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ECOLOGICAL SURVEY OF THE FLORA OF PORTO RICO
INTRODUCTION

This survey was made possible by the cooperation of the New
York Botanical Garden and the Insular Department of Agriculture
of Porto Rico. The authors wish to express their appreciation of
the hearty cooperation of Dr. N. L. Britton, Director-in-chief of-the
New York Botanical Garden; Hon. C. K. Chardén, Commissioner
of Agriculture and Labor of Porto Rico; Dr. Jaime Bagué, As-
sistant Commissioner of Agriculture and Labor of Porto Rico; M.
F. A. Lépez Dominguez, Director of the Insular Experiment Station
of Porto Rico; Mr. Wm. P. Kramer, Chief Forester of Porto
Rico. The authors also wish to express their thanks to Mr. Augusto
P. Alvarez, Dr. José A. Antongiorgi, Hon. Charles Bahr, Mr. C.
Z. Bates, Mr. Jorge Bird, Mr. Edmundo Colén, Mr. Rafael Colo-
rado, Mr. Plaeido Feli, Dr. Arthur Hollick, Miss Clara Livingston,
Mr. Mariano Mari, Mr. Juan Masini, Dr. Wm. R. Maxon, Mr. José
I. Otero, Dr. B. E. Quick, Mr. Julio César Ramirez, Mr. Virgilio
Ramos, Mr. R. A. Toro, Mr. R."A. Veve, Mr. Percy Wilson, and to
many others through whose courtesy and assistance the field work
was. facilitated and made pleasant. The photographs were made
by Rafael Colorado of San Juan. ,

The greater part of the field studies were made between January
16 and April 30, 1926, during which time the authors devoted
practically all of their time to the work. The plans for the work
were made largely by the senior author previous to the field work
and the herbarium studies were made largely by the junior author
after the field work was finished. . _

The results of this survey were first published by the New Y01L,
Academy of Science in the Scientific Survey of Porto Rico and the
Virgin Islands, Vo. VII Parts 1 and 2 (I’ebmaly 1991) This is
a popularized edition of this same work and is less extensive. The
illustrations, with some few exceptions, are the same in the two publi-
cations. _ :
Since the Island of Porto Rico inclndes some 3,400 or more
square miles of territory, it was impossible to study all parts of
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it or to make statistical or experimental studies within the short
period of four months allotted to us. Therefore, the time was de-
voted to the making of field studies of selected areas which are
believed to be representative. The soil, climatic and other environ-
mental factors have been noted, the dominant and secondary species
listed so far as possible, their inter-relations described and the sue-
cessional trends determined as far as possible from observational
studies.

The appearance and structure of any plant association depends
largely on the species present and the relative numbers of individuals
of each. The species of almost all associations display a vaviety
of forms and the preponderance of the individuals of any one form
determines the general character of the vegetation. Most of the
plant associations of Porto Rico, like those of other tropics, are com-
posed of many species of the same vegetational form which therefore
rank as codominant. Although any group of these species may
produce, the same ecological results, it is important to determine
those which exert the greatest control on the environment, since the
most abundant species are those best adapted to the existing physical
environment. In the cat-tail sedge (Typha-Mariscus) association, in
which two species constitute the greater part of the association,
the determination of the dominant species is simple. In a moun-
tain association which may be composed of a hundred arborescent
species, the selection of the most abundant and most important can
not always be accurately made by observation alone. Therefore,
it is probable that future studies will show cases where the lists
of species given are imperfeet,

The diseussions of the environmental factors have been based
on publications of the United States Weather Bureau, the Reports
of the Scientific Survey of Porto Rico and the Virgin Islands, on the
geology and physiography of the area and our own observations.
Sinee it has been impossible to make experimental studies, this
work is primarily :tleseriptive. The fact that a certain association
as described grows under certain environmental conditions does not
necessarily mean that the association is determined by those con-
ditions. The primary cause of the association may depend on fac-
tors which are operative now or have been operative in the past. In
deciding upon what appears to be the trend of succession, we have
been guided by the recognized principles of ecology and the processes
of physiography; also by the effective activities of vegetation so far
as they could be observed in ounr field studies.
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The great changes in the distribution of plant life and the de-
struction of the original growth over large areas which have resulted
from the activities of man over a period of many years has made
it impossible for us to do our work with aceuracy and completeness.
The dense population of Porto Rico has made use of almost all the
available land for dwellings and agricultural purposes and the
result has been the modification to a greater or less degree of the
original plant associations as found in a state of natuve.

