual one and begins in the 
upper part of the dipterocarp forest. 

ASTRONIA ROLFEI ASSOCIATION 

The ascent of the ridge, above an elevation of approximately 
750 meters, is very steep for a height of about 100 meters. The 
difference in slope is probably connected with the change that 
takes place in the type of vegetation at this point. The trees 
are usually much smaller than in the Quercus-Neolitsea associa­
tion, although some reach about the same heights. Many of 
them have a tendency to assume a down-hill inclination (see 
Plate X I X and Plate XX, fig. 1). 

The small size of the trees is not due entirely to the general 
complex of conditions that causes the vegetation to become more 
and more dwarfed as higher elevations are reached. This is 
shown by the fact that on more gentle slopes at elevations just 
above this steep region the trees are larger and the forest has 
an appearance more like that of the Quercus-Neolitsea associa­
tion. The smaller size of the trees on the steep slopes would 
seem to be due to the unstable condition of the soil and to the 
interception by the mountain of a part of the light that would 
reach vegetation on more even ground. The slanting of the 
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trees is likewise apparently connected wi th the effects of erosion 
combined with a tendency to grow toward the light. 

The most numerous trees are species of Astronia, particularly 
Astronia rolfei. The forest is, however, a very mixed type. 
The two-storied arrangement is not as well developed as in the 
Quercus-Neolitsea association. Most of the trees would belong 
to the second story in the latter. The first story is well repre­
sented in patches, but in general is not continuous. 

Rattans are not prominent and are usually small. The most 
conspicuous vines are species of Freycinetia. 

The forest is an open one. Palms are almost entirely ab­
sent; while tree ferns, particularly Cyathea caudata, are fairly 
numerous. The ground covering is herbaceous and very similar 
to that in the Quercus-Neolitsea association. Epiphytes are 
more numerous. At this and higher elevations the pitcher plant 
Nepenthes alata grows as an epiphytic vine in the crowns of the 
trees. The insect-catching pitchers of this plant are striking 
when seen at close range, but it is very difficult to find them 
among the foliage usually surrounding them. 

DESCRIPTION OF PLOT 

The plot used for detailed measurements in the midmountain 
forest was at an elevation of approximately 700 meters. It 
was the same size, 50 meters square, as the plots in the diptero-
carp forest and had a similar slope and exposure. As in the 
other cases the trees were cut, measured with a tape, and then 
removed. The results are given in Tables X V I I to X X I I . In 
these tables the first story is regarded as being from 14 to 22 
meters in height, and the second as being from 2 to 14. This 
arbitrary division has the advantages and disadvantages that 
were mentioned in the discussion of the tables for the virgin 
dipterocarp forest. As in the former case the division is ap­
proximately correct. 

Table X V I I gives the heights of all erect woody plants more 
than 1 meter high. The total number was 578, distributed in 48 
genera and 72 species. Besides these there were 255 erect 
herbs more than a meter in height. Twelve were of the arbores­
cent aroid Alocasia macrorrhiza, and the remainder were Stro-
bilanthes pluriformis. The tallest of the latter was 3.85 meters 
high, wThile 201 of them were between 1 and 2 meters in height. 
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TABLE X V I I . — H e i g h t of all erect plants over 1 meter high on 0.25 hectare 

in midmountain forest (Quercw-Neolitsea association) on Mount Ma-
quiling; altitude, 700 meters. 

[** Indicate t h a t t he species is also f o u n d in the d ip te roca rp fo re s t ; * t h a t the genus b u t not 
the species is found in the dipterocarp forest 1 

[ F i g u r e s represent numbers o f i nd iv idua l s . ] 

Species 

FIRST-STORY SPECIES 

** Aglaia haiinsiana (nmlasagiriK) 

** Amoma cummgiana „ 

** Avtidfsmapleurirutn 

** Ardisia bommrn ( t a ^ p o ) . . 

* Ardima Bp . 

** Bwchojia javamia ( tua i ) 

* Caw an it w sp ( laai igjuac) 

** Chisochctcm cwmngianw* (sa-

l aqu in -pu t i ) - . 

*" Cinnamomum viacadoi ( r a -

l i n g a g ) . . . . 

* Cratocylon blaucoi . . . 

** Cratoiylov ci'lebicum ( guyong-

sruyong) . _. . ._ ._ 

** Ctoturt l( tophyllus . - -

** Dytorylum fur e z a m n o i v n . 

** Flatocai pus catOmnia __ 

** Eugenia ai< tialinet ma . 

** Eugenia liizoncusis (ma la ru -

h a t p u t i ) . . . . . -

* Eugenia sp (maUbayabas) . . 

* FICUH garcnn 

*" FICUH pauciuci via (tantfisariK 

b i a u a c ) . . . . . 

** FICUH vai ie gat a ( tanjjiBantf 

biauac) . ._. . - . . . . 

*# (irtivui btyltuat pa (bUHUinbic) 

** LUM'U garcim, -

** Maxtvua philippaienxis (ta-

- pulao) _ . . .. . . . . 

*" Naucha junghuhnu (mamboK) 

** Neonauclca calyona (uisttc) 

** Palaquium philippi nve 

(palac palac) . 

** Planch on ia spectubihn (lamojf) 

" Polyalthia sp 

** Pometia ptnnata . 

*# Quercus robinnonn (oayan) . _ 

** Qurrcus Holertana (cataban) 

* Saurauia whxtfvrdu 

•* Symplocos aher-nn 

*• Terminalia pellucida ( tahsay-

gubat) 
•* Wexnmannta luzomermtn 

H e i g h t i n meters 

l t o 2 2 to 6 6 to 10 10 to 14 14 to 18 18 to 22 
To ta l 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 
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TABLE XVII.—Height of all erect plants over 1 meter high on 0.25 hectare 
in midmountain forest {Quercus-Neolitsea association) on Mount Ma-
quiling; altitude, 700 meters—Continued. 

t 

Species - - - ' | T o t a l 

H e i g h t i n meters 

' 2 to 6 6 to 10 10 to 14 14 to 18 18 t o 2 

.SECOND-STORY SPLCIK8 

** Anttonia roljei (dungao) . 

** Antrim in wtlliamsit (dunjsrao) 

** Cyathca caudata - -__ . . . 

** Decaxptrmum pamculatum 

** Ihllenia phihppinenta* (cat-

mon) _ 

*• Lhllenta reifferttrheidia (cat-

mon rarabao) . . . 

* Kugcn m astronxoi des .. . 

*• Eugenia calubcob (calubcob) 

** Eugenia cranmpes (calubcob) _ 

** Ei CUB linear ifoha ( a u y m i t ) 

** FICUH nota ( t ibij?) 

•* Eirun nbcH ( a u y m i t ) 

* Eirux sp 

*• Glochidion album (masrna) . .. 

** Glochidion lancijoltum 

** Glochidion memllii. 

** Glochidion trtrhogynum (bog-

na) _ . . . 

* Homalanthua tantuottuH _ 

Indt 
•* Laportea nubclauaa ( l ipa) 

** Leea aculcata -. - . --

*# Lrea rnamllentm 

** Leva philippinc)i\it 

* Leva quad11 fida . 

** Ijcucoityhr rapttt'llatu ( lagasi) 

* Mvdimlla aitromoidrt . . „ 

•* Mcdimlla venom 

** Mehosma xylvatwa . 

•* Alemcrylon pamculatum (culm) 

"• Niohtwa villoma 

** Oreocuttle triufi rtv (mala tuba) 

* Ihnanga barm si i 

* Sautauia luzonu nuts 

*• Thra montaua 

Viophyllum bauahai use . 

** Vernonia lancijoha 

SHRUBS 

** Cyitandta .. 

T o t a l ,. .._ - -

HERBS 

Aloeasia macrorrhiza 

Strobtlanthen plunfotmw 

Grand t o t a l 

N o 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

BO 

51 

62 

53 

54 

55 

56 

67 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 
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In Table X V I I there are listed 35 first-story species and 36 

second-story ones. The total number of species of erect woody 
plants more than 2 meters high was 70, whereas there were 92 
on the plot of equal size in the virgin dipterocarp forest. The 
smaller number would seem to be the natural result of the 
adverse conditions that caused the disappearance of the first 
story of the dipterocarp forest. 

The species mentioned in Table X V I I that also occur in the 
dipterocarp forest are marked with two stars; where the genus 
but not the species has been found in the dipterocarp forest, 
one star is used. 

Many of the species in both types occur only as scattered 
individuals, so that it is very difficult to determine their distri­
bution. Moreover, only a small proportion of the species is 
in flower at any one time, so that it is frequently impossible to 
identify the trees as to the species. Among the ninety-two 
species on the quarter of a hectare in the dipterocarp forest 
were one unidentified tree and nineteen others which could not 
be determined as to the species. This was due in part to the 
similarity of related species and in part to the present state of 
our knowledge of many Philippine genera. In such a mixed 
forest as that on Mount Maquiling it is natural that species new 
to the mountain are frequently found. Only an intensive study 
of the flora of Maquiling would make it possible to give anything 
like an exact discussion of the distribution of the component 
species. Such a study would be an extensive undertaking and 
is beyond the limits of the present paper. 

Among the first-story species there were 28 that also occur 
in the dipterocarp forest. There were 4 species that could be 
identified only as to the genus. A l l of these genera are repre­
sented by a number of species in the dipterocarp forest; and it 
is probable that these 4 species would have been found to occur 
in this forest, if they could have been identified as to the species. 
The remaining 3 species were not seen in the dipterocarp forest, 
but belong to genera that occur in this formation. These 3 
species are relatively rare on Mount Maquiling, but it is prob­
able that one of them, at any rate, Cratoxylon blancoi, wi l l be 
found in the dipterocarp forest. Most of the 28 species known 
from the dipterocarp forest are common in that formation. 
There were 13 of them on the plot in the virgin dipterocarp 
forest and 9 on that in the culled forest. Nineteen of the species 
were on one of the two plots. The number of species common 
to the plots in both formations is large, when compared with 
the number found on both plots in the dipterocarp forest. On 
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the plot in the culled dipterocarp forest there were 129 species, 
only 29 of which were identified on the plot in the virgin forest. 

Of the 28 species found in the first story on the plot in the 
midmountain forest and which also occur in the dipterocarp 
forest, 24 are second-story species in the latter formation, while 
4 belong to the first story. The latter are Bischofia javanica, 
Eugenia luzonensis, Pometia pinnata, and Planchonia spectabilis. 

Table X V I I shows that there were 36 second-story species 
on the plot in the midmountain forest, of which 27 occur in 
the,dipterocarp forest. Seven of the identified species and one 
of the genera were not observed in the latter formation. One of 
the remaining species could not be identified, while the other 
was determined only as to the genus. Of the 27 second-story 
species that occur also in the dipterocarp forest, 22 are third-
story trees in the latter formation, while 5 belong in the second 
story. These are Dillenia philippinensis, Dillenia reifferschei-
dia, Ficus linearifolia, Ficus vibes, and Memecylon paniculatum. 

The above figures show that of the identified species on the 
plot, 90 per cent of the first-story species and 81 per cent of 
those in the second story occur in the dipterocarp forest. From 
this i t w i l l be seen that the Quercus-Neolitsea association is 
made up largely of species that occur in the dipterocarp forest. 
Many of the species in the various stories of the latter, however, 
are not found in the midmountain formation. Moreover, the 
abundance of a species in the dipterocarp forest apparently 
affords little indication as to whether or not it w i l l be found at 
higher elevations. Parashorea malaanonan and Celtis philip-
pensis, the most numerous species in the first story of the 
dipterocarp forest, do not occur in the Quercus-Neolitsea associa­
tion. However, Bischofia javanica, Eugenia luzonensis, and 
Planchonia spectabilis are common species in the first story of 
the dipterocarp forest and are also in the Quercus-Neolitsea as­
sociation. Dillenia philippinensis, probably the third most 
numerous species in the second story of the dipterocarp forest, 
is represented by five individuals on the plot in the midmountain 
forest and is common throughout this formation, while many 
other numerous second-story species in the dipterocarp forest 
do not occur at higher elevations. 

The species that occur as first-story trees in both the dip­
terocarp and midmountain forests have a very different size in 
the two situations. This change in physical type is evidently 
due to the environmental conditions that have caused the mid-
mountain formation to be a small forest. What has just been 
said apparently applies also to the species common to the second 
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story of both the dipterocarp forest and the Querciis-Neolitsea 
association. 

I n Table X V I I I are shown the greatest heights and diameters 
attained on the plot by each species, the total volume of each 
species, and the volume of trees more than 14 meters in height 
(in the first story) and of trees less than 14 meters in height 
(in the second story). The figures represent the volume of that 
part of the trunk that was free from branches. The volume 
of individuals less than 10 centimeters in diameter was very 
small and so has been omitted from the table. 
T A B L E X V I I I . — S t a n d of erect plants over 1 meter in height on 0. x.'5 hectare 

in midmountain forest (Quercus-Neolltsea association) on Mount Ma-
quiling; altitude, 700 meters 

N o Species 

N u m ­
ber 
of 

i n d i v i ­
duals 

Great-
Cat 

heurht 
on 

p lo t 

Great­
est i 

d i a m - . 
eter ! 

p lo t | 
T o t a l 

Trees 
4 to 14 
meters 

in 
he igh t 

Trees 
14 to 22 
meters 

in 
h e igh t 

FIRST STORY SPECIES m cm CU VI m cu m 
1 Aglaui harmtiiami (malasapinf?) . 8 4 80 3 0 - --
2 Amoora cvmingiana . . . , . - . . . . „ 2 6 3D 6 0 

3 Antidesma pleuricum . _ 1 9 56 20 0 , o 06 0 0b 

4 2 10 95 11 0 0 Ob 0 06 

5 A r r i i x w i s p - - - - _ - 3 7 32 14 0 o o6; 0 06 

6 liixchofta javamca ( t ua i ) 2 21 7b 85 0 , 6 02 0 14 5 88 

7 Canaiium sp Onangjuac) _ 1 17 70 32 5 ' 0 4<! 0 49 

8 ChiHochetnncuminaiarius (a&\&qmT\-pv\t\) 3 5 74 9 0 ; 

. 9 Cinnamonmm mercadoi (cal ingag) . . . . . . 1 2 45 2 5 

10 2 13 33 26 0 1 0 3b 0 3b 

11 Cratojrylon celebicum ( j ruyonK-Kuyong) 25 20 7b 68 0 ! 7 o) 0 63 6 40 i 
I 

12 Ctotun lewphylluB .. _ - 2 15 00 22 0 | 0 18 0 13 

13 Dyioxylum titrczanitivwn „ .... 1 2 70 2 0 

14 Elaeocai pa* calomaht 2 19 14 45 0 1 81 1 84 

15 Eugt u i n mcuatmcrvia 1 6 24 6 0 ' 

16 Eugenia luzoncn*m (malarVihat p u t i ) .. 1 3 5 0b 6 0 

17 Eugenia ap (malabayabas) 2 15 70 45 0 1 02 1 02 

18 Ficus garciae - . . 2 21 55 45 0 1 98 1 98 

19 Eicus pauancrvM (tangisangr biauae) . b 20 03 58 0 3 68 3 63 

20 FICUH vuriegata (tanffisanK biauae) _. ._. 3 18 55 28 0 0 39 0 05 0 34 

21 Greivia stylocarpa (susumbic) 6 15 00 25 0 0 19 0 19 

22 Lit sea garciae , .._ 1 2 32 2 0 - i 
23 Mantixia philippmensis ( tapulao) 1 3 HO , 2 5 

24 Nauclca junghuhnu (mambog) 5 13 78 27 0 0 34 0 34 

26 Neonauclca calycxna (uiaac) * a i 14 85 17 0 0 26 0 17 0 09 1 

26 Palaqutum phihppenae (palac pa lacK 8 16 30 32 5 0 51 0.51 ' 

27 Plan chow a spectabdw ( lamog ) ! 2! 16 97 82 0 0 55 0 03 0 52 j 

28 Polyalthxa sp -- -
I l ] 

7 08 14 0 0.04 0 04 

29 ' 1 21 80 62 0 i 1 48 1.48 ' 

30 Quercua robinaonn (oayan) ! 2 I 2 65 , 2 0 

31 Quercus sole nana (cataban) 12 ' 21 68 56 0 , 6 22 1.47 4 75 

32 1 14 25 ' 45 0 i 0.44 0 44 

33 al 8 27 . 9 0 .. 
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TABLE XVIII.—Stand of erect plants over 1 meter in height on 0.25 hectare 
in midmountain forest (Quercus-Neolitsea association) on Mount Ma-
quiling; altitude, 700 meters—Continued. 

N o Specie* 

F I R S T - S T O R Y SPEClES—continued 

Termmaha -pellucida ( talisay-grubat) 

! 
J N u m ­

ber 
o f 

i n d i v i -
i duals 

1 2 

Grea t ­
est 

h e i g h t 
on 

p l o t . 

m. 

14.10 

Grea t ­
est 

d i a m ­
eter 
on 

p l o t 
T o t a l 

u. m. 

0.12 

• 
Trees 
14 to 22 
meters 

i n 
h e i j r h t . 

34 

Specie* 

F I R S T - S T O R Y SPEClES—continued 

Termmaha -pellucida ( talisay-grubat) 

! 
J N u m ­

ber 
o f 

i n d i v i -
i duals 

1 2 

Grea t ­
est 

h e i g h t 
on 

p l o t . 

m. 

14.10 

cm. 

19.07 

T o t a l 

u. m. 

0.12 

rii m cu m . 

0 12 

35 Wetnmannia luzoniens i s 

SECOND-STORY SPECIES 
7 19.00 53.5 2 77 0 12 2.65 

36 

37 

Afitronia rolfei (dungao) ! 12 

4 

13 

3 

15.11 

7.38 

5.45 

13 40 

30 0 

8.0 

11.0 

18 0 

1 48 1 21 0 27 

38 

Afitronia rolfei (dungao) ! 12 

4 

13 

3 

15.11 

7.38 

5.45 

13 40 

30 0 

8.0 

11.0 

18 0 89 Decatpermum paniculatum _ . . . . -

! 12 

4 

13 

3 

15.11 

7.38 

5.45 

13 40 

30 0 

8.0 

11.0 

18 0 0.21 0 21 

40 | Dillcnia phihpptneH/Sts ( c a t m o n ) - - - -. --

41 ' Dillenxa reifferncheidxa ( ca tmon carabao) 

; 5 

' 2 
11.40 

8.90 

20.0 

33 0 
0 32 

0.30 

0.32 

0 30 

42 

43 Eugenia calubcob (calubcob) 

1 
3 

3 00 

8 00 

2.0 

13 0 

44 i 27 

1 

4 27 

7 03 

5 5 

15.0 45 Fxcus hneartjoha ( a u y m i t ) -

Ficus nota ( t i b i g ) _ .. 

Ficus rtben ( a u y m i t ) -

i 27 

1 

4 27 

7 03 

5 5 

15.0 . 
46 

47 

Fxcus hneartjoha ( a u y m i t ) -

Ficus nota ( t i b i g ) _ .. 

Ficus rtben ( a u y m i t ) -

1 

8 
2.90 

7.37 

4 0 

19.0 

48 1 6.30 12 0 0 02 0 02 

49 

50 Glochid%on lancifolium.. .. 

6 
i 3 

6 14 

2 65 

6.4 

3 0 

51 Glochidwnmemllii - -- 1 7.31 5 0 

52 Glochidwn tnchogynum (bogna) - -

Homalanthus fantuomiH .. -

1 
8 

1 07 

9 56 63 

Glochidwn tnchogynum (bogna) - -

Homalanthus fantuomiH .. -

1 
8 

1 07 

9 56 8.0 

54 1 3.30 3 5 

55 

56 

TAIPOI tea subclause, ( l ipa) 

Ijeea aculeata . . . . 

; 2 

: a 
1 80 
i 80 

3 0 

4 0 

57 22 6 15 9 0 

58 

59 

Lrea phifippinewnx. . . . , . _ -

Leeaquadrtfida. . . . . . . . . 

6 

15 

7 10 

5 10 

12.5 

7 0 ...". 
60 Leuroaykc capitellata (laK-asi) 7 01 14 0 .. 
61 Mrdinilla attromotde*.. - 6 3 82 6 0 

62 Med nulla venosa . .. - - . - b 3 82 6 0 ... . 
63 Mehoama yylvatica .. - - 2 5 42 4 5 . 
64 Memecylon paniculatum ( c u l i s ) . - 8 6 65 9.0 

65 Neohtnea mlloaa _ . - . .. . - 88 18 55 30 0 1 87 1 32 0 55 

63 Oreoemde tunctm* (ma la tuba ) - - 116 8 60 18 0 0 05 0 05 

67 Pinanga barnetn. . 2 5 80 6 0 

68 55 5 40 8 0 

69 Thra montana ... 10 6.27 17.0 0 09 0 09 

70 Urophyllum banahaenne 4 6 72 8 0 

71 Vernonia lancifolta. . - . . , . -. -

SHRUBS 

2 12 36 41 0 0 80 0 80 . . 
72 Cyitandta incisa ._ -

T o t a L ._ .. . -. 
HERBS 

678 

1 10 1 5 

7 85 

Cyitandta incisa ._ -

T o t a L ._ .. . -. 
HERBS 

678 
^SZ 

41 13 7 85 33 28 j 

Cyitandta incisa ._ -

T o t a L ._ .. . -. 
HERBS 

678 
^SZ 

__ "" _._._. 73 Alocasia macrorrhxza .. 12 2 60 17 0 

74 Strobilanthcs plunjormis 

T o t a l erect p lan t s over 1 mete r h i g h . 

243 

( 833 

3.85 3.0 74 Strobilanthcs plunjormis 

T o t a l erect p lan t s over 1 mete r h i g h . 

243 

( 833 

3.85 3.0 74 Strobilanthcs plunjormis 

T o t a l erect p lan t s over 1 mete r h i g h . 

243 

( 833 

3.85 3.0 74 Strobilanthcs plunjormis 

T o t a l erect p lan t s over 1 mete r h i g h . 

243 

( 833 
J 

a olume of trees less than 10 centimeters in diameter is omitted. 
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Table X I X gives a summary of the data presented in Tables 

X V I I and X V I I I . From this table i t wi l l be seen that there 
were 52 individuals in the first story, whereas in the second story 
of the dipterocarp forest there were 54 individuals. This em­
phasizes the similarity of the first story in the midmountain 
forest and the second story in the dipterocarp forest. On the 
plot in the midmountain forest there were 539 individuals more 
than 2 meters in height as against 353 in the dipterocarp forest. 

T A B L E XIX.—Summary of composition of different stories on 0 25 hectare 
in midmountain forest (Quercus-Neolitsea association) on Mount Ma~ 
quiling; altitude, 700 meters. 

Story to w h i c h species belong when the i n d i ­
v idua l s are m a t u r e 

F i r s t , . 
Second . . . 

T o t a l r 
The larger number in the midmountain forest is apparently con­
nected with the fact that the tall dominant story of the dipter­
ocarp forest is lacking, so that the lowest story receives more 
light. In the first story there are 3 individuals belonging to 
second-story species. One of these is an individual of A stroma 
rolfei, which an examination of Table X V I I I shows was just 
within the limits of the first story. Two were individuals of 
Neolitsea villosa, one of which was also just within the limits 
of the first story; while the other, which was 18.55 meters in 
height, had all of its branches except a single, tall, slender one 
well within the second story. The number of individuals in the 
second story was 487, or 9.4 times as many as in the first story. 
In the second story there were 410 individuals of second-story 
species and 77 of the first story, showing that the second story 
is made up very largely of second-story species. This condition 
is very different from that found in the third story on the plot 
in the dipterocarp forest, where only 27.6 per cent of the total 
number of individuals in the third story were of third-story 
species. 

An examination of Table X V I I shows that the most numerous 
first-story species was Cratoxylon celebicum (guyong-guyong), 

I 
Stories in which individuate 

present were found 

I Total 
First story, Second storv, 
height. 14 to ' height, 2 to 

22 m 14 m i 
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with 25 individuals, while the next most numerous was Quercua 
soleriam (cataban), wi th 12 individuals. The most numerous 
second-story species was Oreocnide trinervis (malatuba), with 
116 individuals; the next, Neolitsea villosa, wi th 88 individuals; 
and the third, Saurauia luzuniensis, wi th 55 individuals. These 
last three species together were represented by 259 individuals, 
which were 45 per cent of all erect woody plants more than 1 
meter in height. Each of these three species was much more 
numerous on the plot in the midmountain forest than any species 
on the plot in the dipterocarp forest. The most numerous species 
in the latter case was Parashorea malaanonan, wi th 29 individ­
uals more than 2 meters in height; whereas on the plot in the 
midmountain forest Oreocnide tHnervis was represented by 111 
individuals more than 2 meters in height; Neolitsea villosa, by 
85; and Saurauia luzoniensis, by 49. 

T&ble X I X shows that the total volume on the plot in the 
midmountain forest was 41.13 cubic meters. As was to be ex­
pected this is much smaller than that on the plot in the dipter­
ocarp forest, which was 76.35 cubic meters. The trees showing 
the greatest volume were Cratoxylon celebicum, wi th 7.3 cubic 
meters; and Quercus soleriana, with 6.22. The total volume of 
all trees in the first story was 33.28 cubic meters, and in the 
second story, 7.85 cubic meters. The volume of first-story trees 
in the first and second stories is 35.99 cubic meters, and of 
second-story trees, 5.14 cubic meters. A large portion of the 
volume was of first-story trees in the first story, this being 32.46 
cubic meters, or 79 per cent of the total. The average volume 
of all trees in the first story was 0.64 cubic meter, and of all 
in the second story more than 10 centimeters in diameter, 0.09 
cubic meter. The average volume of trees in the first story is 
much less than that of first-story trees in the dipterocarp forest, 
which have an average volume of 3.1 cubic meters, but consider­
ably greater than the average volume of second-story trees in 
the dipterocarp forest, these having an average volume of 0.46 
cubic meter. The average volume of all trees more than 10 
centimeters in diameter in the second story is more than three 
times that of all third-story trees more than 10 centimeters in 
diameter in the dipterocarp forest. The average volume of first-
story trees in the first story was 0.66 cubic meter; of all first-
story trees more than 10 centimeters in diameter in the second 
story, 0.13 cubic meter; and of all second-story trees more than 
10 centimeters in diameter in the second story, 0.07 cubic meter. 
These figures emphasize the difference in the size of trees in 
the different stories. 
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TABLE XX.—Diameter classes of all trees over 10 centimeters in diameter 

on 0&5 hectare in midmountain forest (Quercus-Neolitsea association) 
on Mount Maquiling; altitudet 700 meters, 

[Figures represent numbers of individuals.] 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

•20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

80 

SI 

82 

83 

34 

36 

36 

37 

Species 

FIRST-STORY SPECIES. 

Anhdenma plevrxcum- .. 
Ardieia botstmen (tagrpo) 
Aidima gp . . . . . _ 
Bmchafia javamra (tuai) 
Canartum ap (isanjrjuac) -
Cratoxylon bianco.. -
Cratoxylon celebicum .. 
Crotonleiophyllus.. 
Elaeocarpu* calomala 
Eugenia sp (malabayabas) 
Ficus garctae . 
Ft nut paucmei via (tangrisangr bia-

uac) . 
Fir us vartegata (tangrisang: biauac) 
Grewia stylocarpa (guaumbic). 
Nauclea junghithnn (mambogr) .. 
Neimauclen calycma (uisac).. 
Palaquium phihppenw (palac pa-

lac) . . ... 
Planchoma spectabihs Uamopr) 
Polyalthia S . 
Pomeha pinnata . . . | 
Quercu* xolemana (cataban) 
Sanravia whiiiordu ., 
Termmalwi pelluada (talisay-pru- | 

bat) . . . 
Wetnmanma luzonwnxix .--

SECOND-STORY SPECIES ! 

A stroma roljei (auymit) . . J 
Decaspermum pamculatum _ _ 
Dillema philippmensut (catmon) 
Lhlleniareijffprscheidia (catmon ca-

rabao) 
Eugenia calubcob (calubcob). _. . 
Ficus hnearxfoha (auymit) 
Ficus nben (auymit) 
Ficus sp 
Leea philippinenms 
Leucoayke capi tellata . _•„ 
NeohUea villom 
Oreocnide tnnervin (malatuba).. . 
Theamontana — 
Vernonui lancifoha 

T o t a l 
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In Table XX is shown the distribution according to diameter 
classes of 10 centimeters of all trees more than 10 centimeters 
in diameter. The total number was 138, or 24 per cent of the 
total of all trees more than 1 meter in height on the plot. These 
were distributed in 29 genera and 38 species. Seventy-two, or 
52 per cent, were between 10 and 20 centimeters in diameter, 
while only 7, or 5 per cent, were more than 50 centimeters in 
diameter. These 7 individuals were all first-story species. 
Only 2 individuals of second-story species were more than 30 
centimeters in diameter, while 26 individuals of first-story spe­
cies had a diameter greater than 30 centimeters. This again 
shows the difference in size of first- and second-story species. 
T A B L E XXI.—Diameter classes of trees more than 10 centimeters in dia­

meter in the different stories on 0.25 hectare in midmountain forest 
(Quercus-Neolitsea association) on Mount Maquiling; altitude, 700 
meters. 

[Figures represent numbers of individuals ] 

" 
| Diame te r class in cen t imete rs 

S t o r y _ — 
1 0 t o 2 0 20 to 30. 30 to40.'40 to 50 !50 to 60. 60 to 70 

! 
70 to 80 !80to90 A v e r 

age. 

F i r s t . . . . 3 23 i o 4 ; i 34.3 
Second | 69 15 1 1 1 . . . . . | — . . . . 17.7 

1 T o t a l 72 38 10 11 i 5 I 1 ' 1 1 

8 The average diameters were calculated from the exact measurements and not from the 
figures in this table 

In Table X X i ; is shown the distribution of the diameter classes 
in the two stories. I t wi l l be seen that 69 out of 72 trees between 
10 and 20 centimeters in diameter were in the second story. 
The larger size of the first-story trees is very evident from the 
figures in the table. The average diameter of the first-story 
trees was 34.3 centimeters; and of the jsecond, 17.7 centimeters. 

Table X X I I gives the clear length of all first-story trees in 
the first story; that is, those between 14 and 22 meters in height. 
There were 49 of these, and they were distributed in 16 genera 
and 18 species. Only 2 individuals had clear lengths greater 
than 14 meters, while 4 had clear lengths of less than 4 meters. 
This shows very clearly that most of the first-story trees pos­
sessed branches that were within the region regarded as belong­
ing to the second story, and that there was consequently a 
considerable overlapping of stories. This overlapping was, how­
ever, not so great as is indicated in the table, as the lowest 
foliage of the tree is frequently much higher than the origin 
of the first branches. 
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TABLE X X I I . — C l e a r length of first-story trees U to 22 meters in height 

on 0.25 hectare in midmountain forest (Qiierciis-Neolitsea association), 
on Mount Maquiling; altitude, 700 meters. 

! 
No. Species 

1 

Btschojia javantca (tuai) 
Canartum sp. (isarifejuac) 
Cratoxylon celebicum (guyong-j?u-

yonj?)-. 
Croton leiophyllus 
Elaeocarpus ralomala .. - .. 
Eugenia Bp. (malabayabas) . 
Ficus garcxae 
Ftcus paucinerma (tangisanj? bia-

uac) -. 
Ficus vanegata (tarn?]sang bia-

uac) 
Grewia stylocarpa (susumbic). .. 
Neonauclea calycxna (uisac) . - -
Palaquivmphthppenae (palac pa-

lac) 
Manchoma spectabihs (lamoj?) . 
Pometia pmnata 
Quercus solertana (cataban) 
Saurauta whitfordn _ 
Terminal MI pellucida (tabsay-

i?ubat) . . „ -
Wemmannia luzomevtiH 

Total 

In order to determine the character of the ground covering, a 
plot 10 meters square was selected within the limits of the plot 
of 2,500 square meters, and all terrestrial plants on it measured. 
The ground covering on this plot was approximately average for 
the forest. The results are given in Table X X I I I . The total 
number of terrestrial plants on the 100 square meters was 1,630, 
of which 1,565 were less than 1 meter high; 18 were between 
1 and 2 meters high; 37 were between 2 and 12 meters high; and 
10 were between 12 and 22 meters high. There were present 23 
species of trees represented by 122 individuals, of which 94 were 
less than 1 metier high, and 28 were more than 1 meter high. 
This would indicate a high mortality among the small individ­
uals. Four of the 23 species are not found in Table X V I I , 
where all individuals more than 1 meter in height on the plot 
of 2,500 square meters are enumerated. This would seem to 
show that, if a plot larger than 2,500 square meters had been 

[Figures represent numbers of individuals.] 

Clear length in meters 

1 
2 
3 

4 
6 
6 
7 
8 

9 

10 
11 
12 

13 
14 
15 
16 
17 

18 
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used, the number of tree species found on it would have been 
greatly increased. No shrubs were found on the area. 
T A B L E XXIII .—Composi t ion of plot 10 meters square in midmountain forest 

formation on Mount Maqwiling; altitude, 700 meters. 
[ F i g u r e s represent n u m b e r s of i n d i v i d u a l s ] 

Species 

TREES 
Aglaxa sp _. . 

Arenga pmnata 

A stroma rol/et 

Cratoxylon celebicum 

Cyathea candata 

Elaeoearpus calomala 

Eugenia sp . 
Eugenia arcuatxnervia . . . . 
Eugenia luzonennis _ 

Eugenia nxananqutl . _ 
Fxcus nb(H . 
Litttea sp . ._ .. 
MemecyUm pamculafum 

Neonauelea calycina . . . . . . 

, Neohtsea villoma .. .. 
Oreoenide trincrvin 

Pxnanga harncni . .. 

Sauraaia luzometifnit 

SympliicoN aha mi.. _ 
Tetmmalia sp 
Turpi nut pamxttta 

lltophyllum banahaemte 

Weinman in a luzonioiiiH 

T o t a l 

24 Alpinxa bievtlabrw . _. 10 1 11 

25 Calanthe tnplii ata _ ._ ._ . _ . . - - 1 1 

26 Chloianthu* officinalis _ ___ .... . . I 46 - 46 

27 Donas (annaefoi mi* . . . . . . . . ' 3 8 

28 Elatotttema vtndescem . . . _ 1 699 699 

29 Elatontema carinm -_ . _! 463 .. 463 

30 Selagintlla pennula . _ . . .. _ \ 2 2 

31 Strobilanthes plunfortius. . . . .. 99 5 11 116 

T o t a l 1,325 5 15 1,345 

VINES 
: _ z _ . - "~ " -"— 

32 Calam »<« and Daxmonorop* ( r a t t ans ) . .. 103 8 6 117 

33 Fieyetnetia robmsonti _. 5 - 5 

34 hteyemetia wxlhanxtix . . _ 12 , 12 

35 Lygodium rxicxtinatum - 2 2 
36 Jiouiea volubilxa _ . 1 1 
37 Sehxzontachyum d I f f u s u m . _ _ . 23 3 26 

T o t a l 146 11 6 163 

_ __== -== -.-= = . = = 
T o t a l o f a l l species . . 1,565 18 37 10 1,630 

No 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 
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Herbs were represented by 8 species and 1,345 individuals, 

or 83 per cent of the total. Of these, 1,325 were less than 1 
meter in height, and only 20 were more than 1 meter high. By 
far the most numerous species were Elatostema viridescens, with 
699 individuals, and E. carinoi, wi th 463 individuals. The next 
most prominent species was Strobilanthes pluriforrnis, wi th 99 
individuals. A l l three of these species have shallow root 
systems and occur only in moist situations. 

Of vines there were 6 species and 163 individuals. As in the 
dipterocarp forest, the most prominent species were Calamus 
and Daemonorops (rattans), these being represented by 117 
individuals, 103 of which were less than 1 meter in height. The 
next most prominent species was a climbing bamboo, Schizo-
stacki/urn diffusvm, wi th 26 individuals. 

On the plot of 100 square meters in the dipterocarp forest 
there was a total of 492 individuals, whereas on the same-sized 
plot in the midmountain forest there were 1,630 individuals, 
or 3.3 times as many as in the dipterocarp forest. On the 100 
square meter plot in the dipterocarp forest there were 427 indi­
viduals less than 1 meter in height, or an average of 4.3 plants 
to the square meter. On the same-sized plot in the midmountain 
forest there were 1,565 plants of similar height, or an average of 
15.6 to the square meter. The difference in the density of the 
ground covering in the two cases is very apparent upon a com­
parison of the two areas. The difference in the number of herbs 
is particularly striking, as there were only 66 on the plot in the 
dipterocarp forest and 1,345 on that in the midmountain forest. 
They were not only more numerous in the midmountain forest, 
but also more mesophytic in appearance. This difference is very 
evidently connected with the moister condition prevailing in the 
latter formation. 

159549 7 



MOSSY FOREST 

The top of Mount Maquiling is in the cloud belt, and for a very 
large portion of the time it is bathed in clouds. Consequently 
the relative humidity is high and evaporation low. This condi­
tion is responsible for many features observed in the forest at 
the summit of the mountain. This forest is, in many ways, 
more interesting than any of those at lower elevations. It has 
been designated the mossy forest because the branches and 
trunks of the trees are largely covered wi th mosses and moss­
like plants. Plate X X V I I I shows a typical view near the summit 
of the mountain; the epiphytic covering is very evident. 

The mossy forest on Mount Maquiling may be called a Cyathea-
Astronia association, as Cyathea and Astronia are the two most 
prominent genera. An exterior view of this forest is shown in 
Plate X X , fig. 2. It is composed of a single story of low trees. 
Slightly below the summit the average height of the canopy is 
about 10 meters, while at the summit it is not more than 6 or 
8 meters. The trees have a great tendency to send out 
aerial roots, a feature which is apparently common to all tree 
species growing in this situation. This tendency is probably 
connected with the very moist condition of the atmosphere, and 
causes the trees to assume very fantastic shapes. A rather ex­
treme case of aerial roots is shown in Plate X X I I . These roots 
frequently develop until they have the appearance of secondary 
trunks, and in many cases it is impossible to identify the original 
trunk. Much of the ground is very steep, and in such places 
trees frequently incline downhill, or even fall to the ground. In 
either case they usually send out additional roots from the trunks 
and also fiom large branches. Such a condition naturally adds 
to the peculiar appearance of the trees. 

The covering of mosslike plants on the trees is usually several 
centimeters in thickness and may be about 30 centimeters 
thick. On the smaller branches mosses are the most con­
spicuous elements in this covering. Here the covering is usually 
not complete, but occurs rather in isolated bunches which are, 
however, frequently close to each other. Growing in with the 
moss are a few species of small xerophytic-appearing orchids, 
ferns, and some phanerogams. Plate X X I I I shows a clump of 
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moss growing on a branch of a tree. The lower end of the cut 
branch is seen in the lower left-hand corner of the picture. The 
branch here is 3 centimeters in diameter. The greatest diameter 
of the moss on this branch was 27 centimeters. To the right 
in the picture the grasslike orchid Dendrochilum glumaceum is 
seen growing from the moss. At the upper left is a specimen 
of Rhododendron qttadrasianum growing from the moss, while 
in the center are two species of ferns. Rhododendron qmadra-
sianum reaches a height of 2 meters or more and is probably the 
largest epiphyte in the upper portion of the mossy forest. Plate 
X X I V shows the connection of a large specimen of Rhododendron 
with the plant on which it is growing. For convenience in 
photographing, the branch on which the Rhododendron was 
found was cut and placed upright on the earth, and the mosses 
around the roots of the Rhododendron were removed. This 
branch and the roots of the Rhododendron show clearly in the 
center of the lower part of the picture, while all of the conspicu­
ous small leaves occupying the upper center belong to this plant 
of Rhododendron. Note the mosses growing on the Rhododen­
dron. These were naturally somewhat disturbed in removing the 
plant from its original position. 

On the trunks the epiphytes have a much more hydrophilous 
appearance. Mosses are less conspicuous, their places being 
taken largely by small filmy ferns and liverworts, while a small 
species of Selaginella, S. maquilienxiH, is very abundant. Grow­
ing in with these are larger filmy ferns, species of Polypodiaceae, 
and phanerogamic epiphytes. In shallow ravines medium-sized 
species of Hymenophyllaceae are very abundant on the trunks 
and the lower branches of the trees. 

Shreve * has shown that in the forest at high altitudes on the 
Blue Mountains of Jamaica the epiphytes in the tops of the trees 
are more xerophytic than those lower down. This same con­
dition in the Blue Mountains and on Mount Maquiling is due, in 
both cases, to the fact that conditions are moister at lower eleva­
tions in the forest than in the tops of the trees. Plate X X V 
shows a tree trunk covered largely with a growth of Selaginella 
and the filmy fern Trichomanes proliferum, Plate X X V I shows 
a covering of mosses and liverworts in which is growing the 
conspicuous filmy fern Trichomanes apiifolium. Plate X X V I I 
shows a growth consisting largely of liverworts and mosses on 
the small aerial roots of a tree. On the lower branches and on 

* Shreve, F., A Montane Rain-forest, Pub Caruegu hint. Wanhinf/ton 
<1914), No 199, 1-110. 
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the aerial roots liverworts and mosses frequently form festoons. 
In Plates X X V I I I and X X I X is shown a typical covering of 
liverworts and mosses on the lower portions of trees and on the 
aerial roots. Bird's-nest ferns occur in the lower part of the 
mossy forest, but they are smaller than at lower altitudes. 

The epiphytic vine Nepenthes alata is more abundant than in 
the upper part of the midmountain forest. It occurs in suffi­
cient numbers to be found easily, but does not form a conspicuous 
part of the vegetation. This plant is shown in Plate X X X , fig. 1. 
Strangling figs are found scattered in the lower part of the 
mossy forest, but are not a prominent element. 

Very frequently terrestrial plants are prominent as epiphytes. 
A very conspicuous case is seen in Plate X X X L This represents 
a branch of a tree which is so completely covered by a growth 
of mosslike plants as to conceal the branch. In the lower left-
hand corner of the picture the mossy covering is very evident. 
Growing in this, and occupying most of the picture, is a growth 
of Medinilla myrtiforinia and M. venosa. These two species of 
Medinilla are sometimes independent terrestrial shrubs, but are 
more usually woody vines. Growing among the two species of 
Medinilla shown in the picture, but hidden by them, are two 
seedlings of different tree species, two species of Polypodiaceae, 
several large filmy ferns, and Utricularia rosulata. 

The tree fern Cyathea is very common and conspicuous, it 
being the most numerous tree species in the mossy forest. It 
grows luxuriantly among the other trees, but its crown is not 
usually fully exposed to the action of sun and wind. Plate I 
(frontispiece), shows a group of tree ferns (Cyathea) found 
in a ravine a little below the top of the mountain. 

Vines, both epiphytic and terrestrial, are fairly prominent, 
although represented by comparatively few species. Perhaps 
the most conspicuous are species of Freycinetra, particularly 
Freycinetia williamsii. The habit of this plant is shown very 
clearly in Plate X X X , fig. 2. A typical view in a region slightly 
below the top of the mountain is given in Plate X X X I I . It wi l l 
be seen that Freycinetia is conspicuous in giving character to 
the appearance of the vegetation. Another very prominent vine 
is the coarse climbing fern Oleandra eolubrina. Species of Medi­
nilla are also numerous. Medinilla multiflom, with its large 
clusters of pink flowers, is very conspicuous during its blooming 
season. Among the other prominent vines are Trichosporum 
philippincme, Alyxia monilifera, Dichrotrichum chorisepalum, 
and Hoya odorata. Climbing palms (rattans) grow in the mossy 
forest, but are not nearly so prominent as at lower elevations. 
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The ground covering varies in different s i tuat ions; but, except 

in very dark places, it usually consists of a f a i r l y dense herba­
ceous g rowth . When a tree sends out a considerable number of 
large aerial roots and has i ts crown overgrown w i t h vines and 
epiphytes, the ground below is very densely shaded and is usually 
absolutely bare. As in the midmountain forest, the most con­
spicuous large herb is Strobitonthes pluriformis. The smaller 
herbs wh ich cover the ground consist largely of Polypodiaceae, 
Hymenophyllaceae, species of Seloginella and of Elatostema, and 
Argostemma wallichii. In shallow ravines medium-sized species 
of Hymenophyllaceae frequently fo rm a dense carpet over the 
ground. The most prominent species of filmy ferns are Tricho-
manes apiifolium, T. pluma, Hymenophyllum jarcnucum, and 
the mosslike Tricliomanes prolifenim. A rather typical ground 
covering of herbs is shown in Plate X X X I I I . Here the most 
prominent element is Selaginella. 

The vegetation in the ravines and on the slopes shows some 
s t r i k i n g differences. In general the trees are taller and the for­
est much more open in ravines than on ridges, so that in descend­
i n g through a mossy forest, where there are no trai ls , it is 
usually convenient to fol low the ravines. Near the top of the 
mountain the ravines are shallow, but the condition in them is 
even more hygrophyt ic than on the ridges. This is accompanied 
by a greater development of medium-sized filmy ferns on the 
ground and on the lower pa r t of the trees. 

The above description applies par t icular ly to the vegetation 
around the top of the mountain. At lower elevations the vegeta­
t ion grades into that of the midmountain forest, in the lower 
por t ion of the mossy forest ravines are more developed, and 
there is an accompanying greater difference in the density of 
the vegetation in them and on ridges. Plate X X X V shows the 
density of vegetation in a f a i r l y level area near the lower l imi t s 
of the mossy forest. The vegetation in a shallow ravine at a 
s l ight ly higher elevation is shown in Plate X X X I V . The vegeta­
t ion on the slope at the side of this ravine is shown in Plate 
X X X V I . The more open character of the vegetation in the 
ravine is very evident. 

Showy flowers are conspicuous in the mossy forest. This is 
in pa r t due to the fact tha t the forest is low, and the flowers 
are not so completely hidden by the foliage as at lower elevations. 
O w i n g to the un i fo rmi ty of conditions the blooming season of 
most species is moreover very long, lasting in many cases for 
several months. A m o n g the most s t r i k ing flowers are those of 
Melastoma polyanthum, Medinilla multiflora, and Dichrotnchum 
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chorisepalum. Melastoma is a very common tree, and has large 
pale purple flowers, which are produced in great abundance (see 
Plate X X X V I I , fig. 1). The flowers of Medinilla are bright 
pink, produced in large clusters, and so are very striking. The 
red clusters of Dichrotrichum, an epiphytic vine, are very hand­
some. Al l of these species have a long blooming season. 
Clethra kincifolia, one of the commonest species in the forest, 
has a shorter blooming season. During this season the trees 
are covered with white flowers that remind one of the species 
of this genus that are found in the United States. Climbing 
begonias are fairly abundant and produce very striking displays. 
Plate X X X V I I , fig. 2, shows a branch covered with Begonia 
aequata. Mixed with the Begonia are leaves of the epiphytic 
fern Elaphoglossum. Dendrochilum venmtulimi, a common 
epiphytic orchid, produces racemes of small, delicate, yellow flow­
ers. The blooming season of these is short and, as all of the 
individuals flower at the same time, they make a very showy 
display. The ground is frequently spotted with the pretty star-
shaped white flowers of Argostemma wallichii. Besides the 
above there are many other plants which produce flowers suffi­
cient in beauty and numbers to add greatly to the attractiveness 
of the forest. 

Owing to the peculiar shapes of the trees, the abundance of 
tree ferns and epiphytes, and the showy flowers, the mossy forest 
is very picturesque. 

The mossy forest on Mount Maquiling may be regarded as 
typical of mossy forests in the Philippines, although the char­
acter of these forests varies greatly in different places. In 
some the mosslike covering is composed very largely of true 
mosses; in others, of liverworts; and in still others, of mosslike 
filmy ferns. The height and specific composition of the trees 
also varies greatly. In many places the irregular growth of the 
trees is not so conspicuous as on Mount Maquiling. 

Mossy forests are usually found at or near the top of a moun­
tain. In some cases they occur at high altitudes, but toward 
the summit give way to a forest that is much less mossy. On 
the north slopes of Mount Banahao, on the trail leading from 
Mahayhay to the summit, there is a conspicuous mossy forest 
at an elevation of about 1,800 meters; while near the summit, 
at an elevation of about 2,100 meters, there is a forest in which 
mosses and mosslike plants are not particularly prominent. 
Near the summit the forest is a two-story one, the first story 
being composed of Podocarpus imbricatxts, and the second, of 
dicotyledonous trees. Two views in this forest are shown in 
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Plate X X X I X . Mossy forests appear to be confined to the 
cloud belt, where the atmosphere is saturated with moisture, 
or nearly so, during all parts of the year. 

From the above discussion i t wi l l be seen that mossy forests 
do not constitute a single homogeneous type. With our present 
knowledge, however, anything approaching an exact classifica­
tion of them is impossible. 

In the Philippines it is only in mountain regions that we find 
a luxuriant development of epiphytes, and particularly of the 
mossy forms characteristic of a mossy forest. How far this 
condition is true of tropical regions in general is very hard to 
determine from the available literature. In the first place, it is 
extremely difficult to estimate the amount of epiphytic vegeta­
tion from descriptions, as the terms used are more or less 
general, and the manner of their use depends to some extent 
on the past experience of the writer describing the forest. Thus, 
one coming from a temperate country where there are no epi­
phytes, and visiting a forest of the midmountain type on Mount 
Maquiling, would be apt to use some such expression as "the 
trees were covered with epiphytes" or "were heavily laden with 
epiphytes," and some writers might even use such expressions 
in describing a dipterocarp forest, on account of its aerial gar­
dens. Moreover, many writers on tropical vegetation have failed 
to distinguish between lowland and mountain forests. Thus 
Warming,* in discussing tropical rain forests, says: "The trees 
forming the highest story have tall thick trunks which are un-
branched up to a height of 40 to 50 meters or more." In the 
same paragraph and without indicating a difference in the size 
of the trees he adds: "Trees of the forest situate in the cloud-
belt in Java and the Moluccas are enveloped in a soaking mossy 
felt, which may be thicker than the trunks themselves and 
imparts to them a peculiar, dark appearance." 

In the Philippines the vegetation in the cloud belt is dwarfed, 
and this is certainly true of the Gedeh in Java. In May, 1917, 
the writer examined the vegetation of the twin peaks Pan-
gaerango and Gedeh. These form the summits of a large moun­
tain mass on the lower slopes of which is situated the mountain 
station of Tjibodas. As this region is easily accessible from 
Buitenzorg, the forests of the mountain are frequently referred 
to in descriptions of Javan forests. The general character of 
the vegetation is very similar to that found in the Philippines. 

* Warming, Eug., Oecology of Plants. Translated into English by Percv 
Groom and Isaac Bayley Balfour, Clarendon Press, Oxford (1909) 
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The forest decreases in height rapidly as higher elevations are 
reached, until near the summits of the peaks the vegetation is, 
if anything, more dwarfed than that of Mount Maquiling; and 
it is only to the dwarfed mossy forest at higher altitudes that 
the second sentence of the quotation from Warming could apply. 

The forest at elevations of from 1,300 to 1,500 meters is com­
paratively high. Doctor Koorders has examined this forest for 
tall trees. He measured a specimen of Altingia excelsa, which 
was 49 meters high. This tree was, however, much taller than 
the average height of the tallest story. In this region the forest 
contains a greater development of epiphytes than is usual in 
forests of similar heights in the Philippines, the epiphytic vegeta­
tion being similar in amount to that found in the midmountain 
forest on Mount Maquiling, and therefore much less than that 
of the mossy forest. 

Shreve * gives a very interesting discussion of the forests 
occurring above 1,370 meters on the Blue Mountains of Jamaica. 
The general character of the forest would appear to be inter­
mediate between the midmountain and mossy types on Mount 
Maquiling. On the windward slopes the character of the epiphy­
tic vegetation approaches that of the mossy type, and on the 
leeward, that of the midmountain forest. This idea, derived 
from Shreve's data, is in harmony with the recollections of the 
writer, who visited the Blue Mountains of Jamaica in 1910. 

Miss Gibbs f has described types of mossy forest from Mount 
Kinabalu, in British North Borneo, and the high mountains of 
Dutch New Guinea. 

As mossy forests occur at high altitudes in widely separated 
regions, it seems not unlikely that they are characteristic of the 
cloud belt of tropical mountains in general. As wi l l be shown 
later, a heavy and evenly distributed rainfall does not neces­
sarily result in a thick mossy covering, unless the region is one 
of frequent fogs or in which the atmosphere is nearly satur­
ated with moisture throughout the year. 

DESCRIPTION OF PLOTS 

As the trees in the mossy forest are low and the composition 
of the stand much less complex than in the forests at lower 

* Shreve, F., A Montane Rain-forest, Pub. Carnegie hint. Washington 
(1914), No. 199. 

Gibbs, L. S., A contribution to the flora and plant formations of Mount 
Kinabalu and the highlands of B r i t . N. Borneo, Journ. Linn. Soc. Bot. 
(1914), 42, 8. Idem, A Contribution to the Phytogeography and Flora of 
the A r f a k Mountains, etc. Dutch N. W. New Guinea. Taylor and Francis, 
Red Lion Court, Fleet Street, London, July , 1917. 
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elevations, a different method of determining the composition 
was adopted in the mossy forest. Instead of cutting the trees 
the heights were measured by a tape fastened to a pole. Owing 
to the small size of the trees and the less complex composition, 
smaller plots were considered sufficient. For convenience meas­
urements were taken on ten separate plots, each 5 meters wide 
by 10 meters long, so that the total of all plots was 0.05 hectare, 
or one-fifth of the size of the plots used in the midmountain 
and dipterocarp forests. The plots were situated just below 
the summit of the east peak of Mount Maquiling. The heights 
of all individuals more than 1 meter in height on the 0.05 hectare 
in the mossy forest are given by species in Table X X I V . It 

TABLE XXIV.—Heigh t of all erect, woody plants more than 1 meter in 
height on 0.0.") hectare in mossy forest at the top of Mount Mnqniling; 
altitude, i,020 meters. 

wil l be seen that in all there were 17 species. In order to com­
pare the number of species occurring on an equal area in the 
mossy, midmountain, and dipterocarp forests, it was necessary 
to examine a larger area in the mossy forest than that from 
which the data in Table X X I V were gathered. Such an exam­
ination of a much more extensive area than that covered by 
the plots in the lower formations showed only 4 species not 
mentioned in Table X X I V . These were Eurga acuminata, Glo-
chidion williannsii, Ficus valid icaudata, and Eugenia robertn. It 
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may, therefore, be assumed that a plot of 0.25 hectare in the 
mossy forest would not show more than 21 different species of 
trees, while in the midmountain forest on a plot of similar size 
there were 71 species represented by individuals more than 1 
meter in height, and in the dipterocarp forest there were 92 spe­
cies of erect woody plants represented by individuals more than 2 
meters in height. Any one or more of several possible causes may 
have been instrumental in producing a forest of but few species 
on the top of Mount Maquiling. A reduction in the number of 
stories from three in the dipterocarp to two in the midmountain 
and one in the mossy forest might be expected to be accompanied 
by a decrease in the number of species. However, the number 
of species in the mossy forest is much less than in either the 
first or the second story in the midmountain forest; as on the 
plot of 0.25 hectare in the latter forest there were 35 first-story 
and 36 second-story species represented by individuals more than 
1 meter in height. The unfavorable conditions in the mossy 
forest, which have resulted in a dwarf vegetation might, how­
ever, be expected to be accompanied by a smaller number of 
species than would be found in more favorable habitats. 

Another point to be noted is that the dipterocarp forest on 
the lower slopes of Mount Maquiling was probably continuous 
with a wide area of similar forest stretching over the plain. 
This condition would seem to be very favorable for the dispersal 
of species, whereas the mossy forest covers only a very limited 
area and is widely separated from similar types of forest. Of 
the twenty-one tree species in the mossy forest eight appear as 
understory trees in the dipterocarp forest, but some of them are 
found only in the upper portion of the forest. These eight 
species are Cyathea caudata, Elaeocarpus argenteus, Eugenia 
robertii, Modulus philippincnxin, Glochidion ivilliamsii, Neolitsea 
villoma, Si/mplocos flondissima, and 5. merrilliana. With the 
exception of Cj/athea caudata, which is found only in the upper 
limits of the dipterocarp forest, none of the species found in 
both forests is among the more prominent ones in the mossy 
forest. When we consider the number of species found in the 
dipterocarp forest and that only eight of them were seen in a 
large area in the mossy forest, i t wi l l be apparent that condi­
tions in the mossy forest are very unfavorable for species grow­
ing in the dipterocarp forest. This, together wi th the fact that 
the mossy forest on Mount Maquiling is widely separated from 
other similar forests, may account in part for the scarcity of 
species in the mossy forest. The mossy forest on Mount Maqui­
ling is like other mossy forests in the Islands in being composed 
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of a small number of species. Similar reasons are probably 
responsible for this condition in all cases. If the plots studied 
in the mossy forest had been near the lower limits of this for­
mation, the number of species present would have been greater, 
and more species common to both the dipterocarp and the mossy 
forests would have been noted. 

Although the number of species in the mossy forest is small, 
the number of individuals is greater per unit of area than in 
either the midmountain or the dipterocarp forest. On the 0.05 
hectare in the mossy forest there were 157 individuals more 
than 1 meter in height. Assuming that the number would be 
proportional on a larger area, there would have been 785 on 0.25 
hectare as against 577 in the midmountain forest; and of erect 
woody plants more than 2 meters in height, 610 as against 539 
in the midmountain forest and 353 in the dipterocarp forest. 
The increase in the number of individuals over that found in 
the midmountain forest, as is the increase in the number in the 
midmountain over that in the dipterocarp forest, is probably 
connected with the absence of a high story which shuts out a 
considerable amount of light from the smaller trees. 

In Table X X I V the heights of individuals are classified ac­
cording to height classes of 2 meters. Those more than 4 meters 
in height may be regarded as being in the main canopy. There 
were 81 of these. On a plot of 0.25 hectare we would, there­
fore, expect to find about 405 individuals, whereas in the mid-
.mountain forest there were 52 individuals in the first story, and 
in the dipterocarp, 16. The increase in the number of dominant 
trees as higher elevations are reached is evidently connected 
with their smaller size. Table X X I V shows that of the 157 trees 
on the area there were only 3 more than 12 meters in height. 
The most numerous species were Cuathea at whit a, with 44 in­
dividuals; Axtmnia lac/vverisix, with 25; and Clef lira, with 24. 
Although in this table Clvthra appears to be about as abundant 
as Astrcmia, at a slightly lower elevation in the mossy forest 
there are other species of Astronia, and here Astronm is much 
more prominent than Clethra. For this reason the forest has 
been designated as the Cyathea-Axtronia association. No meas­
urements of diameters of trees were taken as, owing to the 
very irregular branching and the formation of aerial roots, this 
was impracticable with the largest specimens. 

In Table X X V the individual species are arranged according 
to the plots on which they occurred. I t wil l be seen that Cuathea 
and Astronia are the only ones occurring in all of them. How­
ever, all of the individuals of the different species are fairly 
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well distributed in different plots, which would indicate that 
the species distribution is rather uniform. 
T A B L E XXV.—Dis t r ibu t ion in.plots of 50 square meters of all erect woody 

plants on 0.05 hectare in mossy forest at the top of Mount Maquilinp; 
altitude, 1,020 meters. 

[Figures represent numbers of individuals.] 

N o . Species, 

TABLE XXVI .—Heigh t of all erect woody plants in JO plots of 50 square 
meters in mossy forest at the top of Mount Maqiulincj, altitude, about 
1,020 meters. 

[ F i g u r e s represent numbers of i nd iv idua l s ] 

H e i g h t i n meters 

Plot N o To ta l 

1 to 2 2 to 4 4 to 6 6 to 8 8 to 10 1(1 to 12 12 to 14 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

]6 

17 

Antronia lagunenm* 

Clethra lancifolia 

Cyathea eaudata 

Klaeor arp UH a rye n-

teus. ,. 

Kugenia ap 

Evodia nemeeai pijolia 

Ficus banahaesis 

Fieuxwarburan . „ 

Homa1anthun alpmus. 

Ilex toxwnrthyt 

Jtea maemefoha 

Machilun phthppinen-

Mela stoma poly a v -

thum 

Nvohtnea mliosa _ . 

Hapanea phihppinen-

nin , 

Symploion Jlot tdiasi-

ma. _ , _. 

Symplacifx me miliaria 

T o t a l 
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In Table X X V I the individuals in the different plots are dis­

tributed according to height. The number on a plot varied from 
6 to 27. • I t wi l l be seen that in general the plots with a small 
number of individuals contained more large specimens than 
those wi th a large number of individuals. This is due to the 
fact that the large trees cast such a heavy shade that those under 
them are at a great disadvantage. 

OPENINGS IN THE MOSSY FOREST 

Openings in the mossy forest caused by the falling of trees 
are quickly invaded by a rapidly growing tree (Ho nulla nthua 
alpinw), a raspberry (Rubtut fraxinifolinx), and a coarse fern 
(Histopteris incisa). These soon fill the area completely, but 
apparently are gradually driven out by the trees of the mature 
mossy forest. 



COMPARISON OF VEGETATION AT DIFFERENT 
ALTITUDES 

In order to compare the vegetation in the dipterocarp, mid-
mountain, and mossy forests the figures for erect woody plants, 
more than 2 meters in height, given in the tables describing 
the plots in these different formations are summarized in Table 
X X V I I ; and those for plants less than 1 meter in height, in 
Table X X V I I I . From Table X X V I I i t w i l l be seen that the 
tallest tree on the plot in the dipterocarp forest was 35.95 meters 
in height; the tallest on the midmountain plot, 21.8 meters; and 
the tallest on the mossy forest plot, 12.9 meters. The average 
height of the first story in the dipterocarp forest was 27.2 

T A B L E XXVII .—Comparison of erect woody plants mow than 2 meters in 
height on 0.25 hectare m dipterocarp, midmountain, and mossy forests 
on Mount Maqmling. 
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Number of stones of trees... . . . . 
Height of tallest tiee meters 
Average height of hrst-stor> ttees . do 
Average height of second-stotv trees do 
Average height of third-story trees _ do , 
(Jreatest diameter of trees in first storv . ( rntimeters 
Average diameter of trees in first storv . do 
Average diameter of trees more than 10 an in diameta in 

second storj, . amtimetets.. 
Average diameter of tret's more than 10 cm in diarnetei in 

third story . .. centimeteis 
Total volume . cubic meters 
Volume of first story do 
Volume of second story . . . do 
Volume of third story . . . . . . . . . do . . . 
Total species of erect woody plants more than 2 meters in height 
Species o f f i r s t - s t o ry trees . . . . . . . . . 
Species of second-story trees . . . . _ . . . . . . . . . . 
Species of third-story trees 
Total individuals of woody plants more than 2 meters in height 
Trees in first story . . _. . . 
Trees in second story . 
Erect woody plants in third story 
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TABLE XXVIIL—Comparison of plants less than 1 meter in height on 
plots of 100 square meters in dipterocarp and midmountain forests 
on Mount Maquiling. 

[Figures represent numbers of individuals ] 

! Diptero­
carp for-

' est 

Mtd-
tnoun-

ta»n 
forest 

Species _ 
Individuals 
Tree seedlings 

Species... -- -. - . . _ 
Individuals ._ . _ 

Shrubs 
Species „ 
Individuals .. 

Herbs 
Species. .. ._ _ . 
Individuals 

Vines 
Species . . . 
Individuals _ 

meters; in the midmountain, 17 meters; and in the mossy, 5.9 
meters. The second story in the dipterocarp forest had an 
average height of 16.4 meters, and in the midmountain forest, 
4.2 meters. The greatest diameter of any tree on the plot in 
the dipterocarp forest was 96 centimeters, and in the midmoun­
tain forest, 85 centimeters. The average diameter of all first-
story trees in the dipterocarp forest was 52.9 centimeters, and 
the average of all first-story trees in the midmountain forest 
was 34.3 centimeters. The total volume of all trees on the plot 
in the dipterocarp forest was 76.35 cubic meters, and in the 
midmountain forest, 41.13 cubic meters. The volume of first-
story trees in the dipterocarp forest was 48.95 cubic mete) s, and 
in the midmountain forest, 33.28; of the second-story trees in 
the dipterocarp forest, 25.11 cubic meters, and in the mid-
mountain forest, 7.85 meters. The above figures show clearly 
that there is a very great reduction in the size of the trees and 
in the volume of timber as higher elevations arc reached. This 
condition is characteristic of mountains in the Philippines, but 
the degree of dwarfing varies very greatly at the same altitude 
on different mountains. Thus the mossy forest at the top of 
Mount Pauai, at an elevation of 2,450 meters, would appear on 
casual observation to be composed of larger trees than the mid-
mountain forest of Mount Maquiling. In the Philippines the 
moist lowlands are usually covered with a tall dipterocarp forest 
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which gives way at higher elevations to another type, and this 
in turn gives way to an elfin type, which is usually a mossy forest. 
The dwarfing of trees as high elevations are reached is, of course, 
characteristic of all high mountains, and the only striking thing 
about the dwarfing on Mount Maquiling is the comparatively 
low elevation at which it occurs. 

An examination of Table X X V I I I shows that the ground 
covering on the plot in the dipterocarp forest was composed 
very largely of seedlings of trees and vines, and in the mid-
mountain forest, of herbs. The ground covering in the mossy 
forest is also composed largely of herbs. This increase in the 
number of herbs in the ground covering at higher elevations 
is also characteristic of mountains in the Philippines. However, 
in lowland forests, where the environment is moister than in 
the dipterocarp forest on Mount Maquiling, herbs are more 
prominent. 

In the dipterocarp forest the epiphytic species are mostly 
phanerogams and large ferns, and these are confined chiefly to 
the largest branches of the tallest trees, where they form aerial 
gardens. In the midmountain forest the epiphytes consist of 
phanerogams and large ferns and also small ferns, liverworts, 
and mosses. Epiphytes are most prominent on the upper 
branches of the tall trees; they also occur to a considerable extent 
on the trunks, but do not form a thick covering on the latter. 
On the branches of the trees the phanerogams and the larger 
ferns are the most prominent elements, while mosses and liver­
worts are more prominent on the trunks. 

In the mossy forest liverworts, small ferns, mosses, and a 
small species of Selaginella are the most conspicuous elements 
among the epiphytes. Phanerogams and medium-sized ferns 
are, however, also prominent. In this forest the trunks are 
thickly covered with epiphytes, and epiphytes are also very 
prominent on the branches of the trees. This increase in epi­
phytes at higher elevations is also characteristic of mountains 
in the Philippines; but, like the size of the trees, the develop­
ment of epiphytes varies greatly at the same altitude on different 
mountains. Where there is no pronounced dry season, epiphytes 
are more prominent in the lowland forests than in the diptero­
carp forest of Mount Maquiling. On the north side of Mount 
Banahao, which has an elevation of about 2,100 meters, epiphytes 
are not nearly so prominent as in the mossy forest of Mount 
Maquiling except in a limited area at an elevation of about 1,800 
meters. 

As a basis for a comparison of the formations on Mount Ma-
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quiling wi th those on moist tropical mountains in general, we 
may quote the following discussion by Schimper:* 

The basal region of tropical mountains generally has a greater 
ra in fa l l than have the neighbouring lowlands, and is accordingly covered 
by formations that , in the latter, occupy moist stations, especially places 
i r r igated by the rivers. Rain-forest is here very widespread and 
frequently of exceeding luxuriance. 

The montane region in its lower belts has, at the equator, a s t i l l 
t ropical although not equatorial character, but near the two tropics it has 
from* the f irst a temperate character. The difference between the equatorial 
ram-forest of the basal region on the one hand, and the tiopieal forest 
of the lower montane region on the other, is confined to the systematic 
composition In temperate montane formations, on the contrary, the 
lower temperature is reflected in purely oecological characteristics in the 
plant-life and impresses upon the formations the stamp of those of higher 
latitudes'. Hence in the montane region of moist tropical mountains, 
sometimes at a less, sometimes at a greater altitude above sea-level, the 
tropical ratn-forest is replaced by temperate rain-forest, like that w i th 
which we have become acquainted in the ra iny lowlands of South Japan, 
New Zealand, and South Chi l i . 

The trees in it are evergreen; they never have plank-buttresses, and they 
possess a more massive growth, a richer ramification, smaller and thicker 
leaves than trees m the tropical rain-forest Lianes are fewer in num­
ber and thinner in the stem; epiphytes are much smaller, usually her­
baceous, and are represented far more by cryptogams (mosses and ferns) 
than by phanerogams The extraordinar i ly luxuriant development of 
epiphytic mosses exceeds tha t of the temperate lowland rain-forest, and 
is to be at tr ibuted to the mists prevail ing in the montane region. The 
presence of many closely alhed types of plants in the ram fojest of the 
montane region of t ropical mountains, and of the lowlands of higher 
latitudes, adds a likeness in their flora to the likeness in their oeeology. 

The transi t ion f rom the montane to the alpine legion is chainclcnzed 
by a reduction in the size of the trees and in the amount of their 
foliage, which gradually acquires a pronounced verphilous st tuctuie. 
The stems become shorter and relatively thicker, the blanches longer, 
the entire growth becomes irregular, the characteristic form of elfin-tree 
is repealed. 

