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FOREWORTE

This Report has been prepared in accordance with the
Contract signed, on January 30, 1963, by the Agricultural
Research Service, U. S. Department of Agriculture, and the
Advanced Research Projects Agency, Department of Defense
(ARPA Order Nc. L2k, Program Code No. 3860).

One phase of the Contract involved Botanical Research,
aimed at classifying and correlating the principal forest
types or formations of Southeast Asia, Puerto Rico and Con-
tinental United States, as represented by the vegetation of
eastern Texes. Information on the floristic composition and
stiucture of a particular forest type, occurring under tro-
pical, subtropical or temperate conditions, is essentiecl
for comparative purpose, and is of value to the ecologist,
forester, geographer and others. In brief, vegetation is
the summation cf climate, soil types, and general conditions
in a particular environment.

Throughout the Report emphasis is placed on analogous
and anomalous features of the forests of Southeast Asia,
Puerto Rico and Texas. This comparison is based principally
on investigations conducted by the author throughout Thai-
land at intervals during 1963 to 1965; in Puerto Rico in
April 1963 and June 1966; and in eastern Texas in September
1966. Other studies, especially on seedlings appearing in
successional growth, were conducted in Puerto Rico by J. A.
Duke during 1963 to 1955. The illustrations and maps in-
cluded in this Report verc teken or prepared by the author,
unless otherwise indicated.

The requirements specified in ARPA Order No. L2k,
involving Botanical Research, have been fulfilled with the
publication of "Vegetation ot Southeast Asia: Studies of
Forest Types" (CR 49-65), issued by the Department of Agri-
culture in December 1965, and compiled by this author,
supplemented by this comparacive study of the forests of
Southeast Asia, Puerto Rico and Texas.

Crops Research Division Llewelyn Williams
Agriculture Research Service
U. S. Department of Agriculture
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FORESTS OF SOUTHEAST ASIA, PUERTO RICO,AND TeXAS

Summary

The objecvive of this Report is to evaluate and to
correlate the forests and associated factors of the three {1e0~
graphically distinct regzions. 1In order to establish their
affinities and anomalies, the specific composition and structure
of the principal forest types are discussed. A comparison is
made between the forests of Thailand and those of the other
Mekon;; basin countries. These, in turn, are correlated with
the forests of Puerto Rico and Texas. The tield covered is sc
vast and diverse, anl the literature somewhat ‘ragmentary,
that this Report is necessarily of the nature of a reneral re-
connaissance.

The five countries of Scutheast A~iua - Campbodia, Laos,
Thailand, Nortn and South Vietnam - have a combined area of
about 505,000 square miles, almost twice the size of the 3tate
ot Texas (202,120 sq. mi.), and approximately 1lu’ times the
area of Puerto Rico (3,420 sq. mi.). The three widely separated
re;;ions are rich in plant life. Because of latitudinal and
altitudinal variations in cli ate, from equatorial to tenperate,
with high annual rainfall, in eicess of 100 in. (2,500 mm. ),
at one extreme, to less than "0 in. (1,010 mm.) al tne other,
variable topo/repny rrom coastal plains, plateaus to mountain
ran;es with ni_h peaxs, and diff{erent soil Lypes, it is natural
tnat Lhe forests of the three widely separated areas should ex-
hibit considerable variations, each with distinctive and char-
acteristic flora.

The forests of Soutneast Asia, Puertc Rico and to a
lar;;e extent ot Texas have suffered severely over the centuries
from human disturvance, especially arouni populated areas.
Consideraole fellin.; has veen in proyress to supply usecful timobers,
for fuelwood and charcoal, and to riear land for a,-ricaltural use.
Grazing by domestic animals and wildlife, and dama-e by lires
deliberately set or spontancous have also affccted the forests.
S0 that the primary veietation in many parcs has veen completely
replaced by secondary plant communities, such as extensive
vamboo brakes irequent throu hout Southeast asia, and it is now
difficult to reconstruct the ori-inal plant cover.



Many plants of Arrerican cori,in, and considered of ecoromic
value, such as tobacco, corn, cassava or manioc, fiber plants, edible
fruits and seeds, and others esteemed as ornamen-als, have been
introduced into Southeast Asia. Likewise, a numver of useful plants
native to Asia, such as bamboos, tung-oil tree, and soyvean, have
become well establishca in the New Worla. 1In all areas tl.ese
are generally found around avodes, rarely in the forests.

Altnough the three regions contain manifold Forest Types,
with sharp contrasts in floristic composition, certain well-
defised affinities are readily recognizable. For example, a
lerye series of identical venera, and even many species, occur
within the limits of the three regions. Also, there is a
distinct similarity in the structure or physiognomy of certain
types of forests, such as the Evergreen Humid fcrect, Manrsrove
woodland, Pine forest, Savanna, and Thorn scrub that are present,
especially in Southeast Asia and tropical America.

Conifers figure prominently in the veretation of Texas,
including species of juniper, Douglas-fir, and esp=cially
pines. On the other hand, in Puerto Rico therz is only ore
native Conifer, Podocarpus of the Yew lamily, altnou;h several
exctic specries have veen introduced. Several erers of Conifers,
includir. pines, are native to Southeast Asia. Despite their
widespread distribution, Conifers torm only a small proportion
of the entire forested area of the Mekon.: basin rerion. So that,
whereas the forests of North America may ve . rouped into Conifers
or Softwoxis and Broad-leaved or Hardwood, this classitication is
not applicable to the forests of Southcast Asia. There, the
forests are more aptly se-~regated into: Everyreen, in-ludin
Conifers; and Deciduous or Secsonal.

The vezetation of the Indochina Peninsula is rather
homogeneous througchout and ic representative of the entire
re-ion from the Bay of Bengal to the Gulf of Tonkin.

The most characteristic forest tyvpe of Southeast Asia,
including Indo-Malaysia, but entirely lackin: in this Hemisrhe e,
is the Dipterocarp. This is composed of several renecra of small
to lar e trees of the wood-oil or Philippine malo-any Camily
(Dipterocarpaceae). In Thailand, Dipterocarp forests constitute
aoout 45 percent of the country's total forested area. In Laos.
Cambodta and Vietnam, also, Dipterocarp forest represents the
most ~idespread type of forest growth.

Teak (Tectona grandis), long the principal commercial
timber of sections of Southeast Asia, is not found in this
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Hemisphere, except under propa.:ated conditions. In northern
Thailand and northwestern Laos teak ,rows naturally in aoundance,
and forms the dominant tree in Mixed deciduous furest. It has
been propagated successfully in sections o!f Soath Vietrnam and
Cambodia, as well us in Puerto Rico and elsewlcre in tropical
America,.

The most complex primary type, and the richest from the
standpoint of number of species, volume and density, ic¢ the
Tropical Rain torest. rmxtensive areas o!f this are round {n
sections of Southeast Asia, Where the annual rainfall exreeus
100 in. (2,540 mm.). An analopgous type, of someWwhut lower
stature and more limited in area, occurs in Puerto uico in the
Luquillo National PForest and in tne central —cantain re fon of
Toro Negro. The Temperate Rain forest in Continental Uniten
States is similar in physiosnomy to the Trorical Hain orest.
Althou-n it does not occur in Tekas, the tall, wet forest o!f
the Pacific lorthwest i{c representative ot tnis. osome of the
trees in tnhat tforest are lar;er in daimension and stature, out
it conteins tewer species tpan in the Tropical Hunid forest.

Vesetation in  mmps cor marsilands is a characueristio
feature of the landscas,: in Soutneast asia, Puerto KRico aund
Texas, as in other tropicul and temperate recions. Mangrove
woodland in coast belts, and flourishin; in salline waters,
tforms the most homologous type of torest, from the standjcint
of structure, occurrin, in Southeast Asia and Puerto Rico.
Stands of Mangrove occur alon; the north and south coasts of
Puerto Rico. More extensive and somewhat taller stands are
scattered along the southern Peninsula and southeast coast or
Thatland; sections of Cambodia; eccver consideraclc areas of
South Vietnam, especially in the re;ion of the Camau Peninsula
and in the lower Mekon.r delta; and smaller areas in North Vietnan,
east of Haipnon . Man;rove does not occur in Texas, but the
Cypress-Tupelo swamp in the lower Miussiscippi delta, und “he
Manzrove swamps of southern rlorida are analopous in piysic nomy
to those of Puerto Rico and SHoutheast Asia,

A characteristic feature of the plant cover in Puerto
Rico and Southeast Asia, as in all trovical and temperate re-
gions, is the contrast in speciric composition and structure
petween lowland and mountain forests. The canopv in the muti-
storied Lowland or Hill Everpreen Rain forest, at elevations urp
to sbout 3,000 ft. (1,00C m.), is composed of lar e trees,
averaging 9C to 110 ft, (30 = 30 m.) in heirht, witn long, column-
like trunks, often wiih outtresses, and with up to 50 or nore

-u_'._h
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woody species ;rowing within an area of cne acre, in addition
to lianes, palms, grasses and herbaceous plants.

At hiher elevation, from 3,000 to about 4,500 ft.
(1,000 - 1,500 m.), in the Mid-mountain forest of Khao Yai in
central Thailund, ror cxample, oaks (Quercus), chestnut
(Castanopsis), and Conirers (species of Podocarpus and Dacrydium)
are 1reguent. This forest is somewnat lower in stature than the
Rain forest, has two strata, the trees in general ar: rather
slender, and palms and other plants, typical of the Humid forest,
are scarce or avsent. At still higher altitudes, the oak-chestnut
association is yradually supplanted by stands of pines, and on
the crest of mountair ranges by small, gnarled trees.

In Puerto dico, likewise, there is a pradual radation
{rom the Rain torest into the Mid-mountain forest. At still
hiher elevations, alon; the upper slopes, the dwurf Elfin wood-
lanu occurs in sites exposed to constant wind and high humidity,
while on sneltered, leceward slopes tie Mossy forest flourishes.

Seasonal or aeciduous forest at lower elevations in
tropical recions, such as stands of teak mixed with other hard-
woods in northern Thailand, and especially when the tree crowns
are ovare of leaves at the heijht of the dry season in lave
January or Feoruary, resembles tne mixed deciduous hardwood forest.
of temperate zones.

Several species of oaks (Quercus), usually mixed with
other hardwoods, and at higher elevations with conifers, are
{requent in the Mountain forests of central and northern Thai-
land, as well as in Laos, Vietnam and Cambodia. These are
particularly avundant in the northern section of North Vietnan,
or what was formerly known as Tonkin. Native oaks form an in-
siynificant fraction of the ve,cetation of Puerto Rico, although
several species have oeen introduced from the United States and
Asia. Osks constitute a major element in the forests of Texas,
bein;s represcnted by acout 35 species, and a number of varieties.

Riverain or gallery forests, frinring streams and rivers,
are of common occurrence in both tropical and temperate re,;ions.

Thorn thickets are widespread in the Caritbean ard main-
land tropical America and are frecuent also in Southeast Asia.
Several species of trees ard shrubs, cacti, grasses and heros
that flourish in these thickets have a pantropical distribution,
and are of frequent occurrence in Socutheast Asia, Puerto Rico
and sections of Texas.
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Savannas, such as the llanos of Venezuela or the pampas
I Ar.entina, cover much lar ‘er arecas in tropical America than
in Southeast Asia. The post-ook savanna ol eastern Texas is
reminiscent ol limited stictches of savanna {n eastern and north-
rastern Thailand, in whicn Diptercocurp trees of small stature
are abundant.

Grasses are exceedingly well represented in Texas. In
fact, grasses are nmore aoundant in that State, in terms ol
species, than in Southeast Asia or Puerto Rico.

Banocos are avundant throu -hout Southeast Asia in all
tvpes of forests, especially where clearin s have vecn made or
when tilled land is avandoned. Tncy play an important role in
the local economy. uas sources of shelter and food, and con-
stitute an article of export. OJeveral Asiatic specles, 1u.
cludin,; Bamvusa vulgaris and B. tulda, have bcen introduced into
Puerto Rico, and now row spontaneocusly. There is only one
spccies ol oamooo, the -ient canc (Arundinaria ﬁ}gantgg), in Texas.

Palms are not as well represented in Puerto Rico as in
Southeas* Asia, although a numner ot species have veen introduced.
However, the sierra palm (Prestoea montana) is widely distributed
in the {island and forms lar-e orakes in Lumid sites, in the
middle and upper elevations. ©Nowhere in Soutreast Asia are there
palm brakes comparable in extent to those of the Puerto Rican
sierra palm.

The compoeition and structure of secondary or successional
srowth tnat invariaoly develops, tollowin: felling, clearin;: or
surning of the oririnal or primary forest is descrioed. The
sequence of development of successional growth is similar in all
tropical repions.

herial csurvey, supplemented oy photogsraphs, is an in-
portant method of expediting tne task of assessing the density,
area, and the delineation of dilferent types of forests. Certain
tree species occurring in tropical forcstc can be identified
trom the air oy their hei-ht, form of trunk and crown, <olor of
bark, density and hue of toliage, and at certain times of the
year Ly the color of their flowers. Furthermore, aeriel survey
is an invaluaole tool to supplement ;;round studies.

There are many plants in Southeast Asie, as in tropical
America, that furnisn edivle {ruits, seeds, and tubers which

..r_LM
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serve as sources of food during emer.ency. Only a small per-
centage of tropical plants may oc considered toxic or nazardous.
A concise description and methods o preparing survival plants,
and a list of edivle seeds and otners useiul as potherbs are
given.

The {orests of Southeast Asia, Puervo Rico and Texas
contain a larce number of useiul timbers wnich nave lon been
used, both domestically and tor export, for ;eneral con-
stiuction, as sources ot fuelwood and charcoal, and multiple
other purposes. A concise description is ,:iven ot tuc -eneral
properties and uses of the princijai commercial timoers ol
southeast Asia and Puerto Rico.

A series of 13 maps are included. To illustrate ihe
various types of primary and secondary forests descrived, 106
illustrations, tuken by the author during field investigations,
are included. Line drawings of edivle and nazaraous pianus
supplement the dcacriptions and listin:s of survival plants.

Tre Report terminates with vibliographies, citin: re-
ferences to the forests and forest products of Camoodia, Laos,
Thailand and Vietnam; Puerto Rico and Texas: also ajuatic and
survival plants.

[ R ——
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FORESTS OF SOUTHEAST ASIA, PUERTO RICO, AND TEXAS

INTRODUCTION

Tropical forests occur roughly within 4¢he thermal belts
approximating the Tropics of Cancer and Capricorn. Ia a gencral
manner, they are distributed in three major belts: (a) from
south-central Mexico and the West Indies to southeastern RBrazil
and northern Argentine, with the largest continuous mass con-
centrated in the equatorial basin of the Amazon; (b) in central
and southern regions of Africa, south of the Sahara and north cf
South Africa, centered around the Congo basin, exter.ling eastward
toward the Great Lakes, and westward to the Cameroons, Nigeria,
Ghana, Liberia and Gambia; and (c) in the castern tropics from
West Pakistan, western India and Ceylon to Burma, the Indochina
Peninsula, Malaysian Archipeirgo to New Guineu and northern
Australia.

For many decades the fluristics of temperate regions have
been a fertile field for intensive studies by taxonomists,
ecologists, plant geographers, foresters and other specialists.
Conslderable information hus becn gathered during the past
50 to 100 years on tropical vegetation. Although the forests
of some tropical countries or ro~gicns have been thoroughly
atudied, and voluminous dauta puvlished on their flora, there
are vast areas, such as the headwaters of the numerous tri-
butaries of the Amazon, still to be investigated botanically.
Consequently, no precise information is yet available on the
specific composition of the forests or the ratural products of
many remote, in parts almost inaccessidle, trcpical regions.
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Of the areas discussed in this Report, the forests and
their plant components of Puerto Rico, as well as of Texas,
have been the object of intensive field investigations and have
been well described during the course of this century. In some
areas of Southeast Asia, also, considerable plant collections
for study have been made during the last five or six decades.
But until recently other less accessible sections were imper-
fectly known from the standpoint of plant cover. The con-
struction of trunk highways and lateral roeds, and the ~stablish-
zen. of air routes in Thailand, during the last 10 to 20 years,
for example, heve contributed greatly to the problems of
penetrating isolated areas and to a better knowledge of the
forest types prevailing in hitherto little explored sections.

In northern Thailand the Dry and Moist Deciduous forests,
where teak abounds, have been studied ecologically and taxo-
nomically during the past 50 years or so by British botanists,
Craib and Kerr, and in recent years by botanists and foresters
of the Royal Forest Departmcnt, Kasetsart University, ond other
scientific institutions, including, American, Danish and
Japanese investigators. But extensive arcas still remain to
be surveyed, particularly the Evergreen Rain forest in the
southern Peninsula, covering the eastern mountain ranges along
the Cambodian border, in the Kheo Yai National Forest in the
central section bordering the Korat plateau, or the various
types of forests in the extreme northeastern &nd northwestern
sections of Thailand.

wWhen Vietnam, Cambodia and Lacs, formerly known col-
lectively as Indochina, were under French administration
spanning a period ot about 90 years, botanists, ccelegists and
foresters, mostly French and some nationals, attached to the
local Forest Department, made large plant collections, and ex-
tensive ecologicaol und silvicultural studies. As a result, a
serics of publications are available on the floristics and
forest types of those countries, including the voluminous and
comprehensive "Flore Générale de 1'Indo-Chine," edited by
Lecomte. These studies were conce: trated mainly in Tonkin,
now forming the northern part of North Vietnam; Annam or central
Vietnam; Cochinchina, now the scuthernmost part of South Vietram;
and Cambodia. Investigzations in Laos were concertrated mainly
in the central and southern regions especially in the Melong
basin. Much information still remains to be assembled on thre
srecific conposition and extent of even the principal forest
types in the northern half of that little kingdom, as well as
of the most northern and western sections of North Vietnam
along the border with China.
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The five countries of S. E. Asia have a combined area of 505,000 sq.
miles; and a population of about 60 millions.
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GENERAL FEATURES
oF

SOUTHEAST ASIA, PUERTO RICO AND TEXAS

Southeast Asiu: Some geographers consider Southeast
Asia to include the countries of the Indochina Peninsula and
tne adjacent Indo-Malaysian Archipelago: Thailand, North and
South Vietnam, Laos, Cembodia, Burma, Malaysiam, and Indonesia
as far as New Guinea. Tne region covered in this Report, how-
ever, is limited to the countries surrounding the Mekon:; basin,
namely North and South Vietnam, Cambodia, Laos and Thailand.
These have a total area of approximately 505,000 square miles,
almost twice the size of Texas and more than double the area
ot France. The population is estimated at approximately 60
millions, with an average density of 1ll¢ inhabitants per sqyuare
mile.

The Indochina Peninsula projects far down into the tro-
pical oceanic zone, so that tne climate of the Mekong basin
countries is influenced to a lar;ie de;ree by tneir position as
part of the ,.reat continental land mass of Asia, by the pre-
vailin: winds, accompanied by a wide latitude in bumidity and
aridity. The monsoon is the dominatin; factor. Monsoons are
seasonal winds blowing from one direction durin;; part of the
year, and from another direction durins the remaining months.
The presence of mountain ranges, which intercept moisture-laden
winds, results in a rainfrll pattern, with alternating periods
of rainy southwest monsoon, and dry northern cr northeastern
monsoon. The varyins distribution of rainfall during the year
has a decided influence on the type and distrioution of forest
formations in this ireat area. Except in mountainous areas,
the temperatures are fairly high throuchout, with no frost at
lower 2levations.

It is estimated that tnere are approximately 10.000C
species of plants in the five countries of the Mekons basin.
These include heroaceous plants, epiphytes, bamboos, rattans,
slender vines and stout lianes, palms, and shruos to :iant
trees typical of the luxuriant K:in torest; in addition to oaks.
chestnuts, nagnolias, conifers and other plants usually
associated with temperate torests. A hi-h percentare of the
-enera found in the countries east of the Mekong river occur
also to the west of that river, in Tuailand. So tnat tnere
1s considerable uniformity in the types oi forests occurrin:
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ln the entire Indochina Peninsula. The Thai forests contain
sany useful timbers, including teak (Tectona grandis), rose-
vocd (Dalbergis cochinchinensis), other hardwoods such as
\fzelia and Xylia, and various species of Dipterocarps
(Dipterocarpus, Shorea and Hopea) of the wood-oil family, which
have long figured ir domestic and international trade of those
countries.

The forests of the Indochina Peninsula, represented by
lovland and upland Wet or Moist Evergreen forests, Mois' and
Dry Mixel Deciduous, Dipterocarp, Scrub and Thorn forests,
Bamboo b.rakes and Savannas, in the aggregate cover from Lo to
50 percent of the total land area of North and South Vietnam;
about 25 percent of Cambodia; and 60 to (5 percent of Thailand
and Laos. In comparison, only about 20 percent of the area
of Puert> Rico is covered by vegetation of one type or another,
of which less than 5 percent is of original or primary growth,
and the remaining 15 percent or so by successional or secondary
growth, which has developed foilowing felling, clearing and
burning for agriculturai purpose. In Teras, of its total area
of 167 million acres (250,000 square mi.es), it is estimated
that there are approximately 26.5 million scres (41,400 square
miles), or 1€ percent, of forests.

The forests of the Mekong basin countries are reviewed
in "Vege.ation of Southeast Asia - Ciudies of Forest Types
1963 - 1965" (CR 49-65), by this author and issued in December

1965.

Puerto Rico: This is the snailest, easternmost and most
southern of the islands forming the Greater Antilles, which
also include Hispaniola (The Dominican Republic and Haiti),
Jamuica and Cuba. According to geologists, Puerto Rico and the
other islands of the Antilles and Central America and northern
South America were formerly a united and distinct continental
land mass - the Antillean continent.

~ Almost rectangular in outline, this island is approxi-
mately 113 miles long and 4l miles wide, with its axis from
east to west. It has a land srea of 3,423 square miles, equal
to about five-sixths that of Hawaii, or slightly less than
one-sixtieth the area of Thailand. Situated between 17° Si°
and 18° 31' north letitude and €5° 13' and 67° 15' west longitude,
it is well within the American tropics. The coast line is nearly
straight, and usually low, especially on the southern side.
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Few countries of comparable Size are so well watered
as Puerto Rico. It is reported that the island has about
1,300 streams, ol which the Rio de la Plata, about LS5 miles
long, is considered the longest. oStreums {lowing northward
from the main divide are much more numerous and lconger than
those from the south side, and they likevise carry a greater
and more constant volume of water. None of the rivers are
navigable, except for small boats, and then only in their
tidel reaches. iNevertheless, they are of great importance as
a source of water supjly for driniring and irrigzation, and
their potential hydroelecteric possibilities are considerable.

There is little doubt that Fuerto Rico wes at one time
forested from the shores of the Atlantic to the Caribuvean.
Severe cutting, clearing, snd cullin; of the more desirable
timber trees were reccrded by early travelers. For decades
the people of Puerto Rico have consumed several times as much
wood &5 the {orests of the island are able to produce. Great
quantities of timber have been cut or burned to make smell
clearini:s for agricultural use. After two or three crops
the clearin,s were abandoned and later became a mere thicket.
This extensive felling over a period of decades and clearing
of' forests for commercial timbers and agricultural use have
resulted in the destruction of many species.

About 1,500 species of plants are found in the island,
of which about one-third are woody. These include: shrubs and
small trees, many of them thorny, in dry areas such as around
Guénica, in the southwest; peim and bamboo brakes; dwarf trees
in the elfin woodland, on upper slcpes below the summit of
the peak Lkl Yunque in the northeast; and moderately tall to
large trees in the luxuriant Moist Everpreen forest at middle
elevations in the lLuquillo National Park. Appareantly, this
fine forest was cui over in former years for construction
timbers, so that today there are only a limited number of
large trees, mainly spec!es of Dacryodes, Manilkara, Sloanea
and Cyrilla, comparable to dominants in the Rain torest cf
southern peninsular and southeastern Thailand, and other areas
in the Mekong basin countries. Many plant families and genera,
found in Southeast Asia, occur also in Puerto Rico and Texas.

Many native species have been trensplanted from their
natural haunts to other tropical regions. Also, many tree
species of econcmic or ornamental value have been introduced
from other ccuntries and propagated throu,hout the island.

Of the 1,577 species of plants, native and introduced, reported
in Puerto Rico, 529 (ebout 33 percent) are found in North and/or
South Vietnam, and 293 (approximately 10 percent) in Thailand.



Texas: This large State extends for about £0O0 miles
(1,280 kms.), from the estuary of the Rio Grande to the north-
western corner of the Panhandle, and 770 miles (1,232 kms.)
at its grea*est width from east to west. It has an area of
about 262,120 sq. miles, equivalent to nearly one-eleventh of
the total land cover of contirertal United Sta*tes, or slightly
less than half the size of the five Mekong basin countries.

The general surface of the State is a dissected plain,
tilted toward the southwest. It rises from sea level to more
than 4,000 ft. (1,230 m.) in the extreme northwest. In the
most western part a number of mountains rise from 5,000 to
9,000 ft. (1,540 - 2,770 m.) above sea-level, with some
peaks more than &,luwu ft. (1,540 m.) above the general level
of the surrounding country. Many rivers flow in a southeasterly
directicn through broad valleys. Some larpge areas are nearly
flat; others are undulating to rclling; and still others are
hilly or rugged with deep valleys.

The vegetation of Texas attracted botanistec even before
the colony declared it: independence from Mexico. Prior to its
annexation to the Union, Texas had become an interesting field
of observations and research for botanists and naturalists.

William Bray, one »f Texas' outstanding botanists, arter
a statewide survey in 19¢., c-ncluded that Texas is '"the
battleground for supremacy of the plant races." Parts of
three of the six main forzst types of the United States are
represented within the boundaries of this vast State. Because
of their ability to resist heat, drought, winds and adaptability
to different Lypes of soils, many trees which are commcn to
other sections of the country have developed, through the ages,
into well established Texas varieties. Because of this adapt-
ability there are shout &0 species or varieties of woody plants
wvithin the State, growing on an estimated 26.5 million acres of
forests. These do not include extensive areas of mesquite and
other small woody growth considered as pests, because of their
rapid develcpment and expansion on rangeland.
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Physiography

The five Southeast Asian countries may be considered as
a unit, based on the similarity of their respective physiography,
climate, soil types, as well as their vegetation. Briefly
stated, their general physiogcaphy is that of great plains and
plateaus, rising to mountain ranges with peaks upwards of 6,500
feet (2,000 m.) in altitude. The entire region is drained by
a network of large and small rivers, and their tributaries,
most of which flow in a southerly or southwesterly direction.
The estuaries of the larger rivers for: extensive deltas, with
a distinctive vegetation, predominantly mangrove woodlund,
which is also present in Puerto Rico. These rivers are navig-
able for considerable distances into the interior.

Pue.'to Rico has three major physiographic regions:
(a) a cent;al mountain core of volcanic origin; (b) an elevated
area of coral limestone, formerly marginal marine deposits,
surrounding the mountain ranges; and (c) the north and s»uth
coastal plains. The upland area is the source of many sw!ft-
running streams, flowing through gorges and steep-sloped veileys.
Except for small boats, these sireams are navipgable only in
their tidal reaches.

There are four broad physiographical regicns in Texas:
the coastal or east Texas plain; the north-central plains;
the great plain; and mountains and basins of the Trans-Pecos.
Some large areas are nearly flat, others are undulating, and
still others are hilly to mountainous, ranging from sea level
to about 9,000 feet (2,770 m.), and with peaks rising tc more
than 5,000 feet (1,540 m.) above the general level of the
surrounding country. Many streams dissect the State, flowing
irregularly from the northwest to the Gulf of Mexico.

Climate

The climatic conditions ¢f the three regions discussed
in this report range, on the one hand, from tropical, in parts
with annual rainfall in excess of 150 in. (3,750 mm.) dis-
tributed throughout the year, to a temperate climate, at the
other extreme as in Texas, where annual precipitation fluctuates
between 22 and 50 in. (750 - 1,250 mm.), in the eastern section
and as lov as 8 in. (200 mm.), or even less in the western part.

Throughout most of Southeast Asia the climate is domirated
by the monsoon, and modified by regional topography. This is



9

characterized by seasonal winds, blowing from one direction during
certain months, and from the opposite direction during the re-
mainder of the year. Two broad types of climatic conditions
prevail: that of the Rain forest, characterized by uniformly high
precipitation and high temperature; and the other, the Seasonal
or Monsoon, or what some ecologists or plant geographers prefer

to call Savanna type. This is characterized by a rainy season

and a dry period more or less of equal duration.

Thailand: Under monsoon conditions, four fairly well-
deflined seasuus way b€ recugnized in Tnailand, and likewise in
the adjacent Mekong basin countries: (a) Northeast monsoon
from December to February, with little rain, which corresponds
to the cool or dry season; (b) the warm season, also almost
rainless, with nighly variable winds and transitional hot weather,
during March to May; (c) the rainy season, from May to October,
when the rains cool the atmosphere and the temperature is
generally lower; and (d) the retreating monsoon period of October
and November,

As in Texas, temperatures in Southesst Asia exhibit ex~
treme range, from the torrid zones in the plains to cool tem-
perate climate in the highlanas with freezing temperatures on
the peaks. In most areas of Thailand the mean monthly temperature
ranges from mid 70°'s (F.) during the coolest montns (December
and January), to mid-80°'s for the warmest Spring months (April
or May). With the advent of the Northeast monsoon in November,
when the dry season normally begins, Thailand enjoys cool
nignts, and temperatures as low as 4(0° F, may prevail in some
of the northern upland areas. During the hot months of February
and March,daytime temperatures in Bangkok are almost always in
the 90°'s, and often reach 100° F. in the interior.

In the Peninsula temperature conditions are fairly constant,
owing to its proximity to the sea. Tre transition from wet to
dry season is less pronounced than in the central and northern
regions. The annual varietion in temperature is more restricted,
with a daily range of about 16° F., with the annual minimum
temperatures of 656° F. and a maximum of 95° F.

The in*tensity, dislritution and timing of rainfall appear
to exert more influence »n veietation than temperatwre in South-
east asia. The volume of rainfal’® generally decreases in
Thailand, as in other parts of Southeas! Asis, with increasing
distances from the sea. This may bc modified locally by the
variation in topography. This phenomenon is reflected in the
vegetation cover of Thailand. Evergreen Rain forest dominates
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in the southernmost vart of the Peninsula and along the south-
east coast, where annual precipitation ranges up to 150 inches
in parts, vhereas drier Deciduous forests predominate in the o
drier continental section of the country.

With the exception of the Peninsula, in most parts of
Theiland almost 90 percent of th> annual precipitation of 40
to 80 in. (1,000 - 2,000 mm.) falls during the southwest
monsoon, from May to October. At that time the relative humidiu’
seldom falls below 70 percent. In the central plein of Thailand
the average annual rainfall decreases pirogressively ifrom south
to north. For example, Bangkok has an average of 59 in.
(1,475 mm.); Lophuri, 54 in. (1,250 mm.); and Nakhon Sawan,
in the upper part of the central plain, has 43 in. (1,075 mm.).
The driest regions are in the rain shadow o1 escarpmeantc be-
tween the central plein and the Korat or no.theastern plateau;
and along the eastern base o the Tenasserim rarge, on the west,
from the upper Peninsula northward to Kanchanaburi and Tak.
The influence of the rain shadow on the vegetation in that area
is shown by the frequency of dry bamboo brakes, intermixed
with thorn brush.