Realizing the importance of aceuracy in the determination of
the species under discussion, we collected and preserved many speci-
mens which have been identified; most of the flowering plants by
Dr. N. L. Britton and Mr. Percy Wilson, authors of ‘‘The Botany
of Porto Rico and the Virgin Islands”; at the New York Botanical
Garden; the grasses by Dr. A. S. Hitcheock of the U. S. Bureau
of Plant Industry at W ashington, D. C., and the ferns by Dr. Wm.
R. Maxon of the National Herbarium at Washington, D. C.

The field work included studies on selected areas (see fig. 1) in
all parts of the island. We were greatly aided in this work by
the advice of Dr. N. L. Britton and by. the personal guidance of
Mr. William P. Kramer and Mr. C. Z. Bates.

Although Porto Rico has been wvisited by many botanists, the
ecological studies have been very meager. The establishment of
National and Insular Forest Reserves has led to a few valuable
descriptive studies; Urban published on the phytogeographical "af-
finities of the flora and also a flora of the Island; many expeditions
from the New York Botanical Garden resulted in the publications
on the Botany of Porto Rico and the Virgin Islands by Britton and
‘Wilson; the geologieal surveys published by the New York Academy
of Sciences and scattered ecological notes have all proved helpful in
our work.
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GEOGRAPHY, PHYSIOGRAPHY AND GEOLOGY .

Porto Rico is the smallest of the four islands known ds the
Greater Antilles and is the most eastern and most southern of that
group. It is located between 17° 54’ and 18° 31’ north latitude and
65° 13’ and 67° 15" west longitude and is well within the American
tropies. The four islands, Cuba, Jamaica, Santo Domingo and Porto
Rico which constitute the Greater Antilles and that crescent-shaped
chain of smaller islands extending from the east of Porto Rico to
South America, known as the Lesser Antilles, appear to be the tops
of an enormous range of mountains. Many of these peaks show
evidence of voleanic action and some few have been active within
recent yvears. However, none of the peaks in Porto Rico shows any .
evidence of recent activity.

The ocean a short distance north ‘of Porto Rico is approximately
7,500 meters (25,000 ft.) deep, while the Caribbean Sea to the south
is approximately 4,500 meters (15,000 ft.) deep. The channels be-
tween Porto Rico and the islands on the east and west are 200 meters
(600 ft.) deep. As to whether this range of mountains now repre-
sented by these islands was once the northern’ boundary of Socuth .
America, the morthern part of which subsided, thus forming the
Caribbean Sea, is a matter of conjecture. However, it is evident
that Porto Rico was once lowered until a consmlemble part was
under water and then raised again.

The island is almost rectangular in shape and approximately
182 kilometers (113 miles) long by 66 kilometers (41 miles). wide
with an area of about 8,900 square kilometers (3,425 square miles).
It is almost rectangular in form and its greatest dimension is east
and west. It is divided into north and south parts by an east-and-
west mountain crest. This mountain range is erescents shaped and
has ‘its eastern terminus in El Yunque, which is about 1,060 meters
(3,500 ft.) in height. Starting with El Yunque, this range ex-
tends to the southwest and then to the west with an elevation rarely
exceeding 150 or 200 meters (500 or 600 ft.), for a considerable
distance. It then rises abruptly to about 800 meters (2,500 ft.) be-
tween Cayey and Guayama. The range curves slightly to the north-
west to the vicinity of Aibonito where the elevation is near 650
meters (2,000 £t.)...From this point west the elevation is ahout 650
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meters until we come to the vieinity of Adjuntas where there are
several peaks which exceed 1,350 meters (4,000 ft.). Near Adjuntas,
it divides into two ranges, the one extending west to Mayagiiez, and
gradually dropping to the sea level, the other extending mnorthwest
to near Rincén and gradually dropping to sea level. Smaller moun-.
tain ranges extend in a more or less north-and-south direction and
subdivide the island into numerous fertile valleys. The erest of the
main east-and-west range is about 10 or 12 miles from the south
coast. Therefore, about two-thirds of the island is north of the erest,
and about one-third south of it. The highest summits are in the
vicinity of Jayuya, near the centre of the isalnd; Cerro de la Punta
is the highest point in Porto Rico, reaching an altitude said to be
1,330 meters (4,492 feet). These ranges and elevations are shown
on the map (Fig. 1).