To the diminutive elfin-wood there succeeds a .• opinion beltof hhruh, 
then alpine grassland prevails, except on locks and gravels where low 
woody plants establish themselves. The grassland usually assumes the 
form of alpine strppe It consists of tufts of narrow leaved grasses, 
the spaces between which are sometimes bare, sometimes occupied by dwarf-
shrubs and perennial herbs, and the occurrence of dua i i - ne t invests 
it sometimes w i t h the stamp of a bmshwood-salannah. Higher up, on 
the highest summits, grassland is gradual! v leplaced by a I pith dr erf 
Here grass appears hardly anywhere except in moist oases; dwarf-shrubs 
and cushion-plants separated by wide gaps make up the scanty vegetation. 

The character of the vegetation on different mountains varies 

* Schimper, A. F , Plant-Geography upon a Physiological Basin 
Oxford (1903), 721. 
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so greatly that it is only in a general, broad way that it is 
possible to compare the formations on different mountains. 
The dipterocarp forest on Mount Maquiling is a type of Schim-
per's rain forest. 

The midmountain forest is a montane forest and would appear 
to be somewhat intermediate between Schimper's description of 
a tropical forest of the lower montane region and a temperate 
montane forest, although it has more of a tropical than a 
temperate aspect. The most prominent large tree in the mid-
mountain forest is Quercus soleriana, but this does not grow in 
sufficient numbers to give the forest a temperate-zone character. 
Vines are prominent elements in giving character to the ap­
pearance of the vegetation. By far the most prominent ones 
are species of Freycinetia and climbing palms (rattans). Erect 
palms also occur in this formation. Plank buttresses and cauli-
flory, while less prominent than in the dipterocarp forest, are 
found in the midmountain forest, as are also strangling figs. 
Phanerogamic epiphytes grow in considerable abundance. 

A comparison of the heights and diameters of the first-story 
trees in the dipterocarp and midmountain forests on Mount 
Maquiling shows that the relation of height to diameter is 
approximately the same in both cases. Thus the average height 
of the first-story trees in the dipterocarp forest is fifty-one times 
as great as the average diameter, and in the midmountain forest 
the average height of the first-story trees is fifty times as great 
as the average diameter. 

The ramification of the trees in the midmountain forest does 
not appear to be greater than in the dipterocarp forest. On 
the other hand, the midmountain forest has certain characteris­
tics that Schimper ascribes to a temperate montane forest. The 
leaves of the trees in the midmountain forest are, as wi l l be shown 
later, smaller than in the dipterocarp forest. Lianes are also 
probably fewer in number and certainly have thinner stems than 
in the dipterocarp forest. Epiphytes are likewise smaller, in 
general, and are represented more by cryptogams than by phan­
erogams. Thus, on account of its more open condition, the 
greater development of epiphytic mosses and liverworts, and the 
lesser development of palms, plank buttresses, and strangling 
figs, the midmountain forest, though distinctly tropical in char­
acter, resembles a temperate forest more closely than does the 
dipterocarp. 

Apparently the mossy forest resembles most closely Schimper's 
alpine region. The stems of the trees are shorter and relatively 
thicker than at lower elevations, while their growth is very 
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i r regu la r and the i r f o r m characterist ically tha t of elfin trees. 
This forest also has a t ropica l ra ther than a temperate aspect. 
Clethra lancifolia may be regarded as representative of a tem­
perate-zone flora; but, whi le this tree is abundant, i t does not 
g row in sufficient numbers to give dis t inct ive character to the 
forest. Vines are also very prominent in the mossy forest ; and 
the most conspicuous ones, such as Freycinetia, c l imbing ferns, 
species of Medinilla, c l imbing begonias, and members of the 
Gesneriaceae, are cer ta inly t ropical and not temperate forms. 
Phanerogamous epiphytes are prominent. Small individuals of 
c l imb ing palms, although not a conspicuous element in the vege­
ta t ion, are nevertheless numerous, while a small erect palm, 
Pinanga barnesii, occurs at the top of the mountain. Owing 
to the peculiar shapes of the trees and the great development 
of epiphytes and vines, the mossy forest is much less l ike an 
o rd inary temperate forest in appearance than is the dipterocarp 
forest. 

Whi le there is at no elevation on Mount Maqui l ing a forest 
w i t h a temperate-zone appearance, such forests do occur in the 
Phil ippines. On the h igh mountain mass of Central Luzon there 
is a very considerable development of forest, composed of pure 
stands of Pinux bisularia.* This forest is very open, and the 
ground is covered w i t h grass, while epiphytes and vines are 
conspicuously absent. I t , therefore, has a temperate-zone aspect. 
Plate X X X V I I I shows a view in th is forest. The pine forest 
appears to have developed as a result of the removal of the 
o r ig ina l forest ; and its continued existence apparently depends 
upon the action of fire, wh ich sweeps through the grass and 
destroys the seedlings of broad-leaved trees. The forest on the 
top of Mount Banahao has two stories, the first being composed 
of Podocavpux imbricatvs. Here again vines are conspicuously 
absent and epiphytes not prominent enough to give character 
to the appearance of the vegetation. This forest also has a 
temperate-zone aspect (see Plate X X X I X ) . 

* Whi t fo rd , H. N , The Forests of the Philippines, Hull V 1. Bur. For. 
(1911), No. 10. 

f Brown, W. H, The rate of growth of Podocarpus lmbncatus at the 
top of Mount Banahao, Luzon, Philippine Islands, Phil Journ Sri, Sec, 
C (1917), 12, 317-329 
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GENERAL DISCUSSION AND METHODS OF MEASUREMENT 

A study of the vegetation at different elevations on Mount 
Maquiling shows that one of the most conspicuous differences 
in the types of vegetation is the dwarfing of trees as high 
elevations are reached. It is quite evident that this dwarfing 
of trees may be caused by any one of several very different 
factors. The most obvious are periodical or continuous de­
struction of certain parts of the trees, a slow rate of growth, 
or quick maturing and early death. 

In considering the effect of environment on the size of vege­
tation it is important to know which of these three causes is 
responsible for small size. Examination of the vegetation at 
different elevations on Mount Maquiling shows that dwarfing is 
a gradual process and is not connected with a destruction of 
portions of the trees, except perhaps where they are in very 
exposed situations. In some very steep places erosion has a 
tendency to keep the trees small; but, as we have seen, dwarfing 
is in general independent of this factor. It remains, therefore, 
to determine whether the dwarfing is connected with slow growth 
or with a rapid maturing of the trees. 

In order to answer this question a number of measurements 
were made of the diameter growth of trees in the parang, 
and in the dipterocarp, midmountain, and mossy forests. 
Measurements of growth were not undertaken on a large scale 
for the reason that, while the collection of the data here pre­
sented was in progress, Dr. E. B. Copeland was preparing ma­
terial for an extensive discussion of rates of growth of plants 
in the Philippines and particularly those at Los Banos and on 
Mount Maquiling. Doctor Copeland's data covered growth in 
the length of plants; and the data here presented, on growth in 
diameter, were intended to be merely supplementary. Unfore­
seen circumstances have prevented the publication of Doctor 
Copeland's data, but it may be said here that the results obtained 
by him are in keeping with those here presented. 

The object of the measurements made on Mount Maquiling 
was to determine not only the rates of diameter growth but 
also the ages of different-sized trees at various elevations. Since 
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annual r ings of g r o w t h are not known to occur in the Philippines, 
the only method of calculat ing rates of diameter g r o w t h or the 
ages of trees of various diameters is to make successive measure­
ments of the g i r t h of the same trees. These measurements must 
be made at exactly the same point , fo r a s l ight deviation in the 
height at wh ich they are made may show a considerable dif­
ference in the circumference. The method employed was to 
dr ive a shingle na i l a short distance into the tree, jus t below 
the tape, at the t ime of the first measurement. In most of the 
trees experimented w i t h , the nai l caused no swel l ing ; where 
swel l ing d id occur, the measurements were discarded. A steel 
tape, about a centimeter wide, was used in measuring al l the 
trees except a few very small ones, which were measured w i t h a 
na r rower and more flexible steel tape. In using this method 
it has been found pract ical to measure accurately the g i r ths of 
even large trees to the nearest 0.5 mil l imeter . 

While the o r ig ina l measurements were of g i r t h , they have 
been converted into the more usual form of diameters and are 
expressed in centimeters. In order that these figures might 
be presented in a usable fo rm, the trees have been grouped 
according to species and the individual species placed in dia­
meter classes of either 5 or 10 centimeters. The average rates 
of g r o w t h of the different diameter classes have then been cal­
culated and the results divided into the number of centimeters 
in the diameter class. In this way we obtain figures represent­
i n g approximately the number of yeais it takes the average 
tree to pass th rough the different diameter classes These fig­
ures, added together, ^ive numbers that may be taken to repre­
sent the ages of trees of different sizes. That is, the average 
rate of g rowth of trees in the diameter class of from 0 to 10 
centimeters divided into 10 centimeters gives us the age of a 
10-centimeter tree. If th is figure if added to the quotient ob­
tained by d iv id ing the average rate of growth of trees of the 
10- to 20-centimeter diameter class into 10 centnneters , we obtain 
the age of a tree 20 centimeters in diameter. If now the ages 
of trees of the different diameter classes be plotted on coordi­
nate paper, we can obtain an approximat ion of the age of a tree 
of any diameter. 

In this method of measurement there are several sources of 
error wh ich should be taken into consideration. In the first 
place trees are apt to show different rates of g rowth in different 
years, and in order to secure average records the measurements 
should extend over a series of years. While this is necessary 
to enable us to make accurate calculations of the ages of trees. 
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the length of plants; and the data here presented, on growth in 
diameter, were intended to be merely supplementary. Unfore­
seen circumstances have prevented the publication of Doctor 
Copeland's data, but it may be said here that the results obtained 
by him are in keeping with those here presented. 

The object of the measurements made on Mount Maquiling 
was to determine not only the rates of diameter growth but 
also the ages of different-sized trees at various elevations. Since 
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annual rings of growth are not known to occur in the Philippines, 
the only method of calculating rates of diameter growth or the 
ages of trees of various diameters is to make successive measure­
ments of the gir th of the same trees. These measurements must 
be made at exactly the same point, for a slight deviation in the 
height at which they are made may show a considerable dif­
ference in the circumference. The method employed was to 
drive a shingle nail a short distance into the tree, just below 
the tape, at the time of the first measurement. In most of the 
trees experimented with, the nail caused no swelling; where 
swelling did occur, the measurements were discarded. A steel 
tape, about a centimeter wide, was used in measuring all the 
trees except a few very small ones, which were measured with a 
narrower and more flexible steel tape. In using this method 
it has been found practical to measure accurately the girths of 
even large trees to the nearest 0.5 millimeter. 

While the original measurements were of girth, they have 
been converted into the more usual form of diameters and are 
expressed in centimeters. In order that these figures might 
be presented m a usable form, the trees have been grouped 
according to species and the individual species placed in dia­
meter classes of either 5 or 10 centimeters. The average rates 
of growth of the different diameter classes have then been cal­
culated and the results divided into the number of centimeters 
in the diameter class. In this way we obtain figures represent­
ing approximately the number of years it takes the average 
tree to pass through the different diameter classes. These fig­
ures, added together, give numbers that may be taken to repre­
sent the ages of trees of different sizes. That is, the average 
rate of growth of trees in the diameter class of from 0 to 10 
centimeters divided into 10 centimeters gives us the age of a 
10-centimeter tree. If this figure is added to the quotient ob­
tained by dividing the average rate of growth of trees of the 
10- to 20-centimeter diameter class into 10 centimeters, we obtain 
the age of a tree 20 centimeters in diameter. If now the ages 
of trees of the different diameter classes be plotted on coordi­
nate paper, we can obtain an approximation of the age of a tree 
of any diameter. 

In this method of measurement there are several sources of 
error which should be taken into consideration. In the first 
place trees are apt to show different rates of growth in different 
years, and in order to secure average records the measurements 
should extend over a series of years. While this is necessary 
to enable us to make accurate calculations of the ages of trees, 
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it is not nearly so important in obtaining a comparison between 
the rates of growth of trees at different elevations. 

Some species have a great tendency to shed their bark in large 
patches. Measurements of the growth of individuals of such 
species are liable to be very inaccurate, but this error can be 
overcome by the use of large numbers of trees. Only one species 
that shed its bark in noticeable patches was measured on Mount 
Maquiling. In this case the patches were comparatively small, 
and sufficient individual measurements were taken to make error 
from this source negligible. A tree with a rough bark has an­
other disadvantage which is, if anything, more serious than 
the one just mentioned; that is, the irregularities tend to keep 
the tape from running straight around the tree and thus make 
measurements less exact. 

Successive measurements from which annual rates of growth 
are calculated must, of course, be made at the same time of year, 
as rates of growth may vary in different seasons. 

The most serious error in estimating the rate of growth of a 
tree from successive measurements of gir th is due to the fact 
that the girth of a tree may change due to moisture conditions 
and independently of growth. Thus, there is a tendency for 
tree trunks to shrink when evaporation is high, the reason for 
which appears to be that under such conditions tissues may lose 
more water than they absorb. This results in tree trunks being 
smaller during the day than at night. Similar phenomena have 
been observed in other plant parts. Thus, Darwin * has shown 
that the growing frui t of Cucurbita may gain or lose weight 
according to the moisture condition of the atmosphere. When 
diminution in weight or size was proceeding rapidly, the frui t 
showed a loss of 0.1 gram per minute, while shrinkage occurred 
at the rate of 0.01 millimeter per minute. Livingston and 
Brown f have shown that during the course of a day the leaves 
of a plant may lose a very considerable proportion of their water 
and regain it at night. Thodayl has found that the area of 
leaves decreases during the day, while Lloyd § and Brown and 

" Darwin , Francis, On the growth of the f r u i t of Cucurbita, Ann Bot. 
(1893), 7, 459-487 

Livingston, B. E , and Brown, W H , Relation of the daily march of 
t ranspirat ion to variations in the water content of foliage leaves, Bot 
Gaz. (1912), 53, 309-330 

Thoday, D., Experimental researches on vegetable assimilation and 
respiration. V. A cri t ical examination of Sachs' method for using increase 
of dry weight as a measure of carbon dioxide assimilation in leaves, 
Proc. Roy. Soc. London (1909), B, 82, 1-55. 

§ Carnegie Inst. Wash. Year Book (1916), 15, 58. 
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Trelease * have shown that this may be true also of the length 
of stems. 

Kraus f has measured the diameter of a number of different 
trees at various times of the day for a few days at Bombay, 
Singapore, and at three places in Java—Buitenzorg, Garut, and 
Tjibodas. In his paper dealing with this subject he does not 
describe his method of measurement nor state whether his meas­
urements were made in millimeters or centimeters, but says 
that his method is given in an earlier paper (not available in 
Manila) dealing with variations in the diameters of trees in tem­
perate countries. From the descriptions of the trees measured 
his measurements would appear to be in millimeters. The great­
est and smallest diameters found by Kraus for individual trees 
arS given in Table X X I X . A l l of the measurements of Kraus 

T A B L E X X I X — G r e a t e s t and smallest diameters reeorded hy Krau* for 
the same trees within a few day* 

Differ-
ence. 

give concordant results except in the case of an individual of 
Annona muncata, in the records for which there is very evi­
dently a serious typographical error. The figures for this indi­
vidual have therefore been omitted from Table X X I X . 

* Brown, W. H . , and Trelease, S. F , Alternate shrinkage and elongation 
of growing stems of Cestrum nocturnum, Phil .fount Set., See C (1918), 
13, 353-360. 

Kraus, G. von, Physiologisches aus den Tropen, Ann. Jard. Bot. 
Buitenzorg (1895), 12, 196-216. 
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Referring to Table X X I X it will be seen that the average of 
the greatest changes in diameter of the trees measured by Kraus, 
with the exception of this Amiona muricata, was 0.697 millimeter. 
The difference appears in many cases to have been entirely in­
dependent of growth, as frequently the smallest measurements 
were made later than the largest In some cases where the 
largest diameters occur near the end of the period, a portion of 
the differences between the greatest and smallest diameters may 
have been due to growth, as the period of measurement fre­
quently covered several days; and, as wi l l be shown later, trees 
may make an appreciable growth in this length of time. 

Der ry / in discussing the tapping of Hevea brasiliensis, says: 
From a series of tests and measurements I conclude there can be no 

doubt that the flow of latex depends entirely on the pressure of water, *and 
the contraction and expansion of a tree during the course of the day is 
considerable. A tree of 3 feet g i r t h at 3 feet f rom the ground measuring 
exactly 3 feet at 6 A. M. would by afternoon, according to the brightness 
of the day, contract to a maximum of 1/2 inch, and by 6 P M or soon 
afterwards expand to early morning measurement. Or, if a l igature be 
fixed t igh t ly on a tree it can be observed that m the early morning the 
l igature is fu l ly stretched, and by afternoon, if a b r igh t warm day, is 
quite slack, or par t ly so, according to the day, and as the evening advances 
gradually biaces up. 

Fetch f arrived at very different conclusions concerning girth 
changes in Hevca. He made measurements of the girth of this 
plant in the early morning, at midday, and in the evening but 
found no appreciable differences. As he measured his trees only 
to the nearest millimeter, his measurements might have failed 
to show changes corresponding to some of the smaller of those 
observed in other frees by Kraus. 

In discussing the results of Derry, Fetch makes the following 
statements: 

The kind of l igature employed has not been recorded, but it may be 
pointed out that if a piece of s t r ing were tied round the stem in the early 
morning when everything is damp it would na tu ia l ly become slack, through 
drying, by midday on a d ry day. 

* * * In ordinary estate measurements, in which the trees are not 
measured at a fixed line, but only approximately at a height of 3 feet, it has 
been found that the possible error is fu l ly hal f an inch. 

Petch made weekly measurements of the girth of Hevea brasi­
liensis, at 9.30 in the morning on the same day of the week, 

* Derry, R., Experimental tapping of para rubber trees at the Botanic 
Gardens, Singapore, Agr. Bull. Straits & Fed. Malay States (1904), 3, 340. 

Petch, T., The g i r t h increment of Hevea brasiliensis, Ann. Roy. Bot 
Gard., Peradeniya (1916), 6, 77. 
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from 1912 to 1914. In the course of these measurements he 
found a shrinkage during the dry season; but the greatest de­
crease recorded in nine weeks amounted to only 3 millimeters 
in gir th, and it was never greater than 1 millimeter per week. 

In order to determine something of the variations in the gir th 
of tree trunks in the Philippines measurements were made on 
a number of trees growing at Los Baiios, on a sunny day in 
December. With one exception these were of rapidly growing 
second-growth species and were scattered in the lawn around 
the forest station, which was situated at the top of an exposed 
ridge. They were, therefore, fully exposed to changes in light 
and wind. These trees would be expected to show greater girth 
variations than would trees growing in a forest, and partic­
ularly in a dense one such as the dipterocarp forest. The 
exception mentioned was a large individual of Parashorea 
malaanojian (plicata), growing at the edge of a ravine; its 
crown was very fully exposed to the sun and wind. 

The measurements were made with a steel tape, and in order 
that the place of measurement might be located exactly this 
was indicated by one or more shingle nails driven into the tree. 
The tape used was a centimeter wide. This width gives the 
tape considerable stiffness and keeps it from sagging; therefore, 
measurements made with it, except in the case of very small 
trees, are much more accurate than those made with a narrower 
tape. Actual experience has proven that it is possible to meas­
ure gir th accurately to the nearest 0.5 millimeter. The trees 
under consideration were measured at two-hour intervals from 
8 p. m. on December 12 to 6 p. m. on December 18, except that 
no measurement was made at 4 a. m. The results are recorded 
in Table X X X . From this table it wi l l be seen that the greatest 
average girth for all trees was at 6 a. m., and the least at 12 
noon and 2 p. m., and that the average difference in girth be­
tween 6 a. m. and 2 p. m. was 1 millimeter. This would indi­
cate clearly that there might be an error of 1 millimeter between 
measurements of girth made at 6 a. m. and those made at 12 
noon. A further examination of Table XXX shows, however, 
that the greatest average difference in girth between 8 a. m. 
and 6 p. m. was 0.7 millimeter, and between 10 a. m. and 4 p. m., 
only 0.2 millimeter; the latter is less than the smallest difference 
that could be accurately measured by the method employed. It 
would seem, therefore, that measurements taken during the 
middle portion of the day, or between 10 a. m. and 4 p. m., 
should not be subject to any considerable error because of 
changes in gir th that occur during the day. 



T A B L E XXX.—Measurements of girth of trees from 8 p. m., December 12, to 6 p. m. 
Mount Maqidling; altitude, about SO meters. 

LNumbers pive girths in centimeters ] 

December 13, 1913, at the base of 122 

t\5 
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Since trees decrease in gi r th during the day, it seems reason­

able to suppose that during the dry season there would also be 
a tendency for them to decrease in girth, although this decrease 
might be more than counterbalanced by the growth occurring 
at this time. As we have seen, Fetch found such a decrease in 
Hevea. At Los Banos periodical measurements of the gir th 
of a number of rapidly growing second-growth trees were taken 
at intervals of about a month during the dry season of 1913. 
These measurements with few exceptions showed an increase 
in gir th throughout the dry season. 

In order to make the results of the measurements taken at 
Los Banos and given in Table X X X comparable with those of 
Kraus, the maximum and minimum girths have been brought 
together in Table X X X I together with the differences between 
TABLE X X X I . — Greatest and least girth measurements in centimeters made 

on trees from 8 p. m., December 12, to 6 p m , December IS, 1913 at 
the base of Mount Maquihng; altitude, about HO meters 

Specie 

I'aranhorca malaanomin. 
FICUK hauili - -
Carico pa)>aya 

Do 
Iiauhi7iia malabancn _ 
Trrma orientals 
FKUS ulnnjolm 
Litnea perrottetii 
Pndium quajava ._ . ._ 
Trema oriental id.. 

Do 
Do 

Cordia ynyxa . .. _ 
Do . . . . 
Do 
Do ._ _ . 
Do . 

Melochia umbiUata 
Do 

Average . . . . 

these maximum and minimum girths. In this table i t wi l l be 
seen that the greatest difference, 0.25 centimeter, is shown by 
a specimen of Carica papaya, which is a semiherbaceous small 
tree. The next greatest difference shown in Table X X X I is 
0.15 centimeter. The differences shown in Table X X X I are less 
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than those given by Kraus, although the individual trees in 
general are considerably larger. The only species considered 
in both sets of measurements is Carica papaya, of which Kraus 
measured three individuals while two were measured at Los 
Baiios. The average of the greatest differences in diameter 
found in Carica papaya by Kraus is 0.59 millimeter, while the 
average for those measured at Los Banos is 0.56 millimeter, the 
two figures being thus very similar. Since the smaller trees 
measured by Kraus showed greater differences in gir th than 
the larger ones measured at Los Banos, it would seem that 
changes in gir th might by no means be proportional to the size 
of the trees concerned, but that the smaller trees containing a 
larger proportion of soft tissues would show a correspondingly 
higher percentage of change in diameter. This conclusion is 
rendered probable by an examination of Table X X X I . In this 
table are given measurements of five individuals of Trema 
orientalis. It w i l l be noted that the smallest individual shows 
the greatest change in girth, although it had less than half the 
gir th of the largest. Measurements are also given of five in­
dividuals of Cordia myxa, the largest of which had nearly twice 
the gir th of the smallest, while the changes in girth were equal 
in the two cases. Again, by comparing the changes in girth 
of the large Parashorea with the changes of the other trees, 
i t wi l l be seen that the Parashorea, wi th a girth of 358 centi­
meters, showed no greater change in girth than Carica papaya, 
with a gir th of 44 centimeters; Lit sea perrottet'u, with 44; 
Psidium gnajava, with 49; or Trema orientalis, wi th 36. 

We may now consider the effect that the above discussed 
shrinkage and expansion of tree trunks may have had on the 
accuracy of the calculations made from the measurements taken 
at Los Banos. We have seen that the error due to measuring 
parang trees at the base of Mount Maquiling at different times 
of the day amounts to only a small fraction of a millimeter in 
girth. An examination of the tables giving measurements of 
yearly growth of second-growth trees wi l l show that such an 
error is small enough to be considered negligible. 

The daily variations in girth in the dipterocarp forest should 
be much less than in the parang, as moisture conditions in the 
former are much more uniform than in the open. It does not 
seem probable, therefore, that in determining the rates of growth 
of these trees any considerable error can be introduced by 
diurnal variations in the diameters. In the midmountain and 
mossy forests evaporation is continually low and humidity high 
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and uniform, so no considerable swelling and shrinking of tree 
trunks is to be expected. We may, therefore, conclude that 
diurnal changes in the dimensions of tree trunks are not the 
cause of any considerable error in the calculation of the rates 
of growth of trees on Mount Maquiling. In a later section 
measurements of seasonal growth wi l l be given, and in these 
measurements this error may be considerable. This point wil l 
be discussed later. 

An important error in estimating age from consecutive meas­
urements of trees of different sizes is that, in obtaining averages 
for the smaller classes, we may use measurements of rates of 
growth of some trees that wi l l not reach a larger diameter class 
and that are growing more slowiy than the larger trees grew 
when they were of a smaller size. In general, the smaller the 
trees measured and the taller and denser the forest, the more 
important wi l l this error become. At the top of Mount Banahao 
there is a forest the top story of which is composed almost 
entirely of Podocarpw imbricates. On the ground under the 
forest there are very numerous seedlings of Podo car pics, but 
small trees are conspicuously absent. This would indicate that 
the seedlings start, but that conditions are unfavorable for them 
and that very few reach maturity. Evidently a measurement of 
the average rates of growth of these seedlings might bear very 
little, if any, relation to the rates of growth, as seedlings, of the 
trees now forming the main canopy. The determination, in a 
dense forest, of the seedlings or very small trees that wil l reach 
maturity is practically impossible. Therefore, in estimating 
the ages of trees from successive measurements of girth there 
must necessarily be considerable error due to the fact that there 
is so much uncertainty about the rates of growth of Viny small 
individuals. In the measurements on Mount Maquiling this 
error, as wi l l be shown later, is not important except in the 
case of the smallest diameter classes. 

GROWTH OF PARANG TREES 

Nearly all tree species growing in the parang are small. 
A second-growth forest 10 meters in height would be considered 
exceptionally tall. The trees usually flower when small, many 
of the species producing seeds before reaching a meter in height. 
The second-growth trees are in many ways comparable with 
weeds in temperate countries. Their success is apparently due 
to the fact that they can quickly invade open ground or areas 
covered with low vegetation. As most of the species are in-
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tolerant of shade, they of course disappear wi th the advent 
of species belonging* to a more stable forest. Measurements 
are not necessary to prove that the small size of these trees 
is not connected with a slow rate of growth, as casual observa­
tion shows that they may cover an area in a few years, and 
that in the same length of time individuals may reach con­
siderable dimensions. As a second-growth forest grows older 
it naturally becomes denser, owing to the large size of individual 
trees and also to invasion by vines and other plants. As density 
increases the rates of growth of course become slow; and under 
a second-growth forest the rate may be extremely slow. How­
ever, even second-growth trees growing in an open situation 
do not attain large dimensions, but mature and disappear at 
an early age. 

Measurements of rates of growth of the parang species were 
begun January 21, 1913, and ended January 21, 1915. The 
trees were all in the neighborhood of the forest station, which 
was situated at the top of a broad ridge at the base of Mount 
Maquiling at an altitude of about 80 meters. The trees were 
in three different localities. A few were in the large lawn 
surrounding the station, and these are classified in the following 
tables as growing in the open. Many were in a young second-
growth forest on the gently sloping side of the ridge. As the 
trees in this forest became larger, the canopy naturally increased 
in density, and this was accompanied by a decrease in the rates 
of growth. The remainder of the trees were in a plot used as 
a nursery for tree seedlings. As the trees in this plot grew 
larger, some were removed, so that thfey might not cast too 
dense a shade on the seedlings. Throughout the experiment, 
therefore, these trees were under conditions similar to those 
of trees growing in a very open forest. A few of the trees 
in the nursery were in a portion that was irrigated during 
the dry season. While this might be considered a decidedly 
artificial environment, it is similar to that of trees growing near 
a stream. 

Owing to the diversity of conditions to which the trees meas­
ured were subjected, the measurements may be considered as 
giving a fair idea of the average rates of growth of trees under 
various conditions in this locality. Most of the trees less than 
5 centimeters in diameter were in the forest. They were, there­
fore, subjected to shading by larger individuals and were prob­
ably growing at a slower rate than were those now composing 
the major portion of the canopy when the latter were in the 
0- to 5-centimeter class. On the other hand, the rates of growth 
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calculated for the 0- to 5-centimeter class were all for trees 
approaching the upper limit of this class, and in some cases at 
least this may have had a tendency to make the rates of growth 
calculated for this class appear too high. In the measurement 
of the 0- to 5-centimeter class there were, therefore, two sources 
of error which probably counterbalanced each other to some 
extent. From observation of the rates of growth of young 
trees and from an examination of the rates shown in the tables, 
it seems hardly probable that these two sources have produced 
any very serious error in the general results obtained. 

In the tables dealing with rates of growth of the parang 
species the individuals have been classified according to location; 
that is, as to whether they were in the open, in the forest, 
or in the nursery. They have, moreover, been grouped according 
to their diameter classes. The diameters of the trees at the 
time of the first measurement are also recorded, while the 
measurements for the two years are given separately. In a 
number of cases a tree in one diameter class grew sufficiently 
during the first year to place it in a larger diameter class the 
second year. In such cases the measurement for the second 
year appears in both classes. In the smaller class the meas­
urement is given in italics and is not included in the calculation 
of the average rates of growth for that class. In the larger 
class the diameter recorded is that measured at the beginning 
of the second year. Thus, a tree measuring at the beginning 
of the period 4.58 centimeters in diameter and growing 1.90 
centimeters during the first year has passed into the 5- to 10-
centimeter class, and in this class its diameter is given as 6.48 
centimeters. In a considerable number of cases measurements 
are given for the first and not for the second year. This is 
particularly true of trees growing in the nursery and is due to 
the fact that, as shading in the nursery became more intense, 
some trees were removed. In the other two situations there 
are also trees for which measurements were not obtained the 
second year. This was due to the removal of some trees during 
the construction of a road. 

The tables also contain calculations of the number of years 
required by a tree to pass through the different diameter classes. 
At the end of each table is given a summary of the average rate 
of growth of all trees of a given diameter class and the number 
of years required by the average to pass through the different 
classes. For convenience the species forming the second-growth 
forest have been divided into two classes; namely, those that 
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reach a diameter of 20 centimeters or more, and those that do 
not attain a diameter of 20 centimeters. 

DIAMETER GROWTH OF PARANG SPECIES THAT REACH A DIAMETER OF 20 CENTI­
METERS OR MORE 

Mallotus ricinoides.—This is a small tree that is frequently 
very prominent in the earlier stages of a second-growth forest. 
It is common and widely distributed in the Indo-Malayan region. 
Measurements of growth for this species are given in Table 
X X X I I . Most of the individuals were in the young forest, while 

TABLE X X X I I . — A n n u a l diameter growth of Mallotus ricinoides (alim) at 
the bane of Mount Maqmling; altitude, about 80 meters. 

fDiameters and srrowth are given in centimeters 

AVERAGE A N N U A I RATE OF GROWTH OF A L L TREES FOR 1913 AND 1914 

Diameter da*s. Average Years in rate of 
growth ! class 

0 to 6 centimeters . 
6 to 10 centimeters ... 
10 to 20 centimeters . 
20 to 80 centimeters . 
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the remainder were in the nursery. It w i l l be noticed that in 
only one case did a tree in the forest grow more rapidly during 
the second year than in the first, and that wi th two exceptions 
the trees showed a considerably slower rate of growth during 
the second year. This was very evidently due to greater 
crowding as the individuals became larger. In only one case 
were measurements obtained on a tree in the nursery for the 
two years and this one grew more in the second year than in 
the first. The average annual rates of growth of the 0- to 
5-centimeter class was 1.7 centimeters; of the 5- to 10-class, 1.89; 
of the 10- to 20-class, 1.79; and of the 20- to 30-class, 3.59 
centimeters. The last figure is based on the measurement of 
only one individual for the year 1914. This same individual 
was in the 10- to 20-centimeter class the previous year and 
showed the fastest growth of any tree in this class. This faster 
rate was probably due, at least in part, to its large size, which 
prevented it from receiving as much shade as did the smaller 
individuals. 

With the exception of this largest class all of the diameter 
classes showed approximately the same rate of diameter growth. 
According to the estimated number of years it takes a tree to 
pass through the different diameter classes, a tree M) centimeters 
in diameter would be 13.9 years of age. 

In order to compare the rates of growth of the second-growth 
species at the base of Mount Maquiling with those of trees grow­
ing in the United States, the approximate time required to 
produce different wood crops has been taken from the Woods­
man's Handbook"' and is presented in Table X L I I . In the orig­
inal publication, these figures are found in Table LXI1I , which 
gives the number of years required by different species to reach 
diameters of 6, 8, 11, 14, and 18 inches. In our Table X L I I the 
data for 18 inches are omitted. For convenience we may coih-
pare the length of time required by these species to reach a 
diameter of 11 inches, or 27.9 centimeters, with the- time re­
quired for Mallotvs to attain a diameter of 30 centimeters. The 
fastest growing of the species for which data are given for a 
diameter of 11 inches is red gum in South Carolina, which 
attained this diameter in thir ty years, whereas M alio tux 
7*icinoides reaches a diameter of 30 centimeters in approximately 
fourteen years. In other words, Mallotm ricinoidex apparently 
grows about twice as fast as the most rapidly growing species 

* Graves, H. S., and Ziegler, E. A. , The Woodsman's Handbook. Bull 
U. S. Dept. Agr., Forest Service (1910), No. 36. 

159549 9 
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mentioned in Table X L I I . The number of years required by 
the average of all the species in Table X L I I to reach a diameter 
of 11 inches is sixty-seven years. 

Columbia sejratifolia.—This species is a small tree, reaching a 
height of 10 to 14 meters, and has a fairly dense crown for a 
second-growth tree. It is widely distributed in the Philippines 
and is prominent in the second-growth forest at the base of 
Mount Maquiling. A l l trees measured were in the young forest, 
and the results are recorded in Table X X X I I I . The average 

TABLE X X X I I I . — A n n u a l diameter growth of Columbia serratifolia 
(anilao) in young forest at the base of Mount Maquiling; altitude, 

about 80 meters. 

[Diameters and growth are given in centimetere.] 

A V E R A G E A N N U A L G R O W T H F O R 1913 A N D 1914 

Diameter class 

0 to 5 centimeters -

5 to 10 centimeters . -

10 to 20 centimeters _ 

20 to 35 centimeters . 

Averajre 
rate of 

growth 

2 09 

1 91 

2 05 

2 80 

Years in : 
class 

2 4 

2 6 

4.9 

5 4 

annual rate of growth of all trees in the 0- to 5-centimeter class 
is 2.09 centimeters; in the 5- to 10-class, 1.91 centimeters; in 
the 10- to 20-class, 2.05 centimeters; and in the 20- to 35-class, 
2.80 centimeters. As in the case of Mallotus ricinoides there 
is comparatively little difference in the rates of growth of the 
diameter classes 0 to 5, 5 to 10, and 10 to 20 centimeters. 
The 20- to 35-centimeter class showed a somewhat more rapid 
rate, which is probably due, as in the case of MaUotvs ricinoides, 
to the fact that the large trees are not subject to as much shading 
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as are the smaller ones. The rate of growth of Columbia serra-
tifolia is approximately the same as that of MaUotus ricinoides, 
as according to the calculations it takes a tree 15.3 years to reach 
a diameter of 35 centimeters. 

Bauhinia malabarica.—This is a small tree with a dense crown, 
and is frequently prominent in the first stage of invasion of 
grassland by a second-growth forest. Its ability to endure in 
such situations is due to its being more fire-resisting than are 
most second-growth species. 

The results of the measurements of Bauhinia are recorded in 
Table X X X I V . A l l of the trees except one were growing in 

T A B L E X X X I V . — A n n u a l diameter growth of Bauhinia malabarica (ah-
bangbang) at the base of Mount Maqmling; altitude, about SO meters. 

[Diameters and RTowth are given in centimeters.] 

the open, and with one exception those in the open showed a 
faster diameter growth during the second than the first year, 
whereas the tree in the forest showed a slower rate. This again 
points to the conclusion that, where the growth of trees in the 
forest was slower during the second year, the lower rate was 
due to crowding. 

The 5- to 10-centimeter class has an average annual rate of 
growth of 2.25 centimeters; the 10- to 20-class, 2.40 centimeters; 
and the 20- to 30-class, 2.81 centimeters. The time required for 
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Bauhinia to grow from 5 to 30 centimeters is, according to the 
calculations, ten years; which would seem to show that this 
tree grows about as rapidly as the two species previously con­
sidered. Observations of the growth of seedlings, however, 
indicate that very young plants of Bauhinia malabarica grow 
more slowly than do those of most second-growth species. 

Trema orientalis.—This species is intolerant of shade; it has 
small leaves and a very open canopy. It is widely distributed in 
the Indo-Malayan region and in the Philippines is a very common 
second-growth tree. It is particularly prominent in invasions of 
bare ground, where it frequently forms pure stands of consider­
able extent.* The rapid invasion of areas by this species has 
been discussed in connection wi th the general description of 
the parang and the dipterocarp forest. Trema is a small tree, 
reaching a height of from 5 to 8 meters, and during its earlier 
stages is an extremely rapid grower. The measurements of 
this species are given in Table X X X V . I t w i l l be seen that the 

T A B L E X X X V . — A n n u a l diameter growth of Trema orientalis (anabton) 
at the base of Mount Maquihng; altitude, about HO meter? 

fDiamete r s and g r o w t h are g i v e n in cent imeters ] 

* Brown, W. H . , and Matthews, D. M . , Philippine dipterocarp forests, 
Phil Journ Set., Sec. A (1914), 9, 413-561. 

I D i a m e t er class* in cen t imeters 

Posi t ion of tree 

10 to 20 20 to 30 

I n the open . . . . . . _ 

D o . . . . . 

In the fores t _ . 

Gro 
D i a m ­
eter . 

1913 

11 90 3 b7 

10 78 (. 17 

10 72 3 73 

w t h G r o w t h 
D i d m -
eter 

1914 1913 1914 

3 85 25 91 1 36 0 94 

5 8 1 . . . . . . 

0 94 25 31 3 11 1 45 

A v e r a g e . . . . ._ . . . _ _ l 

Years in class . . 

A V E R A G E A N N U A L R A T E O F G R O W ! 

4 52 

. . . . . 2 2 

H O F A L 1 . T R 

3 53 _ . 2 23 1 19 
2 8 . _ 4 5 H I 

RES F O R 1913 A N D 1914 

Diame te r class 

10 to 20 cent imeters .. .. . . 
20 to 30 cent imeters . . . . . . 

g r o w t h c l a 6 B 

J 4 03 2 6 

1 71 5 8 , 

average rate of growth of trees in the 10- to 20-centimeter class 
was 4.03 centimeters per year, and that the greatest growth made 
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Litsea glutinosa.—This species reaches a height of 10 meters 
or less and has a moderately dense crown. It is widely dis­
tributed in the Philippines at low altitudes and in the Indo-
Malayan region in general. In the Philippines it is rather 
common in second-growth forests. 

The trees measured were in the forest and in the nursery. 
The results are presented in Table X X X V I . There were four 
individuals of the 0- to 5-centimeter class in the forest and one 
in the nursery. A l l of those in the forest had a comparatively 
slow rate of growth, the fastest being 1.09 centimeters and the 
average 0.55, while the individual in the nursery grew 2.12 
centimeters. The slow rate of growth made by those in the 
forest is probably connected wi th the fact that they were small 
individuals and were shaded. The trees in the 5- to 10-centi­
meter class showed an annual rate of growth of 1.88 centimeters, 
which is approximately equal to that of the species previously 
considered. 

Most of the individuals in the forest, as in the case of the 
other species, showed a slower rate of growth in the second 
than in the first year. 

Macaranga spp.—These trees belong to two species, M. bicolor 
and M. tanarius. The two species are so very similar in general 
appearance that it is often impossible to distinguish them from 
sterile specimens. They have large leaves and spreading crowns 
which cast a fairly dense shade. Both species may be prom­
inent in the invasions of cleared land by second-growth forest, 
and they also occur in considerable numbers in the early stages 
of the invasion of grassland by second-growth forests. The 
trees reach a height of 4 to 8 meters. Macaranga tanarius 
is widespread in the Malayan Peninsula and Archipelago 
and is common and widely distributed in the Philippines. Ma­
caranga bicolor is endemic in the Philippines and is widely 
distributed in the northern part of the Islands. 

The record of growth of these species is given in Table 
X X X V I I . Macaranga, in the 5- to 10-centimeter class, showed a 
faster annual rate of growth, 2.83 centimeters, than any tree 
previously considered. Between 10 and 20 centimeters it showed 
about an average rate, 2.45 centimeters. The measurements 
of the 20- to 35-centimeter class were based on only two indi­
viduals, but these showed a lower average, 2.04 centimeters, 
than any of the other species except Trema orientals. This is 
due, as in the case of Trema, to the fact that the older trees had 
passed their age of most rapid growth. 
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TABLE XXXVII.—Annual diameter growth of Macaranga $pp. (binuiiga) 

at the base of Mount Maqniling; attitude, about 80 meters. 
[Diameters and growth are given in centimeter*.] 

! Diameter class in centimeters. 

5 to 10 10 to 20 
1 

JO to 85 . . _ 
Position of tree ' _ .. ( 

Growth. Grow th ' Growth. 
Diam­
eter 

Diam­
eter i Diam­

eter. -
1113 1914 1913 1914 1913 1914. 

In young forest I 14 77 8 04 
1 

Do - , 8 80 4 25 -'2.54 16 67 2 45 | 32 63 2.66 2 27 

Do ' 9 46 4 96 15 82 3 86 20 74 1 55 1 68 

D o . . 1 9 27 2 20 I 0S 11 67 3 35 

Do 5 52 2 48 2 73 j 10 98 2 55 2 81 

Do 8 33 2 34 / 78 13 15 2 54 " 
Do. . . . , 5 40 1 87 1 72 11 47 1 08 

Do 1 8 25 8 52 5 02 10 67 | 1 78 

Do 7.62 3 30 1.11 11 77 8 02 

Do 1 9 29 1 32 1 fit 10 92 ' 1 81 

D o . , 8 06 2 50 10 61 I 1 62 

Do 5 33 2 41 2 58 10 56 2 4b 

Do ! 6 11 2 30 1 97 ' 

D o . . 5 69 2 35 __2 16 

Average . . ~ 2 75 2 23 3 05 2 08 2 10 1 97 

Years tn clasB 

In nursery . 1 5 08 

1 8 2 2 3 3 4 8 7 1 7 6 Years tn clasB 

In nursery . 1 5 08 3 01 

3 3 4 8 7 1 

Do. . 1 5 92 2 62 

I><> 5 19 3 52 , 
Do . . 9 86 4 43 ! 
Do 9 06 3 55 

Do ' 7 10 3 08 

Do . . . . . . 7 94 3 56 

Average . . . 3 40 1 — -
Years tn clans . . ! 1 5 

A V E R A G E A N N U A L RA'I E O F ( GROWTH O F A M . TREES FOR l«m A N D I 9 4 

Diameter class 
Average Years in 

growth 

6 to 10 centimeters 1 83 18 

10 to 20 centimeters 1 45 

20 to 35 centimeters . 2 04 7 4 

The time required for Macaranga to grow from 5 to 35 centi­
meters in diameter is approximately the same as that required 
by the other species to make a growth of 30 centimeters. The 
more rapid growth of the trees in the forest during the first 
than the second year is again apparent. 
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Artocarpus cumingiarla.—This is a medium-sized species and 
attains larger dimensions than any tree previously considered. 
It has large leaves, which are from 18 to 35 centimeters in length. 
It is found scattered along the edges of dipterocarp forests 
and on the moister slopes of drier types, and is not so charac­
teristically a second-growth species as are the trees previously 
considered. Artocarpus cumingiana is endemic in the Philip­
pines and is common and widely distributed at low and medium 
altitudes. 

The rates of growth of Artocarpiis are given in Table 
X X X V I I I . The 0- to 5-centimeter class showed an annual rate 
of growth of 1 centimeter; the 5- to 10- class, an average rate 
of 1.53 centimeters; and the 10- to 20- class, 1.77 centimeters. 
Artocarpus thus appears to have a slower rate of growth than any 
of the species previously discussed. According to the calcula­
tions it requires 13.9 years to reach a diameter of 20 centimeters, 
which is exactly the length of time required by Mallotm rici-
noide8 to reach a diameter of 30 centimeters. 

TABIJ9 XXXVIII.—Annual diameter growth of Artoaupux viumngumn 
(anubing) at the base of Mount Maquiling; altitude, about 80 yneters 

(Diameters and growth are given in centimeters ] 

i Diameter class in centimeters 

0 to5 5 to 10 10 to 20 

Position of tree -
Growth 

D i a m ­
eter 

1913 1914 

D i a m ­
eter 

Growth 

1913 1914 

( irowth 
Diam­
eter 

1913 1914 

In the forest ', 6 73 1 53 1 59 10 70 1.60 
D o . . . 6 12 1 73 1 hO 
Do . j 9 (X) 170 / f,0 

Do i 6 41 l . U 1 24 

Oo 5 73 1 37 

1 53 

I 64 

Averajce 

5 73 1 37 

1 53 1 52 1 1 60 
Years in class 3 1 ,! 3 . . . 6 3 

! n nursery 4 32 1 00 5 34 2 67 11 48 1 »5 

A V E R A G E A N N U A L K A T E O F G R O W T H O K A L L T R E E S F O R 1913 A N D 1914 

Diameter class 
j growth c lass 

| 0 to 5 centimeters 1 00 5 0 
5 to 10 centimeters . . . i 53 33 
1 0 t o 2 0 centimeters. . . . . . . . 1 77 5 6 
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Miscellaneous species.—Besides the above-mentioned trees, a 

few individuals of a number of other species were also measured. 
The results are given in Table X X X I X . The average rates of 
growth of these miscellaneous species are very similar to those 
of the species already considered. 

TABLE X X X I X . — A n n u a l dmmeter growth of miscellaneous trees thut 
reach a diameter of 20 centimeter* or more at the bane of Mount 
Maquiling; altitude, about 80 meters. 

[Diameters and growth are >nven m centimeters ] 

DISCUSSION OF GROWTH OF SECOND-GROWTH SPECIES THAT REACH A DIAMETER 
OF 20 CENTIMETERS OR MORE 

In Table XL are given the average rates of growth of indi­
viduals belonging to species that reach a diameter of 20 centi­
meters or more. The average annual rate of growth for the 
0- to 5-centimeter class was 1.39 centimeters; for the 5- to 10-
class, 2.08 centimeters; for the 10- to 20- class, 2.19 centimeters; 
and for the 20- to 30- or the 35- class, 2.59 centimeters. Ac-
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cording to the calculations of the number of years required for 
the average second-growth tree to pass through the different dia-
Aieter classes, such a tree would reach a diameter of 30 centi­
meters in 14.5 years. An average second-growth tree of 30 
or 35 centimeters in diameter has about attained a maximum 
size, and it is either in a stage where it is losing its vitality 
or is nearing that stage. 

T A B L E XL.—Average annual diameter growth of species that reach a 
diameter of more than 20 centimeters at the base of Mount Maquiling, 
altitude, about 80 meters. 

[ G r o w t h i s g i v e n i n cen t ime te r s . ] 

The fastest rates of diameter growth shown by the various 
species in the different diameter classes are given in Table 
XL1. In this table the rates of all the species are recorded 
except those of the miscellaneous ones that were represented 
by only one individual. The average of these fastest rates of 
growth for the 0- to 5-centimeter class is 1.79 centimeters; for 
the 5- to 10- class, 3.25 centimeters; for the 10- to 20- class, 3.73 
centimeters; and for the 20- to 30- or the 35- class, 3.09 centi­
meters. According to these figures the average of these fastest-
growing individuals should reach a diameter of 30 centimeters 
in ten years; a similar rate is shown by Columbia serratifolia, 
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while Mattotus ricinoides shows a rate of 30 centimeters in nine 
years. From these calculations it seems probable that an aver­
age second-growth tree under favorable conditions may reach 
full size in nine or ten years. 

T A B L E XLI.—Fastest rates of diameter growth thousan by species that 
reach a diameter of JO centimeters or more at the base of Mount 
Maquihng; altitude, about 80 meters.' 

(Rates of growth are given in centimeters 

Diameter class in centimeters 
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TABLE XLII.—Approximate time required to produce different wood crops 
in the United States. Data taken from The Woodsman's Handbook, 
table 63—Continued. 
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TABLE XLIII.—Comparison between the number of years required by 

second-growth and United States species to reach certain diameters. 

I t w i l l bo seen that a second-growth forest reaches its maximum 
size in a comparatively few years. In Table X L I 11 are brought 
together the average rates of g rowth of all the American species 
m Table X L I I ; the average rates of g rowth of such secorld-
g r o w t h species at the base of Mount Maqui l ing as a t ta in a 
diameter of 20 centimeters or more; the rates of Columbia 
nerratifolia, Macaranga spp., Mallotun ncinoiricH, and Artncarpm 
cutnuigiana at the base of Mount M a q u i l i n g ; and of the fastest -
g r o w i n g Amer ican species listed m Table X L I I , namely red gum 
and loblolly pine in South Carolina, redwood in California, and 
cottonwood in Nebraska and Mississippi. For convenience in 
making comparisons, the number of years required for the species 
at the base of Mount Maqui l ing to reach the diameters mentioned 
in Table X L I I have been calculated. A comparison oi the rates 
of g rowth of these various species is shown graphically in fig. 1. 
A n examination of Table X L I I I shows that the average rate of 
g r o w t h of the second-growth species at the base of Mount Ma-
qu i l ing was approximately four times the average rate of the 
American species given in Table X L I I . The only American 
species tha t approaches the average second-growth species in 
rap id i ty of g rowth is cottonwood in Mississippi, which at tains 
a diameter of 8 inches in 15 years, while the average of the 
second-growth species reaches the same diameter in 11 years. It 
w i l l be noted, however, that Macarunga showed a rate of g r o w t h 
about twice as rapid as tha t of cottonwood in Mississippi. The 
second-growth species, w i t h the exception of AUocarpvx cumin-
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giana, grow more than twice as rapidly as red gum and loblolly 
pine in Carolina, or redwood in California. The average calcu­
lated age of a second-growth tree 6 inches, or 15 centimeters, in 
diameter is 8 years, while redwood and loblolly pine of the same 
size are 20 years old. In order to attain a diameter of 14 inches, 
or 35.6 centimeters, redwood would require 50 years and loblolly 
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ine 55 years ; wh i l e the average second-growth t ree requires 
nly 17 years; Columbia serratifolia, 15 years; and Macaranga 
pp., 15 years. 

The rapid growth made by the second-growth species at the 
case of Mount Maquiling is not characteristic of all tropical trees. 
Brown and Matthews* have shown that trees growing in the 
rirgin forest may have a very slow rate of growth. In the early 
itages this may be much slower than that of temperate-zone 

TABLE X L I V . — A n n u a l diameter growth of Pterocarpua nidicus and En-
terolobium soman in the open at the base of Mount Maquitliny, attitude, 
about 80 meters. 

[Diameters and growth are given in centiments. ] 

Diameter class in centimeterss 

rees. The more rapid growth of the second-growth trees is 
lue in part, of course, to the fact that they are not shaded as 
re the smaller trees in the virgin forest. The very rapid growth 
s moreover connected with the individual peculiarities of the 
ipecies, for many trees of the tropics—perhaps most of them—do 
lot show such extremely rapid rates of growth. Most fruit trees 
and many of the better shade trees grow comparatively slowly, 
and i t wi l l be shown later that forest trees in the open may make 

* Brown, W H, and Matthews, D M, Philippine dipterocarp forests, 
Phil Journ. Sci, Sec. A (1914), 9, 413~561 
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a much slower growth than the second-growth trees. The 
second-growth trees mentioned do not, however, show an extreme 
rate for tropical trees. In Table X L I V are given the rates of 
growth of two individuals of Enterolobium saman and one of 
Pterocarpus indicus. 

Enterolobium saman is a native of the West Indies and is 
widely used in the tropics as a shade tree. It is a medium-sized 
tree, reaching a height of 20 to 25 meters, and has wide-spreading 
branches. The faster-growing of the two individuals of En­
terolobium grew 10.78 centimeters in diameter during the first 
year and 10.50 during the second. This rate is much more rapid 
than that of any individual of the second-growth trees measured. 
The other Enterolobium grew 5.85 centimeters the first year and 
7.41 the second. This also is a faster rate than that shown by 
any second-growth individual. According to the calculations 
made for these two individuals, it would take only three years 
for Enterolobium to grow 25 centimeters in diameter. While 
this rate appears rapid, a much higher rate would probably 
be shown by measuring a greater number of individuals of 
Enterolobium; but these two were the only ones available for 
measurement at the forest station at the base of Mount 
Maquiling. 

Pterocarpus indicus (narra) is a medium-sized forest tree, 
reaching a height of 20 to 30 meters and an average diameter of 
70 to 80 centimeters. An exceptional tree may reach a diameter 
of 150 to 200 centimeters. Narra does best in fairly open 
situations and is nearly deciduous for a short time during the 
dry season. The wood produced by this species is very valuable 
for cabinet work, furniture, etc. A considerable number of in­
dividuals of narra were grown in the plantation of the Bureau 
of Forestry at the forest station. One individual growing in the 
open in a favorable situation made an exceptionally rapid growth, 
and the measurements of this individual are the ones that are 
given in Table X L I V . During the first year it made a growth 
of 5.25 centimeters, and during the second, 4.89 centimeters. 
This rate of growth would be very rapid for a second-growth 
species, but it must be remembered that this was an exceptional 
tree. 

A N N U A L DIAMETER GROWTH OF SECOND-GROWTH SPECIES THAT DO NOT REACH 
A DIAMETER OF 20 CENTIMETERS 

Ficus hauili.—This species is a small tree, reaching a height 
of 3 to 8 meters. It is endemic in the Philippines and is dis­
tributed throughout the Islands at low altitudes. Ficus hauili 
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is prominent in the second growth at the base of Mount 
Maquiling. 

T A B L E XLV.—Annual diameter growth of Ficus hauili (hauili) at the 
base of Mount Maquiling; altitude, about 80 meters. 

[D iame te r s a n d g r o w t h are j r iven i n cent imeters . ] 

Diameter class in cent imeters 

The rates of growth of this species are recorded in Table XLV. 
They are similar to those for species attaining a diameter of 
20 or more centimeters. The average rate of growth of the 
0- to 5-centimeter class is 1.76 centimeters; of the 5- to 10-class, 
2.01 centimeters; and of the 10- to 15-class, 2.28 centimeters. 
According to these figures it would take a tree 7.5 years to reach 
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a diameter of 15 centimeters. Ficus hauili made the second 
most rapid growth of any species classified as not reaching a 
diameter of 20 centimeters. 

The individuals of Ficus hauili were \n the forest and in the 
nursery. I t wi l l be noted that no individual in the forest made 
so rapid a growth during the second as in the first year, while 
three of the five in the nursery, for which two years' measure­
ments were obtained, grew more rapidly the second year than 
the first. The species in question, like those previously con­
sidered, had a slower rate of growth when the forest became 
more crowded. 
T A B L B X L V I . — A n n u a l diameter growth of Ficus ulmifolia (isis) at the 

base of Mount Maquiling; altitude, about 80 meters. 

[Diameters and growth are given in centimeters 
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Ficus ulmifolia.—This species is usually a very small tree, 

reaching a height of from 3 to 5 meters. It is endemic in the 
Philippines and is rather common in the second-growth forests 
throughout the Archipelago. 

TABLE X L V I I . — A n n u a l diameter growth of Premua cuminguina (maguili) 
at-the base of Mount Maquihny, altitude, about SO meters. 

The rates of growth of this species are recorded in Table 
X L V I . Al l individuals measured were less than 10 centimeters 
in diameter at the time of the first measurement. The small 
individuals of Flaw ulmifolia showed a very slow rate of growth, 
the 0- to 5-centimeter class averaging only Q.'M> centimeter. The 
larger individuals, however, made a more rapid growth, the 5-
to 10-class averaging 1.89 centimeters. As in the case of the 



148 MOUNT MAQUILING 

other species, the trees in the forest made a slower growth during 
the second year than the first The trees in the nursery, where 
they were not crowded, showed a considerably faster rate than 
did those in the forest. According to the calculations of rates 
of growth the average individual of Ficus ulmifolia requires 16.5 
years to reach a diameter of 15 centimeters. 

Premna cumingiana.—This species is a very small tree. It 
is endemic in the Philippines and is common and widely dis­
tributed in second-growth forests at low altitudes. 

The results of the measurements of this species are given in 
Table X L V I I . They show a slower rate of growth than that of 
any of the species so far considered, the average rate of the 
0- to 5-centimeter class being 0.5 centimeter and of the 5- to 
10-class, 0.92 centimeter. These figures would seem to show 
that it would take an individual 15.4 years to reach a diameter 
of 10 centimeters. 

Miscellaneous species.—In addition to the species discussed 
measurements were made of a few individuals of a number 
of different species that do not reach a diameter of 20 centi-
meters. The results are given in Table X L V I I I . One of these, 
Melochia umbellata, is of particular interest. This is the most 
numerous species in the second-growth forest at the base of 
Mount Maquiling and shows a rapid rate of growth. When 
young i t has a smooth bark; but, as i t reaches full size, the 
bark becomes very rough and irregular, so that it is not prac-
ticable to determine the rates of growth of old individuals by 
the methods adopted. Measurements were started on a con-
siderable number of individuals, but in only five cases did the 
bark remain smooth throughout the first year. The results of 
the measurements of these five individuals are given in Table 
X L V I I I . The fastest growth made was 5.02 centimeters, while 
the average rate was 3.27. This is the fastest average rate 
recorded for any of the trees that do not reach a diameter of 
20 centimeters and, with two exceptions, was faster than that 
of any single diameter class of any species that attains a greater 
diameter. When Melochia has grown to approximately full size, 
the bark rapidly becomes rough, and the trees die in a com-
paratively short time. From the average rate of growth re-
corded in Table X L V I I I i t would seem that this species may reach 
maturity and die in three or four years. 

The other miscellaneous species showed a slower rate of growth 
than Melochia nmbellata. 
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TABLE XLVIII.—Annual diameter growth of miscellaneous trees which do 

not reach a diameter of 20 centimeters at the base of Mount Maqui-
ling; altitude, about 80 meters. 

[Diameters and growth are given in centimeters) 

Diameter class in centimeters 

SUMMARY OF RATES OF GROWTH OF SMALL SECOND-GROWTH SPECIES 

In Table X L I X are recorded the average rates of growth of 
the different diameter classes of all trees that do not reach a 
diameter of 20 centimeters. The rate of growth of the 0- to 
5-class was 0.64 centimeter; of the 5- to 10-class, 1.40 centi-
meters; and of the 10- to 15-class, 1.60 centimeters. Accord-
ing to these figures it would take an average tree 11.4 years 
to reach a diameter of 10 centimeters and 14.5 years to attain 
a diameter of 15 centimeters. The average rates of growth are 
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much slower than those of the species that reach a diameter of 
more than 20 centimeters. According to the figures given in 
Table XL a diameter of 30 centimeters is attained in the same 
length of time that would be required by the average of the 
small trees to reach a diameter of 15 centimeters. It would thus 
appear that the average smaller species and the average larger 
species reach maturity in about the same length of time. 

T A B L E XLIX.—Average annual diameter growth of species which do not 
reach a diameter of 20 centimeters at the base of Mount Maquiling, 
altitude, about 80 meters. 

Growth is Riven in centimeters ] 

GENERAL DISCUSSION 

A consideration of the rates of growth of second-growth species 
shows very clearly that their small size is not connected with a 
slow rate of growth; it also emphasizes the fact that they are 
weed species that can quickly invade open ground, mature early, 
and produce seeds before a more stable forest has had time to 
develop. The rapid growth of the species does, however, show 
that conditions at the base of Mount Maquiling are very favor-
able for plant growth. In the same locality agricultural crops 
that can stand a short but not very severe dry season do well. 
It may, therefore, be concluded that environmental conditions 
at the base of Mount Maquiling are favorable for plant growth. 
As previously pointed out, the few scattered specimens of large 
trees remaining from the original forest indicate that this area 
was originally covered by a tall forest. 
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GROWTH IN DIPTEROCARP FOREST 

Measurements of the rates of growth of trees in the dipterocarp 
forest of Mount Maquiling were begun by Mr. D. M. Matthews 
and the writer in January, 1913. The results of the first year's 
measurements on Mount Maquiling, together wi th those of more 
extensive measurements in other dipterocarp forests, have been 
published in considerable detail.* The measurements here pre-
sented are in continuation of those started by Brown and Mat-
thews in 1913 and cover four years. The results are essentially 
similar to those published; and, as these rates of growth have 
previously been compared with those in other regions in the 
Philippines, as well as in America, no extensive comparison of 
the rates for trees in the dipterocarp forest on Mount Maquiling 
with those in other localities wi l l be attempted. 

The measurements in the dipterocarp forest of Mount Ma-
quiling were taken at an elevation of approximately 300 meters, 
in an area in which there has been very little logging. This 
area was on the side of Molauin River opposite station 2 and 
about the same distance from the river as was this station. 
The environmental conditions may, therefore, be considered as 
practically the same as those obtaining at station 2. 

The three species concerned are Paraahorca malaawnan (bag-
tican lauan) which, it wi l l be remembered, is the dominant 
tree in the dipterocarp forest; Diplodisciui paniculatua (balobo), 
a second-story tree, which is the most numerous tree species 
in the forest; and Dillcnia philippinenxis (catmon), which is 
another common second-story tree. 

The first measurements of Parashona were taken on January 
13, 1913; the second, January 13, 1914; the third, January, 
1915; and the fourth, in January, 1917. The results are pre-
sented in Table L, in which are given the diameters at the 
time of the first measurement, the diameter growth for 1913 
and 1914, and the average annual diameter growth for 1915 
and 1916; also the average rates of growth for the four-year 
period and the average number of years that it would take, 
according to these figures, for a tree to pass through a given 
diameter class. 

* Brown, W. H., and Matthews, D. M., Philippine dipterocarp forests, 
Phil. Journ Sci, Sec A (1914), 9, 413-561 

* 
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TABLE L.—Annual diameter growth of Parashorea malaanonan (bagticav 
lauan) in virgin forest on Mount Maquiling; altitude, about 800 meters, 

[Diameters and growth are given in centimeters.] 
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TABLE L—Annual diameter growth of Parashorea malaanonan (bagtican 

lauan) in virgin forest on Mount Maquiling; altitude, about 300 
meters—Continued. 
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TABLE L.--Annual diameter growth of Parashorea malaanonan (bagtican 
lauan) in virgin forest on Momnt Maquiling; altitude, about 300 
meters—Continued. 

The measurements taken in January, 1917, were made on 
the occasion of a hurried t r ip to Los Banos; a few of the trees 
previously measured were not relocated, as the band of white 
paint wi th which they had been marked four years previously 
had largely disappeared. This accounts for the blanks in the 
column for 1915 and 1916. 

I t wi l l be seen that the same tree frequently shows very 
different rates of growth in the different years. This may 
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very well be connected wi th differences in exposure due to 
changes in the size of the crowns of the trees composing the 
canopy. When, however, the average rates for all the trees 
in a class are calculated, the averages for the different years 
are much more similar than are the rates for the individuals. 
Moreover, the total number of years required by a tree to grow 
from a diameter of 5 centimeters to the largest diameter is 
very similar for all of the different years. It seems probable, 
therefore, that the rates of growth calculated in Table L are 
approximately average rates for Parashorca at this altitude on 
Motint Maquiling. 

This does not mean, however, that from these figures we can 
accurately calculate the ages of trees of small diameters; for, 
as has already been pointed out, many of the small trees may 
not reach mature size. This is particularly true of those in 
the 0- to 5-centimeter class. In Brown and Matthews's Table 
X V I * in which are presented the rates of growth of Para-
shorea on Mount Maquiling, tree 3 in the 0- to 5-centimeter 
class showed no growth. At the end of 1914 this tree still ap­
peared healthy, but again showed no growth. In January, 1917, 
it was found to be dead. 

Tree 3, in the 0- to 5-centimeter class in Table L, showed 
no growth during 1913, but in 1914 grew 0.032 centimeter in 
diameter and in 1915 and 1916 made an average annual growth 
of 0.056 centimeter. Tree 1, in the same class in Table L, 
showed a growth of 0.112 centimeter in 1913, and no growth in 
1914. This tree was not relocated in January, 1917, but was 
observed later when i t was apparently vigorous. I t wi l l be seen, 
therefore, that it is not possible to tell by the appearance of 
a tree or by its rate of growth for a year whether or not it 
wi l l continue to exist. 

The rates shown for the 0- to 5-centimeter class are very 
varied, as are also the averages for the different years. It is, 
therefore, probable that there is a considerable error in esti­
mating the age of trees in this class; but this error is not likely 
to be large enough to produce a very considerable error in es­
timating the ages of trees of large size. 

The average rates of growth of trees in the 5- to 10-centi­
meter class agree much more closely than do those of trees 
in the 0- to 5-class, and it seems probable that a calculation 
from these figures, of the number of years required for a tree 

* Brown, W. H . , and Matthews, D. M . , Philippine dipterocarp forests, 
Phil. Journ. Sci, Sec. A (1914), 9, 413-561. 
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to grow from 5 to 10 centimeters, is fairly close to the actual 
time involved. The trees in this class are tall enough to be 
high in the forest. 

Trees which are more than 20 centimeters in diameter are 
in the first story, and the calculations of the number of years 
required for them to pass through the higher diameter classes 
should be fairly accurate. In discussing the composition of the 
dipterocarp forest it was shown that trees even less than 20 
centimeters in diameter may be in the first story. 

If the rates as calculated above are applicable to the trees 
in the forest as a whole, then the number of individuals in a 
diameter class divided by the number of years calculated for a 
tree to pass through the same diameter class should be practically 
constant for all classes. Such a calculation based on the number 
of trees in different diameter classes on a square hectare indicates 
that there is a very low rate of mortality in trees between 5 and 
40 centimeters in diameter, and so the calculations of the rates 
of growth for diameters above the 0- to 5-class may be regarded 
as fairly accurate. 

While the method of calculating the age of a tree is subject to 
the error above mentioned, this error does not affect the validity 
of a comparison of rates of growth of trees of various diam­
eters in different situations, for the measurements represent 
the actual rates of growth of average trees of different diameters. 

In fig. 2 there is presented a curve of the rates of growth 
of Parashorea. In this curve the ordinates represent diameters 
and the abscissae years. According to the curve, it takes an 
average individual of Parashorea one hundred ninety-seven years 
to reach a diameter of 80 centimeters. This slow rate of growth 
is very evidently due to the fact that the trees are suppressed 
while young; as, according to the curve, it would require seventy-
one years for a tree to reach a diameter of 5 centimeters. After 
the trees have come to be in the main canopy they show a 
rapid rate of growth. 

The following conclusions of Brown and Matthews give a 
comparison of the rates of growth of Parashorea wi th those of 
trees in America: 

It will be seen from the curves that the rate of growth of white oak 
is faster than that of Parashorea, until the trees are 37.5 centimeters in 
diameter, while yellow poplar grows faster than Parashorea until it attains 
a diameter of 65 centimeters. Yellow pine in New Mexico and oak on site 
I in Europe show rates of growth intermediate between white oak and 
yellow poplar. It is also to be noted that the curve for Parashorea crosses 
those of all of the temperate zone species and in the larger diameter 
classes lies considerably above them. This shows clearly that in the latter 
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part of the life of Paraahorea it is distinctly the fastest growing of all 
the species here considered. Yellow poplar, the fastest growing of the 
temperate zone species, takes one hundred fifteen years to grow from 30 
centimeters in diameter to 70 centimeters, while Parashorea makes the 
same growth in fifty years: The results would seem to show clearly that 
only the larger individuals of Parashorea are in a position to take advan-
tage of the more favorable conditions for growth which exist in the tropics 
and that throughout the earlier period of their existence they maintain 
themselves and grow under very adverse conditions; that is, Parashorea 
in a virgin forest passes through an exceptionally long suppression period 
as compared with trees in a deciduous forest of the temperate zone. 

The figures for the rates of growth of Parashorea, as cal-
culated by Brown and Matthews, and as given in Table L, show 
some slight differences, but not enough to affect the general 
conclusions reached by them. 

Measurements were also begun by Brown and Matthews of 
fifty individuals of Parashorea growing in a pure stand near the 
base of Mount Maquiling at an altitude of about 100 meters. 
None of these trees were more than 14 centimeters in diameter. 
This stand was located at the edge of the forest near a large 
seed tree, and probably* became established under a canopy 
which has since disappeared. The straggling individuals near 

Fig. 2 Rates of growth of trees in dipterocarp forest on Mount Maquiling; altitude, 
300 meters. 
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the edge of the stand were in an exposed situation. They were 
smaller than those in the main stand and showed a slower rate 
of growth. While, thus, too great exposure appears to be in-
jurious to young plants of Parashorea, the trees growing in a 
pure stand in the open show a much faster rate of growth than 
those in the virgin forest. The results of the measurements 
of these trees are given in Table L I . 
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The measurements were made at the same times as those of 

Parashorea growing in the forest. Between January, 1915, and 
January, 1917, many of these trees were cut down so that the 
number measured in January, 1917, was considerably smaller 
than on the other dates. 