In the Peninsula, southward from Chumphon to the Malaysian
border, rains fall at some time during all seasons. The moun-
tain ranges intercept the moisture-laden air masses borne by
the southwest monsoon and benfit also from the northeast monsoon.
No station in the southern Peninsula has less than 60 in.

(1,500 mm.) of annual rainfall, and in most sites it cxceeds
80 in. (2,000 ~..).

The high ranges along the southwest coast of the Puninsula,
especially between Ranong and Takuapa, receive the full effect
of the monsoon sweeping in from the Andaman Sea. These air
masses saturated with vapor ceuse extremely heavy rnins. At
Takuapa, for instance, annual precipitation reaches 166 in.
(4,150 mm.), among the highest recorded in Southeast Asia, and
in some years up to 260 in. (6,500 mm.). This abundant and
relatively well distributed rainfall, accompanied by constant
soil moisture and continuously moist tropical heat, produce a
luxuriant vegetation, culminating in the climax or optimum
Rain forest. Similar prolific Rain forest cover appears in .
some sites on the Cardamom mountain range in the southeast, be-
tween Thailand and Cambodia, where the annual rainfall is the
highest in Southeast Asia. b

Vietnam: The climate of Vietnam is also a tropical monsoon
or seasonal type, generally with high temperatures and ample
rainfall in the wet period. The considerable latitudinal and
altitudinal range of the country is reflected in the noticeable
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variations in climate from one region to another. The rainfall
accordingly is subject to considerable annual fluctuations.

As in Thailand, in South Vietnam the rainy season ends in
October, followed by a relatively dry, cool season frcm November
to March. Along the narrov coastal plains of Annam, or central
Vietnam, the rainy season, influenced by prevailing typhoons,
may extead into January.

In South Vietnam overall annual rainfall averages about
80 in. (2,000 mm.), ccmpared with 7C in. (1,750 mm.) in North
Vietnam. But unlike South Vietnam, in the North the rainfall
is more evenly distributed throughout the year. In addition
to the rainy season, a moderate amount of precipitation during
the dry, cool months is sufficient to produce a second rice
crop. In South Vietnam, however, it i{s impossible to obtain
a second crop, without irrigation, during the dry season because
of insufficient precipitation.

In North Vietnam the range of temperature during the
entire year is greater than in the South. Nevertheless, even
inothc North, the mean monthly temperature seldom drops below
63" F.

Cambodia: The climate of Cambodia is similar to ttat of
mainland Thailand, with a dry season /uring the northeast
monsoon, from December tu May, and a wet period, during the
southwest monsoon, from June through November.

The mean annual precipitation at Phnom Penh, the capital,
over a 22-year period is 56 in. (1,400 mm.), with an absolute
maximum of 91 in. (2,275 mm.), and an absolute minimum of 38 in.
(950 mm.). On the summit of mountain ranges precipitation,
however, is much higher. The Cardamom and Elephant mountain
ranges in the western part along the Thai border 1lie in the
path of the southwest monsocon, and have the highest{ annual rain-
fall in the entire Indochina Peninsula., At Val d'Emeraude,
for example, tne mean annual precipitation is 210 in. (5,250 mm.),
with an absolute maximum of 246 in. (6, 150 rm.), and an absolute
minimum of 160 in. (4,000 mm.). Nine-tenths of the precipitation
falls during the rainy season, and is characterized by torrential
showers of short duration.

The temperature ranges between 68° and 97° F., with the
coolest period occurring in December and January, and the
hottest during April and }May. Humidity is constantly high.

Laos: This country, also, has two distinct seasons: a
rainy periou from May or June to October, during the southwest

e
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monsoon, with an average of 11 - 12 in. (275 - 300 mm.) of rain-
fall per month; and a rainless, cool season from lovember to
February, with a warmer period from March to May. Humidity is
high throughout the year, and the heat is oppressive and
enervating especially in the lowlands.

At Vientiage, the administrative capital, temperatures
ranges between 70 and 9CO F., although temperatures under
50° F. and above 100° F. have been recorded.

Throughout Laos, the temperature and rainfall vary
appreciably from one zone to another. For example, on the
plateaus of Bolovens and Tran-Ninh, temperature during the cool
months may be severe enough to damage local crops. In the pro-
vince of Xieng Khouang, in the north, temperatures frequently
fall below freezing at elevations of 4,000 ft. (1,300 m.).

Puerto Rico: Although well within the tropics, Puerto
Rico has an equable climate, influenced by its position in
the direct path of the prevailing North Atlantic trade winds,
blowing from the northeast. As a result, the temperature is
uniform throughout the year. Records maintained by the United
States Weather Bureau show an average annual tenperature of
76° F. The daily range in temperature is more pronounced than
the seasonal. The annual rainfall throughout the country is
much more variable than the temperature. The average for a
12-yeer period showed 77.30 in. (1,965 mm.). The heaviest
precipitation i1s recorded on the Luquillo mountains, in the
northeast, where the average annual rainfall reaches 135 in.
(3,375 mn.), and at times up to 170 in. (4,316 rm.). There
the dominant vegetation type is Evergreen Rain forest. The
minimum average annual rainfall of 37 in. (925 mm.) is re-
corded at Gudnica, on the southwest coast, although an
absolute minjmum of 21 in. (525 mm.) has been recorded %ihere
in recent years.

Texas: Located within the latitude of the temperate
zone, Texas has three climatic types. The coastal type prevails
over a comparatively narrow strip of the Coastel Plain. The
continental type, characterized by rapid changes of tem-
perature, is prevalent over the greater part of the State. The
mountain type is confined to a comparstively small area of
western Texas, the Trans-Pecos.

Climatic areas in Texas have been characterized as arid
or semi-arid to wet or sub-humid. Over the entire State
temperatures show a wide range between summer and winter. In
the extreme south in the Lower Rio Grande Valley, subtropical
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conditions prevail, and freezing temperatures are infrequent.
But in the northern section cold fronts, sweeping down from
the north, drop the winter temperatures occasionally to zero
or slightly below.

The rainfall pattern of the State is highly erratic.
Precipitation degreases progressively from east to west. The
highest rainfall is in the eastern section, with an annual
average of 55 in. (1,400 mm.), at times up to 80 in. (2,032 mm.).
In the El Paso area, it is less than 8 in. (203 mm.), and in
some years it may drop to 2 in. (50 mm.). Drought is frequent
and reflects its impact on the vegetation.

Biotic Factors

The forests of Southeast Asia, Puerto Rico and to a large
extent in Te:ras have suffered severely over the centuries from
human interference, through felling of trees for timbers, fires
either deliberately set or spontaneous, grazing by domesticated
livestock and wildlife, and damege by insect pests. Direct or
indirect disturbances have had a profound effect throughout
history on the distribution and composition of vegetation, and
on agricultural practices in Southeas* Asia, Puerto Rico, as
elsevhere. In some of the more densely populated areas of both
hemispheres, the natural vegetation has been so completely re-
placed by anthropogenetic plant communities that it is now
difficult to reconstruct with certainty the original optimum
plant cover.

Throughout Vietnam, particularly in the northernmost
and southernmost parts of delta areas, the forests have been de-
vastated for many decades, whereas in mountainous, less penetr-
able sections of the central region extensive stands of primary
forests still remain more or less intact. The land was first
occupied by Nomadic people who destroyed the forests without
discrimination. After them came the Annamites. In spite of a
more sdvanced civilization, they regarded the forests as capable
of natural regeneration indefinitely. Despite ample rainfall
and other favorable conditions for growth the forests were unable
to become re-established. Consequently much of the climax forest
that formerly covered considerable areas of South Vietnam has
either been replaced by brush of secondary growth or cleared for
rice culture. This is also true of areas of North Vietnam,
especially in the Red river delta region.

Shifting agriculture, the simple, primitie "ray"
system, accompanied by periodical burning has been practiced
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for centuries in Southeast Asia as in other tropical regicns.
A small plot is selected in the forest to grow food crops.
After two or three seasons the soil becomes impoverished. The
site is then abandoned and soon becomes covered with Imperata
and other grasses, shrubs, and fast-growing, soft-wooded trees
of small shsature, of entirely dirferent species from the
original growth,

Apart from deliberate burning done by the natives, to
clear small patches for tilling, violent spontaneous fires
also break out every year in the forests, during the dry season,
destroying thousands of acres of useful timber trces. These
are especially numerous and 7idespread when the dry period is
prolonged. Natural regeneration which has been in progress
for many decades is rendered ineffective within a “ew hours.

In the coastal province of Baria in South V!etnam, for examnle,
fires are often exceptionally severe because of high winds
blowing in from the sea, so that it is now impossible to find
a stand which has not been damaged by fire at some time or
other. Even in the forests in western South Vietnam, which
are flooded over during a great part of the year, fires break
out. Such devastation is continued under the pretext of
clearing for agricultural purpose.

The effects of uncontrolled exploitation of forests
are also well demonstrated in northeast Thailand, where open
Dipterocarp forests predominate. There, the soils are poor,
the rainfall is low, and prolonged periods of drought often
prevail. Consequ:ntly, northeastern Thailand has long been
considered the least developed section of the country. In
northern Thailand, also, large tracts of forests furnishing
timbers of commercial value have been destroyed. In former
years, while in private ownership, valuable forests in which
Teak abounds were exploited indiscriminately, because of
inadequate supervision. Many of these dense forests are con-
centrated in the uplands, around the headwaters of streams
that feed the great rivers flowing through the central plains,
50 that their protection is imperative to provide sufficient
water to irrigate the rice areas. Efforts have bee. made in
recent years by the Forest Departm2nt of Thailand, and of
the other Mekong basin countries, to protect the forests more
adequately from overcutting, fraudulent cutting and fires.

There is 1ittle doubt that Puerto Rico at one time was
forested from the shores of the Atlantic to the Caribbean.
Severe cutting, clearing and culling of the more useful timber
trees were recorded by the earliest travelers. Extensive
areas of timberland were felled and burned to make clearings
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for agricultural use. After tvo or three cropg “he land was
abendoned and soon reverted to secondary growth. In more recent
years considerable areas have been cleared for more permanent
crops such as cuffee and sugarcane. Today primary forests are
fragmentary, limited in extent, and have been so materially
mocdified by human interference during several centuries that
now they afford only a limited basis for classification and
comparison with the climax vegetation formations of other
regions.

0f the extensive tropical forests that once flourished
in Puerto Rico. there remain only isolated remnants scattered
over the island, limited mostly to mountain areas. The best
known and largest of these is the Rain forest, covering &
considerable portion of the Luquillo mountains, er:d which has
not been encroached upon as much as in other arecs. Factors
that impede intrusion intn this forest are abruptness of the
slopes, high precipitation and exposure to constantly strong
winds. Other forest tract3, more limited in extent and in
part virgin or partly culled are: Maricao, in the westeia
part, part of which (10,023 acres) constitutes a Commonwealth
forest; Toro Negro, (6,612 acres), also in the west; Carite
(6,669 acres), in the south central purt; and Rio Abajo (5,220
acres), in the northwest. Today the area of high forest is
less than 2 percent of the total area of the island.

In addition, there are small timber tracts and brush-
land, the bulk of which are found in the southern, southeastern
and southwestern parts of the isnland, on limestone hills and
other land of little agricultural value. Such foreris are
also found along the north coast on thin-soiled, conical
limestone hills, called "baystacks" or "mogotes."

The total wooded area of Puerto Rico, including Moist
Evergreen forest, Mangrove wociland along the north and scuth
coasts, and secondary growth, which has developed following
the clearing of the original vegetation, is estimated to
cover approximately 450,000 acres, or equivalent to perhaps
20 percent of the total land area of Puertc Rico.

In Texas, also, the major factors which influence the
type and distribution of vegetation are biotic, influenced by
the direct effects of disturbance by man, such as lumbering,
burning or clearing for agricultural use; grazing by domesticated
animals and wildlife; and damage by insects and diseases. Of
these, grazing perhaps has had the greatest influence on the
growth, specific composition and distribution of forest for-
mations in the State, Texas leads in beef and sheep production,
and is the center of the Angora goat industry. These have had
a considerable biotic influence on the vegetation complex.
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MAJOR FORFST TYPES
Thedir

Affinities ard Contrasts

While the vegetation of the regions under review shows
an extreme range from that of temperate, on the one hand, to
typically tropical, on the other, certain plant communities
or formations show well-defined affinities. For example, the
Mixed Mesophytic forest of North America approaches the Tro-
Fical Rain forest of Southeast Asia in its structure and
floristic richness. A large part of this Formation consists
of mixed associations in which a considerable number of species
may share dominance. The grass-covered plains of Texas and
other sections of the Southwest are reminiscent in a general
way of the wooded or open scvannas, with a dominant ground
cover of grasses, which are intersperscd with other plant
formations and rice fields ir Southeast Asia.

If we exclude the southern Peninsula of Thailand, up to
amsout 10° N. iatitude, the vegetation of Southeast Asia is
fairly homogeneous and is characteristic of the entire regiun
from the Bay of Bengal to the Gulf of Tonkin. Covered mostly
by tropical vegetation, the Mekong basin countries are separated
from Burma and India, in the northwest, by mountains ranges; and
from China and the Himalayas, on the north, with their essen-
tially distinctive temperate flora. On the other hand, the
vegetation of southern peninsular Thailand, with almost year-
round rainfall, closely resembles the vegetation of Malaysia.

The forests of Thailand may be classed into abtout twelve
Types or Formations. All of these, wich the exception of
Mangrove woodland which is rut found in Laos, occur in the
other Mekong basin countries. These primary Types may be
divided into Sub-types or Associations, influenced by variations
induced by such factors as microclimate, and local edaphic or
biotic conditions.

Forest Types, characteristic of the Indochina Peninsula,
include: Humid (Wet and Moist) forests; Dry Frergreen; Montane;
Conifers; Swamps, which include' saline (Margrove) and fresh-
water; Deciduous or Seasonal, represented by Molst and Dry Mixed;
Dipterocarp forests; Thoin forest; Coastal woodland; Savannas;



2.

and Bamboo brakes. Several of these Types or Fcrmations are
also represented in Puerto Rico. Although they are different
floristically, there is a considerable degree of affinity in
the structure or physiognomy of various Formations which occur
in the two geographically distinct and widely separated regione.

Detailed information on the forests and forest resources
of Thailand, Vietnam, Cambodia and Laos is contained in
"Vegetation of Southeast Asia" (CR 49-65) by this author. This
was published in December 1965 by the United States Department
of Agriculture, in cooperation with Advanced Research Projects
Agency of the Department of Defense (ARPA Contract No. 424).

The forest type that is most chrracteristic of all the
countries of the Indochina Peninsula, as well as of Indo-
Malaysia, but is entirely lacking in Puerto Rico and Texas,
is the Dipterocarp, represented by several genera - Diptero-
carpus, Shorea, Pareshorea, Hopea - of the wood-oil family
(Dipterocarpaceae). In Thailand Dipterocarp forests cover
about 45 percent of the country's total forested area and
have long been an iumportant source of useful timbers both for
domestic use and for export. They are especially well re-
presented throughout the continental part of Thailand, partic-
ularly in the east and northeast, forming almost pure stands
or mixed with other Hardwoods, and some genera constitute a
characteris:.ic element of wooded savannas. Several species of
Diptero:zarps are also represented in the Rain or Moist Evergreen
forest. They are of extremelv variable dimensions, from dwarf
trees, such as Shorea obtuse .i: savannas, to the tall, corpulent,
ubiquitous "yang" (Dipterocipus alatus). In Laos, Cambodia
and Vietnam, also, Dipterocaip forest constitutes the most
vwidespread type of forest growth.

Conifers ere prominent in the vegetation of Texas, re-
presented by 5 genera: Cypress (Cupressus), Juniper (Juniperus},
Douglas-fir (Pseudotsuga), Bald cypress and Montezuma cypress
(Taxodium), and particularly Pines (Pinus). In Puerto Rico the
only native Conifer is Podocarpus coriaceus, of the Yew family
(Taxaceae)}. T:iis genus is represented in Southeast Asia by L
species. Pires (Pinus) are not native to Puerto Rico, but several
species have be2a introduced. Other exotic Conifers have been
planted as ornamentals, including species of Araucaria, Cypressus,
Chamaecypiria, Cryptomerias, Juniperus and Texus.

In Southeast Asia Conifers are well represented, es-
pecially hy rines. The most widespread are the 2-needled Pinus
merkusii .nd the 3-needled P. khasya. They occur at medium and
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upper elevations on mountain slopes, ridges and plateaus, in-
frequently at low altitudes, as in the case of P. merkusii, and
occur in pure stands or mixed with hardwoods. 1In addition,
species of Dacrydium and Podocarpus occur in the Montane forest
of Tnailand.

Conifers are of frequent occurrence in central Vietnam.
Stands of the 2-needled and 3-needled pines cover thousands of
acres in sparsely populated, almost inaccessible areas. The
province of Lang Bian is said %o contain the most extensive
stands of pine. In addition, other Coniferous species grow in
central Vietnam, some of which extend to the northern part of
North Vietnam. These include species of Chamaecyparis, Cunning-
hamia, Taxus, Thujopsis and Keteleeria. In the plateau du Sud,
in South Vietnam, with an altitude of 3,280 to 6,560 ft. (1,000 -
2,000 m.), the 2-needled and 3-needled pines constitute the do-
minant species. In the lower valleys and ravines they are mixed
with hardwoods and bamboos.

Although Conifers, especially the two pines, form either

pure or mixed stands of appreciable extent, they constitute only
a small fraction of the total forested area of Southeast Asia.
In Puerto Rico, likewise, Conifers form only a small fraction of
the vegetation. But in the Piney woods section of eastern Texas,
three species of native pines (loblolly, shortleaf and longleaf)
constitute a high proportion of the Pine-Hardwood forests. They
cover about 12.5 million acres of a total estimated 26.5 million
acres of forests in the entire State.

Of the total area of Thailand, approximately 120,000
square miles are covered by some type of forest. Of these,
36,000 square miles are evergreen forests, including Mangrove
woodland and stands of pines. Humid forests form the bulk of
these, while pine forests represent less than S5 percent of the
total forested area. Of the remaining 84,000 square miles,
about 30,000 square miles are covered by Mixed Deciduous forest,
concentrated mostly in the north and northwest, and Dipterocarp
forests (about 45,000 square miles) form extensive open stands,
especia’ly in the east and northeast.

So that, whereas the trees of Texas may be grouped into
Conifers or Softwoods and Broad-leaved or Hardwood, this broad
classification 1s not applicable either to the forests of South-
east Asia or Puerto Rico. Tiere the forests are more properly
segregated into: Evergreen, including Conifers and Mangrove
woodland; and Deciduous forests.
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Several species of oak (Quercus), usually mixed with
other Hardwoods, and at higher elevations with Conifers, are
frequent at medium altitudes in the Montane forest of central
and northern Thailand, as well as in Vietnam, Laos and Cambodia.
They are particularly abundant in North Vietnam along the
Chinese border. Species of oak are also found occasionally in
the Moist kvergreen forest, such as in southern peninsular
Thailand.

Oaks are insignificant in the vegetation of Puerto Rico.
Several Asiatic species were introduced 45 to 50 years ago and
planted successfully. Other species introduced into the island
is swamp or pin oak (Quercus palustris Muenchh.)of Eastern
United States.

Oaks represent a major element in the vegetation of
Texas, being represented by about 35 specieg, in addition to
a number of varieties. Mixed with pines and Hardwoods they
rank among the principal timbers in the eastern Piney Woods;
constitute the dominants in the Post-Oak regicu; post oak and
blackjack oak occur throughout the most of tne East and West
Cross Timbers; live and post oak are among the principal timbers
in the Coastal forests; live oak is one of the principal trees
Ja the flood plains between Lavaca and Nucce.. river drainages,
and several species grow in the Mountain rorest region of West
Texas.

A survey of the vegetation of Puerto Rico indicates the
presence of a large series of difterent plan' associations.
Some of these occupy fairly large areas and were prnobably con-
tinuous before they were partly destroyed by man. Others cover
only small, scattered areas and a e geonerally isolaicd. Gome
associations have had a precarious existence because of modifi-
cation in their environment; some show no evidence of any radical
change by human agency; ihile =till others are the direct result
of cutting, clearing and burning for agricultural purpose.

As in Southeast Asia the factors of greatest diversity in
Puerto Rico are: (1) varying altitudes and correspondingly dif-
ferent barometric phenomena; (2) variable amcunt of precipitation;
and (3) the range of soil types. As elsewhere, these factors in-
fluence the distribution of plants in Puerto Rico. The lower
elevation may be designated as the belt below 1,500 ft. (500 m.)
altitude; the middle altitudes from about 1,500 to 3,000 ft. (500 -
1,000 m.); and the high elevations as the area above 3,000 ft.
(1,000 m.) to the crest or summit of ridges.

The moist northeasterly trade-winds, almost continuous
during cycloniec disturbances, impinge upon the land masses and
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precipitate their moisture in the form of showers of varying
intensity, from mere sprinkles to excessive cloudbursts. The
high m untains cause the greater part of the atmospheric
moisture to be precipitated over the northern and central areas,
so that by the time the winds reach the southern coast they are
dry, with the result that truly desert conditions prevail in the
southwestern coastal zone.

The variation in the distribntion of precipitation 1is
an important ractor in the pnatural distribution of native plants.
In passing from north to south, over the central axis of Puerto
Rice, the change from one type of vegetation to another is con-
spicuous and abrupt in places. Trees, shrubs and other plants
of the northern slopes give place to different species on the
southern slopes, while the vegetation of the moist northern
districts, around San Juan and Arecibo, for example, is almost
entirely different from that of the drier area in the south,
around Guénica and Ponce.

The wettest areas are in the Luguillo Mountains and in
the higher western and central Cordillera Central, where the
rainfall may exceed 117 inches (300 cn.). The diriest areas are
in the extreme southwest coastal parts of Pucrto Rico, where
the average annual rainfall is usually less than 2h inches.

The best known forest type in Puerto Pico is the Rain
forest, covering a considerable porticn of the Luquillo Range, and
vhich has not veen ercroached upon a8 much as other areas. The
abruptness of the slopes and the size of the trees have made timbe:
exploitation by native methods difficult. Exposure to excessive
and constant strong winds, heavy precipitation, and prolonged
cloudiness are factors which have prevented invasion by coftee
plenters and for the cleariag of small patcnes for shifting agri-
culture, sc ‘ong as other lands wore available. This tract has
an aggregated area of between 35,000 and 40,000 acres, in addition
to several thousand acres of Elfin woodle.d and Mossy forest, low,
gnarled vegetation cn the upper wind-swept slopes &nd crest.

Other tracts of more limited =xtent, in part of primary
growth and some more or less culled high forest, are in the region
of Maricao, in the west; Toro Negro, also in the west: Carite,

{i the south-central part of the i{sland; Rio Abajo, in the north-
west; and others. The aggregate of these areas, not including
the Federal Foreat of ILuquillo, is well witain 50,000 acres. On
this basis the total area of primary forest 1s probably less
than 2 percent of the total land area.
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There are other timber and brush Jands, the bulk of which
are found in the southern, Southeastern and southwestern parts of
the island, on limestone hills and ~ther land of little agri-
cultural value. Such forests are also found on the north coast
on thin-soiled, conical limestone hills, "haystacks" or "morotes.'
In addition, there are Mangrove woodland along the north and
south coasts. The total wooded area, including Rain or Moist
Evergreen, Mangrove forest and secondary forests amount. to
about 450,000 acres, equivalent to about 20 percent of the total
land area.

Mangrove woodland, concrolled 5y edarhic or soil factors,
forms the most homologous type of forest, from the standpoint of
its structure, occurrinz in Puerto Rico and Southeast Asia. Al-
though some differences exist in the species composition, several
genera are represented both in Puerto Rico and Southeast Asia.
Wherever it occurs the physiognomy of this forest is similar,
with contiguous crowns, dense foliage of various shades of green,
and the flat canopy is generally of uniform height. Stands of
Mangrove occur along the north and south coasts of Puerto Rico.
These are generally lower in stature than the more extensive
Mangrove forests in southern peninsular and southeastern Thai-
land, sections of Cambodia, the large stands in the Camau Penin-
sula and other coastal parts of South Vietnam, and smaller stands
northeast of Haiphong, North Vietnam.

Mangrove does not occur in Texas, but the Cypress-Tupelo
swamp, found in sections of the lower Missjis:;ippl delta, is
comparable to Mangrove woodlané¢ of tropicai areas. This swamp
lies under water of fluctuating level except during periods of
prolonged drought. 1In this environment cypress and tupelo
appear to be the only treec able to tolerate constant flooding.

A characteristic feature of the vegetation in Puerto Rico
and Southeast Asia, as in all tropical and temperate regions, is
the contrast between lowland and mountain forests. As we ascend
mountain slopes the composition and structure of the vegetation
undergoes a gradual change. In the Lowland and Hill humid
forests of Thailand, the trees are tall, with columnar trunks,
nultistoried, with upwards of 50 species within the erea of one
acre, in addition to shrubs, lianes, palms, and ground layer of
herbaceous plants. At higher elevation, in Mid-mountain forest
of Khao Yai, central Thailand, the most frequent forest trees
are species of oaks (Quercus), chestnut (Castanogsis), and a
conifer, Podocarpus. These do not appear in the surrounding
Hill Evergreen forest at lower elevation. On the flat summit
other trees become dominant, such as species of Schima and a
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conifer, Dacrydiwn. Unlike the Rain forest, Montane forest has
two, not well marked stories, and most of the trees are slenier,
with fairly small crowns, and form rather close stands. On the
mouritains of northern Thailand the oak-chestnut association is
gradually supplanted by stands of the 3-needled pine (Pinus
khasya).

In Puerto Rico Montane forest is reprasented by the
"colorado" type, in which Cyrilla racemiflors is dominant on
the slopes of luquillo mouncain range. The canopy is fairly
uniform and does not exceed 45 to 50 feet in hei-ht, All the
trees are ever;reen, and the leaves are typically thick and
leathery. The ¢round is generally covered by leaves, and in
some sites by a thick organic surface layer. Sphaznum moss
abour.is in moist sites.

Other forest types of similar structure, occurrin.:
in Puerto Rico and Southeast Asia, are the Elfin woodland and
Mossy forest. [n Puerto Rico Elfin woodland grows on the
upper slopes of luguillo mountain at altitude above the Montane
belt. Because of constant clouds passing over the rance,
humidity is high. Stron- gusts of wind blow constantly, so
that the crowns of the low trees appear as if they had veen
sheared. In association with this formation, but on the leeward
side, Mossy forest appears. Similar formations occur on the
summit of Inthanon mountain in northern Thailand, and in limited
bogland in Khao Yai National Forest in the central region.

Many species of bamboos occur throughout Southeast Asia
in all types of soils and under a variety of climatic conditions.
They are used for a great variety of purposes, such as for
shade, windbreak, water conduits to irrigate rice fields, and
the tender shoots of most species are edible. Wherever a
clearing is made in a forest or when tilled land is abandoned,
certain species of bamboos are among the first plants to develop
in su.cessional growth. Puerto Rico has only a limited number
of native bamboos, but several species have been introduced
from Asia and other tropical areas. Some of these, particularly
Bambusa vulgaris and B. tulda, have become firmly established,
and are widely distributed throughout the island, along high-
ways, banks of streams, and spread into pastures and sugar-cane
fields. In Texas only one species of bamboo, the giant cane
(Arundinaria gigantea), 1ls represented, usually growing in
moist sites.
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In terms of species, palms are not as well represented
in Puerto Rirco as in Southeast Asia. HNevertneless, the sierra
or mountain cauvbae palm (Prestoea montana) is widely dis-
tributed in the island, especially in numid areas at middle and
upyper elevations. It is a freauent component ot the understory
in the Rain Zorest of luauillo, especiully wnere there are open-
ings caused oy fallin;; trees. It oecomes more abundant, at
times formin; lar,e vreaks, at hi ner elevations extendin- up
to the Elfin woodland on the swmiit. In tbe Commonwealth forest
of Toro Negro, in the central part of the island, pure breaxs
of this palm cover the upper slopes and constitute tne do-
minant element in that humid area. Nowhere in Tnailand are
there palm breaks comparavle in extent to those of tne sierra
palm in Puerto Rico. Two of the most freguent species in
Southeast Asia are Borassus flabellifer, usually rowing in-
dividually or in open stands in rice rields. wnere this palm
is protccted, and the Areca or oetel-nut palm (Areca batechu)
frequently propa-ated around hamlets, mostly ia “Tumid areas.
Otner freyuent palms in Thailand are Llvistona speciosa and a
species ot" Corypha.

Savannas are much more widespread in tropical America,
than in Southeast Asia. Savannas may oe broadly classed into
yrass and wooded. Small or mediwn-sized trees are seldom ao-
sent in any savanna. In ooth types the dominant factor is thne
Jrass cover. Typical examples of savannas in tropical America
are the ;reat llanos of Venezuela; the campo fiine and caatin;a
of Brazil; the pampa Eumpao of Arcentina; and the oakridge and pine
ridge of British Honduras. In Puerto Rico small savannas occur
on the upper slopes of the Luguillo ran;e. The so-called
Acacia - Prcsopis savanna of southwestern Puerto Rico belongs
more properly to Thorn woodland, because the hervaceous  round
layer is not considered dominant. In Thailand stretches of
wooded savanna are found in the eastern, nortneastern and
northern sections of the country, while rolling or flat open
savanna occurs in the Kra Isthmus in the Peninsula. Because
of the open nature of savanna in all tropical areas visioility,
ooth horizontal and vertical, is not a proulem.

Thorn thickets are also more frequent in the Caribbean
and mainland tropical America than in Southeast Asia. This
formation is particularly aoundant in Venezuela along the north-
east coast and on the otfcoast islands, on the northern ed.e
of the llanos, ord in the Guajira peninsula to the west. The
caatingas of northeastern Brazil also contain some thorn wood-
land and cactus scrub.

In Puerto Rico thorn thicket occurs on non-saline flats
and coves between Ponce and Guénica, alon-; the soutnwest coast,
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with cactus scrub on the slopes. Among characteristic trees

in these thickets several are of pantropical distrioutior. and
are found in Puerto Rico, Texas and Southeast Asia. These in-
clude: Acacia farnesiana, Parkinsonia aculecta, Leucaena leuco-
cephala and Prosopis juliflora, also the pantrcpical Lantana
camara, and other woody plants limited to tropical America.

Thorn thicket is well developed in the drier sections of
Thailand, particularly in the upper Peninsula and .n the Korat
platecu; in the northeast. As in Puerto Rico and elsewhere in
tropi-al America, annual rainfall in these areas is usually less
than 40 inches. As in Puerto Rico and Texas, many of the shrubs
or small trees in this formation are armed with sharp spines.
These include Acacia tarnesiana and species of Bombax, Randia,
rFeroniella, Croton, Spondias, Zizyphus and Vitex; also the armed
bamboo (Bambusa arundianacea) and a pricklypear (gguntia).