That part of the main mountain range east of Aibonito is known
as Sierra de Cayey and that part west of this point as the Cordillera
Central. There is a third and smaller range which includes El
Yunque and is known as Sierra de Luquillo in the eastern vpart
of the Island. In faect, these three ranges may all be considered as
part of a single main range. The table-lands on this main range are
usually narrow, one of the widest of the tables lying hetween Cayey
and Guayama. The north-and-south ranges are usually narrow and
are known as cuchillas or knives. Small water falls, cascades and
rapids are frequent, especially on the north side of the main ranges.

~ Geologically, the greater part of the island is of volcanic ()
origin with limestone deposits of a later period around the margins.
The volcanic activity during the Cretaceous period covered the land
deeply with tuffs, ashes and other volcanic ejecta. Some of +hig
volcanie material fell into the waters of the Caribbean Sea and
formed shale which was eventually elevated and formed the shale hills
of the southwestern part of the island. During the early part of the
Tertiary period, a considerable part of the island was submerged
and the area above the water reduced to about two-thirds of its
present size. Thick deposits of limestone were laid down during
this period and raised above sea level by a later uplift. This ele-
vation was greater along the north than along the south coast. The
northern uplift is roughly bounded by a line extending from Loiza
through Rio Piedras, Corozal, Ciales and San Sebastiin to Agua-
dilla. The uplift of the south side consists of a narrow strip. These

1More extensive studies of the geology will be found in the various- reports of the
"N. Y. Aeademy of Science on the Scientific Survey of Porto Rico and the Virgin Islanda.



ECOLOGICAL SURVEY OF THE FLORA OF PORTO RICO 9

extensive movements have been followed by other subsidences and
elevations of less importance.

It will be readily seen that the central part of the island is
composed largely of igneous materials, which on the north and south
sides are covered by a coastal plain, formed during one or more
periods of submergence. The long period of erosion has given rise to
the peneplane and has cut many deep V-shaped valleys. The erosion
has brought down great quantities of silt which has been deposited
near the mouth of the rivers and has aided in the formation of the
flat coastal plains and playas. Although the valleys of the island
are the results of long periods of erosion, there is a surprisingly
little wash or erosion at the present time. The steep slopes, many of
them under intensive cultivation, wash so little as to attract the at-
tention of the visitor. Berkey attributes this stability of the soil
to three factors:

““One is the clinging character of some’ of the vegetation which
tends to bind the soil together; another is the small range of tempe-
rature variations which reduces disintegration or disruptive ten-
dencies to a minimum; and still another is the low content of inert
or refractory materials, such as quartz, in the rocks whose destruction
has furnished the soils; all of these factors favor the making of
special tenacious soil.”’

It will be readily seen that the coastal plain of the mnorth side
of the igland is more extensive than that of the south coast. It
extends the entire length of the mnorth coast and at Lares extends
inland to a distance of about 10 miles and to an elevation of about
1,200 feet. It is primarily a limestone shaly formation laid down
during a period of subsidence and overlaps the igneous formations.
A considerable part of it is characterized by the limestone hills which
are called ‘“‘mogotes’, ““pepinos’” and ‘‘hay stacks’’ and by the
sink holes of various sizes. The north coastal plain is in general
more rugged than the south coast, due to the wind and wave action
in forming a series of sand-dune zones. West of Quebradillas the
eoast line is formed by very abrupt limestone cliffs with an oe-
casional trace of the San Juan sand-dune formation. The old con-
solicitated dunes can be traced along the entire north coast of the
Island except for the extreme eastern part, but are not eontinuous.
The most prominent dune forms the point or promontory on which
El Morro stands. - From San Juan westward, it can be traced
easily, sometimes forming a coast line and sometimes forming rocks
or. small islands near the shore. It is especially prominent from
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near ‘Barceloneta to near Arvecibo, forming a pronounced ridge
whieh separates the Cafio Tiburones from the sea. The Arecibo
lighthouse is on the extreme western end of this ridge. In most
places the sea appears to be wearing this line of sand dunes away;
but in some places there is evidence of rebuilding due to the aetlon
of the wind and the binding power of the vegetation.