In fig. 2 is also shown a curve for Parashorea growing in the 
open, the rates of growth of the smaller diameters being based 
on the figures in Table L I , and those for the larger classes, on 
the figures in Table L. The rate of growth of the 20- to 30-
centimeter class was obtained by calculation. 

According to Table L I , a tree in the open would require 13.6 
years to grow from 10 to 20 centimeters in diameter, and accord­
ing to Table L a tree would grow from 30 to 40 centimeters 
in diameter in 13.5 years. A tree 30 to 40 centimeters in diam­
eter in the virgin forest is in the main canopy and so may 
be regarded as growing in the open. Trees 20 to 30 centi­
meters in diameter are not so completely exposed and show a 
slower rate of growth than either the 10- to 20-centimeter 
class in the open or the 30- to 40-class in the forest. It would 
seem, however, that, if they were growing fully exposed, they 
should make as rapid growth as those of the 10- to 20-centi­
meter class in the open. In calculating the age of the trees 
in the open the figure 13.5 has been used as the number of 
years required by a tree to grow from 20 to 30 centimeters. 
This figure is identical with that for trees 30 to 40 centi­
meters in diameter in the forest, and only one-tenth of a year 
faster than that for trees 10 to 20 centimeters in diameter in 
the open. 

I t wi l l be seen that the growth as calculated for individuals 
in the open is very much faster than that for those in the 
forest as, according to the estimates, a tree 80 centimeters in 
diameter in the open would be 111 years old, while one in the 
forest of the same size would have an age of 197 years. The 
great difference in the rates of growth of young individuals in 
the open and in the forest is shown very clearly. A tree 20 
centimeters in diameter in the open has an estimated age of 
35 years, and one in the forest, 116 years. 

This shows very clearly that the slow growth of the smaller 
sizes of Parashorea malaanonan in the forest is due to adverse 
conditions existing under the dense canopy of the first and 
second story. 

Measurements of the growth of Diplodiscus paniculatus (ba-
lobo) are given in Table L I I . These measurements covered the 
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TABLE LII—Annual diameter growth of Diplodiscus paniculatus (balobo) 
for 1913 and 1914 in dipterocarp forest on Mount Maquliing; altitude, 
about 300 meters. 

[Diameters and growth are given in centimeters.] 

period between January, 1913, and January, 1915. They were 
made on approximately the same dates as those for Parashorea. 
The trees were in the same area as the specimens of Parashorea 
measured in the forest. From a comparison of the rates of 
growth of Diplodiscus, as shown in Table L I I , wi th those of 
Parashorea in Table L i t wi l l be seen that the rates of growth 
of Diplodiscus are slightly slower than those of Parashorea. The 
rates for Diplodiscus as calculated in Table L I I are plotted in 
fig. 2 together with those for Parashorea. In this figure the 
curve for Diplodiscus is above that for Parashorea. This is very 
evidently due to the fact that no trees of Diplodisctis less than 
5 centimeters in diameter were measured, and so the rate of 
growth of the 0- to 10-centimeter class is based entirely on 
trees more than 5 centimeters in diameter. Had trees of Diplo­
discus in the 0- to 5-centimeter class been included in the measure­
ments, the curve for this species would probably lie below that 



GROWTH 161 
for Parashorea, as we have seen that the larger diameter classes 
of Diplodiscus show a slower rate of growth than those of the 
same classes of Parashorea. Brown and Matthews* found that, 
in general, second-story species showed a slower rate of growth 
than the dominant dipterocarps. 

The rates of growth for Dillenia philippinensis in 1913 and 
1914 are given in Table L I I I This species was growing in 
the same situation as Parashorea and Diplodiscus, and the meas­
urements were made at the same time as those for Diplodiscus. 
The rates of growth of this species wi l l be discussed later 
in connection wi th measurements of the same species growing 
in the midmountain forest. 

T A B L E L I I I — A n n u a l diameter growth of Dillenia philippinensis (catmon) 
for 1913 and 191h in dipterocarp forest on Mount Maquihng; altitude, 
about 300 meters. 

[Diameters and growth are given in centimeters.] 

GROWTH IN THE MIDMOUNTAIN FOREST 

Measurements of growth in the midmountain forest were 
made at an elevation of 740 meters and included three species: 
Astronia pulchra, which, as before mentioned, is the dominant 
species in a limited area at this elevation; Dillenia philippinensis 
(catmon), a second-story tree; and Dillenia reifferscheidia (cat­
mon carabao), another second-story species. The trees were 
located in the immediate neighborhood of the station at which 

* Brown, W. H . , and Matthews, D. M . , Philippine dipterocarp forests, 
Phil. Journ. Sci, Sec. A (1914), 9, 413-561. 

159549 11 
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measurements were made of the environmental factors. This 
station is shown on the map, Plate XLI , as station 4. 

The first measurement was taken January 23, 1913, and 
subsequent measurements on about the same date in January, 
1914,1915, and 1917. The rates of growth of Astronia pvlchra 
for these different periods are given in Table LIV. As was the 
case with Parashorea, the same trees frequently showed very 
different rates of growth for the different years. The average 
rates of growth for the whole period are plotted in fig. 3. 

TABLE LIV.—Annual diameter growth of Astronia pulchra in midmountain 
forest on Mount Maquiling; altitude, 740 meters. 

[Diameters and grrowth are given in centimeters.] 
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TABUS LIV\—Annual diameter growth of Astronta pulchra in midmountain 

forest on Mount Maquiling; altitude, 740 meters—Continued. 
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FIG 3. Diameter growth of Parashorea at 800 meters', and Astronia pulchra at 740 
meters' altitude! 

As no measurements were obtained of trees less than 5 centi­
meters in diameter, the curve in fig. 3 has been plotted to show 
the number of years required for an average tree to grow from 
5 centimeters to larger diameters up to 50 centimeters, and in the 
same figure there is also plotted a similar curve for Parashorea 
malaanonan at an altitude of 300 meters. A comparison of these 
curves shows that, whereas Parashorea malaanonan requires 
about ninety years to grow from 5 to 50 centimeters, Astronia 
pulchra takes two hundred thirteen years to make the same 
growth. Both of these species may be regarded as being in the 
same story when they are more than 20 centimeters in diameter. 
It may, therefore, be more accurate to compare the rates of 
growth of these species for diameters of between 20 and 50 
centimeters. Parashorea makes this growth in forty-five and 
one-half years, while Astronia requires ninety-one years or twice 
as long as Parashorea. This difference in rate of growth is 
roughly proportionate to the greatest height attained by the two 
species at the altitudes concerned, for at 300 meters' elevation 
Parashorea attains a height of abput 38 meters, while Astronia 
pulchra at 740 meters grows to a height of about 20 meters. 
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TABLE LV.—Annual diameter growth of Dillenia philippinensis in mid' 
mountain forest on Mount Maquiline?; altitude, 740 meters. 

[Diameters and growth are given in centimeters.] 
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TABLE LVI.—Annual diameter growth of Dillenia reifferscheidia in mid-
mountain forest on Mount Maquiling; altitude, 740 meters. 

[Diameters and growth are given in centimeters.] 

In Table LV the rates of growth for Dillenia philippinensis 
are given, and in Table L V I those for Dillenia reifferscheidia. 
The results are plotted in fig. 4, together with those for Dillenia 
philippinensis at an altitude of 300 meters. From these figures 
i t wi l l be seen that at an altitude of 740 meters Dillenia philip­
pinensis and Dillenia reifferscheidia have about the same rate 

AGE in years 

FIG. 4. Rates of growth of Dillenia at altitudes of 300 and 740 meters. 

of growth, and that this rate is much slower than that for 
Dillenia philippinensis at 300 meters. According to the curves 
in this figure, Dillenia philippinensis at an altitude of 300 meters 
attains a diameter of 30 centimeters in sixty-six years, while 
at 740 meters it requires one hundred ninety-three years to 
reach the same diameter. The figures on which these curves 
are based are not numerous enough to permit any exact com-
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parison, but they indicate very clearly that at high altitudes 
DiUenia grows much more slowly than at low elevations. 

GROWTH IN MOSSY FOREST 

Owing to the irregular shapes of the tree trunks and the 
great development of the aerial roots, it is impracticable to 
measure the diameter growth of most of the trees in the mossy 
forest. For this reason the second-growth species, Horrvaianthus 
alpirmSy was selected for measurement. This tree, as previously 
pointed out, invades open places that are caused by the death 
or removal of trees forming the canopy of the mossy forest. At 
an altitude of about 1,000 meters there was a small area in 
which Homalanthtcs alpimcs formed a very open, pure stand. 
Measurements of individuals in this area were made on January 
16, 1913, and about the same date in January, 1914 and 1915. 
The results are presented in Table L V I I . 
TABLE LVII.—Annual diameter growth of Homalantlnis alpinus in mousy 

forest on Mount Maquiling; altitude, about 1,000 meters. 
[Diameter and growth are given in centimeters 1 
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There were no trees in this area less than 5 centimeters in 
diameter, and so the figures for the 0- to 10-centimeter class 
are based on trees measuring more than 5 centimeters in dia­
meter. The average annual rate of growth of trees in the 0-
to 10-centimeter class was 0.29 centimeter, and in the 10- to 
20- class, 0.39 centimeter. From these figures it was calculated 
that a tree would require thirty-four years to reach a diameter 
of 10 centimeters, and twenty-six years to grow from 10 to 20 
centimeters. 

In fig. 5 the rates of growth of Homalanthus alpinus at an 
elevation of about 1,000 meters are compared wi th the average 
rates of growth of second-growth species at the base of Mount 
Maquiling, at an altitude of about 80 meters. As no trees of 
Homalanthus less than 5 centimeters in diameter were measured, 
the curves in fig. 5 are drawn to show the rates of growth from 
a diameter of 5 to one of 20 centimeters. In the figure are 
shown separately the average rates of growth of second-growth 
trees that reach a diameter of more than 20 centimeters and 

Years. 
10 SO W 40 

FIG. 5. Rates of jyrowth of second-growth trees on Mount Maquiling at altitudes of 
80 and 1,000 meters. 

of those that do not reach a diameter of 20 centimeters. As 
Homalanthus is a small tree, it may perhaps be best compared 
wi th the average of the smaller second-growth species at an 
altitude of 80 meters. According to the curve in fig. 5, the 
average small second-growth tree at an altitude of 80 meters 
requires about ten years to grow from 5 to 20 centimeters, 
while Homalanthus requires forty-three years to make the same 
growth. This difference in rate is probably greater than the 
difference in the height of the canopy of the forest which formerly 
existed at 80 meters, and that which is now found at 1,000 
meters; as at the lower elevation trees may have reached a 
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height of about 45 meters, wh i l e at 1,000 meters the tallest 
ones are about 14 meters in height. 

CONCLUSIONS 
A comparison of the rates of g r o w t h of trees in the dipterocarp 

w i t h those in the midmounta in forest, and of those in the second-
g r o w t h at 80 meters w i t h the second-growth tree Homalantkus 
alpinus at 1,000 meters would seem to indicate t ha t the rates of 
g r o w t h are roughly proport ionate to the heights of the v i r g i n 
forests at different alti tudes. Such a conclusion as th i s can of 
course only be accepted in the most general terms, as it is we l l 
known tha t trees of different species, even though they reach 
about the same size, may show different rates of g rowth . It 
would seem, however, that the much slower rate at which trees 
g row at h igh than at low altitudes on Mount Maqu i l ing may 
very wel l be connected w i t h the dwarf ing as higher altitudes 
are reached; and, if we assume tha t the trees have approx­
imately equal lengths of l i fe , this would certainly be sufficient 
to account fo r the dwarf ing at h igh altitudes. 

Trees at a l l altitudes are subject to fungus attacks; and, 
as they reach the i r largest size, the t runks become hol low; th i s 
is apparently ju s t as t rue of trees at h i g h as at low altitudes. 
The lower temperature at h igh altitudes would, in a l l proba­
b i l i t y , re ta rd the rate of g r o w t h of f u n g i ; but, as the trees are 
smaller at h igh altitudes, there is no reason for supposing tha t 
fung i would not g r o w in them ju s t as fast in propor t ion to 
the i r size as they would in larger trees at lower elevations. 

We have previously seen tha t on the steeper slopes trees are 
smaller than in more level places and tha t in the f irs t case 
the small size may be connected w i t h erosion; but even on level 
areas dwarf ing is pronounced, and the measurements given 
in th is paper fo r heights at different elevations were recorded 
f r o m trees g r o w i n g in level situations or on gentle slopes. 

We may, therefore, tentat ively conclude that the smaller size 
of the trees at h igh elevations is connected, to a large extent at 
least, w i t h the slow rate of g r o w t h . I f the slow g r o w t h a t 
the higher altitudes is not direct ly responsible for the small 
size of the trees, the same factors tha t l i m i t the rates of g r o w t h 
may also l i m i t the size attained. 

D r . F. T. MacLean informs me tha t while w o r k i n g on aspen 
he found that , i f a tree were subnormal in height while a t t a in ing 
i ts g r o w t h in height, i t would be subnormal in height a t ma tu­
r i t y and, moreover, the degree of dwarf ing at a given age would 
be propor t ional to the height of the tree when mature. This 
affords some evidence tha t rates of g rowth in height may be 
roughly propor t ional to the heights of trees when mature. 
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Further evidence on this point is afforded by a comparison of 
the rates of growth of trees on Mount Maquiling wi th other 
species growing on other mountains. Brown * has made a study 
of the rates of growth of Podocarpus on Mount Banahao at an 
altitude of 2,100 meters. Podocarpus at this altitude reaches 
a height of about 14 meters, while the average height of the 
main canopy, composed entirely of Podocarpus, is about 12 me­
ters. These trees are much shorter than Astronia pulchra on 
Mount Maquiling, and the rate of growth is much slower. Ac­
cording to the figures in Table L I V an individual of Astronia 
pulchra 50 centimeters in diameter would be 259 years old 
while, according to the curve given by Brown, Podocarpus at 
the top of Mount Banahao would require 444 years to reach 
the same size. The measurements in these two cases are com­
parable, as in both cases the smallest trees measured were in 
the 5- to 10-centimeter class. Here again the rates of growth 
are approximately proportional to the size of the trees. 

Koorders,f in studying the forest at an altitude of about 1,500 
meters on the Gedeh in Java, measured a tree of Altingia excelsa 
49 meters in height. Brown and Yates ‡ found that the 
trees in this forest grow about as rapidly as those in the 
tall dipterocarp forests at low altitudes in the Philippines. 
Brown and Matthews § have further shown that trees in tall 
dipterocarp forests at low altitudes made a faster growth than 
those in lower forests at higher altitudes. 

* Brown, W. H . , The rate of growth of Podocarpus imbricatus at the 
top of Mount Banahao, Luzon, Philippine Islands, Phil Jowrn. Sci., Sec. 
C (1917), 12, 317-329. 

† Koorders, S. H . , Floristischer Ueberblick uber die Blutenpflanzen des 
Urwaldes von Tjibodas auf dem Vulkan Gede in West-Java nebst einer 
Numerliste und einer systematischen Uebersicht der dort fur botanische 
Untersuehungen von m i r numerierten Waldbaume, Engl. Bot. Jahrb. (1914), 
50, Supp l , 278 303. 

‡ Brown, W. H . , and Yates, H. S., The rate of growth of some trees on 
the Gedeh, Java, Phil. Journ. Sci, Sec. C (1917), 12, 305. 

§ Brown, W. H . , and Matthews, D. M . , Philippine dipterocarp forests, 
Phil Journ. Sci, See. A (1914), 9, 413-561. 



CHEMICAL AND PHYSICAL COMPOSITION OF THE SOIL 
AT DIFFERENT ELEVATIONS 

. The composition of the soil at different elevations on Mount 
Maquiling has been studied by Brown and Arguelles.* The 
soil of Mount Maquiling is of volcanic origin. An account of 
the geology has been given by Abella.f 

On the lower slopes there are layers of soft volcanic tuff. At 
elevations of from 50 to 100 meters these layers of tuff, which 
are mixed with layers of soil, may be many meters thick and are 
frequently near the surface. The layers near the surface, how­
ever, are usually thin, soft, and very much broken. Such a 
layer, about 30 centimeters thick, is frequently found about 30 
centimeters below the surface, and traces occur at elevations 
above 300 meters. West and Cox ‡ give analyses of a number 
of samples of similar tuff. These analyses indicate that the 
tuff should disintegrate into a fertile soil. Where the surface 
layers of the tuff are shallow and much broken, they appear 
to have little if any effect in determining the character of the 
vegetation. No thick layers of tuff have been observed ex­
cept around the base of the mountain, where the original vege­
tation has been almost entirely removed. 

Except around the base the soil is deep on all parts of the 
mountain, and rock outcrops are very scarce except in the beds 
of streams. It was thought at first that the soil near the top 
might be shallow, and in order to test the depth at the summit 
of the east peak a soil auger was sunk into the soil to the 
depth of a meter in a large number of places without anywhere 
encountering rock. 

* Brown, W. H . , and Arguelles, A. S., The composition and moisture 
content of the soils in the types of vegetation at different elevations on 
Mount Maquil ing, Phil. Journ. Sci., Sec. A (1917), 12, 221-233. 

† Abella y Casariego, D. E., El Monte Maquil in. Madrid (1885). 
% West, A. P., and Cox, A. J., Burn ing tests of Philippine Portland 

cement raw materials, Phil. Journ. Sri., Sec. A (1914), 9, 79. 
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The chemical composition of the soil at different elevations, 
as given by Brown and Argiielles,* is presented in Table L V I I I . 

TABLE LVIII.—Chemical analyses of soils from Mount Maqmling. 

[Water-free basis, numbers give percentages.] 

The sample from the grassland was taken on the ridge at sta­
tion 1, at an elevation of about 100 meters; that from the dipter-
ocarp forest, at station 2, at an elevation of 300 meters; that 
from the midmountain forest, at station 4, at an elevation of 
about 740 meters; and that from the mossy forest, at station 
5, at an elevation of 1,050 meters. From the table it wi l l be 
seen that none of the soils is strikingly deficient in any impor­
tant element, and none can be considered as acid. The amount 
of nitrogen and humus is greatest in the mossy forest, where 
the vegetation is most dwarfed. It is to be noted that the 
smallest amount of nitrogen and humus is shown by the sample 
from the tall dipterocarp forest. The chemical analyses of the 
soil, as shown in Table L V I I I , do not indicate that there is any 
connection between its chemical composition and the dwarfing 
of the vegetation as higher elevations are reached. 

The physical analyses of the soils, as given by Brown and 
Argiielles,t are presented in Table L I X . There is nothing in 
these analyses to indicate that the soils should not all produce 
a luxuriant type of vegetation. If any distinction can be made 
it seems that the soil of the mossy forest should be the best, 
as it is a fine, sandy loam, while that of the dipterocarp forest 
and grassland is a loamy clay. 

* Loc. cit. †Loc. cit. 
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TABLE LIX.—Mechanical analyses of soils from Mount Maquiling. 
[Water-fiee basis; numbers give percentages } 

The chemical analyses do not indicate the amount of material 
available for plants, as soils from which soluble constituents 
have been largely leached out might still show a high percentage 
of necessary elements, these elements being in a form not readily 
available for plants. There is, however, no reason for think­
ing that the soil in the low type of vegetation, at the top of 
the mountain, is leached out to a greater extent than at other 
elevations, as the rainfall at the top is no heavier than in the 
dipterocarp forest at 300 meters' elevation, and not so heavy 
as in the dipterocarp forest at 450 meters' elevation or in the 
midmountain forest at an altitude of 740 meters. It also seems 
improbable that any considerable amount of dissolved matter is 
carried from the top of the mountain to the high ridges on 
which the vegetation was measured. These are never flooded 
but, on the contrary, the streams are confined to deep and 
narrow valleys. The soil in all of the virgin types of vegetation 
is always comparatively moist, while the streams increase in 
size as they flow down the mountain. This would indicate that 
little, if any, dissolved matter which comes from near the top 
of the mountain is conveyed from the drainage to the ridges 
at lower elevations by water carried by capillary attraction. 

There is, moreover, no reason for considering one type as 
being better drained or aerated than another, as the mountain 
is cut up into ridges and valleys, thus assuring good drainage. 
The only obvious difference in the various types of vegetation 
that we might expect would be connected with the character of 
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the soil is the difference in the height of the trees at different 
elevations. But there appears to be nothing in the character 
of the soil that would indicate that it is responsible for this 
difference. 

The shallow nature of the soil at the base of the mountain 
might lead us to believe that this soil would be the poorest 
for plant growth; but we find that plants in this soil make an 
exceedingly rapid growth, and the remnants of the original 
vegetation which are now to be found there indicate that it 
was originally covered by a tall forest. 



GENERAL REMARKS ON RECORDS OF MEASUREMENTS 

LOCATION OF STATIONS 

The measurements of environmental factors were taken at 
five different stations at different altitudes, as shown on the 
map (Plate X L I ) . 

Station 1 was on a ridge in the parang. The majority of 
the instruments at this station were placed at a short distance 
from the buildings of the division of investigation of the Bureau 
of Forestry as located in 1912. These were at the front of a 
long, broad ridge on the right of Molauin River. The instru­
ments were scattered for a considerable distance along this 
ridge, so that they might be in different types of vegetation. 
The altitudes varied from 75 to about 100 meters. 

Station 2 was in the dipterocarp forest at an altitude of 
about 300 meters and was on the top of a ridge, on the left of 
Molauin River. One evaporimeter was placed in a ravine a 
few meters from the bank of Molauin River, at about the 
point where the t ra i l up the mountain comes nearest to the river. 
From the map i t wi l l be seen that this was some little distance 
from the main station. This evaporimeter was also at an ele­
vation of 300 meters. 

Station 3 was also in the dipterocarp forest and at an ele­
vation of 450 meters. This station, like the others, was on a 
ridge. The clearing on plot 2, which was at the same eleva­
tion, was used to measure conditions in the open at this altitude. 

Station 4 was on a ridge in the midmountain forest at an alti­
tude of 740 meters. A ravine is located on the left of the ridge, 
and one evaporimeter was placed in this ravine about 30 or 40 
meters below the elevation of the main station. 

Station 5 was in the mossy forest on the summit of the east 
peak of Mount Maquiling. 

DATES OF MEASUREMENTS 

The installation of the instruments at the various stations 
was begun in October, 1911, and as soon as any instrument 
was installed weekly readings of that instrument were begun. 
As considerable time was required to make these installations 
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the readings were not all begun at the same time. At first 
readings were always taken on Saturday, but of course at 
different hours of the day, as it was impossible to read the in­
struments at different stations at anything approximating the 
same hour. As more instruments were installed, it became im­
possible to read them all on the same day. Most of the readings 
for stations 1 and 2 were then taken on Friday afternoon, and 
those for the other stations on Saturday. At station 3 the 
instruments were not installed until July, 1913. After this two 
whole days were occupied in taking readings. Beginning July, 
1913, daily readings were also taken with a large number of 
instruments at station 1 in the immediate neighborhood of the 
forestry buildings. After this the instruments at station 1, 
which were read once a week, were read on Friday morning; 
those at station 2, later on the same day; and those at station 
3, on Friday afternoon. The readings for stations 4 and 5 were 
recorded on Saturday; those for station 4 being taken in the 
morning, and those for station 5, about midday or early in the 
afternoon. However, in order that the readings at the different 
stations might be readily compared without the inconvenience 
of using different dates, a common date for all was adopted; 
and, no matter at what time the readings were taken, the week 
has been regarded as ending on Friday at midnight. 

FORM OF RECORDS 

As most of the readings were taken weekly, the tables have 
been calculated for weeks ending Friday at midnight, and the 
data then assembled in the form of averages, totals, and maxima 
and minima for four-week periods. These four-week periods 
for the different years of course ended on different days of the 
month. Thus, the period ending December 6, 1912, would cor­
respond with the periods ending December 5, 1913, and Decem­
ber 4, 1914, respectively. The averages, totals, and maxima 
and minima for corresponding four-week periods were then cal­
culated for the entire period from October, 1912, to January 1, 
1915, the dates used being those for 1913. The figures in the 
tables to follow represent the weekly readings from October, 
1912, to January 1, 1915, and the data for corresponding four-
week periods for the three years. The data for the four-week 
periods of the single years have been omitted, as the readings 
for the two years proved to be very similar. A l l of the data in 
the different tables have been calculated at least twice, and the 
results compared. It is believed, therefore, that the results 
are about as accurate as could be expected. 
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It is tfsually customary to give records of temperature and 
relative humidity according to calendar months. As the data 
from Mount Maquiling are presented for periods of four weeks 
rather than for calendar months it has seemed desirable, for 
purposes of comparison, to prepare summary tables of the data 
obtained from the recording instruments in the more usual 
form of calendar months. Such tables are presented in the 
appendix. 

PRESENTATION OF RESULTS 

The results of the measurements taken on Mount Maquiling 
have been recorded in considerable detail. This has been deemed 
advisable, as the-records are much more extensive than any that 
have been previously given for conditions obtaining in tropical 
vegetation. It is believed they wi l l be of value in presenting 
an actual picture of environmental conditions, and they may be 
of service in the future in interpreting the relation of environ­
ment to different types of tropical vegetation in a more exact 
manner than is now possible. 

The method used by some writers, of presenting their results 
only in the form of curves or of curves with the addition of 
very short general statements or concise summaries, usually 
brings out very clearly the points emphasized in the paper; but 
it does not make the results readily usable for comparison by 
other workers. In preparing the present paper the writer has 
seen a number of articles the results of which it would have 
been very interesting to compare in some detail with those here 
presented, but to do so was impracticable owing to the methods 
of presentation just mentioned. 

159549 12 



TEMPERATURE 

Two kinds of instruments were used to record temperature; 
namely, recording thermometers, and maximum and minimum 
thermometers. The recording thermometers were placed in 
wooden cases wi th open bottoms and louvre sides and were about 
75 centimeters above the ground. The cases were placed under 
the forest in all instances, except at 450 meters' elevation, 
where there were two cases—one under the* forest and the 
other in the open. The records from the recording thermometers 
are presented in the form of maxima, minima, means, averages 
of daily maxima, and averages of daily minima. 

The means were taken from the original records by a plani-
meter. This method is very accurate when used in conjunction 
with the oblong sheets of a Richard Freres recording ther­
mometer, the type of thermometer used at the base of the 
mountain where variations in temperature are greatest. At 
elevations of 300 meters and more the records were obtained 
from Draper recording thermometers. As the records from 
these instruments are circular, this method produces an error 
due to the fact that the area per degree varies wi th different 
temperatures. This error would be considerable if the difference 
between the daily maximum and minimum temperatures were 
great, and if the maximum and minimum temperatures were 
maintained for a considerable portion of the day. However, 
as the average daily variation in temperature on Mount Ma-
quiling was in no situation where circular records were used 
more than 3.4° C, and as the maxima and minima were main­
tained for only very short periods, this error becomes negligible. 
The records used read in Fahrenheit, and the results were con­
verted to centigrade. If a temperature of 80° F. were maintained 
for one-half of each day in the week, and a temperature of 
70° F. for the other half, then the error in calculating the mean 
with a planimeter would amount to considerably less than 0.2° C. 
Such a case would be extreme, as a daily variation of 10° F. 
is much greater than the average daily variation recorded for 
any situation on Mount Maquiling, where circular records were 
used. Moreover, the maximum and minimum temperatures are 
only maintained for very short periods of time, so that the 
error for a range of 10° F. would be much less than that just 
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calculated. The error due to the use of a planimeter wi th the 
records on Mount Maquiling should be a fraction-of a tenth 
of a degree and therefore a negligible quantity. 

The maximum and minimum thermometers were placed in 
the tops of trees at the different elevations and also in the 
crowns of second-story trees in the dipterocarp forest at 300 
and at 450 meters' elevation. In most cases they were in large 
boxes wi th perforated bottoms and with holes in the tops and 
so fixed as to permit free movement of air without exposure 
to direct sunlight. The thermometer in the top of the second-
story tree at the base was suspended under a A-shaped top, 
without bottom or sides. These instruments probably recorded 
the minimum temperature accurately, but the maximum may 
very well have been affected to some extent by radiation. How­
ever, a comparison of the temperatures at the tops of the trees 
at 450 meters' elevation and in the case in the open at the 
same elevation would indicate that radiation did not raise the 
temperature recorded by these thermometers to any very con­
siderable extent. 

In the following discussion all temperatures are given in 
degrees centigrade. 

TEMPERATURE IN THE PARANG 

The taking of temperature records at the base of Mount Ma­
quiling was begun by Dr. F. W. Foxworthy in October, 1911. 
These records were made with a Richard Freres recording 
thermometer, which at first was placed in a very open room 
in a bamboo house. Later, when the writer began recording 
climatic data on Mount Maquiling, Doctor Foxworthy transferred 
this instrument to a case which was placed under a canopy of 
second-growth trees, where Doctor Foxworthy continued to take 
records until June, 1913, when the instrument was turned over 
to the writer. A comparison of simultaneous records taken in 
an open bamboo house and under the second-growth trees has 
shown that the temperatures in the two places are very similar, 
and so the earlier records taken by Doctor Foxworthy have 
been included in the tables for temperatures under the second-
growth trees at the base of Mount Maquiling at an elevation of 
80 meters. The recording of temperatures in this situation was 
continued until January 1, 1915. The results are presented in 
Table LX in the form of weekly maxima, weekly minima, means, 
and averages of daily maxima and minima. The figures in Table 
LX are summarized for corresponding four-week periods for 
the different years in Table L X I . 
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TABLE IX—-Temperature for weekly pemde under second-growth trees 
near the base of Mount Maquiling; altitude, 80 meters. 

[Numbers give degrees centigrade.] 
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TABLE LX.—Temperature for weekly periods under second-growth tree$ 

near the base of Mount Maquiling; altitude, 80 meters—Continued. 
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TABLE LX.—Temperature for weekly periods under second-growth trees 
near the base of Mount Maquiling; altitude, 80 meters—Continued. 
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TABLE LX.—Temperature for weekly .periods under second-growth trees 

near the base of Mount Maquiling; altitude, 80 meters—Continued, 
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TABLE LXI.—Temperature for periods of four weeks from October, 1911 ,  
to January, 1915, under second-growth trees near the base of Mount 
Maquiling; altitude, 80 meters. 

[Numbers give degrees centigrade. ] 

The temperatures as recorded in these tables are very similar 
to those for most places in the lowlands in the Philippines. 
Table L X I shows a mean annual temperature for the period 
from October, 1911, to January, 1915, of 26.1°. The mean tem­
perature for Manila * from 1885 to 1907 was 26.8°. The abso­
lute maximum recorded for Manila during the same years was 
37.7°, and the minimum, 15°. As might be expected from the 
longer time covered by the Manila records, the extremes are 
greater than those recorded for Los Baiios; the maximum in 
the latter place being 34.6°, and the minimum, 19.4°. 

From Table L X I i t wi l l be seen that the average variation 
in the mean temperature is comparatively slight. Thus, the 
lowest mean temperature for a corresponding four-week period 
is 24.1°, and the highest, 27.7°, a difference of 3.6°. The highest 
mean temperature for any week wa*s 29.5°, for the weeks ending 
May 1 and May 29, 1914; and the lowest was 23.2°, for the 
weeks ending January 31 and September 26, 1913, respectively. 

The average daily variation in temperature is also compara­
tively slight, the average daily maximum for the entire period 
from October, 1911, to January, 1915, being 29.2°, and the 
average daily minimum, 23.3°, or an average daily range of 5.9°. 

Temperatures were also recorded, in the manner previously 
described, in the top of a comparatively tal l second-growth tree. 
The position of this instrument was changed several timesr 

* Annual Rept. P. I. Weath. Bur. (1907), 151. 
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owing to attacks of termites. Similar trees were selected in 
each case, and these changes in position seem to have had li t t le 
or no effect on the results. The trees selected were in each 
case situated at the top of a ridge. In preparing a place for 
the instrument one of the tallest trees was always chosen. The 
top of the main stem was then cut off, so that the stem might 
form a support for the instrument case. The remainder of the 
tree was then trimmed, so that the instrument was placed in 
the very top of the canopy. 

The thermometer placed in the top of the tree was read weekly 
until July, 1913, after which daily readings were taken. Sum­
maries of the weekly readings wi l l be presented later in com­
parison tables. The results of the daily readings are recorded in 
Table L X I I in the form of weekly maxima, weekly minima, and 
T A B L E LXII.—Temperature for weekly periods in the top of a second-growth 

tree near the base of Mount Maquiling; altitude, 80 meters. 
[Numbers give degrees centigrade.] 
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TABLE LXII.—Temperature for weekly periods in the top of a second-growth 
tree near the base of Mount Maguiling; altitude, 80 meters—Continued. 
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averages of daily maxima and minima. The figures in this table 
are summarized for corresponding four-week periods for the two 
years, in the form of maxima, minima, and averages of daily 
maxima and minima in Table L X I I I . 

T A B L E LXIII .—Temperature for periods of four weeks from July, 1913, to 
January, 1915, in the top of a second-growth tree near the base of 
Mount Maquiling; altitude, 80 meters. 

[Numbers give degrees centigrade ] 

The maximum temperature for the whole period was 48°, and 
the minimum was 21.0°. The average daily maximum for the 
entire period was 35.2°; and the average daily minimum, 25.8°. 
The average daily maximum was 6° higher than under the 
second-growth trees. The average daily minimum was also 
higher in the top of the tree than under the second-growth 
trees. The patch of second-growth trees under which the re­
cording instrument was placed was very open, especially on the 
side toward the mountain, so that the thermometer was exposed 
to the cold winds which come down the mountain at night. As 
cold wind settles at the bottom this may account for the minimum 
temperatures under the trees being lower than in the top of 
the tree. 

TEMPERATURE IN THE DIPTEROCARP FOREST 

The records of temperature in the dipterocarp forest were 
obtained at two stations; namely, station 2, at an elevation of 
300 meters, and station 3, at an elevation of 450 meters. For 
convenience the temperatures at these two stations wi l l be dis­
cussed separately. 
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At 300 meters' elevation the records of temperature were 
obtained by means of a Draper recording thermometer in the 
undergrowth and by maximum and minimum thermometers in 
the crown of a second-story tree and in the top of a first-story 
tree. The first-story tree was a dominant Parashorea mala-
anonan, which projected above the main canopy. The extreme 
top of this tree was removed and a place for the instrument 
prepared in the manner described for the second-growth tree. 

The temperatures in the undergrowth are recorded in Table 
L X I V , in the form of weekly maxima, weekly minima, means, 
and average of daily maxima and minima. These figures are 
summarized in Table L X V . 
TABLE LXIV.—Temperature for weekly periods in undergrowth in the dip-

terocarp forest on Mount Maquiling; altitude, 300 meters. 

[Numbers give degrees centigrade J 



TEMPERATURE 189 
TABLE LXIV.—Temperature for weekly periods in undergrowth in the dip-

terocarp forest on Mount Maquiling; altitude, 800 meters—Continued. 
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TABLE LXIV.—Temperature for weekly periods in undergrowth in the dip-
terocarp forest on Mount Maquiling; altitude, 300 meters—Continued. 
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TABLE LXV.—Temperature for periods of four weeks from October, 1912, 
to January, 1915, in undergrowth in the dipterocarp forest on Mount 
Maquiling; altitude, $00 meters, 

[Numbers give degrees centigrade.] 

As might be expected, the temperature was lower in the 
dipterocarp forest at an elevation of 300 meters than in the 
second-growth forest at the base of the mountain. The mean for 
the entire period from November, 1912, to January, 1915, was 
23.1°, the maximum was 29.7 °~ and the minimum was 16.6°. 
The extreme range was not very different from that recorded 
under the second-growth trees. In the dipterocarp forest the 
extreme range was 13.3°, and under the second-growth trees it 
was 15.2°. The average daily maximum in the dipterocarp 
forest was 25.1°, and the average daily minimum was 21.7°; so 
that the average daily variation was 3.4°, against 5.9° under 
the second-growth trees. This difference in range in the two 
situations would very evidently appear to be connected wi th the 
evener conditions found in the dipterocarp forest, which result 
from the development of a dense canopy that almost excludes 
the direct sun and very greatly reduces the velocity of the wind. 
The effect of the canopy in reducing the velocity of the wind 
under the forest is evident on the most casual observation, for a 
fairly strong wind may be blowing over the tops of the trees when 
there is practically no motion in the undergrowth. Were it not 
for this lessened wind movement, it would be almost or quite 
impossible to take photographs in the forest; as, in order to get 
detail in the subdued light, an exposure of several minutes is 
frequently necessary. 
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The highest mean temperature recorded for any week was 
25.6°, for the week ending June 13, 1913; and the lowest was 
20.3°, for the week ending January 9, 1914. 

The above discussion of temperature in the dipterocarp forest 
at an elevation of 300 meters shows that plants in the under­
growth developed under very even temperature conditions. 

The maximum and minimum thermometers in the trees were 
read weekly. In Table L X V I are shown the weekly maxima 

TABLE LXVI.—Temperature for weekly periods in the dipterocarp forest on 
Mount Maquiling; altitude, 300 meters. 

[Numbers give degrees centigrade.] 
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TABLE LXVI.—Temperature for weekly periods in the dipterocarp forest on 

Mount Maquiling; altitude, 300 meters—Continued. 
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TABLE LXVI.—Temperature for weekly periods in the dipterocarp forest on 
Mount Maquiling; altitude, 300 meters—Continued. 

Week ending— 

Aprils 
April 10 
April 17 
April 24 
May 1 
May 8 
May 15 
May 22 
May 29 
June 5 
June 12 
June 19 
June 26 
July3 
July 10 
July 17 
July 24 
July 31 
August 7 
August 14 
August 21 
August 28 
September 4 . . 
September 11 . 
September 18 
September 25. 
October 2 .. .. 
October 9 . . . 
October 16 . . . 
October28 . . . 
October 30 . . . 
November 6 .. 
November 13 . 
November 20 . 
November 27 . 
December 4 . . . 
December 11.. 
December 18.. 
December 25.. 

January 1 . 

In top of tall tree. In second-story 
tree. In undergrowth. 

Maxi­ Mini­ Maxi­ Mini­ Maxi­ Mini­
mum. mum. mum. mum. mum. mum. 

80.0 18.6 28.0 20.0 27.5 20.0 
82.0 20.5 28.0 22.0 27.5 22.2 
33.0 19.0 28.0 20.5 28 8 20.5 
29.2 21.5 28.5 22.6 28.8 22.5 
33.0 22.1 29.8 22.9 29.4 22.2 
35.5 21.9 29.5 23.1 28.8 22.2 
88.0 23.0 29.5 23.1 28.9 22.2 
32.5 21.5 29.9 23. C 29.4 22.2 
33.2 21.6 30.9 21.9 27.5 21.4 
83.0 19.5 80.2 21.5 26.6 18.9 
88.0 22.0 30.5 22 5 28 6 22.0 
87 5 20.0 29.9 21.6 28.4 22.0 
80.1 21.0 28.0 22 0 26.6 20.8 
35.0 21.0 29.5 21.8 27.7 21.7 
32.5 21.5 28.9 21.9 27.7 21.7 
34.1 19.0 29.5 21.2 28.0 21.7 
33.9 19.9 28.5 21.0 26.1 20.5 
32.0 21.0 28.2 20.5 26.6 19.4 
30.8 20 6 29.5 21.5 28.0 21.1 
36.5 21.9 26.8 21.5 25 6 21.1 
32.5 21.0 28.5 21.0 27 2 21 1 
32.2 21.0 28.0 21.0 27.5 20.8 
30.0 20 0 27.0 21 9 26 1 21 4 
80.5 20.6 25 5 21.6 26.6 20.8 
36.5 19.6 26.5 19.9 25.9 19.7 
40 0 20.0 28.0 21 0 26.3 20.5 
36.0 19.5 27.5 21.0 25.9 20 5 
38.0 20.0 

21 0 
28.0 
26.9 

21.0 
21 0 33.2 

20.0 
21 0 

28.0 
26.9 

21.0 
21 0 25 6 20 8 

32.0 20.8 26 9 20 8 25 3 20.6 i 
31.4 20 0 27 0 21.0 25.0 21.1 
31.0 20.0 27.2 21.0 25.3 20.6 
31.0 20.0 26.1 21.5 25.0 21.4 
30.5 20.9 26.5 21.9 25 6 21.1 
30.5 21.6 26.8 22.0 25.6 21 1 
31.1 21 0 25.0 21.3 25.0 21.1 
31.8 19.5 25.0 21.0 24.8 20.6 
30.8 20.5 25.0 20.3 24 5 20.8 i 
33.0 20 0 26.0 20 2 23.9 20.0 

30.0 18.5 24.2 19.8 23.9 19.4 

and minima in the top of the first-story tree, in the crown of the 
second-story tree, and in the undergrowth. These results are 
summarized in Table L X V I I and plotted in fig. 6. From Table 
L X V I I i t w i l l be seen that the average weekly maximum in 
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Periods of four weeks ending— 

Jan. 31 Feb.28 Mar. 28 Apr.25 May.23 June 20 July. 18 Aug. 15 Sept.12 Oct.10 Nov.7 Dec 5 Jan.2 

Fig 6. Average of weekly maximum and minimum temperatures in dipterocarp 
forest on Mount Maquiling; altitude, 300 meters 
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TABLE LXVII.—Average of weekly maximum and minimum temperatures 
for periods of four weeks from October, 1912, to January, 1915, in the 
dipterocarp forest on Mount Maquiling; altitude, 300 meters. 

[Numbers give degrees centigrade.] 

Four weeks ending— 

January 31 . . . 
February 28 
March 28 
Apr i l 25 
May 23 
June'20 
July 18 
August 15 
September 12 .. 
October 10 .. 
November 7. . 
December 5 
January 2 

Average. 

Undergrowth . Second story 

M a x i ­ M i n i ­ M a x i ­ M i n i ­
m u m . mum. m u m . mum. 

23.7 19.0 24.5 19.2 

24.2 18.9 26.9 19.1 

27.2 20.0 27.7 20.7 

27.7 21.0 27 6 21 3 

28.3 21.8 28.4 22 4 

28.5 21.6 29.6 22 4 

27.4 21.6 28.0 21.9 

26.6 21 0 27.0 21.5 
26 8 21.1 27.1 21.3 

26.5 20.7 27 5 21.3 

25.6 21.0 26.8 21 0 

25 2 20 7 25.4 20.8 

24.2 20 0 24 9 20 0 

26.3 20.6 27.0 21 0 

Dominant tree. 
- -

M a x i ­ M i n i ­
m u m m u m . 

30.1 17.9 

31.6 18.3 

34.8 20.0 

31.9 19.9 

33.7 21.3 

35.3 21 1 

33 2 20.8 

31.8 20.7 

31.1 20 9 

36.1 20 2 

31.4 20.3 

29.7 19.8 

29.9 19.3 

32 4 20 0 

the dominant tree is considerably higher than in the second-
story tree. In the dominant tree the average weekly maximum 
temperature was 32.4°; in the second-story tree, 27°; and in 
the undergrowth, 26.3°. The average weekly minima in the 
three cases are very similar, being in the dominant tree, 20°; 
in the second-story tree, 21°; and in the undergrowth, 20.6°. 
The lowest average minimum is shown in the dominant tree, 
and the highest is shown in the second-story tree. Although 
the differences are comparatively slight, this relation seems 
to be fairly regular for the different periods, and a similar 
condition has been found to obtain at an elevation of 450 meters. 
It would thus appear that this relation is not accidental. 

That the lowest minimum should occur in the top of the 
dominant tree is very readily explained by the fact that this 
situation is more exposed to radiation and to the cold winds 
which come down the mountain at night. That the average 
minimum in the undergrowth should be lower than in the 
second story is probably due to the fact that cold air sinks 
while warm air rises. 

The reason for the differences in the maximum temperatures 
is very plain: the dominant trees are fully exposed to the action 
of the sun and also to the warm winds forced up the mountain 
from lower elevations during the day; while the second story is 
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much less exposed to these conditions, and the undergrowth still 
less. 

The absolute maximum for the entire period in the dominant 
tree was 40°, and the minimum was 15.9°. In the second-story 
tree the maximum was 31.5°, and the minimum was 17°. "In 
the undergrowth the maximum was 29.7°, and the minimum, 
16.6°. This again shows the difference in the range of tem­
perature in the dominant tree, in the second story, and in the 
undergrowth. 

The records of temperature at an elevation of 450 meters 
were begun July, 1913, and continued to January 1, 1915. Tem­
perature in the undergrowth was taken by means of a Draper 
recording thermometer in the type of case previously described. 
Another similar instrument was placed in a case of the same 
type in the 0.25-heetare clearing shown on the map as plot 2 
(Plate X L I ) . This plot was on the top of a ridge. Standing 
near the instrument it was possible to look over a wide stretch 
of the surrounding country, so that this instrument was very 
freely exposed to the wind. Maximum and minimum thermo­
meters, which were read weekly, were also placed in the crown 
of a second-story tree and in the top of a dominant tree, as was 
done at an elevation of 300 meters. 

The records for the temperature in the undergrowth are given 
in Table L X V I I I in the form of weekly maxima, weekly minima, 

TABLE LXVIII .—Temperature for weekly periods in undergrowth in the dip-
terocarp forest on Mount Maquiling; altitude, 450 meters. 

[Numbers give degrees centigrade ] 

Week ending— 

1918. 

A u g u s t 1 . . . . . . _ 

August 8 _ . . . 
August 16. . - , . 
August 22 __ . . . .. .. 
August29 ._ 
Septembers 
September 12 ._ --, 
September 19 -
September26 
Octobers 
October 10 - .. 
October 17 -
October 24 
October 31 
November 7 
November 14 
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TABLE LXVIII.—Temperature for weekly periods in undergrowth in the dip-
terocarp forest on Mount Maquiling; altitude, 450 meters—Cont. 

Week ending— 

November 21.. 
November 28.. 
Decembers... 
December 12.. 
December 19.. 
December 26. 

January 2 
January 9 
January 16 . . . 
January 23 . . . 
January 80 . . . 
February 6 . . . 
February 18 .. 
February 20 .. 
February 27 .. 
March 6 
March 18 
March 20 
March 27 
Apr i l 3 
Apr i l 10 
Apr i l 17 
Apr i l 24 
May 1 
May8 
May 15 
May 22 
May 29 
June 5 
June 12 
June 19 
June 26 
July 8 
July 10 
July 17 
July 24 
July 31 
August 7 
August 14 
August 21 
August 28 
September 4 ,. 
September 11 . 
September 18. 
September 25 . 
October 2 
October 9 
October 16 .... 

Average of d a i l y -
Maxi­ Mini­

mum. Mean. mum. 
Mini­
mum. Mean. 

Maxima. Minima. 

28.6 20.5 21.4 22.9 20.9 
24.5 19.7 21.3 22.4 20.5 
28.6 20.5 22.7 22.9 21.1 
28.9 20.0 21.3 22.8 20.7 
28.0 20.0 21.7 22.2 20.7 
23.9 19.7 21.1 22.4 20.6 

22.0 18.9 20.5 21.4 19.5 
22.2 17.4 20.0 20.7 18.7 
22.2 17.2 19.4 21.2 19.1 
28.0 19.2 20.7 22.1 19.6 
28.0 18.9 20.2 22.1 19.3 
23.8 19 4 20.7 22.6 19.9 
22.7 18.9 20.5 21.5 19.2 
23.9 18.6 20.2 22.2 19.2 
24.5 18.6 21.3 23.4 19.7 
26.9 19.7 22.2 28.5 20.6 
26.6' 19.7 23.3 25 5 21.5 
25.9 21.0 22.7 24.8 21.2 
26.4 20 5 22.9 25.1 21.2 
27.2 20.3 23.4 25.9 21.3 
26.4 21.4 23.3 24 9 22.2 
27.5 21.4 23.5 26 3 22.1 
27.6 22.5 24.4 26.0 23.0 
28.0 22.5 24.7 26.8 22.8 
27.1 22.7 24.8 26.7 23.2 
27.5 22.5 25 5 27 0 23 4 
28.3 23 0 25.2 26.7 23 7 
28.6 22.6 25 2 27.7 23.6 
27.2 20.5 23 4 24 8 22.2 
27.2 23.0 25.2 26.6 23.5 
27 2 21 4 24.1 25.6 22.8 

| 25 9 20 5 23 3 25.1 22.3 
! 26.1 22.2 24.1 26.4 22.8 

25.9 21.4 22.7 24.0 22.5 
25.9 21.6 24.5 25.8 23.2 
25.0 21 4 22.9 24.2 22.1 
26.4 21.6 23.5 24.9 22.6 
26.7 22.2 24.5 26.0 22. 6 
25.0 21.4 22.7 23.8 22.1 
26.1 21.1 23.9 25.5 22.5 
25.9 20.7 23.5 24.7 22.7 
24.5 20.5 22.7 28.2 21.8 
26.0 20.0 22.2 28.2 21.5 
26.4 20.8 22.4 24.4 21.8 
26.1 21.1 28.9 25.5 22.0 
26.1 20.5 22.9 24.8 21.4 
26.6 21.4 22,7 24.4 22.0 
25.0 21.1 22.4 24.1 21.6 
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TABLE LXVIII.—Temperature for weekly periods in undergrowth in the dip-

terocarp forest on Mount Maquiling; altitude, 450 meters—Cont. 

Week ending— 

1914. 
October 28 
October 80 
November 6 
November 18 
November 20 
November 27 
December 4 
December 11. 
December 18. 
December 25 

1916 
January 1 

M a x i ­ M i n i ­
m u m . Mean . 

Average o f d a i l y -

m u m . 
M i n i ­
m u m . Mean . 

M a x i m a . M i n i m a . 

24.5 20.8 22.4 28.4 21.8 

25.0 20.6 21.9 28.9 21.8 

25.0 21.1 22.4 24.8 21.6 

24.8 21.4 22.4 24.0 21.8 

24.8 21.1 22.7 24.4 22.0 

24.9 21.4 22.4 24.8 22.0 | 

28.9 20.6 21.7 22.7 21.1 
28.6 20.5 22.2 22.8 21.0 
28.6 20.5 21.7 22.7 21.1 
28.6 20 5 21.8 22.9 21.1 

23.6 20.0 21.8 22.9 20.9 

means, and averages of daily maxima and minima. These figures 
are summarized in Table L X I X . The temperatures are very 
similar to those at an elevation of 300 meters. The mean was, 
however, 0.3° lower, while the average daily range was 2.6°, 
as compared wi th 3.4° at 300 meters' elevation. 
TABLE LXIX.—Temperature for periods of four weeks from August, 1918, 

to January, 1915, in undergrowth in the dipterocarp forest on Mount 
Maquiling; altitude, 450 meters. 

[Numbers give degrees centigrade 1 

Four weeks ending 

January 30 ... 
February 27 ,. 
March 27 
Apri l 24 
May 22 
June 19 -. 
July 17 _. 
August 14 . . 
September 11 . 
October 9 
November 6 „ . . 
December 4 -.. 
January 1 

Average. 

A v e r a g e o f dai ly— 
M a x i ­
m u m . 

23.0 

M i n i ­
m u m 

17 2 

Mean. 

_ 
20 1 

M a x i m a . 

21 5 

M i n i m a . 

M a x i ­
m u m . 

23.0 

M i n i ­
m u m 

17 2 

Mean. 

_ 
20 1 

M a x i m a . 

21 5 19.2 

24.5 18.6 20.7 22.4 19.5 

26 6 19.7 22.8 24 7 21 1 

27.6 20.3 23.7 26.8 22.2 

28.3 22.5 25.1 26 8 28.3 

28.6 20.5 24.5 26.2 23.0 

26.1 20.5 23.7 25.0 22.7 

28.0 20.8 23.3 24.6 22.5 

26.6 20 0 23.0 24.4 22.1 

27.5 20.5 23.3 25.2 22.2 

25.6 20.0 22.4 24.0 21.7 

24.9 19.7 22 1 28.4 21.4 

28.9 18.9 21.5 22 5 20.7 

26.2 19 9 22 8 24.3 21.7 

The temperature in the clearing is given in Table L X X in 
the form of weekly maxima, weekly minima, means, and average 
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TABLE LXX.—Shade temperature in the open on Mount Maquiling; altitude, 
450 meters. 

[Numbers give degrees centigrade.] 

Week ending-

Apri l 24 
May 1 
May 8 
May 15 
May 22 
May 29 
June 5 
June 12 
June 19 
June 26 
July 3 -
July 10 
July 17 
July 24 
July 31 
August 7 
August 14 
August 21 . . . 
August 28 
September 4 . 
September 11 
September 18 . 
September 25 . 
October 2 
October 9 . . . . 
October 16 . . . . 
October 23 . . . . 
October 3 0 . . . . 
November 6... 
November 13.. 
November 20.. 
November 27-. 
December 4 . . . 
December 11 . . 
December 18-. 
December 26.. 

January 1 — 

1914 

Maxi­
mum. 

33.8 
33.3 

33 4 
31.4 

31.7 
30.5 
30.8 
30 5 
31.7 
29 2 
32.8 ! 
32.3 
28.2 
30 5 
28.2 
26 7 
26.4 
32 3 
32 3 
30 8 
30 1 
29.0 
30.8 
31.1 
29.5 
30.0 
29.0 
30.0 
27 5 
27.2 
29 0 
30.8 

Mini­
mum. 

22.8 
21.2 
22.8 
22.0 
22.8 
22 3 
21.0 
22.8 
21.1 
22.0 
21 7 ! 
21 7 
21.1 
21 1 
21.2 
21 7 
21 7 
20.6 
2 0 1 

21 2 
20.5 
20 6 
20.8 
20 5 
21 7 
21 1 
20 5 
20 5 
20.0 
20.6 
21 1 
20.5 
20.8 
20 0 
20.2 
20.5 

Average < 

jan. 
Maxima. 

26.5 28.7 
26.2 31.4 
25.5 29.5 
25 6 30.1 
26.1 30 6 
23.8 27.0 
24.2 27.4 
26.3 30.6 
24.7 28.5 
24 8 28.8 
25 8 29 2 
23.7 27 3 
26 4 29 0 
24.3 28 0 
24.6 29.0 
25.8 30 8 
23.3 25.2 
24 7 
24,2 
23.1 
22 4 
23 2 
24.7 
23 9 
24 2 
23 6 
23 1 
23.1 , 

23 7 
24.0 
24 1 
22.3 
22 4 
22.4 ! 
24.8 ! 

! 
22.0 ! 

24.3 
24.0 
26.8 
29.4 
28.2 
28 0 
27.6 
26 9 
27.6 
28.2 
28 2 
28.1 
27.6 
24 5 
25.2 
25 9 
28 5 

26.7 

Minima. 

daily maxima and minima, and the results are summarized in 
Table LXXI The temperatures in the open are slightly higher 
than those in the forest. 

The figures in Table LXXI cover only the period from April 
24, 1914, to January 1, 1915. The mean temperature for this 
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TABUS LXXI.—Shade temperature in the open on Mount Maquiling; altitude, 

450 meters. 

[Numbers give degrees centigrade.] 

Four weeks ending-

1914. 
May 22 . . . . .. 
June 19 
July 17 
August 14 
September 11 . 
October 9 
November 6 _. 
December 4 ... 

Maxi­
mum. 

33 4 
31.7 
32 8 
30 5 

January 1 

Average. 

31 1 
30.0 

Mini­
mum. 

21 2 
21.0 
21 1 
21 1 
20.1 
20 5 
20 0 
20.5 

25 9 
24 8 
24.8 
24 5 
23 6 
24 0 
23 4 
23 5 

Average of daily— 

Maxima. Minima. 

80 4 23.1 
28.4 22.8 
28.6 22 6 
28 3 22.2 
25 8 22 2 
28.1 21.6 
27 6 21 2 
27 1 21 5 

26 3 

27 8 

21.0 

22.0 

period was 24.2°; whereas for the same period it was 23.2° in 
the undergrowth, or 1° less than in the open. The average daily 
maximum was 27.8° in the open and 24.7° in the forest, or 
3.1° less in the forest than in the open. The average daily 
minimum for the same period was 22° in the open and 22.2° 
in the forest. The higher average maximum in the open, like 
the higher average maximum in the tops of the trees, is connected 
wi th the more open exposure, while the lower average minimum 
in the open is apparently due to the same cause. 

These figures would seem to show very clearly that the 
forest canopy has an equalizing influence on the temperature 
under i t , as here the average maximum is lower than in the 
open while the average minimum is higher. The greatest effect 
of the forest canopy, however, would seem to be due to its in­
fluence in reducing the maximum. 

The difference between the average maximum under the 
forest and that in the open, as shown by the above figures for 
shade temperatures, is of course much less than the actual 
difference to which plants under the forest and in the open are 
exposed, as in the latter case the effect of sunlight is important. 

In Table L X X I I are shown the weekly maximum and minimum 
temperatures in the top of a dominant Parashorea, in the crown 
of a second-story tree, in the undergrowth, and in the clearing. 
These results are averaged for corresponding four-week periods 
in Table L X X I I I and plotted in fig. 7. From Table L X X I I I it 
wi l l be seen that the average weekly temperatures in the top 
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TABLE LXXII.—Temperature for weekly periods in the dipterocarp forest on 
Mount Maquiling; altitude, 450 meters. 

[Numbers give degrees centigrade.] 

In clearing, 
In dipterocarp forest. 

about 76 cm. 

Week ending— 

above the 
ground. In top of tall 

tree. 
In second-story 

tree. 
In under­
growth. 

Maxi­ Mini­ Maxi­ Mini­ Maxi­ Mini­ Maxi­ Mini­
mum mum. mum. mum. mum. mum. mum. mum 

1913. 

A u g u s t 15 29.4 
30.6 
30 0 
29.4 

18.9 
19.4 
18.3 
18.3 

31.7 
27.7 
27.7 
26.6 

22.0 
22.6 
22.5 
20.3 

26.4 
26.1 
25.0 
25.9 

21.7 
21.4 
21.1 
21.1 

A u g u s t 22 

29.4 
30.6 
30 0 
29.4 

18.9 
19.4 
18.3 
18.3 

31.7 
27.7 
27.7 
26.6 

22.0 
22.6 
22.5 
20.3 

26.4 
26.1 
25.0 
25.9 

21.7 
21.4 
21.1 
21.1 

A u g u s t 2 9 . 

29.4 
30.6 
30 0 
29.4 

18.9 
19.4 
18.3 
18.3 

31.7 
27.7 
27.7 
26.6 

22.0 
22.6 
22.5 
20.3 

26.4 
26.1 
25.0 
25.9 

21.7 
21.4 
21.1 
21.1 

29.4 
30.6 
30 0 
29.4 

18.9 
19.4 
18.3 
18.3 

31.7 
27.7 
27.7 
26.6 

22.0 
22.6 
22.5 
20.3 

26.4 
26.1 
25.0 
25.9 

21.7 
21.4 
21.1 
21.1 

September 1 2 . . . 31.1 
30.6 
32.2 
36.6 

18.9 
20.5 
20.5 
20.5 

26.6 
27 2 
27.2 
27.7 

20.9 
23.1 
22.5 
22 0 

26.6 
26.6 
26 4 
27.6 

21.4 
September 19 

31.1 
30.6 
32.2 
36.6 

18.9 
20.5 
20.5 
20.5 

26.6 
27 2 
27.2 
27.7 

20.9 
23.1 
22.5 
22 0 

26.6 
26.6 
26 4 
27.6 

22.7 
31.1 
30.6 
32.2 
36.6 

18.9 
20.5 
20.5 
20.5 

26.6 
27 2 
27.2 
27.7 

20.9 
23.1 
22.5 
22 0 

26.6 
26.6 
26 4 
27.6 

22 2 
Octobe r3 

31.1 
30.6 
32.2 
36.6 

18.9 
20.5 
20.5 
20.5 

26.6 
27 2 
27.2 
27.7 

20.9 
23.1 
22.5 
22 0 

26.6 
26.6 
26 4 
27.6 22.0 

October 10 33.3 20.5 26.6 22.5 25 6 21.4 
October 17 33.9 

34.5 
32.7 
29.4 

18.3 
18.9 
18.3 
20.0 
17.7 
18 9 
17.7 

26 6 
26 6 
26.1 
25.6 
25 0 
24 5 
24.5 

20 3 
20.3 
20.3 
22 0 
19.1 
20.3 
19.1 

25 0 

25.3 

25.3 

26 6 

24 8 

23 6 

24 5 

20.0 
October 24. 

33.9 
34.5 
32.7 
29.4 

18.3 
18.9 
18.3 
20.0 
17.7 
18 9 
17.7 

26 6 
26 6 
26.1 
25.6 
25 0 
24 5 
24.5 

20 3 
20.3 
20.3 
22 0 
19.1 
20.3 
19.1 

25 0 

25.3 

25.3 

26 6 

24 8 

23 6 

24 5 

21.4 
October 3 1 -

33.9 
34.5 
32.7 
29.4 

18.3 
18.9 
18.3 
20.0 
17.7 
18 9 
17.7 

26 6 
26 6 
26.1 
25.6 
25 0 
24 5 
24.5 

20 3 
20.3 
20.3 
22 0 
19.1 
20.3 
19.1 

25 0 

25.3 

25.3 

26 6 

24 8 

23 6 

24 5 

20 6 

33.9 
34.5 
32.7 
29.4 

18.3 
18.9 
18.3 
20.0 
17.7 
18 9 
17.7 

26 6 
26 6 
26.1 
25.6 
25 0 
24 5 
24.5 

20 3 
20.3 
20.3 
22 0 
19.1 
20.3 
19.1 

25 0 

25.3 

25.3 

26 6 

24 8 

23 6 

24 5 

21.4 
November 14 . . . . 28 9 

18.3 
18.9 
18.3 
20.0 
17.7 
18 9 
17.7 

26 6 
26 6 
26.1 
25.6 
25 0 
24 5 
24.5 

20 3 
20.3 
20.3 
22 0 
19.1 
20.3 
19.1 

25 0 

25.3 

25.3 

26 6 

24 8 

23 6 

24 5 

20.3 
N o v e m b e r 2 1 30 0 

27 7 

18.3 
18.9 
18.3 
20.0 
17.7 
18 9 
17.7 

26 6 
26 6 
26.1 
25.6 
25 0 
24 5 
24.5 

20 3 
20.3 
20.3 
22 0 
19.1 
20.3 
19.1 

25 0 

25.3 

25.3 

26 6 

24 8 

23 6 

24 5 

20.5 
November 28 

30 0 
27 7 

18.3 
18.9 
18.3 
20.0 
17.7 
18 9 
17.7 

26 6 
26 6 
26.1 
25.6 
25 0 
24 5 
24.5 

20 3 
20.3 
20.3 
22 0 
19.1 
20.3 
19.1 

25 0 

25.3 

25.3 

26 6 

24 8 

23 6 

24 5 19.7 
December s 30 6 

26.6 
18 9 
18 9 

25 0 
24 5 

20 9 
20.3 

23 6 

23.9 

20 5 
December 12 

30 6 
26.6 

18 9 
18 9 

25 0 
24 5 

20 9 
20.3 

23 6 

23.9 20 0 
December 19 . . . 28.3 18 3 24.5 20 3 23.0 20 0 
December 26 29 4 18 3 25 6 20 3 23.9 19 7 

1914 

18 3 25 6 20 3 23.9 

J anua ry 2 31 2 17 7 28.3 19.1 22.0 18 9 
28 3 16 0 25.0 17.5 22.2 17,4 

Janua ry 16 ... . . . . 26.1 16 0 23.3 17.0 22.2 17.2 
. . . . ..! 28.3 18 3 23 9 19.1 23,0 19.2 

January 30 27.7 18.3 
18 9 
18.3 

23.3 
25.0 
24 5 

19.1 
19.7 
19.1 

23.0 

23.3 

22 7 

18.9 
February 6 - . 80.0 

29.4 

18.3 
18 9 
18.3 

23.3 
25.0 
24 5 

19.1 
19.7 
19.1 

23.0 

23.3 

22 7 

19.4 
February 13 

80.0 
29.4 

18.3 
18 9 
18.3 

23.3 
25.0 
24 5 

19.1 
19.7 
19.1 

23.0 

23.3 

22 7 18 9 
Februa ry 2 0 . . . _ 29.4 

32.7 
17.7 
17.7 

24 5 
26 6 

18.6 
18 6 

23.9 

24.5 

18 6 
Februa ry 27 

29.4 
32.7 

17.7 
17.7 

24 5 
26 6 

18.6 
18 6 

23.9 

24.5 18.6 
! M a r c h 6 ! 28 9 

83.9 
30 6 
80 6 
32 2 
312 
31.7 
31.7 

18 9 
19.4 
18.9 
20.0 
18.3 
20 0 
20.5 

"I 

26.6 
28.9 
28 3 
27.2 
27,7 
27 7 
27 7 
27.7 

20.3 
19.7 
20.3 
20.3 
20 3 
20.9 
20.9 
22.6 

25 9 

26.6 

25.9 

26.4 

27.2 

26.4 

27.6 

27.6 

! 19 7 

March 13 
28 9 
83.9 
30 6 
80 6 
32 2 
312 
31.7 
31.7 

18 9 
19.4 
18.9 
20.0 
18.3 
20 0 
20.5 

"I 

26.6 
28.9 
28 3 
27.2 
27,7 
27 7 
27 7 
27.7 

20.3 
19.7 
20.3 
20.3 
20 3 
20.9 
20.9 
22.6 

25 9 

26.6 

25.9 

26.4 

27.2 

26.4 

27.6 

27.6 

19.7 

M a r c h 20 

28 9 
83.9 
30 6 
80 6 
32 2 
312 
31.7 
31.7 

18 9 
19.4 
18.9 
20.0 
18.3 
20 0 
20.5 

"I 

26.6 
28.9 
28 3 
27.2 
27,7 
27 7 
27 7 
27.7 

20.3 
19.7 
20.3 
20.3 
20 3 
20.9 
20.9 
22.6 

25 9 

26.6 

25.9 

26.4 

27.2 

26.4 

27.6 

27.6 

21 0 

March27 _ 

28 9 
83.9 
30 6 
80 6 
32 2 
312 
31.7 
31.7 

18 9 
19.4 
18.9 
20.0 
18.3 
20 0 
20.5 

"I 

26.6 
28.9 
28 3 
27.2 
27,7 
27 7 
27 7 
27.7 

20.3 
19.7 
20.3 
20.3 
20 3 
20.9 
20.9 
22.6 

25 9 

26.6 

25.9 

26.4 

27.2 

26.4 

27.6 

27.6 

1 20.5 

| Apr i l3 

28 9 
83.9 
30 6 
80 6 
32 2 
312 
31.7 
31.7 

18 9 
19.4 
18.9 
20.0 
18.3 
20 0 
20.5 

"I 

26.6 
28.9 
28 3 
27.2 
27,7 
27 7 
27 7 
27.7 

20.3 
19.7 
20.3 
20.3 
20 3 
20.9 
20.9 
22.6 

25 9 

26.6 

25.9 

26.4 

27.2 

26.4 

27.6 

27.6 

20.3 

Apri l 10. 

28 9 
83.9 
30 6 
80 6 
32 2 
312 
31.7 
31.7 

18 9 
19.4 
18.9 
20.0 
18.3 
20 0 
20.5 

"I 

26.6 
28.9 
28 3 
27.2 
27,7 
27 7 
27 7 
27.7 

20.3 
19.7 
20.3 
20.3 
20 3 
20.9 
20.9 
22.6 

25 9 

26.6 

25.9 

26.4 

27.2 

26.4 

27.6 

27.6 

21.4 

April 17 

28 9 
83.9 
30 6 
80 6 
32 2 
312 
31.7 
31.7 

18 9 
19.4 
18.9 
20.0 
18.3 
20 0 
20.5 

"I 

26.6 
28.9 
28 3 
27.2 
27,7 
27 7 
27 7 
27.7 

20.3 
19.7 
20.3 
20.3 
20 3 
20.9 
20.9 
22.6 

25 9 

26.6 

25.9 

26.4 

27.2 

26.4 

27.6 

27.6 
1 21.4 

April 24 33.8 22.8 

28 9 
83.9 
30 6 
80 6 
32 2 
312 
31.7 
31.7 

18 9 
19.4 
18.9 
20.0 
18.3 
20 0 
20.5 

"I 

26.6 
28.9 
28 3 
27.2 
27,7 
27 7 
27 7 
27.7 

20.3 
19.7 
20.3 
20.3 
20 3 
20.9 
20.9 
22.6 

25 9 

26.6 

25.9 

26.4 

27.2 

26.4 

27.6 

27.6 22.5 

May 1 33.3 
30.3 

21.2 
22.8 

33.9 
80.6 

i 20.5 
21.7 

28.3 
28.3 

22 6 
23.1 

28 0 

27.1 

t 22.6 

i May8 
33.3 
30.3 

21.2 
22.8 

33.9 
80.6 

i 20.5 
21.7 

28.3 
28.3 

22 6 
23.1 

28 0 

27.1 22.7 

May 15 31.4 22.0 81.7 22.2 28.3 | 23.1 27.5 | 22.5 

May 22 32.8 
33.4 

, 31.4 

22.8 
22.3 
21.0 

| 32.2 
32.7 
32 7 

22.2 
22.2 
20 0 

29.4 
29.4 
28.9 

23.1 
23.1 

I 20.9 

28.3 

28.6 

1 27.2 

{ 23.0 

| May29 
32.8 
33.4 

, 31.4 

22.8 
22.3 
21.0 

| 32.2 
32.7 
32 7 

22.2 
22.2 
20 0 

29.4 
29.4 
28.9 

23.1 
23.1 

I 20.9 

28.3 

28.6 

1 27.2 
22.5 

32.8 
33.4 

, 31.4 

22.8 
22.3 
21.0 

| 32.2 
32.7 
32 7 

22.2 
22.2 
20 0 

29.4 
29.4 
28.9 

23.1 
23.1 

I 20.9 

28.3 

28.6 

1 27.2 ! 20.5 
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TABLE LXXII.—Temperature for weekly periods in the dipteroearp forest on 

Mount Maquiling; altitude, 450 meters—Continued. 