Brush on rangeland in Texas is similar to thorn thicket
of tropical regions. There are several genera, and even species,
in this brush which occur also in Puerto Rico and Southeast Asia.
These include: mesquite (lrosopis glendulosa), huisache (Acacia
farnesiana) and other Acacias, retama (Parkinsonia aculeata),
and Macartney rose (Rosa bracteata).

In tropical America and Southeast Asia the developmental
pattern of secondary growth is essentially the same. The first
growth that develops following disturvance of dense, humid
tropical forest is usually dominated oy grasses and weeds,
generaily short-lived. As a rule, plants that develop in the
initial stage of secondary growth are entirely different from
those that ;row in the primary forest, and likewise, seldom do
any species in the secondary growth appear in the primeval forest.
The nex. phase may be dominated by shrubs, followed by trees
of quick growth. Or the succession may lead directly from the
herbaceous stage to tree dominance. The secondary forest is
usually composed of fast-growing trees, with soft wood and
their seeds are wind- or animal-dispersed.

Within the Rain forest belt the differences in lensth
and severity of the seasonal dry period are expressed in vari-
ations in the composition and structure of the vegetation. An
example of this is the Evergreen Seasonal forest, with 4 to 6
raintess months. Many of the trees are deciduous. Such type of
forest covers large areas in Southeast Asia, and recemoles the
Rain forest floristically and in its three-storied structure.
A similar forest type is widely distributed in the Caribbean
area and in mainland tropical America.
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Timber species represented in three of the six principal
forest regions of the United States are found within the bound-
aries of Texas. The Southern Pine belt extends into the extreme
eastern part of this vast 5t8%€ ., Species of the Central Hard-
wood forest are also found in the Post Oak, the East and VWest
Cross Timbers, and in miscellaneous forests of Texas. Three
species typical of tne Rocky Mountain forests are also found
on the summit of the highcr mountains of West Texas. Altnoush
they do not constitute & major forest type in Texas, tree
species that thrive in tropical climate are also found in the
southern area of the State. Ability to resist droucht, heat
and wind, and to adapt themselves to the environment has resulted
in about 800 species of woody plants rrowing in Texas, on an
estimated 2€.5 million acres of forest, or 10 percent of the
State's total land area. This figure does not include extensive
areas of mesquite and other small woody rrowth covering large
areas and frequent on rangeland.

The Texas Forest Service recognizes 7T torest Formations
or Types: Coastal forests; Pine-Hardwood; Post Oak; East and
West Cross Timbers; Cedar Breaks; Mountain forests; and
Miscellaneous forests.

Coasial forests cover approximately 5C0,(000 acres in a
region extending westward from Galveston to the drainage of
the lavaca river in Jackson and Calhboun counties. The topo-
graphy iscomparatively flat and drainage is poor. The prin-
cipal tree species found in this area are water willow
(Seix caroliniaena), live oak (Quercus virginiana) and post
oak (Q. stellata), pecan (Carya aquatica), ash (Fraxinus
caroliniana), hackberry (Celtis), cot.tonwood (Populus), svcamore
(Platanus occidentalis), &and some loblolly pine sPinus taeda).
The :egion has modified maritime climate, characterized by
a comparatively uniform mean annual temperature of 69° F. The
mean annual precipitation is 45 in. (1,140 mm.). Clay soils
are extensive throughout the region; dark gray to reddish-brown
calcareous silt loams, clay loams and clays are found in the
bottomlanis where most of the wooded areas occur.

The Pine-Hardwood region covers about 12.5 million
acres in the extreme eastern section of the State. In this
area, sometimes called Piney Woods, commercial products have
veen harvested for more than a century. The native pines in
this formation are loblolly (Pinus taeda), shortleaf (P.
echinata) and longleaf (P. alustri Y. In addition, during
the past 40O years, slash pine . caribaea) has played an im-
portant part in the reforestation of cutover pine areas. In
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much of the Finey Woods area hardwoods mixed with pines, especially
on upland areas. Hardwoods dominate the timberland ajacent to
some of the major streams of eastern Texas. Principal species

are: red, black and tupelo gum, white and bleck oaks, magnolia,
elm, hickory, walnut, maple, beech, white as'. and cypress.

The average annual rainfall in the Pine-Hardwood area
is 45 - 50 in. (1,140 - 1,270 mm.). The averuge temperature
is 650 F. Characteristic soils are light-colored sandy loams.
Sub-soils range from loamy to plastic clay in texture and from
red to yellow in color.

The Post Oak region covers approximately 5.5 million
&cres. Tree species often in this formation include: post
oak, hackberry, elm, pecan, live oak, ash and hickory. Better
quality of timber trees are found in the bottomlands. Loblolly
pine occurs on the western fringe of the Post Oak region.
Average annual precipitation in this area is 35 - 45 in. (690 -
1,140 mm.). Low water-holding capacity of the soil increases
the hazard of drought when annual precipitation falls below the
average. With the exception of somewhat lower rainfall, the
climate ~f the Post Oak region is similar to that of the Pine-
Hardwocd area. The soils are mostly os the prairie type but
less acid. Uplands comprise about &5 percent of the ranze and
bottomlands 15 percent.

East and West Cross Timbers cover a total area of
approximately 2.25 million acres. The topography is more
rolling than that of the Post Oak region. The East Cross Timber
is a long strip of woodland separating the Biackland from the
Grand Prairie. Only a few miles in width, it has an area of
close to 200,000 acres extending from the Red river into Hill
County. West Cross Timber is the wooded section of the Grand
Prairie in northcentral Texas, extending from the Red river
southward into Coleman and Brown counties.

Post Oak (Quercus stellatz) and blackjack oak (Q.
marilandica) o:cur over most of the region, while pecan, cotton-
wood, elm, end other hardwoods are found along streams. Annual
precipitation 1is somewhat lower than in the Post Oak region,
ranging between 25 - 35 in. (635 - 990 mm.). The soils are low
in fertility.

Mountain cedar (Juniperus virginiana) is the dominant
tiee in the Cedar break. This formation occurs in hilly regions
cf east-central Texas, and covers about 4.5 million acres. The
region extends southwestwardly from the western and southern
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edge of the Grand Prairie to the Burnet-Llanc basin and to the
Edwards Plateau. Much of the cedar grows mixed with oak, elm,
sumach and other species. Ave'e:.e annual precipitation in tne
Cedar Break zone is 20 - 35 in. (508 - £90 mm.). A thin, stony,
calcareous soil, developed from limestone and marl, covers

much of the area, with alluvial soils in the {lood plains along
Streams.

Ll gt

Mountain forest, covering epproximately 350,000 acres,
is confined to the Trans-Fecos of West Texas, mostly in Jeff
Davis county. The mountainous terrain is covered with juniper,
pinyon (Pinus edulig), several species of oak, scattered
species of western yellow pine and Douglas fir. Annual rain-
fell averages 10 - 15 in. (254 - 300 mm.). Scils are generally
shallow, stony, ncn-arsile, although some sites are fertile.,
Shrubs and short prass<s are the characteristic vegetation in
the basins and valleys.

Miscellaneous forests are characteristic of the warm,
dry Rio Grande Plain. They occur in flood plains along major
stream courses, except in areas where live oak predominates.
These ureas are located south of the Edwards Plateau in Medina
and Bexar counties, and in Brooks, Kenedy, DeWitt and Goliad
counties. The climate is subtropical, with a mean annual
temperature of 72° F. The soils in the bottomlands are black
to brown calcareous clay loams and clays with slow drainage.

Brush is a serious problem on Texas grasslands. A
survey made by range conservationists of the Soil Conservution
Service showed that t£.5 million acres, or (2 percen., of Texas
once luxuriant grasslands are now infested witn one or more
low-value or worthless woody plants. About 50 percent of
this acreage is so densely covered and grass is so suppressed
tiat little improvement can be expe-ted without reduection of
the brush competition. Furthermore, brush is increasing
despite extensive control efforts,
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Selected Genera Representative of Thailandi/

In Relaticn to Number og/Species, Native and In-
troduced, in Indochina,—" Puerto Rico and Texas

AQG = aquatic grass ES = epiphytic shrub

AqQH = aquatic herb F = fern

B = bamboo G = grass

C = climber H = herb

Ca = cactus 0 = orchid

CB = climbing »amboo P = palm

CH = climbing herb ParC = parasitic climber

CrH = creeping herb ParH = parasitic herb

CO = creeping orchid ParS = paurasitic shrub

CP = climbine palm S = shrub

CUS = climbing undershrub ST = small tree

EF = epipnytic fern T = tree

EHd = epiphytic herb US = undershrub

EO = epiphytic orchid

Species in
Habit Thailand Indochina Puerto Rico Texas

Aproma 5, ST i 1
Abrus c s 3 h 2
Aobutilon us 3 L 6 10
Acacia ¢S, T 17 10 T 13
Acalypha S,T 5 1k 7 9
Acampe EO 1 1
Acanthus S 2 L
Acer T 1 2 5
Achras T 1 1 1
Achyranthes AqH, H, US 3 6 @
Acnemia T 1 1
Acorus H 2 2 1

l/ This list is based, tor comparative purpose, on plants occurring
in Thailend.

2/ Embraces Cambodia, Laos and North and South Vietnam.
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Habit Thailand Indochina Puerto Rizo Texas

Acronychia S, ST 1
Acrostichum ¥ ;
Actiphila S
Adenanthera T
Adenia C
Adenochlaena S
Adenosma {
Adenostemma
Adhadota

Adiantum

H
S
[
Adina T
ST
S
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1

no

15

Adinandra
Aegiceras
Aerides EC
Aerua ‘U8
Aeschynanthus Cus
Aeschynomene H, US
Aesculus
Afzelia
Aganosma
Agatnis

Agati

Agave
Ageratum
Aglaia
Aglamorpha
Aglaonema
Ailanthus
Alangium
Albizzia
Alchornea
Aleurites
Allaseanthus
Allamanda
Allium
Allomorphia
Allophylus
Alocasia
Aloe
Alphonsea
Alpinia
Alstonis
Alternanthera
Althaea
Altingia
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Alysicarpus
Alyxia
Amalocalyx
Amaranthus
Ammannia
Amomum
Amorphophallus
Ampelocissus
Ampuailophis
Anacardium
Anacolosa
Anamirta
ANANAs
Anaxagzorea
Ancistro~ladus
Androporon
Aneilems
Anethum
Angiopteris
Aniscmeles
Anisopappus
Anisoptera
Anneslia
Annona
Anodendr on
Anoreissuc
Anomianthus
Anplectrum
Antheroporum
Antnocephalus
Anthurium
Antiaris
Antidesma
Antigonon
Antirrhinum
Antrophyunm
Aphania
Apium
Apluda
Aponogeton
Aporosa
Aquilaria
Arachis
Aralia
Araucaria
Archytaea
Ardisia
Areca

Haobit
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Habit Thailand Indochina Pue-to Rico Texas

Arenga
Arfeuillea
Argemone
Argostemma
Argyreia
Arisaema
Aristolochia
Artabotrys
Artanemzs
Artocarpus
Arundina
Arundinaria
Arundinella
Arundo
Arytera
Asclepias
lsparagus
Aspidistra
Aspidopterys
Asplenium
Aster
Asystasia
Atalantia
Atherolepis
Athyrium
Atylosia
Averrhoa
Avicennia
Azima
Azolla
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Baccaurea
Bacopa
Baeckia
Balanophora
Bal iospermum
Bambusa
Barclaya
Barleria
Barringtonia
Basella
Bauhinia
Beaumontia
Begonia
Beilschmiedia
Belancanda
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Beleperone
Benincasa
Berrya
Beta
Bidens
Bilbergia
Biophytuwr
Bischofis
Bixa
Blachia
Blechnum
Blinkworthia
Blumea
Blyxa
Boea
Boehmeria
Boerhaavia
Bolbitis
Bombax
(Salmalia)
Bonnaya
Bootia
Borassus
Borreria
Bouea
Bougainvillea
Brachiaria
Brachystelma
Brassica
Breynia
Bridelia
Bromheadia
Brousscnetia
Brownea
Brucea
Brugmansia
Bruguiera
Brunfelsia
Buddleia
Buettneria
Bulbophyllum
Burmannia
Bursera
Butea
Buxus

Habit
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Habit Tuailand zggochina Puerto Rico Texas

Cabomba AqH 1 2 1
Caesalpinis ST, T,C 12 10 5+ 3
Cajanus 1 L

Caladium 1 3

Calamus 21

Calanthe 15

Calathea
Calendula
Calliandra
Callicarpa
Callistephus
Calonyction
Calophyllum
Calotropis
Calycopteris
Camellia
Campsis
Cananga
Canarium
Canavalia
Canna
Cannabis
Canscora

Cans jera
Canthium
Capparis
Capsicum
Carallia
Carapa
Cardamine
Cardiochlamys
Cardiopteris
Cardiospermum
Carex

Careya
Carica
Carissa
Carpinus
Carthamus
Carum
Caryota
Cagsearia
Cassia
Castanopsis
Ceratophyllum
Ceratopteris
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Cerbera
Cereus
Ceriops
Ceropegia
Cestrum
Chaelocarpus
Chasalia
Cheilanthes
Cheiropleuria
Chirita
Chisocheton
Chloranthus
Chloris
Chlorophytum
Christisonia

Chrysalidocarpus

Chrysanthemum
Chrysophyllum
Chrysopogon
Chukrasia
Cibotium
Cicca

Cicer
Cinchona
Cinnamomum
Cipadessa
Cissampelos
Cissus
Citrullus
Citrus
Commelina
Commersonia
Congea
Connarus
Convelvulus
Corchorus
Cordia
Crataeva
Crescentia
Crinum
Crossandra
Crossostephium
Crotalaria
Croton

Dacrydium
Dactyloctenium
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Thailand Indochina Puerto Rico Texas

22 2 2

il b4 3
2 2

1 ) 1

1 2 (3

1 1

L 2

3 & 3 15
1 1

1 17

2 1

2 L

1 L 3 14
2 2 1

1 1

2 1

3 3 3

1 1l ]

1 3

2 1

1 1

1 2

1 1

e 2

T 12 2

B 1

1 i L
10 i T 1
1 1 3 1
1k 8 12 1
3 8 2 i
1 1

2 4 1

5 T

3 1 2+ 3
3 3 o] 1
7 8 5+ 2
5 2 2

2 1 2

5 L 11 2
1 1 1

1 i
12 28 14 €
2 38 17 19
1 1

1 1 1 1



Daemonorops
Dahlia
Dalbergia
Dasymaschalon
Datura
Daucus
Davallia
Debregasia
Decaschistia
Deeringia
Deloportea
Delonix
De..pya
Dendrobium
Dendrocalamus
Dendrophthoe
Derris
Descasperum
Desmodium
Dialium
Dianella
Dianthus
Dichroa
Didymocarpus
Didymochlaena
Didymosperma
Dieffenbachia
Digitaria
Dillenia
Dioscorea
Diospyros
Diplazium
Diploclisia
Diplospora
Dipteris
Dipterocarpus
Dischidia
Disporum
Dodonaea
Dolichandrone
Dolichos
Dombeya
Donax
Dopatrium
Doritis
Dracaena

39

Habit Thailand Indcchina Fuerto Rico Texas

Cp 1
H 1
c,T 21
S 2
H 1
H 1
E¥ %
S 2
S 1
C 1
T 1
T 1
R 1
EO o4
B 1
ParS 1
c,sT, T 11
ST 2
S, Us, CH 28
T 3
H 1
H 2
S 1
H 1
¥ 1
¥ 1
LS 1
G 1
ST 9
CH 23
T Ls
F 2
C 1
T 3
F 1
T 15
H 6
H 1
S 1
T 3
CH 2
S, ST 1
us 2
H 1
0 1
S 10
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Habit Thailand Indochina Puertoc Rico Texas

Dracontomelum
Drosera
Drymoglossum
Drymaria
Dryopteris
Duabanga
Duchesnea
Dunbaria
Duperrea
Duranta
Durio
Dysolobium
Dysophylla
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Ecdysanthera
Echinocactus
Echinochloa
Eclipta
Egenolfia
Ehretia
Elaeis
Elaeocarpus
Elaeocdendron
Elatostema
Eleccharis
Elephantopus
Elettaria
Eleusine
Eleutherine
Ellipanthus
Ellipeia
Elsholtzia
Elytranthe
Emilia
Engelhardtia
Enhydra
Entada
Enterolobium
Epigeneium
Epiphyllum
Epipremnum
Epithema
Equisetum
Eragrostis
Eranthemum
Erechtites
Eremochloa
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Habit Thailand Indochina Puerto Rico Texas

Eria
Eriachne
Eriobotrya
Eriocaulon
Eriochloa
Erioglossum
Eriolaena
Eriosema
Erismanthus
Erycibe
Eryngium
Erythrina
Erythropalum
Erythrophloeum
Erythroxylum
Eucalyptus
Eucharis
Eugenia
Eulalia
Eulophia
Euonymus
Eupatorium
Euphorbia
Euphoria
Eurya
Eurycles
Eurycoma
Evodia
Exacum
Excoecaria
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Fagraea
Feronia
Fer.niella
Fibraurea
Ficus
Fimbristylis
Finetia
Finlaysonia
Firmiana
Flacourtia
Flagellaria
Fleurya
Floscopa
Flueggea
Foeniculum
Fortunella
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Habit Thailand Indochina Puerto Rico Texas

Fragaria 1
Fraxinus
Freycinetia

Fuirena
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Gaillardia
Galactia
Galeola
Garcinia
Gardenia
Garuga
Geissaspis
Gelonium
Gelsemium
Gendarussa
Genianthus
Geodorum
Geophila
Gerbera
Gigantochloa
Girardinia
Gironniera
Gladiolus
Gleichenia
Globba
Glochidion
Gloriosa
Glossocarya
Glossogyne
Gluta
Glycine
Glycosmis
Glyptopetalum
Gmelina
Gnetum
Gomphos temma
Gomphrena
Gonatanthus
Goniothalamus
Gonocaryum
Gossypium
Gouania
Grammatophyllum
Grangea
Graptophyllum
Greenea
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Grevillea
Grevia
Guettarda
Guioa
Gymn.ma
Gymnogrammitis
Gymnope ¢alum
Gymnosporia
Gynandropsis
Gynura
Gyrocarpus

Habenaria
Haemanthus
Haemaria
Halcpegia
Hamelia
Hapaline
Harpullia
Harrisonia
Hedychium
Hedyotis
Helianthus
Helichrysum
Helicia
Heliconia
Heliotropium
Helixanthera

Helminthostachys

Hemicyclea
Hemigraphis
Henslovia
Heptapleurum
Heracleum
Heritiera
Hernandia
Herpestis
Hesperethusa
Heteropanax
Heterophragma
Heteropogon
Hevea
Hibiscus
Hippeastrum
Hippocratea
Hiptage
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Habit Thailand Indochina Puerto Rico Texas
T 1 1l 1l

ST 15 17

ST 1 1 9

ST 1l 3

C 3 10

EF 1 1l

CH 3 3

S 2 8

H 2 2 2

CH 4 7

T 2 1l

0 p) L7 5 11
H 1 1

C M 5

H 1 2

S 1 1l 2

H 2 2

T 2 3

S,C 1 2

H 5 6 b\

H 17 39 21
H 2 3 18
H 1l 1l

ST i 1 1l

H 1 2

H i 11 14
ParS 1l 1l

S, ST 1 1l

T 1 9

S,H 3 11 1

ParC 1 L

T 1l 2

H 2 2

T 2 3

T 2 5 2

H 1 3 2

ST 1l 1l 1

ST 1 1l

T 2 1

G 1l 2 1 1l
T 1 1 1

HS,T,C 13 22 13 11
H 2 3

C 1 L 5

S,C 3 9
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Habit Thailamd Indocnina Puerto Rico Texas

Hodgsonia
Holarrhena
Holigarna
Holoptelea
Homal fum
Homalomena
Homonoia
Hopea
Horsfieldia
Hoya
Humata
Runteria
Hura
Hydnocarpus
Hydnophytum
Hydrangea
Hydrilla
Hydrocera
Hydrocotyle
Hydrolea
Hygrophila
Rygroryza
Hylocereus
Hymenachne
Hymenocallis
Hymenocerdia
Hymenodictyon
Hymenopogon
Hyophorbe
Hypericun
Hyptis
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Ichnocarpus
Ilex
Illicium
Illigera
Impatiens
Imperata
Indigofera
Intsia
Inula
Iodes
Ipomoea
Iresine
Iris
Irvingia
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Ischaemum
Isoloma
Itea
Ixora

Jacaranda
Jacquemontia
Jasminum
Jatropha
Juncellus
Juncus
Juniperus
Jussiaea
Justicia

Kadsura
Kaempferia
Kalanchoe
Kandelia
Kayea
Kleinhovia
Knema
Knoxia
Kochia
Kopsia
Kurrimia
Kydia
Kyllinga

Labisia
lactuca
Lagenaria
lagerstroemia
Laggera
Lannea
Lansium
Lar tana
laportea
lasia
Lasianthus
Latania
Lathyrus
Lawsonia
Leea
Leersia
Lemna

L5

Habit Thailand Indochina Puerto Rico Texas
G 3 11

H 1 1 2

S 1 3 1
S 19 34 )

T 1 1l

CH 2 2 6 1
C 2l 31 8

S, ST 5 5 3 3
G 1 3 1

G 1+ 8 1 26
S, ST 3 1l 4 8
H, AgH, US 3 5 5 7
S 4 42 b 2
C 1 2

H 5 13 2

H © ki 5

ST 1 1

T 1l b

ST 1 1 1l
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H 1 2
S 2 5
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Lens
Leonotis
Leonurus
Lepionurus
Lepironia
lepisanthes
Leptaspis
Leptochilus
Leptochloa
Leucaena
Leucas
Leucomeris
Leucopogon
Leucostegia
Licuala
Ligustrum
Lilium
Limatodes
Limnophils
Limnophyton
Limonia
Lindenbergia
Linociera
Linostoma
Lipocarphi
Litchi
Lithocarpus
Litsea
Livistona
Lobelia
Lonicera
Lophatherun
Loranthus
Lourea
Ludwigia
Iuffa
Lumnitzera
Lavunga
Lycium
Lycopersicon
Lycopodium
Lygodium
Lyonia
Lysimachia
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Macaranga
Madhuca
Maesa
Magnolia
Maronia
Malaisia
Mallotus
Malpighia
Malvaviscus
Mangifera

Manglietia
Manihot

Manilkara
Maoutia
Mappia
Maranta
Mariscus
Markhamia
Marsdenia
Mersilea
Martinezia
Martynia
Mastixia
Mayodendron
Medinilla
Melastoma
Melia
Melientha
Meliosma
Melocalamus
Melochia
Melodinus
Melodorum
Melaleuca
Melampod ium
Melanorrhoea
Meliosma
Melothrias
Memecylon
Mentha
Merremia
Merrillia
Mesua
Metroxylon
Mezoneurun
Michelia
Miciroglossa
Microlepia
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Microdesais
Micromelum
Microsaccus
Microsorium
Microstylis
Microtoena
Microtropis
Miliusa
Millett.a
Millingtonia
Mimosa
Mimulus
Mimisops
Mirabilis
Mischocarpus
Mitragyna
Mitrasacme
Mitrephora
Moghania
Mollugo
Momordica
Monochoria
Monogreamma
Morinda
Morinda
Morindopsis
Moringa
Morus
Mucuna
Muntingia
Murraya
Musa
Mussaenda
Myrica
Myriophyllum
Myriopteron
Myristica
Myrtus
Myxopyrum

Naravelia
Narcissus
Nasturtium
Nauclea
Nelsonia
Nelumbo
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Neclitsea
Nepenthes
Nepheliun
Nephrolepis
Neptunia
Nerium
Nervilia
Neuropeltis
Nicotiana
Niebuhris
Nipa
Nopalea
Nothopanax
Nyctaathes
Nympnaea
Nymphoides
Nyssa

Ooeronia
Ochna
Ochrocarput.
Ochrcmsa
Ocimum
Odontadenia
Oenanthe
Olax
Oldenlandia
Olea
Oleandra
Oncosperma
Ophiogiossum
Ophiupogon
Ophicrrhiza
Opilia
Oplismenus
Opuntia
Ormocarpum
Ormosia
Ornithobaea
Orophea
Oroxylum
Orthosiphon
Oryza
Osbeckia
Osmanthus
Osmunda
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Ccus 3 &
T o) 10 4
¥ T 6 6 1
AgH 2 3 3 n
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0 1 2
C 1 1
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S, T 1 2
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S 1 2
c,S,ST 2 1 1
AgH b 3 7 3
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T 1 1 2
EO 1 20
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T 2 2
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C 1 2
H 1 I 1
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S 3 6 1
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P 2 1
EF 1 5 5
H 1 lo 1
H 2 13 2
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Otopnora
Ottelia
Ouratea
Oxalis
Oxymitra
Oxyspora
Oxystelma
Oxytenanthera

Pachygone
Pachyrhizus
Pachystoma
Paederia
Palaquium
Panax
Pandanus
Panicum
Papaver
Paphiopedilum
Parabaena
Parabarium
Paramignya
Paranephelium
Parashorea
Paravallaris
Parinarium
Parkia
Parkinsonia
Parsonsia
Parthenocissus
Paspalum
Passiflora
Pavetta
Payena
Pedilanthus
Pelargonium
Peliosanthes
Peltophorum
Pemphis
Pennisetum
Pentace
Pentacme
Pentapetes
Pentaphragma
Peperomia
Pereskia
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Pericampylus
Perilla
Peristrophe
Petraea
Petunga
Petunia
Peucedanun
Phaius
Phalaenopsis
Pnaseolus
Phegopteris
Phlogacanthus
Pnlox

Phoebe
Phoenix
Pholidota
Photinia
Phragmites
Phrynium
Pnyla
Phyllanthus
Phyllocarpus
Phyllochlamys
Phymatodes
Physalis
Phytocrene
Picrasma
Pilea
Pilostipgma
Pinanga

Pinus

Piper

Pisonia
Pistia

Pisum
Pithecolobium
Pittosporopsis
Pittosporum
Pityrogramna
Planchonella
Plantago
Platanthera
Platycerium
Plectocomia
Plectranthus
Pleopeltis EF
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&

Pluchea
Plumbago
Plumeria
Podocarpus
Podochilus
Pogonia
Pogostemon
Polianthes
Pollia
Polyalthlia
Polycarpaesa
Polychroa
Polygala
Polygonum
Polyosma
Folypodium
Pometia
Pongamia
Popowia
Porana
Portulaca
Pothos
Pouzolzia
Premna
Prismatomeris
Protium
Pruns
Pseuderanthemum
Pseudodracontium
Psidium
Psilotrichum
Psilotum
Psophocarpus
Psychotria
Pteridium
Pteridrys
Pteris
Pternandra
Pterocarpus
Pterolobium
Pterospermum
Ptychosperma
Pueraria
Punica
Putranjiva

Pygeum
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Pyrostegia
Pyrrhosia
Pyrus

Quamoclit
Quassia
Quercus
Quisqualis

Radermachera
Randia
Ranunculus
Rapanea
Raphanus
Raphiolepis
Raphistemma
Rauwolfia
Ravenela
Ravenia
Reinwardtia
Remusatia
Renanthera
Rhapis
Rhinacanthus
Rhizophora
Rhodamnia
Rhododendren
Rhodomyrtus
Rhus
Rhynchosia
Rhynchospora
Rhynchostylis
Ricinus
Rinorea
Rivina

Rosa

Rotala
Roureopsis
Roydsia
Roystonea
Ruous

Rumex

Ruta

Saccharum
Saccolobiunm
Sageraea
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S 1 1 1
i 13 39 7 35
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T 1 10
C,S,T 19 27 N 1
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H 1 2 2
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S 1 1 1
C 2 2
S L 5 3
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S 1 2
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EH 1 3
EO 2 5
P 2 T 1
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T 2 2 1
S 3 1
S, ST 5 23 4
S 1 1 1
ST 3 2 2 8
Us 2 L L (]
G 6 25
EQ 3 3
H, S, ST 1 1 1 1
5 2 1
H 1 1 1 1
C,S 5 8 6 10
S 1 5 2 1
Cc 1 1
c,S 1 10
P 1 1 2
c,Us 8 24 11 11
H 2 (3 3 13
uUs 1 1 2 2
G 5 4 5
EO 1 3
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Sagittaria
Salacia
Salix
Salomonia
Salvia
Salvinia
Samanea
Sambucus
Sanchezia
Sandoricum
Sansevieria
Sapjindus
Sapium
Saprosma
Saraca
Sarcantnus
Sarcolobus
Sarcospeirnma
Sarcostemma
Saurauja
Sauropuz
Scaevola
Scheftlera
Schima
Schismatoglottis
Schizaea
Scnizocasia
Schizocapsa
Schizostachyum
Schleichera
Schoepfia
Schoutenia
Schrevbera
Scindapsus
Scirpus
Scleria
Scleropyrum
Scoparia
Scurrula
Scyphellundra
Scyphiphora
Secamone
Securidaca
Selazineila
Seme carpus
Senecio
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AqH 0 1 3 9
o 6 10

T 3 (3} 3 11
H 1 3

H 2 3 9 21
AqH 2 2 1
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Serissa S 1 1
Sesoania H,Us, S 3 5 4 L
Sesavium CrH 1 1 2 3
Setaria G 2 i 1k 12
Snorea T 15 10
Sida us 4 7 25 1
Siegesbeckia H 1 1
Sindora T 4 3
Sinningia H 1 1
Sipnonodon T 1 1
Sloanea A 1 2 2
Smilax C L 29 p) 11
Smithia H 1 4
Solanum H,C, S, 8T 17 20 30 21
Solidago H 1 1 3 23
Sonchus H 2 2 2 K]
Soneirila H 1 10
Sonneratia T 3 2
Sophora S 1 4 2 5
Sopubia H 1 3
Sorghun G 2 4 3 3
Spathiphyllum H 2 1
Spathodea T 1 1 2
Spathoglottis (0] 3 L
Spatholobus c 3 4
Sphaeranthus H 2 2
Sphenoclea H 1 1 1 1
Sphenodesma (& i 8
Sphenomeris F 1 1 1
Spilanthes H 1 1 3}
Spirolobium S 1 1
Spondias T 2 5 3
Stachyphrynium H 2 4
Stachys H 1 2 2 5
Stellaria AgH 1 1 2 4
Stemona CH k 10
Stenochlaena cr 1 1 4
Stenolobium ST 1 1 2
Stephania c 5 3
Sterculia T 19 30 3
Stereospermunm T 5 )
Streblus T 1 1
Streptocaulon o 3 5
Streptolirion CH 1 3
Strobilanthes S 4 36 2
Strophanthus Cc 3 5 1
Strychnos C, T 12 13 1
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Styrax
Suaeda
Swertia
Swietenia
Swintonia
Symphorema
Symplocos
Syzygiunm
Synedrella

Tabebuia
Tacca
Taenitis
Tagetes
Talauma
Talinum
Tamarindus
Tamarix
Tarenna
Tarrietia
Taxotrophis
Tecoma
Tectaria
Tectona
Teinestachyun
Telanthera
Telosma
Tephrosia
Terminalia
Ternstroemia
Tetracera
Tetrameles
Tetrastigma
Teysmannia
Thea
Thelypter's
Themeda
Theobroma
Thespesia
Thevetia
Thrinax
Thryallis
Thuja
Thunbergia
Thyrsostachys
Thysanolaena
Tiliacora
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Timonius
Tinospora
Tithonia
Toddalia
Toona
Torenia
Tournefortia
Toxocarpus
Trachelospermum
Tradescantia
Tragia

Trapa

Trema
Trevesia
Trevia
Trianthema
Tribulus
Trichoglottis
Trichomanes
Trichosanthes
Trigonostemon
Triphasia
Tristania
Tristellateia
Triticum
Triumfetta
Tupistra
Turnera
Turpinia
Tylophora
Typha

Ulmus
Uncaria
Uraria
Urena
Urostachys
Utricularia
Uvaria

Vaccinium
Vallaris
Vallisneria
Vanda
Vandonsis
Vanilla
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CRITERIA FOR CLASSIFICATION

Various systems of classifying the vegetation of tem-
perate aad tropical regions have been described or proposed.
Some have been formulated by ecologists or plant geozraphers,
familiar solely with temperate regions, others by individuals
with experience limited to the study of tropical vegetation,
while some methods of classification may be considered purely
theoretical. Some systems are based on a single criterion,
such as floristics, others may take a series of factors into
consideration. A system may be appylicable to a single or
specialized purpose, or may be adapted to a particular region
or country. Others, such as Richards' classical publication
on "Tropical Rain Forest," discuss various forest types on a
world-wide basis.