West of Arecibo the sand dunes of the San Juan formation are
very prominent but are pretty generally covered with fresh sands
which gives the appearance of new dunes. The action of the vege-
tation in holding these new deposits of sand in place is very evident.
“West of Camuy, these consolidated dunes are much less prominent:
Two isolated developments of this formation are found at Cape Rojo
at the extreme southwest corner of the island. : ,

Just south of the sand-dune formation we find rather narrow
recent marine or fluvial deposits. The sand dunes are most promi-
nent east of Arecibo, gradually disappearing west of that city. South
of this, in the part east of Areeibo, we find the Arecibo limestone
formation which is dissected into mogotes, pepinos or hay stack
hills. This limestone is very white and weathers into numerous
holes. Deecaying vegetation collects in these holes, decomposes into
soil and supports a dense thicket of vegetation. Sink holes are
numerous in this region but not so comspicuous as in the western
part of the island. Going west from Arvecibo the Quebradillas
limestone beeomes more and more prominent and is chavacterized
by conspicuous sink holes, lost rivers and caves. West of Quebra-
dillas the coast line is characterized by high ecliffs, extending to
Aguadilla. The west coast of the island is characterized by alternat-
ing high limestone cliff formations and low playas lying at the
mouths of the rivers. The south coast line west of Ponce is very
similar to that of the west end of the island. Between Ponce and
Guayama lies a very distinct coastal plain, averaging about four
miles in width and never more than 300 feet in elevation. In many
places the coast line resembles the coast line along the eastern end
of the island, but coral reefs are more highly developed than at other
places. There are also large deposits of silts and extensive growths
of mangroves. The coastal plain includes extensive areas of salt
marsh - lands, some of which have never responded to cultivarion.
East of Guayama, high cliffs are prominent except where interrupted
by the valleys. Many of these valleys are broad and fertile: aﬁd
used extenswely for agricultural purposes, espemally cane growing.
The mouths of manyﬂof the streams of ‘this region are choked with
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sand bars which in some cases have given rise to rather extensive
swamp areas.

There are several small lakes in the coastal region, but none in
the elevated part of the island. Back of the consolidated sand dunes
between Barceloneta and Arecibo is the ‘‘Cafio . Tiburones’, a
brackish marshy region which has been partly reclaimed and planted
to sugar cane. It is connected with the sea at the lighthouse just
east of Arecibo. ‘‘Laguna Tortuguero,’’ mnear the coast of Vega
Baja and Manati, is a very similar formation, but does not have
any connection with the sea. There are other low areas of smaller
size in this region which may represent swamp or lake regions of
the past. Some of the small, low areas just back of the sand dunes
and west of Arecibo are in reality small canales. West of Quebra-
dillas there is to be found the formation of sand bars at the mouths
of the rivers which if undisturbed may result in the future develop-
ment of conditions very similar to the ‘‘Cafioc Tiburones.”

There are 40 or 50 streams which are designated as rivers and
several hundred small streams. The longest rivers are on the north
side of the island. During dry periods they may appear to be of
little importance but heavy rains in the mountains change them to
dangerous torrents in a very short time. They are not navigable
but are valuable as sources of water supply and for power. Most
of the rivers on the south coast are dry for the greater part of the
year, but occasionally become dangerous torrents as the result of
rains in the mountains. These rivers are formed by the union of
the small streams which are present in the numerous valleys, There
are said to be nearly 1,500 of these small streams. It will be rveadily
seen that the conditions are especially favorable for the rapid run
off of the water resulting from the very heavy rainfall: -However,
in the limestone regions, sink holes and underground drainage are
very prominent. The islands of Vieques and Culebra are geo-
logically the same as the eastern part of Porto Rico.

' GENERAL PRINCIPLES OF THE DEVELOPMENT AND STRUCTURE .
OF VEGETATION, AS APPLIED TO PORTO RICO

A. DEvELOPMENT oF THE FLOoraA OF Porrto Rico

Voleanie rocks of the Cretaceous age ave the oldest foirmations
contributing to the surface of the island at this time. The rich flora
of seed plants over the face of the earth during the Cretaceous
period is shown by the fossils found here and in other parts of the
world. There is no reason to believe that the voleanic activities were
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continuous or that they prevented the migration of plants to Porto
Rico or the formation of forests. There have probably been some
minor volcanic activities and various changes in level since the close
of the Cretaceous period but no evidence that the entire Island has
been submerged or that the phanerogamic vegetation has not been
continuons. There appears to be but two sources of the Island flora;
migration from other regions and evolution within the Island.

The immigration of plants to Porto Rico is independent of the
present relation of the island to other islands of the West Indies.
If Porto Rico at some time in the past was physically connected
with the other islands, plants would naturally have migrated over-
land. If the island has been separated from other lands from its
earliest geological history, plant migration would have been retavded
but mnot prevented. However, the entrance of plants into. Porto
Rico appears to have been eontinuous from the Cretaceous period to
the present and the future will see many additions to our Island
flora.