I n clearing, 
about 75 cm. 

I n dipterocarp for est. 
I n clearing, 
about 75 cm. 

est. 

Week ending— 
above the 
ground. 

In top of ta l l 
tree. 

In second-story 
tree. 

I n under­
growth. 

M a x i ­ } Mini- M a x i ­ M i n i ­ M a x i ­ M i n i ­ M a x i ­ M i n i . 
m u m . i m u m . m u m . m u m . mum m u m . mum. mum. 

1914. 

m u m . i m u m . m u m . m u m . mum m u m . mum. 

June 12 32.8 

31.7 

30.5 

30 8 

30.5 

' 22.8 

21.1 

22.0 

21 7 

21.7 

37.8 

31.2 

29.4 

31.2 

31.2 

22 7 

20.0 

20 5 

21.7 

18.9 

28.3 

28 3 

27.2 

27.2 

27.2 

23.7 

21.4 

22.0 

23 1 

22.0 

27.2 

27.2 

26 9 

26.1 

25.9 

23.0 

June 19 

32.8 

31.7 

30.5 

30 8 

30.5 

' 22.8 

21.1 

22.0 

21 7 

21.7 

37.8 

31.2 

29.4 

31.2 

31.2 

22 7 

20.0 

20 5 

21.7 

18.9 

28.3 

28 3 

27.2 

27.2 

27.2 

23.7 

21.4 

22.0 

23 1 

22.0 

27.2 

27.2 

26 9 

26.1 

25.9 

21.4 

June 26 

32.8 

31.7 

30.5 

30 8 

30.5 

' 22.8 

21.1 

22.0 

21 7 

21.7 

37.8 

31.2 

29.4 

31.2 

31.2 

22 7 

20.0 

20 5 

21.7 

18.9 

28.3 

28 3 

27.2 

27.2 

27.2 

23.7 

21.4 

22.0 

23 1 

22.0 

27.2 

27.2 

26 9 

26.1 

25.9 

20.6 

July 3 

32.8 

31.7 

30.5 

30 8 

30.5 

' 22.8 

21.1 

22.0 

21 7 

21.7 

37.8 

31.2 

29.4 

31.2 

31.2 

22 7 

20.0 

20 5 

21.7 

18.9 

28.3 

28 3 

27.2 

27.2 

27.2 

23.7 

21.4 

22.0 

23 1 

22.0 

27.2 

27.2 

26 9 

26.1 

25.9 
22.2 

July 10 

32.8 

31.7 

30.5 

30 8 

30.5 

' 22.8 

21.1 

22.0 

21 7 

21.7 

37.8 

31.2 

29.4 

31.2 

31.2 

22 7 

20.0 

20 5 

21.7 

18.9 

28.3 

28 3 

27.2 

27.2 

27.2 

23.7 

21.4 

22.0 

23 1 

22.0 

27.2 

27.2 

26 9 

26.1 

25.9 21.4 

July 17 31.7 

29 2 

32.8 

21.1 

21.1 

21.2 

82.7 

32.2 

30.6 

20.5 

20 0 

20.0 

27.2 

31.2 

27.2 

21.4 

21 4 

21.4 

25.9 

25.0 

26 4 

21.6 

July 24 

31.7 

29 2 

32.8 

21.1 

21.1 

21.2 

82.7 

32.2 

30.6 

20.5 

20 0 

20.0 

27.2 

31.2 

27.2 

21.4 

21 4 

21.4 

25.9 

25.0 

26 4 

21.4 

July 31 

31.7 

29 2 

32.8 

21.1 

21.1 

21.2 

82.7 

32.2 

30.6 

20.5 

20 0 

20.0 

27.2 

31.2 

27.2 

21.4 

21 4 

21.4 

25.9 

25.0 

26 4 21.6 

August 7 . 32.3 21.7 32.7 21.1 28 3 22.5 26 7 22 2 

August 14 .. , . 28.2 21.7 35 6 20 5 26.1 22.0 25.0 21 4 
August 21 30.5 20.6 32.2 20.0 27 7 20 9 26.1 21 1 

August 28 __.. 28.2 20 1 28.9 18.9 26 6 19.7 25 9 20 7 

September 4— 26.7 21.2 31.7 18 3 25 6 20.9 24.6 20.5 

September 11 26 4 20 5 26.1 18.5 25 6 21 4 25 0 20.0 

September 18 . . . . . . . . 32.3 20 5 35.0 20 0 27 2 21 4 26 4 20 8 

September 25. . _ 32 3 20 8 31.7 19.4 27 7 20 9 26.1 21.1 
October 2 30 8 20 5 31 7 20 5 27.2 20 9 26.1 20.5 
October 9. 30 1 21.7 33.3 20 5 28.3 21.4 25 6 21 4 

October 16 29.0 21.1 31.7 21.1 28.9 20 9 26 0 21 1 
October 23 30 8 20 5 30 6 19.4 25 6 20 9 24 5 20 8 
October 30 31.1 20 5 31 7 19.4 26.6 20 9 26 0 20.6 

November 6 . 29 5 20.0 33 9 20.0 26 6 20.9 26 0 21.1 

November 13 . . . 30.0 20.6 33 9 18.9 26.1 20.3 24.8 21 4 
November 20 . . . _ 29.0 21 .1 32 2 20.5 26 1 21 4 24.8 21 1 
November 27 30 0 20 5 30.0 20 5 27.7 22.0 24.9 21.4 

December 4 . . . 27.5 20 8 32 6 19 4 25.6 20 9 23 9 20 5 

December 11 .. 27.2 20.0 32 5 19.4 25.0 20 3 23 6 20.6 

December 18 29 0 20.2 31 7 18.3 25.0 20 9 23.6 20 6 

December 25 30.8 20.6 32 2 20 0 ! 27 2 20.9 23.6 20.6 

1915. 

January 1 . . . . _ . „.__ 27 2 19 5 30 0 19 4 24.5 19.7 23 6 20.0 

of the dominant tree are slightly higher than those in the clear­
ing. As previously mentioned, it is possible that the tempera­
tures as recorded in the top of the dominant tree may be slightly 
too high, on account of radiation. It is, however, not improb­
able that the temperatures in the tops of the tall trees are higher 
than in the clearing, as the former situation is perhaps more 
freely exposed to the influence of the hot winds which come up 
from lower elevations. 

As was the case at an elevation of 300 meters, the average 
maximum temperatures in the second-story tree and under-
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growth are considerably lower than in the top of the dominant 
tree. In the undergrowth the average maximum temperatures 
are again lower than in the second story. The minimum tem­
peratures in the three situations are very similar, just as was 
the case at an elevation of 300 meters. Here again the lowest 
average minimum is in the top of the dominant tree, and the 
highest is in the second-story tree. 

Periods of four weeks ending— 

Jon 30 Fob 11 Mar27 Apr 21 Mcy22 June 19 July 17 Oug. 14 Sept II Oct 9 Nov 6 Dec 4- Jan ) 

Fio. 7. Average weekly maximum and minimum temperatures in dipterocarp 
forest on Mount Moquilinjc; altitude, 450 meters. 



TEMPERATURE 205 
TABLE LXXIII.—Average weekly maximum and minimum temperatures, for 

, periods of four weeks from August, 1913, to January, 1915, in the dip-
terocarp forest on Mount Maquiling; altitude, 450 meters. 

[Numbers give degrees centigrade.] 

Four weeks e n d i n g -

January 80.._ 

February 27 .. 

March 27. . . . 

A p r i l 24 _„ . 

M a y 22._ . . . . 

June 19 . . . . . 

J u l y 17 

A u g u s t 14 

September 1 1 . . 

Octobers) 

November 6 . 

December 4 . . . 

J a n u a r y 1 

I n clearing, 
about 75 cm. 

above the 
ground. 

In dipterocarp forest. 

M a x i ­
m u m 

Average . 

32.2 

32 2 

30 9 

30.6 

28.0 

31 4 

30 1 

29.1 

28.6 

M i n i ­
m u m . 

In top of ta l l 
tree. 

M a x i - M i n i ­
m u m , m u m . 

30 3 

27.6 

30.4 

31.0 

31 7 

32 1 

83.6 

31.1 

32.8 

30 0 

32.9 

32 3 

17 2 

18.2 

19.8 

20.1 

21.7 

21.2 

20 4 

20 4 

18.8 

2 0 . 3 ; 
19.5 

19.0 

18.8 

In second-
story tree. 

Maxi­
mum. 

Mini­
mum. 

23.9 18.2 
25 2 19.0 
27 8 20 2 
27 7 21 2 
28.6 23.0 
28 7 22.3 
27.2 22.1 
28.2 21.8 

I n under­
growth . 

M a x i - M i n i ­
mum, m u m . 

26 8 
27 4 

25.6 ' 

25 6 | 

21.2 

21.9 

20.8 

20.6 

20.3 

19 6 21 0 

22.6 

28.6 

26 2 

27.2 

27.7 

27.6 

25.7 

25.8 

25.7 

26.3 

25.1 

24.4 

23.4 

25.5 

18.2 

18.9 

20.2 

21.4 

22.7 

21.9 

21.4 

21.7 

21.0 

21.6 

20.9 

20.7 

20.1 

20.8 

TEMPERATURES IN THE MIDMOUNTAIN FOREST 

The temperature in the undergrowth in the midmountain 
forest was recorded by means of a Draper recording thermo­
meter. 

This was placed in the type of case previously described. The 
case was located at the side of a broad ridge at an elevation of 
740 meters. This station is designated on the map (Plate X L I ) 
as station 4. Maximum and minimum thermometers were also 
placed in the top of a dominant tree in the immediate neigh­
borhood and read weekly. 

In Table L X X I V are recorded the weekly maxima, weekly 
minima, means, and averages of daily maxima and minima in 
the undergrowth, and these results are summarized for cor­
responding four-week periods in Table L X X V . The mean 
temperature for the entire period was 21.4°, which is 1.7° lower 
than the mean in the dipterocarp forest at an elevation of 
800 meters and 4.7° lower than that under the second-growth 
trees at an elevation of 80 meters. The maximum temperature 
for the whole.period was 27.5°, as compared with a maximum 
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TABLE LXXIV.—Temperature for weekly periods in undergrowth in the mid-
mountain forest on Mount Maquiling; altitude, 740 meters—Continued. 

Week ending— 

1914. 
August 28 
September 4- - -
September 11 
September 18 _ -
September 25 
October2 - - — 
October9 ; 
October 16 
October 23 , 
October30 _ — 
November6 
November 13 - -
November20 .. - ., 
November 27 — 
December4 _ -
December 11 .. -.. 
December 18 
December 25 .-- . — 

Maxi­ Mini-
mum. Mean -

Average c of da i l y -

Minima. 
mum. 

Mini-
mum. Mean -

Maxima. 

of da i l y -

Minima. 

23 9 19.7 21.9 23.0 21.2 
23.0 20.0 21.7 22.4 21.1 
23.3 19 7 21.8 22.3 21.2 
26 6 20.0 22.2 23.8 20 8 
25.3 20.5 22.7 24.7 21.6 
26.1 20.5 22.4 24.2 21.4 
25.0 20 5 22.2 23.8 21 2 
24.2 18 9 21 1 22 8 20 2 
28.0 19.4 21 0 22.1 20.2 
23.3 19 7 21.3 22 3 20.1 
23.9 18.3 21.7 22.5 19.9 
23.8 19 4 21 4 22.5 20 6 
23.6 20 0 21 8 22.8 20.9 
23.9 20 5 22.2 23.2 21.2 
23 7 18.9 19 6 22.0 20 6 
22 5 18 9 19 6 21 7 20.1 
22 5 19 4 19 4 21.8 20.0 
23 6 19 4 19 5 22 2 20 2 

TABLE LXXV.—Temperature for periods of four weeks from November, 
1912, to January, 1915, in undergrowth in the midmountain forest on 
Mount Maquiling; altitude, 740 meters. 

[Numbers give degrees centigrade.] 

Four weeks ending-

January 31 .. 
February 28.... 
March 28 
Apri l 25 
May 23 
June 20 
July 18. 
August 15 
September 12 
October 10 -
November 7.. . 
Decembers... 
January 2 

Average . 

Max-
mum 

Min­
imum Mean 

Average 

Maxima 

of daily — 

Minima.-

22 7 15 5 19 3 20 7 18 4 
22 7 16.6 19 3 20 9 18.2 
25 9 18 0 21 3 23 1 19.7 
25.6 18 3 21.9 23 9 20 4 
27 2 20 0 23 0 24 9 21.5 
27 5 18 9 23 1 26 3 21.8 
26 6 18 3 22.3 24 2 21 6 
27 2 19.4 21.9 23 4 21 0 
25 9 19 4 21 9 23.1 21.0 
26.6 19 4 22 4 24.2 21 3 
24.2 18 3 21 2 22.5 20.3 
23.9 ; 15 5 20.6 22.0 20.1 
23.6 16.3 19.9 21.3 19.5 

25 4 18 0 21 4 23.0 20.4 j 
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of 29.7° in the dipterocarp forest at an elevation of 300 meters 
and 34.6° under the second-growth trees at the base of the 
mountain. The minimum temperature was 15.5°, as compared 
with 16.6° at an elevation of 300 meters and 19.4° at an al­
titude of 80 meters. The total range for the entire period 
was 12°, as compared with 13.1° at an elevation of 300 meters 
and 15.2° at the base of the mountain. The average daily 
maximum for the entire period was 23°, and the average daily 
minimum, 20.4°, the average daily range being 2.6°. This is 
even less than the small range at an altitude of 300 meters, 
which was 3.4°. 

TABLE LXXVI.—Temperature for weekly periods in the top of a dominant 
tree in the midmountain forest on Mount Maquiling; altitude, 740 meters. 

[Numbers give degrees centigrade ] 

Maxi­
mum 

Mini-
mum. 

81 6 
19 5 

84 0 21.0 

84 0 20 0 

84.6 19 0 

36.0 19 5 

82 0 .19 5 

30 5 21 5 

30 0 19.5 

28 0 19.0 

25 0 18 6 

27 0 18.0 

27 0 18 5 

31.5 19 0 

31 5 18 6 

27 5 18.5 

28 0 18 5 

31.0 20.0 

33.5 18 5 

35 0 19 0 

31 5 19.0 

29 0 18.0 

29 5 17.6 

31 5 16 5 

26.0 19 0 

27.0 16.0 

27 5 17.5 

26.0 16.5 

29.5 18.0 

24.6 18.5 

27 5 18.5 

27.1 17.9 

M a x i -
m u m . 

Mini­
mum 

._ 
Week ending:— 

] 1913 

23 5 20.0 M a y 3 0 __ 

25 5 19.0 | J u n e 6 . - . - - - - - - -

25 0 21 0 June 13 

29 0 18.0 June 20 . 

30 0 18 0 June 27 . - - . . -

30 5 17 6 J u l y 4 . . 

26 0 15 5 July 11 . . . . . .. 
32 0 16 5 July 18.- - . . - - . . . 
32 0 18 0 July25-._ -.. 

August 1 . . _. -- . 
27 0 18 5 August 8 . . . . . -_- .-- .--
27 0 18 0 August 15 .- - .-
27 0 17 0 Aujfust 22 
30 5 17 0 August 2 9 . 
29 0 14 0 Septembers . . . 
32 6 16 0 September 12 .. . . . - .. .. .. 
34 0 17 5 September 19-
27.5 16.6 September26 
36.0 17 5 Octobers.--- - . . - . . . -
32 0 17 0 October 10 . . . -. . . . . . . . 
36 5 11.5 October 17 
35 0 19.0 October 24 . —-
35 5 17 6 October 31 
31.0 18.0 November 7 . . . 
34.5 17 0 November 14 _._ 

! 32 0 19.6 November21 - .. -
29 0 19.0 

25.5 19.0 Decembers 
26.0 19.0 December 12 _. - — 
33 5 19 0 December 19 

! 34.5 19 5 December 26 . 

Week ending— 

1912. 
November 1 . . . 
November8.-. . . . 
November 15. . . . .. .-
November 22 .. 
November29 .. 
December 6 
December 13 .. 
December 20 . . . _. -
December 27 

1913 
January 3 . . . .-
January 10 . _ . . . . . . 
January 17 . . . 
J anuary24— _. 
January 31 .. 
February 7 . 
February 14 . . . _ 
February 2 1 - . . . . . . . 
February 28 . . . . 
March 7 
March 14 
March 21 .. . 
March 28 
Apr i l4 .-
Apr i l 11 
Apr i l 18 
Apri!25 -
May2 
May 9 
May 16.... 
May28 .. 

169549 14 
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TABLE LXXVI.—Temperature for weekly periods in the top of a dominant 
tree in the midmountain forest on Mount Maquiling; altitude, 740 
meters—Continued. 

Week ending 

1914. 

January 2 

January 9 

January 16 

January 23 

January 3 0 . -

I February 6 

I February 18 

February 20 ._ 

February 2 7 . 

March 6 

M a r c h 18 

M a r c h 2 0 . 

March 27 

A p r i l s 

A p r i l 10 

A p r i l 17 

A p r i l 24 

M a y 1 . . . 

M a y 8 . . . . 
M a y 15 

M a y 22 _ 

M a y 29 . . . . 

June 5 

June 12 .. . . 

June 19 -

June 26 

J u l y S . . . 

The weekly maximum and minimum temperatures in the top 
of the dominant tree are given in Table L X X V I . In Table 
L X X V I I these results are averaged for corresponding four-week 
periods for the entire period, and in the same table are also given 
similar figures for temperatures in the undergrowth. In this 
table, as in similar comparison tables for lower elevations, the 
average maximum temperature was considerably higher in the 
dominant tree than in the undergrowth, being in the former case 
30.4°, and in the latter, 24.3°. The minimum temperatures are 
again much more alike. The average weekly minimum tempera­
ture for the dominant tree (18.1°) is slightly lower than that 
in the undergrowth (19.4°). The absolute maximum tempera­
ture in the dominant tree occurred during the week ending June 
19, 1914, and was 37.0°, and in the undergrowth it was 27.5° 
on May 25, 1914. The absolute minimum temperature in the top 
of the tree was 11.5° and was recorded during the week ending 

- Maxi­
mum. 

-
25 5 

29.9 
33 6 
29.9 
33 6 
29 0 
31.0 
82 0 
32 5 
86.2 
34.0 ' 
33.5 
34 5 
32.5 ! 
34.5 
36.0 
36.3 
35.0 
37.1 

34.2 

36 1 

35 5 

33 8 

37.0 

32.5 

32.0 

M i n i ­
m u m . 

17.0 

14 0 

14.0 

16.0 

16.0 

16.0 

15.5 

15.0 

15 1 

17.0 

16.0 

17.9 

17.0 

17 1 

18 0 

18 0 

18.5 

18 9 

20 0 

18 5 

19 1 

20.1 

19.0 

20 0 

19 0 

19.5 

19.0 

Week ending— M a x i - M i n i ­
m u m , m u m . 

July 10 

July 17 

July 24 

July 31 

August 7 .. . 

August 14 

August 21 

August 28 . , . . 

September 4 . -

September 1 1 . 

September 18 . 

September 2 5 . 

October 2 

October 9 

October 1 6 . . . . 

October 2 3 . . - . 

October 80 

November 6 . . . 

November 13 .. 

November 20 .. 

November 27 

December 4 

December 11 .. 

December 18 _. 

December 25. 

19 
J a n u i r y 1 

26 5 

30.2 

32.5 

32.4 

34.5 

30.6 
32.0 
24.9 
23.5 

24 6 
32 5 

32 0 

31 0 

31 5 

32 8 

28 0 

27.5 

29.5 

28.0 

30.0 
29 5 

25.0 

25 5 
29 0 

29 0 

18.0 

18.6 

19.0 

18 9 

19 0 

18 6 

18 8 

19 2 

19 0 

19 0 

17.1 

18 5 

21 0 

18 5 

18 2 

17 9 

18.0 

18 9 

19 0 

19 0 

19.0 

18 0 

18.8 

17 0 

18 0 



TEMPERATURE 211 
TABLE L X X V I I . — A v e r a g e of weekly maximum and minimum temperatures 

for periods of four weeks from October, 1912, to January, 1915, in the 
midmountain forest on Mount Maquiling; altitude, 740 meters, 

[Numbers give degrees centigrade.] 

Four weeks ending— 

January 31 - ._ .. . . . 
February 28 . . . 

March 28 . . . . . . 
April 25 _ . . . .. 
M a y 23 . . . _ ' 

June20 _ . . . . 

Ju ly 18 , 
Aug-ust 15 . . . _. .. 
September 12 . . . . . . 
October 10 . . . 
November 7 . . . . . . . . . . . . . _ . ._ . . . _ 

Decembers .. __ .. . . . 

January 2 . . . . . . . . . 

Average .. . .. . . . . . 

March 14,1913, and in the undergrowth it was 15.5°, on January 
9 and 10, 1914. 

TEMPERATURE IN T H E MOSSY FOREST 

The temperature in the mossy forest was recorded on the top 
of the east peak at an elevation of 1,050 meters. As in the 
midmountain forest, the temperature under the trees w as takan 
by means of a Draper recording thermometer, and in the top of 
the dominant tree, by means of maximum and minimum thermo­
meters. The temperatures under the trees are given in Table 
L X X V I I I in the form of weekly maxima, weekly minima, means, 
and averages of daily maxima and minima. These results are 
summarized, for corresponding four-week periods for the entire 
period, in Table L X X I X . The mean temperature for the whole 
period was 17.8°; the absolute maximum, 26.1°; the absolute 
minimum, 12.2°; the average daily maximum, 19.3°; and the 
average daily minimum, 16.9°. These temperatures are consider­
ably lower than those in the midmountain forest, but the ranges 
are very similar. The average daily range in the mossy forest 
was 2.4°, and in the midmountain forest, 2.6°. The extreme 
range in the mossy forest was 13.9°, and in the midmountain 
forest, 12°. The mean temperature for the entire period was 
3.6° higher in the midmountain than in the mossy forest. 

I n g r o w under-
tvth 

I n don 
t r 

ninant 
ee. 

M a x i -
mum 

Min i -
mum 

M a x i -
m u m 

M i n i -
m u m 

21 7 

22 3 

24 6 
25 0 
26. 9 

26 6 
25 5 

24 5 
24.4 

25 6 

23 7 
23 1 
22 5 

17 2 

17 2 

18 8 
19 5 
21 0 
20.9 

20 5 
20 3 
20 0 
20 4 
19 3 
18 7 
18 5 

28.4 
32.5 
34 8 
32.1 
29.9 
33 5 

31 9 
26 8 
29 6 

32 8 

26 8 
28 1 

27 8 

15 8 

16 2 
16 7 

18 2 

19 1 
19 7 
19 4 
18.7 

18 8 
19 0 
18 5 
18.1 
17.6 

24 3 19 4 30 4 18 1 
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TABLE LXXVIII.—-Temperature for weekly periods under the mossy forest 
at the top of Mount Maquiling; altitude, 1,050 meters. 

[Numbers give degrees centigrade.] 

Maxi­
mum. 

Mini­
mum. Mean. 

Average 

Maxima. 

of d a i l y -

Minima. 

19.4 
22.0 
21.4 
20.5 
21.1 
20.3 
20.5 
18 3 
19 7 

19 2 
19.4 
20.3 
20 3 
17 1 
19.7 
20 3 
18 9 
19.2 
19.7 
21 1 
22 2 
21.7 
20.0 
21 1 
21.7 
20.0 
20.0 
20.8 
28.0 
23.3 
21.7 
23.9 
23.9 
23.9 
23 3 
22 5 
22 0 
21.4 
20.0 
20.8 
20.0 
20.8 
21 7 
21.4 
20.8 
22 2 

16 6 
16.9 
17 1 
17 1 
16.6 
16.0 
15.5 
13.9 
14 8 

14 2 
16.0 
16.0 
16.0 
13 9 
14.5 
14 2 
14.8 
12 8 
15 5 
13.9 
15 5 
14 8 
13 3 
15 3 
16 9 
16 0 
16 9 
17 1 
16 9 
17 4 
17 7 
18 0 
16 9 
17 1 
16 9 
17 1 
17 1 
17.1 
17.4 
17.1 
16 0 
16.3 
16 0 
16.6 
15.8 
16 6 

17.8 
19.2 
18.8 
18.3 
17.8 
18.1 
17.5 
16 5 
17 1 

16.5 
17 1 
17 2 
17 1 
15 3 
17.2 
16.0 
16 5 
16 0 
16 9 
18 2 
17.3 
17 2 
17 0 
17 7 
18 4 
18 2 
18 3 
18.7 
19 5 
19.3 
19 3 
19 8 
19.9 
19.4 
19.3 
19.4 
19.1 
18.7 
18.4 
17.9 
17 7 
18.4 
18.7 
18.1 
18.2 
18.4 

18.7 
20.4 
19.8 
19.4 
19 4 
19 1 
19.4 
17.5 
18 7 

17.6 
18.3 
19.0 
19 0 
16.5 
18.4 
17 9 
17 5 
18 1 
18 2 
20.3 
19.4 
19 6 
18 8 
20 1 
20 3 
19 6 
19 3 
19 3 
22 2 
21 3 
21 0 
21 4 
22.9 
22.1 
21 8 
21 1 
21.0 
19.8 
19.1 
19.5 
19.1 
19.8 
19.8 
19.9 
19.6 
20 2 

17.4 
18.0 
17.9 
17.8 
17.4 
17 0 
16.5 
15 6 
16 3 

15 5 
16 9 
16.7 
16 1 
15 1 
16 0 
15 4 
15 9 
15 6 
16 1 
17.1 
16 2 
16 1 
15 7 
16.0 
17 6 
17 2 
17 5 
17 9 
17 6 
18.1 
18.5 
18.8 
18.2 
18 5 
18 0 
18.2 
17 9 
18 4 
17.8 
17.6 
17.3 
17.5 
17.6 
17.2 
17.1 
18.1 

Week ending— 

1912. 
October25 _.. 
November 1 - ... 
November8 — 
November 15 
November 22 . -.,... 
November29 -
December 6 _ -
December 13 
December 20 

1913. 
January 3 
January 10 .. 
January 17 .. . 
January 24 -
January 31 
February7 _. 
February 14... 
February 21 . - .. 
February 28.._ . 
March 7 
March 14 . 
March21 
March 28 
April 4 
Apr i l 11 . . . 
Apri l 18 .. . 
Apnl25. . .. .. 
May2 
May9 
May 16 ... . .. . . .. . . . . 
May23 . 
May30 . 
June 6 _ .. 
June 13 _ 
June20 _ ._ 
June27 
Ju ly4 . . 
J u l y l l 
July 1 8 „ . 
July25 
August 1 
August8 
August 16 
August 22 
August 29 
September 5 
September 12 
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TABLE LXXVIII.—Temperature for weekly periods under the mossy forest 

at the top of Mount Maquiling; altitude, 1,050 meters—Continued. 

Week ending-

September 1 9 . 

September 26 . 

Octobers 3 

October 1 0 . - ~ 

October 1 7 . . -

October 24 . . . . 

October 8 1 - — 

November 7 . . . 

November 14.. 

November 2 1 . . 

November 28 . . 

December 5 . . . 

December 1 2 . . 

December 19. -

December 2 6 . . 

January 2 . 
January 9. . 
January 16 
January 23. 
January 30. 
February 6. 
February 13 
February 20 
February 27 
March 6 
March 13.-
March 20.... 
March 27. .. 
Apr i l 3 
Apri l 10 „ 
Apri l 17 
Apri l 24... . 
May 1 
May 8 
May 15. . . . . 
May 22 
May 29.. .. 
June 5 
June 12 
June 19- ._ 
June 26 
July 8 
July 10.. _. 
July 17 .. . 
July 24 
July 81 . .. 
August 7 

Maxi­
mum. 

Mini-
mum. Mean. 

Averag-e o f d a i l y -

__ . _ 
| M a x i m a . M i n i m a . 

23.0 17.7 18 8 20.7 18.5 
22.0 ; 16.9 ; 19.2 | 20.6 18.0 
21.4 16 0 18.7 20.6 17.3 
20.0 ! 16.0 | 18 2 19.4 17.6 
19.7 ! 15.5 17.9 19 2 17.1 
19.7 | 16.0 17 0 18.9 16.6 
19.2 14 5 17.0 17.7 16.3 
20 5 16 0 18 4 19.2 18.0 
19 7 13.9 17 6 18 2 16.9 
19 4 15 0 16 6 17.6 16 1 
19.2 15 5 16 1 16 9 17.2 
18 9 15 0 16 6 17 9 16.0 
19.4 15.5 16 9 17.6 16.5 
19.2 15 8 17 1 18.0 16.5 
19 7 16 0 17.7 18 2 16 7 

18.9 13.9 15 6 16.9 15.3 
17 4 12.8 14.9 15 7 14 3 
16 9 12.2 14 9 15 9 14.3 
17 4 13.9 15 4 16.5 14.8 
16 9 13 3 15 1 16 0 14 3 
18 6 14 8 15 8 17 2 15 7 
16 9 12 8 16 1 16 2 14.6 
17,1 13 3 15 0 16 0 14 9 
19 4 13 1 15 7 18 0 14 4 
20.5 13 9 16.2 17.8 15.5 
21 1 14 5 17 2 19 3 16.1 
20 8 15 8 16 6 17.9 16 2 
19 4 15 0 16 8 18 1 15 8 
19.2 14 5 17 2 19 9 15 7 
20 5 16 0 17 8 19 1 17 1 
21 2 15.5 18.5 19 9 16.9 
22 3 17.1 18.9 20 6 17.6 
21 7 16 0 18 7 20 3 17.1 
21 1 17 1 18 9 20 1 17.7 
22 2 17 1 19 6 21 0 18 4 
22 6 17 4 19 6 21 8 i 18.0 
23 3 17 1 20.2 22 1 ; 18.2 
23 9 16 9 19 1 20 7 17.8 
23.9 17 1 20 6 22 4 ! 18.5 
23.3 16.6 19 1 20 6 18.1 
22 7 17.1 19 4 i 21 2 18 9 

23 3 17.1 18 9 | 21 5 18 4 

26 1 18 3 20 7 22 6 20 6 

20 0 16.6 ; 19 0 19 5 17 6 

22 0 14 8 18 2 ) 19 8 17.0 

19 4 14 2 16 7 ! 18.1 15 9 
22 3 15 6 17 6 20 6 16.9 

1914 

1913 
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T A B L E LXXVII I .—Tempera ture for weekly periods under the mossy forest 
at the top of Mount Maquiling; altitude, 1,050 meters—Continued. 

A veragre of dai ly— 

Week ending— M a x i -
m u m 

M i n i ­
m u m . Mean . 

M a x i m a . M i n i m a . 

1914. 

A u g u s t 14. . . . . _ . 19 7 15 3 17 5 18.4 16.4 

A u g u s t 2 1 21.4 14 8 18 0 19 8 16.7 

A u g u s t 2 8 . _. 18 6 15 3 17 2 18.0 17.0 

Sep tember4 . . . 18.9 15.9 17 6 18.3 17 1 

September 11 . ._ .. __. - .. . . 18.6 15.9 17 5 18.1 17 1 

September 1 8 . . . . . . . 19 1 13 7 17 0 18 6 15 5 

September 25 . . . . . .. 23 7 16 5 18 2 21.1 17 1 

O c t o b e r 2 . 22.5 , 15 3 17 7 20.1 16 2 

O c t o b e r s . . . 22.0 16.2 17 6 19.6 16.9 

18 6 
18 9 

15 3 
15.9 

17 0 
17 1 

17 7 
17 8 

16.3 

October 23 

18 6 
18 9 

15 3 
15.9 

17 0 
17 1 

17 7 
17 8 16.6 

October 30 _ .. . . . 18 9 15 9 16 6 17.8 14 4 

November 6 . _ . . . . . . 18.9 14.8 15 2 18 1 17 1 

November 13 .. - . . . 19 4 13 6 17 5 18 1 16 8 

November 20 . . 19 1 14.8 17 5 18 1 16 4 

November 2 7 . . . . 19 4 15.3 17 6 18 1 17 0 

December 4 .. . . . 19 1 16 5 17 6 18.1 17 2 

December 1 1 _ . . . . . . . . . . . 18 9 16 4 17 4 18.0 16.9 

December 18 . . . 18 6 15 1 17 2 17 7 16 4 

December 2 6 . . . . . . . 20 3 15 9 17 3 18 4 16.5 

1915 

J a n u a r y 1 . .. 18 0 14 8 16 2 17 0 15 7 

T A B L E LXXIX.—Temperature for periods of four weeks from November, 
1912, to January, 1915, under the mossy forest at the top of Mount Ma-
quiling; altitude, 1,050 meters. 

[Numbers give degrees centigrade.] 

Four weeks ending-

January 31 
February 28 
March 28 
April 26 
May 23 
June 20 
July 18 
August 15 
September 12.. 
October 10 
November 7... 
Decembers 
January 2 

Average... 

Maxi­
mum 

Mini­
mum. 

12.2 
12.8 
13.9 
IS. 3 
16.0 
16.6 
16.6 
14.2 
14.8 
13 7 
14.5 
13 6 
13.9 

14.3 

Average of daily— 

15 9 
15 9 
17.1 
18 0 
19 1 
19.7 
19.3 
17.8 
18.0 
18 2 
17.6 
17.4 
16.8 

17.8 

17 1 
17.4 
18 9 
19.8 
20.7 
21.9 
21.1 
19.3 
19.2 
20.1 
18.7 
18.3 
17.8 

19.3 

Minima 

15.3 
15.3 
16.2 
16.7 
17.8 
18.3 
18.5 
17.1 
17.3 
17.1 
17.0 
16.9 
16.1 

16.9 
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Table L X X X records the weekly maximum and minimum 
temperatures in the top of the dominant tree. The absolute 
maximum was 39.5°, and the minimum, 9.5°. 

The results of Table L X X X are summarized for corresponding 
four-week periods for the different years in Table L X X X I , in 
which table are also given similar figures for temperatures un­
der the trees. As in previous cases the maximum temperature 
in the dominant tree was higher than that under the trees, the 
average weekly maximum being 28.1° in the top of the tree and 
20.6° in the undergrowth. The minimum temperatures show 
a different condition from that found at any lower elevation 
in the virgin forest, the average minimum under the trees being 
lower than in the top of the dominant tree. The average mini­
mum in the first case was 15.7°, and in the latter, 17.3°. 

T A B L E LXXX.—Temperature for weekly periods in the top of a dominant 
tree in the mossy forest on Mount Maquiling; altitude, 1,050 meters. 

[Numbers give degrees centigrade.] 

Week ending— 

1912 
October 18 
October26 
November 1 .. 
November 8 
November 15 
November 22 
November29 
December 6. 
December 13 ... 
December 20 
December 27 . 

1913 
January 3 .. 
January 10 . . . 
January 17 
January 24 
January 31- ._ 
February 7 
February 14.-
February 21 
February 28 
March 7 
March 14 
March 21 ., 
March 28 
Apr i l 4 . . . . 
Apr i l 11 
Apr i l 18 
April25 
May2 .. 

Maxi­ Mini­
mum. mum. 

21.6 17 5 
21.6 18 0 
22.6 18 5 
26 5 18 6 
26 0 18.5 
29 6 17.5 
25.0 17 0 1 
25.0 16.5 
26.0 14 5 
30 0 15 0 
28 0 16 0 

27 6 18 0 
28.0 18 0 
30.0 16 
37 5 17 0 
22.0 14 0 
26 6 15.5 
35 5 16.5 
29.0 16.0 
87.0 16.5 
33.0 10.5 
39.6 9.5 
36.0 16.6 
32.6 16.6 
28.0 16.0 
28.0 17.0 
27.0 19.0 
26.0 18.0 
24.6 18.0 

Week ending-

May 9 
May 16 
May 23 .. . .. 
May 30 
June 6 . 
June 13 
June20._. 
June 27 
July 4 
July 11 
July 18 _. . .. 
July 25 
August 1 _ . 
August 8 . 
August 15 
August22 .... 
August 29 . -
September 6.-. 
September 12.. 
September 19.. 
September 26.. 
October 8 
October 10 
October 17 
October 24 
October 31 
November 7 ... 
November 14 .. 
November 21 .. 
November 28 .. 

Maxi­ Mini­
mum. mum. 

22 0 19.0 
32.0 18.0 
33.5 18.5 
28.0 19 0 
30.5 20.0 
31.0 18.5 
33 5 18 5 
30 5 18 0 
30 0 18.6 
31 0 19.0 
22 6 20.5 
21.6 18 5 
21.5 18.0 
27 5 21.5 
23 0 18.0 
23.6 18 0 
26.5 18.5 
26.6 17.0 
27.5 18.5 
31.5 18.6 
28.6 18.0 
30.0 17.5 
29.0 18.5 
26.0 17.5 
29.6 16.6 
28.6 16.5 
21.6 17.5 
21.6 15.0 
20.5 17.5 
25.5 16.5 
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TABLE LXXX.—Temperature for weekly periods in the top of a dominant 
tree in the mossy forest on Mount Maquiling; altitude, 1,050 me­
ters—Continued. 

W e e k ending— 
M a x i ­
mum 

M i n i ­
m u m . W e e k ending— M a x i ­

m u m . 
M i n i ­
m u m . 

1913. 

December26 — 

1914. 

February 13 -

February 20 

February 27 

March 6 - - -

M a r c h 13 -

March 2 0 . 

March 27 

A p r i l s 

A p r i l 10 .— 

A p r i l 17 

A p r i l 24 

May 1 

M a y 8 . . 

May 15 -

M a y 2 2 . . . . . . 

M a y 29 

June 5 - -

June 12 

June 19 . . . . 

27.5 

21 5 

23.5 

27 5 

26.0 

17.6 

18 0 

18 0 

16.5 

16.5 

13.5 

13.9 

14.5 

15.0 

15.2 

14 1 

14.0 

15 0 

16.0 

15 5 

17.0 

16.0 

15 9 

17 5 

17.6 

18 0 

27.5 

17.5 

18.5 

18 0 

18.0 

18 5 

18 0 

18.9 

1914. 

June 26 -

J u l y 3 _ 

July 1 0 . - . 

July 17 . 

Ju ly 24 

A u g u s t 2 8 . - —. -

September 1 1 . . -

September 18 . . . 

October2 -

O c t o b e r 9 - . 

October 16 .. 

October 23 

October30 

November b - .. .. 

November 1 3 - - . 

November 20 ._. _. . 

November 27 ._ 

December 4 . . 

December 11 . . . 

December 18 

December 25 . . . . 

1915. 

January 1 . .. _ ._ 

. 

17.6 

17.0 

17.9 

17.6 

27.6 

17.1 

16.6 

17.6 

18.2 

19.0 

18 0 

18 0 

14 0 

17 5 

17 9 

17.9 

17.6 

17 0 

17 0 

17 0 

18.0 

18.0 

18.0 

18.0 

17.0 

16 2 

17 0 

17 0 

. 
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TABLE LXXXI.—Average of weekly maximum and minimum temperatures 
for periods of four weeks from October, 1912, to January, 1915, in the 
mossy forest at the summit of Mount Maquiling; altitude, 1,050 meters. 

[Numbers give degrees centigrade.] 

In undergrowth. 

Four weeks ending-

January 31 
February 28 . . . 
March 28 
Apri l 25 
May 28 
June 20 
July 18 
August 15 
September 12. -
October 10. . . . 
November 7 .. 
December 5 
January 2 

Average. 

In dominant tree. 

Maxi­ Mini- Maxi­ Mini­
mum. mum. mum. mum 

18.3 14.2 29.4 15.3 
18.8 13.8 32 0 15.4 
20.9 14 9 35.0 14.7 
20.8 15.6 27.3 17.4 
21 9 17 0 28 0 18.2 
23.5 17.2 30.8 18 7 
22 7 17 2 28.5 18.8 
20 6 15 9 23 4 19.4 
20 4 15 9 26.0 18 2 
21.7 16.1 29 8 17.5 
19.8 15 7 24 1 17 3 
19.7 15.4 25.1 17.3 
19.1 15.1 26.3 16.7 

20.6 15 7 28 1 17.3 

TABLE LXXXII.—Mean temperature for periods of four weeks from Octo­
ber, 1912, to January, 1915, under trees at different elevations on 
Mount Maquiling. 

[Numbers give degrees centigrade ] 

Four weeks ending-

January 31 
February 28.. 
March 28 
Apr i l 25 
May 23 
June 20 
July 18. 
August 15 
September 12 
October 10. .... 
November 7 
December 5... 
January 2 

Average 

Elevation m meters 

24.0 
24.4 
27 0 
27 2 
27 7 
27.7 
26.9 
26.2 
26.6 
25 9 
25 7 
25 6 
24.7 

26 1 I 

21 2 
21.5 
22 9 
23.9 
24.7 
25.0 
24 0 
23 5 
23 6 
23 3 
22 9 
22 6 
21.8 

23.1 

450 

20.1 
20.7 
22.8 
23 7 
25 1 
24.5 
23 7 
23 3 
23.0 
23.3 
22 4 
22 1 
21.3 

22 8 

19 3 
19 3 
21.3 
21 9 
23 0 
23 1 
22 3 
21 9 
21.9 
22.4 
21.2 
20 6 
19 9 

21 4 

1,050. 

15.9 
15.9 
17 1 
18.0 
19.1 
19.7 
19.3 
17.8 
18.0 
18.2 
17.6 
17 4 
16.8 

17.8 

The mean temperatures under the trees at different elevations 
are presented in Table L X X X I I and plotted in fig. 8. The 
temperatures for the dipterocarp forest at an elevation of 450 
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meters do not cover as long a period as do those at other ele­
vations, and perhaps owing to this fact they show some minor 
variations. The curve for this elevation is*Witted in the follow­
ing discussion. 

Fig. 8 shows that in all cases the lowest mean was in January 
or February, after which the temperature rose, reaching a maxi­
mum during the period ending June 20. The mean then became 
lower until the period ending August 15, after which there was 
another rise, a second but lower maximum occurring during the 
period ending September 12 or October 10, after which the tem­
perature again fell. The low point in the curve for the period 
ending August 15 is apparently connected wi th the occurrence of 
the rainy season, as there is much more rain during this season 
than at any other time, and the sky is frequently overcast by 
clouds. A comparison of these curves for temperature wi th 
those which wi l l be given later for light would seem to indicate 
that the variations in temperature are caused largely by varia­
tions in light intensity at different periods. 

One of the most striking things brought out by these curves 
is the similarity in the range of temperature at different eleva­
tions. In the parang at an elevation of 80 meters the greatest 
difference between the mean temperatures for any corresponding 
four-week period was 3.7°; in the dipterocarp forest at an 
elevation of 300 meters, 3.8°; in the midmountain forest at an 
elevation of 740 meters, 3.8°; and in the mossy forest, 3.8°. 
The range for four-week periods is, therefore, exactly the same 
in the mossy forest, the midmountain forest, and the dipterocarp 
forest at an elevation of 300 meters; while in the parang it is 
0.1° less than at the higher altitudes. The mean temperature 
for the entire period at an elevation of 80 meters is 26.1°; at 
300 meters, 23.1°; at 450 meters, 22.8°; at 740 meters, 21.4°; 
and at 1,050 meters, 17.8°. 

The average daily minimum temperatures under the forest 
for corresponding four-week periods at different elevations are 
given in Table L X X X I I I , and the average daily maxima are 
given in Table L X X X I V . In fig. 9 the yearly means, yearly 
average daily maxima, and yearly average daily minima for the 
different stations are plotted in separate curves. These curves 
show at once that the greatest average daily range is at an eleva­
tion of 80 meters, and that the daily range decreases as higher 
altitudes are reached. The average daily range for the parang 
is 5.5°; in the dipterocarp forest at an elevation of 300 meters, 
3.4°; in the dipterocarp forest at an elevation of 450 meters, 



FIG. 8. Mean temperature under trees at different altitudes on Mount 
Maquiling. 

TEMPERATURE 219 



220 MOUNT MAQUILING 

F I G 9 Average dai ly m a x i m a and m i n i m a and mean temperatures under trees a t 
different altitudes on M o u n t Maqu i l i ng . 

TABLE LXXXIII.—Averages of daily minimum temperature for periods of 
four weeks from October, 1912, to January, 1915, under trees at dif­
ferent elevations on Mount Maquiling. 

[Numbers give degrees centigrade.] 

Elevat ion in meters 

Four weeks e n d i n g -

January 31 
February 2 8 - _ . 
March 28 
A p r i l 25 -
May 23 
June 20 

J u l y 18. 
A u g u s t 15 — 
September 12 . 
October 10 . . . . 
November 7 
December 5 .. 
January 2 

Average . 

22 0 20 0 19 2 18 4 15 3 

21 9 19 8 19 5 18 2 15 3 

23.4 21.8 21 1 19 7 16 2 

23 6 21 9 22 2 20 4 16 7 
24 4 22 6 23 8 21 5 17 8 

24 5 22 6 23 0 21 8 18 3 

24 9 22 6 22 7 ' 21 6 18 5 

24 2 22 2 22 5 , 21 0 17 

24 5 22 2 22.1 21 0 17 3 

23 9 21.8 22.2 21.3 17 1 

23 7 21 9 21 7 20 3 17 0 

23 7 21 6 21 4 20 1 16 9 

23 0 20 8 20 7 19 5 16 1 

23 7 21 7 21 7 20.4 | 16 9 

2.6°; in the midmountain forest, 2.6°; and in the mossy 
forest, 2.4°. 

The curves for the average daily maximum, mean, and aver­
age daily minimum for different elevations have the same general» 
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TABLE LXXXIV.—Averages of daily maximum temperature for periods of 

four weeks from October, 1912, to January, 1915, tinder trees at dif­
ferent elevations on Mount Maquiling. 

[Numbers give degrees centigrade.] 

Four weeks ending— 

Elevation in meters. 

Four weeks ending— 
80. 

26.7 
28.0 
30.7 
30.7 
31.5 
31.7 
29.8 
28.9 
29 0 
29.4 
28.0 
27.8 
27.0 

29 2 

300. 450. | 740. 1.050. 

January 31. _. 
February 28 

80. 

26.7 
28.0 
30.7 
30.7 
31.5 
31.7 
29.8 
28.9 
29 0 
29.4 
28.0 
27.8 
27.0 

29 2 

22.5 
23.2 
25.8 

21.6 
22 4 
24.7 

20.7 
20.9 
23.1 
23 9 
24 9 

17.1 
17.4 

March 28. 

80. 

26.7 
28.0 
30.7 
30.7 
31.5 
31.7 
29.8 
28.9 
29 0 
29.4 
28.0 
27.8 
27.0 

29 2 

22.5 
23.2 
25.8 

21.6 
22 4 
24.7 

20.7 
20.9 
23.1 
23 9 
24 9 

18.9 
Apnl25 
May 23 1 

80. 

26.7 
28.0 
30.7 
30.7 
31.5 
31.7 
29.8 
28.9 
29 0 
29.4 
28.0 
27.8 
27.0 

29 2 

26.6 25 8 
27.4 26.8 

20.7 
20.9 
23.1 
23 9 
24 9 

19.8 
20.7 

June20 ..._ 
July 18. 

80. 

26.7 
28.0 
30.7 
30.7 
31.5 
31.7 
29.8 
28.9 
29 0 
29.4 
28.0 
27.8 
27.0 

29 2 

27.0 26.2 25.8 
25.9 25.0 24.2 
25.5 24.6 23.4 

21.9 
21.1 

August 15 .. . _. 

80. 

26.7 
28.0 
30.7 
30.7 
31.5 
31.7 
29.8 
28.9 
29 0 
29.4 
28.0 
27.8 
27.0 

29 2 

27.0 26.2 25.8 
25.9 25.0 24.2 
25.5 24.6 23.4 19.3 

Septembers 

80. 

26.7 
28.0 
30.7 
30.7 
31.5 
31.7 
29.8 
28.9 
29 0 
29.4 
28.0 
27.8 
27.0 

29 2 

25.4 24.4 
25.5 26.2 
24 6 24.0 
24 1 23.4 

23.1 
24 2 
22.5 
22.0 
21.3 

23.0 

19.2 
October 10 

80. 

26.7 
28.0 
30.7 
30.7 
31.5 
31.7 
29.8 
28.9 
29 0 
29.4 
28.0 
27.8 
27.0 

29 2 

25.4 24.4 
25.5 26.2 
24 6 24.0 
24 1 23.4 

23.1 
24 2 
22.5 
22.0 
21.3 

23.0 

20.1 
November 7 

80. 

26.7 
28.0 
30.7 
30.7 
31.5 
31.7 
29.8 
28.9 
29 0 
29.4 
28.0 
27.8 
27.0 

29 2 

25.4 24.4 
25.5 26.2 
24 6 24.0 
24 1 23.4 

23.1 
24 2 
22.5 
22.0 
21.3 

23.0 

18.7 
December 5. _ 

80. 

26.7 
28.0 
30.7 
30.7 
31.5 
31.7 
29.8 
28.9 
29 0 
29.4 
28.0 
27.8 
27.0 

29 2 

25.4 24.4 
25.5 26.2 
24 6 24.0 
24 1 23.4 

23.1 
24 2 
22.5 
22.0 
21.3 

23.0 

18.3 
January 2 

Average _. _, 

80. 

26.7 
28.0 
30.7 
30.7 
31.5 
31.7 
29.8 
28.9 
29 0 
29.4 
28.0 
27.8 
27.0 

29 2 

23.0 

2.6 1 

22.5 

24.3 

23.1 
24 2 
22.5 
22.0 
21.3 

23.0 

17.8 

19.3 

form. They show that the fall in temperature in proportion 
to the rise in elevation was much greater between the parang 
and the dipterocarp forest at 300 meters than it was between 
the latter station and the midmountain forest, while the fall was 
more rapid in proportion to the rise in elevation between the 
midmountain forest and the mossy forest on the top of the moun­
tain than it was between the dipterocarp forest at 300 meters' 
elevation and the midmountain forest at 740 meters' altitude. 

The great difference in temperature in the parang and the 
dipterocarp forest is very probably connected with the fact that 
this latter forest keeps almost all of the direct sunlight from 
reaching the ground, and also prevents' a free movement of the 
warm winds coming from lower elevations, while the large leaf 
surface exposed to evaporation has a considerable tendency to 
cool the atmosphere. It wi l l be noted that the curve for the 
maximum temperatures has the steepest slope between elevations 
of 80 and 300 meters, while the curve for the average daily 
minima is less steep than either of the other two. This is very 
natural and is due to the fact that under the forest the heating 
effect of the sun, which causes high maximum temperatures, is 
greatly minimized. This would of course account for the low 
average daily maxima in the dipterocarp forest and also for the 
.lower average mean. 

Between the two stations in the dipterocarp forest there is less 
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difference, as compared wi th the difference in altitude, in the 
mean and average daily maximum than there is between stations 
at higher elevations; while the differences in average daily 
maxima, means, and average daily minima, as compared wi th 
elevation, are greater between the midmountain forest and mossy 
forest than between the stations in the dipterocarp forest and 
the midmountain forest. This would seem to indicate that a 
dense dipterocarp forest has an equalizing effect on the tem­
perature, whereas as high elevations are reached the under­
growth is less protected from atmospheric changes outside of the 
forest. This is due to the fact that, as higher elevations are 
reached, the forest becomes progressively lower and more open. 

Maximum and minimum temperatures for corresponding four-
week periods in the undergrowth are given in Tables L X X X V 
and L X X X V I . 

TABLE LXXXV.—Maximum temperature for periods of four weeks from 
October, 1912, to January, 1915, under trees at different elevations on 
Mount Maquiling. 

[ N u m b e r s g i v e debtees c e n t i g i a d e ] 

E l e v a t i o n in meters 

Fou r weeks e n d m g -

I 

J a n u a r y 31 

F e b r u a r y 28 

M a r c h 28 

A p r i l 25 

M a y 23 

J u n e 20 

J u l y 1 8 . . . 

A u g u s t 15 

September 12.-

October 10, . 

November 7 . - . 

December 5 . . . 

J a n u a r y 2 

A v e r a g e . 

29 0 

31 5 

33.5 

33 8 

34 6 

740 1,050 

34 0 
32.0 
31.4 
31 0 
32.0 
30.6 
31 1 
29 7 

31 9 

24 8 

25.6 

27 7 

28 3 

29 4 

29 7 

28 0 

28.0 

27.5 

27.7 

26 6 

25.9 

25 0 

20 3 

20 3 

22 2 

22 3 

23 3 

23.9 

26.1 

22 3 

22.2 

23 7 

22 0 

21 1 

20 3 

22 3 

CALCULATION OF MEAN TEMPERATURES FROM MAXIMUM AND 
MINIMUM TEMPERATURES 

Where it is inconvenient to use recording instruments, mean 
temperatures are very frequently calculated from the averages 
of maximum and minimum temperatures, and so it may be of 
interest here to see how closely a mean calculated from averages 
of maxima and minima corresponds wi th the mean as observed. 
In Table L X X X V I I such a calculation is made for temperatures 
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TABLE L X X X V I — M i n i m u m temperature for periods of four weeks from 

October, 1912, to January, 1915, under trees at different elevations on 
Mount Maquiling. 

' [Numbers give degrees centigrade ] 

Elevation in meters. 

Four weeks e n d i n g - ... 
80. , 300 450. 740 900. 1,050. 

January 31 20.0 ; 1G 6 17.2 15 5 15.0 12 2 

February 28 20 0 

20.8 

17 4 
18 9 

18.6 

19.7 
16.6 
18.0 

15 0 
15.5 

12 8 

March 28 . 
20 0 

20.8 

17 4 
18 9 

18.6 

19.7 
16.6 
18.0 

15 0 
15.5 13 9 

A p r i l 25 19 6 19 4 20 3 18 3 16 0 13 3 

May 23 22.3 20 5 22 5 20 0 18.0 16.0 
June20 _ . 22 0 

22 5 

18 9 
20 5 

20 6 

20 5 
18.9 
18.3 

18 9 
17.5 

16.6 

July 18 . 
22 0 
22 5 

18 9 
20 5 

20 6 

20 5 
18.9 
18.3 

18 9 
17.5 16 6 

August 15 22 0 19 4 20 8 19.4 18 0 14.2 

September 12_. . . . . .. 22 0 20 5 20 0 19.4 17 5 14.8 

October 10 21 8 19 7 20 5 19 4 17 0 13 7 
November 7 . . . 21 0 19 4 20.0 18 3 17.0 14 5 

Decembers 22 0 19.4 19 7 15 5 16.5 13 6 

January 2 — 19 9 • 19 2 18 9 16 3 16.0 18 9 

Average . . . . . 21 2 j 19.2 19 9 18 0 16 8 14 3 

at the base of the mountain. In this table are given the average 
daily maxima and minima for the years 1912, 1913, and 1914; 
the mean calculated from the averages of maxima and minima; 
the observed mean; and the differences between the calculated 
mean and the observed mean. The table shows that the average 
difference between the calculated mean and the observed mean 
for the entire period was 0.2°, whereas the average daily lange 
was 5.8°. The error in calculating the mean from the daily 
maxima and minima would in this case be small. It is, how 
ever, 3.4 per cent of the average daily range. 

TABLE LXXXVII .—Calcu la t ion of mean temperature at the base of Mount 
Maquiling, from average of daily maxima and minima as compared 
with observed mean. 
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TABLE LXXXVIII.—Calculation of mean temperature under trees from 
average of daily maxima and minima as compared with observed mean 
at different elevations on Mount Maquiling. 

[Numbers give degrees centigrade.] 

In Table L X X X V I I I are given similar calculations for the 
different elevations for the years 1913 and 1914. For these 
years the error in the parang was 0.3°; in the dipterocarp forest 
at 300 meters' elevation, 0.25°; in the dipterocarp forest at 
450 meters, 0.2°; in the open at 450 meters, 0.7°; in the mid-
mountain forest at 740 meters, 0.3°; and in the mossy forest 
at 1,050 meters, 0.35°. A l l these differences, except that in the 
open, appear small. The error in the caSe of the mossy forest 
is, however, 15 per cent of the average daily range; in the mid-
mountain forest, 11 per cent; in the dipterocarp forest at 450 
meters* elevation, 8 per cent; and in the dipterocarp forest at 300 
meters' elevation, 7 per cent. The actual differences between 
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the mean temperatures as calculated from the average daily max­
ima and minima and the mean as observed were, therefore, 
small in degree, but considerable in proportion to the total range. 

The error in the case of the clearing at 450 meters' altitude 
is no greater in proportion to the range than in some of the 
other cases, being 12 per cent. As in ecological work it is fre­
quently possible to use only maximum and minimum thermom­
eters and to read these not oftener than once a week, it may 
be of interest to see how close the averages of weekly maxima 
and minima come to the true mean. The results of such a 
calculation are given in Table L X X X I X . The actual differ­
ences in most cases are not very much greater than when the 
mean is calculated from average daily maxima and minima. 

T A B L E L X X X I X . — C a l c u l a t i o n of mean temperature under trees from aver­
age of weekly maxima and minima as compared ivith observed mean 
at different elevations on Mount Maquiling. 

[ Numbers give degrees centigrade ] 

It is to be noted that all of these errors are in the same di­
rection, and so it would seem that when working wi th maximum 
and minimum thermometers in forests in which conditions are 
similar to those on Mount Maquiling fairly accurate means 
could be obtained from averages of weekly maxima and minima. 
The similarity between the mean calculated from the average 
maxima and minima and the mean observed is, however, very 
probably due in part to the fact that the ranges in temperature 
are slight. 

The average weekly maximum and minimum temperatures 
for corresponding four-week periods in the tops of the domi­
nant trees at different elevations are given in Table XC. The 
results are plotted in fig. 10. 
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Elevation in meters 

10 Average of weekly maximum and minimum temperatures 
at different altitudes on Mount Maquiling 
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TABLE XC.—Average of weekly maximum and minimum temperatures for 

periods of four weeks from October, 1912, to January, 1915, in the 
tops of tall trees at different elevations on Mount Maquiling. 

[ N u m b e r s g ive degrees cen t ig rade . ] 

RELATION OF TEMPERATURE TO VEGETATION 

Lehenbauer * has made an extensive study of the relation 
of the rate of growth of maize seedlings to temperature. He 
found that the optimum temperature varied wi th the length of 
the exposure. For three-hour exposures it was 29°; for nine or 
twelve hours it was 32°; while for periods of eighteen or twenty-
one hours, and probably for twenty-four or twenty-seven hours, 

* Lehenbauer, P. A . , Growth of maize seedlings in relation to temper­
ature, Physiol Res. (1914), 1, 247-288. 
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it was also 32°; for longer periods it appeared to shift to 31°. 
An examination of Table L X X X I I shows that the mean tem­
perature, even at the base of Mount Maquiling, was lower than 
any of the optima obtained by Lehenbauer, the highest mean 
temperature in the parang for any corresponding four-week 
period being 27.7°. From Table L X X X I V it would appear that 
the average daily maximum at all elevations above 80 meters 
was also lower than any of the optima obtained by Lehenbauer. 
At an elevation of 80 meters the highest average daily maximum 
for any corresponding four-week period was 31.7°, and the 
lowest, 26.7°. It would seem, therefore, that the average daily 
maximum temperature at an elevation of 80 meters would be 
about optimum for the growth of maize seedlings. 

A careful study of the influence of temperature on the rates 
of growth of roots of Pimm sativum has been made by Leitch.* 
According to her results, the optimum temperature appeared to 
be between 28° and 30°. These figures are not very different 
from those obtained by Lehenbauer. 

The mean temperature at the base of Mount Maquiling was 
26.1°, and at the top, 17.8°. According to Lehenbauer's curve 
for twelve-hour periods, maize seedlings would grow just about 
three times as fast at the former as at the latter temperature. 
If this difference is applicable to the rates of growth on Mount 
Maquiling, it would account for a considerable part, although 
not for all, of the differences between the rates of growth at 
the top of the mountain and those at lower elevations. However, 
when we compare the size of the trees at an elevation of 450 
meters (where the exact measurements in the dipterocarp forest 
were made) wi th the size of those in the mossy forest, the 
difference in temperature would account for only about half of 
the difference in corresponding rates of growth, as the tallest 
trees in the dipterocarp forest at 450 meters' elevation are about 
four and one-half times as high as at the top of the mountain. 
The difference in temperature in these two situations would, 
according to Lehenbauer's curve, account for an increase in the 
rate of growth in the dipterocarp forest over that in the mossy 
forest of about 130 per cent. 

Individuals of Parashorea malaanonan between 20 and 50 cen­
timeters in diameter at an altitude of 300 meters grow twice as 
fast as similar-sized individuals of Astronia pulchra at an altitude 
of 740 meters; whereas the temperature, according to Lehen-

* Leitch, I . , Some experiments on the influence of temperature on the 
rate of growth in Pisum sativum, Ann. Bot. (1916), 30, 25-46. 
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bauer's curve, would account for an increase of only 12 per cent 
in the rate of growth of Parashorea at 300 meters' elevation 
over that for Astronia. Leitch's curve for the relation of tem­
perature to growth shows even smaller differences in the rates of 
growth for different temperatures than does Lehenbauer's. 

In considering the rates of growth as related to temperature 
it must be remembered, however, that Lehenbauer's and Leitch's 
seedlings were growing from a reserve food supply, whereas 
trees under natural conditions obtain their food as they grow; 
and so, in the latter case, light must be taken into consideration. 
This w i l l be done under the heading of Light. 

The effect of temperature on the rate of photosynthesis is 
interesting in this connection. Brown and Heise have shown * 
that variations in temperature, such as occur at different 
elevations on Mount Maquiling, would apparently have com­
paratively little effect on the rate of photosynthesis. Kreusler 
has made an extensive study of the relation of temperature to 
the rate of photosynthesis. The writer has been unable to see 
copies of Kreusler's original publications and so has had to 
depend on the reviews for his results. According to Paladdin,f 
Kreusler found that at 15.8° the amount of carbon dioxide 
decomposed was 2.8, at 20.6° it was 2.6, and at 25° it was 2.9. 
In the present discussion, Matthaei's criticism of Kreusler's re­
sults to the effect that he measured the temperature of the 
air and not that of the leaves is of little or no importance. 
The results, as just quoted, would seem to show that, wi th such 
temperatures as occur on Mount Maquiling, the effect of varia­
tions in temperature would be negligible. According to Brown 
and Heise's interpretation of Matthaei's $ results, there would 
be lit t le if any difference in the rate of photosynthesis of cherry 
laurel wi th the variations that occur on Maquiling. As the 
work of Kreusler and Matthaei is apparently the most careful 
and exact on the subject of the relation of temperature to rates 
of photosynthesis in land plants, we would appear to be justified 
in leaving out of consideration, in the following discussion, any 
possible effect of changes in temperature on the rate of photosyn-

* Brown, W. H . , and Heise, G. W., The application of photochemical 
coefficients to the velocity of carbon dioxide assimilation, Phil. Journ. Sci., 
Sec. C (1917), 12, 1-25. 

† Livingston, B . E.-Paladdin, V . I . , Plant Physiology. Philadelphia 
(1918), 35. 

‡ Matthaei , G. L. C, Experimental researches on vegetable assimilation, 
I I I . On the effect of temperature on carbon dioxide assimilation, Phil 
Trans. Roy. Soc. London (1905), B197, 47-105. 
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thesis, as any changes that might occur would probably be too 
small to have an appreciable effect on the vegetation. 

A comparison of temperatures with rates of growth and sizes 
of trees on different mountains would indicate that, in the trop­
ics under natural conditions, rates of growth or sizes of trees 
are not controlled entirely by the temperature. 

At an elevation of about 1,500 meters on the Gedeh in Java 
there is a high forest in which Koorders * has measured a tree 
that was 49 meters in height. According to von Faber f the 
mean temperature in this forest for 1912 was 18°, and for 1913, 
17.3°. These temperatures are very similar to the tempera­
ture obtaining at the top of Mount Maquiling. Brown and 
Yates t have shown that the trees in the forest on the Gedeh 
at elevations of about 1,500 meters grow about as rapidly as 
those in the dipterocarp forest at low elevations in the Philip­
pines. It would seem certain from this that the sizes of trees 
and rates of growth on tropical mountains may not correspond 
to the temperatures to which the plants are subjected. 

On top of Mount Banahao, Luzon, Philippine Islands, at an 
altitude of 2,100 meters there is a forest composed of Podocarpus 
imbricatvs, which reaches a height of about 14 meters, the 
average height of the canopy being about 12 meters. This forest 
is, therefore, taller than that occurring near the top of Mount 
Maquiling. The mean temperature, however, is 14.6° at the top 
of Mount Banahao and 17.8° at the top of Mount Maquiling. 

The difference between the light intensity at an elevation of 
450 meters and that at 1,050 meters on Mount Maquiling would 
apparently account for as great a difference in the rates of 
growth as would the temperature according to Lehenbauer's 
curve. 

We may, therefore, conclude that, while variations in tem­
perature at different elevations on Mount Maquiling probably 
have considerable influence in producing changes in rates of 
growth and in size of trees, such variations in temperature 
are not sufficient to account for the observed differences in the 
vegetation. 

* Koorders, S. H . , Floristischer Ueberblick iiber die Bliitenpflanzen des 
Urwaldes auf detn Vulkan Gede in West Java nebst einer systematischen 
Uebersicht der dort fur botanische Untersuchungen von mir numerierten 
Waldbaume, Engl. Bot. Jahrb. (1914), 50, Suppl. 278-303. 

†Von Faber, D. C, Physiologische Fragmente aus einem tropischen 
Urwald, Jahrb. Wiss. Bot. (1915), 56, 197-220. 

‡ Brown, W. H . , and Yates, H. S., The rate of growth of some trees on 
the Gedeh, Java, Phil. Joum. Sci., Sec. C (1917), 12, 305-316. 
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In Table XC are given the averages of the weekly max­

imum temperatures in the tops of the trees at different ele­
vations on Mount Maquiling. An examination of this table 
would indicate that, while the maximum temperatures in trees 
at elevations of 300 meters or more are comparatively close to 
the optima as calculated by Lehenbauer, those at the base are 
higher, the average of the weekly maxima being 38.2°. As, 
however, these maximum temperatures are maintained for only 
short periods, it is not to be expected that they would have much 
effect in retarding growth. 
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METHODS OF MEASUREMENT 

No very satisfactory method of obtaining summations of light 
intensity for weekly periods has as yet been devised. The most 
practical instrument for the purpose is probably the Livingston 
radio-atmometer. * 

The radio-atmometer is similar to the ordinary atmometer, 
except that the surface when wet is nearly black, whereas that of 
the ordinary form is white. After the readings have been re­
duced to Livingston's standard, the difference between the evap­
oration from the black cup and that from the white cup gives 
a fair measure of the effect of the heat rays of light in producing 
evaporation. This difference can, therefore, be used as a rough 
measure of light intensity. 

In the operation of the radio-atmometer, when only a single 
black and a single white cup are used, there is a serious error 
due to the fact that both cups may show deviations from their 
coefficients of correction as obtained by standardization. In the 
use of an ordinary atmometer this error is not serious, for an 
error of 2 or 3 per cent in the readings of evaporation is cer­
tainly within the limits within which we can ordinarily apply the 
results. However, the error is greatly magnified when we use 
the difference between the rates of evaporation from the two cups, 
for then the total error of both (unless the errors are in the 
same direction) wi l l either be added to or be subtracted from a 
very much smaller amount than the total evaporation from either 
cup. This error can be obviated to a great extent by the use 
of duplicate instruments and by averaging the rates for a con­
siderable period. In the work on Mount Maquiling two or more 
instruments of both types were always used at each station. 
Owing to the possible seriousness of the above-mentioned error, 
the detailed results are not presented, although they do not 
indicate that the error is as great in practice as it might be in 
theory. 

LIGHT INTENSITY AT DIFFERENT ELEVATIONS 

Light intensity as measured by the difference in evaporation 
from a radio-atmometer and from an ordinary atmometer, from 

* For a discussion of this instrument see Livingston, B. E., Atmometry 
and the porous cup atmometer, Plant World (1915), 18, 21. 
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October, 1912, to January, 1915, is presented in Table X C I in the 
form of average daily differences in cubic centimeters for cor­
responding four-week periods. The presentation of data in this 
form should certainly give sufficient averages to obviate any 
considerable error from the source just discussed. There is, 
however, another possible source of error in the readings on 
Mount Maquiling, which is not obviated by such averages. At 
the base of the mountain the cups always appeared dry and 
felt only slightly moist, whereas at the top of the mountain 
they had a very wet appearance, as though the outer surface of 
the cups were constantly covered with a film of moisture. Now, 
it seems possible that the effect of sunlight might be more 
pronounced on a very wet surface than on a drier one. This 
error is probably not serious, but its magnitude is uncertain. 