Indicative of the formidable task involved in cl=ssi-
fying vegetation, approximately 100 ferest types are recognized
east of the Mississippi, and about (O types west of that river.
In the Temperate Rain forest of North America, as in Europe,
there may be only one or a few dominant species in a particular
stand, or in extreme instances from 20 to 25 species may be
present. In contrast, the pattern of vegetation in a Tropical
forest is generally more complex. A stand of Evergreen Rain
forest, for example, seldom contains less than 15 tree species
upwards of 4 inches (10 cm.) dbh. per acre. In some instances
there may be between GO and 80 woody species within an
equivalent area. Normally they vary in dimensions, form of
trunk, size and shape of crown, type and size of foliage, and
color, thickness and texture of bark. Seldom does a single
species form a compact, pure stand.

The forest types of torrid zones, such as those occurring
in Southeast Asia for example, range from the true Rain forest,
with high temperature, abundant precipitation in excess of 100
inches annually, distributed almost throughout the year, and
abundant soil moisture; the less humid Evergreen Moist forest,
also with a dense, luxuriant, multistoried ;rowth; the Moist
or Dry Deciduous forests; the pine, oak and chestnut forests
at upper elevations; Dry Dipterocarp forest often merging into
savannas where grasses dominate; *o the hot, dry, thorn forest
and bamboo brakes in semi-arid or arid areas. Furthermore, the
vegetation may var from undisturbed rorests in remote, un-
inhabited areas, to degraded forests in populated sites.

g
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There are four methods which may be used as guldelines
in establishing a classification of forests, either tropical
or temperate, ana which are applicable in the present project.
These are: (1) Floristic; (2) Physiognomic; (3) Bioclimatic;
and (4) Holistic, from the Greek meaning "whole" or "entire.”

(1) Floristic: This approach involves assembling and
identifying plant materials so as to prepare as complete a
list as possible of species present in a plant commmunity.
This entails the collection of plants growing together which,
in the aggregate, have a certain individuality. The total
flora of a forest may be regarded as the building material of
a particular plant community.

[
A

The floristic method involves some guantitative estimate
of the relative occurrence of individual species in a community.
Some ecologists consider it unnecessary to list the species in
a particular plant community or a series of communities. But
data on floristic composition contribute to the evaluation of
the structure and composition of a particular community, whereas
the contrary usually is not possible. Data on floristics also !
furnish information on the specific composition of primary and {
successional growth, as well as having a practical value in such
specialized projects as the study of the effects of chemical
defoliants, evaluation of ground mobility, surveillance and
horizontal or vertical visibility, especially in a dense,
closed forest.

(2) Physiognomy: The physiognomic method is concerned
with the various factors that contrilLute to the appearance,
composition apd structure of a plant community. The study of
vegetation along these lines has been used with appreciable
success in recent years in tropical regions. It enables a
comparison to be made of unfamiliar vegetation, and at the same
time brings out certain characteristics that may not be other-
wise apparent.

The general appearance or physiognomy of a forest is
determined by the stature and spread of the species composing
it, especially the predominant and dominant trees forming the
canopy. In assessing these physiognomic characters, con-
sideration should be givan to structure in the horizontal sense,
or specing, and i1 the vertical dimension, corresponding to
stratification or layering. The constitutent trees of the
forest may stand at certain average distences apart, some in
close proximity, and others may be widely spaced. The canopy
may be open, permitting good visibility both upward and down-
vard, or it may be continuous, dense and close as in the Rain
forest, in which case visibility would be low to nil.




Fig. 3.
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Raunkiaer recognized 6 leaf sizes: Leptophyll (a) = 25 sq. mm.;
Nanophyll {bet. a & b) - 9 x 25 = 225 sq. mm.; Microphyll (bet.
b&c) -9 x25° 2,025 sq. mm.; Mesophyll (bet. c & 2 x d) -
93 x 25 = 18,225 mm.; Macrophyll (bet. 2 x d & 8 x size of dia-
gram) - 9)‘ x 25 = 164,025 sq. mm.; and Negaphyll - 8 x size of
diagram. (After Raunkiaer's "The Life Forms of Plants and
Statistical Plant Geography.")
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Stratificat.cn or layering is one of the primary char-
acteristics of all :ut the simplest plant communities. This
may be sharply defined, as in a Rain or Moist Evergreen forest,
may be poorly demarcated, as in a Dipterocarp forest, or it
may be absent. Where the forest consists of a single or few
tree species of uniform height and are widely scattered, there
is usually no stratification. The Dry Dipterocarp forest of
Southeast Asia or a wooded savanna are typical communities in
which there is no apparent stratification.

B T

Additional recognizerle characters of trees in certain
tropical forest types include: the size of the crown and type
of branching; whether a tree is evergreen or deciduous; the
presence of buttresses, stjlt roots and pneumatophores or
“breathing roots"; the presence of thorns on the trunk and/or
pecularities of the bark, such as texture and color; exudations
such as oleoresin or latex; and succulent leaves or stems. The
tex*ure of the leaf blade is also important features and its
size may be determined according to Raunkiaer's classification
of lear-size. The preseace of woody vines or lianes, palms,
cycads, rattans, pandans and epiphytes are important growth- or
life-forms to be recorded.

The physiognomic approach, supplemented by data on
microclimate and soils, appears to be a practical method in
evaluating a type of forest, aimed at establishing the homologues
and dissimilarities between the overall vegetation of Southeast
Asis, and that of Puerto Rico and Texas, As aiready stressed,
it is practical and particularly useful in classifying a stand
of forest when its specific components have not been determined
or are unknown. Information on a forest established along the
lines of its structure, general appearance and life-forms is of
more practical value for certain phases of military science,
for example, than the accumulation of data on its floristic
compositio.. When important structural characters, combined
with climatic and soil conditions are similar, the problems of
mobility, visibility and surveillance would probably be the
same in the dense Rain forest of southern peninsular Thailand
as in the Upland Rain forest in the Luquillo mountains of north-
eastern Puerto Rico. Furthermore, the effectiveness of
chemical defoliants probably would be largely dependent upon
the reaction of individual species, determined partly by leaf
size and texture, rather than on their effcct on the total
species within a formation.

(3) Bioclimatic method: This system stresses the in-
fluence of climate on the development and nature of vegetation.
Factors to be considered under bioclimate include: local
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variations in seasonal or annual rainfall, the range of daily
or seasonal temperatures, velocity of wind, and intensity

of light. Data are essential on the mean temperature of the
hottest and coldest month; absolute maxima and minima tem-
peratures; mean rainfall of separate months; length of dry
period or periods; mean number of consecutive days with negli-
gible rain or without rain; prevailing winds and periodic or
seasonal winds of syecial significance.

|

If we follow thre climatic-vegetative method, the Ever-
green and Deciduous forests of Southeast Asia may be broadly
classified into at least 9 major Formations or Associations,
varying according to the average annual rainfall in that
ares. and influenced also by the type of soils in a particular
locality or region. Most of these are represented, on the
basis of their structure, rather than floristice, in Puerto
Rico and some in Texas. These are:

a) Evergreen Rain or Moist forests: tall, dense, multi-
storied, in which the dominants are entirely cor mainly ever-
green; mean annual rainfall exceeds 80 in. (2,030 mm.) and
there is little or no deficiency of atmospheric or soil moisture
at any period of the year; in lowlands and on hill slopes at
lower elevations.

b) Oak - Chestnut (Quercus - Lithocarpus - Castanopsis)
forest: at middle to upper e’evations, in ravines and on
mountain slopes, oi'ien with abuv.idant moisture throughout the

year,

c) Coniferous forests: also evergreen, represented in
Southeast Asia by species of Pinus, Podocarpus, Keteleerda,
Dacrydium and Cunninghamia; occur oa ridges approaching

altitudinal limits with subtropical climate, al though one
species of pine (P. merkusii) in Southeast Asia descends to
tropical lowlands at LOO or 500 ft. (120 - 150 m.).

d) Moist deciduous, or so-called Seasonal or Monsoon,
forests: many of the dominant trees have a leafless aspect
usually during the dry season; annual rainfall ranges from
50 to 60 in. (1,270 - 2,030 um.), sometimes more, and with
L to 6 dry months. Teak (Tectona grandis) is characteristic
of this formation in northern Thailand and northwestern
upper laos.

e) Dry deciduous forests: in areas where the climate
is too dry, the soil toc porous to hold sutficient moisture,

—
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and therefore often too infertile to support a more luxuriant
vegetation; annual rainfall is 50 in. (1,270 mm.) or less,

with upwards of 6 months of dry period, at times of prolonged
drought; dominant trces are entirely deciduous or almost so,

and are leafless generally during the dry season. Includead

in this type are Dry Dipterocarp ana Thorn forest, a xero-
phytic growth composed of shrubs and small trees mostly thorny.
The latter are comparable to those around Guénica in soutn-
western Puerto Rico, and stands of "huisache" (Acacia farnesiana)
in Texas.

f) Swamp formations: (1) Saline swamps, typified oy
Mangrove forests, an edaphic, evergreen formation, not de-
pendent on rainfall, which is widespread along the coasts of
Southeast Asia, especially Thailand an¢ Vietnam, and Puerto
Rico, flourishing in muddy soil around e:ituaries and in
deltas subject to submersion by tidal waters; and (2) Fresh-
water swamps, wherein plar{ species are entirely diff{erent
from those in the coastal saline swamps.

g) Littoral formation: along sandy shores and on
slightly higher coastal sites, serarated {rom the mansrcve
and prst-mangrove forests and beyond reach of tidai influence.

h) Bamboo brakes: considered essentially as a generic
or seral community, frequent in Moist Deciduous forests, and
appear also as secondary growth in olher formations, especially
afier felling or when clearings are made in the forests.

(4) Holistics: This approach, in the broad sense,
takes into consideration zll the factors that constitute, exert
an influence upon, or are asscciated with a particular plant
community. A thorough study of any Azsociation or Formation
on such a broad scale involves the coordination of several
disciplines. It involves the gathering of data on floristics,
the bioclimate and physiognomy, supplemente” by information
on the soils, topography, edaphic and biotic features, and
other characteristics of the habitat.

The Holistic method is the most comprehensive and
thorough system of classifyirg the vegetation. It preseants a
closer insight into the vegetation and tbe rfactors that in-
f.oence the development and distributior of distinct plant
communities.
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EVERGREERN FfORKSTS

The term "Rain forest” is zenerally applied to the lux-
uriant, humid evergreen forest, which attains its optimun
development under certain favoraole tropical conditions. Synoc-
nymous terus for thls forest type are: Wet, Moist, or Humid
cverygreen, Broadleaved Evergreen, and the "Foret dense humide”
of lrench ecoloirists and foresters.

Distinctive features of this climax forest are the
luxuriance of the veetation, and the preponderance of woody
plants. This forest community in tropicul zones may contain
a larce nunber of co-dominants or there may be only one or a
{ew doninants, as ia certain temperate regicns. Althouch
the species in a tropical Rain Zorest may b numerous, they
are remarkably uniform in general appearance and physio..nomy.

In a restricitcd sense, the true Rain forest gencrally
occurs only in areas with high temperature and high annual rain-
fall, ranging from about 30 to 179 in. (2,030 - 4,450 mm.),
and somectimes more. distributed througshout the year and with no
definite or prolons ! dry period. The prevailing climate is
usaadly marxed bg cci. tautly hizh temperatures, at times up
to more than 100~ F. Soll temperatures are equally constant.

In addition to high temperature and abundant rainfall,
the Rain forest i3 characterized oy uniformly hish humidity.
This remains hizh throughout most of the day, even during the
dry season, and reaches almost the saturation poiat at nlight,
especiully at higher elevations. Hhumidity tends to increese
with altitude. This factor may compensate for lower rainfall
at certain periods in most parts of Southeast Asia. In the
Rain forast, also, soil moisture is usually sufficientl:-
abundant to sustain a constantly evergreen, luxuriant g owth.

In a broader concept, some ecologists consider the Rain
forest to include the Evergreen Moist forest, in which the annual
rainfall is sonewhat lower than in the true Rain forest, ranging
from 80 to 100 11. (2,030 - 2,540 mm.), and with well-defined wet
and dry seascas ol sobout equal duration.

'he trees composing the tropical Rain forest are ex-
treiely varied in dimensions. Because of variations in
neizht, the forest is stratified or muiti-layered in structure,
usually composed of three tree strata, in addition to an under-
agrowth of shrubs, palus, rattans (Calamus spp.) and bamboos,
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vhich are especially frequent in Southeast Asia, and a ground
layer of herbaceous plants and seedlings.

Some emergent or predominant trees, such as "jelutong"

(Dyera costulata), may reach a height of upwards of 150 ft.

50 m.), but they do not form a continuous canopy. In reality
ihn canopy is formed by crowns of the tallest trees in the top
stratum, as well as those in the lower stories. Trees in the
upper layer or canopy generally attain a height of 90 to 120 ft.
(30 - %0 m.); those in the second stratum may reach up to
about 75 ft. (23 m.) high; while trees in the third story range
from 25 to 40 ft. (€ - 12.5 m.) tall.

The dominunt trees in the canopy as a rule, heve long,
straight, often columrar béles which usually branch only nea: *he
top. The crown varies in form from round, umbrelila-shaped to
irregular, or it may be tall and narrov because ot limited space
between the trees. Many species have small to large, thin to
thick buttresses at the base. This feature is highly ci:eracter-
istic cof Rain forest trees. Such plank-like outgrowths are
little developed or may be cumpletely lacking in Mixed Deciduous
or other forest stands.

The bark of Rain forest trees may bLe smooth or rough,
scaly or lenticular, and of variable thickness. The foliage is
usually dense, and in the upper story it is almost continuous.
Some trees may be deciduous for a short period or in part
deciduous, but to all intents and purposes the Rain forest is
constantly evergreen, Compound leaves predominate in the upper
stories, while simple leaves are mest frequent in the lower
strata., The average leaf-gize, according to Raunkiaer's leaf-
size classification (1916), is mesophyll. Most of the trees
have inconspicuous flowers, or at least they are difficult to
recognize from ihe ground, and are oftan white to greenish.
Species of tall palms, such as Livistona speciosa and the
sugar palm (Arenga saccarifera) of Southeast Asia, may be pre-
sent or absent, or al. times are represented by small, irmature
Palma.,

In addition to mechanically ii“cpendent, or autotrophic
plants, mechanically dependent plants are usually present.
These include climbers, lianes or woody vines, stranglers (Ficus)
and epiphytes, as well &s plants without chlorophyll, represented
by saprophytes and parasjites.

The shrub stratum is variable in density and height.
Where the forest has not been disturbed, shrubby growth is seldom
sufficiently dense to impede progress, and in some siles shrubs
as well as herbaceous plants in the gound layer may be totally

ol B0 ki, of. *;“
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lacking. 1In sections of the southernmost part of peninsular y
Thailend, for example, rattans (Calamus) are characteristic of {
the lowest stratum, creeping for a copsiderable distance alcng |
the ground and climbing on trees. The ground layer consists of

herbaceous plants a few inches to 2 or 3 ft. (60 - 90 cms.)

tall, in uddition Lo tree seedlings, whicl. often are abundant,

ferns and selaginellas. Mosses are sparse or absent on the

ground.

Despite the density of the foliage, especially in the
upper stories, the fcrest floor may be cdappled with sun-flecks.
But the interior of the Rain forest is usually somber, and the
atmosphere at ground level is constantly humid, even at the
height of the dry season. Unlike forests of temperate regions,
plant growth and reproduction of leaves, flowers and rruits in
the Rain forest are generally continuous, because of the constantly
high humidity and temperature, with only slight seasonal variation.
Although there is no well-defined periodicity of leaf-shedding,
flowering, fruiting and the development of a new leaf crop, there
are periods when the majority of trees are in flower or the
production of new leaves is at its maximum.

Radiation appears to be less intense in the tropical Rain
forest than in a similar type of high forest in temperate regions.
Daylight averages about 12 hours, with slight seasonal variation.
In addition to a high degree of cloudiness, especislly in the
early morning hours and which is greatest during the wet season,
the presence of dust in the air and smoke from brush fires reduces
the amount of bright sunshine,

Visibility, both horizontally and especially verticelly,
is minimal in the Rain forest. The canopy appears continuous as
seen from above. In reality it is composed not only of the
crowns of trees in the top story, bu® :ncludes those in the lower
stories as well, Seldom is it possible in the humid forest to
see through the canopy to the ground level. However, along
banks of streams the undergrowth may appear dense, but on
penetrating into the interior of the forest seedlings and shrubs
become less dense, and do uot seriously impede progress.

Humid Mixed Hardwood Evergreen forests are well represented
in the Mekong basin countries, to a iimited extent in northeast
Puerto Rico, but are not represented in Texas. These may be
segregated into Lowland and Hill or Upper Evergreen forests.

True Rain forest, with a nigh annual rainfall in excess of 100
inches, distributed throughout the year and with a short dry
period, is limited, however, to such areas of Southeast Asia

a8 Takuapa region in southeastern peninsular Thailand, and on the
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Precipitation at Ranong, Kra Isthmus
Southwestern Peninsular Thailand i/

Dominant ypes: Rain Forest, interspersed with rolling
Savanna, and Mangrove Woodland alonz coast.

Month 1960 1931 1962 1963 19564

mm. mnm. mm. mn. mm.

January 10.1 2.9 ho,.7 1.1 2L.0
February 17.7 17:6 2.8 2.9 9.7
March 32.7 368.1 6.2 36.3 k9.4
April 67.3 239.6 131.1 €2.3 76.3
May 62L. 4 892.3 336.2 u26.¢ 060.6
June 749.0 587.4% 572.1 661.2 662.6
July T08.7 kol .3 89.7 457.8 390.2
August 789.7 832.7 595.3 667.7 894.2
September  966.8 82h.7 R 8u1, L 719.6
October 3714 L56.6 354.9 563.1 352.1
November 205.2 119.0 71.0 149.9 129.9
December 41.8 L3.6 18.1 81.5 72.8
Total L, 584 .6 L,581.0 3,774.5 3,972.0 L,ou1.6
180.50 in. 180.35 1n.148.60 in. 156.37 in. 159.11 in.

Av;:ﬁ: = 382.0 381.8 314,54 331.0 336.¢

15.4 in. 15.03 in. 12.38 in. 13.03 in. 13.26 in.

1/ Data furnished by Provincial Forest Officer, Ranong.
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upper slopes of the Cardamom Mountain range in western Cambodia,
which receives the highest rainfall in the Indochina Peninsula.

Moist Evergreen forests, with a lower annual precipitation
of 60 to 100 in. (2,030 - 2,540 mm.), and with well-definel vet
and dry seasons of equal duration, have a much wider distribution
in Southeast Asia. These humid forests occur in Thailand through-
out most of the southern section of the Peninsula, such as at
Kaochong at altitudes of 450 to 650 (1LO - 20C mm.); on the island
of Phuket; on the leeward slopes of the Tenasserim range along
the border of Burma, in the west; in central Thailand in the
Khao Yai Natinnal Forest; in the southeast, on the island Kochang
and along the slopes of the Khao Sa Bap Mountain range on the
border of western Cambodia. They are also frequent in Cambodia,
especially in the western part; in central Vietnam; gsections of
Leos; and in northwestern Puerto Rico. Becesuse of the valuable
timbers, esteemed for local construction, and minor products
for export, these humid forests have long been heavily expleoited
in the more accessible areas.

There are several areas in North America and Europe where
a temperate type of Rain forest occurs. The closest analogue
is the Mixed Mesophytic forest. One of the best examples of
this type in the United States covers the western slopes of the
Olympic Peninsula in northwestern Washington State. The winter
climate in that area is unusually wet. In some sections annual
precipitation may exceed 140 in. (3,550 mm.). The Peninsula is
almost an island, nearly surrounded by water, and the Olympic
National Park occupies its central and western part. In the
western valleys of the Park, as a result of constantly high
precipitation, an extraordinary type of vegetation has developed,
similar in physiognomy to the tropical Rain forest.

Dominant species in this Rain forest are few in number,
although some are lurger in stature than those even in a
tropical Rain forest. Some of the taller trees reach a height
of 200 ft. (75 m.) and a diameter in excess of 6 ft. (2.5 m.).
Dominants in this Temperate wet orest are Sitka Spruce (Picea
sitchensis Carr.) and Western kemlock (Tsuga heterophylla Sarg.).
Western Red Cedar (Thzgg plicata Donn) and Douglas Fir (Pseudo-
tsuga taxifolia) are also prominent.

Near banks of streams Big leaf Maple (Acer macrophyllum
Pursh), Alder (Alnus rubra Bong.) and Black Cottonwood (Populus
trichocarpa Torr. and Gray) are abundant. Moss-covered vine
Maple lAcercircinnatmnPursh) is represented in the understory
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Mosses carpet the forest flcor and cover the tree trunks, while
clubmoss hangs from the branches. Rerns and flowering plante
also mingle with the mosses on the forest floor. No comparable
tall, luxuriant forest exists in Texas.

In Puerto Rico, the lugquillo Mountains, at the rnortheastern
end of the island, have an altitude of up to 4,400 ft. (1,450 m.).
They are fully exposed to the moisture-laden trade-winds from the
northeast and have the highest rainfall of any site on the islend,
amounting to ebout 120 inches and at times up to 150 in. (3,800
mm.) or more annually. There is no well-defined dry season,
droughts are unknown, and there are few days without rain.
Cloudiness is above the average and the vegetation is frequently
drenched with condensed moisture, These conditions give rise to
the development of a Rain Forest type.

Regarded as & Mixed, Mois: Evergreen forest, o by some &s
a Lower Montane Rain forest. 1t is considered the best example
o Rain forest in Puerto Rico and other parts of the West Indies.
It now forms part of the Luquillo National Forest.

Wadsworth describes it as a heterogeneous moist tropical
forest, with similar physiognomy and with many of the same
species found in Hispaniola (Dominican Kepublic and Haiti),
Jamaica and Cuba. Some affinities in composition and structure
also exist between the Dacryodes-Sloanea assocliation and the
moist forest of the Atlantic slopes of Central America and
northern South America.

The two key genera - Dacryodes and Sloanea - are strong
components of this moist Hardwood forest of Puerto Rico and of
the larger Lesser Antilles, including St. Kitts, Montserrat,
Guadeloupe, Dominica, St. Lucia, St. Vincent and Grenada. The
Dacryodes-Sloanea association is generally found on foothills,
slopes and lower ridges of mountains, at altitudes of 490 to
2,600 ft. (150 - €00 m.) in Puerto Rico, and as high as 3,000
ft. (900 m.) in some of the Lesser Antilles. The terrain is
usually very rough.

The Dacryodes-Sloanea association 1s not as complex, in
structure or composition, as the optimum Rain forest of southern
peningular Thailand, western Cambodia, or Malaysia, for exanple.
There are indications that,6 in former years, this excellent forest
was culled for useful timbers for construction, and probably for
fuelwood. This Rain forest is composed of the usual three
strata, upper, middle and lower, which are generally dis-
continuous, and with a maximum tree heisht of about 100 ft. (30 m.).
The total number of species in the association is neariy 200 1f
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local variations in composition throughout the islands are in-
cluded. In Puerto Rico about 90 species have been found in un-
disturbed primary stands, and an additional 80 species in more
extensive secondary forests. About one-fourth of the species
are in each of the upper and lower tree stories, with the re-
maining half in the middle story. "Tabanuco" (Da. es
excelsa) is the most dominant large tree in ell primary stands,
and in some sites it constitutes up to 35 percent of the basal
area.

Associated vith tabanuco (Dacryodes excelsa), but less
prominent, are several species of Sloanes, of which S. berteriana
is the most frequent. Other timber species growing in the
Puerto Rican stands are: Guarea trichilioides; Buchenavia
capitata; Homalium racemosum; Ocotea moschata; Manilkara bidentata;

buia pallida; and Tetragastiris balsamifers.

The soils in which the Dacryodes-Sloane association
appears, or once flourished, are reddish, deep laterite and
derived from fine-grained igneous rock. Boulders are common on
the surface as well as throughout the profile. These soils are
high in clay and low in silt and sand. They are generally acid,
heavy but permeable, and well drained except in sites where the
rainfall is heaviest.

The climate in the tabanuco forest is cooler than that of
the more extensive lovland continental Rain forest, because of
elevation, oceanic influence, and possibly latitude (12 to 189 N.).
In Puerto Rico the mean temperature ranges from 6 to 75° F. (21 -
24° ¢.), and the extremes are Si° and 90° F. (12° and 32° C.:.
Precipitation ranges from 80 to 120 in. (2,030 - 2,048 mm.).
During the drier part of the year, from January to April, the
rainfall sometimes may fall ‘o about 3 inches (75 mm.) per
month. This dry period, however, is cf only slight significance
to the forest. Relative atmospheric humidity, according to
brief records, seldom falls below 60 percent, and is generally

above 90 percent at night.

The sites where the Dacryodes-Sloanea association occurs
is subject to occasional hurricanes, which are important in the
development and structure of the climax formation. These are
characterized by strong winds with a velocity of 75 to 152 miles
(120 - 2k5 kms.) per hour, preceded or accompanied by heavy
rains up to 20 in. (50 cm.) or more in 24 hours. The effect is
to uproot or to fell many exposed trees and to strip branches
and leaves from most of the remaining standing trees. Residual
evidence of the damage may be seen years later, in broken branch
stubs and reformed crowns of ntanding trees.
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Temperate Rain Forest - Northwestern Washington State y

Average Precipitation

Month

Wishkauh

Conto  Quinault Headworks Clearwater Spruce

Inches 1Inches Inches Incles Inches
January  17.07 20.25 17.79 17.41 16.39
February 11.32 14.06 13.17 14,4 13.99
March 14.82  13.Lb4 15.80 13.48 13.47
April 7.85 6.30 9.40 b.6l 8.76
May L.29  6.26 5.92 5.76 6.10
June 3.97 L.s56 4,54 L,95 4,22
July 1.87 1.65 2.006 2.10 1.94
August 2.25 2.4y 2.06 2.23 2.21
September 5.77 6.70 5.70 ©.05 5.33
October  10.30 12.21 11.37 11.50 11.71
November 15.22 16,02 13.94 17.65 14,50
December 15.00 20.60 20.69 18.70 21.00
Annual  113.33 128.5¢ 122,26 123.13 121,64

1/ U.S. Department of Agriculture. U.S. Department of
Agriculture Yearbook, Climate and Man. 1248 pp. 194l.
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The Rain forest in Luquillo is much more complex in
trees than temperate forests, but is less diverse than some main
land tropical fcrests. Smith* 1isis a total of 200 species of
plants at El Verde site, Luquillo National Park, Fuerto Rico.
"Over half of the canopy is composed of only five species. If
the palm dominated areas are eliminated, Sloanea and Manilkara
remain as the overwhelming dominants of the forest.

"Four species make up the overwhelming preponderance of
understory species (79.1%) although the understory species them-
selves compose only about one-third of the understory growth.
Other species in the understory are seedlings of canopy species.

"Lianes are about half as abundant as canopy trees. Al-
though epiphytes are common, they are not a major component of
the forest, and are less numerous than in some other tropical
forests. Most of the epiphytes include relatively rare ferns
and orchids.

"Herb level ground coverage is noticeably lacking in the
forest.. Some species cover rocks only. Abcut four small plants
cover each square meter, but of these only one is an herb(usually
the grass Ichnanthus or the fern Dryopteris deltoidea). The
others are tree seedlings. Sagophytes are common.'

Canopy trees: Tree species (over 4 in. dbh) recorded by
Smith in top stratum in Rain forest, El Verde site:

Species Relative density belo«,
Pct.
Dacryodes excelsa Vahl. 1.2

Euterpe globosa Gaertn. 11.4
Croton poecilanthus Urban 9.5
Sloanea berterjana Choisy &.1
Manilkara bidentata (A. DC.) Cher. 6.4
Miccunia tetandva (Sw.) D. Don. 5.5
Cecropia peltata L. k.6
Ormosia krugii Urban 3.1
Matayba domingensis (DC.) Radlk. 3.0

*smith, Robert F. 1965. Vegetation Structure of the

Lover Montane Rain forest at El Verde. Tre Rain

Forest Project Annual Report FY-65. Rio Pledras, P.R.
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Species Relative density below:
Inga fagifolia (L.) Willd. (= Inga Fet
laurina (Sw.) Willd. 2.7
Linociera domingensis (Lam.) Knobl. 2.0
Alchornea latifolia Sw. 1.9
Alchorneopsis portoricencis Urban 1.8
Sapium laurocerasus Desf. 1.7
Tabebuia pallida Miers. 1.7
y Buchenavia capitata (Vahl.) Eichl. 1.6
Micropholis garciniasefolia Pierre 1.6 h
Ocotea leucoxylon (Sw.) Mex. iL.4.0s .
Calycogonium sguerulosum Cogn 1.1 |
Guarea trich»‘ ._oides L. 1.0 B
Ddymopanax morototoni (Aubl.) Decne.& X
.Planch. 1.0
Inga vera Willd. (= Inga inga (L.) Britton) 1.0 |

°  Principal uuierstory trees which do not usually reach
to the canopy:

Species Relative 94ensity pejow:
Palicourea riparia Benth. h1.5
Drypetes glauca vahl. 19.4
Cordia borinquensis Urban 10.7
Hirtella rugosc Pers. T.4
Psychotria berieriana DC. 3.8
Myrcia ? 3.6
E Trichiiia y2l1ida Sw. 3.3
; Ixora ferrea (Jacn.) Bentn 2.9
Lasianthus iw.ceolavvs (Griseb.) Urban
(=L. moralesii (Griseb.) C. Wright 1.9
scip.vza culanensic Aubl. (=C
alba GriseL.) 1.5

Lianes or woody vines gvnwing up to the canopy.

Spectes

Rourea glaba Griceb.
Pliilodenaron krebsii Schott 1
Marcgavis »entiflora Tr. 1
Heteropteris ixicifolia (L.) Juss.
(=Banisteria laurifolia L. 13
Schlegelia brachyantha Jrisch. (=S.
portoricensis (Urban) Britton 4,
Neoruaoipiiz vclubilis (Willd.; Briiton 4

»
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Species Relatiive density below:

Pct,

Securidaca virgata Sw. (=Elsota

virgata (Sw.) Kuntze L.o
Paull‘nia pinnata L. 3.4
Doliocarpus calinoides (Eichl.) Gilg. 2.0
Philodendron lingulatum (L.) <. Koch. 1.4
Cissus sicyoides L. 1.2

Some epiphytes, without terrestrial attachment, growing on other
plants:

Species Relative density below:
Pct.
Trichomanes capillaceum L. T0.1
Guzmania berteronians (R&S) Mez 26.0
Nephrolepis rivularis (Vahl.) Mett 6.0
Zlsnhoglossum flaccidum (Fee) Moore 5.8
Pclypodium lyrnopodioides L. 3.7
Epidendrum spp. 3.2
Elaphoglossum dussii Underw. 2.6
Polypodium sp. 1.6
Vriesia macrostachya (Bello) Mez. 1.6
Aillia parasitica Jacq. 1.6
Most frequent herbaceous plant.a:
Ichnanthus pallens (SW.) Munro ex Benth. 32.9
Pilea krugii Urban 26.6
Dryopteris deltoidea (SV.)Kuntze 11.4
Arthrostylidium sarmentosum Pilger 6.9
Alsophila boringquena Maxon 6.2
Peperomia emarginella (Sv.) pc. 3.2
Polypodium dusle Maxon 3.2
Erythrodes plantaginea (L.) Lindl. 1.9
Selsginella krugii Hieron, 1.9

An example of a Moist forest in Puerto Rico is that at
Maricao, at the western end cf the island. When seen from above,
this forest appears to be composed of trees of various height and
color, with mosaic suades of green because of variations in
species and age of folisge. Few trees have trunks more than 3 ft.
(1 m.) in diameter, although many species have a marked basal
flare. Their crcwns are narrow, sparsecly branched, and the bark
on mest species is smooth. Cne of the characteristic features of
the 2nvironment is the scarcity of humus. The grcund is covered
vith a thin layer of fallen leaves and twigs, and a thin 1layer of
humus, below which there is a layer of black soil only a few inches
deep. These factors are probably caused by the gradual fall of
leaves throughout the year, the rapid oxidation of organic matter,
and its rapid removal by heavy rainfall. Althouzh there are many
tree species, tlere are fev individuals of each within a given

area. These are usually widely scattered throughout the forest.
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The two most conspicuous trees are Lucuma multiflora and
Guarea ramiflora. Although large individuals are not frequent,
their seedlings are abundant. Other species of frequent
occurrence are: Zanthoxylum martinicense, which has & trunk
cnvered with stout conical thorns; Clusia rosea and C. gundlachii,
vith peculiar semi-epiphytic habit; the ever-present Didymopanar.
morototoni and Cecropia peltata, with large leaves which are
brown above and white below; Coccoloba grandifolia, with very
large, almost circular leaves; Piptadenia peregrina; isolated
individuals of the Sierra palm {Prestoea montana). Where the
cover is not too dense, the two tree ferns, Cyathea arborea and
Alsophila aquilina, app-ar. Other trees worthy of mention are:
Guarea guara, Buchenavi. capitata, Nectandra patens, Amomis
gcaryophyllata, Dendropenax laurifolium, Mayepea domingensis,
Ixora ferra, Tetragastris balsamifera, Byrsonima spicata,
Alchornea latifolia, and Drypetes glauca. Species of Ervthrina
may also be spotted when in bloom.

Piptadenia peregrina and Negeia coriacea are most often
found near the bottom of valleys, near settlements or along
roadsides. In the bottomland we also find the introduced
"pomarosa" (Eugenia jembos). In clearings and at the edge of
the forest, Miconia prasina and Cordia sulcata are abundant.

Seedlings and saplings of Guarea guara and Lucuma multi-
flora are very abundant everywhere, and Dendropanax laurifolium
occurs in scattered patches.

In the undergrowth the bamboo-like grass, Arthrostylidjum
sarmentosum, appears, as well as such gracs as Lasiacis divaricata
L. sorghoides, which climb over the undergrowth. The high-
climbing Philodendron krebsii is frequent, as well as the climbing

Marcgravia rectiflora, which is also abundant.

Epiphytes are not abundant. The most frequent is Anthurium
acaule, growing on horizontal brancies or in crotches of trees,
on exposed rocks, stumps, and occasionally on the ground.

Herbaceous ground flora is scanty or absent. Plants which
appear to be well adapted to the dense shade are: Ruellia cuccinea,
and two delicate grasses, Ichnanthus pallens and Pharus glaber.

As a result of reduccion of light, many secondary species
are represented only by a few iudividuals except at the edge of
the forest and along the trajils and roads where there is a meaximum
of light. Among the most characteristic species of shrubs in
such places are: Miconia prasina and M. laevigata, Vitex

divaricata, Calycogonium krugii, Piper scabrun, Myrcia splendens,

W\
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«mber and diameter of trei/species in 10 acres of Hill Evergreen

Humid forest, Puerto i‘co =

SPECIES : In. : In. : In. . In. : Total
_ : L6 : B-10 : 12-18 : 20+ : No.
#Dacryodes excelsa -e-----e--- 126 53 76 63 30¢
Frestoea montana ---c-cc---cu- 991 25 1,016
#Cecropia peltata ----ccece---o- 214 £0 37 6 337
Micropholis garciniifolia---- 7k 60 L3 L 151
#Sloanea berteriana --------.- &7 16 21 8 132
Cyrilla racemiflora --------- b 9 11 16 Lo
Magnolia splendens =--------- 6 5 7 15 33
*[nga fagitclife-c-cccccceconca- 39 20 11 2 T2
#Inga vera --e-ececceccccccceco- 23 18 12 2 55
#Didymopanax morototoni------- 33 2L 10 1 6b
Calycogcnium squamulosum ---- 62 16 8 96
Crotcen peocilanthus «-------- 83 1k b 101
Alchornea latifolia -e--=-c-=- 31 10 5 3 kg
#Alchorneopsis portoricensis-- 22 9 11 L2
Micropholis chrysophylloides- 12 g h 2
Ocotea spathulata ---ecec---c--- i ¢} 6 F-2o)
Manilkara bidentats -c---c-e-- 35 S 1 1 L2
Guares. guidonia «-c--e-cccce-- 20 T 2 1 30
Eugenia stahli{ ---c-ccecce--- 11 12 b 7
Matayba domingensig---------- 26 o) 2 36
Sapium laurocerasus --------- 26 10 1 37
Homalium raczemosum ------ecce-- 5 1 2 g
Ormosia krugii---ececccccecea- 6 2 1 9
Meliosma herbertii ---ccec----- T o] 2 15
Buchenavia capitatd --eecce--- 2 2 1 1 6
Beilschmiedea pendula --ce-c--- 2 1l 1 1 5
Linociera domingensis ------- 9 6 1 16
Andira inermis -cec-ccccccccca- 9 2 1 12
Tabebuia heterophyllae---c--- 17 1 1t
Cordia borinjuensis --ccc---- 19 19
Citharexvlum Iruticosum ----- 9 2 P&
Tetragastris balsamifera ---- o) 3 9
Drypetes ~laucl -cce-v-cec-c--- 9 1 10
Ocotea moschAta ee-ececeecc--e h l
31 other spccies -e-ccce----e 193 35 12 3 243
TOTAL 2,226 IREYG 296 131 Aljlho

1/ After Wadsworth (1951).

* Considered indicator species.
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Species, Mostly wWoodv, Cccurring in Evergreen Moist Forest

Kaochon r, South Peninsuiar Thailand

dotanical Name

Acacia comosa
Adenanthera pavonina
Aglaia odoratissima
Aglaia pirifera
Alan;;ium kurzii
Alstonia macrophvlla
Alstonia scholaris
Anisoptera curtisii
Arthocephalus
cadamba
Aporosa villosa
Aralia armata
Ardisia fulva
Ardisie wallichii
Arenza pinnata
Artocarpus elastica
Artocarpus lakoocha

Barrin-tonia
redicellata
Bassia (Madhuca)
yrandiflora
3ischof'ia javanica
Bouea burmannica
Bouea microphylla
Rrownlowia sp.

Canthium dioicum
Capparis winittii
Carallia sp.
Careya sp.
Cassanopsis indica
ZJedrela toona
Chasalia chartacea
Cinnamomum iners
Cinnamomum
parthenoxylanm
Crataeva cr-iLrrocarpus
Cratoxylon pranillorun
or pueronia paniculata
furcaili, o latifalia

Famllz

Le -unm,
Leprun.
Ymliac,
leliac.
Alanriac.
Apocynac.
Avocynac.

Dipterocarpac.

Rubiac.
kuphorbiac.
Araliac.
Myrsinac.
Myrsinac.
Palmnae
Morac.
lorac.

Ice thidac.,

Sapotac,
Euphorbiac.
Anacardiac.
Aracardiac.
Tiliac.

Ribiac.
Cappardiac.
Rnizophorac.
ILecythidac.
Farac.
Meliac,
Rubiac,
Laurac,

laurac.
Capparidac.
Gutiifer.
sonneratiac.
Anarvllidac.

Genus represented (X) in:

Indochina Puerto Rico
£ X
X £
I
X
A
X X
X X
X
X X
X
A X
X X
X X
X X
X L
X X
X A
X
X X
X
X
X
X
X X
X
X
X
X X
X
X X
X X
X X
X
X
X X

N
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Botanical Name

Dalbergia cochin-
chinensis
Dehaasia cuneata
Dillenia sp.
Diospyros brachiata
Diospyros buxifolia
Diospyros ehretioides
Diospyros ferrea
Diplospora sp.
Dipterocarpus baudii
Dipterocarpus grandi-
florus
Dipterocarpus kerrii

Duabanga sonneratinides

Durio zebethinus

Erythroxylon cuneatum
Eugenia kurzii (syn.
Syzygium fruticosum)

Eugenia polyantha (syn.

Acmea polyantha)
Eugenia siamensis

Fagraea fragrans
Ficus sp.

Flacourtia sp.

Garcinia coma
Glochidion

Gnetum scandens
Grewia paniculata

Heritiera elata

Heterophyragma adeno-
phyllum

Hibiscus macrophyllus

Hopea ferrea

Hydnocarpus castaneus

Hydnocarpus ilicifolius

Hydnocarpus sumatranus

Intsia bakeri
Ixora ebarbeta

Knema conferta
Knema sphaerica

te

Familx

Legum.,
Laurac.
Dilleniac.
Ebenac.
Etenac.
Ebenac.
Ebenac.
Rubiac.
Dipterocarp.

Dipterocarp.
Dipterocexp.
Sonncratiac.
Bombacac.

Erythroxylac.
Myrtac.

Myrtac.
Myrtac.

Loganiac.
Morac.
Flacourtliac.

Guttifer.
Euphorbiac.
Gnetac.
Tiliac.

Sterculiac.

Bignoniac.
Malvac.
Dipterocarp.
Flaccurtiac.
Flacourtiac.
Flacourtiac.

Legum.
Rubiac.

Myristicac.
Myristicac,.

Indochina Puerto Rico
X X
X
X X
X A
X X
X X
X X
X
X
X
X
X X
X L
X X
X X
X X
X X
y o
X X
X X
X X
X
X
X
X
X
X X
X
X X
X X
X X
X X
X X
X
X

bt = P
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Botanical Name

Ligustrum confusum
Linociera microsticma
Litsea grandis

Macarangza tanarius
Meiodorun fruticosum
Memecylcn edule
Memecylon myrsinoides
Mesua ferree,

Millettir (Padbruggea)

atropurpurea
Mitrephora setosa
Morinda tinctoria
Murraya paniculata

Nauclea brunnea
Neolitsea zeylanica
Nephelium sp.
Neuropeltis racemosa

Oncosperma horrida

Pajanelia multi juga
Palaquium obovatum
Paranephelium ma-
crophyllum
Parashorea stellata
Pentapetes phoenicea
Phoeve declinata
Phoebe lanceolata
Phrynium sp.
Phyllanthus sp.
Phyllochlamys sp.
Fluchea indica
Pterocymbium sp.
Pygeum lancealatum

Saraca pierrcana
Saraca triandra
Schoutenia peregrina
Semecarpus curtisii
Shorea gratissima
Shorea sericiflora
Sindora echinocelyx
Sindora fusca
Sindora siamensis

e3

Pumilz

Oleac.
Oleac.
Laurac.

Euphorbiac.
Anonac.
Melastom.
Melastom.
Guttifer.

Legum.
Anonac.
Rubisac.
Rutac.

Rubiac.
Laurac.
Sapindac.
Convolvulac.

Palmae

Bignoniac.
Sapotac.

Sapindac.
Dipterocarp.
Sterculiac.
Laurac.
Laurac.
Marantac.
Euphorbiac.
Morac.
Compos.
Sterculiac.
Rosac.

Legum,
Legum.
Tiliac.
Anacardiac,
Dipterocarp.

Dipterocarpac.

Legum,
Legum.
Legunm,

Indocnina Puerto Rico
X X
X X
X
b X
X
X
y
X X
X X
X
X X
X X
X
L
X X
X
X
X
X
X
X X
X X
X X
X
X X
X
X X
X
X )
X y 4
X
X
X
X
X
X
X
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Botanical kame

Sterculia angustifolia

Sterculia companulata

Sterculia uttata

Sterculia ornata

Syzygium (Eu;enia)
cuneatum

Syzyzium (Eugenia)
grande

Syzysium (Eugenia)
gratum

Tarenna costata
Taxotrophis macrophylla
Terminalia triptera
Tetracera sp.

Timonius wallichiana
Tournefortia intensa

Vitex plabrata
Yitex pinnata

Walsura angulatus
Zanthoxylon namil-

tonianum
Zanthoxylon rhetza

ch

Yamily

Sterculiac.
Sterculiac.
Sterculiac.
Sterculiac.

Myrtac.
Myrtac.
Myrtac.
Rubiac.
Morac.
Comnbretac.
Dilleniac.
Rubiac.

Borarinac.

Verbenac.
Verbenac.

Meliac.

Rutac.
Rutac.

Indochina Puerto Rico
X X
X X
X X
X X
A X
X X
X X
£
X
A X
X
X
X X
X X
« X
X
X X
X X

B
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Hill Evergreen Forest

Plateau of Pokadien, Loei Region, Northern Thailand (alt. 1,000 -
1,100 m.)

Upper Story Affinity in Vietnan,
Height Range Cambodia and/or Lacs ¥

Trees (meters) (S = species; G = genus

Calophyllum sp. 20
Castanopsis sp. -20
Cinramomum par-

thenoxylon 5+
Dacrydium elatum «30
Diospyros sp. -8
Eugenia siamensis -10
Hibiscus tiliaceus -8
Knema missionis =10
Mitrephora vandiflora =10
Peltophorum dasyrachis =30
Quercus spp. «20
Terminalia spp. 20+
Vatica odorata =20
Wrightia viridiflora 10

QQ

Qoo

Understories:
Shrubs:

Ardisia siamensis
Draceena loureirii
Euphorbia sp.
Grewvia sp.
Helicteres hirsuta
Hibiscus tiliaceus
Macaranga sp.
Memecylon pauciflorum
Pandanus sp.

Piper sp

Tarenna 8p.

oo uoanmoooQauQ

Climber:
Pothos scandens G

Grourd Cover:

Q

Lygodium sp. (fern)
Rhynchospors sp. (herd) G
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EVERGREEN SEASONAL FORESTS

Within the Rain forest belt differences in the length and
severity of the seasonal dry period are expressed in variations
in the floristic composition and physiognomy of the vegetation.

An example of this is the so-called Evergreen Seasonal forest,
wvith 4 to 6 months of little or no rain. This formation ap-
pears to differ but little in its general appearance from the
relatively non-seasonal true Rain forest, with high, rather
evenly distributed rainfall. But the less favoreble climate
prevailing in the sreas where the Evergreen Seasonal forest

occurs is reflected in its diminished luxuriance and in the pre-

valence of deciduous trees, many of which shed their leaves
during the dry seascn. This Formation is a type of transition
from the Humid Evergreen to Deciduous Seasonal forests.

The Evergreen Seasonal forest of Southeast Asia re-
sembles the typical Rain forest in that it consists of three
stories of trees. But all the stories are generally somevhat
lower in stature, less dense, and the canopy is less con-
tinuous than in the best developed Rain forest. Individual
trees may reach considerable height, but those of large girth
are not frequent. The general impression is of an occasional
large tree in the midst of smaller growth; also, the closely
spaced, columnar trunks characteristic of the Rain forest are
lacking. With the exception of some of the larger species,
most trees branch relatively low down the bole. Buttressing
is a feature of many of the top story trees. The Formation
is vainly evergreen, but scme species in the top story are
deciduous, others are semi-deciduous, shedding their leaves
for only a fev days or few weeks. The lower stories are more
completely evergreen. The great ma’ority of leaves fall into
the mesophyll class of Raunkiaer (1934). Lianes and epiphytes
are fairly ebundant.

Evergreen Seasonal forest is also found in the Caribbean

area. Beard (1944a) described this as a forest with three
stories. Uppermost is a highly discontinuous layer of occas-

sional emergent trees reaching 110 ft. (35 m.) and upwards. The

middle stratum is almost continuous, though irregular in height,

ranging from 45 to 90 ft. (14 - 30 m.) and forms the canopy.
The lower story ranges between 10 and 30 ft. (3 - 10 m.). The

canopy is lower than in the Rain forest, so that light penetrates

deeper among the trees. Individual trees may attain 10 ft. (3

or more in diameter, but these are very occasional. Clean boles

of over 60 ft. (20 m.) are rare. Lianes are fairly abundant

m.)
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and epiphytes are rather well developed, growin; as low as 1b ft.

m.) r'rom the ground. Palms are frequent in the lower story,
and have either pinnate or fan-shaped leaves. The forest is
predominently evergreen, althouzh a good proportion of emergent
species are deciduous. Compound leaves predominate in the
emergent and middle strata, but simple leaves are most frequent
in the lower story. Leaf size is predominantly mesophyllous.
Ground vegetation is abundant.

Dry Everyreen Forest: The structural differences be-
tween the Dry Evergreen forest of Southeast Asia and that of
the Caribbean appear to be so slight, so that they appear to
belong to the same type of Formation.

Dry Evergreen forests are widely scattered, althoush not
extensive, in Thailand, occurring in somewhat restricted stands
between Pranburi and Chumphon {n ‘he upper Peninsula, in the
eastern section between Ubon, Phibun Mangsahan and the border
of Laos, and in the northeast in the regicn of Mukdahan, Nakorn
Phanom, the region of Loei, and in other areas adjacent to the
Mekong river.

Irees in the Dry Evergreen forest of Thailand include:
species of Vitex, Diospyros, Ficus, kugenia, Aglaia, Walsura,
Hopea, Spondias, Salmalia and Cratoxylon, Some trees and
shrubs in the understory are thorny. Other woody plants re-
present2d are species of Hydnocarpus, Murraya, Atalantia and
Taxotrophis. Rattans (Calamus) may be present occasionally.
Bamboos are represented by Bambusa arundinacea, Oxytenanthera
albo-ciliata and 0. nigro-ciliata, and the slender Thyrsostachys
siamensis. -

The association of Mammea americana - Calophyilum calaba
in Puerto Rico 1s analogous to the Dry Evergreen forest. A
number of laticiferous, resinous or aromatic trees constitute
this Formation in Puerto Rico. Tnese include: Amomis caryo-
phyllats, Calophylium calaba, Hymenaea courbaril, Mammea
americana, Manilkara bidentata, Terebraria resinosa, also

species of Myrcia, Clusia and Ficus. Guava (Psidium guajava) ang
pomarrosa (Eugenia jambos) are also found in pure stands or
mixed with other species in abandoned sites. Several oif these
have a wide tolerance, occurring also in other formations.

Beard (1944b) describes the Dry Evergreen formation from
Tobago as having a canopy between 40 to 60 ft. (13 - 20 m.)
high. Below this the smaller trees are not arranged in any
definable layers, but above the canopy occasional large solitary
trees stand out up to 90 ft. (30 m.) in height. The forest is

H
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entirely evergreen, predominantly mesophyllous, without thorns
or succulents. More than {0 percent of the individual emergent
trees and 50 percent of the individuals in the lower story
possess some specislizations of the leaves which appear to
serve to reduce transpiration. Compound leaves are virtually
absent. There is no shrub layer and grourd vegetation is very
sparse. Beard also notes that the majority o1 the simple
evergreen leav:s are stiff and leathery, and that a Ligh pro-
portion furnish latex or essential oil. -

Semi-evergreen Scasonal rForest: In this forest there
are normally only two stories. The top layer, &0 to 80 ft.
(20 - 26 w.) high, forms a fairly closed canopy, although some :
emerpgent trees may reach up to 90 ft. (30 m.); =nd a lower layer
20 to U5 ft. (6 - 14 m.) tall. Trees o. a lerge zirth are
rare. Most of the adult trees have a straight trunk, from 12
to 26 in. (30 - 60 cm.), and average about 20 in. (50 cm.),
in diameter. Branching begins low on the trunk and the crowns
tend to be umbrella-shaped. The upper story consistc of ever-
green and deciduous species, others, according to the Association,
are regularly deciduous, and the remainder in the top story are
truly everrreen. But the amount of leaf-fall varies according
to the intensity of wetness or the dryness of the season.

In a wet year the iorest may appear to be in full foliage,
wiereas in a diry year the crowns begin t¢c thin out, and at the
clese of' the drought period they may be practically leafless.
Compound, mesophyllcus leaves predominate in the canopy, with
simple leaves ‘n the lower story and are mostly microphyllous.

The lower story is essentially evergreen, although it
may include an appreciable number of deciducus species. The
leaves of the upper story are predominantly mesophyllous, while
an appreciable proportion in the lower story are microphylls.

Few trees are furnished with strong buttresses. Some
trees in both stories have thorny trunks, althouch this lcature
is not. constant. Leaves are well developed, and large trees
have dense foliage. Epiphytes are relatively scarce.

Semi-Evergreen fourest is fairly widely scattered in
Thailand. In the northwestern region of Tak, for example,
dominant constituents are speciles of: Cassia, Alangium,
Erythrophloeum, Garuga, Pterocarpus, Dillenia, Wrightis,

S gl

Lajerstroemia, Vitex, Dalbergia, Afzelia, Terminalia, Michelis,

Dipterocarpus, Chikrassia and Hopea.
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Palms are few, represented ¢nly by Rh.ophis micrantha.
Bambusa arundinacea is *he mosti frequent bamboo. Climh>re in-
clude Tetrasti sp., Derris scandens, Hoya obccrdsta, Siry-
chnos thorelii, Pterolobium : integerrima, Hiptage sp., Ccucinea
indica, Sarcos temma brunonisnum, rassiflora foetigs =7

anchum sp. In the ground cover the lalang grass (Lhnc ata

cylindrica) is frequent.

In Puerto Rico tii» Semi-Evergreen Seaccnal Tocramilinn is
represented by the Buchenavia-Tabebuia forest. In the “ost Indies,
as elsewhere in tropical Americe. large areas where this formation
occurs are favorable for tilling and pasturage, and the.~fore
have been cut over. Beard (1944a) describes iLui:i ‘c.=ation in
the Caribbean as a two-storied forest with a more or 1. .
closed canopy, formed by an upper story between (O tc C .t.

(20 - 26 m.) high, and a lower story betweer ~ .. L7 ot

(6 - 14 m.) tall. Most mature trees average 10 in. (49 . )

in diameter. A few of the taller evergreen trecs uave hara,
leathery leaves. Among Evergreen trees the young lesves acc
pale green or uLright red, while deciduous trees have .oi+.

valer green leaves, seldom shiny above, and ticir ;0w leaves
are pale green. The well marked lower layer is compose. «<f hard,
woody shrubs, mostly of the Myrtle Family; but grouna -egetation
is scanty.

Trees revresented in this forest in Puerto Rico include
Tabebuia heterophylla, an occasionally deciduous specice, which
is dominant numerically in a test site in the ILuquillo foi1°st;
the deciduous Buchenavia cepitate with broad spreuain, crown;
Cecropia peltats and Didymopanax morototoni, bo*h o1 whict
are indicators of secondary growth; Inga fagifolia; spcrles
of Casearia, Cedrela, Ficus and Homalium, all of wuich are
deciduous; and Cordia borinquensis, Psychotria glauca aud P.
berteriana, Miconia prasina, Drypetes glauca, and Guazuma
ulmifolia.

Gallery or Riparian Forest: Many rivers and strecms in
Southeast Asia, Puerto Rico and Texas, as elsewhere, are lined
by a fringe of forest which usually differs in floristic com-
position from the zonal forest. Such forest termed Riparian
or Riverain and by some authors as Gallery. is found in such
dry areas as northeastern Thailand, “here the annual ra.ntall
is less than 40 in. (1,016 mm.). :

This type of forest is composed of low spreading irees.
It 1s remarkably homogeneous, composed of one or few species,
and has a simple structure, limited to a single stratum 10 to
4o ft. (3 - 12 m.) high, and the canopy may be either open or

e 4% M

i | - L



.o e NG ‘-‘m i

&9

falms are few, represented only by Rhaphis micrantha.
Bambusa arundinacea is the most frequent bamboo. Climbers in-
clude Tetrastigma sp., Derris scandens, Hoya obcordata, Stry-
chnos thoreli’, Pterolobium integerrima, Hiptage sp., Coccinea
indica, Sarcostemma brunonianum, Passiflora foetida
Cynanchum sp. In the ground cover the lalang grass (Imperata

cxlindrica) is frequent.

In Puerto Rico the Sewi-Evergreen Seasonal Formation is
represented by the Buchenaviy -Tabebuia forest. In the West Indies,
as elsewhere in tropical Ameiica, large areas where this formation
occurs ei'e favorable for tilling and pasturage, and therefore
have been cut over. Beard (194ka) describes this formation in
the Caribbean as a two-storied forest with a more or less
closed canopy, formed by an upper story between 60 to 60 ft.

(20 - 26 m.) high, and a lower story between 20 to 45 ft.

(6 - 14 m.) tall. Most meture trees average 1¢ in. (45 cm.)

in diameter. A few of the taller evergreen trees have hard,
leathery leaves. Among Evergreen trees the young leaves are
pale green or bright red, while deciduous trees have soft,

paler green leaves, seldom shiny above, and their young leaves
are pale green. The well marked lower layer is composed of hard,
woody shrubs, mostly of the Myrtle Family; but ground vegetation
is scanty.

Trees represented in this forest in Puerto Ricn include
Tabebuia heterophylla, an occasionally deciduous specier, which
is dominant numerically in a test site in the Luquillo forest;
the deciduous Buchenavia capitata with broad spreading crown;
Cecropia peltata and Didymopanax morototoni, both of which
are indicators of secondary growth; Inga fag;folia, species
of Casearia, Cedrela, Ficus and Homalium, all of which are
deciduous; and Cordia borinquensis, Psychotria glauca and P.
berteriana, Miconia prasina, Diypetes glauca, and Guazuma
ulmifolia.

Gallery or Riparian Forest: Many rivers and strcams in
Southeast Asia, Puerto Rico and Texas, as elsewhere, are lined
by a fringe cf forest which usually differs in floristi. com-
position from the zonal iorest. Such forest, texmed Riparian
or Riverain and by sorme authors as Gallery, is found in such
dry areas as northeastern Thailand, where the annual rainfull
is less than 40 in. (1,016 mm.).

This type of forest is composed of low spreading trees.
It is remarkably homogeneous, composed of one or few species,
and has a simple structure, limited to a single stratum 10 to
Lo ft. (3 - 12 m.) high, and the canopy may be either open or
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fairly dense. A shrubby or herbaceous undergrowth is often
present, especially alcng the stream banks., This forest is
subject to periodical fires so that it may be considered a
fire-climax, rather than a climatic climax,

One of the most characteristic shruus, at times attain-
ing the size of a small tree, in pericdicaily flooded areas
in Southeast Asia is Homonoia riparia, known in Thailand as
"khrai-nem" and in Vietnam "ri-ti-nuoc.” Tt is frequent at
the low water line along banks of streams and rivers, and around
lakes, such as Tonlé Sap in Cambodia. It generally forms
closely packed stands reaching to the waterline, with a continuous,
low dark sreen canopy, and completely covered during the flood
period. As associate of this in some nreas is Eugenia ripicola,
a somewhat taller tree known in Thailand as "haeo." It is
partly submerged during flood periods. A palm frequent along
river banks marking the high wvater level, is "mai-pha"
(Bambusa arundinacea). This is a characteristic element of the
riparian forest.

A close affinity in Puerto Rico to a Gallery forest is
bamboo, which is of a secondary nature., The most common species
in the riparian community, often extending from the water
courses to pasture is Bambusa vulgaris. Others, such as Bambusa
polymorpha and Guadua angustifolia, are also freguent. The
bamboo gallery resembles the typical riparian forest, compos=d
primarily of trees, in that the canopy is rather low, spreading
and dense, and herbaceous ground cover is absent. In parts of
the central Cordillera of Pucrto Rico, "pomarrosa" (Eugenia
gambos), intrcduced from the (rient, often forms a continuous
fringe, with a dark green cancvpy, around lakes and along streams.
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Dry Evergreen Forest

Pokodien, Loei Region, northern Thailand (alt. 40O - 500 m.)

Upper Story:

Affinity in Vietnan,
Cambodia and/or Laos

(5 = species; G = genus)

Height Range

Trees: (meters)
"fyrelia xylocarpa 15 - 20
Anoseissus acuninata 10 - 20
Bauhinia horstieldii ) = 10
Bauhinia spp.
Butea superta 6 - 10
Calophyllum dryo-

balanoides 20 - 30
Canarium kerrii -18
Cedrela toona 30
Croton oblongifolius -4
Diospyros variegata -10
Dipterocarpus sp. 25
Erioglossum edule 5+
Gelonjum nmultiflorum -15
Glycosmis pentaphylla -10

Lagzerstroemia calyculat
Litsea monopetala
Mallotus philip-
pinensis
Nephelium cappaceum
Nephelium hypolecurm
Picrasma javanica
Protium serratum
Pterospermum aceri.
folium
Solenospermum Sp.
Sterculia lanceolata
Strychnos spp.
Terminalia belerica
Terminalia tripteroides

Understories:

Shrubs:

Acacia insuavis
Albizzia myriophylla
Baccaurea sapida
Cissus adnata
Cryptolepis buchananii

a

-20
P

-15

-15
-1¢
20

15

-
\

-10
-4
25+
=3
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Affinity in Vietnam,
Height Range Cambodia and/or Laos

Shrubs - continued: (meters) (S = species; G = genus)
laportea wrentissima S
Linociera microstigma G
Phyllochlamys taxoides S
Piper sp. G
Pisonia aculenta G
Premna collinsae G
Symplocos longifolia G
Climbers:

Bauhinia spp. G
Cocculus leurifolius ]
Palm:

Corypha umbraculifera G
Bamboo:

Calamus sp. G
Ground Cover:

Alpinia sp. (herb) G
Cyperus digitatus (sedge) S
Thunberygia lencifolia (herbd) G
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Dry Evergreen forest - Pranburi s upper peninsula Thailand

1. Based on materials gathered by Khun Amnay Keosingha

3 and other technicians of Royal Thai Forect Depart-
ment on special project for Joint Thai - U. S.
Military Research and Development Center, Bangkok.