TABLE XCI.—Average daily light intensity for periods of four weeks from 
October, 1912, to January, 1915, in tops of dominant trees at different 
elevations on Mount Maquiling, as measured by the difference between 
the evaporation from a white and from a black Livingston atmometer. 

[Numbers give the difference in evaporation in cubic centimeters from a white and from a 
black Livingston atmometer ] 

^ ~ * 
Eleva t on in mete i s 

Fou r weeks e n d i n g -

80 300 450 1 740 1,050 

J a n u a r y 31 5 5 4 8 4 1 2 9 2 b 

F e b r u a r y 28 5 5 5 0 ' 4 1 3 6 3 1 

M a r c h 28 . . . . . . . . 7 9 7 0 ' f> 2 ' f> 1 ' 8 7 

A p r i l 25 . . . - 9 0 7 9 ) 5 4 j 4 6 \ I) 

M a y 23 . _ 7 1 6 9 (> " 4 1 2 6 

J u n e 20 _ 7 7 6 3 (y 5 l 5 0 3 0 

July 18 . . . . . . . . . . . . . . 7 2 5 9 4 fi • 4 3 2 4 

A u j r u s t 15 ._ . „ 5 3 5 1 4 <i 3 K 3 0 

September 12. . . . - . . 4 9 r> o 4 5 3 2 ' 2 1 

October 1 0 . . . . . . . . . . . . 6 6 7 2 6 2 5 3 3 6 

N o v e m b e r 7 .. ... 5 9 « 2 _ 5 2 4 3 3 0 

D e c e m b e r s . . . . 5.5 5 3 4 5 1 3 4 , 2 5 

January 2 . . . . . . . 5 3 4 7 4 3 2 8 2 0 

A v e r a g e . . . 6 4 5 9 : 5 1 4 0 2 8 

The results in Table XCI show that the yearly average of 
light intensity, as recorded by a radio-atmometer, decreases 
considerably as higher elevations are reached. Measured in 
terms of evaporation in cubic centimeters, the average light 
intensity at the base was 6.4; at 300 meters, 5.9; at 450 meters, 
5.1; at 740 meters, 4; and at 1,050 meters, 2.8. I t wi l l be seen 
that the light intensity at the top of the mountain, as measured 
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in this manner, is only 44 per cent of that at the base or, in 
other words, that the light intensity at the base is 2.3 times as 
great as at the top. 

FIG. 11. Average daily light intensity in the top of dominant trees at different 
altitudes on Mount Maquiling. 

The light intensity at different elevations is shown for four-
week periods in fig. 11. A t an elevation of 80 meters i t wi l l 
be noted that there are two maximum and minimum periods. 
The light intensity is low in February, rises and reaches a 
maximum during the period ending Apr i l 25, after which it 
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falls, reaching the lowest minimum during the period ending 
September 12. Following this there is another, though lower, 
maximum for the period ending October 10, and thereafter a 
steady fall until the period ending January 2. 

In the region under discussion the sun is overhead during 
the last week in Apr i l , and it wi l l be noticed that this is about 
the period of maximum insolation. The sun is again overhead 
in August, which is during the rainy or typhoon season, when 
the sky is overcast with clouds for a considerable portion of the 
time. In consequence, this period, instead of being one of high 
insolation, is one during which the average intensity of the light 
approaches the minimum. 

The curves for the dipterocarp forest are similar in form to 
the curve for the parang; but at 740 meters, in the midmountain 
forest, there is not so marked a difference with the change of 
seasons. At the top of the mountain, in the mossy forest, the 
light intensity during the rainy season and at the end of the 
year is not much less than at other times. This change in the 
form of the curves, as higher elevations are reached, is prob­
ably due to the increased cloudiness at the top of the mountain. 
These curves indicate that the highest maximum for a four-week 
period in the mossy forest was 3.7, and in the parang, 9. It 
wi l l thus be seen that for any considerable period, the light in­
tensity at the top of the mountain is very much less than at 
the base. 

RELATION OF LIGHT INTENSITY TO VEGETATION 

In attempting to interpret the effect of light on vegetation 
we are met by the same difficulties that so often occur in eco­
logical work in attempting to relate environment to vegetation; 
that is, a lack of knowledge of the relation of environmental 
factors to physiological processes. Many writers have supposed 
that the rate of photosynthesis is proportional to the light 
intensity until a certain maximum is reached, and that further 
increases in light have no effect. This maximum has been 
variously estimated at between one-quarter and full sunlight. 
However, Brown and Heise * have shown that the published 
literature affords no evidence of such a relation; but that, on 
the contrary, at least up to about full sunlight, there is a rise in 
the rate of photosynthesis for every increase in the intensity of 
the light, but that the augmentation in the rate of photosynthesis 

* Brown, W. H . , and Heise, G. W., The relation between light intensity 
and carbon dioxide assimilation, Phil. Journ. Sci., Sec. C (1917), 12, 85-95. 
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becomes progressively less and iless wi th progressive increases 
in light intensity. Unfortunately, most of the work on the 
relationship of photosynthesis to light intensity has been done 
by the bubble-counting method on submerged plants. Kniep * 
has shown that the oxygen content of bubbles varies from 22 to 
45 per cent, depending upon the intensity of the light. His paper 
makes it very clear that the number of bubbles given off by a 
plant is not necessarily proportional to the assimilation. It is, 
however, certain that for variations in light intensity up to 
one-quarter or one-half of full sunlight the effect of increased 
light on photosynthesis is very marked. 

Despite the lack of information concerning the relation be­
tween light intensity and photosynthesis, it seems advisable to 
t ry to determine something of the effect of varying light inten­
sities at different elevations upon the vegetation. An examina­
tion of Table X C I shows that for the four-week period ending 
Apr i l 25 there was an average light intensity of 9 for the two 
years at an elevation of 80 meters, and the individual tables make 
it fairly certain that the light intensity for a day .may be about 
13. It would appear, therefore, that the average daily light 
intensity for the entire year at 80 meters, 6.4, is probably not 
much more than half the maximum intensity for an entire day. 
It must also be remembered that during the morning and after­
noon hours there are considerable periods when the sun is 
shining, but when the intensity of the light (even with a prac­
tically clear sky) is much less than full midday sunlight; more­
over, that at any time only a part of a tree w i l l receive full 
sunlight, while during considerable portions of a day a large part 
of the crown is in the shade. It would seem, therefore, that 
any considerable decrease in the average light intensity from 
that found at the base would result in a decreased rate of photo­
synthesis and consequently slower growth, and perhaps a smaller 
size of the vegetation. The highest average light intensity at 
the top of the mountain for any four-week period was 3.7, 
which is only 28 per cent of the probable highest value for a 
clear day at the base. As mentioned above, the average light 
intensity at the top of the mountain is only 44 per cent of that 
at the base. From these figures it would seem highly probable 
that the decreased light at the top of the mountain would ac­
count for a considerable diminution in the rate of photosynthesis 
and growth and, perhaps, for a smaller size in the trees. 

* Kniep, H., Ueber den Gasaustausch der Wasserpflanzen, Jahrb. Wiss. 
Bot. (1915), 56, 460-510. 
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It w i l l be noted that the difference in intensity of light as 
measured by the radio-atmometer was much less between ele­
vations of 80 and 450 meters than between 450 and 1,050 meters. 
It has also been shown that the variation in the sizes of the trees 
in the dipterocarp forest is comparatively slight, and it is not 
probable that the forest which formerly existed at an eleva­
tion of 80 meters was much taller than that now growing at 
slightly higher altitudes. The difference in light intensity be­
tween the two elevations in the dipterocarp forest is about as 
great as the difference in the size of the trees. However, the 
difference in light intensity between elevations of 450 and 1,050 
meters is not nearly so great as the difference in the size of the 
vegetation. The light intensity as measured by a radio-atmo­
meter is 1.8 times as great at 450 meters as at 1,050 meters, 
while the vegetation is at least three times as tall at the former 
altitude as at the latter. Moreover, the light intensity at 300 
meters is 1.5 times as great as at 750 meters, while the difference 
in the rates of growth of the trees at these two elevations is 
very much greater. It would thus seem that the decrease in 
light intensity at higher elevations probably has a very impor­
tant influence in retarding the rates of photosynthesis and prob­
ably of growth, but that the differences in light do not appear 
to be sufficient to account entirely for the slow rates of growth 
at 740 meters and at the top of the mountain or for the smaller 
sizes of the trees in these two situations. 

The discussion of the effect of temperature and light seems 
to show that neither of these factors alone" is sufficient to account 
for the differences in the rates of growth and the heights of 
vegetation at different altitudes. It wi l l be interesting, there­
fore, to see whether the two together can account for such dif­
ferences. Livingston and Livingston * have suggested a means 
of estimating the effect of temperature on growth in different 
localities. They assume that the rate of growth is unity at 
40° F., and that it doubles for every rise of 10° C.; in other words, 
that the effect of temperature on growth follows the well-known 
Van Hoff principle: If t is taken as the normal daily mean 
temperature on the Fahrenheit scale, and if U is the correspond­
ing temperature coefficient for growth, then, according to the 
above assumption, 

u 18 

* Livingston, B. B., and Livingston, G. J. , Temperature coefficients in 
plant geography and climatology, Bot. Gaz (1913), 56, 349-375. 
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The indices obtained in this manner are called exponential indices. 
The time element is taken into account by adding together 
the efficiency indices for all the days of the frostless season. 
Livingston * has devised another series of indices based on 
Lehenbauer's work on the relation of temperature to the growth 
of maize seedlings; these are designated physiological indices. 

In Table X C I I are shown the average daily temperature indi­
ces, according to the exponential system, for four-week periods 

T A B L E XCII—Exponent ia l temperature indices for different elevations ON 
Mount Maquiling. 

LNumbers give average daily temperatuie indices 1 

Four weeks ending-

January 31 
February 28--. 
March28 
Apri l 25 
May 23- . . . . 
June 20 
July 18 
August 15 
September 12 -
October 10 . 
November 7 . 
December 5 .. 
January 2 -_ 

Elevation in meters 

80 300 450 740 1,050 

3 8480 3 1748 2 9391 2 8284 ' 2 2451 
4.0000 3.2986 3 0545 2.8284 2.2451 
4 8490 3 5629 3 5629 3 1748 2 4245 

4 8490 ' 3 8480 3 8480 3 2986 2 5198 
5 039b i 4 1572 4 1572 - 3 5629 2 7212 

5 0396 | 4 1572 4 0000 3 7024 2 8284 
4 6662 3 8480 3 8480 3 4283 2 8284 
4 4902 3 7024 3 7024 2986 2 5198 
4 6662 3 8480 3 5629 3 4283 2 5198 
4 4902 3 7024 3 7024 3 4283 2 6192 
4 3206 3 5629 3 4283 3 1748 2 5198 
4 3206 3 5629 3 4283 3 0545 2 4245 
4 1572 3 298b 3 2986 2 9391 2 3331 

Average 4 5182! 3 6711} 3 5794 3 2421 2 5191 

at different elevations on Mount Maquiling; and in Table X C I I I , 
the average daily physiological indices. In order to take light 
into account the light intensity, as measured in cubic centime­
ters by the difference between the rate of evaporation from the 
white and from the radio-atmometers, has been multiplied by the 
average temperature indices for different elevations on Mount 
Maquiling. In the following discussion these products are, for 
convenience, called temperature-light indices. The results are 
given in Table XCIV, together wi th the heights of the vegetation 
at different altitudes. 

At the top of the mountain the tallest trees are not more 
than 8 meters high, while at about 30 meters below the summit, 
in the plots where exact measurements were taken, the tallest 

+ Livingston, B. E., Physiological temperature indices for the study of 
plant growth in relation to climatic conditions. Physiological Researches 
(1916), 1, 399-420. 
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T A B L E XCIII.—Physiological temperature indices for different elevations 

on Mount Maquiling. 

[ N u m b e r s g ive average da i ly t e m p e r a t u r e indices ] 

trees are about 14 meters in height. It is not improbable that 
at the very summit the small size of the trees is due in part to 
rapid erosion, as the ground near the summit is very steep; 
however, many of the trees are fairly erect. As there is some 
doubt as to whether 8 or 14 meters should be taken as the height 
of the trees at the summit, both figures have been included in 
the table. The temperature-light indices are, of course, simply 
ratios. In order to have these of the same general magnitude 
as the heights of the vegetation, the exponential temperature-
light indices have been multiplied by 2 and the results given in 
column 4, Table XCIV. Likewise, the physiological temperature-
light indices have been divided by 10 and the results given in 
column 5, Table XCIV. If now we compare the results with 
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the heights of the trees, we find that the agreement is strik­
ingly close, particularly at higher elevations. At the top of the 
mountain the figure obtained by the use of the exponential 
temperature-light indices is 14.1, and that by the physiological 
indices is 8.6; whereas the height of the trees, as before men­
tioned, can be taken as either 8 or 14 meters. At 740 meters, in 
the midmountain forest, the exponential indices gave the figure 
25.9, and the physiological indices gave 22.9, whereas the height 
of the trees was 22 meters. At 450 meters the use of the expo­
nential indices gave 36.5, and the physiological indices gave 35.6, 
while the trees were about 36 meters in height. At 300 meters 
the exponential indices gave 43.3, and the physiological indices 
gave 43.4, whereas the height of the trees was about 38 meters. 
At an elevation of 80 meters the forest has been removed, but we 
have no reason for believing that the trees were more than 40 
or 45 meters in height. The use of the exponential temperature 
indices at this altitude gave 57.8, and the physiological indices 
gave 61.2. Both of these figures are, therefore, probably much 
higher than would be required by the height of the vegetation 
that formerly existed in this area. However, it should be remem­
bered that at lower elevations the rate of evaporation is much 
greater than at higher altitudes, while, as w i l l be shown later, 
the water content of the soil is lower. These two factors might 
very well account for a lower height of vegetation than could 
be produced by the temperature and light if other conditions 
were favorable. The figures derived from the temperature-light 
indices do, however, agree almost exactly with the height of 
trees at this elevation in regions where there is a more even 
distribution of rainfall and no distinct dry season. In such 
favorable situations trees reach a height of 60 meters. The 
figures obtained from the temperature-light indices at an eleva­
tion of 300 meters are also somewhat too high, but this discrep­
ancy may again be due to moisture conditions, as the effect 
of the dry season on the vegetation at this altitude is marked. 
Parashorea shows its slowest rate of growth during the dry 
season, and the canopy of the forest is much less dense during 
this season than at other times. 

It should be remembered, moreover, that photosynthesis is 
not proportional to light intensity and that, as greater light 
intensities are reached, the rate of photosynthesis increases less 
and less wi th the augmentation of light intensity. This may 
explain in part the lack of agreement between the temperature-
light indices and the heights of the trees at lower elevations. 
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Leitch * has made a very careful study of the influence of 

temperature on the rates of growth of roots of Pisurn sativum. 
For the purpose of showing how the figures for growth at dif­
ferent temperatures as obtained by Leitch, and multiplied by 
the light intensity as measured at different elevations on Mount 
Maquiling, correspond to the heights of the vegetation and the 
rates of growth, her figures have been treated in a manner 
similar to Livingston's treatment of Lehenbauer's results. A l ­
though Livingston's temperature indices were calculated for 
four-week periods on Mount Maquiling, the results obtained are 
very much like those produced by simply using the mean tem­
peratures for the entire year. For this reason, in dealing with 
Leitch's results, the growth figures corresponding to the different 
annual mean temperatures on Mount Maquiling have been calcu­
lated from her curve showing the relation of temperature to 
growth in millimeters for twenty-two and one-half hours. These 
figures are shown in Table XCV. In the same table are also 
given the light intensities at different elevations on Mount 
Maquiling and the products of the figures for light intensity 
by the figures for growth. In the following discussion these 
products wi l l be called Pisum temperature-light indices. As 
these indices can only be regarded as ratios they have been 
divided by 3.2, in order to have them of the same general mag­
nitude as the heights of the vegetation. The results and the 
heights of the vegetation at different elevations on Mount Ma­
quiling are also recorded in Table XCV. An examination of 
Table XCV shows that the ratios obtained by the use of Leitch's 
measurements are, like those obtained from Livingston's tem­
perature indices, very similar to the heights of the trees. 

T A B L E XCV.—Pisum temperuture-Hght indices as compared with the heights 
of trees at different elevations on Blount Maquiling 

* Leitch, I . , Some experiments on the influence of temperature on the 
rate of growth in Pisum sativum, Ann. Bot. (1916), 30, 25-46. 

159549 16 
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It would probably be better to compare the volume, rather 
than the heights of the vegetation, w i th the temperature-light 
indices, but this would be much more difficult. However, a com­
parison of the volume of the dipterocarp and the midmountain 
forests, as previously given, indicates that the volume and the 
heights of the forests are roughly proportionate. 

T A B L E XCVI.—Ratios of temperature-light indices and rates of growth of 

Parashorea and Astronia. 

Altitude 

Exponen­
tial tem­

perature-
light 

index 

Meters 
300 | 1 7 
740 1 0 

Physio­
logical 

tempera-
ture-
light 

index 

1 9 
1 0 

Pisum 
tempera-

ture-
light 

index 

1 6 
1.0 

Rate 
of 

growth 

It is interesting to compare the ratios of temperature-light 
indices not only wi th the heights of the vegetation, but also with 
the rates of growth of trees at different elevations. Such com­
parison is made in Table XCVI . In this table the average rates 
of growth of Parashorea malaanonan, for diameter classes be­
tween 20 and 50 centimeters, at an elevation of 300 meters, have 
been divided by the average rates of growth of Astronia pulchra, 
of similar sizes, at an elevation of 740 meters. These classes 
were selected as the trees in them were in the dominant story 
in both cases. The ratio as thus calculated is 2 to 1, using the 
rate of Astronia as unity. In order to have the ratios of 
the temperature-light indices comparable wi th the ratios for 
growth, the temperature-light indices for an elevation of 740 
meters have been divided into those for 300 meters. The tem­
perature-light index obtained by the use of the Livingston phy­
siological temperature indices at 740 meters is to that at 300 
meters as 1 to 1.9. This result is as close to the ratio for rates 
of growth at these two elevations as could be expected from the 
use of two different species. The ratio obtained wi th Leitch's 
figures is 1 to 1.6. This ratio is not so similar to that for growth 
as is the ratio of the physiological indices, but when we consider 
that Leitch was working with the roots of a small herbaceous 
plant, the difference is not surprising. In Table X C V I I similar 
comparisons are made between the rates of growth of second-
growth trees at the base of the mountain and a second-growth 
tree, Homalanthus alpinus, at an altitude of 1,050 meters. In 
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the discussion of the growth of parang species these trees are 
divided into two classes; namely, those which do not reach a 
diameter of 20 centimeters and those which attain a diameter 
greater than 20 centimeters. In Table X C V I I the ratios between 
the rates of growth of Homalanthus alpinus and both of these 
classes are given, for the average of the diameter classes of 
5 to 10 centimeters and of 10 to 15 centimeters. In this table 
are also shown the ratios obtained by dividing the temperature-
light indices for an elevation of 80 meters by those at an eleva­
tion of 1,050 meters. The smaller trees at the base of the 
mountain showed an average rate of growth 4.4 times that of 
Homalanthus alpinus, and the larger trees a rate which was 
6.3 times as great as that of Homalanthus. The physiological 
temperature-light indices gave a ratio of 7.1 to 1, and the Pisum 
indices gave 3.4 to 1. The ratios for the trees of both sizes 
are intermediate between these two ratios. The physiological 
temperature-light indices gave a ratio which was greater than 
that for the large trees and Homalanthus alpinus, and the Pisum 
indices showed a lower ratio than that for the smaller trees and 
Homalavithus alpinus. The ratio for exponential temperature-
light indices is fairly close to that for Homalanthus alpinus and 
the smaller trees. These results are probably about as close 
as could be expected under the circumstances. The ratios of 
growth to temperature-light indices are not so close as those 
for these indices and the heights of the vegetation, but they do 
show the same general sort of agreement. 

T A B L E XCVII.—Ratios of temperature-light indices and rates of growth of 
second-groivth trees. 

• T r e e s w h i c h a t t a i n diameters g rea te r t h a n 2ft cent imeters 
Trees w h i c h do not reach a d iameter of 20 cent imeters 

The agreement between ratios for the heights of the vegeta­
tion and the ratios obtained by multiplying the figures for light 
intensity and temperature indices together would appear to 
be too close to be accidental; and, if this treatment is justified, 
the combination of temperature and light intensity would seem 
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to be sufficient to account for the differences in the lates of 
growth and the heights of the trees at different elevations in the 
virgin forest. Such a relation, while it may seem probable, 
needs the further corroboration of other similar cases or of 
exact laboratory experimentation to show that a combination of 
light and temperature can produce similar results, Of course, 
even supposing that light and temperature are responsible for 
the rates of growth and sizes of the trees at different elevations, 
such results could not be expected to be duplicated in all cases, 
as other factors must be taken into account. A further discus­
sion of these points will be given in connection with evaporation. 
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The recording of the rainfall at the base of Mount Maquiling 
was begun by Dr. F. W. Foxworthy on August 16, 1911. His 
records between this date and October, 1912, when the writer 
began to take them, are included in the records for the base of 
tie mountain. Most of the records were, however, begun in 
October, 1912, and were taken by means of a rain gauge of the 
same type as that used by the United States Weather Service. 
At an elevation of 80 meters the gauges were read daily at about 
6 o'clock in the morning, and at higher elevations they were 
read weekly. 

At an elevation of 300 meters one rain gauge was placed in 
the top of a dominant Parashorea, and another in a small 
clearing. The records from these two gauges varied somewhat 
during different weeks. Frequently when the wind velocity 
was high, the reading from the gauge in the top of the tree 
was higher than from the one in the clearing; on the other 
hand, when the rain was not accompanied by high wind velocity, 
the gauge in the clearing sometimes gave a slightly higher 
reading than the one in the top of the tree. This was probably 
due to the fact that the rate of evaporation was greater in the 
top of the tree than in the clearing. In the following tables 
the highest of the two readings is used, as it is believed that 
this method gives the most accurate measurement of the actual 
rainfall. 

The figures recorded in this publication, for rainfall at 300 
meters' elevation, are slightly different from those previously 
given by Brown and Matthews. The difference is due to the 
fact that the results here presented were obtained from two 
gauges, as just described; whereas in the former paper readings 
from only one gauge were given. 

At 450 meters' elevation a gauge was placed in the center 
of a 0.25-heetare clearing; and at 740 meters in the top of a 
dominant tree. At the summit of the east peak the gauge was 
in a clearing that was sufficiently large to prevent the trees 
from interfering with the entrance of water into the gauge. 

When a gauge is read weekly the readings are, of course, sub­
ject to an error due to evaporation; but at the higher eleva­
tions, where rates of evaporation are low, this error is probably 
inconsiderable. However, in order to find out what this error 
might be under extreme conditions, one gauge was read weekly 
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for a considerable period at an elevation of 80 meters, and it 
was found that the results shown by the gauge read weekly 
varied only very slightly from those recorded by the one 
read daily; so that we may conclude that errors in the total 
amount of rainfall, due to evaporation, are almost negligible at 
all elevations at which the readings were taken weekly. 

RAINFALL AT THE BASE OF THE MOUNTAIN 

The daily readings of rainfall at an elevation of 80 meters 
are given in Table X C V I I I . The results are plotted by months 
for the different years in fig. 12. An examination of this figure 
shows not only that there is a very marked difference between 
the dry and the rainy seasons, but also that there is considerable 
irregularity in the seasons during different years. 
TABLE XCVIII.—Rainfall in centimeters at the base of Mount Maquiling. 

AUGUST 16 TO DECEMBER 31, 1911. 
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TABLE X C V I I I , -Rainfall in centimeters at the base of Mount Maquiling-

Continued. 

Y E A R 1912 
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TABLE XCVIII.—Rainfall in centimeters at the base of Mount Maquiling— 
Continued. 

YEAR 1918-Continued. 

0 08 .. 
0 67 . 
0.85 . 
0 49 '. 

0.19 
1.86 
0.18 
0 12 
0.66 

i23 31 29.45 16.12 10.13 10 

1 25 
0.02 
0.24 

0.29 
0 26 
0 01 

0 19 
0 81 
0 89 
0.69 
0.16 
0 26 
0.14 
0 08 
0 65 
0.71 
0.06 
0.19 
1.06 
trace. 
0.01 
0.03 
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TABLE XCVIII.—Rainfall in centimeters at the base of Mount Maquiling-

Continued. 
\ 

YEAH 1914—Continued 
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RAINFALL AT DIFFERENT ELEVATIONS 

Rainfall was measured at the five stations at which tem­
perature-recording instruments were placed; that is, at eleva­
tions of 80, 300, 450, 740, and 1,050 meters, respectively. A 
rain gauge was also placed in an open plot on the opposite slope 
of the east peak at an elevation of about 1,000 meters. 

The weekly readings of rainfall at the different elevations 
are given in Table XCIX, and these are summarized for cor­
responding four-week periods for the individual years in Table 
C, and for the entire period in Table CI. The rainfall for the 
different four-week periods for 1914 are plotted in fig. 13. 

FIG 12. Monthly rainfall at the base of Mount Maquiling; altitude, 80 meters. 



RAINFALL 251 

FIG 13 Rainfall at different altitudes on Mount Maquiling. 
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T A B L E XCIX.—Rainfal l for weekly periods in the open at different elevation* 
on Mount Maquiling. 

[Numbers give rainfall in centimeters.] 

Altitude in meters 
Week ending-

1,000 
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T A B L E XCIX.—Rainfall for weekly periods in the open at different elevations 

on Mount Maquiling—Continued. 

Week ending— 

August29_... 
September 5 . 
September 12 
September 19 
September 26 
Octobers . 
October 10 
October 17 _ 
October 24,.. 
October 31 . . . 
November 7 _ 
November 14 
November 21 -
November 28 
December 5 
December 12 
December 19 
December 26.. 

January 2 
January 9 
January lti 
January 23 .. 
January 30 . 
February 6 . . . 
February 13 ... 
February 20 
February 27 . 
March 6 
March 13 . 
March 20 . _. 
March 27 . 
Apri l 3 . 
Apri l 10 . . . . . 
Apri l 17 . . . . 
Apri l 24. . . . 
May 1 . . . ... 

May 8 
May 15 
May 22 . . . . . 
May 29 
June 6. 
June 12 
June 19 
June 26 

A l t i t u d e i n meters. 

80 300 450 740. 1,050. 1,000 

3.38 6.50 1 19 11 70 6 70 4.00 

3.28 4.35 7 50 7 60 5.70 4 74 
21.69 23.60 29 00 35 40 23 90 13.10 
2.28 11.60 14.00 2 02 1.54 1.65 
2.32 2.47 2.71 2 57 3.03 3 76 

1 2.43 3 12 2 60 2 41 0 25 2 31 
- . 2.05 1 42 1 65 1.87 2 14 2.24 
... .. 11.66 15.60 20 90 21.50 12 90 7 50 

0.00 0.39 0.38 0.89 1.02 0 86 
0.10 0.24 0 27 0 32 0 36 0 82 
2.27 1 31 1.62 3 65 4.21 4 51 
3.11 3 21 3.61 2.32 2 83 3 34 
2.43 2 57 3 31 4 67 4.87 6 70 
2 06 2 25 2 48 1 69 1.24 2 36 
0 69 0.85 1.21 1 46 1 33 1 99 

- - 2 25 2 73 3.22 3.48 3 57 4 44 
4 28 4.69 6 10 12 10 8 50 12 60 
3 36 3.74 4.24 1 17 1.05 1 45 

0 66 0 99 1 44 2 99 8 84 4.77 
- - - , 0 97 1.32 1 82 1.97 2 24 2.86 

0 07 0 24 0 46 1 07 1 26 1 55 
0 41 0 75 1 12 1 53 1 48 1 86 
0 24 0 16 0 19 0.18 0 15 0 19 
0 32 0 32 0 42 0 52 0 64 0 81 
0 20 0 36 0.68 1.71 2 18 2 86 
0 19 0 21 0 26 0 19 0 08 0 16 
0 49 0 61 0 77 0 93 0 96 1 18 
0 00 0 13 0 26 0.62 0 84 0 96 
0 02 0 00 0 00 0.19 0 14 0 11 

- - 0 31 0 43 0 60 1 13 1 08 1 33 
0 07 0 11 0 16 0 19 0 23 0 26 
0 00 0.00 0 00 0 09 0.14 0 11 

-- ' 129 1.25 0.96 2.52 2 37 2 86 
5 47 b 60 7 60 8 60 10 80 10 60 

- - ' 1 10 1 66 1 94 2 26 2.57 3 18 
0 47 0 17 0 00 0 06 0.02 0.05 
0 00 0 00 0 00 0 00 0 00 0.11 
1 60 1 93 2.54 1 21 2.18 1 98 
5.09 5 90 6 10 4 96 4 06 4 12 

0.27 0 26 . 1 41 1 85 1 47 
| 14 96 20.60 22.80 26 10 15 60 9 10 

— 1 0 69 0.46 0.35 0.26 0.21 0 27 
... « 7.02 22.90 23 10 20 30 19 90 17 80 

1 10 19 3 25 3 21 8 26 2.63 3 89 
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TABLE XCIX.—Rainfall for weekly periods in the open at different elevations 
on Mount Maquiling—Continued. 
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TABLE C.—Total rainfall for periods of four weeks in the open at different 

elevations on Mount Maquiling. 
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TABLE CI.—Average rainfall for periods of four weeks from October, 1912, 
to January, 1915, in the open at different elevations on Mount Maquiling. 

[Rainfall is given in centimeters ] 

Four weeke ending-

January 31 2.37 
February28 ' 160 
March 28 107 
A p r i l 2 5 . . 6.56 
May 23 .. ! 8 55 
June20 .. 12.40 ' 
July 18 ._ 23 23 
August 15 . 22.45; 
September 12 65.43 
October 10 . . . 10.25' 
November? . 16.03 

i 
December5 11 22 
January2._ ... 10.45 

Total . . . . 181 61 

Eleva t ion meters . 

80 300 460. 740 1,050. 1,000. 

2.37 4.07 3 59 8 75 10.19 6.46 

1 60 2 72 2.12 4.21 5.27 4.96 

1 07 1 27 1.02 2 35 2 71 2 66 

6.56 5 28 10.50 7 57 9.18 16 75 

8 55 9.56 8 64 11 40 10.31 6 26 

12.40 26 82 46.51 27 66 22.12 28.64 

23 28 24 05 27 09 32.20 22 80 22.22 

22.45 27.49 35.53 42.24 31.59 24.07 

55.43 68.44 79 83 81.06 64.83 50.34 

10.25 14 85 16 84 10.03 7.52 10 02 

16.03 17.28 14 54 16.54 24.18 11.55 

11 22 13 47 12.16 18 10 16 13 15.95 

10.45 11 43 11.39 16.28 15.55 16.91 

269 76 278 38 

The average rainfall at the base was 182 centimeters. This 
approaches the lower limit given by Schimper * for a rain forest. 
The amount of rainfall increases as higher elevations are reached, 
up to 740 meters. At 300 meters the average annual rainfall 
was 227 centimeters; at 450 meters, 270 centimeters; and at 
740 meters, 278 centimeters. As might have been expected, the 
rainfall was less at the top of the mountain than at an elevation 
of 740 meters. At the top of the mountain, or 1,050 meters' 
elevation, the average annual rainfall was 242 centimeters, which 
amount is intermediate between that for elevations of 300 and of 
450 meters. I t wil l thus be seen that the rainfall in the mossy 
forest is about the same in amount as in the dipterocarp forest 
and is less than in the upper part of the dipterocarp forest; 
and that the midmountain forest apparently received more rain 
than either the dipterocarp or the mossy forest. The seasonal 
distribution of rain is approximately the same at all elevations, 
as may be seen by referring to fig. 13, in which are plotted the 
four-weekly rates for the year 1914 at the different elevations. 
This figure shows very clearly that the seasonal variations in 
rainfall are very similar at all elevations, and that in every case 
the distinction between the rainy season and the dry season is 
very marked. 

* Schimper, A. F. W., Plant Geography upon a Physiological Basis. 
English translation by W. R. Fisher, Oxford (1903). 
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RELATION OF RAINFALL TO VEGETATION 

A consideration of Table CI and fig. 13 would indicate that 
the rainfall, as a direct factor, is not responsible for the pro­
gressive changes which we find in the vegetation between lower 
and higher altitudes. Rainfall, of course, affects vegetation by 
its influence on evaporation and soil moisture; but in the case 
of Mount Maquiling these factors seem to be influenced more by 
changes in humidity, due to the ascent of air, than by rainfall. 
Humidity increases with rising elevations clear to the top of 
the mountain, whereas rainfall is greatest at elevations below the 
top. The amount of soil moisture also increases wi th rising 
elevations, clear to the top of the mountain, while evaporation 
decreases. The rainfall on Mount Maquiling cannot be con­
sidered exceptionally heavy at any elevation; but at all alt i­
tudes above 80 meters it would appear, according to the data 
given by Schimper, to be more than sufficient for the development 
of a tropical rain forest. That this is so is shown by the fact 
that at an elevation of 300 meters, where there is less rainfall 
than at higher elevations, such a forest is well developed. While 
the amount of rainfall at the base approaches the lower limits 
given by Schimper for a tropical rain forest, the indications 
are that this area also was originally covered by a tall rain 
forest. The type of vegetation seems to be influenced more by 
the distribution than by the actual amount of rainfall; provided, 
of course, that the total precipitation is not extremely small. 
This is particularly true in the Philippines as has been shown 
by Brown and Matthews.* At all elevations on Mount Maquiling 
the rainfall, as previously mentioned, shows a marked difference 
between the dry and the rainy seasons; but the dry season is 
short, and there is no long period during which there is no 
rainfall. A further consideration of the effect of rainfall on 
vegetation wi l l be given in connection with soil moisture and 
evaporation. 

In addition to the total amount of rain that falls, it is of in­
terest to determine the amount that actually reaches the ground. 
This problem was suggested particularly by the fact that at the 
top of the mountain there are very frequently clouds which cause 
the condensation of water on the leaves, so that water actually 
drops from the trees when no rain is recorded in a gauge in 
the open. In order to t ry to determine the amount that ac­
tually reaches the ground under the mossy forest, two rain 

* Brown, W. H . , and Matthews, D. M . , Philippine dipterocarp forests, 
Phil. Journ Set., Sec. A (1914), 9, 413-561. 

159549- 17 
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gauges were placed under the main canopy. At first it was 
thought that the canopy was so even that there would be no dif­
ference in the amount of rain between two trees and near the 
trunk of a tree. Rain gauges were placed in these positions, 
and they showed considerable differences. The results from 
the two gauges for the year 1914, and also from the gauge in the 
open, are given in Table CII . For that year the gauge in the 
open showed a total rainfall- of 245 centimeters; that between 
two trees, 310 centimeters; and that near the trunk of a tree, 
150 centimeters. The average of the two gauges under the trees 
was 230 centimeters, which is 15 centimeters less than the total 
rainfall in the open. This would indicate that the amount of 
water which reaches the ground is actually somewhat less than 
that recorded in the open. The results from the two gauges are, 
however, not sufficient to make this conclusion positive. 

TABLE CII.—Total rainfall for periods of four weeks in the mossy forest 
on Mount Maquiling; altitude, 1,050 meters 

[Rainfall is given in centimeters.] 

Two rain gauges were also placed in similar positions in the 
midmountain forest. The results are presented in Table C I I L 
In both cases the recorded rainfall was less than in the open. 
The average for the two gauges under the trees for the years 
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1913 and 1914 was 227 centimeters, whereas the average for 
these two years in the open was 272 centimeter's, a difference 
of 45 centimeters. 

T A B L E CII I .—Tota l rainfall for periods oj four weeks in the mid7nountain 
forest on Mount Maquiling; altitude, 740 meters. 

[Rainfall is given in centimeteis | 
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MOISTURE-HOLDING CAPACITY AND MOISTURE EQUIVALENT 

The percentage of moisture in the soil, on the basis of the 
dry weight, at depths of 10, 20, and 30 centimeters, was de­
termined weekly from November, 1912, to December, 1913, for 
the grassland area at an elevation of about 100 meters; the dip-
terocarp forest at 300 meters; the midmountain forest at 730 
meters; and the mossy forest at 1,050 meters. The results have 
been presented by Brown and Arguelles.* It is important to 
know not only the moisture content of the soil at different times 
but also something of its water-holding capacity; and so both 
the water-holding capacity and the moisture equivalent of the 
soils at the various elevations have been determined. For this 
purpose a composite sample, amounting in each case to 20 liters 
of soil, was collected from the surface to a depth of 35 cen­
timeters at each of the elevations above mentioned. This sam­
ple was thoroughly mixed, and the smaller samples used in 
making the actual determinations were obtained by the usual 
method of quartering. The samples employed may, therefore, 
be considered as representative. The water-hoiding capacity 
based on the dry weight was determined according to Hilgard'sf 
method; that is, by using a column of soil 1 centimeter in height. 
The pans employed were obtained from the Plant World. 

When the soil on Mount Maquiling is brought to the laboratory 
it contains numerous lumps which are not easily broken, but 
which disintegrate readily when wet. Owing to this fact and 
also to the presence of small amounts of gravel, it was thought 
advisable to determine the water-holding capacity not only of the 
whole sample but also of samples passed through a 2-millimeter 
sieve. The results of these two sets of determinations are given 
in Table CIV. An examination of this table shows that all of 
the soils have a very high water-holding capacity, and that the 
capacity of the whole sample and that of the sample passed 

* Brown, W. H . , and Arguelles, A. S., The composition and moisture 
content of the soils in the types of vegetation at different elevations on 
Mount Maquil ing, Phil Joum. Sci., Sec. A (1917), 12, 221-232. 

†Hi lgard , E. W. , Soils, N. Y. (1906), 209. 
260 
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T A B L E CIV.—Water-holding capacity and moisture equivalents of soils at 

different elevations on Mount Maquiling. 

Parang ___ . 
Dipterocarp forest 
Midmountain forest -. _ 
Mossy forest 

through the 2-millimeter sieve was in all cases very similar. 
This would indicate that, in determining the amount of water 
in the soil at any given time, errors due to variation in the size 
of particles in individual samples should be negligible. 

The water-holding capacity of the soil in the dipterocarp and 
midmountain forests was practically the same, being, respect­
ively, 96.3 per cent and 96.9 per cent; while that in the parang 
was slightly less, 89.8 per cent. The mossy forest has a much 
higher water-holding capacity, 170.5 per cent. This high capa­
city for retaining moisture is probably connected with the large 
amount of organic /natter contained in the soil in that region. 
The composition of the various soils has been given under the 
heading of chemical and physical composition of soils. 

The moisture equivalent of the different soils was determined 
according to the method of Briggs and Shantz;* that is, a column 
of soil 0.5 centimeter in height was subjected for half an hour 
to a centrifugal force equivalent to one thousand times gravity, 
and the percentage of water left in the soil calculated on the 
basis of the dry weight. In order to make the determination 
without using the special type of centrifuge designed by these 
authors, a new type of cup was devised. This consisted essen­
tially of two brass tubes, one fitting into the other but not 
reaching to the bottom of the latter. The soil was placed in the 
inner tube, the bottom of which was perforated with numerous 
small holes so that the water thrown from the soil was held in 
the outer tube. In this way the equilibrium of the machine was 

* Briggs, L. J., and Shantz, H. L , The w i l t i n g coefficient for different 
plants and its indirect determination, Bull. U S. Bur. Plant Industry 
(1912), No. 230. 
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not disturbed. The bottom of the inner tube was first covered 
by a fine wire gauze with 200 meshes to the inch, and this 
gauze was covered by a piece of thin filter paper. The bottom 
of the tube was detachable and so constructed that when screwed 
onto the tube it held the wire gauze and the filter paper flat and 
in position. Apparently the only objection to these tubes is that 
wi th a column of soil 0.5 centimeter in height they hold only a 
small sample. This might give rise to serious errors wi th soil 
containing considerable quantities of gravel; but with the fine, 
uniform soils of Mount Maquiling the error was negligible. In 
every case duplicate determinations were made, and the results 
obtained from the same soil differed by about 1 per cent. The 
average results for the different soils are given in Table CIV. 
As might be expected from the high water-holding capacity, the 
moisture equivalents of all the soils were high, particularly so 
in the case of the soil from the mossy forest. 

Briggs and Shantz * have made a very careful and exact study 
of the amount of water left in soils by plants when they become 
permanently wilted. In their work they introduced the term 
"wil t ing coefficient," which is defined as follows: 

The w i l t i n g coefficient is then defined as the moisture content of the 
soil (expressed as a percentage of the dry weight) at the time when the 
leaves of the plant growing in that soil first undergo a permanent reduction 
in the moisture content as a result of a deficiency in the soil-moisture supply 
By a permanent reduction in the moisture content «f the leaves is meant a 
condition from which they can not recover their turgor in an approximately 
saturated atmosphere without the addition of water to the soil. 

As a result of their work they came to the following conclu­
sion: 

The object of this investigation was to determine the extent of the 
variat ion exhibited by different plants w i t h respect to the minimum point to 
which they can reduce the moisture content of the soil before permanent 
w i l t i n g occurs. It has heretofore been believed that plants differ widely 
in this respect and that drought resistance is in par t due to the additional 
supply of water which is available to some plants through the greater force 
which they exert upon the soil moisture. The results of this investigation 
have led us to conclude that the differences exhibited by plants in this 
respect are much less than have heretofore been supposed and are so small 
as to be of l i t t l e practical u t i l i t y f rom the standpoint of drought resistance 
As compared wi th the great range in the w i l t i n g coefficient due to soil 
texture, the small differences arising f rom the use of different species of 
plants in determining the w i l t i n g coefficient become almost insignificant. 

* Briggs, L. J., and Shantz, H. L . , The w i l t i n g coefficient for different 
plants and i ts indirect determination. Bull. U. S. Bur. Plant Industry 
(1912), No. 230. 
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These authors give a number of indirect methods of deter­
mining the wil t ing coefficient. 

moisture equivalent 
. Wilt ing coefficient = 1M~{l±oml)-

hygroscopic coefficient 
Wil t ing coefficient r ^ {1±QMS) • 

Wilting coefficient -

Wilt ing coefficient -. 

moisture-holding capacity—21 
2.&0 (1±0.021) 

0.01 sand-0.12 silt-0.57 clay 
(1 ±0.025)" 

I t wi l l be seen that these formulas do not take into consid­
eration the atmospheric conditions. Brown,* working in A r i ­
zona, found that plants wilted when the rate of evaporation was 
high with a greater amount of water in the soil than when the 
evaporation rate was low. Caldwell,f and Shive and Livings­
ton, t working in the same region, found that the permanent 
wil t ing of plants occurred wi th varying amounts of moisture in 
the soil, dependent upon the rates of evaporation, and so they 
concluded that the formulas of Briggs and Shantz were not of 
universal application. However, Caldwell as well as Shive and 
Livingston found that, when the plants were growing in a soil 
wi th a high water-holding capacity and were subjected to low 
rates of evaporation, the amount of water left in the soil when 
the plant became permanently wilted approximated that obtained 
by calculation from Briggs and Shantz's formula. This is shown 
by the following quotation: § 

The quantitative relations holding between the magnitude given to the 
calculated soil moisture residue at permanent w i l t i n g , by the Briggs and 
Shantz formula, and the observed magnitudes as shown in these experi­
ments, remains to be considered. Caldwell has shown that, for l ighter 
soils ( w i t h low water holding powers), the observed values are always 
much larger than the calculated, this discrepancy being greater, of course, 
w i t h high evaporation intensities than w i t h lower ones. On the other 
hand, the same author has established the fact that, w i t h heavier soils (of 

* Brown, W. H . , The relation 'of evaporation to the water content of 
the soil at the t ime of w i l t i n g , Plant World (1912), 15, 121-34. 

† Caldwell, J. S., The relation of environmental conditions to the phe­
nomenon of permanent w i l t i n g in plants, Physiol. Res. (1913), 1, 1-56. 

‡ Shive, J. W., and Livingston, B. E., The relation of atmospheric evapo­
ra t ing power to soil moisture content at permanent w i l t i n g in plants, Plant 
World (1914), 17, 81-121. 

§ Shive and Livingston, op. cit. 
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high water holding powers), the observed values approach much more 
closely the calculated ones, being about equal to them under conditions of 
low evaporation intensities. These observations of Caldwell are clearly 
substantiated by the work here reported, excepting tha t the present experi­
ments furnish a number of cases where the observed values fa l l markedly 
below the calculated ones (series V ) . As might be expected from Cald­
well's results in this connection, these cases occur w i t h low evaporation 
intensities and w i t h the soil of highest water holding power. 

The soils on Mount Maquiling, as we have seen, have a high 
water-holding capacity. The rate of evaporation near the ground 
in the virgin forest is moreover always low, and particularly 
so at higher elevations, and nowhere under the virgin forest 
does it approach the higher values that were obtained in Cald­
well's and Shive and Livingston's experiments. Owing to this 
fact the wil t ing coefficient as obtained by the formulas of Briggs 
and Shantz wi l l , for convenience, be tentatively employed as 
a rough measure of the amount of moisture that would be left 
in the soil on Mount Maquiling if plants became permanently 
wilted under the evaporation conditions existing near the ground. 
In Table CV are shown the wilt ing coefficients for the various 

T A B L E CV.—Wilt ing coefficients of soils at different elevations on Mount 
Maquiling. 

soils as calculated from the water-holding capacity and from 
the moisture equivalent; also, the average of these two values. 
An examination of this table shows that the wilt ing coefficients 
as calculated by these two methods are similar in every case, 
and that all of the soils have a very high wilt ing coefficient. 

In Tables CVI to CIX are given the percentages of moisture 
in the soils of the parang and in the dipterocarp, midmountain, 
and mossy forests for the period from November, 1912, to 
December, 1913. One of the most striking peculiarities of 
these tables is the similarity in the amount of moisture in any 
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given soil at different depths. This is apparently due to the' 
fact that the dense covering of vegetation prevents the surface 
soil from drying out at a much more rapid rate than the deeper 
layers. The average percentages for four-week periods at a 
depth of 20 centimeters in the parang and in the dipterocarp 
and midmountain forests are plotted in fig. 14. In this curve 

Peiiods of four weeks ending— 

FIG 14. Average weekly percentage of soil moisture on Mount Maquiling at a depth 
of 20 centimeters at different altitudes 

the wilt ing coefficient of the soil in the dipterocarp forest is 
shown as a straight line. The wil t ing coefficient of only one 
soil has been plotted, as the coefficients for the soils in the dip­
terocarp and midmountain forests are exactly the same and that 
for the parang is only 0.4 per cent lower than that of the other 
two. So slight a difference is within the limits of error indi­
cated by the different values obtained by the use of the two 
methods employed in calculating the coefficient. For conven­
ience in comparison, the wil t ing coefficient for the soil of the 
dipterocarp forest may, therefore, be considered the same as 
that for the other two soils. 
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SOIL MOISTURE IN T H E PARANG 

In Table CVI are given the percentages of moisture in the 
grassland at the base of Mount Maquiling at an altitude of 100 
meters. From a comparison of this table wi th Table CIV it 
wi l l be seen that no determination showed at any of the depths 
as great a quantity of water in the soil as 50 per cent of its 
water-holding capacity. From fig. 14 and from Table CVI it 

T A B L E CVI.—Percentage of soil moisture in the grassland at the base of 
Mount Maquiling; altitude, 100 meters. 

will be seen that the amount of water in the soil decreased 
during the dry season, beginning with January and continuing 
until Apr i l , and then increased until June, after which the per­
centage was fairly constant for the remainder of the year. 
During the latter part of March and the first part of Apr i l the 
amount of water in the soil, at depths of 10 and 20 centimeters, 
is about equal to the wilt ing coefficient, and only slightly higher 
than the wilt ing coefficient at a depth of 30 centimeters. As the 
rate of evaporation at this time of the year is high, it may well 
be that the amount of water near the surface is not sufficient 
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for the growth of plants. Even the trees have a slower rate of 
growth and less-dense foliage at this time than at other times. 

The low moisture content of the soil in the parang and the 
high evaporation rate at this elevation would indicate that the 
rapid rate of growth of plants in this area is not due to favor­
able moisture conditions, but rather to favorable illumination 
and temperature. The total range of soil moisture in the grass­
land is not particularly great, as the lowest determination was 
23.3 per cent at a depth of 20 centimeters on March 28, and tKe 
highest was 42.6 per cent at a depth of 30 centimeters on 
November 21. 

SOIL MOISTURE IN T H E D1PTEROCARP FOREST 

The percentage of moisture in the dipterocarp forest at an 
elevation of 300 meters is given in Table CVII . The water-
holding capacity of this soil was 96.3 per cent, which is not much 

T A B L E CVII.—Percentage of moisture in the soil in the dipterocarp forest 
on Mount Maquiling1; altitude, 800 meters. 

D e p t h i n cen t i -
meters 

D e p t h i n cen t i ­
meters 
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greater than that of the parang, where it was 89.8 per cent. 
However, the amount of moisture in the soil in the dipterocarp 
forest is always much greater than in the parang, averaging 
about 20 per cent higher. The soil of the dipterocarp forest, 
like that of the parang, shows the lowest water content during the 
dry season. The lowest percentage of moisture observed was 39 
at a depth of 10 centimeters on March 21. This percentage is 
much greater than the wil t ing coefficient, which is 25.5 per cent. 
From this it would appear that there should be sufficient mois­
ture in the soil for plants at all times; but, as has been pre­
viously noted, the rate of growth of the trees is lower and the 
foliage much less dense during the dry season than at other 
times. This is probably due primarily, as wi l l be pointed out 
later, to the relatively high rate of evaporation prevailing at 
this time. 

SOIL MOISTURE IN THE MIDMOUNTAIN FOREST 

The percentage of water in the soil in the midmountain 
forest at an elevation of 730 meters on Mount Maquiling is 
given in Table C V I I I . The water-holding capacity of the soil 

T A B L E CVIII—Percentage of moisture in the soil in the midmountain forest 
on Mount Maquiling; altitude, 730 meters. 

D e p t h i n cen t i -
m e t e i s 

D e p t h in cen 
meters 
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at this station is almost identical with that for the diptero-
oarp forest, but the amount of water in the soil is always 
much greater than in the dipterocarp forest, averaging about 
15 to 20 per cent higher. The lowest percentage of moisture 
was found during the dry season, just as was the case at 
lower elevations. The lowest percentage recorded, however, 
was 55.2, which is 57 per cent of the water-holding capacity 
of this soil and is more than twice as great as the wi l t ing 
coefficient. The percentage of moisture in the soil is between 
70 and 80 for a large portion of the year. There is, however, 
no indication that this amount is excessive, as the soil is well 
drained. A consideration of the amount of water in the soil 
at different times of the year would seem to indicate that at 
this altitude plants should always have sufficient moisture. The 
rate of evaporation is low, and there is no indication that plants 
suffer from adverse moisture conditions at any time. The high 
moisture content of the soil and the low rate of evaporation 
would appear to afford sufficient explanation of the existence 
of a ground covering of shallow-rooting mesophytic herbs. 

SOIL MOISTURE IN THE MOSSY FOREST 

The moisture content of the soil in the mossy forest is given 
in Table CIX. This table shows that the moisture content of 
the soil in this forest is extremely high. There was only one 
week when the determination showed less than 100 per cent 
of moisture, and on that occasion this was true of only two of the 
three depths. Equally striking was the variation from week 
to week, and at different depths in the same week. The dif­
ferent depths frequently showed a variation of more than 100 
per cent on the same day. The high moisture content seems 
to be connected with the large amount of organic matter found 
in this soil. The amount of organic matter apparently varies 
greatly in different situations, and the variations in the water 
content shown in Table CIX are probably due more to the 
places from which samples were taken than to weekly change in 
the moisture content of the soil as a whole. The water-holding 
capacity of this soil, as determined in the laboratory, was 
170.5 per cent, which is a considerably lower percentage of 
moisture than was shown by most of the weekly determinations 
of the amount of moisture in the soil. Owing to the great 
variations in the water content, which are apparently due to 
the difference in the soil, no great importance can be attached to 
the actual figures obtained for the water-holding capacity. As 
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TABLE CIX.—Percentage of moisture in the soil in the mossy forest at the 
top of Mount Maquiling; altitude, 1,050 meters. 

the soil on which the determination was made was first brought 
to the laboratory and dried, changes in the high organic content 
may, of course, have caused it to lose some of its water-holding 
capacity before this capacity was determined. 

RELATION OF SOIL MOISTURE TO VEGETATION 

The moisture content shown by the soil in the mossy and mid-
mountain forests is undoubtedly connected with the fact that the 
ground covering is composed of plants that require more mois­
ture than do those found in the dipterocarp forest. 

It does not seem probable, however, that the dwarfing of the 
vegetation is connected with this high water content. The 
great amount of water in the soil of the mossy forest is not 
due to heavy rains that would cause the soil to become leached, 
as the rainfall is about the same in amount here as in the area 
from which the soil samples were taken in the dipterocarp 
forest, and is considerably less than in the midmountain forest 
and in a large proportion of the dipterocarp forest. The soil 
of the mossy forest is, moreover, well drained, so that it must 
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be well aerated, and it has a springy consistency. The figures 
in Table L V I I I show less acidity in the soil of the mossy forest 
than in that of the dipterocarp forest. There seems, therefore, 
to be no reason for considering the high moisture content of the 
soil as harmful. The moisture content of the soil of the mid-
mountain forest would certainly not seem to be high enough to 
be deleterious to vegetation. The fact that the trees in this 
situation are much smaller than those in the dipterocarp forest 
is probably due to the same factors that have resulted in the 
stunted vegetation on the top of the mountain, the difference 
being that these factors are more pronounced at the top. 

The above discussion indicates that the moisture content of 
the soil should be as favorable at high as at low altitudes, and 
so cannot be connected with the dwarfing of vegetation as higher 
altitudes are reached. 



H U M I D I T Y 

The relative humidity at the different elevations was meas­
ured by means of Draper recording hygrometers, which were 
placed in the same cases as the thermometers. The results 
are presented in Tables CX to C X X I I I , in the form of weekly 
maxima and minima, means, and the averages of daily maxima 
and minima. The weekly figures are summarized for corre­
sponding four-week periods, as was done wi th the figures for 
temperature. The means were obtained from the records by a 
planimeter. In using the planimeter with circular Draper re­
cording hygrometer records the same error is introduced as that 
described in connection with temperature. As in the former 
case this error is negligible. If the humidity were 90 per cent 
for one half of each day and 60 per cent for the other half, the 
error due to the use of the planimeter would be less than 0.3 
per cent. Such a variation in humidity was observed nowhere 
except at the base station, and it was seldom greatly exceeded 
at that place. The actual error for variations between 60 and 
90 per cent would, of course, be much less than 0.3 per cent, as 
the maximum and minimum are maintained for only very short 
periods of time. We may safely conclude that the error in the 
figures presented here for the mean is considerably less than 
0.1 per cent; which is, of course, much less than the error in 
the instrument and is within the limits of accuracy wi th which 
the records can be read. 

HUMIDITY IN THE PARANG 

The recording of humidity under the second-growth trees at 
the base of Mount Maquiling was begun in October, 1912, and 
continued until January, 1915. The results are presented in 
Table CX in the form of weekly maxima and minima, means, 
and averages of daily maxima and minima. The results are 
further summarized in Table C X I for corresponding four-week 
periods for the entire time. The mean humidity was 82.2 per 
cent; the average daily maximum, 90.7 per cent; and the aver­
age daily minimum, 68.6 per cent. The average daily range 
was, therefore, 22.1 per cent. These figures indicate a compar­
atively high humidity. 

272 
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TABLE CX.—Relative humidity under second-growth trees at the base of 
Mount Maquiling; altitude, 80 meters. 

[Numbers give percentage of saturation.] 
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TABLE CX.—Relative humidity under second-growth trees at the base of 
Mount Maquiling; altitude, 80 meters—Continued. 

Week e n d i n g -
M a x i -
m u m . 

August 16 

August 22 

August 29 

September 5 . . 

September 12 . 

September 19 . 

September 26 . 

October3-

October 10 

October 17 

October 3 1 . . 

November 1... 

November 14. . 

November 2 1 - . 

November 28--

December 6 . . . 

December 1 2 . . 

December 19--

Deceraber 26- -

January 2 . . . 

Average 

January 9 

January 1 6 . . 

January 2 3 . . 

January 30 . 

February 6 

February 13 

February 20 

February 27 

March 6 

March 13. 

M a r c h 20 . . 

M a r c h 27 .. 

A p r i l 3 

A p r i l 10 

A p r i l 17 . . . . 

A p r i l 2 4 - . - . 

M a y 1 . --

May 8 

May 15 

M a y 22 

May 29 

June 5 . . 

June 12 

June 19 . . . . 

June 26 

M i n i ­
mum. 

Average of d a i l y -

M a x i m a . Minima. 

91.6 64 0 82.4 90.3 70 8 

91.6 72 0 84.2 90.4 75 5 

91.0 68.0 86 0 90.5 72 5 

92.0 70.0 83 2 90.1 73.0 

91.6 62 0 81.2 90 1 69.8 

92.0 67 5 83 0 90 5 71 9 

91.5 63 5 84.0 90 7 71 4 

92.5 61 0 83 2 90.6 69.1 

93.0 69 5 84 2 90.8 73 1 

91.0 72 0 86 2 90 1 79 9 

90.5 62.0 77 0 88 5 71 4 

92.6 70 6 85 0 90 9 79 1 

91 0 66.5 83 4 88 7 73 6 

90.6 66 5 82.2 89 9 74 X 

90 5 66 0 82 4 88 0 74 6 

92.0 69.5 83 0 89 6 72 9 

91.5 66.5 84 4 88.1 73 4 

91.0 73.5 85 2 90 5 80 2 

91.0 66 0 85 0 89 5 70 6 

91 5 70 0 83 0 88 5 77 4 

92 6 62 6 83.0 90 9 69 9 

===== 
91 5 63 0 83 2 88 8 71 4 

91 0 61 0 79 0 87 1 67 6 

41 5 57 0 80 0 89 0 66 4 

40 0 56 5 80 0, 87 1 62 6 

93 0 57.5 79 0 89 5 62 6 

91 0 57.0 80 2 89.2 67 0 

91 0 45 0 76 0 88.0 52.8 

91 5 26 0 75 2 90 1 51 8 

90 0 50.5 78 0 87 8 64 1 

92 0 46 5 76 0 89 3 54 9 

91 0 41.5 74 0 89 7 52.4 

91 6 38 0 74 0 88 6 51 1 

90 0 43.5 73.0 88 7 51 9 

92 5 54.0 81 0 89 9 65 8 

92.5 52 0 74.6 89 6 59 5 

92.0 54.0 79 0 90 5 61 6 

92 0 42 0 76 0 40 1 50 0 

92.0 46 0 76 0 90 7 55 1 

92 5 48.6 77 4 91.0 55 4 

92 5 48.5 80.0 91 5 59 6 

92.6 51 0 77 4 90 4 55 9 

93 0 56 0 84.0 91 2 69 1 

93.0 58.0 81 0 90.9 63 7 

94.0 56.6 83 2 92.1 70.9 

92 0 66.5 87 0 91.6 74.6 
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T A B L E CX.—Relative humidity under second-growth trees at the base of 

Mount Maquiling; altitude, 80 meters—Continued. 

The absolute maximum was 96.5 per cent, and the minimum 
was 25 per cent. The latter figure was very exceptional and 
was accompanied by rather peculiar circumstances. At the 
time the writer was living in a large bamboo house at the 
forest station. On particularly dry days bamboo is sometimes 
noticed to crack, and on this occasion there was an unusual 
amount of cracking. This led to an examination of the hygro­
meter, which was recording a relative humidity of 25 per cent. 
The figure was so very low that it was checked with a sling 
psychrometer and found to be correct. On examining the records 
for the week at the different stations, it was found that they 
all showed a remarkably low humidity on that day. This re­
cord of 25 per cent was considerably lower than any other 
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reading obtained, and there was no apparent reason to account 
for it, as the temperature was not unusually high. 

TABLE CXI.—Relative humidity for periods of four weeks from October, 
1912, to January, 1915, under second-growth trees at the base of Mount 
Maquiling; altitude, 80 meters. 

[Numbers give percentage of saturation ] 

An examination of Table CX shows that there was no week 
in which the maximum humidity was not over 90 per cent, 
no week in which the average maximum was less than 84 per 
cent, and only one week during which it was less than 87 per 
cent. As the high humidities occur at night, it is evident that 
the humidity is always high at that time. The highest mean 
humidity occurred during the rainy season and the lowest dur­
ing the dry season, particularly in March and Apr i l . The aver­
age daily maximum humidity showed very little variation at 
different times of the year. The average daily minimum was 
lowest during the dry seas#n, beginning with February and 
ending in May. The highest average minimum, however, does 
not occur in the rainy season, but during November, December, 
and January, when the temperature and light intensity are both 
low. 

In fig. 15 are plotted the maxima, minima, average daily 
maxima, average daily minima, and means for corresponding 
four-week periods. The curves for the maxima and the aver­
age daily maxima have the same general form and show but 
little variation with the seasons. The mean is considerably 
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lower in the dry season than at other times. The effect of 
the dry season is most marked in the curves for the average 
daily minima and the minima. 

FIG 15 Relative humidity under second-growth trees, at the base of Mount Maqui-
ling ; altitude, 80 meters 
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HUMIDITY IN THE DIPTEROCARP FOREST 

The recording hygrometers in the dipterocarp forest were 
placed in the same cases as the recording thermometers. The 
results at an elevation of 300 meters are given in Table C X I I 
in the form of weekly maxima and minima, means, and aver­
age daily maxima and minima; and are summarized for the 
entire period in Table C X I I I in the form of maxima, minima, 
means, and averages of daily maxima and minima for cor­
responding four-week periods. The humidity under the for­
est at an elevation of 300 meters is considerably higher than 
in the parang at 80 meters, the mean humidity in the former 
location being 89.7 per cent, and in the latter, 82.2 per cent. The 
average daily maximum in the dipterocarp forest at 300 meters' 
elevation was 93 per cent, and the average daily minimum, 82.9 
per cent. The absolute minimum was 47.5 per cent. This 
minimum occurred on the particularly dry day mentioned in 
the discussion of humidity in the parang. From an examina­
tion of Tables C X I I and C X I I I i t w i l l be seen that, wi th the 
exception 6f a very few days, the humidity in the forest at 
an elevation of 300 meters was relatively high and, moreover, 
fairly uniform, as the average daily variation was only 10.1 
per cent. In the parang the variation was considerably 
greater, being 22.1 per cent. The smaller average daily range 
as well as the higher humidity in the dipterocarp forest is 
perhaps due in part to the higher elevation, but probably even 
more to conditions existing under the dense forest and to the 
large amount of water transpired by the foliage. 

I t w i l l be noticed that the mean does not change wi th the 
seasons in exactly the same manner as does the mean at an ele­
vation of 80 meters, the highest average means occurring dur­
ing the colder months—November, December, and January— 
rather than during the rainy season, from July to September. 
The lowest means, however, are found during the dry season, 
from March to May. The average daily maxima and minima 
vary in much the same way as the means. 

The maxima, minima, means, and average daily maxima and 
minima are plotted in fig. 16. As in the case of the parang, 
the curves for the average daily maxima and for the maxima are 
very similar in form. They both, however, show the effect of 
the dry season to a greater extent than the curves for the pa­
rang. Also, as in the parang, the curve for the mean shows the 
effect of the dry season more than do the curves for the max-
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ima and minima; while this effect is again most marked for the 
average daily minima and for the minima. 
TABLE CXII.—Relative humidity in the undergrowth in the dipteroearp 

forest on Mount Maquiling; altitude, 300 meters. 
[Numbers give percentage of saturation.] 

Week ending-

May 30 - . 

June 6 

June 13 

June20 . . . . . -

June27 

July 4 

July 11 

July 18 

July 25 

August 1 

August 8 . . . 

August 15 -

August 22 . . 

August 29 -

Septembers _, 

September 12 

September 19 . 

September 26 -

October 3 . . . . 

October 10 

October 17 

October24 . . . . 

October 31 

November 7 

November 14. . . 

November 2 1 . 

November 28. . . 

December 5 

December 12 . . . 

December 19 _.. 

December 26 .. 

January 2 

Average . 

January 9 — 

January 16. . . 

January 23 . . 

January 30 . . . 

February 6 . . . 

February 18.. 

February 20.. 

February 27.. 

March 6 

1914 

Maxi­
mum 

Mini 
mum. Mean. 

96 0 
96 0 
97.0 
96.0 
95 0 

94.5 

96 0 

93.0 

93.0 

93.0 

93.0 

93 5 

94 5 

93.0 

93 9 

95 0 

94.0 

94 0 

94 0 

96 0 

95.0 

95 5 

96.0 

96.0 

96.5 

97.0 

97.0 

96.5 

96 0| 

96.5 

96.5 

79.0 

75.5 

73.5 

74 0 

83 0 

82 5 

84 5 

85.0 
84 5 

78 0  

80 0 

80 0 

85 0 

86 0 

85.0 

77.0 

82 0 

82.0 

79.0 

86 0 

84 0 

83.0 

75.0 

89 0 
86.5 

86.0 

86 5 

87 0 

87 0 

92 0 

86 0 

90 2 

91.5 

89 3 

91 3 

90 7 

92 0 

92 0 

91 4 

90 1 

89 4 

90.2 

89.4 

90 2 

89 0 

91 4 

90.2 

90 0 

92 0 

91 0 

93 2 

93 0 

93.3 

89 6 

93 3 

92.0 

94 2 

94 3 

93 2 

94 1 

94 4 

94 2 

Average of da i ly -

Maxima. Minima. 

94.1 84 3 
95 1 81.1 
95.3 76.4 
95 1 82.9 
93.7 86.8 
93.9 87.0 
93 8 88.3 
92 0 89.3 
91 8 85 8 
91 0 85.5 
91.5 

91 8 

92 4 

92 1 

92 1 

93 0 

93.1 

93 0 

93 0 

94 3 

94.3 

94.5 

94 1 

94 9 

94 2 

96 3 

96 3 

95 8 

95 5 

95 5 

I 

88.0 

87.5 

86.3 

84 7 

85 6 

87.0 

85 1 
88 5 
89.2 ! 
88 0 
84.2 
91.7 
88.9 
91.5 
81.5 ! 
90.0 

91.8 

94 0 

92 3 

97 0 87 0 93 0 95.6 91.0 

95.2 82.8 91.7 93.9 87.3 

95.0 86 0 98.2 94.6 89.3 
95 0 82.0 92 2 94.7 87.5 
96.0 82.0 92.0 93.9 84.0 ! 
97.0 80.0 98.4 96.1 87.7 
93.5 800 89.2 92.5 82.9 

| 93.5 80 0 89.5 92.9 84.6 
94.0 66.0 87.4 93.0 76.9 
93.0 47.5 86.0 92.2 72.1 

' 93.0 70.0 89.0 92.0 80.9 
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TABLE CXII.—Relative humidity in the undergrowth in the dipterocarp 
forest on Mount Maquiling; altitude, 800 meters—Continued. 

Week ending-

March 13 
March 20 
March 27 
Apri l 3-_ 
Apr i l 10 
Apri l 17 
Apnl24 
May 1 
May8 
May 15 
May 22 
May 29 
June5 
June 12 
June 19 .. . . . . 
June 26 
July 3. . . . 
July 10. 
July 17 
July 24 
July 31 . 
August 7 
August 14 
August 21 
August 28 
September 4 . 
September 11. 
September 18 . 
September 25. 
October 2 
October 9 
October 23.... 
October 30 . ... 
November 6 
November 13 . 
November 20.. 
November 27 
December 4 
December 11 
December 18.. . 
December 25 

January 1 

Average . 

1914. 

Maxi-
! mum 

92.0 
92 0 
91 6 
91 5 
92.0 
91.0 I 
91 0 
91 9 ! 
92 5 
92 0 

92 0 
93 0 i 
93 0 
93 0 
92.5 

91 5 
92 0 
92.0 
92 0 
93 0 
93 0 
93 0 
92.5 
93 0 
93 0 
94 0 
93 5 
94 5 
94 6 
94 5 
94 0 
94 5 
94 5 
94 5 
94.0 
94 0 
95 0 
96 0 
95 0 
95.0 
95.5 
97 0 
98.0 
96.0 
95 5 
95 5 

96.5 

Mini­
mum. 

65 5 
57 5 
57 0 
60.0 
73 0 
69.0 
70 0 
58.6 
61.0 
63.6 
62.0 
66 0 
73.6 
72.0 
71 0 
82 0 
83 0 
76.0 
78 0 
86 5 
82.5 
76 0 
80 5 
76 8 
75 5 
78.0 
82 5 
84 0 
77 0 
83.6 
84 0 
80 0 
79 0 
85.0 
82 0 
84 5 
82.0 
91.5 
91.0 
84 8 
81.0 

Mean. 