Represented by Spécier, or Genus

in
Thailand Indochina Puerto Rico Texas

Herbs :
Abutilon indicum X X X X
Achyranthes sp. X X X
Actephila siamensis X .
Aglaconema sp. X X X
Cissus cf. discoloer X X X X
Desmodium gangeticum X X X X
Elatostemma sp. X X
Eupatorium odoratum - X X X X
Kaempferia sp. X X X
Lantana camara X X X X
Munronia humilis X X
Grasses:
Digitaria sp. X X X X
Fimbristylis cyperoides X X X X
Imperata cylindrica X X X X
Saccharum fuscum X X X
Setiaria sp. X X X X
Bamboo :
Bambuca arundinacea X X X
I'alm:
Rhaphis sp. X X X




Climbers:

Acacia concinna
Albizzia myriophylla
Artabotrys siamensis
Atalantia scandens
Azima sarmentosa
Coccinia indica
Combretum procursum
Chnnarus cochinchinensis
vsathostemma micrantha
Cynanchum lacve

Derris sp.

Hiptage marginata

Hoya obcordata
Pachygone dasycarpa
Passiflora foetida
Premna sp.

Pterolobium integerrima
Rapnidophora peepla
Sarcostemma brunonianum
Sphenodesma pentandra
Stemona sp.

Strychnos ‘thorelii
Tetrastigua sp.
Tiliacora triandra
Ventilago calyculata

Shrubs:

Abut‘lon indicum
Acacia comosa
Acalypha fruticosa
Actephila siamensis
Albvizzia myriophylla
Allophyllus coboe var.
limosus
Aphania sp.
Artabotrys siamensis
ftalantia monophylla
Atalantia scandens
Azima sarmentosa
Bauhinia bassacensis
Bauhinia bracteata
Bauhinia harmsiana
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- Lantana camara

Shrubs continued: Thailand Indochina Puerto Rico Texas

Bridelia monoica
Bridelia siamensis
Buxus wallichiana
Callicarpa arborea
Canthium sp.

Capparis macropoda
Capparis micrantna
Capparis sepiaria
Capparis siamensis
Capparis tenera
Capparis thorelii
Clausera sp.
Mleistanthus heteropinvllus
Combretum quadrangulare
Connarus cochinchinensis
Cratoxylon polyanthum
Crotcn cumingii

Croton oblongifolius
Derris scandens
Desmodium gyroides
Diospyros nollis
Drypetes sp.

Euonymus cochinchinensis
Flugpea microsperma
Glossocarya sp.
Glycosmis montana
Harrisonia perforata
Hesperethusa acidissima
Hymenocardia wallichii
Hymenopyreamis obrachiata
Jasminum sp.

> X > X

<X K X M X X

><><><><><><><><><><><><><>’.><><><><><><><><

P < < D XK < M M
>

Lepionurus sp.
Mallctus dispar
Melianthus suavis
Mezoneurum hvmencocarpum
Micromelum hirsutum
Niebuhria siamensis
Opilia sp.

Pavetta sp.
Poyllanthus sp.
Polyalthia suberosa
Premna sp.

Randia tomentosa
Scyphellandra sp.
Solanum sp.

Tarenna longitfolia
Zizyphus cambodiana

Zizyphus oenoplia

><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><>'~><><>'~><><><><><><><><><><><><><><
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Thailand Indochina Puercvo Rico Texas

Small Trees:

Acronychia pedunculata
Aglaia odoratissima
Albizzia procera
Antidesma decandra
Artocarpus sp.
Atalantia roxburghiana
Azadirachta indica
Bridelia siamensis
Buchanania glabra
Burretiodendron siamensis
Caesalpinie sappan
Canangium latifolia
Canthium nitidum
Casearia cf. grewiaefoiin
Cassia sp.

Ceiba pentandra

Celtis sp.
Cleistanthus heterophyllus
Combretum quadrangulare
Cordia dichotoma
Crataeva religiosa
Cratoxylon polyanthum
Croton oblongitolius
Dalbergia nigrescens
Diospyros buxifolia
Diospyros castanea
Diospyros cauliflora
Diospyros mollis
Diospyros montana
Diospyros rhodocalyx
Ehretia laevis

Ery throxylum cuneatum
Euonymus carinatus
Fuphorbia trigona
Flaccurtia rukam
Gardenia collinsae
Garuga pinnata
Gelonium multiflorum
Grevia elastostemoides
Grewia tomentosa
Hymenocardia wallichii
Litsea sp.

Melia azedarach
Melianthus suavis
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Small Trees continued: Thailand Indochina Puerto Rico Texas

Memecylon cyaneum

Memecylon floribundun

Memecylon ovatum

Mezonurum sp.

Mitragyne parrifolia

Mitrephora winittii

Niebuhria siamensis

Olea maritima

Polyaltnia suberosa

Pseudovossia sp.

Pterospermum littorale

Rindia tomentosa

g Rinorea sp.

) Semecarpus cf. cochin-
chinenslis

Sindora maritima

Stercul ia sp.

Streblus asper

Streblus zeylanica (= S.
illicifolius)

Syzygium (Eugenia)
cumingii

Tarenna sp.

Terminalia pierrei

Vitex pierrei

Vitex pinnata

Walsura trichostemon

Wrightia tomentosa

Xanthophyllum sp.
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Medium-siged trees:

Acronychia pedunculata
Atzelia xylocarpa
Albizzia procera
Artocarpus sp.
Azadirachta indics
Burretiodendron siamensis
Canthium nitidum
Casearia cf. grewiaefolia
Cassia caretina

Celtis sp.

Crataeva religiosa
Dalbergia nijgrescens
Dialium indicum
Diospyros mollis
Diospyros montana
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Medium-sized Trees continued:
Thailand Indochina Puerto Rico Texas

Diospyros rhodocalyx X X X

Dysoxylum sp.

kErythrina sp.

Erythrophloeum sp.

Euonymus carinatus

Eupnorbia trigona

Ficus altissima

Ficus callosa

Ficus curtipes

Ficus geniculata

Ficus hispida

Ficus mac-clellandii

Flacourtia rukam

Garuga pinnata

Grewia elastostemoides

Holoptelea integrifolia

Hydnocarpus illicifolius

Hymenodicthyon excelsum

Koompassia excelsa

Lagerstroemia floribunda

Lagerstroemia loudonii

Manilkara hexandra

Melia azedarach

Millettia leucantha

Parkia javanica

Pentace burmannica

Pterocarpus macrocarpus

Pterospermum iittorale

Putra..jiva roxburghii

Sapium insigne

Semecarpus cf. cochin-
chinensis

Sindora maritima

Spondias rinnata

Sterculia foetida

Stereospermum fimbriatum

Streblus asper

Syzygium cumingii

Tamarindus indica

Terminalia pierrei

Terminalia triopteris

Tetrameles nudiflora

Vitex pinnata

Wrightia tomentosa
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Canopy Trees:

Bombax insigne

Capparis sepiaria
Diospyros mollis
Euphorbia trigona

Ficus altissima

Ficus geniculata
Holoptelea integrifolia
Koompassia excelsa
Lagerstroemia floribunda
Manilkara hexandra
Mezonurum sp.

Parkia javanica
Pterocarpus macrocarpus
Tamarindus indica
Terminalia triopteris
Tetrameles nudiflora

29

Thailand Indochina Puerto Rico Texas
X X X
X X X
X X X X
X X X X
X X X X
X X X X
X X
X
X X X X
X X X
X X
X X X
X X X
X X X
X X X
X X

i
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MONTANE FOREST

A characteristic feature of the vegetation of Southeast
Asia, as in Puerto Rico, is the contrast between lowland and
mountain flora. As in temperate regions, with increasing
altitude there is a striking change in the vegetation of the
tropics. As we ascend mountain slope; the stiuctur2 of the
vegetation and the physiognomy of the species change. There
is also a marked increase in the percentage of small vines or
lianes and a decrease in the percentage of leaves with entire
margins. The tropical Rain forest gives way to tne Montane
Rain forest, w-ich some ecologists term Temperate Rain forest,
although it is preferable to reserve this name to formations
in regions with a tempera‘e climate.

14

s Ll

In Thaiiand, as in other parts of the Indochina Peninsula,
the lower altitudinal limit of the Montane Formation is not
constant. In the Khao Yai forest of central Thailand, for ex-
ample, it commences at about 3,600 ft. (1,100 m.). There the
transition from the Upper Moist Evergreen forest (the Sub-montane
forest of the Caribbean) is gradual. The Mid-mountain forest
is also a mixed evergreen community. It resembles the mountain
mist or cloud forest in the Andes of Venezuela, where it occurs
at altitudes of 2,270 £o 7,150 ft. {700 - 2,200 m.). In the
Lesser Antilles, according to Beard (1942), it occurs at
altitudes of 2,600 to 3,250 ft. (800 - 1,000 m.).

In the Montane or Mid-mountain forest of Khao Y& , the
dominant trees are dicotyledons. There are two Associations -
the qQuercus - Castanopsis on the slopes, and Dacrydium - Schima
on the upper ridges and flat summit. The forest is composed of
two stories. Most of the trees have slender trunks and branches,
and are closely spaced. Buttressed trees are absent. Lianes
are few or small, and an epiphytic lichen is frequent on the
crowns of trees. The undergrowih is moderately dense.

On the slopes, the most frequent species of the oak
family are -uercus fleurii and Castanopsis acuminatissima.
Other dominant trees on the ridges are Lithocarpus spicatus
and Podocarpus neriifolia. On the flat sumnit of the ridges
dominant trees are Schima wallichii and Dacrydium elatum, which
are of larger dimensions than the trees on the upper slopes.
Small, open patches of sphagnum bogs on the summit are surrounded
by low gnarled trees, such as species of Olea, with their trunks
and branches festooned with mosses.

-+
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In northern Thailand, in the region of Ch.engmai, the
upper limit of the Lipterocarp forest may be take~ as the
approximate dividiag lire becween the Lowland forest and the
Mountain forest. For example, the lower east slope of Doi
Sutep, which has an eltitude of 5,450 ft. (1,076 m.), is
covered by Dry Dipterocarp forest up to about 2,300 ft. (700 m.).
Between 2,300 aud 3,200 ft. (700 - 1,0C0 m.), the vegetation
is an intricate mosaic of Dry Dipterocarp and Mixed Deciduous
forests, intermixed with evergreen trees of the Montane formation,
with species of oak (Quercus) and chestnut (Castanopsis) as
dominants. Oak trees attain a height of 50 to 65 ft. (16 - 20 m.),
and a diameter of about 12 in. (30 cm.). A thin layer of Mmumus
and thick litter accumulate on the forest floor. The ground
layer is composed mainly of laleng grass (Imperate cylindrica).

On the southern and southwestern slopes of Doi Sutep,
reaching up to the summit, evergreen trees also predominate.
These are mostly of low to medium stature. Among these are
species of Quercus, Castanopsis, Lithocarpus, valbergia, Camellia
and Melanorrhea. The vegetation in the ground layer is composed
mostly of rough grasses. On the upper ridges of Doi Sutep and
Doi Puy, above 4,000 ft. (1,200 m.), the Quercus - Castanopsis
Association, is gradually supplanted by stands of the 3-needled
pine (Pinus khasya), with fern forming the most common com-
ponent of the ground cover.

On the summit most of the trees are dwarfed, with twisted
trunks, and seldom more than 25 to 30 ft. (8 - 10 m.) tall.
This plant community suggests the elfin woodland of Puerto Rico.
During February the white flowers of a Rhododendron are con-
spicuous in the canopy. Anr epiphytic Vaccinium is noteworthy,
and a species of Gnetum, with reddish fruit coutaining edible
seed.

Montane forest is represented in Puerto Rico by the
Colorado type in the Luquillo mountains in the northeast.
It is found also in Cuba, Hispaniole. Jamaica, St. Kitts, Nevis,
Monserrat, Guadeloupe, Dominica, Martinique, St. Iucia, St.
Vincent and Greneda.

This type contains two not well marked strata. The

canopy layer is fairly uniform and does not exceed 45 or 50

ft. (14.5 - 16 m.) in height. The seconi stratum ranges from

6 to 20 ft. (2 - 6 m.) high. The understory is suppressed almost
to the point of disappearance. All the trees are evergreen.

The leaves are microphyllous and are typically thick and leathery.
Buttressed trees and vines are not common. Many of the trees are
typically short and crooked. The crowns are low and the branches

P
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are stout. The ground is generally covered by leaves, and in
some places by a thich, organic surface layer. Sphagnui moss
abcunds in wet places. Grasses, sedges and a small bamboo are
found in openings. From the standpoint of physiognomy, Montane
forest of northeastern Puerto Rico is analogous to the Lower
Montane forest in the Khao Yai Naticnal Forest of central
Thailand.

Species representative of this formation occurring in
Puerto Rico, as tabulated by Wadsworth (1951) include: Cyrilla
racemiflora, Micropholis garciniifolis, M. chrysophylloides,
Ocotea spathulata, Ficus citrifolia and F. sintenisii, Cordia
borinquensis, Inga fagifolla, Ilex nitida, Cecropia peltata,
Sapium Inurocerasus, Sloanea berteriana and others.

Growt}) rate in the Montane formation is slow. Wadsworth
(1951) estinated that trees 12 in. (30 cm.) in diameter in this
formation averaged 230 years old. Natural regeneration may
take more than 50 years.

According to Wadsvorth and Bonnet (1951), the mean
temperature in the Montane (Cyrilla) forest ranges between
69° ani 73° F., compared with 73° to 76° F. in the humid
tabanuco (Dacryodes) forest, at lower altitude. Mean annual
rainfall in the Montare forest ranges from 100 to 180 in.
(2,500 - 4,500 mm.). Cloudiness and relative humidity also
increase with alticude.

Soils ir. -he Montane (Cyrilla) forest differ from those
of the tabanuco Dacryodes) in the Rain forest in that they are
thicker, have a wetter organic layer, and the subsoil is rel-
atively 1impervious. The wetness of the soil is due to impeded
Arainage. The poorly aerated organic soil inhibits root pene-
tration and water absorption by plants. This accounts, in
part, for the difference in structure between the Montane
(Cyrilla) forest and the humid tabanuco (Dacryodes) forest at
lower altituder,
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Montane Forest

Summit of Pokadien Range, Loei Region, Northern Thailand
(alt. 1,200 m.)

Upper Story: Affinity in Vietnanm,
Height Range Cambodia and/-r Laos
Trees (meters) (s = species; G = genus)

Aglaia polystachya =30
Broussonetia papyrifera S+
Castenopsis acumina

tissima - 25
Diospyros gﬁriegata =10
Erythrina stricta -12
Caruga pinnata -30
Linociera microstigma -1C
Litsea monopetala 54
Nephelium sp. 15+
Pinus merkusii 25+
Ternstroemia sp. -15

v

nnaaaunnnn

Understories:
“shubs:

Ardisia sp.

Melastoma melabaricum
Nepenthes mirabilis
Rhododendron simsii
Phyllanthus sp.
Vaccinium sp.

Qoo wnma

Climber:

Carparis horrida
Smilsax sp.

QG w

Ground Cover:

Asparagus acerosus (berd)
Costus spe:iosus (herb)
Eriocaulon sp. (herb)
Syzygium gratum (herd)
Themeda sp. (herb)
Zingiver sp. (herb)
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Repreis7tat1ve trees and their diameter in 10 a:res of Montane

forest in Puerto Rico

SPECIES ! Iln. ! In. : In. : In. : Total
: Lef 1 HelQ @ 12-1H : 20+ : No.
*Cyrilla racemiflora --~-------= 29 22 L3 62 176
*Micropholis garciniifolia ---- 228 120 11 15 474
Calycozonium squamulosum ---«- 239 122 81 2 hks
Prestoea montana ------c-ceo_. 873 12 8+5
*Micropholis chrysophylloides-- 165 79 51 b 299
Cecropia peltatf ~----e-eo--o. by 12 9 64
Magnolia splendens ec-ceeeo... 22 7 6 11 6
Croton poecilanthuSe---cceceeea- 210 36 3 249
*Ocotea spathulata «-eeecec-c-- 62 33 13 113
Tabebuia heterophylla -e--e--- 27 10 13 50
Dacryodes excelsa --ceceee-e---. 7 7 10 2 26
Ilex nitida --cccccccamooaoo. 29 6 10 1 b
Inga fagifolia ---cceceeeaoo... 1o 2 o] 25
Sapium laurocerasus -e-------. 13 7 b 1 25
Sloanea berteriana e-eeceeoo-. 1k 5 3 22
Matayba domingensis ee---ca... 22 5 2 29
Eugenia stahlif---ccaaeaaaol. 7 10 2 19
Homalium racemosum --ececceeaaaoo i 5 9
Linociera domingensis ------.. 11 4 3 16
Didymopanax morototoni ---e--- 9 7 2 15
Cordia borinquensis -ece-ce-co-. 39 1 ho
Ocotea moschata ee-cccmcaaaaa. 2 1 1 1 5
Alchornea latifolia -vecee-ca- 19 4 23
Hirtella rugosa-----cececcecec-- 1h 1 15
Ditta myricoides -c-ccccmaaa.. 17 2 19
Ficus citrifolia -ccccrceocao. 5 3 1 9
Ficus sintenisii -cceeaeac ... 7 1 8
30 other species ceccicececcna. 159 30 22 1 212

TOTAL 2,29 5hE LOS 122 3,376

1/ After Wadeworth (1951).

* Considered indicator species.

e
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MOSSY FOREST

sumait of El Yunque, in northeastern Puerto Rico, are populated
by Mossy or Cloud forest. The term Mossy forest is applied

to this association because one of its characteristic features
is the luxuriance of mosses and selaginellas. Some ecologists
call it Elfin woodland or th.cket. The latter is generally
found on the upper slopes exposed to constant wind, while the
Mossy forest occurs on the leeward side, protected from the
wind. At the lower limit the forest floor in great part is
carpeted with mosses, which develop also along the base of tree
trurks. At the upper limit the ground is covered with a dense
nat of Selaginella, also climbing on tree trunks. This forest
association occupies the peaks and descenis to an elevation of
about 2,30C ft. (700 m.), covering exposed winu-swept ridges.
The Mossy forest at high altitudes, in northeastern Puerto Rico,
is somewhat analogous to the mossy forest occasionally found in
ihailand on the mountain ridges of Khso Yai National Forest and
on the high peak of Inthanon in the north.

The upper slopes of the Luquillo Mountains and the :

This forested area has the highest rainfall and highest
atmospheric humidity in the ILuquillo Mountains. Throughout
almost the ertire year, the peaks are wrapped in fog or cloud,
raising humidity almost to the point of atmospheric saturation,
vith the result that rain falls almost daily, accompanied by
an appreciable reduction of sunshine. Clouds gather dur:.ig the
night and cover the upper easterrn clopes of the mountains at an
elevation of about 2,000 ft. (600 m.). During the daytime
these clouds, driven by winds, ascend the slopes and cross
the uprer ridges, envelcping the peaks in cold mist or drench-
ing rains, finally moving westward where they evaporate under
the tropical sun. The temperature is considerably reduced,
usually from 7° to 11° F. lower than at sea level.

The Elfin woodland, is composed of scattered, branchy
trees up to 4O ft. (12 m.) high, rising out of scrubby growth.
Dominant trees in this community are Cyrilla racemiflora and
Micropholis chrysophylloides, of fairly large dimensions.

Massive and gnarled, they are almost invariably stag-horned,

with topmost branches having died away, accounting for the

open character of this community. Apparently, soil conditions
are responsible for this unusual type. The soil is red, compact,
impermeable, developed over granite, and the topography is
somewhat sloping.
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As a result of high atmospheric humidity and heavy
precipitation, the soil of the Mossy forest is generally water-
sosked and thz plants almost constantly drip with moisture.

The soil is a wet muck, usually thin, and is covered with
fallen leaves, dead twigs, superficial roots and prostrate
trunks.

The moist trade-winds, blowing constantly over the
peaks of the Luquillo Mcuntains, have &a pronounced mechanical
effect on the plants. In sites exposed to constant¢ wind the
trees are limited in height to about 10 ft. (3 m.). The trees
are stocky and branchy, with trunks seldom straight for more
than 6 teet, and the crowns are flat. In the Elfin woodland,
on the windward slopes, the surface of the canopy is flat,
uniform in height, and frequently the uppermost twigs are dead.
The trunks lean over, and the branches often bend away from the
wind. The trees are all evergreen, the leaves generally micro-
phyllous, thick, and largely confined to the tip of the branches.
Some speci2s common to other forest types have smaller leaves
here than elsewhere. One tree¢ story is usually present.
Larger trees are about 12 in. (30 cm.) in diameter, and the
average is from 2 to 4 in. (5 - 10 cm.). One vine, a species
of Marcgravia, and numerous species of epiphytes are common.
Mosses are very prominent, and cover trunks, brarches, twigs,
and even the leaves. Roots are generally a superficial mass,
and aerial roots are common. The forest normally has little
urdergrowth, but grasses and sedges are found in openings.

Four tree species constitute the bulk of the arbores-
cent vegetation in the Mossy forest of Puerto Rico, namely:
Weinmannia pinnata, Ocotea spathulata, Tabebuia rigida and
Eugenia borinquensis, constituting about 75 percent of the
vegetation. These do not occur in the Rain forest or, at
besi, appear only as rare, widely isolated individuals. Other
trees represented are: Clusia krugiana, Cyrilla borinquensis,
Haenianthus obovatus, Calycogonium squamulosum, Micropholis
garcinifolia and Tabebuia schumanniana,

In addition to mosses and selaginellas, ferns are common,
the larger species growing on the ground, while smaller ones
appear indiscriminately on the ground or as epiphytes. (rasses
(Arthrostylidium sarmentosum and Isachne angustifolia) also
develop in open sites.
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Mossy forest occurs also in the Central Cordillera cf
Puerto Rico, but differs in several respects from that of the
Luquillo Mountains. There, the influence of wind is reduced.
Small trees and shrubs are not bent over or shorn off to an
even canopy, but are erect and usually have rounded crowns.
Mosses are reduced to a thin layer on sheltered trunks or
lacking, und seliginellas are completely absent. Bromeliads
are few, inconspiouous. The environment is less rigorous,
indicated by the presence of many shrubs characteristic of the
Rain forest, and by more luxuriant development of herbaceous
plants.

Of the four dominant tree species growing in the lLuquillo
Mountaiuns, only two - Weinmannia pinnata and Octotea spathulata -
are present in the Mossy forest of the Central Cordillera.

Ferns are numerous, represented by species of Dicranopteris,
forming brakes on the peaks, Elaphoglossum, Odontcsoria,
Hymenophyllum, Trichomanes and Polypodium. Dominant shrubs

are more sparse, but under-shrubs and herbaceous plants are
more abundant than in the Luguillo Mountains. The grasses
found in this forest type in the Luquillo Mountains - Arthrost
1idium sarmentosum and Isachne angustifolia - are also well re-
presented in the Central Cordillera.
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Podocarpus, widely distributed but nowhere abundant. One of
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CONIFEROUS FORESTS

el

Although they are represented by several genera, in-
cluding Pinus, Podocarpus, Keteleeria and Dacrydium, Conifers
actually represent a relatively minor fraction of the vegetaticn
of most parts of Southeast Asia. In Puerto Rico, also, there
is only a single genus, Podocarpus, native to the country, al-
though several other genera of Conifers have been introduced
and propagated successfully. In Texas, on the other hand,
Coniters are well represented by 5 genera, and in some sections
constitute a major purt of the vegetation.

In Thailand, Conifers form less tnan 1 per cent of the
total forested area of the country. The most freguant genus
is pine, of which there are two species - the 3-needled Pinus
kliasya, with furrowed bark, at higher altitudes; and the 2-
needled P. merkusii, wilib scaly bark, somewhat at lower elevations.

In Thailand, the most extensive pine forests occur in the
north, particularly in th® upland region around Chiengmai. West
of this city, they are fcund at altitudes from 2,000 to 5,200 ft.
(600 - 1,620 m.) on the upper ridges of the mountains Sutep, Puy
and Inthanon; also on the summit of Chiengdao range, and northward
toward the border of Burma. On the plateau of Bo Luang, south-
vest of Anka range, also in northern Thailand, there is an
extensive pure stand of the 3-needled Pinus khasya, at an elevation
of 3,000 to 4,000 ft. (910 - 1,200 m.), surrounded by Moist
Deciduous forest To the northwest, towards the border of Burma,
pines form rather large stands between Chiengmai, Mae Hongson
and Mae Sariang. In the northeast of Thailand, pines are dominant
in the Pokodien mountains, on the plateau of Loei. The trees
are rather widely spaced, so that the pine forest is usually
open, and visibility, both horizontal and vertical, is favove sle.
The ground cover is composed of grasses, especially Imperata,
and ferns.

The 2-needled Pinus merkusii is found &s low as 1,300 ft.
(h00 m.) in the province of Phetchabun, at the northern end of
the central plain. It occurs at still lower altitudes in the
region of Phibun Mangsahan, in eastern Thailand, where it may
be mixed with Dipterocarp forest.

Other Conifers represented in Thailand are L species of

:
%

these, P. imbricatus, is said to grow in the evergreen tforest in
the provirce of Chantaburi, in the southeast. P. latifolia
occurs in the region of Mae Hongson, in the northwest. P. neriifolia
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has a wider distrim:tion, from the region of Chiengmai and
Chiengrai, in the north, to Ubon, in northeastern Korat Plateau.

In South Vietnam, between the plateau of Darlac and the
lover foothille, there is a mountainous area. This is the
Plateaux Montagnards du Sud, with an area ot about 3,000 sq.
miles, varying in altitude from 3,280 and 6,560 ft. (1,000 -
2,000 m.). In the subtropical to temperate climate that pre-
vails at these altitudes, the 2- and 3-needled pine (Pinus
merkusii and P. khasya) constitute the dominant trees, with
broadleaf species and bamboos predominant in the lower valleys
and ravines.

In central Vietnam Conifers, Pinus khasya aind P. merkusii
in particulaq are scattered over wide areas. Some of the stands
are found in remote regions, which are sparsely populated and
have few roads. Other softwoods occurring in this region are
species of Chamaecyparis, Cunninghamia, Taxus and Thujopsis.
These are found either in pure stands or mixed with other species.
The province of Lang Bian is said to contain large stands of
pine, but these are difficult to rer.ch and have thus been little
exploited. Cunninghamia siamensis grows naturally in Vietnam
and is found also in South China.

In upper Laos, from Paksane northward toward Xieng Khouang,
there are stands of the 2-needled pine (Pinus merkusii) Stands
cf this pine extend into the uplands northeast of Thakkek on the
Mekong river, toward the border of North Vietnam. Stands of
Keteeleria are also found in northeastern Laos, near the border
of North Vietnam, while stands of the 3-needled pine occur in an
area northeast of Vientliane.

The pines are not represented in Puerto Rico by any
native or naturalized species. At least 1l species have been
introduced, some of which proved successful. The only native
Conifer 1s Podocarpus coriaceus. In Puerto Rico this is a forest
tree, at times 60 Tt. (20 m.) tall, with spreading braiches.

It grows in the mountain forests and wooded valleys in cthe
western part. It is found aiso in St. Kitts, Montserrat,
Guadeloupe, Dominica, Martinique, Trinidad, and extends into
northern South America.

In Texas, pines, particularly loblolly, shortleaf, long-
leaf, and slash, are the major commercial timbers in the Piney
Woods, of the extreme eastern part. Trey occur on gently rolling
to hilly forested land, at elevations of 200 to 500 (60 - 150 m.),
where the annual rainfall ranges between 35 and 50 in. (875 -
1,250 mm.), and is fairly well distributed throughout the year.

e . el
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Humidity and temperatures are usually high. Hardwoods, such as
oaks, hickory and maple, are also present in the top story. This
formation is regarded as a fire disclimax or subclimax. The

Pine-Hardwood region covers about 12.5 million acres in LS
counties.

In addition, pines are represented in other rformations by )
the Mexican pinyon (Pinus cembroides), shortleaf pine (P. echinata),
Colorado pinyon (P. edulis), timber pine (P. flexilis), longleaf

pine (P. ustris), ponderosa (P. ponderosa), and loblolly pine
(P. taeda).

The genus ressus is represcnted in Texas by Arizona
cypress (C. a_r_;z_g_gj.%)’.—fn eddition there are 8 species of
Junipers; Douglas fir (Pseudotsuga taxifolia); and baldcypress,
represented by Taxodium distichum and T. mucronatum.

o
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SWAMP WOODLAND

Ky

Vegetation in swamps or marshlands is a characteristic
feature of the landscape in Southeast Asia, Puerto Rico, Texas, !
as in other tropical and temperate areas. In tropical and
subtropical regions, this shows a gradation from the Mangrove
forest in saline soil around estuaries and in deltas along the
coast, to a distinctive vegetation type in brackish water, and
finally to characteristic plants occurring in freshwater swamps.
Consequently, Swamp or Marshland forests may be segregated
into: Mangrove forest, and Freshwater woodland.

Mangrove forest: This evergreen plant community, con-
trolled by soil or edaphic factors, forms the most homolcgous
type of vegetation, from the standpoint of structure and to a
degree floristically, occurring in Southeast Asia, Fuerto Rico,
and other tropical regions. Mangrove woodland is a specialized
association forming a narrow coastal belt of varying width,
flourishing in deltaic and estuarine areas below high tide mark.
It is the result of constantly changing conditions brought
about by the accumulation of alluvium transported and deposited
by streams and rivers, by tidal movement of salty or brackish
water around estuaries, and by the effect of wave action on the
deposition of silt, sand and mud along seacoasts.

The effect of climate on the development of Mangrove
forest is less marked than on the Evergreen Rain or Moist forests,
for example. The general level of the land gradually rises away
from the sea, as accretion seeward takes place, resulting from
the continuous deposition of soil carried downstream, especially
in areas with high rainfall. As a rule, the soil along the edge
of the mangrove forest contains a high clay fraction, often
compact, bluish, and low in organic content.

Several identical genera are native to both hemispheres.
While some stands of Mangrove in Theiland and South Vietnam
may be taller than those along the north and south coasts of
Puerto Rico, the physiognomy and life-forms of this Forest
type are analogous. The canopy is generally of uniform height,
continucus, and the foliage ranges from light to dark green,
according to species. So that a Mangrove woodland, and its
extent, are readily distinguishable from the air by the general
hue of the foliage.

The dominant species have special life-forms and
structurai adaptation to withstand alternating periodical flood-
ing and physiological dryness, and salinity of the water. For
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example, some Rhizophora species have stilt roots; species of
Bruguiera have "knee" roots; while those of Sonneratia, Avicennia
and Xylccarpus send up asperagus-like pointed pneumatophores.
Some dominant trees, both in Southeast Asia and Puerto Rico, are
also characterized by a tendency toward vivipary, in which the
seeds germinate before falling. Another feature of the Mangrove
forest is the zonation of tree species, with definite delineation
of the dominauts. This iIs often distinguishable from the air

by the hue of the foliage. In southeast Asia, for example,
Sonneratia alba is & pioneer tree in the Mangrove forest. Later,
as mangrove develops along the seaward margin, it becomes mixed
with Avicennia. Species of Rhizophora grow on somewhat higher
ground, while species of Bruguiera develop on the landward mar.in,
often extending to the extreme limit of tidal reach.

The Mangrove forests of Southeast Asia consist of up to
20 species of trees and shrubs forming a characteristically dense,
seemingly difficult to penetrate, tangled evergreen mass of trees,
ranging in height from 10 to 50 ft. (3 - 16 m.), occasionally
more.

A great part of the 1,250 miles (2,000 kms.) covastline
of Thailand is covered by stands of mangrove. The total area of
the Mangrove forest in that country is estimated to be 625 sq.
miles (1,620 sq. kms.). Of this area, 2t6 sq. miles are located
along the southeast coast, especlally in the region of Khlung
and Trat, and continue along the coast into Cambodia; and 337
sq. miles in the Peninsula, particularly on the southwest
coast from the Kra Isthmus to the Malaysian border.

The most frequent and characteristic woody species con-
stituting the Mangrove woodland in Thailand include: "kongkangbai-
yai" (Rhizophora mucronata), "ta-bun-khao" (ﬁxlocgzgus obovatus),

C

"pra-sakdeeng” (Bruguiera sexangula), "prong eriops rox-
burghiana), and "pho-ta-le" (Thespesia populuea).

Limited stands cf Mangrove, composed of tall trees, occur
sporadically along the coast of Cambodia. In South Vietnam,
Mangrove forest covers much larger areas, amounting to about
1,600 sq. miles, along the south coast from Pointe de Cameu to
Cap St. Jacques. In North Vietnam, this forest covers a much
smeller area, of about 360 sq. miles, and is confined to the
coastal de.taic area, mostly northeast of Haiphong, and almost
reaching to the border of China. Mangrove woodland, of course,
does not occur in Laos.

T
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In Soutnh Vietnam the principal trees in the Mangrove
woodlend is composed of the following, most of which are re-
presented either by genus or species in Thailand:

Bctanical hame Viet. Name Thai Name
Aegicerus majus Trd Lep-mu-nang
Avicennia marina Mém den Sa-mae
Avicennia officinalis Mam Sa-mae-dam
Bruguiera caryophylloides Vet Dd Rui
Bruguiera eriopetala Vet Pra-sakaueng

(B. sexangula)
Carapa obovata (=Xylocarpus

obovatus) Ta-bun-xhao

Ceriops candollieana Da Voi Prongdaeng

(C. tagal)
Cerjops roxburghiana DA oanh Prong
Excoecaria agallocha Gia Ta-tum
Kandellia rheedii DA Rang-ka-tnae
Lunnitzera coccinea Coc Fat-daeng

(L. littorea)
Rhizophora conjugata Puoc Kong-kan-bai-lek
Fhizophora mucronata Dung Kongkang bai-yei

Mangrove forests, dominated by species of Red mangrcve
(Rhizophora), are found on silting shorelines of Puerto Rico,
as clcewhere in tropical America. Mangroves are usually lacking
on open cxposed sandy beaches, steep, rocky shores, and in many
dry arcas where no silt-laden strcams enter the ocean. In
tropical America, as in Africa, species of Khizophora are
gencrally the scaward, pioneer plants of Mangrove woodland, with
species of Ayjcennja being relegated to the landwara or "back
(post) mangrove." The converse is usually the case in Asia.
Many of the Asian trees also are usually taller and the species
arc more nuerous than in the American Mangrove woodland. Pure
stands of Rrizophora and Avicennia are widespread in tropical
Azerica.

Rhizophora, or Red Mangrove, type of tropical America 1is
a one-layered, level-topped, evergreen, well-spaced forest,
up to 75 ft. (25 m.) tall, in which herbs, vines and shrubs are
rare or absent; stilt roots form an interlocking, almost im-
penctrable maze; numerous capillary roots spring fron stilt
roots immediately below the surface of the soil. Under optimum
conditions, Rhizophora forms pure stands, with few epiphytes
present. As the salinity of the soil decreases, other mangrove
species become mixed with the Red Mangrove.
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Avicennia, or Black Mangrove, type is elso a one-layered,
flat topped, everzreen, also well-spaced fcrest. [t is almust
devoid of unde:stories and epiphytes. Avicennia iz often found
in pure stands, especially in lagoons vehind newly formec beaches.

#hite Mangrove, Laguncularia, is a common constititent of
tne back mangrove of tropical America and Arrica, but it is &p-
rarently lacking in Asia. There, its role is apparently jlayed
by spe~ies of Bruguiera or Sonneratia. In Puerto Rico, along
the Mona Island, and elsewhere in the Antilles, white mangrove
is often the most frequent species in this type of woodland.
It also fcrms pure stands in Florida under not very weil defined

conditions. The maximum height of cularia is 60 ft. (20 m.),
and the maximum diameter 20 in. (50 cm.). From the air, white

Mangrove may be recognized from red and black Mangrove by its
lignt green, more open canopy.

As in Southeast Asia, mangroves are of economic value
in tropical America as sources of products with a wide range of
dcmestic uses. The timber of white mangrove (Laguncularia) is
used for poles, fence posts, house frames, fuel arnd charcoal of
infericr quality. The bark contains 10 - 17 percent (dry
weight) of tannin, used for tanning leatkher.

Thickets associated with Mangrove woodland are o1 pan-
tropical occurrence. They appear in sites where the saline
mangrove soils grade into drier sands with reduced salinity.

In Thailand, for example, frequent trees and shrubs arpearing
between the swamp and dry land include: Hopea helferi, Xylo-
carpus moluccensis, Bruguiera cylindrica, Excoecaria agallocha,
Sonneratia caseolaris and S. alba, Hiciscus tiliaceus, which is

of pantropical distribution, Intsia retusa, Lumnitzera littorea,
Avicennia officinalis and A. alba. Other frequent plants in

the undergrowth in Southeast Asia are: the pantropical and typical
mangrove fern Acrostichum aureum, Taenitis blechnoides, nipa

palm (Mipa fruticans), species of Chrysanthemum sp., a climber,

Flagellaria indica, Columnella trifolis, Acanthus ebracteatus
and A. ilicifoljus, and a small palm (Phoenix paludosa).

Frequent plants growing in Mangrove thickets in Puerto
Rico include: outtonwood (Conocarpus erecta), which has the same
distribution as whitc mangrove (Egggncularia) and is characteristic
of the back or podt mangrovts of America and Africa, but is
lacking in Asia. Mahoe (Hibiscus tiliaceus), a cosmopolitan
shrub or small tree found also ir Southeast Asia, is a trequent
acsociate of Conocarpus in tropical America. It is tolerant of
saline water and is especially frequent, forming dense thickets,




115

in back manirove as well as in drylana moist rorest. Juriana
maritima is another element in tne evergreen, often tangled
mangrove thicket in Puerto Rico.

Nipa palm (Niva fruticans). Known as "cnac” in Thailand
and "dua nuoc" in Vietnam, this palm has & short, prostrate
trunk, and pinnate leaves up to 15 or 20 ft. (5 - c©.5 n.) leng.
It is native to Asia, and has a wide distrioution from
the Ganves to Austrelia, although ii is somewhat difficult
to determine its precise natural distribution, because of the
fact that it is of'ten cultivated. In Thailand, as in other parts
of Joutnesst Asia, Nipa palm often forms small clumps in rice
f'iclds, or exiensive, pure stands usually along tne landward
side of mansrove forest. It attains its best developmert in
orackish estuarine areas, wnere fresh water mixes with sli, htly
saline water. In some areas it grows in association with
certain trees characteristic of tne Mangsrove torest, such as
Sonneratia. The Nipa palm associatiorn is one of a series of
E?pical semi-mangrove comrunities in the rastern tropics. Nipa
palm does not occur in the American or Alrican tropics, but
there are analogous communities. lor instance, the Manicarja
saccifcra swanps of nortneasterr South America and a Pandanus
communily un the west coast cf Africa are comparaovle plant
communities.

Nipa palm plays a fairly important part in tie domestic
e¢conomy ot Southeast Asia. A skillful use made of the leaves is
to fold them around & hardwood pole or bamboo. When dried, they
are stitched to form a thatch material, which is botn light and
effective. Tnese "ataps" as they are known in Malaya are much
used in ishing villages for sides, partitions, and roofs of
houses. In addition, Hipa palm leaves are utilized for such
other purposes as umbrellas, sun hats, raincoats, coarse baskets,
and for mats and bags as in thre Pnilippines. In Thailand, also,
the young unopened leaves are used for cigarette-wrapper. The
young seed, when boiled, is edible and slightly sweet. Mature
seed 18 very tough and hard, and seems to have no particular
use, althouyn some thought has been given to crushins the ripe
seed to furnisn cattle feed ar as base materjal to make buttons.

Mangrove Fern: On the landward margin of Mangrove forest,
along the north coast of Puerto iiico, one of the most familiar
plants is the tall Mangrove fern, Acrostichum aureum. Normally
it grows as scattered individuals in sites where the soil is
somewhat dry, because of exposure to wird and sun, and is less
impregnated with salt. But if mangrove trees are cleared, and
the site is slightly above sea level, this fern socn grows in
crowded masses 3 ft. (1 m.) or more in height, forming almost




pure stands several ucres in extent. This fern is also founa in
Thailand, wnere it is k.own as “proni-tha-le," and in other
varts of the Me<on~ oasin countries, ;rcwin- in similar naoitat
wnere man;rove coours.

Post Man _rove: The mos* characteristic tree in oack
Man, rove swamps in Scutneast Asia, iniang from the Man-rove
woodluna, is “cajeput’ or "paper-vark” (Melaleuca leucadendron),
of the Myrtle ramily. Known as "med" or Tsame. ' in “hailand and
"tran” in Vietnam, this tree, native to Asia, is of small to
medium size, from 1O to 30 ft. (5 - lum.) in height. It forms
small to rather extensive stands in open, sandv moist soil or
sites suvject to periodical floods, and o‘ten close to, but
rot mixed with, the mangrove forest. Some ecoloprists consider
the Melaleuca association as the climax of une mangrove tormation.

Cajeput is an extremely vigorous and resistant tree,
crowding out other plants, and cannot oe easily exterminated by
catting or burminy. It is rather widely dislributed in South-
east Asia. In Thailand it ;rows scatteringly along tne south-
east coast, tormin; fuirly extensive stands vetween Chantaouri
and Trat, close to the Cambodian border. In tne Peninsula it
occurs in small stands in the Kra Isthmus, in plains and low
valleys near the coast. These stanas are protected for tne
firewood they provide, when mancrove wocd is not available.

In addition to Melaleuca leiicadendron, other trees in
swamps with orackish water in Soutneast Asia are species ot
Xylocarpus and Intsia.

In Texas, ac-ording to Tnorae (195.L), salt marshes are
best developed alony the more protected temperate snores in the
northern part of the Gulf of Mexico, and vecome less extensive
in the south because of competition from mangrove, Tnese salt
swanps consist of dense masses of narrow-leaved sub-aquatic
plants, vrowing closely together. These interyrade with fresh-
wvater herbaceous swamps, and some species are common to poth.

The salt marsh supports species of Carex, Cyperus, Juncus,
Scirpus, several cordygrasses (Spartina), seashore salt-grass
(Distichlis spicatu) and millet Elzaniopsis miliacea).

The coastal marsh (Spartina - Sporobolus Associes) occupies
a narrov strip between the coastal prairie and the Gulf, fol-
lowing the sinuous coastline. Action of waves on the beach builds
up & sand and shell ridge 3 to 4 feet hipgh, tehind which the marsh
gradually rises to the coastal prairie. Dominante of the
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Association are Spartina spartinae and Sporobolus virgiricus.
Important Associates are species of Batis, Dondia, Juncus. Sali-
orria, Scirpus, Limonium, Pluchea, Borrichia, Iva, Baccharis,

and Lycium. -

Freshwater Swamps: In fresh-water lakes, pcnds and the
lower reacpes of rivers the lami constantly tends to encroacn
on the water. In the process of new laad formin: from water,
vegetetion plays an important part both in temperate and tropical
regic .. Aqua.ic plants resist water movement, slowinz it
down, and thus increase the rate of deposition of suspended
matter. Later aguatic plants help to consolidate the sediments,
to which their dead remains are added, ana thus change the textiure
of the soil and increase the bulk. This leads to a general rise
in the level of the ground relative to that of the water. Ac-
companying this rise there is a plant succession, or hydrosere,
starting with various types of aguatic vegetation and usually
ending in a type ol fcrest similar to, althouzh perhaps not
exactly identical with, the Climar. During the course of the
transition there is & gradual change from oper water to re-
latively dry conditions, and the vegetation itself tends to
produce a mesophytic environment.

Examples of nydroseres are plentiful in Southeast Asia,
Puerto Rico and elsewnere in the tropics, as well as in Texas
and other temperate regions. The hydrosere tends to be
similar in widely separated regions, not only in the general
course of events, but n the structure and physiosnomy of suc-
cessive phases. In the earlier phases of the hydrosere heroacecus
plants are zenerally dominant. Later they are replaced by woody
plants. Loth in temperate and tropical nydroseres manocotyledons
play an impcriant part in the intermediate stages. In lemperate
regions they dominate the reed swamp state. In the tropics a
reed sWamp sta;’e is of'ten present, but palms are more constantly
dominant. The last phase of the succession is a tall forest dc-
minated by dicotyledonous trees. In this the water level is at,
or near, the soil surface, even Juring the dry season. The final
stagc of the hydrosere is dominated by tall woody species, in which
a shrub stratum and ground vegetation are relatively sparse.

The Freshwater swamp forest of tropical America is described
as a forest of a single tree stratum, from 60 to 90 ft. (20 -
30 m.) higy, and rather open uaderneath. The ground is water-
logged or just covered with water for over half the year. The
trees show root specialization, such as sinuous plant buttresses
or stilt roots. There is little or no ground vegetation. Leaves
are compound, mesophyllous. There is a tendency to purity of
stand.
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In Puerto Rico, a dcminant tree in Freshwater swamrps,
and which is somewhat homologous to cajeput (Melaleuca leucagendron)
of Southeast Asia, is "swamp bloodwood" or "palo de pollo”
(Pterocarpus officinalis). This treec is limited to the American
tropics and is fourd in Jamaica, Cuba, as well as Puerto Rico,
throughout most of Centrul America, and in northern South America
as far as the estuary of the Amazon river. Another species of
this genus, “pra-du" (P. macrocarpus), is widely distributed in
Thailand, but occurs only in dry soils in teak and other forest
types, far distant from the coastal Mangrove swamps.

In Puerto Rico, swraps in which Pterocarpus is dominant
and forms pure stands occur in three localities: north of
Mayaguez; near Dorado beacl:: and close to Humacao beach.

Only limited ecological studies have beer made on fresh-
water swamp vegetation in the interior of Thailand, as well as
in the othei Mekong basin countries. In most swanp forest sites
the number of tree species is relatively restricted, with a
tendency for one or a few species to be dominant.

Swamp woodland, usually of lcw stature is found in the
southera Peninsula, in the northeastern section of Korat plateau,
such as in the area of Borabué, Kalasin, Sakhorn Nakhorn, and
Nakorn Phanom; and in the Central Plain, as in the region of
Nakorn Sawan.

In the southern Peninsula, one of the most characteristic
woody species in sandy soils is Alstonia spathulata, a small
laticiferous tree. Associated with this are Fagraea fragrans,
Lagerstroemia speciosa, Barringtonia aculeata, & species of
Saraca, and occasionally rattan (gglamus). Around freshwater
swamps in central Thailand frequent trees are: Hydnocarpus anthel-
minthicus, Xanthophyllum glaucum, Lagerstroemia speciosa,

Albizzia procera, Butea monosperma, and species of Barringtonia
and Nauclea. In sections ci' northeast Thailand, long drought amd
flash floods hinder the development of forest growth. As a
result, extensive grass-covered plains, "thung," develop. During
the dry season the water level in the lakes and deeply cut stream
beds is 15 to 20 ft. (4.5 - 6.5 m.) below the level of the plains.
In the rainy season, however, the river beds and lakes fill
quickly and flood over wide expanses. The stream channels are
indicated by low trees, shrubs and clumps of bamboos grovwing along
the natural levees. Here and there, stands of trecs, composed
especially of Dipterocarpus obtusifolius, appear above the flood
waters. These grassy swamps are found along lake Nong Han, at
Sakhon Nakhorn, and near Borabue, in the mortheast; around the lake
at Phyao, north of Lampang; and near Nakhon Sawan, in the central
plain.
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Cypress - Tupelo swamp is found in parts of the lower
Mississippi river delta. This lies under water of fluctuating
levels except during rare periods of prolonged drought.

Cypress and tupelo appear to be the onl v tree speci2s able

to solerate prclonged flooding. Hence, they occur in pure
stands of either species or a mixture of the two. Included

in such areas are hummocks and narrow ridres, subject to annual
flooding, which may be occupied by water oak, pecan, willow
and other hardwood species characteristic of wetter sites of
normal bottomland.

From mucky cypress swamp with its tremendous amount cf
organic matter and silt and its maximum of water content,
therc is a broad bottom land or flood plain zone which connects
the swapp witn the adjacent uplands. According to Tharp (1926),
as the soil surface of a cypress swamp gradually rises the
water decreases continuously until a point is reached where
its surface gradually becomes more firm as elevation continues
to increase. The gentle slope continues to the sterile sandy
uplands, inhabited by the climax pine forest.

Beginning with the outer edge of Cypress swamp, the

numerous components of tnis zone, in order of appearance, include:

Group A - Carpinus caroliniana. Carya cordiformis, C. acuatica
and C. leiodernis, Diospyros virginiana, rrexinus caroliniana,
Gleditsia aquatica, Nyssa aquatica, and Salix nigra. Group B -
Carya pecan, Celtis laevigata, Cercis canadensis, rraxinus
americana and r'. pennsylvanica var. lanceolata, Gleditsia
triacanthos, Liquidembar styracitlua, Megnolia grandiflora,
Populus deltoides, species of Prunus, Quercus and Ulmus, also
Nyssa sylvatica. Group C - Acer rubrum, Alnus rugosa, Bumelia
lanuginosa, Castanea pumila, Persea borbonia, and species of
oak. It is in these broad transition zones that the vast hard-
wood forests of the Fine Association in Texas occur as fiaal
stages in the hydrosere, leading spatially to the pine forest
climax.

In several localitles east of the Colorado river ia Texas
there are extensive marshy areas populated by'gzgha latifolia
and T. angustifolia and Scirpus lacustris. Along stream courses
and in other bodies of semi-{resh water Arundo donax, Phragmites
comnunis and Zizaniopsis miliacea grow in abundance. Dominant
herbaceous plants in this hebitat include: species of Acuaa,
Ambrosia, Argemone, Aster, Batis, Borrichia, Cyperus, Distichlis,
Donaia, Erigeron, Zaillardia, Helio‘ropiun, Iva, Juncus,
Salicornla and Sporobolus.

B
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DECIDUOUS OR SEASONAL FOCRESTS

These ares the type in which some or all :the trees shed
their leaves, eitner eatirely or in part, and usually during
some period of the dry season. OSome tvergreen trees, of course,
are mixed with the Deciduous.

The desiznation "Seasonal” is aptly applied in Puerto
Rico, as in other tropical American regions, because such factors
as leaf production and shedding, and flowering and fruiting are
larrely dependent upon climatic conditions. In Southeast Asia
the term "Mousoon forest" is zenerally used, as the phenomena of
lea® sheddin: and production are influenced by the periodic
eatry of dry and rainy seasons, controlled by the shift of the
vrevailii.; northeast and southwest winds.

The character of Deciduous forests in Southeast Asia is
variable, influenced to a large degree by the amount of avail-
able nmoisture. They range from moderately dense to open, and
are coaposed of two or three stories. Often there is a dense
underbrush of shrubs and undershrubs, some of which are thorny,
and herbaceous plants. Grasses are usually aoundant, in
addition %o small palms and cycads.

The structure and compositicn of Deciduous forests are
usually less complex than the Humid (Rain or Moist) Evergreen
forests. The trees vary in dimensions, according to micro-
climate, site and soil conditions. T7They range from mediunm
height to fairly tall, and at times attain large girth. Their
root system is well developed and often deep. Usually the
trees are noi heavily buttressed and are of moderate taper.
The branches of most trees forming the topstory are stout, and
the crowns are irregularly shaped to rounied. The leaves,
usually abundant, vary in size from mesopnyllous to macrophyllous
and are often coriaceous. As in tropical America, in Southeast
Asia Deciduous forests occur on plains and hill-slopes and are
not selective as to soil types and elevation, although they
seldom reach an altitude of 3,000 ft. (900 m.).

Deciduous Seasonal forest, analogous to the Monsoon
forest of Southeast Asia, 1is videspread in the West Indies and
on the Pacific sl pe of Central America. Beard (l9i6a) des-
cribes 1t as a two-storied forest with the canopy formed by
the lower stratum between 9 and 30 ft. (3 - 10 m.), and an
upper layer of scattered trees up to 60 ft. (20 m.). There
are a few stout trees, 20 in. (0.5 m.) being ab« i the largest
diameter. Stems fork or branch low down and te.. .o be bent or
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crooked. Many of the lower story species have a tendency to
clumped growtn. lL2ciduous Seasonal forest occurs in Puerto
Rico on several soil types, such as Ponce limestone, shale hills
near La Parguera, and on serpentine soils aear Yauco. An ex-
ample of this in Puerto Rico is the Bucida-Bursera forest of
the Ponce limestone area, on the south coast. Annual rainfall
and temperatures are such that this forest may he placed in

dry to very dry Life Zones.

Prominent species in this formaticn in Puerto KRico are.
Adelia ricinella, Amyris elemifera, Bourr.cia sucrulenta,
Bucida buceras, Bursera simaruba, Capparis cynophallophora,
Celoa pentandra, Citharexylum fruticosum, Ccccoloba latifolis,
Cordia collococca, Exostemma caribaeum, Ficus laevigata, Gualacum
officinale, Guazuma tomentosa, Kruglodendrum ferreum, Pisonia
albida, Schaefferia frutescens, Tabebuia hetercphylls, Trichilia
kirta, and Zanthoxylum monophyllum.

The Deciduous forests of the Indochina Peninsula may be
separated into 2 broad categories: (A) Mixed Deciduous, and
(B) Deciduous Dipterocarp forest.

(A) Mixed Deciduous Forest:

This forest type is widely distributed in Thailand, as in
other parts of Southeast Asia. It is one of the most valuable
assets of Thailand, as a source of timbers, narticularly teak
(Tectona grendis).

Mized Deciduous forest may azgain be divided into 2 sub-
types: Moist Mixed Deciduous; and Dry Mixed Deciduous forest.

Moist Mixed Deciduous forest: This forest is fairly
dense and tall, but less luxuriant and complex than the Rain
forest. In Southeast Asia, it occurs in areas with an annual
precipitation of 50 to &0 1in. (1,270 - 2,030 mm.). The dry
season is well marked, at least by a brief leafless period. This
subtype shows a tendency toward dominance by a single genus or
species. Typical of this is teak (Tectona grandis). In north-
western and northern Thailand, teak constitutes the most char-
acteristic tree, although it may not be dominant numerically.

Dry Mixed Deciduous forest: In this subtype, the annual
rainfall 15 less than 50 in. (1,270 mm.), falling mostly in the
wet season, followed by 6 months or more of dry to very dry
period. In general, this forest ic definitely less luxuriant
than the Evergreen Rain or Moist Mixed Deciduous forests. It is
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relatively simple in structure, with 1 or 2 stories, and dominants
measu-e 5C to 75 ft. (16 - 22m.) tall. The canopy is uneven,

and not dense. Many of the dominant trees have straight, clean

t- inks of rather large dimensions. Others are twisted, with low
branches and flat or umbrella-shaped crown. Most of the woody
species are leafless, with some evergreen trees present. Flank
buttresses and stilt roots are almost always absent. Woody

vines, epiphytes and ferns are few. Ieaves are small to large,
finely-pinnate or simple digitate, and many are leathery. Bamboos
are frequent in the lower story, especially Bambusa arundinacea,
Dendrocalamus strictus and Thyrsostachys sismen:is.

The most characteristic and commercially valuable tree in

this subtype of forest in northern Tahiland is teak (Tectona

andis). Trees associated with teak include: Acacia catechu,
Adina cordifolia, Afzelia xylocarpa, Anogeissus latifolia, Cassia
fistula, Dalbergia bariensis, D. dongnaiensis and D. oliverii,
Diospyros mollis, Erythrophloeum succirubrum and E. Teysmannii,
Nauclea orientalis, Pterocarpus nacrocarpus, Tetrameles nudiflora,
Vitex peduncularis and Xylia kerrii. Many of these furnish useful
timbers long used in domestic trade.

(B) Deciduous Dipterocarp Forest:

This forest type is characteristic of the Mekong countries,
vhere, in addition to Malaysia, it attains its greatest develop-
ment. It is not represented in Puerto Rico or elsewhere in
tropical America or Africa.

In Thailand, there are vast tracts of Dipterocarp forest
in the east, northeast, north and northwestern sections, but it
is absent in the southern part of the Peninsula, although species
occur in the Humid forest. It covers about 57,000 sq. miles
(142,000 sq. lms.), equivalent to about 45 percent of the
country's total forested area. This forest is also predominant
and the most extensive type in Vietnam, Laos and Cambodia.

In general it is of open nature, composed of small to medium-
sized trees, and widely spaced. It corresponds to what French
ecologists and foresters, who have studied the vegetation of
Indochine, classify as "foréts claires.” The soils are generally
sandy, gravelly or lateritic, and have a profound effect on the
composition and structure of this forest type. Grasses are
abundant. Vertical and horizontal visibility are favorable.

The tree species are mixed, although there is a tendency
toward gregariousness, with dominance by one or a few species.
Dominant Dipterocarp trees, of which some attain great develop-
ment, include: Dipterocarpus intricatus, D. obtusifolius and
D. tuberculatus, Pentacme siamensis and Shorea obtusa.
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Other trees of large dimensions, several of which have
long figured in the domestic market and in international trade,
are: Dipterocarpus alatus, Anisoptera cochinchinensis, Afzelia
xylocarpa, Irvingia malayana, Sindora siamensis, Terminalia
tomentosa and Shorea tloribunda.

Extensive areas, with Dipterocarp forest, have been
cleared for rice culture. Also, the constant demand, over many
decades, for durable timbers for heavy construction and railroad
ties, and as source of fence posts and firewood, has been a
heavy drain on this forest. In addition, a serier of minor
forest products are furnished by species occurring in this
forest. Among these are: dammar resin from Shorea obtusa ad
Pentacme siamensls; wood oill, for torches, trom Dipterocarpus
alatus, D. obtusifolius and D. intricatus; nux-vomica from the
seeds of Strychnos nux-vcmica; oil from the seeds of Parinarium
annamense; and a viscid oleo-resin from Melanorrhea usitata.

Dry Dipterocarp forest: Also known as Dwarf Dipterocarp
forest, this occupies regions where the annual precipitation is
low, and the physical conditions are such that only a fraction
of the rainfall becomes available to the trees.

In Thailand, Dry Dipterocarp forest is frequent along
the margin of the western plains in the region of Banpong and
Kanchanaburi; in the bisin of the Kwae Noi and Kwae Yai rivers;
along the border of the upper plain in the region of Tak and
between Thoern and Lampang; in the triangle between Chiengmai,
Mae Hongson and Mac Sariang, in the northwest; in the Korat
plateau, in the northeast; and in the region of Surin and Ubon
in the east. It is not present in the Peninsula.

In East Texas Deciduous Forest Formation is represented
by the Quercus - Carya Association. The oak-hickory association
extends as & narrow strip, seldom more than 60 miles (90 kus.)
wide, between the pine-oak forest and the prairie, extending
northward to tlie Red river, and then gradually narrows to a
vanishing point. Numerous stands of this association appear
elsewhere whenever there are outcrops of sandy soil underlaid
by red clay and gravel.

This forest flourishes on rolling hills, ranging in
altitude from 250 to more than 1,000 ft. (77 - 307 m.). The
soil is uniforwly sandy, underlaid by red or yellovrish, some-
times grayish, clay. While not excessively rich, tne soil of
the oak forest is more fertile than that of the pine-cak
formation, so that a larger proportion of it is under cultivation.
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Extremes of rainfall vary appreciably, from 30 to 45 in.
(762 - 1,143 mm.). While the area near “ne coast benefits
from the moisture-laden southeast sea oreezes, these become
considerably drier before they reach the northwest.

The dominant tree throughout this association is post
oak (Quercus stellata). This is usually, but not aivays,
associated with blackjack (Quercus marilandica), and through-
out much of its distributicn by hickory (Carya buckleyi).

Small trees in the lower story of this formation include:
Crataegus apiifolia and C. spathulata, Ilex decidua and i.
vomitoria, Viburaum rufidulum and Rhus copallina. Shiub socles
are composed of Croton argyranthemus, Koellia albescens, Lantana
horrida, Rhus aromatica, and species of Myrica, Callicarpa,
and Symphoricarpos.

Herbaceous v:getation includes species of Commelina,
Cracca, Delphiniunm, Elenhantopus, Eupatorium, Indigofera,
Tradescantia, Verbena, . :rnonis, Vincetoxicum and other genera.

Lianes are not frequent in the oak-hickory forest.
The only one of importance is Smilax bona-nox. Other vines
present arc: Ampelopsis arborea and A. quinguefolia, Berchemia
scandens, Tecoma radicans, and Vitis cinerea and V. candicans.
The last-naned, especielly, is widespread in the climax growth
throughout the whole area of the association.
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Dry Mixed Deciduous Forest

Pokodien, Loei Region, Northern Thailand (alt. 400 - 500 m.)
Soil sandy, silty.

Upper Story: Affinity in Vietnam
Height Range Cambodia and/or Laos

Trees (meters) {8 = species; G = genus)
Albizzia lebbekoides -20 S
Anogeissus acuminata -20 S
Berrya mollis 15 - 20 R
Bridelia retusa 15 - 20 S
Cassia fistula -12 S
Cassia garretiana -10 S
Combretum quadrangulare -12 S
Cordia obliqua =10 S
Cratoxylon formosum -20
Cratoxylon nerif-

folium 12 - 15 S
Dalbergia foliacea -10 G
Dillenia pulcherrima -20 G
Diospyros ehretioides -10 S
Diospyros mollis -10 S
Diospyros rhodocalyx -10 G
Dolichandrone spatha-

cea 15 - 20 S
Gardenia erythroclada &4 - §
Garuga pinnata -35 S
Gelonium multiflorum =15 S
Heterophragma sul-

fureum -10 G
Rolarrhena densiflora -20 G
Lagerstroemia balansae 6+ S
lagerstroemia calyculata 10 S
Lagerstroemia tomentosa 20+ 8
Lagerstroemia undulata 10 S
Millettia brandisiana -20 S
Millettia buteoides 15+ S
Millingtonia hortensis 25 8
Mitragyne spp. 15+ G
Pterocarpus macrocarpus -15 S
Randia tomentosa -10 3
Salmalia (Bombax) in-

signis <15

Qw

Schleichera oleocsa 15 - 20
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Affinity in Vietnanm
Canbodia and/or Laos
(S = species; G = genus)

Height Range

Trees - continued (meters)
Sindora siamensis -25
Sterculia thorellii -20
Sterculia angusti-

folia =10
Stereospermunm 8p. -30
Strychnos nux-vomica -12
Terminalia mucronata 25+
Vitex canescens -10
Wrightia tomentosa -10
Xylia kerrii -16

Understories:

Shrubs:

Antidesma decandrun
Antidesma sp.
Bauhinia bracteata
Barleria cristata
Bridelia retusa
Capparis sepiaria
Celastrus paniculata
Cissus rheifolia
Desmodium sp.