86 0 
84.2 
84 0 
82.0 
87 2 
86 0 
86.2 
84 0 
83.4 
86 0 
85 4 
86.0 
89 0 
88 0 
89 4 
90 0 
89 4 ! 
88 4 
87.0 
92 0 
89 4 
88 4 
90 4 
89 0 
85 0 
92.0 
91 2 
91 4 
90 4 | 
912 
91 4 
92 4 
91 2 
91 4 
92 0 
92.2 
93 0 
94.2 
94.0 
93.2 
93.2 

92.4 

Average of daily-

Maxima. Minima. 

91 3 
91.6 
90.6 
91 0 
91.2 
89 9 
89 7 
90 9 
91.4 
91 2 
91 1 
91 1 
91 1 
91 7 
91 6 
92 3 \ 
92 2 | 
91 0 I 
90 8 [ 
92 6 
92 9 
93 1 
92 9 
93 1 
88 8 
93 1 
92 8 
93 7 
93 2 
93 2 
9 3 1 j 

94 3 
93 0 
94.5 
94 3 
94 5 
95 7 
95.6 
95 6 
94.8 
94.6 

93.7 

92.7 

92 9 
93 1 ! 
92 9 
9 3 1 ; 
88 8 
93 1 
92 8 
93 7 
93 2 
93 2 , 

73.2 
70.4 
68.1 
67.4 
80.9 
75 8 
76.9 
65.9 
70 4 
71.8 
74 3 
71 8 
83 6 
80 8 
82 3 
86 7 
85 9 
83 6 
83 0 
88 9 
84 1 
78 9 
86 1 
83.3 
79 9 
87 1 
86 8 
88 2 
85 0 
87.1 
88 9 
88 6 
86 6 
87.9 
87.8 
88.9 
88.2 
93.7 
92.8 
89.4 
90.3 

86.3 

82.4 
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TABLE CXIII.—Relative humidity for periods of four weeks from May, 

1913, to January, 1915, in the undergrowth in the dipterocarp forest 
on Mount Maquiling; altitude, 800 meters, 

[Numbers give percentage of saturation.] 

Four weeks ending-

January 30 
February 27 ... 
March 27 
Apri l 24 
May 22 
June 19 ._ 
July 17. 
August 14 
September 11 . 
October 9 . . . . 
November 6 
December 4 
January 1 

Average 

Maxi­
mum, 

Mini­
mum. Mean. 

97.0 800 92 7 
94 0 47.5 88.0 
93.0 57 0 85 8 
92 0 60 0 85 3 
92.5 58.5 84 7 
97 0 66 0 89 4 
96.0 76.0 90.1 
94 5 76.0 89.9 
95 0 

96 0 

96.0 

98 0 

97 0 

95 2 

76 5 

77 0 

75.0 

82 0 

81 0 

70 1 

A v e r a g e o f d a i l y -

M a x i m a . M i n i m a . 

91 3 

92 0 

93.1 

93.7 

89 7 

94 8 

92.6 

91 4 

90 4 

91.1 

93 2 

92.5 

92 2 

92 2 

93 4 

94 2 

95.4 

95.2 

93 0 

87.1 

79.1 

73.1 

75.2 

70.6 

80.4 

86.3 

84 8 

85.6 

86.9 

88 0 

90.1 

91.0 

82.9 

The weekly records of humidity at an elevation of 450 
meters are given in Table CXIV, and the figures are sum­
marized in Table CXV. The humidity in the forest at 450 
meters' elevation is very similar to that at 300 meters' elevation, 
but is slightly lower, the mean at 450 meters being 1.9 per cent 
lower than at 300 meters. The hygrometer at 450 meters' ele­
vation was, however, on a more exposed ridge than that at an 
altitude of 300 meters. The mean humidity and the average 
daily minimum vary in much the same way at 450 meters as 
at 300 meters' elevation. The average daily maximum, however, 
does not appear to be any lower during the dry season than at 
other times. 

At 450 meters' elevation a recording hygrometer was also 
placed in the open in the same case as the thermometer. This, 
however, was run only from the last week in Apr i l , 1914, 
to November 27, 1914. Even in this short period there were 
four weeks during which records were not obtained, as the 
machine was an old one and the clock did not work well. The 
weekly results are given in Table CXVI and are summarized 
in Table C X V I I . Table C X V I I presents some rather interest­
ing features. For the sake of comparing the humidity in the 
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F I G . 16 Relative humidity in undergrowth in dipterocarp forest , altitude, 300 meters 

T A B L E CXIV.—Relative humidity in the undergrowth in the dipterocarp 
forest on Mount Maquiling; altitude, 450 meters. 

[Numbers give percentage of saturation.] 

Week ending— 

August 1 

August 8 . . . . . 
August 15 
August 22 
August 2 9 - . . 
September 5 . -
September 12 -
September 1 9 . 

M a x i ­
m u m 

91.0 
91.0 
93.0 
91 5 
92.0 
92.0 
93.0 
93.0 

M i n i ­
mum 

84 0 
73.5 
74.6 
83.0 
82.0 
83.5 
78.0 
75.5 

I Average of da i ly -

Max ima . M i n i m a 

86.2 
87.0 
86.0 
88.0 
87.8 
88.0 
86.0 
87.4 

89.2 
89.9 
90.5 
90.7 
90.6 
91 0 
90.3 
91.8 

85 8 
81.4 
81.3 
85.7 
84.7 
86.0 
83.7 
82.3 
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TABLE CXIV.—Relative humidity in the undergrowth in the dtpterocarp 

forest on Mount Maquiling; altitude, 450 meters—Continued. 

' Average of d a i l y - I 

Week e n d i n g -
M a x i ­
m u m 

M i n i ­
m u m 

September 26 . 

October 3 

October 10 _. . 

October 17 .. . 

October 24 _. . 

October 3 1 . 

N o v e m b e r 7 . . . 

November 14 _ 

November 21 

N o v e m b e i 28 _ 

December 5_ 

December 12 

December 19 . 

December 26 

Janua ry 2 

J a n u a r y 9 

J a n u a r y 16 . . . 

J a n u a r y 23 

J a n u a r y 30 _._ 

Februa ry 6 . . 

Feb rua ry 13 

F e b r u a r y 20___. 

F e b r u a r y 27 

M a r c h 6 _ . 

M a r c h 13 

M a r c h 20_ 

M a r c h 27. . . . . 

A p r i l 3 . 

A p r i l 10 

A p r i l 17 . . . 

A p r i l 24 

May I -

M a y 8 

May IB 

May 22 . . 

M a y 29 

J u n e B . . 

June 1 2 — . 

June 19 

June 26 . 

July 3 . . 

July 10_ 

July 17 

July 24 . 

| 
93.0 ' 

92 5 

93 0 

92.0 

92 0 I 
93 5 

94 0 

93 6 

94 0 

94 5 

94 5 

94 5 

94 5 

94 5 

93 4 

93 0 

94 0 

94 0 

97,9 

94 0 

95 0 

94 0 

93 0 

96 0 

93 0 

92 0 

99 0 

94 0 

98 0 

93 0 

93 0 

93 0 

91.5 

94 9 

94.9 

95.0 

95.0 

95.0 

98.5 

94.0 

93.0 

93.5 

92.5 

93 5 

93.0 

Maxima . 

77 5 

71 o; 

77 5 

78 0 

76 0 | 

64 0 

83.0 

79 0 

78 5 

78 0 

83 0 

85 0 

90 0 

88 0 

85 5 

79.5 

83 0 

76 0 

77 0 

76 5 

74 0 

77 0 

59 5 

45 0 

66 0 

54.0 

54 0 

53 0 

59 5 

74 2 

71 0 

63 0 

66.5 

65 0 | 

62 1 

65 5 , 

66 0 

88.6 

85.0 

88 4 , 

88.4 j 

88 2 

85 4 

90 2 , 

91 2 

91 2 

91 6 

91 6 

91 6 92 0 . 

91 0 , 

88 7 ; 

90 4 

89.2 ; 

92 0 ! 

89 0 

88.4 ' 

89 0 ! 

85 0 

84 4 j 

88 0 ' 

84.2 ! 

82 2 | 

84 0 

81 2 

89 0 

86 2 j 

87.2 

HI 0 

84 6 ' 

87.0 I 

87 2 | 

85 0 ; 

91.4 

91 8 

91.6 

90.8 

90.8 

91 6 

91 1 

92 4 

93 5 

43 1 

93 6 

93 0 

93 1 

93 1 

92 2 89.5 

91 6 85 1 

^"^ _ - ^ - = = i 

92 3 86 5 

92 5 82 9 

73 5 89 4 | 

| 74 2 87.0 | 

1 68 0 90 0 

1 79 5 89 4 

! 82 0 89 0 

| 80.0 89.0 

! 78 5 88.2 

I 88 0 90 2 

97 1 | 

92 6 

93 5 j 

92 5 

91 1 , 

93 3 

92.1 

91 5 ! 

93 4 

93.0 

92 5 

92 4 

91.9 

91 5 

90 4 

93.1 

93 3 

93 1 

93 0 

92 5 

92.3 

92 6 

91 9 

92.5 

90.8 

92 0 

91.7 

84 3 

79 6 

79 6 

84.7 

70 9 

70.7 

79 5 

70 5 

68 2 

66.6 

67 1 

81 5 

76 5 

76 8 

64 6 

72 2 

72.6 

77 8 

72 1 

84 1 

79.1 

81.8 

85.8 

86.6 

86.6 

85.0 

89 1 
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TABLE CXIV.—Relative humidity in the undergrowth in the dipterocarp 
forest on Mount Maquiling; altitude, 450 meters—Continued. 

Week e n d i n g -

1914 

J u l y 81 

A u g u s t 14 

A u g u s t 21 

A u g u s t 28 

September 4 

September 18. . 

September 25-- . 

October 2 - -

October 9 

October 16 . . . . 

October 23 

October 30 

N o v e m b e r 6 

December 4 

December 11 .. 

1915 

J a n u a r y 1 ----
A v e r a g e . . 

M a x i ­
m u m 

94.5 

93.9 

92.6 

94 5 

95.5 

92.0 

92 6 

93 5 

93 0 

93.0 

93 0 

93 0 

93 0 

92 6 

92 5 

93 0 

93 0 

93 0 . 

92 0 

92 0 

91.5 

92 0 ' 

92 5 j 

93 7 

M i n i ­
m u m . 

72.0 

72 0 

82 0 

75 1 I 
78 0 I 
82.0 i 

87.5 I 

76 0 ! 

79.5 j 

82.0 | 

82 2 I 

81 5 

77 0 

78.0 

84 0 

79 0 

83 2 

78 0 

87 5 

87.5 

80.0 

84 0 

88.0 

87.0 

90 4 

88 4 

86.0 

90 0 

90 4 

89.4 

88 0 

90 2 

90 0 

88 0 

90 0 | 

89 0 ! 

89 2 , 

89 4 

89 2 I 

88 0 I 

90 0 

90 0 j 

89.0 

88 4 

88 0 

87 9 | 

- — . 
A v e r a g e o f d a i l y -

M a x i m a . M i n i m a 

91.5 79.8 

93.1 77.1 

91 8 86.9 

92 3 83 6 

90.3 82.1 

91.1 88.6 

90 8 88.5 

92 4 82.0 

91 2 84.1 

92 3 87 7 

91 9 87 2 

91 1 85.4 

91.9 

91 6 ' 

91.4 

92 1 

92 0 

92 1 

91 4 

91 5 

91 0 | 

91 4 

91 1 

92 1 

85 8 

85 6 

85 6 

86.5 

86.6 

89.8 

89.1 

86.8 

88 8 

open with that in the forest, Table C X V I I I has been construct­
ed, to show the relative humidity under the forest for the same 
four-week periods in 1914 as are covered by Table C X V I I for 
humidity in the open. A comparison of these two tables shows 
that during the eight four-week periods the maximum humid­
i ty was greatest in the open for five periods, the same in 
both situations for one period, and greatest in the forest for 
two periods. The minimum for the four-week periods was al­
ways lower in the open than in the forest. The mean was 
higher sometimes in the forest and sometimes in the open. The 
average daily maximum was higher in the open for five periods, 
the same in both situations for one period, and higher in the 
forest for two periods. The average daily minimum was al­
ways considerably less in the open than in the forest. The 
lower minima in the open would appear to be due to the removal 
of the forest canopy, admitting of the freer movement of the 
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Wind, which allowed the drier air above the tops of the trees 
to strike the hygrometer. That the maximum should be greater 
in some cases in the open and in others in the forest is probably 
due to various local conditions. When clouds come down from 
higher elevations, they lose some of their water content in pass­
ing through the canopy before they reach the hygrometer 
under the forest, whereas they have direct access to the hygrom­
eter in the open. When, on the other hand, there was no 
such movement, the cooling at night of the humid air under 
the forest would produce a higher humidity than the cooling 
of the drier air which reached the hygrometer in the open. 

T A B L E CXV.—Relative humidity for periods of four weeks from July, 1913, 
to January, 1915, in the undergrowth in the dipterocarp forest on 
Mount Maquilinff; altitude, U50 meters. 

[Numbers give percentage of saturation ] 

! A v e r a g e o f d a i l y -

Four weeks ending— ; Maxi­
mum 

M i n i ­
m u m Mean 

M a x i m a M i n i m a 

i January 30 . . ._ 97 9 76 0 j 90 1 93 8 83.3 
February 27 .. _ _ . ., .. 96 0 45 0 86 7 92 6 76 6 

\ March 27 . __ .. ._ J 99 0 53 0 | 84 6 92 5 71 2 

April 24.. . ' 98 0 59 5 85 9 92 1 75 5 

May22.. . . . „ 95 0 56.5 84 9 92 5 71 7 

! Junel9_. .. . .. . ... _ . . . j 95 0 66 0 87 8 92 6 79 3 

July 17 . _ . _ _ 93 5 78 5 88 9 91 8 86 0 

August 1 4 - . . . . . . . 1 94 5 72 0 87 7 91 0 n o , 
1 September 11 . . . . . % 5 75.1 88 1 90 9 85 4 

j October 9_ . . . . . . . 93 5 71 0 1 88 4 91 7 83 7 

I November6 . . 94 0 64 0 88 5 91 8 84 6 

j December 4 94 5 78 0 90 1 92 6 87 1 

1 January 1. ._ . . . 94 5 77.5 90 2 92 1 ! 88 4 

| Average ._ . . . 95 5 67.1 87 8 92 1 81 2 

HUMIDITY IN THE MIDMOUNTAIN FOREST 

A recording hygrometer was also placed in the case with the 
recording thermometer at an elevation of 740 meters in the 
midmountain forest. The records are given in the form of 
weekly maxima, minima, means, and average daily maxima and 
minima in Table C X I X ; and the results are summarized for 
corresponding four-week periods in Table CXX. The humid­
ity at this elevation is slightly higher than in the dipterocarp 
forest at 450 meters' elevation. The mean humidity for the 
entire period in the midmountain forest was 190.4 per cent, 
and in the dipterocarp, 87.8 per cent, a difference of 2.6 per 
cent. The absolute maximum in the midmountain forest was 
99.2 per cent, and the absolute minimum, 54.5 per cent. The 
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T A B L B CXVI.—Relative humidity for weekly periods in the open on Mount 
Maquiling; altitude, U50 meters. 

[Numbers give percentage of saturation.] 

Week ending— 

M a y l 
M a y 8 -
M a y 15 
Ma? 2 2 -
June 12 
June 19 
June 26 
J u l y S 

July 10 
July 17 
July 24 
July 31 
August 7 
August 14 
August 21 
September 11 . 
September 18 . 
September 26 . 
October 2 . . . . 
October 9 . . . . 
October 16 .. . 
October 23 . . . . 
October 30 . . 
November 6 . . 
November 13.. 
November 20. . 
November 27. . 

Maxi-
mum. 

94.3 

93 0 

96.5 

96.0 

92 0 

92.5 

92 0 

93.5 

92 6 

94.5 

93.5 

94.5 

94 5 

94 5 

95 0 

88 5 

94.5 | 

96 5 

97.0 

97 0 

98 5 

98 5 ', 

98 9 | 

98 0 i 

98 0 J 
98 7 | 

98.8 I 

M i n i ­
mum 

54.5 

60 5 

58.0 

58.0 

60 0 

63.5 

66 5 

72 5 

69 0 

64 5 

73 6 

66 0 | 

63 0 ! 

74 0 ( 

64 0 

85 5 

68 0 

70 5 \ 

73 0 

73 5 

72 0 ( 

68 0 J 
71 0 | 

76 2 

73 8 

76 0 { 

69 5 

1 Average of d a i l y -

Maxima ' Min ima. 

83.2 

86.0 

86 4 i 

86 4 ' 

82 0 I 

87.2 | 

87 4 j 

87 0 ' 

89 2 ' 

87 0 

85 0 

91 2 

87 4 

85 4 

84 5 

86 7 

87 3 

92 0 

94 F> 

93.0 

92 7 

93 3 

93 1 

92 5 

95 5 

95.7 

96 7 

96.6 

91.0 

90 7 

91.4 

92.8 

91 1 

98 1 

92 7 

92 9 

93 9 

93 4 

93 7 

88 5 

89 3 

89 6 

90 9 

91 7 

96 8 

97 5 

97 6 

97 4 

97 6 

97.5 

96 0 

61.3 

66 8 

67.4 

67.4 

66 1 

71 9 

75.0 

76.3 

78.9 

76 0 

78.0 

73.0 

66.6 

81.1 

7b 1 

85 6 

77 1 

74 6 

78 8 

HO 2 

78 6 

82 3 

79 4 

79 4 

79 3 

80 6 

79 6 

T A B L E CXVII.—Relative humidity for periods of four weeks in the open on 
Mount Maquiling; altitude, 450 meters. 

[Numbers give percentage of saturation.] 

Four weeks e n d i n g - M a x i ­
mum 

1914 
M a y 22. . . . 
June 19 . 
July 17 
August 14 
September 11 .. 
October 9 
November 6 
December 4 .. 

Average . . . . . 

M i n i ­
mum 

54 5 
60 0 
64.5 
63.0 
64 0 
68.0 
68.0 
69 5 

Average of d a i l y -

Maxima. ; Min ima 

87 0 

88 1 

87 4 

86.0 

93.1 

93 0 

87 1 

96 1 

90.9 

92.1 

98 2 

91 1 

90.4 

97 3 

97.0 

93 5 

65 7 

69.0 

76 6 

74.7 

80. K 

77.7 

79.9 

79.8 

75 5 
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T A B L E CXVIII .—Rela t ive humidity for periods of four weeks in the under­

growth in the diipterocarp forest on Mount MaquiUng; altitude, J>50 
meters. 

[Numbers give percentage of saturation.] 

Four weeks ending:- M a x i ­
m u m 

M i n i ­
m u m i Mean 

A v e r a g e 

M a x i m a 

o f d a i l y -

M i n i m a 

95 0 56.5 84 9 92 5 71.7 

95 0 66.0 , 87.8 92.6 79 3 
93 5 78.5 , 88 9 91.8 86.0 

94 5 72 0 , 88 9 92.0 83 2 

95 5 75.1 - 88 7 91 1 85 7 

93 5 76.0 , 89 4 92 0 85 3 

93 0 77.0 i 89 0 91 5 85.9 

93 0 78.0 | 89 1 91 9 87.1 

, 88 3 91 9 83 0 

May 22 
June 19 .. 
July 17 
August 14 
September 11 
October 9 
NoYember 6 -
December 4 .. 

Average 

average daily maximum was 93.5 per cent, and the average 
daily minimum, 85.7 per cent, a difference of 7.8 per cent, which 
is less than the average daily variation at 450 meters' ele­
vation, where the average daily range was 10.9 per cent. The 
figures in Tables CXIX and CXX show that with the exception 
of short periods of a few days the humidity in the midmountain 
forest was always high and wa$, moreover, very even. 

T A B L E CXIX.—Relative humidity in the midmountain forest on Mount Ma­
quiUng; altitude, 7^0 meters. 

[Numbers give percentage of saturation ] 

Week ending— 

1913. 
June 13 __ . . . . . . . . 
June 20 .. . 
June 27 _ _. . 
July 4 .. 
July 11. 
July 18.. . . . 
July 25 
August 1 . . . . 
August 8_.. 
August 15 . . . . 
August 22 
August 29 . . . 
Septembers.. . 
September 12 
September 19 
September 26 

M a x i ­
m u m . 

1 

M i n i - i 
m u m ! Mean 

A v e r a g e 

M a x i m a 

of da i ly— 

M i n i m a 

97.5 76 0 89 2 96 1 77 7 

97 6 78 5 92 2 96 7 84.5 

99 2 75 5 91 4 97 4 83.5 

92.5 74.0 ! K9 0 91 1 83.9 

98 0 85 5 | 94 0 95 6 90 9 

97.5 84 0 1 93 2 95 5 90.7 

95 5 91.2 93 4 94 7 93 1 

96 5 84 5 | 93.2 95 2 89 6 

94.5 82.0 ! 91.3 93 1 86.8 

96.3 83.0 ' 91 4 94 7 85 3 

95.5 81.0 91 2 93.8 86 8 

96.0 80 2 J 91 2 94.4 86 5 

97 0 79 0 ' 91 1 94 5 87.5 

96 5 77.5 1 90 2 93.5 86.0 

96.5 79 5 89.1 94.8 85.9 

97 2 83 5 ' 93 0 95.8 88 9 
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TABLE £XIX.—Relative humidity in the midmountain forest on Mount Ma-
gutting; altitude, 7k0 meters—Continued. 

Week ending-

October 8 
October 10 
October 17 
October 24 
October 31 
November 7_ „ 
November 14. 
November 21 
November 28.. . 
December 5... 
December 12 
December 19... 
December 26. __ 

Maxi­
mum 

Mini­
mum 

as. 5 ! 
94.6 

95.5 ! 

94 7 \ 

94.5 

94.5 I 

98 0 

96.5 i 

95 0 | 

95 0 

93 5 

95 0 

69.3 

83 0 

81.8 

88 0 

75 0 

71.6 

91 0 

89.0 

87 5 

89 7 

89 5 

90 3 

88 5 

Ave rage o f dai ly— 

M a x i m a . Min ima . 

, I 

90 

91 0 I 

92 2 

91 0 

91.4 

92 6 

93 0 

92 2 

92 0 

92 2 

92 0 

92 2 

91.4 i 

93 3 j 

93 7 : 

92 6 

94 5 

94.6 

93 3 

93 2 

92 3 

93 4 

93 4 

78 5 

88 5 

86.5 

90 6 

86 2 

87.0 

91 8 

91.2 

90 7 

90 8 

90 9 

91 5 
91 1 

January 2 

Average . 

January 9 ... 
January 16 
January 23 . 
January 30.. 
February 6 _. 
February 13. 
February 20. 
February 27. 
March 6 
March 13 .. 
March 20. . 
March 27 . . . . 
Apr i l 3 
Apri l 10 
Apr i l 17 . . 
Apri l 24 
May 1 
May 8 . 
May 15 
May 22 
May 29 
June 5 
June 12. .. . 
June 19 
June 26 
July3 
July 10 
July 17 
July 24 
July 81 

94 5 ; 90.0 90.2 , 92.6 91 4 

95.8 82 6 : 91 4 94 1 87 8 

93 5 85 0 91.2 92 6 

94 0 87 0 92 0 92 6 

93 0 85 0 91 2 92 3 

94 5 86 9 92 3 92 9 

94 5 85 5 91 1 93.2 

95 0 84 5 91 4 93 3 

94 0 70 0 87 3 92 5 

95 0 54 5 87 2 93 9 

93 5 83 0 90 0 92 3 

94 8 55 0 87 0 93 5 

95 5 57 0 89 4 93 8 

94 5 64 5 89 4 93.6 

95 0 66.0 89 0 93 7 

94 0 82.0 89 4 93.2 

94 0 79 0 89 3 93 0 

94 5 75 0 89 2 92 8 

94 0 62 2 86 4 93 3 

% 0 66 1 89 0 93 7 

95 0 72 5 89 2 93 9 

96 0 67 2 89 0 93.2 

95 5 73 1 89 0 94 4 

95 5 80 0 91 0 93.0 

95 5 ' 77 0 90 0 94 2 

95.0 ! 73 1 90.4 93 7 

93.0 1 80.0 90.0 92 8 

94.0 79 5 89.2 93.1 

94.0 , 82 0 89.4 92.3 

92.6 81.0 90.0 91.9 

95.5 85.5 92.4 94.6 

97.0 ! 65.0 89 2 94.6 

89 7 

89 9 

89 2 

89 3 

87 9 

89 5 

79 0 

76 6 

87 8 

77 1 

78 4 

78 6 

79 2 

88 8 

83 1 

86 0 

71 5 

80 0 

79 2 

79 9 

77 2 

87.7 

82.1 

85 6 

87.2 

84 2 

87.5 

86 7 

89 9 

80 5 
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TABLE CXIX.—Relative humidity in the midmountmn forest on Mount Ma­

quiling; altitude, 740 meters—Continued. 

Week e n d i n g -

A u g u s t 7 

A u g u s t 14 

A u g u s t 21 

A u g u s t 28 ... 

September 4 

September 11 . . . . 

September 18 . . . . 

September 25 

October 9 .. _. . 

October 16 

October 23 

October 30 

November 6 

November IS . . . 

November 20 

November 27 

December 4 

December 11 

December 18 . 

December 25 . . . . 

J a n u a r y 1 . - . . . 

A v e r a g e 

Maxi­
mum. 

96.5 

98.2 

96.3 

95 0 

94 0 

93 0 

94 0 

98 0 I 

96 0 | 

95 5 ! 

94 5 ' 

94 0 

93 0 

93 0 

93 0 

93 0 j 

92 0 j 

92 0 ', 

93 0 

9? 0 i 

94 0 

94 4 ' 

M i n i ­
m u m . 

76.0 

85 0 
76.1 
84 0 

89 0 
89 1 
67 0 

| A v e r a g e of daily — 

i M a x i m a . Minima. 

74 0 

89 0 

86 0 

85 2 

85.5 

89 0 

86 5 

87 5 

84 0 

88 0 

87 0 

8b 0 

80 0 

86 0 

78 5 

90.0 i 

92 0 ] 

91.2 | 

91.0 I 
91 4 

92 0 

88.2 ' 

91 0 

93 2 

92 2 

91 4 • 

91 0 ' 

91.4 ' 

91.0 ! 

91 4 ! 

91 2 

91 0 

89 2 i 

89 2 

90 0 

91 0 

90 2 

95 6 

96.1 

95 0 

93 8 

93 1 

92 4 

92 9 

95 7 

94 8 , 

93 9 i 
93 3 \ 
92 5 . 

92 4 

92 4 , 

91 9 \ 
91 7 , 

91,5 j 

90 6 I 

90 9 ; 

91 1 ! 

i 
92 2 I 

93 2 i 

90 0 

86 0 

88 5 

91.0 

91 2 

80 0 

82.9 

91.2 

89 8 

89 9 

89 2 

90 1 

89 4 

89 9 

88 4 

90 0 

89.1 

87.9 

87 9 

87 7 

85 5 

T A B L E CXX.—Relative humidity for periods of four weeks from June, 1913, 
to January, 19If), in the mid'mountain forest on Mount Maquiling; 
altitude, 740 meters. 

f N u m b e r s g ive percentage of s a t u r a t i o n 1 

Four weeks ending— 

Janua ry 30 

F e b r u a r y 27 

M a r c h 27 
Apri l 24 

M a y 22 
J u n e 19 

J u l y 17 
A u g u s t 14 
September 13 .. 

October 9 
November 6 
December 4 

J a n u a r y 1 

A v e i a g e . 

A v e r a g e o f da i ly— 
M a x i ­
m u m 

M i n i ­
m u m 

85 0 

Mean 

91 7 

M a x i m a 

92 6 

M i n i m a 

94 5 

M i n i ­
m u m 

85 0 

Mean 

91 7 

M a x i m a 

92 6 89 5 

95 0 54 5 89.2 93 2 83.8 

95 6 55 0 88 9 93 3 80 5 

95 0 66 0 89 2 93 1 84 3 

96.0 62 2 88 4 93 5 77 7 

97 6 73 1 90 4 95 1 82 2 

99 2 74 0 90 8 93 7 86.9 

98 2 65 0 91 6 94.8 87.0 
97.0 76.1 91 2 93.8 88.0 

98 0 67.0 90 3 94 2 85.1 

95.5 71.6 91 5 93.2 88.6 
98 0 84 0 9 1 8 92 9 90.8 

95.5 80 0 90 7 92.1 

93 5 

89 7 

85 7 90 4 

92.1 

93 5 

89 7 

85 7 90 4 

92.1 

93 5 

89 7 

85 7 
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Periods of four weeks ending— 

Jc i30 Feb.ll NorflApntt MaySJunettJulyUtylt SeptII Oct 9 Nov6 DecA Jan I 

F I G 17. Relative humidity in midmountain forest; altitude, 740 meter*. 

http://Feb.ll
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The maxima, minima, means, and average daily maxima and 

minima for four-week periods are plotted in fig, 17. These 
curves are similar in form to those for the lower elevations, 
but are more irregular. 

HUMIDITY IN THE MOSSY FOREST 

As at lower elevations, a recording hygrometer was placed 
in the case wi th the recording thermometer in the mossy 
forest at the top of Mount Maquiling. This hygrometer re­
corded 100 per cent humidity for practically the entire period, 
and there would be months at a time when the records did not 

T A B L E CXXI.—Average daily maximum of relative humidity for periods of 
four weeks from May, 1918, to January, 1915, at different elevations 
on Mount Maquiling. 

[ N u m b o i s K'vc percentage of s a t u i a t i o n | 

indicate less than 100 per cent. This shows that the humidity 
at the top of the mountain was constantly high, but does not 
mean that the atmosphere under the forest was continually sat­
urated, as the top of the mountain is in the cloud belt. The 
clouds not only cause the hygrometer to register 100 per cent, 
but also wet the hairs of the instrument so that, before it can 
record a lower humidity, the hairs must dry out to some extent. 
As the rate of evaporation is very low, short periods during 
which the air is not saturated may pass, and the top of the 
mountain again becomes bathed in clouds before the hairs have 
dried out sufficiently to record a humidity of less than 100 
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FIG 18 Mean relative humidity under forest at different altitudes on Mount 
Maquihnpr 

per cent. The lowest humid i ty recorded by this ins t rument was 
91 per cent. This occurred on only one day, and on no other 
occasion was anyth ing l ike so low a humid i ty recorded. As the 
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TABLE CXXII.—Average daily minimum of relative humidity for periods 

of four weeks from May, 1913, to January, 1915, at different elevations 
on Mount Maquiling. 

[Numbers Rive percentage of saturation.] 
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records indicate a humidity of 100 per cent at almost all times 
and as they are inaccurate in the manner described, they are 
not presented, although they were taken for the entire period 
from October, 1912, to January, 1915. From the records we 
may conclude that the atmosphere under the forest is saturated 
or nearly saturated at almost all times. 

HUMIDITY AT DIFFERENT ELEVATIONS 

The average daily maxima, the average daily minima, and 
the mean humidities for four-week periods at the different ele­
vations are shown in Tables CXXI , C X X I I , and C X X I I I . The 
means are plotted in fig. 18. An examination of this figure 
shows that the curves for all the different elevations have the 

Elevation in meters 

FIG. 19 Average daily maxima and minima and mean relative humidity at different 
altitudes on Mount Maquiling 
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same general form. The difference between the dry and the wet 
seasons is very evident Table CXXIII shows that the mean 
humidity at elevations of from 300 to 740 meters is very 
much higher than at 80 meters, but that there is comparatively 
little difference under the forest at the different elevations. The 
difference between the mean humidity at 300 meters and that 
at 740 meters is only 0.7 per cent. In fig. 19 the average daily 
minima, average daily maxima, and means for the different ele­
vations are plotted for the entire period. This figure shows 

•very clearly that the mean humidity increases considerably 
between elevations of 80 and 300 meters, but that there is very 
little difference in the mean at different elevations in the vir­
gin forest up to 740 meters. The curve for the average daily 
minima shows an even greater difference between the humidity 
in the virgin forest and the humidity in the second-growth 
than does the curve for the mean. The average daily maxima 
are, however, not very different in the several cases. Humidity 
influences vegetation largely through its effect on evaporation, 
and so the discussion of the effect of humidity on vegetation 
will be deferred and given in connection with the discussion of 
evaporation. 



EVAPORATION 

Evaporation was measured by means of a Livingston rain-
correcting atmometer, and all readings were reduced to the 
standard used by Livingston.* This form of atmometer con­
sists essentially of a porous clay cup from which water is evap­
orated. The cup is so connected, by means of rubber stoppers 
and glass tubes, with a bottle containing water that the cup is 
kept constantly filled, the water that is evaporated from the 
moist surface being replaced by water from the bottle; while 
the backward flow of water from the cup is prevented by the 
insertion of a mercury valve. 

The rates of evaporation were measured at the different 
stations in the tops of trees; near the ground, both on ridges 
and in ravines; and in some cases in the open. In the dip-
terocarp and the midmountain forests measurements were also 
taken in second-story trees. When an atmometer was placed 
in the top of a tree the end of the main stem was cut off and 
the crown trimmed as described in the discussion on temper­
ature. An attempt was made to place these atmometers in such 
positions that they would be exposed to the same rates of evap­
oration as the upper surface of the crowns of the trees. To 
accomplish this exactly is very difficult, particularly as the trees 
are always growing and continual trimming is necessary. Va­
riations in the shape of the crowns of the trees in which the 
instruments were placed probably caused some irregularities in 
the readings, but the general consistency of the results in­
dicates that these were not serious. The glass bottles from 
which the atmometer cups obtained water were always inclosed 
in a perforated box, so that they might be screened from the 
direct action of sunlight. The cups which measured the rate 
of evaporation under the forest or in the open were placed 
about 25 centimeters above the soil surface. All cups were 
restandardized at frequent intervals. 

Readings of the rates of evaporation were begun in Novem­
ber, 1912, and continued until January 1, 1915. In nearly all 
cases the results represent the average readings from two evap-

* Livingston, B. E., Atmometry and the porous cup atmometer, Plant 
World (1915), 18, 21. 

296 
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orimeters and in some cases from more. A single evaporimeter 
was only used in ravines and in some cases near the ground 
under the trees. 

EVAPORATION IN THE PARANG 

A l l readings of evaporation in the parang were made weekly 
until July, 1913. Thereafter evaporation was measured daily 
in the top of a fairly tall second-growth tree, under the second-
growth forest, in the lawn at the forest station, at the top of 
a small patch of Saccharum,, and near the ground under the 
Saccharum. The atmometers at the top of the Saccharum were 
so placed as to give them the same exposure as that to which 
the tips of the leaves of the grass were subjected. As no 
such complete series of daily measurements of evaporation in 
the tropics are available, it has been thought worth while to 
give these readings in full , and they are presented in Table 
CXXIV. The measurements extend from July 1, 1913, to Jan­
uary 1, 1915. There were some days when it was impossible 
to take readings and these appear in the table as blanks, the 
evaporation for the following day being the summation for two 
days. In order that these figures may be considered conve­
niently, they are presented in a series of tables in the form of 
average daily rates, and maximum and minimum rates for 
corresponding four-week periods for the entire time. Such 
data for the top of the second-growth tree and the lawn are 
given in Table CXXV. The average daily evaporation for the 
entire period in the top of the tall tree was 21.1 cubic centime­
ters; the maximum, 51 cubic centimeters; and the minimum, 
0.0. Zero readings appear in this table for the four-week 
periods ending July 17, September 11, and December 4. Refer­
ence to Table CXXIV wil l show that no evaporation was re­
corded on November 20, 1913; June 20, 1914; and September 
4, 1914. The absence of any recorded evaporation on these 
days was due to periods of very rainy weather. 

The average daily evaporation on the lawn was 19.7 cubic 
centimeters, or very little less than in the top of the second-
growth tree. The atmometer in the lawn was, however, at the 
top of a small ridge and was about as fully exposed to the 
action of sun and wind as was the one in the top of the second-
growth tree. The maximum in the lawn was 52.1 cubic centi­
meters, which is slightly greater than the maximum in the 
top of the second-growth tree. The minimum in the lawn was 
0.0. On the same days on which no evaporation was recorded 
in the top of the second-growth tree the atmometer in the 
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T A B L E CXXIV.—Average daily evaporation in different situations near the 
base of Mount Maquiling; altitude, 80 meters, 

[Numbers give evaporation in cubic centimeters from a Livingston atmometer ] 
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T A B L E CXXIV.—Average daily evaporation in different situations near the 
base of Mount Maquiling; altitude, 80 meters—Continued, 
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T A B L E CXXIV.—Average daily evaporation in different situations near the 
base of Mount Maquiling; altitude, 80 meters—Continued. 
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T A B L E CXXIV.—Average daily evaporation in different situations near the 

base of Mount Maquiling; altitude, 80 meters—Continued. 
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TABLE CXXIV.—Average daily evaporation in different situations near the 
base of Mount Maqailing; altitude, 80 meters—Continued. 
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TABLE CXXIV.—Average daily evaporation in different situations near the 

base of Mount Maquiling; altitude, 80 meters—Continued. 

In small patch of 
Sacharum. 
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TABLE CXXIV.—Average daily evaporation in different situations near the 
base of Mount Maquiling; altitude, 80 meters—Continued. 
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T A B L E CXXIV.—Average daily evaporation in different situations near the 

base of Mount Maquiling; altitude, 80 meters—Continued. 
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T A B L E CXXIV.—Average daily evaporation in different situations near the 
base of Mount Maquiling; altitude, 80 meters—Continued. 
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T A B L E CXXIV.—Average daily evaporation in different situations near the 

base of Mount Maquiling; altitude, 80 meters—Continued. 
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T A B L E CXXIV.—Average daily evaporation in different situations near the 
base of Mount Maquiling; altitude, 80 meters—Continued. 
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T A B L E CXXIV.—Average daily evaporation in different situations near the 

base of Mount Maquiling; altitude, 80 meters—Continued. 

lawn showed no evaporation. On October 12, 1913, when there 
was an evaporation of 1.8 cubic centimeters in the top of the 
second-growth tree, there was no evaporation from the instru­
ment in the lawn. 

From Table CXXV i t wil l be seen very clearly that the 
highest average rates of evaporation occur during the dry sea­
son. The highest average rates for four-week periods occurred 
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TABLE CXXV.—Daily evaporation for periods of four weeks from July, 
1913, to January, 1915, in different situations near the base of Mount 
Maquiling; altitude, 80 meters. 

[Numbers give evaporation in cubic centimeters from a Livingston atmometer.] 

January 30. . 
February 27. . . 
March 27 . 
April 24. . 
May22 
June 19 . 
July 17 . . . . 
August 14 — 
September 11 
October 9 

I November 6 
December 4. . .. 

, January l . . _ 
Average,.. , 

between January 30 and June 19, and particularly during March, 
Apri l , and May. After June the rates were very much lower 
than during the dry season and reached the minimum in De­
cember. The high rates in the dry season are probably the 
result of the combined action of intense light, low humidity, 
and high wind velocity; while the lowest rates occur at the 
time when the temperature is lowest and the humidity greatest. 
The highest minimum daily rates also occur in the dry season; 
and the lowest, during the latter part of the year. The maxi­
mum daily rates, however, bear no such relation to the alter­
nating dry and wet seasons as do the average and the minimum 
rates. The absolute maximum in both cases occurred during the 
last week of August, 1914, which is during the middle of the 
rainy season. Moreover, the maximum daily rates in the top of 
the tree for the four weeks ending July 17, August 14, and Sep­tember 11, respectively, are all higher than any of the maximum rates for the dry season. These high rates were observed to be coincident with high wind velocity during typhoon periods, when there was little or no rain. Despite the fact that these very high rates are found during the rainy or typhoon season, the average rates at this time are much lower than during the dry season. 
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T A B L E CXXVI .—Dai ly evaporation for periods of four weeks from July, 

1918, to January, 1915, near the ground under the second-growth forest 
near the base of Mount Maquiling; altitude, 80 meters. 

[Numbers give evaporation in cubic centimeters from a Livingston atmometer ] 

The rates of evaporation under the second-growth trees are. 
given in Table C X X V I . I t wi l l be seen that the average daily 
evaporation is 6.6 cubic centimeters, which is only 31 per cent 
of the rate in the top of the tree. The maximum daily evap­
oration was 23 cubic centimeters, which is less than half the 
maximum rate either in the top of the second-story tree or in 
the lawn. The minimum rate was 0.0 and occurred during all 
the four-week periods beginning with the one ending June 19 
and terminating wi th that ending January 1. The maximum 
daily evaporation occurred in the dry season and not in the rainy, 
as did the maximum in the second-growth tree and in the lawn. 
This is very probably due to the fact that the atmometer under 
the trees was protected to a considerable extent from the winds 
that caused these very high rates in the other two situations. 
The highest average and the highest maximum and minimum 
under the trees are all found to occur during the dry season 
when humidity is lowest. 

The rates of evaporation for a small grass area are given in 
Table CXXVI1. The average daily evaporation in the top of 
the grass was 13.5 cubic centimeters. This indicates that the 
tops of the grass cut down the evaporation found in the lawn 
by 31 per cent. The maximum at the top of the grass was 
31.4 cubic centimeters and the minimum, as might be expected, 
0.0. The average daily evaporation under the grass was 4 
cubic centimeters, which is 61 per cent of that under the forest 
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and 19 per cent of that in the top of the second-growth tree. 
That the rate under the grass is less than under the trees is 
probably due to the fact that the grass lessened the movement 
of the wind more than did the second-growth forest. The 
maximum under the grass was 16.8 cubic centimeters, and the 
minimum, 0.0. 

T A B L E C X X V I I . — D a i l y evaporation for periods of four weeks from July, 
1913, to January, 1915, in a small patch of Saccharum near the base 
of Mount Maquiling; altitude, 80 meters. 

[Numbers Rive evaporation in cubic'centimeters from a Livingston atmometer.] 

In addition to daily readings the rate of evaporation was 
also measured weekly in the top of the second-growth tree 
and under the second-growth forest from November 22, 1912, 
until July, 1913. Weekly readings were also taken in the crown 
of a second-growth tree, at the top of a large area of Saccharum 
spontaneum, and near the ground under the Saccharum. 

The weekly results in these five situations for the period from 
November 22, 1912, to January 1, 1915, are given in Table 
C X X V I I I , and summarized for corresponding four-week pe­
riods in Table CXXIX. The average rate of evaporation in 
the top of the second-growth tree for the entire period is very 
similar to that for the shorter period previously discussed. 
Near the ground under the second-growth forest the rate of evap­
oration for the longer period was slightly lower than for the 
shorter one. The rate in the crown of the second-growth tree 
was intermediate between that under the forest and that in the 
top of the tree, but was much nearer the rate under the tree 
than that in the top. The average daily rate in the top of the tree 
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TABLE CXXVII I .—Average daily evaporation for weekly periods in dif­

ferent situations near the base of Mount Maquiling; altitude, about 
100 meters. 

[Numbers give evaporation in cubic centimeters f rom a Livingston atmometer.] 
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TABLE CXXVIII.—Average daily evaporation for weekly periods in dif-
ferent situations near the base of Mount Maquiling; altitude, about 
100 meters—Continued. 



EVAPORATION 315 
T A B L E CXXVII I .—Average daily evaporation for weekly periods in dif­

ferent situations near the base of Mount Maquiling; altitude, about 
100 meters—Continued. 

1914. 

A u g u s t 7 

A u g u s t 14 . 

A u f T U 8 t 2 l 

A u g u s t 28 

September 4 . . . 

September 11 

September 1 8 . 

September 25 . . . . . 

October 2 _. 

October 9 

October 16 . . . _ 

October 23 

October 30 

| November 6 . 

November 13 

I November 20 

November 27__. . -

December 4 . . . . . 

December 11 ., 

December 18 
1 December 25 

1915 

January I _ .. 

was 21.6 cubic centimeters; in the crown of the second-growth tree, 9.2 cubic centimeters; and under the forest, 5.8 cubic centi­meters. The rates of evaporation in the large grass area are very similar to those in the smaller area. The average daily rate at the top of the grass in the large area was 12.1 cubic centimeters, and in the smaller, 13.5 cubic centimeters. This difference may be accounted for by the fact that the grass in the smaller area did not interfere as much wi th the wind move­ment as did the grass in the large space. The rates under the grass are practically the same in the two cases, being 4 cubic centimeters in the small patch and 3.9 cubic centimeters in the large one. Yapp * measured the rate of evaporation at different eleva-* Yapp, R. H . , On stratification in the vegetation of a marsh, and i ts relations to evaporation and temperature, Ann. Bot. (1909), 23, 275-319. 
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tions in a sedge marsh and found that above the sedge it was 
more than fifteen times that in the lowest stratum. 

T A B L E CXXIX.—Average daily evaporation for periods of four weeks from 
November, 1912, to January, 1915, in different sittiations near the base 
of Mount Maquiling; altitude, about 100 meters. 

[ N u m b e r s Rive e v a p o r a t i o n in cubic cen t imete r s f r o m a L i v i n g s t o n a t m o m e t e r ] 

Dachnowski * has measured the rates of evaporation at dif­
ferent heights in an Ohio bog and found that the evaporation at 
5 feet above the ground was twice that at 3 inches above the 
soil. 

SherfT f observed similar conditions in a bog in Illinois, where 
he found that evaporation was ten times as great 175 centi­
meters above the soil as at its surface. 

Dachnowski's figures for evaporation near the ground and at 
greater heights do not differ so much as do those in the grass 
areas on Mount Maquiling, but the differences found by Sherff 
and Yapp are greater than those at the base of Mount Ma­
quiling. This may well be due to the fact that the substrata 
are moister in the marsh and bog than in the grass area. 

In fig. 20 are plotted the rates of evaporation for four-week 
periods at the top of the second-growth tree, in the crown of 

* Dachnowski, A . , The vegetation of Cranberry Island (Ohio) and its 
relations to the substratum, temperature, and evaporation. I I , Bot. Gaz. 
(1911), 52, 126-150. 

† Sherff, E. E., Evaporation conditions at Skokie marsh, Plant World 
(1913), 16, 154-160. 
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FIG 20. Averatre daily evaporation in different situations near the base of Mount 
M a q u i l i n g ; altitude, about 100 meters 

the second-growth tree, under the second-growth tree, at the top 
of the grass, and under the grass. A l l of these curves have 
approximately the same form and show clearly the high rate of 
evaporation during the dry season. After the dry season, which 
is most pronounced during March and Apr i l , there was a rapid 
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fall in the rate of evaporation until the four-week period ending 
July 18, after which there was a slight rise followed by another 
fall, the lowest rate in every case occurring during the four 
weeks ending January 2. The greater difference between the 
rate in the top of the tree and that in the tree than between 
the rate in the tree and that under the trees is emphasized. 
At the top of the grass, as might be expected, the rate during 
every period is shown to be next to that in the top of the tree. 
The rate for every period is less under the grass than under the 
trees. 

Table CXXX gives the weekly evaporation in the lawn and on 
the bare ground in an area that was slightly protected from 
wind by surrounding trees and a low ridge. The results are 
summarized in Table C X X X I . The average daily evaporation 

TABLE CXXX.—Average daily evaporation for weekly periods, about 25 
centimeters above the ground, near the bane of Mount Maquiling; alti­
tude, 80 meters. 

[ N u m b e r s g ive evapora t ion in cubic cen t ime te in f r o m a L i v i n g s t o n a l m o m e l e r | 
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T A B L E CXXX.—Average daily evaporation for weekly periods, about 25 

centimeters above the ground, near the base of Mount Maquiling; alti­
tude, 80 meters—Continued. 

TABLE CXXXI.—Average daily evaporation for periods of four weeks from 
April, 1913, to January, 1915, in the open, about 25 centimeters above 
the ground, near the base of Mount Maquiling; altitude, 80 meters. 

I N u m b e r s g i v e e v a p o r a t i o n in cubic cen t imete rs f r o m a L i v i n g s t o n a tmome te r 1 

in the lawn for the entire period was 19.7 cubic centimeters, 
and on the bare ground in a sheltered area, 14.7 cubic centi­
meters. In this table, as in other previous tables, it wi l l be 
noticed that the highest average rates of evaporation occur in 
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the dry season, from March to June; and the lowest in Decem­
ber, when the humidity is high and the temperature low. 

As the canopy of the second-growth,forest varies greatly in 
different places, it was thought advisable to measure the rate 
in several different situations. Readings were made weekly 
at three sites under the second-growth forest. The results are 
given in Table C X X X I I . Evaporation was also measured in a 

T A B L E CXXXII .—Average daily evaporation for weekly periods under trees 
near the base of Mount Maquiling; altitude, about 100 meters. 

[Numbers give evaporation in cubic centimeters from a Livingston atmometer.] 
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T A B L E CXXXII .—Average daily evaporation for weekly periods under trees 

near the base of Mount Maqniling; altitude, about 100 meters—Cont. 

159549 21 



ravine under a badly culled forest at the lower edge of the dip-
terocarp forest at an elevation of approximately 100 meters. 
The results of these measurements are also given in Table 
C X X X I I . The figures in Table C X X X I I are summarized in Ta­
ble C X X X I I I . An examination of Table C X X X I I shows that 
from week to week there were considerable variations in the 
rates at different situations under the second-growth forest; 
but Table C X X X I I I shows that the average daily rates for the 
entire period are very similar, being in the different cases 6.3 
cubic centimeters, 7.1 cubic centimeters, and 6 cubic centimeters. 
Evaporation in the ravine was considerably lower, the average 
daily rate for the entire period being only 3.3 cubic centimeters. 

A l l the grass areas previously discussed, except the lawn, 
were covered with Saccharum. Weekly measurements were al­
so made of the evaporation at the top of the grass in a large 
patch of Imperata exaltata, beginning Apr i l 11, 1913, and extend­
ing to January 1, 1915. The results are so similar to those from 
the large patch of Saccharum that they have not been presented 
in detail; but in Table C X X X I V the rates of evaporation in 
the tall-grass areas are brought together for the sake of compar­
ison. I n this table i t w i l l be seen that the average daily rate 
of evaporation in the large area of Imperata was 12.7 cubic 
centimeters, and in the large patch of Saccharum, 12.1 cubic 
centimeters. This table shows, as do the previous tables, that 
the highest rate of evaporation occurred between March and 
June, and the lowest, in December. 

It is very striking that neither the highest average humidity 
nor the lowest average rate of evaporation occurred during the-
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TABLE CXXXII.—Average daily evaporation for weekly periods under trees 
near the base of Mount Maquiling; altitude, about 100 meters—Cont. 
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T A B L E C X X X I I I . — A v e r a g e daily evaporation for periods of four weeks 
from April, 1913, to January, 1915, under trees near the base of Mount 
Maquiling; altitude, 100 meters. 

[ N u m b e r s g ive e v a p o r a t i o n i n cubic cen t imete rs f r o m a L i v i n g s t o n a t m o m e t e r . ] 
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rainy months from July to September, but occurred instead dur­
ing the months of November, December, and January, when 
temperature and light intensity were lowest. During the dry 
season the intense illumination, high temperature, low humid­
ity, and great wind velocity all combine to increase evaporation; 
and the effect is seen very clearly in all the tables in which evap­
oration is recorded. During the latter part of the year the 
temperature is low, and the humidity is high, while the wind 
velocity is not usually great; also, the light is less intense than 
at any other time except for limited periods during the rainy 
season. A l l these factors combined produce a low rate of evap­
oration and appear to be more influential in this respect than 
are the large amounts of rain that fall between the months of 
June and September. 

EVAPORATION IN THE DIPTEROCARP FOREST AT 800 METERS' 
ELEVATION 

In the dipterocarp forest evaporation was measured in the 
top of a dominant Parashorea; in the crown of a second-story 
tree, Dillenia philip/pine?isis; near the ground on a forested 
ridge; and in a ravine under the forest. In the last case the 
instrument, as previously mentioned, was placed on the bank of 
Molauin River at an elevation of about 300 meters and at some 
little distance from the other instruments. The results of the 
weekly readings between October, 1912, and January 1, 1915, 
are given in Table CXXXV and are summarized for correspond-

' T A B L E C X X X V — A v e r a g e daily evaporation for weekly periods in different 
situations in the dipteroearp forest on Mount Maqmlvng; altitude, 300 
meters. 

I N u m t i c i s give evapo ta t io t i in cubic cen t ime te i s f r o m a L i v i n g b t o n a t m o m e t e r ] 
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TABLE CXXXV.—Average daily evaporation for weekly periods in different 
situations in the dipterocarp forest on Mount Maquiling; altitude, 300 
meters—Continued. 
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TABLE CXXXV —-Average daily evaporation for weekly periods in different 
situations in the dipterocarp forest on Mount Maquiling; altitude, 300 
meters—Continued. 
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T A B L E CXXXV.—Average daily evaporation for weekly periods in different 
situations in the dipterocarp forest on Mount Maquiling; altitude, 800 
meters—Continued. 
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averages from several The figures in Table C X X X V I are 
plotted in fig. 21. From Table C X X X V I i t wi l l be seen that 
the average daily evaporation in the top of the dominant tree 
was 16.4 cubic centimeters, which is somewhat lower than in the 
top of the second-growth tree at an elevation of 80 meters, where 
the average was 21.6 cubic centimeters. The daily rate of evap­
oration in the crown of the second-story tree was very consid­
erably lower, being 5.3 cubic centimeters, or 32 per cent of that 
in the top of the dominant tree. On the ground under the 
forest it was lower still , being 2.7 cubic centimeters, or 16 per 
cent of the amount in the top of the dominant tree. The evap­
oration in the ravine was even lower than near the ground 
on a ridge, being only 1.5 cubic centimeters, or 9 per cent of 
that in the top of the dominant tree. I t wi l l thus be seen that 
the rate of evaporation varies greatly in different situations 
within the dipterocarp forest, being about eleven times as great 
in the top of the dominant tree as in the ravine. The differ­
ences in the rates of evaporation in the different situations are 
shown very clearly in fig. 21. The curves for the dipterocarp 
forest show the same general character as do those for the pa­
rang, the lowest rate, except in the case of the dominant tree, 
occurring during the four weeks ending January 2. In the dom­
inant tree the rate for this period was slightly higher than for 
that ending January 31. 

The maximum daily evaporation for any one-week period 
in the top of the dominant tree was 41.9 cubic centimeters, and 
the minimum, 5.1. In the second-story tree the maximum was 
12.3 cubic centimeters, and the minimum, 0.6. Near the ground 
on the ridge the maximum was 8.1 cubic centimeters, and in 
the ravine, 6.4. The minimum in the last two cases was 0.0. 

It is interesting to note that the greatest amount of epiphytic 
vegetation occurs in the tops of the trees, where the rate of evap­
oration is high. These epiphytes being on the larger branches 
are of course not exposed to so high a rate of evaporation 
as is the uppermost portion of the dominant canopy, but they 
are exposed to rates that are higher than those at lower levels 
in the forest. These epiphytes are for the most part provided 
with water-storage tissue, and all have leathery, xerophytic 
leaves. They are thus constituted to stand the high rates of 
evaporation, while they are exposed advantageously for the re­
ception of light and rain. The absence of phanerogamic epi­
phytes at lower levels in the forest is probably connected to a 
large extent wi th the decreased light intensity in these situations. 
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Though the evaporation rates appear to be fairly low under 
the forest, they do not seem, as w i l l be shown later, to be 
low enough for the development there of a thick covering of 
mosslike plants. The atmosphere in this forest is probably 
rarely saturated wi th moisture, and the absence of clouds from 
which water would be condensed on mosslike plants is probably 
as important as evaporation in preventing the development of 
a thick covering of such plants. Epiphytes on the trunks of the 
trees are very scarce in this forest. 

T A B L E CXXXVII .—Average daily evaporation for weekly periods in dif­
ferent situations in the diptcrocarp forest on Mount Maquiling; altitude, 
450 meters. 

N u m b e i s give evapo ra t i on in cubic cen t imeters f r o m a L i v i n g s l o n a tmome te r ] 
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TABLE CXXXVII .—Average daily evaporation for weekly periods tn dif­

ferent situations in the diptcrocarp forest on Mount Maquiling; altitude, 
450 meters.—Continued. 
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EVAPORATION IN T H E DIPTEROCARP FOREST AT 450 METERS' 

ELEVATION 

The rates of evaporation at an altitude of 450 meters were 
recorded in the top of a dominant tree; in the crown of a second-
story tree; under the forest on the top and at the side 
of a ridge; also near the ground in the center of a clearing 
made by removing the trees from the plot used for detailed 
measurements of vegetation at this elevation. Readings were 
begun in August, 1913, and continued until January, 1915. The 
weekly results are presented in Table C X X X V I I and are sum­
marized in Table C X X X V I I I for corresponding four-week pe­
riods. The rates of evaporation for four-week periods in dif­
ferent situations are shown graphically in fig. 22. In the top 
of the dominant tree the daily rates are somewhat lower than 

T A B L E C X X X V I I I . — A v e r a g e daily evaporation for periods of four weeks 
from August, 1913, to January, 1915, in different situations in the 
dipterocarp forest on Mount Maquiling; altitude, 450 meters. 

\Numbers give evaporation in cubic centimeters from a Livingston atmometet 

at 300 meters' elevation, averaging 14.7 cubic centimeters at 450 
meters and 16.4 at 300. The instrument in the second-story 
tree was near the top of the crown and in a rather exposed po­
sition. It showed a daily rate of evaporation of 6.9 cubic cen­
timeters, which is 1.6 cubic centimeters more than the rate in 
the second-story tree at 300 meters' elevation. This difference is 
due to the position of the instruments in the two cases, as at 300 



EVAPORATION 333 

meters the atmometer was placed in the center of the crown 
under a dense canopy. An examination of Table C X X X V I I 
shows that the rate near the ground on the top and at the 
side of the ridge varied considerably from week to week. The 
same difference is also evident in the four-week periods given 
in Table C X X X V I I I . The average daily rates for the entire 
period are very similar, however, being 3.4 cubic centimeters 
in one case and 3.3 in the other. Both of these averages are 
higher than the average rate near the ground at 300 meters' 
elevation. The difference is probably due to exposure, as the 
station at 450 meters' elevation was on a sloping ridge, while 
that at 300 meters' elevation was on more even ground. More­
over, the ridge at 450 meters was more exposed than that at 
300 meters. At 450 meters the evaporation near the ground was 
23 per cent of that in the top of the tree. The evaporation 
near the ground in the open was less than half that in the 
top of the dominant tree. This at first might seem strange, 
particularly in view of the fact that at 80 meters' elevation the 
rate of evaporation in the lawn was only very slightly less 
than that in the top of the second-growth tree. However, al­
though the clearing at 450 meters was on a ridge, in an open 
situation, so that the surrounding country could be seen from 
the place where the atmometer was located, it is still probable 
that the instrument was not so much exposed to the action of 
the wind as was that in the top of the tree. The differences in 
the rates of evaporation in the different situations are brought 
out very clearly in fig. 22. From the curves in this figure it 
wil l be seen that the lowest rate of evaporation occurred in every 
case during the period ending January 1. The similarity in 
the rates of evaporation under the forest on the top and at the 
side of the ridge is shown clearly. Moreover, these curves show 
that the rates near the ground in the open and in the top of the 
second-story tree were not very different, while the rate was 
much higher in the top of the dominant tree than in any other 
situation. 

The maximum daily evaporation in the top of the dominant 
tree for a one-week period was 25.2 cubic centimeters, and 
the minimum, 3.5 cubic centimeters. Near the ground on the 
ridge the maximum was 10.0 cubic centimeters, and the mini­
mum, 0.3. Near the ground on the side of the ridge the maxi­
mum was 7.8 cubic centimeters, and the minimum, 0.3. Near 
the ground in the open the maximum was 14.6 cubic centi­
meters, and the minimum, 0.9. 
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EVAPORATION IN T H E MIDMOUNTAIN FOREST AT 740 
METERS' ELEVATION 

The rates of evaporation at this elevation were recorded in 
the top of a dominant tree, in the crown of a second-story tree, 
near the ground under the forest, and under the forest in a 
ravine at the side of a ridge. The weekly readings from No­
vember, 1912, to January 1, 1915, are given in Table C X X X I X 

T A B L E CXXXIX.—Average daily evaporation for weekly periods in dif­
ferent situations in the midmountatn forest on Mount Maquiling; 
altitude, 740 meters. 

[ N u m b e i s give evapora t ion in cubic cent imeters f r o m a L i v i n g s t o n a tmometer ] 
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TABLE CXXXIX.—Average daily evaporation for weekly periods in dif­
ferent situations in the midmountain forest on Mount Maquiling; 
altitude, 740 meters—Continued. 
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T A B L E CXXXIX.—Average daily evaporation for weekly periods in dif­

ferent situations in the midmountain forest on Mount Maquiling; 
altitude, 740 meters—Continued. 

and are summarized for corresponding four-week periods in 
Table CXL. The rates were very much lower at this eleva­
tion than in the dipterocarp forest. The average daily rate in 
the top of the dominant tree was 7.2 cubic centimeters, which 
is 49 per cent of that in the top of the tree at an elevation of 
450 meters, and 44 per cent of that at 300 meters* elevation. 
In this forest the atmometer in the second-story tree was placed 
in the lower part of the crown of a Dillenia reifferscheidia. 
In spite of the fact that the atmometer in the second-story 

159549 22 
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TABLE CXL.—Average daily evaporation for periods of four weeks from 
November, 1912, to January, 1915, in different situations in the mid-
mountain forest on Mount Maquiling; altitude, 740 meters. 

[ N u m b e r s g i v e evapora t ion in cubic cen t imeters f r o m a L i v i n g s t o n a t m o m e t e r ] 

tree was in the lower portion of the crown, there was nothing 
like so great a difference here between the rate in the second-
story tree and that in the top of the dominant tree as there 
was at lower elevations. This would seem to be very evidently 
connected with the more open character of the canopy in the 
midmountain forest. The average daily rate for the entire 
period in the second-story tree was 4.9 cubic centimeters, which 
is 68 per cent of that in the top of the dominant tree. The 
average daily rate near the ground under the forest was 2 cubic 
centimeters, or 28 per cent of that in the top of the dominant 
tree. At an elevation of 300 meters the rate on the ground 
was 16 per cent of that in the top of the dominant tree, and 
at 450 meters it was 23 per cent. The rate in the ravine was 
much less than that near the ground on the top of the ridge. 
In the ravine the average daily rate was 0.7 cubic centimeter, 
which is 35 per cent of that on the ridge and 10 per cent of 
that in the top of the dominant tree. The rates of evaporation 
under the forest are considerably less than those in similar 
situations at lower elevations. This probably accounts in large 
part for the greater development of epiphytes, particularly cryp-
togamic ones, on the trunks of the trees in the midmountain 
forest than in the dipterocarp forest. Fogs, which are of more 
frequent occurrence here than at lower altitudes, may be a con­
tributing factor. 
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The rates of evaporation for four-week periods in the dif­
ferent situations are plotted in fig. 23. A comparison of this 
curve with the curves for lower elevations emphasizes the fact 
that the difference between the rates of evaporation in the top 
of a dominant tree and those in the second-story tree is not so 
great as at lower altitudes. These curves, like those for lower al­
titudes, show very strikingly the high rates of evaporation 
during the dry season. In this case the high rates were partic­
ularly marked in Apr i l and May. A second or lower maxi­
mum is shown even more strikingly than at lower elevations. 
In the midmountain forest the second maximum is very defi­
nite for the period ending October 10. Al l the curves show 
a lower rate during the rainy season than either immediately 
before or immediately after i t . In every case the lowest average 
minimum for a four-week period occurs during the period end­
ing January 2. 

The maximum daily evaporation for a one-week period in 
the top of the dominant tree was 16.7 cubic centimeters, and 
the minimum, 0.3. 

In the second-story tree the maximum was 11.6 cubic centi­
meters, and the minimum, 0.1. Near the ground under the 
forest the maximum was 6.2 cubic centimeters, and in the ra­
vine, 4.1. In both of the last situations the minimum was 0.0. 

EVAPORATION IN THE MOSSY FOREST 

In the mossy forest evaporation was measured at the sum­
mit of the east peak on Mount Maquiling for the period from 
October, 1912, to January, 1915. Atmometers were placed in 
the top of a dominant tree, in the crown of a dominant tree, 
near the ground under the forest, in a shallow ravine near 
the summit of the peak, and also on a pole the top of which 
was at about the level of the forest. The weekly readings of 
these atmometers are given in Table CXLI and are summarized 
for corresponding four-week periods for the entire time in 
Table C X L I I . 

The maximum daily rates for a one-week period were: in 
the top of the dominant tree, 21.6 cubic centimeters; on the 
pole, 14.4; near the ground under the forest, 2.5; in the ravine, 
1.9; and in the crown of a dominant tree, 4.7. In all cases the 
minimum was 0.0. 

An examination of Table C X L I I shows that, while the rates 
in the top of the tree and on the pole varied from time to 
time, the average rate for the entire period was very similar 
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FIG 23. Average daily rate of evaporation in different situations in 
the midmountain forest, Mount Maquiling, altitude, 740 meters 
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TABLE CXLI.—Average daily evaporation for weekly periods in different 

situations in the mossy forest at the top of Mount Maquiling; altitude, 
1,050 meters. 

[ N u m b e r s g ive evapora t ion i n cubic cent imeters f r o m a L i v i n g s t o n a t m o m e t e r . ] 
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T A B L E CXLI.—Average daily evaporation for weekly periods in different 
situations in the mossy forest at the top of Mount Maquiling; altitude, 
1,050 meters—Continued. 
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T A B L E CXLI.—Average daily evaporation for weekly periods in different 

situations in the mossy forest at the top of Mount Maguiling1; altitude, 
1,050 meters—'Continued. 

in the two cases. In the top of the dominant tree the average 
daily rate was 5.3 cubic centimeters, and on the pole, 5.4. 
These two situations may very well be taken to represent read­
ings in two different places in the main canopy. 

The average daily evaporation in the top of the dominant 
tree, 5.3 cubic centimeters, was 1.9 less than in the midmoun-
tain forest. The rate in the crown of the dominant tree was 
very much lower than in the top of the tree and approached 
the rate on the ground. The average daily rate in the crown 
of the dominant tree was 0.6 cubic centimeter, which is only 
11 per cent of that in the top of the dominant tree. This dif­
ference is greater than that between the rate of evaporation in 
the top of the dominant tree and the rate in the second-story 
tree at any of the lower elevations. 

The average daily evaporation near the ground was 0.4 cu-
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TABLE CXLII.—Average daily evaporation for periods of four weeks from 
November, 1912, to January, 1915, in different situations in the mossy 
forest at the top of Mount Maquiling; altitude, 1,050 meters. 
[Numbers give evaporation in cubic centimeters from a Livingston atmometer.] 

bic centimeter, which is only 8 per cent of that in the top of 
the dominant tree. This difference between the rate near the 
ground and that in the top of the dominant tree is very much 
greater than at lower elevations. In the ravine the average 
daily evaporation was still lower, being only 0.3 cubic centimeter, 
or 6 per cent of what it was in the top of the dominant 
tree. The low rates of evaporation in the crown of the tree 
and near the ground, as compared wi th those in the top of 
the dominant tree, would seem to be sufficient to explain the 
presence of the dense covering of filmy ferns, liverworts, and 
delicate mosses on the trunks of the trees and their much less 
abundance on exposed branches and leaves. An examination 
of Table CXLI shows that there were many weeks during which 
no evaporation was recorded in the crown of the dominant 
tree, near the ground, or in the ravine. Beginning with Oc­
tober 17, 1913, there were eight consecutive weeks when there 
was no evaporation near the ground under the forest, while 
in a number of other cases there was no evaporation for con­
siderable periods. The rates of evaporation in the various situa­
tions are plotted for four-week periods in fig. 24. The great 
difference between the rates in the top of the trees and those 
in the other situations is shown very clearly. The variations 
in the seasonal rates are similar to those for lower elevations. 
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FIG. 24 Average daily rate of evaporation in different situations in mossy forest, 
Mount Maquiling; altitude, 1,050 meters 
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EVAPORATION AT DIFFERENT ELEVATIONS 

For convenience in comparing the rates of evaporation at 
different elevations, the average daily rates in the tops of the 
trees at these different elevations are brought together for four-
week periods in Table C X L I I I and are plotted in fig. 25. The 

Periods of four weeks ending— 

Jan 31 Feb.28 Mar28 Apr 25May 13 June20 July 18 Aug 15 5ept12 Oct 10 Nov. 7 Dec. 5 Jan2 

F I G 25. Average daily rate of evaporation in the tops of dominant trees at different 
altitudes on Mount Maquiling. 

rates near the ground are treated in a similar manner in Table 
CXLIV and fig. 26. An examination of fig. 25 shows that the 
curves for seasonal variations at different altitudes have very 
similar forms, which would indicate that these variations 
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F I G 26. Average daily rate of evaporation under the forest at different 
altitudets on Mount Maqui l ing. 
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TABLE CXLIII.—Average daily evaporation for periods of four weeks in 
tops of'dominant trees from October, 1912, to January, 1915, at differ­
ent elevations on Mount Maquiling. 

[Numbers give evaporation in cubic centimeters from a Livingston atmometer.] 

are brought about by similar sets of factors in the different 
situations. It has been previously noted that the curves for 
rainfall, temperature, humidity, and light all show similar 
variations at different altitudes. Table C X L I I I and fig. 25 show 
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very clearly that the average rates of evaporation decrease with 
rising elevations. This decrease in the rate of evaporation, 
accompanied by an increase in the moisture content of the soil, 
would certainly be sufficient to account for the greater develop­
ment of herbaceous vegetation as higher elevations are reached. 
Likewise the decrease in evaporation, accompanied by the greater 
cloudiness, should account for the greater development of crypto-
gamic epiphytes at higher elevations. 

An examination of Table CXLIV shows that the rate of 
evaporation near the ground under the forest also decreases 
steadily wi th increasing altitudes. A comparison of fig. 26 
with fig. 25 shows that the rates vary in much the same way 
under the trees as in the tops of the trees. The difference in 
rates of evaporation at different elevations was relatively greater 
near the ground than in the tops of the trees, as wi l l be seen by 
a comparison of Tables C X L I I I and CXLIV. The rate in the 
tops of the trees in the mossy forest was 25 per cent of that in the 
top of the second-growth tree at the base, while the rate near 
the ground under the mossy forest was only 7 per .cent of that 
under the second-growth trees at an elevation of 80 meters. 
The evaporation at the top of the trees in the mossy forest was 
32 per cent of that in the dipterocarp forest at an elevation of 
300 meters, while the rate near the ground in the mossy forest 
was 12 per cent of that near the ground in the dipterocarp forest 
at an elevation of 450 meters. 

Shreve * repeatedly emphasizes the fact that in the rain 
forests of the Blue Mountains in Jamaica xerophytes and ex­
treme hygrophytes may live together in the closest proximity. 
This is also more or less true of the vegetation at all altitudes 
on Maquiling. In the grass areas at the base a delicate Riccia 
and a Selaginella live on ground that is covered by coarse grasses. 
In the dipterocarp forest mesophytic ferns are found in the 
ravines, and very xerophytic epiphytes grow in the tops of the 
trees. In the midmountain forest the xerophytes again occur 
in the trees, and delicate, filmy ferns and liverworts in ravines. 
In the mossy forest orchids of xerophytic appearance are found 
near the tops of the branches, and filmy ferns, liverworts, and 
mosses on the trunks. 

If we examine the rates of evaporation in the tops of the 
trees and in situations near the ground under the forest, it 
wi l l be seen that the plants at the tops of the trees live in an 

* Shreve, F., A montane rain-forest, Pub. Carnegie Inst, of Washington 
(1914), No. 199. 
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environment which is very different from that under the forest. 
This is true as regards not only evaporation but also tempera­
ture, as the variations in temperature are much greater in the 
tops of the trees than under the forest. 

The average rate of evaporation in the tops of the second-
growth trees at the base of the mountain was seventy two times 
that in the ravine near the summit. So great a difference would 
seem to be sufficient to explain the differences in the epiphytes 
in the two situations. In the ravine near the summit there is 
an extensive development of delicate liverworts and filmy ferns, 
while in the parang epiphytes other than crustaceous lichens 
are almost entirely absent. It is interesting to note that even 
the small difference between the rate of evaporation near the 
ground on the ridge at the top of the mountain and that in the 
ravine near the top is accompanied by an evident difference in 
the epiphytic vegetation as delicate filmy ferns are much more 
developed in the ravine than on the ridge. 

The difference in the rates of evaporation in the two situa­
tions just discussed is relatively much greater than that between 
the rate near the ground in mesophytic forests in the United 
States and in the open in the Arizona desert. Gates * found 
an average daily evaporation of 4.4 cubic centimeters in a 
beech-maple forest in Michigan. This is a lower rate than that 
observed in mesophytic forests by Fuller,† Transeau, ‡ or Wea­
ver§ Livingston |i gives the average weekly rate of evap­
oration at Tucson, Arizona, from May 25 to September 1, 1908, 
as 373 cubic centimeters. This is only twelve times as great 
as the low rate recorded by Gates. The rate in the tops of the 
trees in the mossy forest is eighteen times that in the ravine 
at the same elevation. In the dipterocarp forest at 300 meters' 
elevation the rate in the tops of the trees is eleven times that 
in the ravine. 

While the effect of the different rates of evaporation on the 

* Gates, F. C, The relalion between evaporation and plant succession in 
a given area, Am. Journ. Bot. (1917), 4, 161-178. 

† Ful ler , G. D., Evaporation and soil moisture in relation to the suc­
cession of plant associations, Bot. Gaz. (1914), 58, 193-234. 

‡ Transeau, E. N . , The relation of plant societies to evaporation, Bot 
Gaz. (1908), 45, 217-231. 

§ Weaver, J. E., A study of the vegetation of southeastern Washington 
and adjacent Idaho, University of Nebraska Studies (1917), 17, 1-133. 

I! Livingston, B. E., A study of the relation between summer evap­
oration intensity and centers of plant distr ibution in the United States, 
Plant World (1911), 14, 205-222. 
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ground covering and on the development of epiphytes is fairly 
clear, it is not clear in regard to the height of the forests and 
rates of growth. I t wi l l be noted that both the height of ve­
getation and the rates of growth decrease wi th lower rates of 
evaporation. This is quite contrary to what has usually been 
observed to be the case wi th temperate vegetation. This point 
wi l l be discussed later. 

COMPARISON OF RATES OF EVAPORATION ON MOUNT MAQUILING 
W I T H THOSE IN OTHER LOCALITIES 

A l l of the rates of evaporation mentioned in the following 
discussion were obtained from a Livingston atmometer and re­
duced to the standard used by Livingston. With one excep­
tion the rates to be compared with those on Mount Maquiling 
appear to have been recorded by instruments not' provided with 
rain-correcting attachments. There is no means of estimating 
the error thus introduced, but the rates for these localities would 
undoubtedly have been higher had they been taken in the same 
manner as were those for Mount Maquiling. 

Fuller * found that the average daily rate of evaporation near 
the ground in a beech-maple forest in Indiana was 8 cubic cen­
timeters. Transeau t observed an average daily rate of 8.5 
cubic centimeters from June 6 to July 2, 1907, in a mesophytic 
forest on Long Island, New York. Weaver J found the rate of 
evaporation in a Thuja climax forest only slightly greater (0.5 
cubic centimeter daily in 1913) than Fuller's figures for the 
beech-maple forest of Indiana. 

The rates of evaporation in a mesophytic forest in Florida 
have been measured by Gano and McNeill § wi th a Livingston 
rain-correcting atmometer, from January 'to May, 1913. The 
average daily rate for this period was 8.5 cubic centimeters, 
which is very similar to the results obtained in northern meso­
phytic forests by Fuller, Transeau, and Weaver. A l l of these 
rates are higher than the average daily rate under the second-
growth forest at the base of Mount Maquiling, and several 

* Fuller, G. D., Evaporation and soil moisture in relation to the succes­
sion of plant associations, Bot Gaz. (1914), 58, 193-234. 

† Transeau, E. N . , The relation of plant Societies to evaporation, Bot. 
Gaz. (1908), 45, 217-231. 

‡ Weaver, J. E., A study of the vegetation of southeastern Washington 
and adjacent Idaho, University of Nebraska Studies (1917), 17, 1-133. 

§ Gano, L. , and McNeill, J., Evaporation records from the gulf coast, 
Bot Gaz. (1917), 64, 318-329. 



352 MOUNT MAQUILING 

times as great as that under the dipterocarp forest. They are, 
moreover, considerably higher than the average for any four-
week period in the dipterocarp forest. Fuller's figures for evap­
oration in the beech-maple forest indicate a rate twenty times 
as great as that under the mossy forest. 

Fuller * found an average daily evaporation of 13.5 cubic 
centimeters at a height of 2 meters above the forest floor in a 
beech-maple forest in Indiana. This rate is much higher than 
that at the top of the trees at an elevation of 740 meters and is 
only 1.2 cubic centimeters less than the average daily rate in the 
top of the dominant tree at 450 meters' elevation. The rate 
observed by Fuller was practically twice that in the second-
story tree at the latter elevation. 

In a beech-maple forest in Michigan Gates † has found a much 
lower rate than any of those mentioned above. He says that 
the average daily rate for the normal density of this forest was 
4.4 cubic centimeters. The highest average daily rate obtained 
in open ground was 14.7 cubic centimeters. The average daily 
rate under the forest was, however, considerably higher than 
that under the virgin forest at any elevation on Mount Ma-
quiling. The rate in the open was very similar to that in the 
top of the tree at 450 meters' elevation. 

The above comparisons would seem to indicate that the rates 
of evaporation under the forest on Mount Maquiling are much 
lower at all elevations, except under the second-growth forest, 
than in an average mesophytic temperate forest. The average 
daily rate of evaporation under the second-growth trees for 
the four-week periods ending March 28, Apr i l 25, and May 23, 
was 11 cubic centimeters, which is higher than any of the summer 
rates just mentioned for a mesophytic forest. It should be re­
membered, however, that a second-growth forest is very low 
and by no means a climax type. These high rates for the 
second-growth forest are similar to those obtained by Fuller ‡ 
during the summer months in an oak-dune association in In ­
diana, where the average for three seasons was 11 cubic cen­
timeters, exactly the same as under the second-growth trees 
during the driest months. 

* Fuller, G. D., Evaporation and the stratification of vegetation, Bot. Gaz. 
(1912), 54, 424-426. 

† Gates, F. C, The relation between evaporation and plant succession in 
a given area, Am. Journ. Bot. (1917), 4, 161-178. 

‡ Fuller, G. D., Evaporation and soil moisture in relation to the succes­
sion of plant associations, Bot. Gaz. (1914), 58, 207. 
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Livingston * gives the rate of evaporation at a number of 

stations in the United States for the period from May 25 to 
September 7,1908. He says: 

The deciduous forest of the middle east occupies a region with over 100 
cc, often over 150 and even 200 cc, as the mean weekly summer rate. 

These rates were obtained in the open with the center of the 
cups 15 centimeters above the soil surface. The average weekly 
rates in the two open areas at the base of Mount Maquiling 
were, respectively, 103 and 138 centimeters. This comparison 
would indicate that the rate of evaporation at the base of 
Mount Maquiling is similar to that in the deciduous forest re­
gion of the middle east. 

Shreve † measured the rate of evaporation in three stations 
in a montane forest in the Blue Mountains of Jamaica at an 
elevation of about 1,525 meters. One of the stations was in 
the open at Cinchona, another on a forested ridge, and the third 
in a forested ravine. The average daily evaporation in the 
ravine for the period from September 6 to October 11, re­
duced to Livingston's standard, was 0.6 cubic centimeter, which 
is somewhat less than the average daily rate for the ravine in 
the midmountain forest at an elevation slightly below 740 me­
ters. Brown ‡ also measured the evaporation from May 22 
to June 16, 1910, in the same ravine in Jamaica with a rain-
correcting atmometer and found an average daily rate of 0.77 
cubic centimeter. This figure is larger than Shreve's. Shreve's 
instrument did not have a rain-correcting attachment but was 
protected from rain by a glass plate, which did not, however, 
protect it from the fogs, and so Shreve's rate may be slightly 
too low. The average rate obtained by Brown is greater than 
the average rate in the ravine in the midmountain forest of 
Mount Maquiling. While Brown's and Shreve's records in Ja­
maica cover too short a period to make them strictly compar­
able wi th the records on Maquiling, it seems not improbable 
that the rates in the ravine in the Jamaican forest and in 
the midmountain forest are very similar. Shreve found an 
average daily evaporation on the forested ridge of 3 cubic cen-

* Livingston, B. E., A study of the relation between summer evaporation 
intensity and centers of plant distribution in the United States, Plant 
World (1911), 14, 205-222. 

† Shreve, F., A montane rain-forest, Pub. Carnegie Inst. Washington 
(1914), No. 199. 

‡ Brown, W. H., Evaporation and plant habitats in Jamaica, Plant 
World (1910), 13, 79-82. 
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timeters. This is a higher daily rate than was observed near 
the ground in the virgin forest on Mount Maquiling, except in 
the dipterocarp forest at an elevation of 450 meters, where 
the average daily rate was 3.4 cubic centimeters. • The average 
of the two stations in the dipterocarp forest gives practically 
the same rate as Shreve's figures give for the forested ridge 
in the Blue Mountains of Jamaica. In the open at Cinchona 
Shreve's figures give an average daily rate of 6.8 cubic cen­
timeters for the period between June 20 and November 22. 
Brown's figure for the same station for the period between 
May 22 and June 16 was 8.2. From these figures it would 
appear that the rate in the open at Cinchona is not very dif­
ferent from the rate in the tops of the trees at an elevation of 
740 meters, or the rate near the ground in the opening in the dip­
terocarp forest at an elevation of 450 meters. According to these 
figures it would appear that the rates obtained by Shreve are 
higher than those in the midmountain forest, except in the 
ravine. According to the writer's recollection the physical type 
of the forest on the Blue Mountains of Jamaica at an eleva­
tion slightly greater than 1,500 meters is more similar to that of 
the midmountain than any of the other forest formations on 
Mount Maquiling. In very damp ravines, however, the mossy 
covering in the Jamaican forest approaches that in the mossy for­
est on Mount Maquiling. In the montane forest in Jamaica fogs 
are of very frequent occurrence; a fact that is emphasized by 
Shreve as having great influence on the vegetation. It seems 
not unlikely that these frequent fogs are largely responsible 
for the mossiness of the forest in the wet ravines. 

The rates of evaporation in the montane forest of Jamaica, 
according to the records of Shreve and Brown, do not appear to 
be anything like as low as the rates in the mossy forest on 
Mount Maquiling. Concerning the humidity in the Jamaican 
forest Shreve says: 

After repeated observations with the hygrograph and sling psychro-
meter, I am convinced that saturation, or even humidities as high as 97 
to 99 per cent, are extremely transitory states of the atmosphere in the most 
moist situations in the rain-forest. Saturation must precede precipitation; 
and the condensation of moisture on the foliage of plants often takes place 
in the deep forest. As soon as precipitation or condensation occurs, there 
is a fall in the humidity and it naturally rises again but slowly, for 
although the extent of wet surfaces capable of adding by evaporation to 
the moisture of the air is very great, the high humidity itself retards such 
evaporation. Cloudiness is an important factor in influencing humidity 
as well as is fog. The passage of small clouds over the face of the sun 



EVAPORATION 355 
causes immediate and pronounced rises in humidity, due in great measure 
to the sudden fall of temperature which may be too transitory to affect 
the sluggish thermograph. 

In the midmountain forest of Mount Maquiling, although 
the humidity is high, the air is probably seldom saturated, but 
in the mossy forest the atmosphere under the forest appears 
to be practically saturated a large part of the time. From my 
own observations in Jamaica and on Mount Maquiling, and 
from Shreve's discussion of the forest in Jamaica, I am convinced 
that fogs are of much more frequent occurrence and persist 
for very much longer periods near the top of Mount Maqui­
ling than in the forest on the Blue Mountains in Jamaica. The 
much lower rate of evaporation in the mossy forest of Mount 
Maquiling than that obtaining in the Jamaican montane forest 
as well as the greater prevalence of fogs in the former location 
probably account for the fact that the mossy covering has 
developed near the summit of Mount Maquiling, even on the 
ridges, to an extent approached only in the moister ravines 
in the Jamaican forest. 

It may be of interest to compare the lowest rate of evapora­
tion observed on Mount Maquiling with high rates reported 
from the United States. According to Livingston,* the average 
weekly rate of evaporation at Tucson, Arizona, from May 25 
to September 1, 1908, was 373 cubic centimeters. This is one 
hundred seventy-eight times as great as the average rate in the 
ravine in the mossy forest near the top of Mount Maquiling. 
The average weekly rate at Reno, Nevada, for seven weeks 
between June 29 and September 1, 1908, was, according to 
Livingston, 437 cubic centimeters. This is two hundred eight 
times the average rate in the ravine near the top of Mount 
Maquiling. The rate in Arizona is seventy-seven times that in 
the ravine in the midmountain forest on Mount Maquiling. This 
ratio is only slightly greater than that between the rate of evap­
oration in the ravine in the mossy forest of Mount Maquiling 
and that at the top of the second-growth tree, the latter being 
seventy-two times as great as the former. 

The relation of evaporation to plant succession has of late 
received considerable attention. Fuller,f as a result of his 

* Livingston, B. E., A study of the relation between summer evaporation 
intensity and centers of plant distribution in the United States, Plant World 
(1911) 14, 205-222. 

† Fuller, G. D., Evaporation and soil moisture in relation to the succes­
sion of plant associations, Bot. Gaz. (1914), 58, 193-234. 
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studies in Indiana, says that the variations in evaporation in 
different types of vegetation were great enough to be efficient 
factors in causing succession. Weaver, * in discussing the ve­
getation of southeastern Washington and adjacent Idaho, says: 

A study of the differences of the rates of evaporation in the various 
plant communities shows tha t these differences are sufficient to be i m ­
portant factors in causing succession, at least through the earlier stages, 
where l ight does not play an important role. 

Gates ‡ has studied the rates of evaporation in a limited area 
in Michigan. The rates here were apparently lower than those 
dealt wi th by Fuller and Weaver. Concerning the effect of 
evaporation on vegetation Gates says: 

The complete range of evaporation conditions present in this region, 
namely, f rom bare ground to the mature forest, is completely w i t h i n the 
physiological l imi ts of the seedlings of Acer saccharum, Pinus strobus, 
Pinus resinosa, and Thuja occidentahs. Given suitable soil conditions, 
maple seedlings w i l l develop under evaporation conditions at least 337 
per cent more xerophytic than the normal hardwood forest, or 400 per 
cent more xerophytic than the very dense forest. 

From this he concludes that the changes in the rates of evap­
oration due to vegetation are not essential for succession. 

At the base of Mount Maquiling where the original forest 
has been removed there are evidences that the area was orig­
inally covered by a tall dipterocarp forest. In the area are 
scattered large individuals of Parashorea makianonan which 
regularly produce large numbers of seeds, but these do not 
grow into seedlings even in the second-growth forest. In the 
same area Dr. F. W. Foxworthy has attempted to grow seed­
lings of Parashorea and other dipterocarps in plantations, but 
without success. However, as might be expected, such seed­
lings did grow at slightly higher elevations within the dip­
terocarp forest. From these observations it would appear that 
Parashorea seedlings cannot succeed in the cleared area for­
merly occupied by this species. The most obvious explanation 
of this would seem to be that the high evaporation rate and 
low moisture content of the soil, resulting from the removal of 
the dense forest, are at least the chief factors in kil l ing the 
seedlings of Parashorea and, further, that a fairly dense forest 
must be established in this area before the dipterocarps can 
enter. In this case it would seem that a low rate of evapo-

* Weaver, J. E., A study of the vegetation of southeastern Washington 
and adjacent Idaho, Univ. Nebraska Studies (1917), 17, 36. 

† Gates, F. C, The relation between evaporation and plant succession 
in a given area, Am. Journ. Bot. (1917), 4, 161-178. 
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ration caused by a forest cover may be instrumental in pro­
ducing further succession. 

On Mount Mariveles the forest has been removed at an ele­
vation of 500 meters. This area appears to be much moister 
than that at the base of Mount Maquiling. The dipterocarp 
seeds that have been scattered over the cleared area succeed 
well, and have produced vigorous plants which grow rapidly 
and look as though they would reach maturity. 

The evaporation conditions in the open on Mount Mariveles 
at an altitude of 500 meters are not severe enough to exclude 
seedlings of the dominant species of the dense forest. It would 
appear, therefore, that in some cases either a lower rate of 
evaporation or a higher moisture content of the soil, or probably 
both, resulting from the growth of vegetation, may be efficient 
factors in succession while in other cases a lower rate of evap­
oration is not essential. The two cases just mentioned have 
been discussed at some length by Brown and Matthews.* 

RELATION OF EVAPORATION TO VEGETATION 

On Mount Maquiling the best-developed vegetation is found 
at the base of the mountain, and the poorest, at the top; in other 
words, among the natural climax types the best-developed 
vegetation occurs in a situation where there is the highest evap­
oration, and the poorest, where there is the lowest. This is 
quite different from conditions ordinarily found in temperate 
countries, where the tall climax types occur in situations with 
the lower rates of evaporation. One of the most prominent 
features of the vegetation is the change from desert to prairie, 
and then to forest, with decreasing rates of evaporation. 
Fuller † found that, as vegetation developed from dune asso­
ciations to the beech-maple forest, the rate of evaporation 
decreased. Weaver ‡ has also found a decreasing rate of evap­
oration from the desert scrub formation to the climax cedar 
forest. On Mount Maquiling, however, as has been previously 
pointed out, the rates of evaporation even in the dipterocarp 
forest appear to be lower than in the mesophytic forest of the 
United States. 

* Brown, W. H and Matthews, D. M . , Philippine dipterocarp forests, 
Phil Journ Sci., Sec. A (1914), 9, 413-561. 

† Fuller , G. D., Evaporation and soil moisture in relation to the succes­
sion of plant associations, Dot Gaz. (1914), 58, 193-234. 

‡ Weaver, J. W., A study of the vegetation of southeastern Washington 
and adjacent Idaho, Univ. Nebraska Studies (1917), 17, 1-133. 
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It seems to be the general consensus of physiologists that 
the transpiration stream is very important for the movement 
of dissolved salts from the roots to the leaves of plants. This 
opinion is expressed very clearly by Pfeffer* and by Jostf 
Burgerstein † emphasizes this view in a critical discussion of 
work done previous to the publication of his book, and he seems 
to have shown very clearly that the earlier work presented no 
conclusive evidence in favor of the view that transpiration was 
a necessary evil. Barnes, § while admitting the possibility that 
transpiration is of advantage for the transport of mineral salts, 
was inclined to the view that it is a necessary evil. He makes 
the following statement: 

In the rain forests of Ceylon (and doubtless elsewhere) there are regions 
of luxuriant vegetation where for months at a time the rain ceases only 
to be replaced by a mist. In such conditions evaporation is almost im­
possible. It cannot, therefore, be necessary to an adequate supply of 
solutes in the soil. 

This is not in agreement wi th what the writer has been able 
to learn from his own observations and from descriptions of 
forests in the Malayan region. 

Hasselbring || has found that tobacco plants growing under 
shade transpire less, but give more ash, than plants growing in 
the open. This writer was evidently working wi th compara­
tively high rates of evaporation. In another paper he says 
that tobacco plants in the open transpired more than those un­
der shade, but that the total amount of dry substance produced 
was practically the same in both cases. These experiments were 
also performed with comparatively high rates of evaporation. 
Very high rates of evaporation and lowr percentages of moisture 
in the soil are undoubtedly detrimental to vegetation, but it 
does not follow from this that very low rates of evaporation 
might not also be unfavorable. The present status of this 

* Pfeffer, W., The Physiology of Plants. English translation by A. J. 
Ewart. Oxford (1900). 

†Jost, L., Lectures on Plant Physiology. English translation by R. J. 
H. Gibson. Oxford (1907). 

‡ Burgerstein, Die Transpiration der Pflanzen. Jena (1904). 
§ Barnes, C. R., in Coulter, Barnes, and Cowles, Text Book of Botany 

(1910), 317. 
|| Hasselbring, H., The relation between the transpiration stream and the 

absorption of salts, Bot. Gaz. (1914), 57, 72-73. 
Hasselbring, H., The effect of shading on the transpiration and assim­

ilation of the tobacco plant in Cuba, Bot. Gaz. (1914), 57, 257. 
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question seems to be very well summed up in the following 
quotation from Livingston: * 

The question as to what rates of t ranspirat ion are necessary to elevate 
the requisite amount of salts in t a l l plants deserves fur ther attention at 
the hands of experimenters. It appears clear enough, on a priori grounds, 
that some t ranspirat ion must generally give better growth than none at 
al l , but the rates generally experienced by ordinary plants are probably 
much higher than the optimum. 

The rate of transpiration depends, of course, in a large 
measure, upon the evaporating power of air. Shreve, † who 
made a very detailed study of transpiration rates in the montane 
rain forest of Jamaica, found, as pointed out previously, that 
the rate of evaporation was very low in this forest and that the 
rate of transpiration was also extremely low. In comparing 
the rates found in the forest in Jamaica with those of plants 
in Arizona, he says: 

* * * The rates of relative* t ranspirat ion in Jamaican rain-forest 
plants and in plants of the Arizona desert are found to be of the same 
general order of magnitude1. This is merely saying tha t the rates of t ran­
spiration in the two regions aire proportional to the rates of evaporation 
which prevail in them. Whi le the plants of the rain-forest are capable of 
losing much more water per un i t area than are the plants of the desert 
if the two kinds of plants are brought under the same conditions, it is 
nevertheless true tha t as each set of plants exists, under its own climate, 
the desert plant loses far more water in transpirat ion per uni t area than 
does the plant of the rain-forest. 

It has, of course, been clearly established that high rates of 
evaporation are harmful to plants; but, in order that there may 
be any transpiration, there must be an appreciable rate of evap­
oration. It would seem, therefore, that there may be minimum 
and optimum rates of evaporation for plant growth, even though 
the optimum rates may be comparatively low. Such low 
rates as occur at high elevations on Mount Maquiling may be 
below the optimum; but, in view of the present state of our 
knowledge, we can only speculate concerning this point. Still, 
it may be of interest to compare the rates of evaporation with 
the heights of the trees at different elevations on Mount Maqui­
ling. Such a comparison is made in Table CXLV. In the sec­
ond column of Table CXLV the average rates of evaporation 
in the tops of the dominant trees are given in centimeters, and 

* Palladin, V. I . , Plant Physiology, edited by B. E. Livingston. Phila­
delphia (1918), 136. 

† Shreve, F., A montane rain-forest, Pub. Carnegie Inst. Washington 
(1914), No. 199, 



360 MOUNT M A Q U I U N G 

the last column gives the heights of the trees. In order to 
have the evaporation rates of the same general magnitude as 
the heights of the trees, they have been multiplied by 2.64 
and the results given in column 3. The figures in column 3 
are in fairly close agreement wi th the heights of the vegetation, 
although not so close as the ratios of the temperature-light 
indices. It is very natural that evaporation should show the 
same general sort of curve as the temperature-light indices, as 
temperature and light are largely responsible for the differences 
in rates of evaporation at different elevations on Mount Ma-
quiling. The general agreement between the ratios of evap­
oration and the heights of trees may, therefore, be accidental 

If we were to assume that the rates of evaporation in the 
virgin forest are below the optimum and that the size of the 

T A B L E CXLV.—Comparison of evaporation rates and heights of vegetation 
at different elevations on Mount Maquiling 

trees would be directly proportional to the rate of evaporation, 
then the differences in the rates of evaporation at the different 
elevations would be sufficient to account for the differences in the 
heights of the trees, except perhaps at an altitude of 740 meters. 
However, if we attempt to explain the heights of the vegetation 
as due to evaporation, it would be necessary to assume that 
the evaporation rates at 80 and 300 meters are higher than 
the optimum and high enough to be detrimental; otherwise, 
there would be no explanation of the fact that at these eleva­
tions the ratios for the heights of vegetation are much lower 
than those for evaporation. In comparing the ratios of the 
temperature-light indices wi th the height of the vegetation, it 
has been shown that the temperature-light ratios are also higher 
than those for the vegetation at the lower elevations. 

A very logical explanation of the heights of the vegetation 
at different elevations is obtained if we assume that the de-
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crease in the height of the trees wi th increasing elevations is 
due to decreasing temperature and light intensity, and that the 
rates of evaporation at 80 and 300 meters are too high for the 
best development of the vegetation and so account for the fact 
that the trees in the lower part of the dipterocarp forest are not 
so tall as would be indicated by the temperature-light indices. 

The rates of evaporation at the highest elevations may be 
too low for rapid growth, and may have some effect in causing 
the dwarfing of vegetation; but, as before mentioned, we have 
no real evidence on which to base an opinion. A combination 
of temperature, light intensity, and evaporation rates would 
certainly seem to be sufficient to account for the observed dif­
ferences in vegetation, and it might perhaps be more reasonable 
to ascribe to differences in temperature and light rather than 
to evaporation at least the major part, if not all, of the varia­
tions in the height of the vegetation. This is particularly so, 
since the high rates of evaporation in the dry season appear to 
have a very decidedly detrimental influence on the vegetation in 
the parang and in the dipterocarp forest. As wi l l be shown later, 
it is during the dry season that trees at the base of the mountain 
make their slowest growth. At this time many of the second-
growth trees are deciduous for a considerable period. Para-
shorea malaanonan at an elevation of 300 meters also makes its 
slowest growth during the dry season; and at this time, though 
the trees are not deciduous, the foliage is much less dense than 
at other times. During the dry season the ground in the dip­
terocarp forest, particularly in the lower part, is literally cov­
ered wi th dead leaves. 

The writer has made too few measurements of seasonal growth 
in the midmountain and mossy forests for them to be conclusive, 
but those made seem to point to the conclusion that trees near 
the top of the mountain also grow more slowly during the dry 
season than at other times. 

The moisture conditions on the ridges in the dipterocarp 
forest would appear to be unfavorable for the development of 
herbaceous plants. In the discussion of vegetation it was shown 
that such plants were scarce on the plots in the dipterocarp 
forest and very abundant in the midmountain forest. In the 
dipterocarp forest at an elevation of-about 500 meters there is 
a very considerable development of various species of Elatos-
tema. These are small herbaceous plants, and in this region 
they frequently cover the ground over considerable areas, even 
on the ridges. During the dry season all of the plants of these 



362 MOUNT MAQUILING 

species on the ridges at elevations slightly above 500 meters are 
very frequently found wilted. Evidently at such times the com­
bination of t#he relatively low moisture content of the soil and 
the relatively high evaporation rates is unfavorable for these 
species. As they frequently wi l t at high elevations in the dip-
terocarp forest, it is not surprising that they do not occur on 
the ridges at low altitudes, as the soil moisture decreases and 
evaporation increases at lower elevations. 

As previously mentioned, the dipterocarp forest is much bet­
ter developed in regions where there are no distinct wet and 
dry seasons and where there is an evener distribution of rain­
fall than prevails on Mount Maquiling. 

The dry season certainly has a very detrimental effect on cul­
tivated plants at elevations of from 50 to 80 meters. Good 
growth can only be obtained during this season by means of 
irrigation. 

There thus appears to be considerable evidence to indicate 
that at least during the dry season the rate of evaporation in 
the dipterocarp forest is too high for the best development of 
plants. This question wi l l be considered again in discussing 
seasonal rates of growth. 

The effect of evaporation on the ground covering and on the 
epiphytic vegetation has been discussed previously. 



W I N D VELOCITY 

The velocity of the wind at different elevati6ns on Mount Ma-
quiling was measured by gauges obtained from Julien P. Friez, 
Baltimore, Maryland. The type of instrument used was operated 
by four cups, so placed as to catch the wind from any direction. 
The instrument used read only a thousand miles; as the wind 
frequently exceeded that rate within a week, particularly at 
the higher altitudes, it was impracticable to obtain weekly read­
ings at all elevations. However, a sufficient number of compa­
risons were obtained at different elevations to indicate that wind 
velocity, as might be expected, increases with altitude. 

Daily readings were taken in the top of a second-growth 
tree in the parang from July, 1913, to January, 1915. The 
instrument was elevated on a pole so as to expose it above the 
foliage. The results of the daily readings are given in Table 
C X L V I and are summarized for corresponding four-week pe­
riods in Table C X L V I I . The latter figures are plotted in fig. 
27. An examination of this figure shows that there were two pe­
riods of high wind velocity; one during the dry season and due 

TABLE CXLVI.—Daily wind velocity at the base of Mount Maquiling; alti­
tude, 80 meters. 

[Numbers give wind velocity in miles ] 
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TABLE CXLVL- -Daily wind velocity at the base of Mount Maquiling; alti­
tude, 80 meters—Continued. 
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TABLE CXLVI.—Daily wind velocity at the base of Mount Maquiling; alti­
tude, 80 meters—Continued. 

to the northeastern monsoon, and the other during the period 
ending September 11, which is in the typhoon season. From 
Table C X L V I i t wi l l be seen that the high average velocity 
during the latter period was due to comparatively short inter­
vals of heavy winds, which occurred during typhoon weather. 
The high average velocity during the dry season is a result of 
fairly constant, high daily velocities, during the season of the 
northeastern monsoon. 
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FIG 27 Average daily wind velocity at the base of Mount Maquiling , altitude, 80 
meters 

The most obvious'effects of wind on vegetation are due to the 
increased evaporation resulting from high wind velocity. An 
examination of the tables for evaporation shows that at the base 
of the mountain the highest daily evaporation rates in the tops 
of the trees occurred simultaneously wi th some of the high wind 
velocities that were due to typhoons. The highest average rate 
of evaporation, however, occurred during the period of the north­
eastern monsoon when the daily wind velocity was constantly 
fairly high. 

There is no evidence that the trees on Mount Maquiling are 
injured by the mechanical action of the wind, except that leaves 
are torn off during typhoons. The writer has observed the ef­
fects of a" number of typhoons and has always found that the 
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greatest damage due to wind occurred in the dipterocarp 
forest and not at high elevations, although of course there may 
be times when the reverse is the case. Since the high wind 
velocities at the greater altitudes do not cause high rates of 
evaporation, there is little reason for assuming that differences 
in wind velocities have any marked influence in producing the 
dwarfing found near the top. 

TABLE CXLVII.—Average daily wind velocity for periods of four weeks, 
from July, 1913, to January, 1915, at the base of Mount Maquiling; 
altitude, 80 meters. 

The high wind velocities at the summit of the mountain are 
probably responsible for the fact that hydrophytic epiphytes 
are not so well developed in the tops of the trees as on the trunks. 
The effect of high evaporation on epiphytic vegetation is very 
evident where an opening occurs in the canopy, as in such 
places the hydrophytic epiphytes die when exposed to the wind. 
The greatest development of epiphytes occurs, however, near 
the top of the mountain where the wind velocities are greatest. 
While the high wind velocity at the top of the mountain would 
tend to cause rapid evaporation, the very moist condition of the 
air counteracts this tendency to such an extent that the rate of 
evaporation is, as we have seen, very low. 



INTERRELATION OF ENVIRONMENTAL CONDITIONS 

Seasonal changes in environmental conditions in the Mount 
Maquiling region can be traced to wind direction and the posi­
tion of the sun. The northeastern monsoon strikes the Islands 
on the western coast and deposits a large part of its moisture 
on the divide between Laguna de Bay and the Pacific Ocean 
before it reaches Mount Maquiling. The result is that when it 
does reach Mount Maquiling it is a drying wind and produces a 
distinct dry season, which is most pronounced from February 
to May. The southwestern monsoon is not nearly so strong a 
wind, and a large part of the rain that falls at this season of 
the year is the result of cyclonic disturbances (typhoons). Dur­
ing this monsoon rains are deposited on all parts of the Islands, 
and at this time there is in the Mount Maquiling region a dis­
tinct rainy season, when the skies are overcast by clouds for 
a considerable portion of the time. The season of heaviest rains 
is usually from July to September. 

Light intensity is influenced greatly by the degree of cloudi­
ness. The sun is overhead during the latter part of Apr i l and 
again about the middle of August. Between Apr i l and August 
it is in the north and is farthest south in the latter part of 
December. If the degree of cloudiness were the same at all 
times, we would expect two periods of maximum insolation, co­
incident wi th the times when the sun is overhead; and a period 
of minimum insolation during December. During the latter part 
of Apr i l , when the sun is overhead, the dry season is at its 
height, and this is the period of maximum insolation. When the 
sun gets to be farther north, the light intensity naturally de­
creases. The return to the overhead position does not, however, 
bring an increase in light intensity, as by this time the rainy 
season has set in, and instead of an increase in the intensity 
there is a decrease until the latter part of the rainy season. 
After the passing of the cloudiness that accompanies the rainy 
season, there is a rise in light intensity, followed by a fall as 
the sun gets to be still farther south, the average intensity 
reaching a minimum during the latter part of December, when 
the sun is farthest south. 

The temperature follows the light intensity fairly closely. 
The highest temperatures occur during the dry season, when 
the light is most intense. After this the temperature decreases 
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until the latter part of the rainy season, when there is a slight 
rise, coincident wi th the rise in light intensity. Following this 
there is another fall until the end of the year, when the light 
intensity is lowest. 

The rate of evaporation is greatest about Apr i l , during the 
height of the dry season, when light intensity and temperature 
are both high. The rate falls during the rainy season but does 
not reach a minimum until the end of the year, when the tem­
perature and light intensity are both at a minimum. It thus 
appears that temperature and light intensity have more effect 
on the rate of evaporation than does the amount of rainfall. 

Humidity is lowest in the dry season and highest at the end 
of the year, when the light intensity and temperature are both 
low. Thus humidity, like evaporation, appears to be regulated 
more by temperature and light intensity than by rainfall. 

The seasonal variations in the environmental conditions are 
similar at all altitudes; although, of course, the intensity of va­
rious factors varies at different elevations. 

159549 24 



SEASONAL RATES OF GROWTH 

Measurements of rates of growth for various seasons were 
made on a number of the same trees that were used for yearly 
measurements. In making the seasonal measurements it was 
not practicable to use similar periods in every case; and so, in 
order to have the results for different lengths of time compar­
able, all of the rates of growth have been calculated for periods 
of thir ty days. A l l the measurements of seasonal growth, like 
those of annual growth, are diameter measurements. Rates of 
diameter growth are probably as good measurements of rates of 
growth of trees as the rates of any other single dimension, and 
it is of course impracticable to get the total growth of trees. The 
seasonal rates of growth do not, however, necessarily represent 
the actual amount of material manufactured in the period con­
cerned. This objection does not appear to be nearly so serious 
in the case of tropical as it would be for temperate-zone trees; 
but it must be borne in mind that there may be periods when 
trees are accumulating and storing food much more rapidly than 
is indicated by the growth of any single dimension. 

SEASONAL GROWTH IN T H E PARANG 

Seasonal measurements of diameter growth were taken on the 
small specimens of Parashorea growing in the open at an eleva­
tion of about 100 meters. The results are presented in Table 
C X L V I I I and are plotted for different diameter classes in fig. 

T A B L E CXLVIII .—Seasonal diameter growth of Parashorea malaanonan 
(bagtican lattan) in the open at the base of Mount Maqailivg; altitude, 
about 100 meters. 

[Rates of growth are reduced to rates in centimeters for 30 days 1 
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TABLE CXLVIII .—Seasonal diameter growth of Parashorea malaanonan 

(bagtican lauan) in the open at the base of Mount Maquiling; altitude, 
about 100 meters—Continued. 
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rates wi th changes in climatic factors. It is very clear that the 
variations in rates of growth do not follow the variations in any 
single factor. Thus, temperature and light intensity are high 
when growth is slowest, while growth is also slow when tem-

FIG. 28 Seasonal diameter growth of paranhoiea malaanonan (basrtican lauan) in 
the open at the base of Mount Maquihng, altitude, about 100 meteis. 

perature and light intensity are lowest. When evaporation is 
greatest the rates of growth are slowest; but, at the end of the 
year, when the rate of evaporation is lowest and the moisture 
content of the soil high, there is also a period of slow growth. 
Moreover, no combination of different factors has been found 
which varied in the same manner as do the rates of growth. 
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This may be due in part to growth not being coincident with 
the elaboration of food materials, and to the fact that we have 
no means of estimating the relation of evaporation and soil 
moisture to the rates of growth. In the introductory para­
graphs in the discussion of growth it was pointed out that 
high transpiration during the day is accompanied by a decrease 
in the diameter of the tree trunks, these returning to their 
original size at night. It was also mentioned that Petch * had 
found that trees of Hevea brasiliemis might shrink as much as 3 
millimeters during the dry season. It is not at all improbable 
that, in taking seasonal measurements, variations in diameter 
due to swelling and shrinking may play a considerable role in 
causing the changes observed, and this may also account in part 
for the lack of agreement between rates of growth and seasonal 
changes of environment. 

Despite these facts there seems to be a general sort of relation 
between environment and rates of growth. At the height of 
the dry season, when the soil moisture is lowest and the evapora­
tion highest, the adverse effect of dry conditions upon the trees 
is shown in loss of foliage and in the slowest rate of growth for 
the entire year being made at that time. With the advent of 
heavier rains growth becomes more rapid, and it is during the 
rainy season that the most rapid growth takes place. Follow­
ing this there is a period at the end of the year when, although 
the rate of evaporation is low and the moisture content of the 
soil high, there is a slow rate of growth. At this time, however, 
the light intensity and temperature both reach a minimum, 
which may account for this slow rate of growth. After Jan­
uary the light intensity and temperature increase rapidly, but 
by this time the dry season has set in, and the rate of evapora­
tion reaches a maximum during the time that light intensity 
and temperature would appear to be most favorable. The high 
rate of evaporation and the lower moisture content of the soil at 
this time apparently more than offset the favorable temperature 
and light intensity. 

Measurements of seasonal rates of growth were also made 
on one hundred twenty-one individuals of second-growth trees. 
A summary of the results is given in Table CXLIX and is 
plotted in fig. 29. This curve, while not agreeing in detail wi th 
the curves for Parashorea, shows the same general form. The 
chief difference is that the rate of growth of the second-growth 

* Petch, T., The girth increment of Hevea brasiliensis, Ann. Roy. Bot. 
Gardens, Peradeniya (1916), 6, 1-10. 
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T A B L E CXLIX.—Average seasonal diameter growth of 121 second-growth 
trees near the base of Mount Maquiling; altitude, about 80 meters. All 
figures are reduced to rates in centimeters for 30 days. 

FIG 29. Average seasonal diameter growth of 121 second-Kiowth trees near the 
base of Mount Maauihng, altitude, 80 meters 

trees from Apr i l 28 to June 28 was slow, whereas Parashorea 
made a rapid growth between Apr i l 29 and June 2. Like Para­
shorea the second-growth trees showed the slowest rate of growth 
during the dry season and the most rapid rate during the rainy 
period; and an intermediate rate at the end of the year, when 
moisture conditions would appear to have been favorable, but 
when light intensity and temperature were lowest. 
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SEASONAL GROWTH IN THE DIPTEROCARP FOREST 

Seasonal rates of growth of Parashorea malaanonan in the 
virgin forest at an altitude of about 300 meters were measured 
by Brown and Matthews.* The results are presented in detail 
in their publication and are plotted in their fig. 12. This figure 
is here reproduced as fig. 30. The curves in fig. 30 also show 
the slowest rate of growth at the height of the dry season, the 

most rapid growth during the rainy period, and an intermediate 
rate at the end of the year. There are, however, some striking 
differences between these curves for the virgin forest and those 
for the trees near the base of the mountain. The period from 
the first part of October to the first of December was one during 
which the trees at 80 meters' elevation showed a slow rate of 

* Brown, W. H., and Matthews, D. M., Philippine dipterocarp forests. 
Phil. Journ. Sci., Sec. A (1914), 9, 451. 
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growth, but during which Parashorea in the forest made a very 
rapid growth. The period from the last of July to the first 
part of October was one of rapid growth at an elevation of 
80 meters and of slow growth for Parashorea in the virgin 
forest. During this period the light intensity in the virgin 
forest was less than during either the preceding or the following 
period; and it may be that wi th the diminished light at this 
altitude the great amount of cloudiness during the rainy sea­
son was responsible for this slow rate in the virgin forest. 
It is interesting to note that the rate at this time is not very 
different from that at the end of the year, and that the light 
intensity, as measured by the difference in evaporation from 
the white and the radio-atmometers, was similar during the two 
periods. The changes in rate of growth in the virgin forest 
would seem to be best explained by assuming that the slow rate of 
growth during the dry season was due to high evaporation rates 
and low moisture content of the soil, and that as moisture con­
ditions became more favorable the rate of growth increased. 
However, when moisture conditions during the rainy season 
were still very favorable the low light intensity was apparently 
responsible for a decreased rate of growth. As the light in­
tensity again increased the rate of growth increased, while at 
the end of the year, when both light intensity and temperature 
were low, the rate of growth again decreased. 

A consideration of the rates of seasonal growth in the parang 
and in the lower portion of the dipterocarp forest would indicate 
that the rates of growth are influenced by changes in light in­
tensity, temperature, and evaporation. This is what might be 
expected from the discussion previously given under the heading 
of Light, where it was shown that variations in temperature and 
light appeared to be sufficient to account for the changes in 
height from the tall forest at lower elevations to the dwarfed 
one at higher altitudes. In the same discussion it was pointed 
out that the trees in the lower part of the dipterocarp forest 
were not so tall as would be indicated by the temperature-light 
indices, and it was suggested that this difference might be due 
to high rates of evaporation, particularly during the dry season. 

Variations in light apparently show a greater effect on sea­
sonal rates of growth of trees in the virgin forest than upon 
those at an elevation of 80 meters, where growth appears to be 
more largely controlled by moisture conditions. This again is 
in harmony wi th the view previously expressed that trees that 
formerly existed in the latter area were probably not nearly so 
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tall as would be indicated by the temperature-light indices, while 
those growing in a virgin forest in regions wi th a more evenly 
distributed rainfall do reach the heights indicated by the temper­
ature-light indices for the base of Mount Maquiling. 

As the high rates of evaporation obtaining during the dry 
season in the lower part of the dipterocarp forest and in the 
parang appear to have such adverse effects on the rates of 
growth, it seems probable that the lower rates of evaporation 
occurring at higher elevations should be favorable, rather than 
detrimental, to the development of a tall forest. This consider­
ation suggests that it is the low light intensity and temperature, 
rather than the low rates of evaporation, that are responsible 
for the dwarfing of the trees at higher elevations. This idea 
is in harmony with the view previously expressed in the dis­
cussion on Evaporation. 
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CLASSIFICATION ACCORDING TO RAUNKIAER'S LEAF SIZES 

A system of classifying the leaves in different plant habitats 
has been devised by Raunkiaer.* An abbreviated translation of 
this work has been presented by Fuller and Bakke.t According 
to Raunkiaer's system, leaves smaller than 25 square millimeters 
are leptophylls; those from 25 to 225 square millimeters, nano-
phylls; 225 to 2,025, microphylls; 2,025 to 18,225, mesophylls; 

TABLE CL.—Classification of erect woody plants on Mount Maquiling ac­

cording to Raunkiaer's leaf sizes. (Ferns and palms are omitted.) 

PLANTS OVER 2 METERS IN HEIGHT ON 0 25 HECTARE IN VIRGIN DIPTEROCARP 
FOREST: ALTITUDE, 450 METERS. 

First-story species — 
Second-story species .. 
Third-story species . . . 
Undergrowth species . 

Total 

Micro-
phyll 

Species 

Meso- Macro-
phyll phyll 

Micro-
phyll 

21 
34, 
20 
4 '. 

"I 

Individuals 

Meso 
phyll 

Macro-
phyll 

86 ' 
140 22 

63 16 

6 , 

PLANTS OVER 1 METER IN HEIGHT ON 0 25 HECTARE IN M1DMOUNTAIN 
FOREST (QUERCUS-NEOLITSEA ASSOCIATION) , ALTITUDE, 700 METERS. 

First-story species . . . 
Second-story species. 
Shrubs 

Total 

32 ! 
28 | 
1 !-

10 

5 

1 1 7 J 1 
412 ; 17 

l l 

530 18 

PLANTS MORE T H A N 1 METER IN HEIGHT ON 0 05 HECTARE IN MOSSY FOR­
EST ; A L T I T U D E . 1,000 METERS. 

First-story species. 

* Raunkiaer, C, Om Bladstorrelsens Anvendelse i den biologiske Plante-
geografi, Bot. Tidsk (1916), 33, 225-240. 

t Fuller, G. D., and Bakke, A. L. , Raunkiaer's "Life Forms," "Leaf-Size 

Classes/' and statistical methods, Plant World (1918), 21 , 25. 
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18,225 to 164,025, macrophylls; while larger leaves are mega-
phylls. In Table CL the erect woody dicotyledonous plants on 
the plots previously described, at different altitudes on Mount 
Maquiling, are classified according to Raunkiaer's system, both 
by number of individuals and by number of species. In this 
table the sizes given for compound leaves refer to the leaflets. 

An examination of the table shows that only three of Raun­
kiaer's leaf sizes were represented on these plots in the virgin 
forests; these were microphylls, mesophylls, and macrophylls. 
In the dipterocarp and midmountain forests the leaves were pre­
dominantly mesophylls, although in both cases there were some 
species wi th microphylls and some with macrophylls. In the 
mossy forest there were only two leaf sizes, microphylls and 
mesophylls. These were represented by the same number of 
species, while there was one more individual wi th microphylls 
than with mesophylls. This shows at once that the leaves in the 
mossy forest were smaller than those at lower elevations. In the 
midmountain forest there was, moreover, a smaller percentage 
of macrophylls and a slightly larger percentage of microphylls 
than in the dipterocarp forest, which might indicate that the 
leaves in the midmountain forest are smaller than in the dip­
terocarp forest. However, since such a large proportion of the 
leaves were mesophylls, it would appear that this class covers too 
large a range to allow an accurate comparison to be made of the 
sizes of leaves in the midmountain and dipterocarp forests. 

CLASSIFICATION ACCORDING TO LENGTH AND BREADTH 

In order to compare the leaf sizes at different altitudes more 
closely and also to see whether changes in length and breadth 
are proportional at different altitudes, the leaves have been 
classified according to length and breadth in a series of tables. 
These tables are similar in form. The leaves are classified ac­
cording to length classes of 10 centimeters and width classes 
of 5 centimeters. The measurements of simple and compound 
leaves are presented separately. The sizes of the compound 
leaves are for the whole leaves and not for the leaflets as in 
Table CL. The species and individuals are also classified ac­
cording to the character of the margins. Such data for the erect 
woody dicotyledonous plants in the culled dipterocarp forest are 
given in Table C L I ; for those in the virgin dipterocarp forest, 
in Table C L I I ; for those in the midmountain forest, in Table 
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TABLE CLI.—Leaf characters of trees over 1 meter in height on 0.25 hectare 
in the culled dipterocarp forest on Mount Maquiling; altitude, 200 
meters.* 
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TABLE CLII.—Leaf characters of erect, woody plants over 2 meters in height 

on 0.25 hectare in the virgin dipterocarp forest on Mount Maquiling; 
altitude, 450 meters. 
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TABLE CLIII .—Leaf characters of trees over 1 meter in height on 0.25 hec­
tare in the midmountain forest (Quercus-Neolitsea association) on 
Mount Maquiling; altitude, 700 meters," 
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TABLE CLIV.—Leaf characters of erect, woody plants more than 1 meter 
in height on 0.05 hectare in the mossy forest on Mount Maquiling; al­
titude 1,100 meters—Continued. 

CHARACTER OF MARGIN OF A L L LEAVES 

Entire ! Not entire 
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TABLE CLVI—Leaf characters of plants on a plot 10 meters square in the 
dipterocarp forest on Mount Maquiling; altitude, 450 meters. 

a Undetermined individuals and palms aie not included 
b Undetermined individuals are not included 

C L I I I ; and for those in the mossy forest, in Table CLIV. Similar 
data for the plots 10 meters square, on which all plants were 
measured, are given in Tables CLV to C L V I I . In order to 
present these figures in a more convenient form they have been 
converted into percentages and set forth in Tables C L V I I I to 
C L X I I I . 

Table C L V I I I gives the percentages of simple-leaved plants 
with leaves less than 5 centimeters in width. This table shows 
very clearly that the number of plants with leaves less than 5 
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TABLE CLVII.—Leaf characters of plants on a plot 10 meters square in the 
midmountain-forest formation on Mount Maquiling; altitude, 700 meters. 

SIMPLE LEAVES. 

centimeters in width increases rapidly with rising elevations. 
This change is marked in the first- and second-story trees and 
in the herbs. In Table CLIX are presented the percentages of 
simple-leaved plants wi th leaves less than 10 centimeters in 
length. The data in this table agree in general wi th the data 
in Table C L V I I I in showing that the number of plants with 
small leaves is greater at higher than at lower elevations. 

In Table CLX are given the percentages of simple-leaved plants 
with leaves more than 10 centimeters in width. An examination 
of this table shows that the number of both species and indivi­
duals wi th such leaves is greater in the dipterocarp than in the 
midmountain forest, while not one is found in the mossy forest. 
Table C L X I gives the percentages of simple-leaved plants wi th 
leaves more than 20 centimeters in length. The virgin dipter-

169649 25 
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TABLE CLVIII.—Percentages of simple-leaved plants on Mount Maquiling 
with leaves less than 5 centimeters in width, 

BY I N D I V I D U A L S . 

ocarp forest shows distinctly larger percentages of these long 
leaves than does the midmountain forest, while not one is 
present in the mossy forest. 

From the data in the four tables just discussed it would seem 
clear that the percentage of large leaves decreases while the per­
centage of small ones increases with rising elevations. The ex­
planation of this is not obvious. It can hardly be due to moisture 
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TABLE CLX.- Percentages of simple-leaved plants on Mount Maquiling with 

leaves more than 10 centimeters in width. 

BY INDIVIDUALS. 

conditions, as the rate of evaporation decreases and the percent­
age of soil moisture rises with increasing altitudes. Moreover, 
there is a greater proportion of large leaves in the parang than at 
higher elevations, while in the parang the rate of evaporation is 
higher and the percentage of soil moisture lower than anywhere 
in the virgin forest. Wind may afford a partial explanation, as 
wind velocity is greater at high than at low altitudes, and a tree 
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wi th large leaves would probably be more likely to be defoliated 
by high wind velocities than would one wi th small leaves It 
may be, however, that the small size of leaves at high elevations 
is simply an expression of the poor conditions for growth that 
result in the conspicuous dwarfing of trees. Raunkiaer in his 
studies found the smallest leaves on the area wi th the lowest 
vegetation. In the second-growth forest at the base of Mount 
Maquiling the trees are of small size, but this is not due to 
poor growth conditions. As just mentioned, these trees have 
a greater percentage of large leaves than those in the virgin 
forest. 

The second-story trees in the dipterocarp and midmountain 
forests do not appear to have smaller leaves than the first-story 
trees. From Table C L V I I I , in which are given the percentages 
of simple-leaved plants with leaves less than 5 centimeters in 
width, i t wi l l be seen that a smaller percentage of such leaves 
is found in the second than in the first story of the dipterocarp 
forest, while the percentage is only slightly greater in the 
second story than in the first story of the midmountain forest* 
The percentage of plants with leaves less than 10 centimeters 
in length is much less in the second story of the midmountain 
forest than in the first, and only slightly greater in the second 
story of the virgin dipterocarp forest than in the first story. 
While the percentage of small leaves appears to be about the 
same in the first and second stories, the number of large leaves 
is considerably greater in the lower stories than in the first, as 
an examination of Tables CLX and C L X I wi l l show. The oc­
currence of this high percentage of large leaves in the under-
stories may be connected with lessened wind movement or lower 
evaporation. It w i l l be noticed that the number of plants wi th 
leaves more than 10 centimeters in width and wi th leaves more 
than 20 centimeters in length is greater in the third story than 
in the second of the dipterocarp forest, and considerably greater 
in either of these stories than in the second story of the mid-
mountain forest. The smaller percentage in the midmountain 
forest can hardly be due to rates of evaporation. 

CLASSIFICATION ACCORDING TO WHETHER SIMPLE OR COMPOUND 

In Table C L X I I are given the percentages of plants wi th com­
pound leaves. The number of individuals wi th compound leaves 
is less in the culled dipterocarp forest than in the virgin dipter­
ocarp forest. The number of both species and individuals wi th 
compound leaves is much less in the midmountain than in the 
virgin dipterocarp forest, while there are no individuals wi th 
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TABLE CLXII- -Percentages of plants on Mount Maquiling with compound 

leaves. 

compound leaves in the mossy forest. In the virgin dipterocarp 
and the midmountain forests the percentage of individuals wi th 
compound leaves is approximately the same in the different 
stories. In the virgin dipterocarp forest the number of species 
with compound leaves is greatest in the first story and least in 
the third. 
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CLASSIFICATION ACCORDING TO CHARACTER OF MARGINS 

The percentage of leaves with entire margins is given in 
Table CLXIII. I t will be seen that the percentage of both in­
dividuals and species decreases with rising elevations and that 
in general the percentage of entire margins is smaller in the 
understories than in the first story. The lowest percentage in 
any of the tree stories in the dipterocarp forest is in the third 
story. The number of individuals, not only of woody species 
but also of herbs with entire margins, is less in the midmountain 
forest than in the virgin dipterocarp forest. 

The changes in leaf margins at different elevations may per­
haps be connected with moisture conditions, as the smallest per­
centage with entire margins is found in the mossy forest where 
fogs are of frequent occurrence and the rate of evaporation is 
low, and the greatest percentage in the dipterocarp forest where 
the rate of evaporation is very much higher. Water appears 
to run from leaves without entire margins more readily than 
from those with entire margins, and so nonentire margins may 
be of advantage to plants growing in places where the rate of 
evaporation is low. That the lower stories have a smaller per­
centage of entire margins than the first story is in keeping with 
this view. 

Bailey and Sinnott * have made a study of the distribution of 
entire and nonentire margins as related to climatic conditions. 
This work was based on various floras. The following quotation 
from their summary is in general agreement with the results 
just given: 

Leaves and leaflets with entire margins are overwhelmingly predominant 
in lowland-tropical regions; those with non-entire margins in mesophytic 
cold-temperate areas. 

In the tropical zones, non-entire margins are favored by moist uplands, 
equable environments, and protected, comparatively cool habitats; in the 
cold-temperate zones, entire margins are favored by arid environments 
and other physiologically dry habitats. 

* Bailey, I. W., and Sinnott, E. W., The climatic distribution of certain 
types of ahgiosperm leaves, Am. Journ. Bot. (1916), 3, 24-39. 
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GENERAL DESCRIPTION 

When the work on Mount Maquiling was finished, it seemed 
desirable to obtain some measurements of climatic factors on 
another mountain wi th a somewhat different type of vegetation, 
and to compare the results wi th those obtained on Mount Ma­
quiling. Mount Banahao offered the best possibilities for such 
a study. 

Mount Banahao is one of three extinct volcanic cones, which 
form an isolated mountain mass on the boundary between La-
guna and Tayabas Provinces. It is the largest of the three 
and has an elevation of about 2,300 meters. The next in height 
is Mount Cristobal, which lies to the west of Mount Banahao 
and is connected wi th the latter by a narrow saddle. The other 
peak, Lukban Peak, is a small cone on the northeastern side of 
Mount Banahao. A l l three peaks are regular cones. Mount 
Banahao has a large crater which opens toward the south. The 
sides of the crater are very steep, while the r im is narrow and 
knifelike. The part of the mountain under discussion is on the 
northern slope, along the t rai l leading from Majayjay to the sum­
mit. On this side the mountain rises from the plains at U-uvi 
barrio at an elevation of about 450 meters. 

The rainfall on the northern and northeastern slopes of Mount 
Banahao is distributed throughout all the months of the year, 
and there are no distinct wet and dry seasons. 

The northeastern monsoon strikes the Islands on the eastern 
coast and deposits a large part of its moisture before passing 
over the mountain masses. As there are no high mountain 
masses northeast of Mount Banahao, this monsoon brings heavy 
rains to the northern and northeastern slopes of the mountain. 
The southwestern monsoon is not nearly so strong a wind as the 
northeastern monsoon and, although it brings rains on the west­
ern side of the Archipelago, a large part of the rains that come 
at this season of the year are the result of cyclonic disturbances 
(typhoons), which cause the deposition of rains on both sides 
of the Islands. Therefore, also during this monsoon, heavy 
rains occur on the northern slopes of'Mount Banahao. 

VEGETATION 

Along the t ra i l from Majayjay to the top of Mount Banahao 
the original forest vegetation has been almost entirely removed 

391 



392 MOUNT BANAHAO 

to an elevation of about 650 meters, and even for some distance 
beyond this the forest has been culled of the trees most valuable 
for commercial purposes. 

In describing the vegetation of Mount Banahao, it w i l l be 
most convenient to give an account of the forest occurring at 
selected elevations. 

At altitudes slightly above 650 meters the forest has been 
very badly culled. A number of the tallest trees were measured, 
and the greatest height was found to be about 17 meters. In 
this situation the diameters of the trees are rather large, com­
pared wi th their heights. The greatest diameter recorded 
was 95 centimeters. The original forest was probably taller 
than that now found at this elevation. The development of 
epiphytes is rather scanty; the most frequent are Aglaomorpha 
and Asplenium nidus. On the trees are also found some mosses 
and a few orchids. The most conspicuous herbs on the ground 
are Strobilanthes pluriformis, Elatostema longifolium, and Sela-
tjinella. Climbing bamboos are conspicuous, and climbing palms 
(rattans) are rather numerous. 

At 1,000 meters' elevation the tallest tree measured was 20 
meters high, and the greatest diameter was 1.05 meters. The 
undergrowth here is very dense and consists largely of tree 
seedlings. The development of epiphytes is perhaps slightly 
greater than at lower elevations. Piper longivaginans, a liane, 
is abundant and conspicuous. Plate X L , fig. 1, shows a view in 
this forest. 

The forest at an elevation of 1,500 meters is very open. The 
tallest trees are about 18 meters in height. Lianes are abundant 
and consist largely of species of Freycinetia. Owing to their 
abundance and the striking character of their foliage these form 
one of the most conspicuous elements in the vegetation. Among 
the most prominent trees are species of Quercus. Epiphytes 
are abundant but not enough so to influence materially the ap­
pearance of the vegetation. The most conspicuous epiphytes are 
orchids, the prominent species being Bulbophyllum vagans, Den-
drochilum pumilum, and Phreatea. 

The greatest development of epiphytes occurs at an elevation 
of about 1,800 meters. At this elevation there is a broad, shal­
low ravine which runs across the t ra i l up the mountain. The 
trees are perhaps smaller in this ravine than at lower altitudes 
and are densely covered wi th thick layers of moss and mosslike 
plants. Plate X L , fig. 2, shows a view of this mossy forest. In 
exposed situations at this altitude the epiphytic covering is not 
particularly heavy. 
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The crater r im, at the point under discussion, has an eleva­

tion of approximately 2,100 meters. The forest is fairly open 
and consists of two stories of trees. The first, or dominant, 
story is composed almost entirely of Podocarpus irnbricatus. 
Besides this species there are a few specimens of Podocarpus 
costalis. The tallest individuals of Podocarpus irnbricatus reach 
heights of about 14 meters,, while the average height of the main 
canopy is about 12 meters. Many of the trees have a tendency 
to lean downhill. The second story is composed of a few species 
of dicotyledonous trees, the most prominent of which is Sym-
plocos whitfordii Among the other prominent species are 
Drimys piperita, Homalanthus alpinus, Clethra lancifolia, Rho­
dodendron kochii, Symplocos luzoniensis, and Ilex crenata. The 
undergrowth is scanty, giving the forest a fairly open appear­
ance. The most important element in the undergrowth is a 
semiwoody herb, Strobilanthes plurifonms. The ground is 
largely bare. In places a small creping plant, Nertera depressa, 
forms conspicuous patches. Mosses, filmy ferns, and a few liver­
worts are scattered here and there. Epiphytic mosses and other 
epiphytes are rather scarce. The most prominent epiphyte is 
a small but showy orchid, Dendrochilum venustulum. Plate 
X X X I X shows two views in this forest. 

From the foregoing discussion i t wi l l be seen that the vege­
tation on Mount Banahao differs strikingly from that on Mount 
Maquiling. At an elevation of 1,000 meters on Mount Banahao 
the tallest trees were 20 meters in height and the greatest dia­
meter measured was 1.05 meters. At 1,500 meters the tallest 
trees were about 18 meters high. This is in striking contrast 
with the sizes of the trees at the top of the east peak of Mount 
Maquiling at an elevation of 1,050 meters, where the tallest trees 
were about 8 meters in height. Even at the top of Mount 
Banahao at an altitude of about 2,100 meters the tallest trees 
were about 14 meters in height, which is a much greater height 
than that of trees at the top of Maquiling. The dwarfing on 
Mount Banahao, while very perceptible, was therefore much 
less striking than on Mount Maquiling and much less in pro­
portion to the altitude. At no elevation were epiphytes de­
veloped on ridges to a much greater extent than in the lower 
portion of the midmountain forest on Mount Maquiling. 

There is a great difference between the species on Banahao 
and those on Maquiling, but perhaps the most striking floristic 
difference is the development, at the top of Mount Banahao, of 
a coniferous forest. A discussion of the rates of growth of 
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Podocarpm at the top of Mount Banahao has been presented 
previously.* 

MEASUREMENTS OF ENVIRONMENTAL FACTORS 

After completing the work on Mount Maquiling the writer 
became connected with the University of the Philippines in 
Manila and it was, therefore, impossible for him to live In the 
neighborhood of Mount Banahao and obtain a set of readings 
such as was obtained on Mount Maquiling. The t r ip from 
Manila to the top of Mount Banahao and back, without taking 
into consideration the time required for securing extensive meas­
urements, cannot be made in much less than four days. These 
conditions made it necessary to have the readings taken by some 
one else, and this work was largely done by an assistant, Ma-
cario Ocampo, who had had no scientific training. It seemed 
inadvisable under the circumstances, to use atmometers, as a 
man without scientific training could hardly be expected to 
obtain accurate results wi th them. The only instruments em­
ployed were rain gauges, recording thermometers, and record­
ing hygrometers. Owing to the simplicity of the rain gauge 
there seemed to be little chance of error in the use of this in­
strument, which opinion was borne out by the fact that the 
distribution of rainfall obtained at the various altitudes cor­
responds well wi th the distribution as recorded by the Weather 
Bureau stations near the coast in this region. Wi th the slight 
changes in temperature found to obtain on Mount Banahao, there 
was practically no necessity for correcting the thermometers, 
and so the records of the temperature may be regarded as fairly 
accurate. The recording hygrometer presents greater difficulties, 
but even this instrument requires comparatively little correction 
under the fairly constant conditions obtaining on Mount Banahao. 
However, both the recording thermometers and the recording 
hygrometers were checked a number of times by the writer, 
and the slight corrections found necessary were made in the 
records. The results obtained from these several instruments 
are, therefore, probably about as accurate as could be expected 
from them. 

The rain gauges were placed in the tops of trees, except at 
the two lower elevations, where they were on the ground in 
the open. 

* Brawn, W. H„ The rate of growth of Podocarpus imbricatus at the 
top of Mount Banahao, Luzon, Philippine Islands, Phil. Journ. Sci., See. 
C (1917), 12, 317-828. 



MEASUREMENTS OP ENVIRONMENTAL FACTORS 395 

At first instruments were installed only at an altitude of 
1,550 meters and at the top of the mountain at an altitude of 
2,100 meters. In these two situations the three types of instru­
ments were operated from November 3, 1915, to November 3, 
1916. Later rain gauges were installed at altitudes of 430, 
660, and 1,015 meters. At an altitude of about 660 meters there 
are large clearings in the-forest, and the rain gauge at this 
altitude was placed in such a clearing. The rain gauge at an 
altitude of 430 meters, which is considerably below the limits 
of the forest, was placed in an open field. Recording hygro­
meters and recording thermometers were also placed in the 
forest at elevations of 660 and 1,015 meters, and were operated 
from March, 1916, to November 1, 1916. The recording hy­
grometer at 1,015 meters did not run well during the latter part 
of the period, and so the records for this time have been omitted. 
The thermometers at the lower elevations were old and the clock 
works did not operate well, usually stopping before the end of 
the week, and sometimes running for only two or three days. 
The thermometer part of the instruments, however, worked ac­
curately. Owing to the breaks in the records the maximum and 
minimum temperatures are not given in the tables for these, 
elevations. The mean temperatures in both cases were cal­
culated by adding together the average daily maximum and 
minimum and dividing by two. 

TEMPERATURE 

The temperature for the year in question at an altitude of 
1,550 meters is summarized for four-week periods in Table 
CLXIV, and for the top of the mountain at an altitude of about 
2,100 meters, in Table CLXV. The mean temperature at about 
1,550 meters was 16.5°, which is 1.3° lower than at the top 
of Mount Maquiling. The mean temperature at the top of 
Mount Banahao was 14.6°, which is 3.2° lower than at the top of 
Mount Maquiling. Since the trees at an elevation of 1,550 meters 
and at the top of Mount Banahao are taller than at the top of 
Mount Maquiling, it would appear that temperature alone cannot 
explain the difference in the size of the trees on the two moun­
tains. This is in agreement with the conclusion reached in the 
discussion of temperature on Mount Maquiling. 

The average daily maximum temperature at 1,550 meters was 
17.7°, and the average minimum, 15.4°, the average daily varia­
tion being 2.3°, which is less than the average variation at the 
top of Mount Maquiling, where it was 2.4°. As the average 
daily variation was less at the top of Mount Maquiling than at 
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T A B L E CLXIV.—Temperature for periods of four weeks in undergrowth in 
forest on Mount Banahao; altitude, about 1,550 meters. 

[Numbers give degrees centigrade.] 

the other elevations, it would appear that the average daily 
variation at 1,550 meters on Banahao is less than anywhere on 
Maquiling. The average daily maximum at the top of Mount 
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Banahao, was 15.7°, and the average daily minimum, 13.6°, the 
average daily variation being 2.1°, which is slightly less than 
at 1,550 meters' elevation and probably less than at any elevation 
on Mount Maquiling. 