Desmos dumosus
Desmos 8p.

Crewia sp.
Harrisonia perforata
Helicteres isora
Helicteres lanata
Helicteres obtusa
Mitragyne spp.
Paederia pilifera
Uvaria sp.

Walsura trichostemon

Bamboos:

Bambusa arundinacea
Bampusa tulda
Dendrocalamus membranaceus
Oxytenanthera albo-ciliata

L w
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Affinity in Vietnam
Cambodia and/or Laos
(S = species; G = genus)

Ground Cover - Herbs unless otherwise indicated.

Colonia sp.

Costus sp.

Dioscorea sp.

F~ilia sonchifolia
Eriosema sp.

Eupatorium odoratum
Lygodium flexuosum (fern)
Tylophora rotundifolia
Vetiveria sp.
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Dry Mixed Deciducus Forest with Teak Dominant l/

Trees in forest surrounding Teak plantation at Maetek, Ngeao
District, Province of Lampang, Northern Thailand (alt. 500 m.)

Upper Story: Affinity in Vietnanm,
Height Range Cambodia and/or Laos

Trees (meters) (S = species; G = genus)
Anogeissus acuminata 10 - 20 S
Bauhinia variegata 6 S
Cananga latifolia 25 S
Cratoxylon prunitlorum 6 - 12 S
Diospyros montana 15+ S
Eugenia caneura 12+ G
Heterophragma adeno-

phyllum =10 G
Holarrhena antidy-

stenterica -10 G
Hymenodictyon excelsum & - 15 S
Lagerstroemia balansae 5 - 6 S
Lagerstroemia villosa 10 - 15 S
Milletia brandisiana -20 S
Milletia brevispina -15 G
Salmalia (Bombax) in-

8ignis =15 S
Tectona zrandis 20+ S
Xylia kerrit -1 S
Zizyphus oenoplia -5 S

Understories:

Shrubs:
Acacia oxyphylla G
Allophylus sootepensis G
Anomianthus dulcis S
Combretum deciduum S
Erioglossum rubiginosum S
Flemingia stricta S
Harrisonia perforata G

1/ Based on studi.s made by Professor Doenchai
Ratanawnngse, School of Forestry, bPrae, Northern

Thailand.
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Affinity in Vietnam,
Cambodia and/or laos
Shrubs - continued: (S = species; G = genus)

Holarrhena densiflora
Phyllanthus sp.
Scyphellandra pierrei
Strobilanthes awriculatus
Toxocarpus vallaris
Trema orientalis

Zizyphus oenoplia

Wooouwooo

Climbers:

Atherolepis pierrei
Buettneria pilosa
Butea superba
Capparis horrida
Dalbergia volubilis
Parameria bartata G
Smilax macrophylla

RO

Bamboos:

Bambusa tulda
Oxytenanthera alto-ciliata

W

Ground Cover - Herbs unless otherwise indicated:

Alangium salvifolium
Andropogon micranthus (grass)
Carex indica
Colonia flagrocarpa
Costus globorus
Dalbergia cana
Dalbergia maymensis
Desmodium triflorum
Desmodium velutinum
Eupatorium odoratum
Jasminum sootepense
Pachyrrhizus erosus
Stemona aphylla

QULAQUOAOLOCOQWLOO

wd R



130
Dry to Moist Mixed Deciduous Forest
Panokchao, Loei Region, Northern Thailand (alt. 400 - 500 m.)
The following listings indicate the species constituting

the various gtrata in this forest type, located ii the middle
Mekong basin, close to the border of upper laos. -/

Upper Story:
Affinity in Vietnam,
Height Range Cambodia and/or Laos

Trees (meters) (8 = species; G = genus)
Adina cordifolia 8 - 35 S
Adina parvula 20e G
Albizzia lebbekoides 20 S
Anogeissus acuminata 10 - 20 S
Aporosa villosa -10 S
Artocarpus lakoocha 15+ G
Azadiracta indica B - 15 ]
Bauhinia sp. 10+ G
Berrya mollis 15 - 20 S
Bridelia retusa -20 S
Buchanania latifolis -10 S
Cansrium kerrii -18 S
Careya arborea -25 S
Castanopsis acumina-

tissima -25 S
Cordia obliqua 5 - 10 S
Cratoxylca formosum -20 S
Cratoxylon neriifolium 12 - 15 S
Cratoxylon pruni-

florum 6 - 12 S
Dalbergia bariensis 15 - 20 S
Dalbergia cultrata 10 - 20 S
Dalbergia dong-

naiensis 15 - 30 S
Dalbergia nigrescens 10 - 20 S
Dialium cochinchinense 15 - 25 S
Dillenia pulcherrima -20 G

17 Bused on data compiled by Mr. Doenchai, Instructor in
the School of Forestry, Prae, northern Thailand.
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Affinity in Vietnam,
Cambodia and/or Laos

(S = species; G = genus)

131
Height Range

Trees - continued: (meters)
Diospyros cho-

boensis (1?) -15
Diospyros montana -15
Dipterocarpus in-

tricatus 20 - 30
Dipterocarpus tuber-

culatus 15 - 20
Erythrophloeum suc-

cirubrum -30
Gardenia obtusifolia -3
Grevia asjiatica 5+
Holarrhena anti-

dyenterica 15+
Holoptelea integri-

folia 25+
Irvingia malayana 20+
Ixora sp. -6
lagerstroemia sp. 25+
Mallotus paniculatus -12
Mangifera caloneura 20
Morinda tinctoria -5
Odina wodier 10 - 20
Parinarium anamense -30
Pentacme siamensis -25
Phyilantnus emblica -10
Quercus 8p. 10+
Salmalia (Bombax) in-

signis -12
Schleichera oleosa 15
Shorea buchananii -15
Shorea obtuse =30
Shorea talura -15
Sindora siamensis 20
Symplocogs laurina 15+
Terminalia chebula -20
Ternstroemia sp. 10+
Turpinia cochin-

chinensis 10+
Turpinia pomifera 10+
Vitex sp. 15
Xylia kerrii 20+
Zanthoxylum brudringa =10
Zizyphus oenoplia -8
T . = - -

Lunnm
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Understories:

e ey ey

Shrubs:

Acacia concinna
Agapetes parishii
Croton tomentosus
Desmodium insigne
Desmos dinensis
Desmos cochinchinensis
Desmos dumosus
flacourtia pudica
Gardenia coronaria
Carden..a erythroclada
Gardenia obtusifolia
Glochidion sp.

Gmelina asiatica
Gonocaryum subrostratum
Helicteres elongata
Hibiscus lampas

Hoya kerrii

Indigofera elliptica
Ixora sp.

Maesa indica
Melientha suavis
Memecylon scutellatum
Mitragyne hirsuta
Mitrephora vandiflora
Murraya siamensis
Osbeckia chinensis
Randia tomentosa
Terminalia tripteroides
Ternstroemia sp.
Turpinia pomifera

Climbers:

Acacla concinna
Afgekia sericea
Bauhinia bracteata
Butea superba
Celastrus paniculata
Combretum trifoliatun
Dalechanmpia falcata
Desmodium insigne
Ecdysanthera rosea

Affinity in Vietnam,
Cambodia and/or Laos
(S = species; G = genus)
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Climbers - continued:

Mallctus philippinensis
Opilia amentacea
Oxystelma esculentum
Randia tomentosa
Rourea stenopetala
Smilax sp.

Spatholobus parviflorus
Streptocaulon sp.
Tetrastigma cruciatum
Toddalia aculeata

Palm:

Wallichia sp.

Bamboo:

Arundinaria pusilla

Affinity in Vietnam,
Cambodia and/or Laos
(S = species; G = genus)

Lo uwuwwwmwm

Ground Cover - Herbs unless otherwise indicated.

Aganosma marginata

Andropogon micrenthus (grass)

Arthrosiphon grandiflorus
Begonia inflata
Capparis flavicans
Cassia pumila

Crinum sp.

Curcuma sp.

Cycas immersa (cycad)
Desmodium triangulare
Desmodium triflorum
Dioscorea glabra
Dioecorea myriantha
Dioscorea pierrei
Echinochloa colona
Emilia sonchifolia
Euphorhia hirta
Globba sp.

Gymnopetalum cochinchinense

QQ
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Ground Cover - continued

Gynura pseudochina
Helicteres elongata
Helicteres lanata
Heterostemma wallichii
Hydrocotyle sibtnorpioides
Hymenodictyon excelsum
Ipomoea €p.

Leonotis nepelaefolia
Litsea sebifera
Melastoma villosum
Melothria heterophylla
Polygonum sp.

Stemona sp.

Urena sinuata
Vernonia cinerea
Xanthium strumarium

Affinity in Vietnam,
Cambodia and/or Laos
(S = species; G = genus)

o uhunnadQQhdQhnon
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ldxed Broadleaved Forest

Pakthongchai, Korat Province, Northeast Thailand (alt. 300 - 350 m.)

Upper Story: Affinity in Vietnam,
Height Range Cambodia and/or Laos

rees (meters) (8 = species; G = genus)
Acacia comosa -5 G
Adenanthera pavonis 7-16 S
Adina polycephala 15 - 25 S
Aglaia pirifera =10 S
Antidesma sp. -5 G
Bauhinjia cultrata -5 G
Bauhinia horsfieldii 5+ G
Butea sp. -10 G
Cananga sp. 20 - 25 G
Diospyros montana -10 S
Eriocglossum sp. -5 G
Gardenia tubifera -5 S
Homalium sp. 10+ N
Hopea ferrea -25 S
Hydnocarpus ilicifolius -10 G
Litsea chinensis -7 G
Macaranga perakensis -10 G
Mallotus argyratus -10 G
Ochna sp. 5«6 G
Pterospermum semisa-

gittatum <25 S
Randia siamensis -5 G
Randia wittii <7 S
Shorea sericiflora 15+ G
Zizyphus sp. -0 G

Understories:

Shrubs:
Alyxia sp. G
Avomianthus dulcis G
Antidesma sp. G
Bridelia sp. G
Canthium sp. G
Capparis siamensis G
Casearia grevifolia G
Clerodendron serratum G
Coelodiscus sp. G
Connarus sp. G
Desmodium oblatum S
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Understories: Affinity in Vietnam,
T = =0 Cambcdia and /or Lacs
Shrubs - continued: {S = specles; G = genus)

Goniothalamus sp.
Grewia disperma
Helicteres sp.

Ixora sp.

inociera micros<igma
Melodorum fruticosum
Memecylon ovatum
Micromelum sp.
Murraya paniculata
Mussaenda uniflora
Opilia sp.
Phyllanthus sp.
Strychnos sp.
3ymplocos sp.
Taxotrophis macropiivlla
Tetrastigma sp.
Tourneforia intensa
Uraria sp.

Urena speciosa
Walsura angulata

QOO QQOORAOULALOOOQOO0

Climbers:

Diploclisia (Cocculus) glaucescens
Dunbaria longeracemosa
Gnetum siamensis

Qo

Palm:
Wallichia sp. G
Ground Cover:

Aporosa sp. (herb)
Aristida talansae (herb)
Centotheca lappacea (herb)
Colania sp. (herb)

Costus sp. (herb)

Cyanctis sp. (herb)
Dioscorea sp. (herb)
Drymaria quercifolia (herb)
Globba sp. (hert)
Keempferia sp. (herb)
Peliosanthes sp. (herb)
Swertia sp. (herbd)
Vernonia cinerea (herb)
Also speries of Zingiberaceae and Rubiaceae.

mOoQoooooOQunuuno



137

Dry Dipterocarp Forest

Pokodien, Loei Region, Northern Thailand (alt. 400 - 500 m.)

Affinity in Vietnan,
Cambodia and/or Laoe
(S - species; G = genus)

Upper Story:
Height Range
Trees (meters)
Buchanania reticulata -0
Garcinia obtusifolia <10
Pentacme suavis 20+
Phyllanthus emblica -2
Shorea obtusa <25
Symplocos racemosa =10

Understories:

§hrubl:

Bunchosia reticulata
Cissus repens
Clausena guillauminii
Desmodium dunii

Ixora sp.

Memecylon pauciflorum
Morinda tinctoria
Murraya siamensis
Rourea stenopetala
Symplocos racemosa

Climbers:

Pachygone dasycarpa
Smilex sp.

Bamboo:

Arundinaria pusilla

Ground Cover:

Ecdysanthera rosea (herb)

Elephantopus scober (herb)

Streptocaulon sp. (herb)
Panicum sarmentosum (grass)

Quuununan
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23

FT. %0

M. 15

(From

(61 m.) wide, of primary !ixed Dipterocarp
(7.6 m,) high are shcwn.

Only trees upwards of 25 ft.

Duljit, Borneo.
Richards® "Tropical Rain Forest.")

Profile diagram, representing a strip 200 ft.

forest, Mt.

Fig. 5.
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Dipterocarp Forest in Teuk Area of

Maetek, Nwao Disirici, Lampans® Proviace, NHorthern Thailand
(alt. ov0 m.)

Jpper Story Afrinity in Vietnam,
Heigzht Kanze  Cambodia and/or Laos

Trees (meters) (s = species; G = genus
Anoreissus acuminata 10 - 20 S
Briuelia retusa 15 S
Casearia .rewiaetolia -C S
Cratoxvlon prunitlorum -3 3
Dalvergia nisrescens -20 S
Dillenia surea -12 S
Dipterocarpus tuber-

culatus -25 S
Holiyaria kurzii 10 G
Kydia calvcina -5 S
lagerstroen.a balansae -t S
Fentacme suavis -30 S
Ranaia loncispina -3 G
Shorea obtusa 15 - 30 S
Symplocos laurina -5 G
Terminalia mucronata 20+ S
Vvitex lLimonirolia He G

Understories:

Shrubs:
Antidesma diandrum S
Bridgelia retusa S
Clerodendron serratun G
Desmodium velutinum G
Indiofera sootepe:sis S
Phvlilanthus emolica S
Strobilaatnes auriculatus G
Trema nudiflora G
Climoer
Smilax macrophylla S

SO o



All'inivy 12 Vietnan,
Cambodia &nd/or Laos
(S = species; G = genus)

e e

i

Ground Cover - Herbs unless otherwise indicated.

Aoutilon raveciens S
Andropogon micranthus (srass) G
Carex inuica S
Cer.ltella asiatica G
Colonla tlarocarpa G
Cycas siamensis S
kupatorium odoratum S
tiloiscus iwnpas G
Lygodium tlexuosum (fern) s
Melolnria aiffinis G

G

bPurostemon glaver

Lo Y
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COASTAL VELSeTATILCAN

Littoral wowiland or Coastal tuickets oconr on nany ex-
posed, well drained sandy shores i1 “ropleal resions, wiere
Manyrove woodland is avsent, and in tenperute zones., ['he L
zonating of thls coastal ve;etation is similar in almoat all
areas, Alon;; the seaward marpin there is usually a colony of
low-rowing, truilin: plants whicn are nalopanytic. Tney thrive
on the beaches in sandy soil witn niegn salt connent and are
aot afi'ected by !requent submerpence. The most constant plant
on such open seashores is Ipomoea pes-caprue, which has n pun-
tropical distribution. Assoclazed with Lnis urs species of
Canavalia and Upinifex.

Behind the Pes-caprae formation in Southeast Asia, as i1
other parts of wesitern Pacifiz, a narvrow belt o littoral
woodland develops alons exposed shores, in which Barringstonia
speciosa and B. racemosa are dominant. trees. The Dercia-tonia
formation is best, devzloped in areas with sparse populntiﬁ.:._
Sorze of Lhe most constant trees associated with Barrvingtonia,
several of wnich have a pantropicul dtstributxon,<a;g~'balo—
phyllum incphyllum, Terminalia catappa, and Thespesia
popuinea; also Hiniscus tiliaceus, Tournetrortia arge: atea, and
Pandanus tectorius, Australian pine (Casnarina eqniu.toroliu
also 1s olten ;rown as windtreak, and develops spont.ancousty
on rapidly acereting shores, on sand upits, and around river
estuaries. Another species of Casuuarina, C. junghuimniana, is
also planted occasionally to arrest crosion Alon vxposea

shores and the formution of dunes.

Alongz the southeast coast and in the Peainsula of

Thailand much ot the littoral woodland, except Manjsrove and

other forest trees, has been cleared for asricultural ise or Lo
supply fuelwood. An example of undisturbed coastal woodland
13 found at Huay-Yang, between Prachuav Knirikhan and Chunphon,
in the east-central section of the Peninsula. In sone sites
it forms a continuous velt with a cather low canopy or where
a clearing has been made it appears in small stands, witn
interveni i; exposed spaces co.:red Witn a dense jgrowih or
Imperata and other rougn pgrasses. The trees neasure aoout
30 ft. (9.5 m.) in height, are closely spaced, and the under-
growth is dense. Their tranks are of'ten cnarled, the bark scaly
and rough and most ot the trees have a heavy, nard and duraole
wond. Domninant trees in this Heach woodiand are: Manilkara
hexanira, ‘erminalia pierrei and T. mucronata, Gdina wocier,
Cratoxylon formosum, uarcinia cornva, terosperman uemhsurxttatun,
Diospyros varlggata and !. “ehretioldes, and Cordia dichotoma.
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Adjacent to, and inland from, this coastal trinye at
Huay-Yang, the evergreen pantropical Azacia comosa forus a low,
continuous stand. This small, leguminous tree soon invades
areas which have been cleared for cultivation, and constitutes
a seral stage between the Beach woodland and Mixed Seni-evergreen
forest farther inlend. 1In this forest, extending westward to
the foothills, dominant trees are: Uipterocarpus alatus,

Afzelia xylocarpa, Dialium cocninchinensis, Lagerstroemia
tomentosa, Melanorrhea usitata, tagraea cochinchinense, Garcinia
cornea, Mangifera caloneura, Salmalia (Bombax) insignis,
Erythrophloeum succirubrunm, Stereospermum fimbriatum, Spondias
pinna‘a, and Wrightia tomentosa.

Pes-caprae occurs along the shores of the West Indies,
including Puerto Rico. As in the eastern tropics, Canavalia
is almost as constaat as Ipomoea pes-caprae. Behind this
colony there is a narrow zone of woody vegetation, resembling
the Barringtonia formation of Southeast Asia and other troplcal
areas of Asia. On exposed coasts this may be a mere tricket
or scrub, or it may reach 20 to 40 t't. (6 - 12 m.) high, inter-
laced with vines. Usually this is a two-storied woodland, with
low, open or dense canopy and the undergrowth is dense or
srarse. The dominant tree here is the small sea grape
(Coccoloba uvifera), either forming a nearly pure stand or
intermixed with other species. Almcst equally as characteristic
are Hippomane mancinella and Cnrysobalanus icaco. Farther inland
other trees, shrubs and herbs appear. Such subordinate woody
species as Terminalia catappa and Thespesia populnea, which
occur also in the Asian Barringtonia Formation, are represented
in the Coccoloba community in the West Indies. In Puerto Rico
Associates ot Coccolopa. are: Eugenia axillaris, Rauwolfia
tetraphylla, Erithalis fruticosa, Dodonaea viscosa, and some
members of Cactus scrub, wnich invade the Littoral thicket,
especially on the southern coast. In the landward tacies,
associates of Chrysobalanus icaco are Bugenia jambos -and Psidium
guajava, which appear in the canopy and undergrovwth; also
Ouratea littoralis, Byrsonima spicata, Myrcia splendens and M.
citrifolia. The armed palm, Acrocamia aculeata, appears
occasionally in the back thicket.

In East Texas the low sand and shell riiges Leotween the
beach and coastal marsh according to Tharp (1926), are thickly
covered with vegetation composed of a surprising number of
species. Dominants among consocies east and west of the Bruzos
river, listed by Tharp, include: Batis maritima, Heliotropium cur-
assavicum, Monanthochloa littoralis, Salicornia oigeloviiani
S. perennis, Sesuvium portulacastium, and Sporobolus virginicus.
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Subordinate associates are: Desmunthus acuminatus and D. illinoensis

Ambrosia nsilostachya, Aster spinosus, Atriplex arenaria, Borrichia
trutescens, Chamaecrista littoralis, Rhynchosia minima,
Eracrostis secundirlora, Erytnrina herbacea, Indigofera lep-
tosepala, Ipomoea trifida, Iva frutescens, Limonium anguss&ratum,
and Rudbus trivialis. Colonies are also fcrmed by Ipormoea
littoralis and I. speciogsa, Iva lanceolata, species of Chamaesyce,
Coreonsis, Croton, Galactla, Oenothera, Scutellaria, Spartina,
Tidestraemia and, west ol the Brazos river, a species of Yucca.

In East Texas there is also a fairly rapid invesion of
the coastal prairie by woody plants. Chief of these is Acacia
farnesiane, frequent on old sand and shell ridges. Asociated
with this are species of Colubrina, Lysenhardtia, Aloysia; also
Prospusis Jjuliflora vur, g}undqlosa and Celtls pallida forming
a dense cover.

Other woody invaders of the coastal prairie to the north-
west o” the chaparral are species occurring in the transition
zone between the coastal prairie and the climax formation to the
nortn. The principal of these is live oak (Guercus virginiana),
usually in the torm of a shrub. Post oak ((uercus stellata)
is another oak invader of :oastol prairie, but is of less
importance than .. virginiana. It is limited to sandy ridges
and in the vicinity o- rlood plains. Loblolly pine (Pinus taeda)
is the mos*t important woody invader alon; the line of coavact

tween the pine - oak forest and coastal prairie. Other trees
of importance in some sites are sweetl gum (Liquidamoar Sty-
raciflua) and especially reen hawthoru (Crataegus viridis),

which -covers large low-iying tracts, especially adjacent to
bayous and rivers.
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SAVANNGA

A savanne may be described as a plant comrur.ity in wnich
trere is a virtually continucus, ecologically dorinant stratum
of more aor less xeromorphic rerbaceous plants, of which rrasses
end sedies constitute the principal ccmponents, ana widely
space¢ shrubs, trees or pelms ure present, or they mav oe
entirely absent. Some savannas muy ve counsidered seral stages;
others are aprurently stable climaxes. Those ir which trees
are dominant. and with or without a continuous ground cover
ot ;ragses, may be classed as climatic climaxes. Others, formed
by repeated burnin. ot Deciduous or Semi-deciduous tcrests,
may oe rerarded a&s !Uire-climaxes. Sav:nnas which are treeless
rresslands, or in whricn trees are scatiered or form only small
stands, may have develoved as the result cf excessive culti-
vation and repeated burning. In some areas savannas may oe
edaphic climaxes, in which instance the environmental and sail
conditions are unfavorable tor the devclopment cf a clcsed
forest. PBecause ot the ygererally open nature of a savanna,
whetner vooded or treeless, constant dominants are the grasses
and other plants forrmins the ¢round stratum.

As a rule there is a sharp vontrast in tne floristic
composition, as well in physiognomy, oelween a savanna and
Lle surrounding closed forest. Most of the dominant and sub-
ordinale species diifer in the two commurities. But several
fenera, which are related tasxonomically but aif:er sharply in
physiognomy, may be present in bcih tormatiors.

The stronr contrasi between tre ve;etation of the
savanna and the closed forest muay be influenced by severel
ervironmental dif!erences. One important tactor is fire. The
humid kvercsreen forest is imrure to tire, or ah least it will
not burr as reaaily as a drier Deeciducus forest, wnereas somc
savannas arc suojected Lo periodic firec, either spontancous or
deliverately set, Usually only a few planis in the savanna are
uble to witrstand repeated burnin,.. As a rule sbovegrouna
ve.-ctation ol 'rasses, small palms, cycads, seedlinss and cven
shruns are destroyed. Thc trees, alsc, may be aamajed, rec-
sulting in tneir deforred or dwsrfed appearunce, so thaut the
vepetation of the savanra is often a ouestion of (ire-resistance
and selection.

5avannas ere much more widespread in tropical America,
especially in Central and northern South America, than in
Southeast asia. Althcu'h true savanna is of limited occurrence




in Puerto dico, such as isolated, small pelches in upper
laquillo Mourtains, it is frequent in tre otrer West Indian
islands. In tropical America typicel examples ot savannas are
the great "Llanos" of southern Venezuela; the ‘campos firmes”
and "caatingas' of Brazil; and tne "ouk ridye," "pine ridce”
or "pimento swamp" of British Hcnduras. The so-callea Acacija-
Proscpis savanna of Puerto Rico celongs more properly to the
Thorn woodland, because the hervaceous stratum is not dominant.

In the Orinoco basin ot Venezuela, for example, woody
species of freguent occurrerce and characteristic cf the
sevanna are: Anacardium occidentale, Byrsonima crassi!lolis,
and Curetella americene. These small, ofter pnarled, trees
are also found in Puerto rico. In Trinidad, Byrsonima ver-
vascifolia is typical c¢f some savannas, While in cthers species
of Myrcia and KHounala are dominants. In the islanc of Hispanlola
(Haiti and tne Dominican Hepublic), Miconia ruoi-inose enters
into tne savanna tlora. In Central America, as far soutn as
Nicaragua, and in Cuba and the island of Hicpenlola, pine savanna
ig tne most prevalen‘. But in the soutnern section cf Central
America pine is supplanted by various fan palms.

In Theiland savannas occur under a variety ot climatic
conditions, and likewise vary in physiosnomy. ‘Ihey occur in
areas with an anrual rainfall of about 20 in. (500 mm.), as in
eastern Thajiland where the dry season may last 7 or more months;
and in west central Peninsuls, where the annual rainfall exceeds
100 in. (2,500 mm.), with a relatively short dry season. Some
small savannas, such as on the mountains of the Pacific islands,
reflect a rain-shadow effect as they cover the leeward slcpes of
mountain ranges, and are protected trom the dominant trade winds.
The "campos cerrados' of the Amazon basin, tor c¢..amrle, are
attrivuted to the drying efrect of the trace winds as they pass
over the mountains of the Cuilinas. Comparec with the vast
open Llar.: «f Venezuels or eastern Colombia, the "campo firme"
of Brazil, ana the "pampas" of Argentina, open :rass or wooced
savannas are of somewhat limited extent in Southeast Asia.

Short burch-;rass savanna tends to prevail in areas with
less than #0 in. (1,0CC mm.) of annual precipitation; tall
bunch-pgrass savanna where there 1s 40 te 10 in. (1,000 - 2,000 mn. ),
and sedge savanna where the raintall is more than ¢C in.

(2,000 mm.) annually.

Patches o open rollins or flat rrassland savanna occur
in Thailand scuth of the Kra Isthmus in the region ol nranon:, on
the western side of the central Peninsula, and flanked along its

Sl
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southern margin by a high Rain forest. The ground cover is com-
posed of low grasses, herbaceous plants, and occasional tufts of
small shrubs. Some of these are probably biotic gresslands,
which have developed after the destruction of patches of Ever-
green or Deciduous forests for shifting agriculture, and usually
folloved by periodical burning.

In Thailand, the clesest analogue to the wooded savanie
of tropical America is that in which dwarf, widely spaced trees
of the wood-oil family (Dipterocarpaceae) are dominant rumerjically.
The most characterisitic of these are Shurea obtusa, Pentacme
siawensis, and Dipterocarpus obtusifolius. These savannas appear
to be a fire-cl'max. As in otker parts of Southeast Asia, it is
customary in Thailand to burn the savannas each year, uvsually
during the dry months of Junuary to March. The three species
cited, as well as a low cycad (Cycas siamensis), and the ever
present "lalang" prass (Imperata cylindrica), appear to be fire
resistant. This is probably the reason for their preponderance
in the wooded savannas.

Wooded savannas are nore widespread in Thailand than the
open grassland type. The soil is generally impoverisned. On
dry sites, lacking in humus, the soils are usually deep to obed
rock, and sandy, but frequently with laterite or hardpan rear
the surface. As a rule, the trees are of small dimensions,
seldom exceeding 30 ft. (1C m.) in beight. They are widely
dispersed and the cancpy is always open, so that the ;eneral
landscape often has a park-like appearance.

Stretches of wooded savanna occur in eastern Thailand,
in the region of Surin, Ubon, Phibun Mangsehan, and extend
eastward to the border of southern Laos. In the northeast they
occur in limited patches between Konkaen and Kalasin, and
contimue noerthward from Konkaen to Udon, as tar as Nongkhai in
the middle Mekong river basin. Other areas of wooded savanna
are distributed in the north between Tak, Thoern and Lampang,
and between Chiengmai and the border of Burma. In western
Thailand they occur on rolling hills around Banpong, Kanchanaburi,
and in the basins of the Kwae Noi and Kwae Yai rivers, in places
mixed with Thorn scrub. Farther to the northwest, they are
found between Mae Sariang and Mae Hongson, along the border of
Bu.ma,

The Post Oak savenna of Texas is comparable to a degree
to the wooded savanna of tropical regions. The topography of
thie area i3 gently rolling to hilly, with an elevation of 300
to 800 ft. (90 - 246 m.) above sea level, and an annual rainfall
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of 35 to 45 in. (875 - 1,145 mm.). Soils in the bottomlands
are Jight-brown to dark-gray and acid, ranging in texture from
sandy loams to clays. On the uplands the soils are light-
colored, acid sandy loams or sands.

Some authorities corsider the Post Oak savanna as a part
of the oak-hickory or Deciduous forest formation, based on the
fact that the understory vegetation is typically tall grass.
Others prefer to class it as a part of the tree prairie associ-
ation of the Grassland Formation. Gould maintains that, accord-
ing teo evidence, brush and tree densities have increased tre-
mendously from the virgin condition.

The top-story is composed primarily of post (cuercus
stellata) and blackjack oak (Q. marilandica). Climax grasses
include species of Andropogon, Fanicum, Tridens and Uniola, as
well as such invading plants as bullnettle (Cnidoscolus texanus),
yaupon (Ilex vomitoria), and green briar (Smilax bona-nox ).

The Grassland Formation of East Texas, represented by the
Andropogon-Stipa Association may be compared to tropical ;rass-
Tand savanna. This extends from the southwest as a narrovw strip,
less than 20 miles (32 kms.) wide, until it reaches the Red
river, when it widens out tc more than 150 miles (240 kms.).

The area is almost flat in the northeast, but becomes increas-
ingly rolling .o the south and west, ending abruptly along the
Balcones Escarpment, which, south of the Colorado river, de-
limits the junction of the prairie and oak-cedar-mesquite wood-
land. Elevations range between 400 - 900 ft. (123 - 277 m.).

The soils are vlack clay derived from decomposed lime-
stone. Oak forest invariably appears wherever there are outcrops
of sandy, gravelly red clay soil. The fine texture of the soil,
the presence of considerable humus and the limestone substrata
contribute to the increased water-holding capacity of the soil.
The first two factors are of specieal importance to herbaceous
vegetation, enabling it to wi