The highest mean temperature for any four-week period at 
1,550 meters was 18°, and the lowest, 14.7°, a difference of 
3.3°. At the top of the mountain the highest mean for a four-
week period was 15.8°, and the lowest, 13.2°, a difference of 
2.6°. The absolute range for the entire year at 1,550 meters 
was 12.5°, and at the top, 18.6°. From these figures i t w i l l be 
seen that the temperature under the forest at high elevations 
on Mount Banahao is very uniform. The records for tem­
perature at elevations of 660 and 1,015 meters are given in 
Tables C L X V I and C L X V I I . The mean temperature at an eleva-

-Temperature for periods of four weeks in forest on Mount 
Banahao; elevation, 660 meters. 

[ N u m b e r s g ive degrees cen t ig rade ] 
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tion of 1,015 meters from March, 1916, to November 1, 1916, 
was 18.6°. At 660 meters' elevation the mean temperature from 
March, 1916, to October, 1916, was 21°. At both of these al­
titudes the average daily range was slight, being 2.5° at 1,015 
meters and 2.6° at 660 meters. 

RAINFALL 

The rainfall for weekly periods at different elevations is given 
in Table C L X V I I I and is summarized for four-week periods 
in Table CLXIX. An examination of these tables will show 
that at elevations of 1,550 and 2,100 meters, the only stations 

TABLE CLXVIII.—-Rainfall at different elevations on Mount Banahao. 
[Numbers g i v e rainfall in centimeters ] 
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TABLE CLXVIII.—Rainfall at different elevations on Mount Banahao—Ctd, 
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for which there are continuous records for the year, the rain­
fall was heavy and was evenly distributed throughout the year. 
At the top of the mountain the total rainfall was 746.8 cen­
timeters and there was no four-week period during which there 
was not more than 17 centimeters of rain. The total rainfall 
at 1,550 meters was 734 centimeters, and again there was no 
four-week period wi th less than 17 centimeters of rain. A com­
parison of the amounts of rain for similar periods at elevations 
from 660 to 2,100 meters would seem to indicate that there should 
be a very heavy rainfall at all altitudes in the virgin forest. 

No measurements were made of the water content of the 
soil, but the soil always appeared moist, as would be expected 
from the heavy rainfall. 

HUMIDITY 

The relative humidity at an elevation of 1,550 meters is 
given in Table CLXX. The mean humidity for the entire year 
was 89.1; the average daily maximum, 92.6; and the average 

TABLE CLXX.—Relative humidity for periods of four weeks in undergrowth 
in the forest on Mount Banahao; altitude, about 1,550 meters. 

[Numbers give percentage of saturation ] 

daily minimum, 84.2. There was no four-week period in which 
the average daily maximum was less than 89 per cent or the 
average daily minimum less than 81 per cent. During the en­
tire year there was no period during which a maximum of 100 
was registered by the instrument, and there was only one four-
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week period during which the average daily maximum was more 
than 94.4. It would thus appear that absolute saturation must 
be relatively rare in this forest. The absolute minimum for the 
entire period was 31 per cent, showing that, although the average 
humidity is high, there may be periods of comparatively low 
humidity. The humidity for the top of the mountain is given in 
Table C L X X I . Here the average humidity was slightly higher 

TABLE CLXXI.—Relative humidity for periods of four weeks in the forest at 
the top of Mount Banahao; altitude, about 2,100 meters. 

than at 1,550 meters, being 92.7 per cent. The average daily 
maximum and average daily minimum were also higher, the 
former being 94.8, and the latter, 89.4 per cent. The lowest hu­
midity recorded was 51 per cent, while 100 per cent was reg­
istered during five four-week periods. The relative humidity 
at an elevation of 1,015 meters is given in Table C L X X I I , and 
at an elevation of 660 meters in Table C L X X I I I . 

In Table C L X X I V is given the mean relative humidity at the 
different altitudes from March, 1916, to November 1,1916. From 
this table it would appear that there is comparatively little dif­
ference in the percentage of humidity at different elevations. 
The lowest average humidity occurred at 1,550 meters and the 
highest at the top, the difference being 4.2 per cent. No record 
of 100 per cent humidity is shown in Table C L X X I I I for an 

159549 26 
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T A B L E CLXXII.—Relative humidity for periods of four weeks in under-
growth in the forest on Mount Banahao; altitude, about 1,015 meters. 

[Numbers rive percentage of saturation.] 
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elevation of 660 meters, while 100 per cent was recorded for 
only one period at 1,015 meters. 

CORRELATION OF ENVIRONMENT AND VEGETATION 

An examination of the tables for relative humidity at different 
elevations would seem to afford an explanation of the fact that 
at no altitude is there a dense mossy covering in an exposed 
situation. The rari ty wi th which a humidity of 100 per cent is 
recorded indicates that fogs which cause a condensation of water 
on the vegetation must be comparatively rare, as such fogs, if 
of long duration, would probably wet the hairs of the hygro­
meters and cause them to register complete saturation. The 
mean relative humidity at the three lower elevations is very 
similar to that in the midmountain forest on Mount Maquiling, 
while the mean relative humidity at the top of Mount Banahao 
is only 2.3 per cent higher than that in the midmountain forest 
at 740 meters on Mount Maquiling. At the top of Mount Ma­
quiling the vegetation drips with moisture for a large part of 
the time. The writer has not observed such a condition on 
Mount Banahao except during or immediately following rains. 
At other times the leaves do not appear to be wet. We would, 
therefore, expect evaporation to be much more rapid at the dif­
ferent elevations on Mount Banahao than at the top of Mount 
Maquiling. The lack of fogs and the probably higher evapo­
ration rates prevailing on Mount Banahao thus seem to explain 
the lack of a mossy forest in exposed situations there, even though 
the rainfall is much heavier than at any altitude on Mount 
Maquiling. 

The comparative scarcity of complete saturation on Mount 
Banahao would indicate that cloudiness is not nearly so preva­
lent there as at the top of Mount Maquiling, so that the light 
intensity at all elevations is probably considerably greater than 
at the top of Maquiling. The similar relative humidity at ele­
vations of 660, 1,015, and 1,550 meters may, moreover, indicate 
that the degree of cloudiness is much more uniform at these 
different elevations than on Mount Maquiling. This is in agree­
ment wi th casual observations of the weather made by the writer 
on Mount Banahao. Owing to this and to the slighter degree of 
dwarfing wi th rising altitudes than obtains on Mount Maquiling, 
it would seem probable that the lower temperature at higher 
elevations is more largely responsible for dwarfing on Mount 
Banahao than is the case on Mount Maquiling. In order to 
determine the possible relation of temperature to dwarfing on 
Mount Banahao, temperature indices have been calculated for 
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altitudes of 1,015, 1,550, and 2,100 meters. That these indices 
for the different altitudes might be comparable, they have been 
calculated only for the period from March to November, 1916. 
The results are given in Table CLXXV. In the first column of 
TABLE CLXXV.—Comparison of temperature indices and heights of trees 

at different elevations on Mount Banahao. 

this table is shown the elevation in meters, and in the second 
column the temperature indices according to Livingston's phy­
siological system.* These indices were calculated for the dif­
ferent four-week periods and then averaged for the entire time. 
In the third column are given the Pis^m-temperature indices. 
These were calculated from Leitch's paper on the relation of 
temperature to rates of growth of roots of Pisum.-f In making 
these calculations Leitch's curve for rates of growth of Pinum 
for twenty-two and a half hours was drawn on a large scale, and 
the rates of growth corresponding to the different mean tem­
peratures for four-week periods were taken as the growth indices 
for these temperatures, The various temperature indices are, of 
course, simply ratios. In order to have them comparable with 
the heights of the trees as given in column 6, the physiological 
temperature indices have been divided by 1.56 and the Pimm 
indices multiplied by 1.12, the results being given in columns 
4 and 5. An examination of culumn 5 shows that the ratios 
for the Pisum indices are fairly similar to those for the 
heights of the trees but that, according to this system, varia­
tions of temperature would not be quite sufficient to account for 
the differences in height. The ratios for the physiological tem­
perature indices are not so similar to the heights of the trees 
as are those of the Pisum indices; but, according to the phy­
siological indices, variations in temperature would be more than 

* Livingston, B. E. , Physiological temperature indices for the study of 
plant growth in relation to climatic conditions, Physiological Researches 
(1916), 1, 399-420. 

† Leitch, I . , Some experiments on the influence of temperature on the 
rate of growth in Pisum sativum, Ann. Bot. (1916), 30, 25-46. 
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sufficient to account for the differences in height, A considera­
tion of the ratios obtained by these two systems would, there­
fore, indicate that temperature may be largely responsible for 
the differences in the heights of the trees at different elevations 
on Mount Banahao, and that variations in light intensity are 
not nearly so important in causing variations in height here as 
on Mount Maquiling. The greater heights of the trees on Mount 
Banahao than at similar elevations on Mount Maquiling may, 
therefore, be due largely to a greater light intensity on Mount 
Banahao, though the more even distribution of rainfall may have 
a contributing effect. 



LIST OF SPECIES MENTIONED IN THE TEXT, WITH 
AUTHORITIES, LOCAL NAMES, AND FAMILIES 

Acacia famesiana W i l l d . (aroma) . Leguminosae. 
Agelaea sp. Connaraceae. 
Aglaia diffusa Mer r . (salaquin pu la ) . Meliaceae. 
Aglaia harmsiana Perk, (malasaging). Meliaceae. 
Ag'laia iloilo Mer r . = A. argentea Blume ( i l o i lo ) . Meliaceae. 
Aglaia llanosiana C. DC. (a lupag) . Meliaceae. 
Aglaia sp. (malasaging). Meliaceae. 
Aglaomorpha meyeniana Schott. Polypodiaceae. 
Ahernia glandulosa Merr . Flacourtiaceae. 
Alangiwm longiflorum Mer r . Cornaceae. 
Alangium rneyeri Merr . (pu t i an) . Cornaceae. 
Albizzia procera Benth. (acleng parang) . Leguminosae. 
Allophylus grossedentatus F . - V i l l . Sapindaceae. 
Alocasia macrorrhiza Schott. Araceae. 
Alphonsea arborea Merr . Annonaceae. 
Alpinia brevilabris Presl. Zingiberaceae. 
Alstonw scholaris R. Br . (d i t a ) . Apocynaceae. 
Altingia excelsa Noronha. Hamamehdaceae. 
Alyxia monilifera V i d . Apocynaceae. 
Amoora cumingiana C. DC. Meliaceae. 
Amoora sp. Meliaceae. 
Anaxagorea luzonensis A. Gray. Annonaceae. 
Angiopteris angustifolia Presl. Marattiaceae 
Annona muricata L i n n . Annonaceae. 
Antidesma ghaesembilla Gaertn. (b inayuyu) . Euphorbiaceae 
Antidesma pleuricum T u l . Euphorbiaceae. 
Ardisia boissieri A. DC. ( tagpo). Myrsinaceae. 
Ardisia perrottetiana A. DC. Myrsinaceae. 
Ardisia serrata Pers. Myrsinaceae. 
Areca wendlandiana Scheff. Palmae. 
Arenga pinnata Merr . = A. saccharifera Lab i l l . (cabo negro). Palmae. 
Argostemma wallichu Walp . Rubiaceae. 
Artocarpus cumingiana Tree, (anubmg). Moraceae. 
Artocarpus rubrovenia Warb. (anubing). Moraceae 
Artocarpus woodii Merr . Moraceae. 
Asplenium nidus L i n n . Polypodiaceae. 
Astronia lacfunensis Merr . Melastomataceae. 
Astronia pulchra V i d . Melastomataceae. 
Astronia rolfei V i d . (dungao). Melastomataceae 
Astronia williamsii Merr . (dungao). Melastomataceae. 
Bambusa spinosa Roxb. (cauayan). Gramineae. 
Barringtonia sp. Lecythidaceae. 
Bauhinia malabarica Roxb. (alibangbang). Leguminosae. 
Begonia aequata A. Gray. Begoniaceae. 
Biophytum sensitivum DC. Oxalidaceae. 
Bischofia javanica B l . ( t u a i ) . Euphorbiaceae. 
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Blumea balsamifera DC. (sambong). Compositae. 
Bridelia minutiflora Hook. f. Euphorbiaceae. 
Buchananta arboreecens Blume (balinghasay). Anacardiaceae. 
Bulbophyllum vagans Ames & Rolfe. Orchidaceae. 
Calamus spp. (bejuco). Palmae. 
Calanthe triplicata Ames. Orchidaceae. 
Callicarpa erioclona Schauer (palis). Verbenaceae. 
Calyptrocalyx spicatus Blume. Palmae. 
Canarium ahernianum Merr. Burseraceae. 
Canarium lucidum Perk. Burseraceae. 
Canarium luzonieum A. Gray (pil i) . Burseraceae. 
Canarium villosum F.-Vil l . (pagsahing). Burseraceae. 
Canarium sp. (isangjuac). Burseraceae. 
Carica papaya Linn. Caricaceae. 
Caryota cumingii Lodd. (pugahan). Palmae. 
Caryota sp. (pugahan). Palmae. 
Casearia sp. (malatapai). Flacourtiaceae. 
Castanospermum sp. Leguminosae. 
Ceiba pentandra DC. = Eriodendron anfractuosum DC. (kapok). Bomba-

caceae. 
Celtis philippensis Blanco (malaicmo). Ulmaceae. 
Ceratostylis senilis Reichb. f. Orchidaceae. 
Chisocheton cumingianus C. DC. (salaquing puti) . Meliaceae. 
Chisocheton pentandrus Merr. (catang macsin or salaquing pula). Melia­

ceae. 
Chisocheton sp. (salaquing pula). Meliaceae. 
Chloranthus officinalis Bl. Chloranthaceae. 
Christisonia wightii Elm. Orobanchaceae. 
Cinchona succirubra Pav. Rubiaceae. 
Cinnamomum mercadoi Vid. (calingag). Lauraceae. 
Cissus trifolia K. Sch. Vitaceae. 
Citrus hystrix DC. (cabuyao). Rutaceae. 
Cleidion javanicum Blume. Euphorbiaceae. 
Clerodendron quadriloculare Merr. Verbenaceae. 
Clethra lancifolia Turcz. Clethraceae. 
Coleus multiflorus Benth. Labiatae. 
Columbia serratifolia DC. (anilao). Tiliaceae. 
Commelina nudiflora Linn. Commelinaceae. 
Cordia myxa Linn, (anonang). Boraginaceae. 
Corysanthes merrillii Ames. Orchidaceae. 
Cotylanthera tenuis Bl. Gentianaceae. 
Cratoxylon blancoi Blume. Guttiferae. 
Cratoxylon celebicum Blume (guyong-guyong). Guttiferae. 
Croton consangui?ieu8 Muell. Euphorbiaceae. 
Croton leiophyllus Muell. Euphorbiaceae. 
Cryptocarya lauriflora Merr. Lauraceae. 
Cyathea caudata Copel. Cyatheaceae. 
Cyclostemon maquilingensis Merr. (tinaan pantai). Euphorbiaceae. 
Cyrtandra incisa Clarke. Gesneriaceae. 
Daemonorops spp. (bejuco). Palmae. 
Deeaspermum paniculatum Lindl. Myrtaceae. 
Dendrochilum glumaceum Lindl. Orchidaceae. 
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Dendrochilum pumilum Reichb. f. Orchidaceae. 
Dendrochilum venustulum Pf i tz . Orchidaceae. 
Desmodiwm pulchellum B e n t h . Leguminosae. 
Dichrotrichum chorisepalum C la rke . Gesneriaceae. 
Dillenia philippinensis Rolfe (catmon) . Dilleniaceae. 
Dillenia reifferscheidia F . - V i l l . (catmon) . Dilleniaceae. 
Dimorphocalyx longipes M e r r . Euphorbiaceae. 
Dimorphocalyx luzoniensis M e r r . Euphorbiaceae. 
Diospyros ahernii M e r r . ( anang) . Ebenaceae. 
Diospyros discolor W i l l d . (camagon). Ebenaceae. 
Diospyros pilosanthera Blanco (bolongeta). Ebenaceae. 
Diplodiscus paniculatus Turcz. (balobo). Tiliaceae. 
Dischidia purpurea M e r r . Asclepiadaceae. 
Dischidia sp. Asclepiadaceae. 
Donax cannaeformis K. Schum. Marantaceae. 
Dracontomelum dao M e r r . & Rolfe (dao) . Anacardiaceae. 
Drimys piperita Hook, f. Magnoliaceae. 
Drynaria quercifolia J. Sm. Polypodiaceae. 
Dysoxylum decandrum M e r r . Meliaceae. 
Dysoxylum paucifiorum M e r r . Meliaceae. 
Dysoxylum rubrum M e r r . Meliaceae. 
Dysoxylum turczaninourii C. D C . Meliaceae. 
Elaeocarpus argenteus M e r r , Elaeocarpaceae. 
Elaeocarpus calomala M e r r . Elaeocarpaceae. 
Elaphoglossum sp. Polypodiaceae. 
Elatostema carinoi W. R. Shaw. Urticaceae. 
Elatostema longifolium Wedd . Urt icaceae . 
Elatostema viridescens E l m . Urt icaceae . 
Enterolobium saman Benth. Leguminosae. 
Epirixanthes cylindrica B l u m e . Polygalaceae. 
Eria sp. Orchidaceae. 
Eriobotrya japonica L i n d l . Rosaceae. 
Eugenia arcuatinervia M e r r . Myr taceae . 
Eugenia astronioides C. B. Rob. Myr taceae . 
Eugenia calubcob C. B. Rob. (calubcob). Myrtaceae 
Eugenia crassipes C. B. Rob. (calubcob). Myrtaceae. 
Eugenia cumini ( L i n n . ) M e r r . ( d u h a t ) . Myrtaceae. 
Eugenia longiflora F . - V i l l . Myrtaceae. 
Eugenia luzonensis M e r r . (malaruhat p u t i ) . Myrtaceae 
Eugenia mananquil Blanco. Myrtaceae. 
Eugenia robertii M e r r . Myrtaceae. 
Eugenia saligna C. B. Rob. Myrtaceae. 
Eugenia similis M e r r . ( m a l a r u h a t ) . Myrtaceae. 
Eugenia sp. (malabayabas) . Myrtaceae. 
Eulophia exaltata Reichb. f. Orchidaceae. 
Euonymus javanica B l . Celastraceae. 
Euonymus viburni/olia M e r r . Celastraceae. 
Euphoria cinerea Radlk. (alupagr)* Sapindaceae. 
Eurya acuminata D C . Theaceae. 
Evodia glabra Blume. Rutaceae. 
Evodia 8 erne carpi folia M e r r . Rutaceae. 
Evodia vUlamilii M e r r . Rutaceae. 
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hJvodia sp. Rutaceae. 
Fxcus ampelos Burm. f. (malaisis). Moraceae. 
Ficus banahaen8i8 Elm. Moraceae. 
Ficus barnesii Merr. Moraceae. 
Ficus dementis Merr. Moraceae. 
Ficus elastica Roxb. Moraceae. 
Ficus garciae Elm. Moraceae. 
Ficus hauiii Blanco (hauili) . Moraceae. 
Ficus linearifolia Elm. (auymit) . Moraceae. 
Ficus manilensis Warb. (isis). Moraceae. 
Ficus minafiassae Miq. (hagimit). Moraceae. 
Ficus nervosa Heyne (agusus). Moraceae. 
Ficus nota Merr. (tibig). Moraceae. 
Ficus paucinervia Merr. (tangisang biauac). Moraceae. 
Ficus ribes Reinw. (auymit). Moraceae. 
Ficus satterihwaitei Elm. Moraceae. 
Ficus ulmifolia Lam. (isis). Moraceae. 
Ficus validicaudata Merr. Moraceae. 
Ficus variegata Blume (tangisang biauac). Moraceae. 
Ficus warburgii Elm. Moraceae. 
Flacourtia sp. Flacourtiaceae. 
Forrestia philippinensis Merr. Commelinaceae. 
Frcycinetia robinsonii Merr. Pandanaceae. 
Freycinetia williamsii Merr. Pandanaceae. 
Freycinetia sp. Pandanaceae. 
Galeola hydra Reichb. f. Orchidaceae. 
Garcinia binucao Choisy (binucao). Guttiferae. 
Garcinia rubra Merr. Guttiferae1. 
Garcinia venulosa Choisy (gatasan). Guttiferae. 
Garcinia spp. Guttiferae. 
Glochidion album Boerl. (magna). Euphorbiaceae. 
Glochidion lancifolmm C. B. Rob. Euphorbiaceae. 
Glochidion merrillii C. B. Rob. Euphorbiaceae. 
Glochidion philippicum C. B. Rob. Euphorbiaceae. 
Glochidion reticulatum Elm. Euphorbiaceae. 
Glochidion trichogynum Muell. (bogna). Euphorbiaceae. 
Glochidion williamsii C. B. Rob. Euphorbiaceae. 
Goniothalamus amuyon Merr. (amuyong). Annonaceae. 
Goniothalamus elmeri Merr. Annonaceae. 
Grewia stylocarpa Warb. (susumbic). Tiliaceae. 
Gymnacranthera paniculata Warb. (tambulao). Myristicaceae. 
Hedyotis philippensis Merr. Rubiaceae. 
Hemigraphis strigosa F . -Vi l l . Acantha,ceae. 
Hetero8pathe elata Scheff. Palmae. 
Hevea brasiliensis Muell. Euphorbiaceae. 
Histopteris incisu J. Sm. Polypodiaceae. 
Homalanthus alpinus Elm. Euphorbiaceae. 
Homalanthus fastuosus Pax. Euphorbiaceae. 
Homalanthu8 populneus Pax (balanti). Euphorbiaceae. 
Hopea acuminata Merr. (dal in |dinfan) . Dipterocarpaceae. 
Hoya odorata Schltr. Asclepiadaceae. 
Hydnophytum sp. Rubiaceae. 
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Hymenophyllum javanicum Blume. Hymenophyllaceae. 
Ilex crenata Thunb. Ilicineae. 
Ilex foxworthyi Merr. Aquifoliaceae. 
Imperata exaltata Brongn. (cogon). Gramineae. 
Ipomoea triloba Linn. Convolvulaceae. 
Itea maesaefolia Elm. Saxifragaceae. 
Ixora longistipula Merr. Rubiaceae. 
Ixora macrophylla Bartl. Rubiaceae. 
Knema glomerata Merr. =zK. heterophylla Warb. (tambalao). Myristi-

caceae. 
Koordersiodendron pinnatum Merr. (amugis). Anacardiaceae. 
Laportea subclausa C. B. Rob. ( l ipa). Urticaceae. 
Leea aculeata Blume. Vitaceae. 
Leea manillensis Walp. Vitaceae. 
Leea philippinensis Merr. Vitaceae. 
Leea quadrifida Merr. Vitaceae. 
Lepisanthes schizolepis Radlk. Sapindaceae. 
Leucaena glauca Benth. (ipil ipi l ) . Leguminosae. 
Leucosyke capitellata Wedd. (lagasi). Urticaceae. 
Litsea garciae Vid. Lauraceae. 
Litsea giutinosa C. B. Rob. (puso puso). Lauraceae. 
Litsea luzonica F . -Vi l l . Lauraceae. 
Litsea perrottetii F . -Vi l l . (marang). Lauraceae. 
Livistona sp. (anahau). Palmae. 
Lophopetalum toxicum Loher (cala-tumbago). Celastraceae. 
Lygodium circinnatum Sw. Schizaeaceae. 
Macaranga bicolor Muell.-Arg. (hamindang). Euphorbiaceae. 
Macaranga grandifolia Merr. (taquip asin). Euphorbiaceae. 
Macaranga tanarius Muell.-Arg. (binunga). Euphorbiaceae. 
Macaranga spp. (binuiiga). Euphorbiaceae. 
Machilus philipjnnensis Merr. Lauraceae. 
Mallotus moluccanus Muell.-Arg. (al im). Euphorbiaceae. 
Mallotus philippensis Muell.-Arg. (banato). Euphorbiaceae. 
Mallotus ricinoides Muell.-Arg. (hinlaumo, al im). Euphorbiaceae. 
Mangifera indica Linn. Anacardiaceae. 
Mastixia philippinensu Wang, (tapulao). Cornaceae. 
Medinilla astronioides Triana. Melastomataceae. 
Medinilla multiflora Merr. Melastomataceae. 
Medinilla myrtiformis Triana. Melastomataceae. 
Medinilla venosa Triana. Melastomataceae. 
Mela8toma polyanthum Blume. Melastomataceae. 
Meliosma macrophylla, Merr. Sabiaceae. 
Meliosma sylvatica Elm. Sabiaceae. 
Melochia umbellata Stapf (labayo). Sterculiaceae. 
Memecylon paniculatum Jack (culis). Melastomataceae. 
Merremia hastata Hallier f. Convolvulaceae. 
Merremia umbelUtta Hallier f. Convolvulaceae. 
Mimosa pudica Linn. Leguminosae. 
Mussaenda philippica Rich, (cahoy dalaga). Rubiaceae. 
Myristica philippensis Lam. (duguan). Myristicaceae. 
Myrmecodia sp. Rubiaceae. 
Nauclea junghuhnii Merr. (mambog). Rubiaceae. 
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Mauclea orientalis Linn.=Sarcocephalus orientalis (bancal). Rubiaceae. 
Neolitsea villosa Merr. Lauraceae. 
Neonauclea calycina Merr . (uisac). Rubiaceae. 
Neonauclea media Merr . Rubiaceae. 
Neotrewia cumingii Pax & Hoffm. (bato-bato). Euphorbiaceae. 
Nepenthes alata Blanco. Nepenthaceae. 
Nephelium mutabile Blume (bulala) . Sapindaceae. 
Nertera depressa Banks & Soland. Rubiaceae. 
Octomeles sumatrana Miq . Datiscaceae. 
Oleandra colubrina Copel. Polypodiaceae. 
Operculina turpethum S. Manso. Convolvulaceae. 
Oreocnide trinervis Miq . (malatuba). Urticaceae. 
Oreodoxa regia H. B. K. Palmae. 
Oroxylum indicum Vent, (pincapincahan). Bignoniaceae. 
Osmelia conferta Benth. (malatapai) . Flacourtiaceae. 
Osmelia philippinensis Benth. Flacourtiaceae. 
Palaquium merrillii Dubard. Sapotaceae. 
Palaquium philippense C. B. Rob. (palac-palac). Sapotaceae. 
Palaquium tenuipetiolatum Merr . (palac-palac or manicnic). Sapotaceae 
Pandanus gracilis Blanco. Pandanaceae. 
Pandanus luzonensis Merr. Pandanaceae. 
Papualthia lanceolata Merr . = Polyalthia lanceolata Vidal (lanutan) . 

Annonaceae. 
Parashorea malaanonan Merr . = P. plicata Brandis (bagtican lauan), 

Dipterocarpaceae. 
Parkia javanica Merr . = P. timoriana DC. (cupang). Leguminosae. 
Pentacme contorta M. & R. (white lauan). Dipterocarpaceae. 
Phacelopkrynium sp. Marantaceae. 
Phaius sp. Orchidaceae. 
Phalaenopsis amabilis Blume. Orchidaceae. 
Phreatea. Orchidaceae. 
Pinanga bamesii Becc. Palmae. 
Pinanga insignis Becc. Palmae. 
Pinus insularis Endl . Pinaceae. 
Piper longivaginans C DC. Piperaceae. 
Pipturus arborescens G. B. Rob. (dalunot) Urticaceae. 
Pisonia umbellifcra Seem, (anul ing) . Nyctaginaceae. 
Pithecolobium subacutum Benth Leguminosae. 
Planchonia spectabilis Merr . ( lamog). Lecythidaceae. 
Plumeria acutifolia Poir. Apocynaceae 
Podocarpus costalis Presl. Taxaceae. 
Podocarpus imbricatus Blume. Taxaceae. 
Polyalthia cumingiana Merr . Annonaceae. 
Polyalthia sp. Annonaceae. 
Polypodium sinuatum W a l l . Polypodiaceae. 
Polyscias nodosa Seem. Araliaceae. 
Pometia pinnata Forst. (malugay). Sapindaceae. 
Pothos sp. Araceae. 
Premna cumingiana Schauer (magui l i ) . Verbenaceae. 
Premna odorata Blanco. Verbenaceae. 
Psidium guajava L inn , (guava). Myrtaceae. 
P8ychotria sp. Rubiaceae. 
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Pteris quadHaurita Retz. Polypodiaceae. 
Pterocarpus indicus W i l l d . ( n a r r a ) . Leguminosae. 
Pterocymbium Unctorium M e r r . ( t a l u t o ) . Sterculiaceae. 
Pterospermum dtversifolium Blume (spp.) (bayog) . Sterculiaceae. 
Pygeum preslii M e r r . (uto-uto) . Rosaceae. 
Quercus robinsonii M e r r . (oayan) . Fagaceae. 
Quercus soleriana V i d . (cataban) . Fagaceae. 
Radermachera sp. Bignoniaceae. 
Rafflesia manillana Teschem. Rafflesiaceae. 
Rapanea philippinensis Mez. Myrsinaceae. 
Rhododendron kochii Stein. Ericaceae. 
Rhododendron quadrasianum V i d . Ericaceae. 
Riccia sp. Hepaticae. 
Rourea volubilis M e r r . Connaraceae. 
Rubus fraxinifolius Poir. Rosaceae. 
Rungia sp. Acanthaceae. 
Saccharum spontaneum L. ( t a l a h i b ) . Gramineae. 
Sambucus javanica B l . Caprifoliaceae. 
Sapindus saponaria L i n n . Sapindaceae. 
Saurauia latebracteata Choisy. Dilleniaceae. 
Saurauia luzoniensis M e r r . Dilleniaceae. 
Saurauia whitfordii M e r r . Dilleniaceae. 
Schefflera sp. Araliaceae. 
Schizo8tachyum diffusum M e r r . Gramineae. 
Schizostachyum mucronatu?n Hack. (boho). Gramineae. 
Schizostachyum sp. (boho). Gramineae. 
Selaginella belangeri Spring. Selaginellaceae. 
Selaginella maquiliensw Hieron. Selaginellaceae. 
Selaginella pennula Spring. Selaginellaceae. 
Semecarpus gigantifolia F . - V i l l . ( l igas) . Anacardiaceae. 
Semecarpus philippinensis Engl , ( l igas) . Anacardiaceae. 
Shorea guiso Blume ( g u i j o ) . Dipterocarpaceae. 
Shorea polysperma M e r r . ( t a n g i l i ) . Dipterocarpaceae. 
Sida javensis Cav. Malvaceae. 
Sideroxylon sp. (white na to ) . Sapotaceae. 
Siphonodon celastrineus Griff. Celastraceae. 
Sterculia crassiramea M e r r . Sterculiaceae. 
Sterculia cuneata R. Br . Sterculiaceae. 
Sterculia foetida L inn . Sterculiaceae. 
Sterculia oblongata R. Br . (malacacao). Sterculiaceae. 
Sterculia sp. ( l a p n i t ) . Sterculiaceae. 
Streptocaulon baumii Decne. Asclepiadaceae. 
Strobilanthes pluriformis C. B. Clarke. Acanthaceae. 
Strombosia philippinensis Rolfe ( t a m a y u a n ) . Olacaceae. 
Strongylodon macrobotrys A. Gray . Leguminosae. 
Symphorema luzonicum F . - V i l l . Verbenaceae. 
Symplocos ahernii Brand. Symplocaceae. 
Symplocos floridissima Brand. Symplocaceae. 
Symplocos luzoniensis Rolfe. Styraceae. 
Symplocos merrUliana Brand . Symplocaceae. 
Symplocos villarii V i d . Symplocaceae. 
Symplocos whitfordii Brand . Styraceae. 
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Synedrella nodiflora Gaertn. Compositae. 
Tabernaemontana pandacaqui Poir. (pandacaqui). Apocynaceae. 
Taeniophyllum philippinense Reichb. f. Orchidaceae. 
Tectaria sp. Polypodiaceae. 
Terminalia edulis Blanco (calumpit). Combretaceae. 
Terminalia nitens Presl. Combretaceae. 
Terminalia pellticida Presl (calumpit or talisay-gubat). Combretaceae. 
Thea montana Merr, Theaceae. 
Trema orientalisBlume (anabion). Ulmaceae. 
Trichomanes apiifolium Presl. Hymenophyllaceae. 
Trichomane8 pluma J. Sm. Hymenophyllaceae. 
Trichomanes proliferum Bl. Hymenophyllaceae. 
Tricho8anthe8 qmnquangulata A. Gray (cabalonga). Cucurbitaceae. 
Trichosporum philippinenses 0. Ktze. Gesneriaceae. 
Twrpinia pomifera DC. (malabago). Staphyleaceae. 
Urandra luzoniensis Merr. (tapulao). Icacinaceae. 
Urophyllum banahaense Elm. Rubiaceae. 
Utricularia rosulata Benj. Lentibularieae. 
Vernonia lancifolia Merr. Compositae. 
Voacanga globosa Merr. (bayag-usa). Apocynaceae. 
Weinmannia Inzoniensis Vid. Cunoniaceae. 
Wickstroemia meyeniana Warb. Thymelaeaceae. 



GENERAL SUMMARY AND CONCLUSIONS 

MOUNT MAQUILING 

The vegetation on Mount Maquiling shows a gradation from 
a tall forest at the base of the mountain to a dwarfed mossy 
one at the summit. 

Between elevations of about 100 and 600 meters there is a 
tall dipterocarp forest, a type of Schimper's tropical rain forest, 
characteristic of the lowlands in the Philippines and in many 
other parts of the Indo-Malayan region. This forest consists 
of three stories of trees, each composed of different species. 
The first, or tallest, story is dominated by members of the family 
Dipterocarpaceae. At middle elevations the forest consists of 
two stories composed of different tree species. At the top of 
the mountain there is only one story of trees. These trees are 
dwarfed and very peculiarly shaped and are thickly covered 
wi th mosses and mosslike plants. Mossy forests are frequently 
found on high mountains in the Philippines and elsewhere in 
the tropics. 

The ground covering in the dipterocarp forest is composed 
largely of tree seedlings and, at higher elevations, of herbaceous 
plants. 

The epiphytes in the dipterocarp forest are largely phanero­
gams and are confined chiefly to the largest branches of the 
tallest trees. At middle elevations epiphytes are more numerous 
and cryptogams are more conspicuous. Mosses and liverworts 
may form a thin covering over a considerable portion of the 
trunks of trees. The greatest development of epiphytes is at 
the top of the mountain in the mossy forest, where the lower 
branches and the trunks of the trees are thickly covered with 
mosses and mosslike plants, in which grow a number of larger 
plants, including phanerogams. On the smaller branches epi­
phytes are also numerous, but less so than on the trunks. 

The original vegetation around the base of the mountain 
has been removed, and the land that is not now cultivated is 
covered wi th a mixture of grass and second-growth forest 
composed of small trees. 

Humidity is fair ly high at all elevations but increases with 
rising elevations, and at the top of the mountain the atmosphere 
under the forest is practically saturated most of the time. 

414 
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The increase in humidity at high elevations is accompanied 
by an increase in cloudiness and a lower light intensity. 

Temperature gradually decreases wi th rising elevations. 
The decrease in temperature and light intensity and the in­

crease in humidity wi th rising elevations result in a rapid 
decrease in the rate of evaporation from the base to the summit. 

There is a pronounced, though not very severe, dry season in 
the Maquiling region. 

The amount of water in the soil increases with rising eleva­
tions, and only at low elevations does it appear to decrease suffi­
ciently during the dry season to have a harmful effect on the 
vegetation. 

Except at the lower elevations the heights of the trees at 
different altitudes agree very closely wi th the light-temperature 
indices—that is, wi th the product of the light intensity mul­
tiplied by temperature indices for growth. This indicates that 
the decrease in light intensity and temperature, as high eleva­
tions are reached, is responsible for the dwarfing of the trees. 
The heights of the trees at the lower elevations are not so great 
as would be indicated by the temperature-light indices, but at 
these elevations the rate of evaporation is evidently sufficiently 
high at times to be harmful. It is probable that this high 
rate is responsible for the fact that the trees are not so tal l as 
would be indicated by the temperature-light indices; particularly, 
as in the lowlands, in regions where there is no pronounced dry 
season, trees do reach the heights indicated by the temperature-
light indices for the base of Mount Maquiling. 

The rates of growth of trees at different elevations agree fairly 
closely wi th the temperature-light indices. 

The increase in epiphytic vegetation, particularly cryptogams, 
with rising elevations is apparently due to the lower rate of 
evaporation and the presence of fogs. A thick covering of 
mosses and mosslike plants seems to be dependent on a practically 
saturated condition of the atmosphere or on the frequent occur­
rence of fogs. 

The peculiar shapes of the trees in the mossy forest at the 
top of Mount Maquiling are due largely to the formation of 
aerial roots, which seem to be favored by the moist conditions 
obtaining in this forest. 

The increase in herbaceous plants wi th rising elevations is 
apparently due to an increased moisture content of the soil and 
a lower rate of evaporation. 

On Mount Maquiling are found most of the strikingly bizarre 
Plant genera of the Indo-Malayan region; but such plants are 
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rare here, as in other places in this region, and have very little 
effect on the appearance of the Vegetation. 

MOUNT BANAHAO 

On Mount Banahao the dwarfing of the vegetation is much 
more gradual than on Mount Maquiling, The trees at the sum­
mit at an altitude of about 2,100 meters are taller than those at 
the summit of the east peak of Mount Maquiling at an altitude 
of 1,050 meters. Variations in temperature on Mount Banahao 
appear to be sufficient to account for all, or nearly all, of the 
dwarfing. 

As the vegetation on Mount Maquilmg and Mount Banahao 
is typical of many mountains in moist tropical regions it seems 
not improbable that, when the dwarfing is gradual on such rnoun*-
tains, it is due largely to a decrease in temperature; but where 
it occurs at lower elevations, as on Mount Maquiling, decrease 
in light intensity may play an important role. 

The humidity on Mount Banahao is high at all elevations, 
but at no altitude is the atmosphere practically saturated most 
of the time as at the top of Mount Maquiling. 

Epiphytic vegetation is not developed at any elevation to 
the same extent as at the top of Mount Maquiling, although the 
rainfall at high elevations on Mount Banahao is several times 
as great as at the top of Mount Maquiling and is more evenly 
distributed. It would appear, therefore, that heavy rains are 
not sufficient to produce a dense covering of mosses and mosslike 
plants, unless they are accompanied by very high humidity or 
frequent fogs. 



APPENDIX 

It is usual to give records of temperature and relative humidity 
according to calendar months. As the data from Mount Maqui-
ling are presented for periods of four weeks rather than for 
calendar months, it has seemed desirable, for purposes of com­
parison, to present summary tables of the data obtained from 
the recording instruments in the more usual form of calendar 
months. Such tables have been prepared by Mr. Evaristo Ad-
lauan from the writer's original records and are here presented. 

TABLE CLXXVI.—Temperature from October, 1911, to January, 1915, under 
second-growth trees near the base of Mount Maquiling; altitude, 80 
meters . 

[Numbers give degrees centigrade.] 

159549 27 417 
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TABLE CLXXVII.—Temperature from January, 1913, to January, 1915, in 
undergrowth in the dipterocarp forest, Mount Maquiling; altitude, 300 
meters. 

[Numbers give degrees centigrade.] 
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TABLE CLXXIX,—Temperature from November, 1912, to January, 1915, in 

undergrowth in the midmountain forest, Mount Maquiliag; altitude, 740 
meters. 

[Numbers give degrees centigrade,] 
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TABtE CLXXXL—Relative humidity from October, 1912, to January, 1915, 
under seconoVgrowth trees near the base of Mount Maquiling; altitude, 
80 meters. 

[Numbers give percentage of saturation.] 
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TABLE CLXXXIII.—Relative humidity from July, 1918, to January, 1915, in 

undergrowth in the dipterocarp forest, Mount Maquiling; altitude, 450 
meters. 

[Numbers give percentage of saturation.] 
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Dipterocarp forest, culled—Continued. 
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Homalanthua alpinus, 167. 
Homalanthus, compared with second-

growth species at base of Mount Ma-
quihng, 168, 169. 

Litsea glutinosa, 183. 
Macaranga spp., 184. 
Mallotus ricinoides, 128. 
methods of measurements, 116. 
midmountain forest, 161. 
miscellaneous species, reaching a dia­

meter of 20 centimeters and over, 187. 
mossy forest, 167. 
parang trees, 125. 
Parashorea malaanonan, 152, 158. 
Premna cumingiana, 148. 
Pterocarpus indicus, 143. 
relation of evaporation to, 858 
relation of light to, 238. 
seasonal rates of, 370. 

dipterocarp forest, 375. 
parang, 370. 

temperature indices for, on Mount Ma-
quiling, 237, 404. 

temperature-light indices for, 239. 
Trema onentalia, 131 

Guava, 23, 349, 150, 411. 
Guijo, 20, 27, 44, 53, 61, 63, 67, 70, 72, 412 
Gum, 140 
Gum, red, 141 
Guttiferae, 407, 409 
Guyong-guyong, 64, 85, 89, 91, 95, 407 
Gymnacranthera pamculata, 45, 50. 409 

H 

Hagimit, 45, 50, 65, 71, 72, 409. 
Hamamehdaceae, 406. 
Hammdang, 23, 46, 51, 55, 66, 71, 72, 410. 
Hasselbnng, H . , work of, 368. 
Hauili, 23, 145, 150, 409. 
Hedyotis philippinensis, 409. 
Heights of trees in culled dipterocarp forest, 

63. 
plot in midmountain forest, 85. 
plot in mossy forest, 105. 
plot in virgin dipterocarp forest, 48. 

Heise, G. W., see Brown and Heise. 
Hemigraphis strigosa, 60, 409 
Hemlock, 139. 
Hemlock, western, 140. 
Hepaticae, 412. 
Hepatics in dipterocarp forest, 37. 
Herbaceous plants, relation of evaporation 

to, 861. 
Herbs in dipterocarp forest, 36 

midmountain forest, 81. 

Heterospathe elata, 86, 409. 
Hevea brasiliensis, 120, 128, 378, 409. 
Hickory, 140. 
Hinlaumo, 28, 46, 60, 66, 71, 72, 410. 
Histopteris incisa, 109, 409. 
Homalanthus alpinus, 105, 108, 109, 167, 168 

169, 242, 243, 898, 409. 
fastuosus 36, 90, 409. 
pupulneus, 25, 409. 

Hopea acuminata, 44, 48, 409. 
Hoya odorata, 87, 100, 409. 
Humidity, 270. 

at different elevations, 294. 
dipterocarp forest, 278. 
methods of measurements, 272. 
midmountain forest, 285. 
mossy forest, 291. 
Mount Banahao, 400. 
parang, 272. 

Humus-collecting plants, 37. 
Hydnophytum, 41, 82, 409 
Hymenophyllaceae, 81, 99, 101, 410. 413. 
Hymenophyllum javanicum, 101. 

I 
Icacinaceae, 413. 
Ilex crenata, 393, 410 

foxworthyi, 105, 108, 410. 
lhcmeae, 410. 
Illustrations, list of, 6. 
Iknlo, 406. 
Imperata exaltata, 18, 19, 20, 21, 22, 322. 

410. 
Indiana, evaporation in, 351, 352. 
Interrelation of environmental conditions, 

368. . 
Ip i l lp i l , 23, 149, 150, 410. 
Ipomoea triloba, 22, 410. 
Isangjuac, 85, 89, 93, 95, 407 
IBIS, 28, 66, 71, 72, 146, 150, 409. 
Itea maesaefoha, 105, 108, 410. 
Ixora longistipula, 46, 50, 69, 66, 410. 

macrophylla, 46, 60, 410. 

J 
Jamaica, evaporation in , 353. 

forest on Blue Mountains, 104. 
Jost, L. , work of, 358. 

K 
Kapok, 119, 407. 
Knema glomerata, 69, 66, 410. 

heterophylla, 410. 
Kniep, H . , work of, 236. 
Koorders, S. H . , work of, 170, 280. 
Koordersiodendron pinnatum, 28, 63, 410. 
Kraus, G. von, work of, 119. 
Kreusler, work of, 229. 

L 
Labayo, 23, 149, 150, 407, 410. 
Lagasi, 46. 51, 86, 90, 410. 
Lamog, 44, 49, 54, 57, 69,'68, 89. 93. 95. 
Lanutan, 46, 50, 55, 66, 411. 
Lapnit, 44, 49, 64, 57, 412. 
Laportea subdausa, 33, 46, 50, 59, 86, 90, 

410. 
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Larch, 140. 
Lauraceae, 407, 410, 411. 
Leaves, 878. 

classification of, in dipterocarp forest, 
878, 380, 881, 383, 384, 386, 387, 889. 

classification of, in midmountain forest, 
378, 382, 385, 886, 387, 889. 

classification of, in mossy forest, 378, 
882, 886, 887, 389. 

classified according to character of 
margins, 890. 

classified according to length and 
breadth, 379. 

classified according to Raunkiaer's leaf 
sizes, 878. 

classified according to whether simple or 
compound, 388. 

compound, 880, 881, 382, 383, 384, 385. 
margins of, 380, 381, 382, 383, 384, 385. 
simple, 380, 381, 382, 888. 384, 385. 

Lecythidaceae, 406, 411. 
Leea aculeata, 46, 50, 59, 86, 90, 410. 

manillensis, 23, 24, 83, 46, 50, 59, 66, 
86, 90, 149, 150, 410 

philippinensis, 46, 51, 66, 86, 90, 93, 410 
quadrifida, 86, 90, 410 

Leguminosae, 406, 407, 408, 410, 411, 412 
Lehenbauer, P W, work of, 227, 228, 229, 

231, 238, 241. 
Leitch, I . , work of, 228, 229, 241, 242, 404. 
Lentibulaneae, 413 
Lepisanthes schizolepis, 66, 74, 410. 
Leucaena glauca, 23, 149, 150, 410 
Leuoosyke capitellata, 46, 51, 66, 71, 72, 86, 

90, 93, 410. 
Litfas, 45, 50, 55. 58, 65, 412. 
Light, 282. 

intensity at different elevations, 282 
methods of measurement, 232. 
relation to vegetation, 285. I 

Lipa, 33, 46, 50, 59, 86, 90. 
List of species mentioned in the text, 406. 
Litsea garciae, 45, 50, 54, 58, 85, 89, 410. 

glutmosa, 23, 133, 134, 188, 139, 410. 
luzonica, 66, 410. 
perrottetn, 23, 122, 123, 124, 137, 138, 

410. 
sp., 96 

Livingston. 13 E., work of, 229, 232, 238, 241, 
242, 296, 350. 353, 355, 859, 404. 

and Brown, W. H. , work of, 118. 
and Livingston, G L. , work of, 287. 

Livistona sp., 80, 35, 39, 45, 50, 58, 54, 69, 
381, 410, Plate V I I . 

Local names mentioned in the text, 406. 
Logging on Mount Maquiling, 27. 
Lophopetalum toxicum, 45, 50, 54, 58, 410. 
Lvgodium circinnatum, 60, 96, 410, 

M 
Macaranga, 25, Plate I I I . 

bicolor, 23, 46, 51, 55, 66, 71, 72, 75, 
184, 410. 

grandifolia, 46, 51, 55, 66, 410. 
tanarius. 23, 184, 410. 
spp., 135. 188. 189. 141, 148, 410. 

Machilus philippinensis, 105, 106, 108, 410. 
Magna, 66, 86, 90, 409. 
Magnoliaceae, 408. 
Maguili, 28, 147, 411. 
Malabago, 49, 413. 
Malabayabas, 85, 89, 93, 95, 408. 
Malacacao, 65, 412. 
Malaicmo, 29, 31, 44, 49, 54, 59, 68, 68, 70, 

407. 
Malaisis, 65, 71, 409. 
Malaruhat, 44, 49, 54, 57, 408. 
Malaruhat puti , 44, 49, 54, 68, 85, 89, 408. 
Malasaging, 44, 49, 58, 59, 64, 85, 89, 406. 
Malatapai, 407, 411. 
Malatopai, 71, 72. 
Malatuba, 46, 55, 79, 86, 90, 92, 93. 
Mallotus moluccanus, 23, 149, 150, 410. 

philippensis, 28, 137, 138, 410. 
ricinoides, 23, 46, 51, 65, 71, 72, 128, 129, 

130, 138, 189, 141, 410. 
Malugay, 63, 411. 
Malvaceae, 412. 
Mambog, 45, 50, 64, 58, 85. 89, 93, 410. 
Mangifera indica, 119, 410. 
Manicnic, 411. 
Maple, 140. 
Maple, sugar, 139. 
Marang, 23, 137, 138, 408, 410 
Marantaceae, 411. 
Marattiaceae, 406. 
Mastixia philippinensis, 45, 50, 85, 89, 410. 
Matthaei, G. L. C, work of, 229. 
Matthews, D. M. , see Brown and Matthews. 
Mauih, 150 
McNeill, J., see Gano and McNeill. 
Measurements, dates of, 175. 

remarks on records of, 175 
Mechanical analysis of soils, 173. 
Medinilla, 100, 115. 

astronioides, 86, 90, 410. 
multiflora, 100, 101, 410. 
myrtiformis, 100, 410, Plate X X X I . 
venosa, 86, 90, 100, 410, Plate X X X I 

Melastomataceae, 406, 410. 
Melastoma, 102. 

polyanthum, 101, 105, 108, 410, Plate 
X X X V I I . 

Meliaceae, 406, 407, 408. 
Mehosma macrophylla, 44, 49, 54, 410. 

sylvatica, 63, 86, 90, 410. 
Melochia umbellata, 28, 122, 123, 148, 149. 

160, 410. 
Memecylon paniculatum, 45, 50, 86, 88, 90, 

96, 410. 
Merremia hastata, 22, 410. 

umbellata, 22, 410. 
Methods of measurement of growth, 116. 
Midmountain forest, 76, Plates X V I - X X . 

Astronia-rolfei association, 83. 
chemical analysis of soils in , 172. 
classification of leaves in , 378, 882, 885, 

386, 387, 389. 
clear lengths of first-story trees, 95. 
composition of different stories on plot, 

91. 
composition of small plot, 96. 
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Midmountain forest—Continued. 
definition of, 76. 
description of, 76. 
description of plot in , 84. 
diameters of trees in different stories, 94. 
diameters of trees on plot, 93. 
epiphytes, 81. 
evaporation in, 335. 
ferns, 81. 
first story, description of, 78. 
heigrhts of trees on plot, 85. 
humidity in , 285. 
light intensity, 232. 
location of, 76. 
mechanical analysis of soils in, 173. 
orchids, 81. 
palms, 80. 
Quercus-Neohtsea association, 78. 
rainfall in , 252. 
rates of growth in, 161. 
rattans, 80. 
second story, description of, 79. 
soil moisture in , 268 
stand of trees on plot, 89. 
strangling figs, 82. 
temperature in , 205. 
tree ferns, 80. 
undergrowth, 81. 
vines, 80. 

Mimosa pudica, 22, 410. 
Moisture equivalents of soils, 260. 
Moisture-holding capacity of soils, 260. 
Monocotyledonous trees in dipterocarp forest, 

35. 
vines in dipterocarp forest, 34. 

Montane region of tropical mountains, 113. 
Moraceae, 406, 409. 
Mosses in dipterocarp forest, 37. 
Mossy forest, 98, Plates X X I - X X I I I , X X I X , 

X X X I I - X X X V I . 
chemical analysis of soils in , 172 
classification of leaves in , 378, 382, 886, 

387, 389. 
description of, 98, 102. 
description of plots, 104. 
epiphytes, 98. 
evaporation in, 839. 
exterior view of, Plate XX 
flowers, 101. 
ground covering, 101. 
height of trees on plots, 105. 
humidity in , 291. 
light intensity in, 233 
list of species on plot, 105. 
location of, 98. 
mechanical analysis of soils in, 173. 
Mount Banahao, Plate XL 
rainfall i n , 252. 
rates of growth in , 167. 
shape of trees, 102. 
soil moisture in , 269. 
sucessions in , 109. 
temperature in , 211 
tree ferns, 100. 
vegetation in ravines, 101. 
vines, 100. 

Mount Banahao, 14, 126, 130. 
description of, 391. 
description of vegetation, 391. 
environmental factors on, 394. 
epiphytes on, 408. 
forest views on, Plates X X X I X , X L . 
humidity on, 400. 
rainfall on, 898. 
relation of environment to vegetation, 

403. 
temperature indices for growth for, 404 
temperature on, 896. 

Mount Maquiling, climate of, 16. 
description of, 15. 
environmental conditions on, 16. 
location of, 15. 
map of, Plate X L I . 
view of, Plate I I . 

Mount Manveles, 14. 
Mount Pauai, mossy forest on, 14. 
Mud spring, view of, Plate X V . 
Mussaenda philippica, 24, 149, 150, 410. 
Mynsticaceae, 409, 410. 
Mynstica philippensis, 65, 71, 72, 410. 
Myrmecodia, 41, 82, 410. 
Myrmecophilous plants in dipterocarp forest, 

41. 
view of, Plates X I I I , X I V . 

Myrsinaceae, 406, 412. 
Myrtaceae, 407, 408, 410. 

Narra, 143, 412. 
Nauclea Dunghuhnu, 45, 50, 54, 58, 85, 89, 

93, 410. 
orientahs, 65, 411. 
sp., 119 

Neohtsea villosa, 46, 51, 79, 86, 90, 91, 92, 
93, 96, 105, 106, 108, 411. 

sp , 59, 80. 
Neonauclea calycina, 46, 50, 54, 58, 78, 85, 

89, 93, 95, 96, 411. 
media, 45, 50, 411. 
sp., 44, 49, 54, 57. 

Neotrewia cummgii, 46, 51, 66, 411. 
Nepenthaceae, 411. 
Nepenthes alata, 84, 100, 411, Plate X X X . 
Nephelium mutabile, 32, 45, 50, 55, 58, 65, 

71, 72, 411. 
Nertera depressa, 898, 411. 
Nevada, evaporation in , 355. 
Nyctaginaceae, 411. 

O 

Oak, black, 140. 
red, 140. 
white, 140. 

Oak-dune association, evaporation in , 352. 
Oayan, 85, 89, 412. 
Octomeles sumatrana, 68, 70, 72, 411. 
Olacaceae, 412. 
Oleandra colubrina, 100, 411 
Operculina turpethum, 22, 411. 
Orchidaceae, 407, 408, 409, 411, 413 
Orchids in dipterocarp forest, 37, 38, 41. 

mountain forest, 81. 
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Oreocnide trinervis, 46, 51, 55, 79, 80, 86, 
90, 92, 98, 96, 411. 

Oreodoxa regia, 119, 411. 
Orobanchaceae, 82, 407. 
Oroxylum indicum, 65, 411. 
Osmelia conferta, 65, 71, 72, 411. 

philippinensis, 66, 71, 72, 411. 
Oxalidaceae, 406. 

P 

Pagsahing, 23, 44, 48, 54, 407. 
Palac palac, 49, 64, 57, 63, 78, 85, 89, 93, 

96, 411. 
Palaquium, 82. 

merrilhi, 63, 70, 72, 411 
philippense, 78, 85, 89, 93, 95, 411. 
tenuipetiolatum. 44, 49, 54, 57, 63, 411. 
sp„ 44, 49, 59, 63, 74. 

Palis, 66, 407. 
Palladin, V. I . , work of, 359. 
Palmae, 406, 407, 409, 410, 411 
Palms, climbing, in dipterocarp forest, 34. 

erect, in dipterocarp forest, 36. 
in midmountain forest, 80. 

Pandacaqui. 24, 46, 51, 59, 66, 413. 
Pandanaceae, 80, 409, 411. 
Pandanus gracilis, 36, 411 

luzonensis, 36, 411. 
Pangaerango, 103. 
Papualthia lanceolata, 45, 50, 55, 66, 74, 411 
Parang, chemical analysis of soils, in , 172. 

definition of, 18. 
evaporation in, 297. 
humidity in, 272. 
light intensity in, 288. 
mechanical analysis of soils in, 173 
Mount Maquiling, ip . 
rainfall in, 246, 252. 
soil moisture in , 266. 
temperature in , 179 
trees, growth of, 125. 
vegetation, 18. 

Parashorea-Diplodiscus association, 30, 84, 88, 
39, 40, 48, 76, 79, 80, 82. 

Parashorea malaanonan, 20, 26, 27, 28. 29, 
80, 81, 32, 38, 44, 48, 52, 58, 57, 69, 
61, 62, 63, 67, 68, 70, 71, 72, 74, 75, 
88, 92, 121, 122, 123, 124, 161, 152, 
158, 154, 155, 156, 157, 168, 159, 160, 
161, 162, 164, 188, 228, 229, 240, 242, 
824, 356. 361, 870, 373, 374, 875, 376, 
411, Plates V, VL 

Parashorea phcata, see P. malaanonan. 
Parasites in dipterocarp forest, 41. 
Parkia javanica, 24, 411. 

timoriana, 24, 411. 
Peculiar plants in dipterocarp forest, 41. 
Pentacme contorta 20, 27, 28, 61, 68, 67, 68, 

70, 72, 74, 411. 
Petch, T., work of, 120, 870. 
Pfeffer, W., work of, 358. 
I'hacelophrynium sp., 60, 411. 
Phaius sp., 411. 

Phalaenopsis amabilis, 88, 411. 
Photosynthesis, 235. 

temperature coefficients of, 229. 
Phreatea, 892, 411. 
Physiological temperature indices for growth, 

238. 
Pih, 31, 44, 48, 54, 57, 59, 68, 407. 
Pinaceae, 411.* 
Pinanga barnesii, 80, 86, 90, 96, 115, 411. 

insignis, 36, 411. 
sp., 59. 

Pincapincahan, 65, '411. 
Pine forest, 116, Plate X X X V I I I . 
Pine, jack, 189. 

loblolly, 140, 141. 
lodgepole, 140. 
longleaf, 140. 
red, 139. 
scrub, 140. 
shortleaf, 140 
sugar, 140. 
western yellow, 140. 
white, 189. 

Pinus msularis, 115, 411. 
resmosa, 856. 
strobus, 356. 

Piperaceae, 411. 
Piper longivaginans, 392, 411. 

sp., 77. 
Pipturus arborescens, 28, 149, 150, 411. 
Pisonia umbellifera, 45, 60, 66, 71, 72, 411 
Pisum. 241, 243, 404. 

sativum, 228, 241. 
temperature-light indices for Mount Ma­

quiling, 241. 
Pithecolobium subacutum, 66, 71, 72, 74, 411. 
Planchonia spectabilis, 38. 44, 49, 54, 57, 59, 

63, 85, 88, 89, 93, 96, 411. 
Plot in dipterocarp forest, 43. 

midmountain forest, 84. 
mossy forest, 104. 

Plumena acutifolia, 119, 411. 
Podocarpus, 125, 170, 894. 

costalis, 393, 411. 
imbricatus, 102, 115, 125, 230, 393, 411. 
view of, Plate X X X I X . 

Pollenation in dipterocarp forest, 39. 
Polyalthia cumingiana, 65, 411. 

lanceolata, 411. 
sp , 65, 74, 85, 89, 93, 411. 

Polygalaceae, 82, 408. 
Polypodiaceae, 99, 100, 101, 406, 408, 409, 

411. 412, 418 
Polypodium sinuatum, 41, 411. 
Polyscias nodosa, 137, 188, 411. 
Pometia pinnata, 68, 85, 89, 93, 95, 411. 
Poplar, yellow, 140 
Pothos, 34, 60, 411, Plate V I . 
Premna cumingiana, 23, 147, 148, 150, 411. 

odorata, 137, 138, 411. 
Presentation of results, 177. 
Psidmm guajava, 23, 122, 123. 124, 149, ' 

150, 411. 
Psychotria sp., 66, 411. 
Pteris quadriaurita, 60, 412. 
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Pterocarpus indicus, 143, 144, 412. 
Pterocynabium t inctor ium, 44, 49, 59, 63, 70, 

72, 412. 
Pterospermum diversifolium, 05, 71 , 72, 412. 
Pugahan, 64, 7 1 , 407. 
Pulac pulac, 44. 
Puso puso, 28, 188, 188, 139, 410. 
P u t i a n , 44, 49, 54, 58, 64. 
Pygeum preslii, 65, 412. 

Q 
Quercus-Neolitsea association, 78, 79, 80, 82, 

83, 84, 85, 86, 88, 89, 90, 9 1 , 93, 94, 
95, 382. 

Quercus robinsonii, 85, 89, 412. 
soleriana, 65, 78, 85, 89, 92, 93, 95, 114, 

412. 
spp., 65, 892. 

R 

Radermachera sp , 59, 412 
Rafflesiaceae, 412 
Rafflesia mani l lana, 41 , 412. Plate X V . 
Rainfa l l . 245. 

a t different elevations on M o u n t M a -
quiling, 249. 

m P a r a n g , 246. 
on M o u n t Banahao, 398. 
relation to vegetation, 257. 
seasonal distribution of, 251. 

R a i n tree, 143. 
Rapanea phihppinensis, 105, 108, 412 
Raspberry, 109. 
Rattans, 84, 96, Plates V . V I I , X . 

in dipterocarp forest, 84, 36. 
on M o u n t Banahao, 392. 

Raunkiaer . C , work of, 378. 
Ravines in mossy forest, vegetation i n , 101, 
Records, f o r m of, 176. 
Records of measurement, remarks on, 175. 
Redwood, 140, 141. 
Relation of environment to vegetation on 

M o u n t Banahao, 403. 
soil moiBture to vegetation, 270. 

Remarks on records of measurement, 175. 
Results, presentation of, 177. 
Rhododendron kochii, 99, 393, 412. 

quadrasianum, 99, 412, Plates X X I I I , 
X X I V . 

Riccia, 2 1 , 22, 349, 412. 
RoBaceae, 408, 412. 
Rourea volubilis, 96, 412. 
Rubiaceae, 406. 407, 409, 410, 411, 412, 418. 
Rubus fraxinifol ius, 75, 109, 412. 
R u n g i a sp., 60, 412. 
Rutaceae, 407, 408, 409. 

Sabiaceae, 410. 
Saccharum spontaneum, 18, 19, 20, 22, 297, 

812, 322. 412. 
Salaquing pula, 44, 49, 64, 71. 72, 406, 407. 
Salaquin-puti , 44, 49, 64, 86, 89, 407. 
Sambong, 21 , 407. 
Sambucus javanica, 46, 51 , 412. 

Sapindaceae, 406, 408, 410, 411, 412. 
Sapindus saponaria, 137, 188, 139, 412. 
Sapotaceae, 411, 412. 
Saprophytes in dipterocarp forest, 41 . 
Sarcocephalus orientalis, 411. 
Saurauia latebracteata, 46, 51 , 65, 412. 

luzoniensis, 79, 80, 86, 90, 92, 96, 412. 
whi t ford i i , 85, 89, 93, 96, 412. 
sp.. 46, 51 . 

Saxifiagaceae, 410. 
Schefflera, 87, 8 1 , 412. 
Schimper, A. F. W . , work of, 13, 14, 36, 

113. 
Schizaeaceae, 410. 
Schizostachyum diffusum, 34, 60, 74, 96, 97, 

412. 
mucronatum, 412. 
sp., 62, 65, 412, 

Seasonal changes in dipterocarp forest, 40 
rates of growth , 370. 

Second-growth forest, 18. 
area of, 19 
evaporation i n , 298, 310, 311, 313, 320, 

323. 
M o u n t Maquihng , 23. 

Second story of dipterocarp forest, 32. 
Selaginellaceae, 412. 
Selaginella, 40, 77, 99, 101, 112, 349, 392, 

Plate X X X I I I . 
belangen, 21 , 22, 412 
maquihensis, 9tf, 412, Plate X X V . 
pennula, 96, 412. 

Semecarpus gigantifoha, 45, 50, 55, 58, 412 
phihppinensis, 65, 412 
sp , 59 

Shantz, H L , see Briggs and Shantz. 
Sherrf, E. E , work of, 316, 
Shive, J . W . , and Livingston, B . E , woik 

of, 263. 264 
Shorea guiso, 20, 27, 28, 32, 44, 48, 53, 61, 

63, 67, 70, 72, 412. 
polysperma, 412, Plate X. 

Shreve, F, work of, 99, 104, 349, 353, 354, 
355, 369. 

Sida javensis, 22, 412. 
Sideroxylon sp., 66, 71 , 72, 412. 
Smnott , E. W . , ate Bailey and Sinnott. 
Siphonodon celastrineus, 66, 412 
Soil moisture, 260. 

dipterocarp forest, 267. 
midmountam forest, 268. 
mossy forest, 269. 
p a r a n g , 266. 
relation to vegetation, 270. 

Soils, chemical and physical composition of, 
171. 

depth of, on Mount Maqui l ing , 171. 
mechanical analysis of, 178 
moisture equivalents, 260. 
relation to p lant growth , 173. 
water-holding capacity. 260. 
w i l t i n g coefficient, definition of, 262. 
w i l t ing coefficient of soil on M o u n t Ma­

quil ing, 264. 
Species mentioned in the text , 406. 
Spruce, red, 189. 
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I Temperature, 178. 

calculations of mean, 222. 
coefficient of photosynthesis, 229. 
comparison at different elevations, 216. 
dipterocarp forest, 187. 
form of records, 178. 
indices for growth on Mount Banahao, 

404. 
indices for growth on Mount Maquiling, 

287. 
methods of measurements, 178. 
midmountain forest, 205. 
mossy forest, 211. 
on Mount Banahao, 395. 
parang, 178, 179. 
relation to vegetation, 222. 

Terminalia edulis, 63, 418. 
nitens, 68, 74, 413. 
pellucida, 45, 50, 85, 90, 98, 95, 413. 
sp., 96. 

Terrestrial plants as epiphytes in mossy 
forest, 100. 

Text figures, list of, 10. 
Theaceae, 408, 413. 
Thea montana, 33, 86, 90, 93, 413. 
Third story, dipterocarp forest, 88. 
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Fig. 1. Macaranga. 

Fig. 2. Ficus nota. Fig. 3. Trema orientalis. 

PLATE IV. 
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PLATE V. VIEW IN DIPTEROCARP FOREST. MOUNT MAQUILING; ALTITUDE. ABOUT 500 METERS. 
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Fig. 2. Dipterocarp forest, Mount Maquiling; altitude, about 300 Meters. 

PLATE VI. 





BUREAU OF SCIENCE PUBLICATION N o . 13.] 

PLATE VII. VIEW OF DIPTEROCARP FOREST AT THE EDGE OF A CLEARING; ALTITUDE, 
450 METERS, 
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Fig. 1. Dipterocarp forest from which small trees have been removed; altitude, about 300 meters. 

Fig. 2. Dipterocarp forest in a ravine on Mount Maquiling; altitude, about 300 meters. 

PLATE VIII. 





BUREAU OF SCIENCE PUBLICATION NO. 13.] 

PLATE IX. A GROUP OF LARGE DIPTEROCARPS IN A FOREST IN NORTHERN NEGROS. 





Fig. 2. Interior of virgin dipterocarp forest in Bataan Province. 

PLATE X. 





Fig. 1. A strangling fig, Ficus dementis. 

PLATE XI. 

Fig. 2. Anastomosing roots of a strangling fig. 
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Fig. 2. Tree with large buttresses. 

PLATE XII. 





BUREAU OF SCIENCE PUBLICATION N O . 13.] 

Fig. 1. A strangling fig on a large Parashorea. Fig. 2. A myrmecophilous Dischidia. 

PLATE XIII. 

Fig. 3. Hydnophytum. 
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Fig. 1. Myrmecodia. Fig. 2. Section of base of Myrmecodia, showing 
cavities. 

Fig. 3. Section of base of Hydnophytun 
cavities. 

PLATE XIV. 
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Fig. 2. Rafftesia manillana. 

PLATE XV. 
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PLATE XIX. MIDMOUNTAIN FOREST; ALTITUDE, ABOUT 780 METERS. 





BUREAU OF SCIENCE PUBLICATION NO. 13.] 

Fig. 2. Exterior view of mossy forest. 

PLATE XX. 
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PLATE XXI. TREE TRUNK, LOWER EDGE OF MOSSY FOREST. 
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PLATE XXIII. EPIPHYTES ON BRANCH OF A TREE IN THE MOSSY FOREST. 
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PLATE XXIV. RHODODENDRON QUADRASIANUM. 
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PLATE XXVII. MOSSES AND LIVERWORTS ON AERIAL ROOTS IN THE MOSSY FOREST. 
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PLATE XXVIII. EPIPHYTIC MOSSLIKE PLANTS AND GROUND COVERING IN THE MOSSY FOREST. 
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PLATE XXXI I I . GROUND COVERING OF SELAGINELLA IN THE MOSSY FOREST. 
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Fig. 2. Begonia aequata on branch of tree. 

PLATE XXXVII. 
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PLATE XXXVIII. PINE FOREST IN BENGUET MOUNTAINS. 
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Fig. 1. Podocarpus forest at the top of Mount Banahao. 

Fig. 2. Podocarpus forest at the top of Mount Banahao. 

PLATE XXXIX. 





BUREAU OF SCIENCE PUBLICATION N O . 13.] 

Fig. 1. Forest on Mount Banahao; altitude, 1,000 meters. 

Fig. 2. Mossy forest on Mount Banahao; altitude, 1,800 meters. 

PLATE XL. 