The most rapid immigration of plants into Porto Rieco began
with the coming of man. The Caribs are known to have traveled
from island to island and no doubt carried many plants with them.
The coming of the Europeans marks the beginning of a new period
of plant immigration which resulted in the introduction of our most
important agricultural plants and many weeds. Many of the weeds
have never spread beyond the limit of human influence and are to
be found on farms, roadsides and waste places. The same agencies
that brought plants to Porto Rico have also taken plants from Porto
Rico to other parts of the world, especially to the neighboring islands.

Botanists are still ignorant as to the details of the time and place
of the origin of the great majority of the known species of plants.
Fossils from the Cretaceous and Tertiary periods show great simi-
larities in families and genera but the species are very generally
distinet. The evidence indicates that as a result of the evolutionary
agencies, the majority of the early species have become extinet and
have been replaced by species of recent origin. Although the evi-
dence is not so clear in Porto Rico as in other parts of the world,
there is no reason to bhelieve that the Porto Riecan flora has been any
exeeption.

- From the many possibilities of migration and evolution, it is
evident that the species of Porto Riean plants may be divided into
a number of categories as follows:? ‘

I From Plant Ecology of Porto Rico.
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A. Species common to Porto Rico and other parts of the world:
1. Originating elsewhere by evolution and 1eacnm0
Porto Rico by immigration.
2. Originating in Porto Rico by evolution and reaching
other lands by immigration.
3. Originating both in Porto Rico and in other lands
by evolution from common ancestral stock.
B. Species endemic to Porto Rico
4. Originating elsewhere bv evolution, reaching Porto
Rico by mmmigration, and beeommg extinet in the
original habltats.
5. Originating in Porto Rico and not at present colo-
nized in other lands by immigration.

Our present knowledge of the geological history of the West In-
dies and their floras is not sufficlient to enable us to assign many
plants to their places in this scheme but future studies of the mor-
phological character, geographical distribution, and ecological heha-
vior of the species will add much to our knowledge of the history
of the vegetation of Porto Rico.

B. Praxt MIgRATION

Each species, whether established in Porto Rico by evolution or
by immigration from some other part of the world, has the entire
area of the island available for future migration and colonization.
The ability of a species to migrate depends on the structure of the
organs or parts by which it migrates and their ability to utilize the
various agencies for their movement. The capacity of a species to
migrate is very generally underestimated. Some species, especially
agricultural plants and weeds, are carried by commerce. They may
travel very rapidly over very large arveas and are frequently ac-
companied by other species of plants of little or no value to man.
Heavy fruits come to rest within a short distance of a parent plant
and travel very slowly. The majority of species lie between these
two extremes. Vernonia cinerea (L) Less. is a good, example of
the first; its seeds are produced within few months and are easily
carried by the wind. The jaecana (Lucumae multifiora A. DC.) is a
good example of the second; its large fruits fall to the ground and
require many years to produce a second generation. Therefore, we
would expect the former to migrate more rapidly than the latter,
but the jacana may possibly be carried by some agency to distant
points and give origin to new foci of distribution.” It is well known
that seeds are frequently carried for long distances by storms, by
water, by birds, by mammals and by other agencies. If the fruit



14 THE JOURNAL OF THE DEPARTMENT OF AGRICULTURE

of the jicana comes to rest not more than 20 meters from the plants
and it requires, 10 years to grow and produce a second generation
of fruits, it will require 80,000 vears for the species to extend its
range the length of Porto Rico, but aceidental distribution of its
seeds to a greater distance by fruit-eating birds or mammals will
bring about the same result in a much shorter period of time.

It is evident that some species may have been introduced into
Porto Rico many times and in many places, and that species arising
by evolution may have appeared in groups and over considerable
range. In either case the time required for occupying the area
would be very short as compared to starting with a single indi-
vidual. It is also reasonable to suppose that some species may have
come into Porto Rico or been evolved so recently that they have not
had time to extend their ranges to the limit.

Evolution and immigration have probably been continuous from
the Tertiary and possibly from an earlier period to the present and
it is possible that they have been fully as active at one time as an-
other. This means evolution and immigration over a million years
or more. Since a species may complete its migration in a few ecen-
turies, it appears that most of our plants have had sufficient {ime
for their complete migration over the Island. However, our field
studies show that many native species of the Liquillo Mountains
are not known elsewhere; the rocky summit of ‘“El Yunque’’ has
at least three endemic species. This is not due to the lack of mi-
gration but the failure of the seeds to establish themselves in new
sites or to matural barriers between suitable sites. The former is
more important in Porto Rieco that the latter. :

Each species requires a more or less definite combination of con-
ditions for the germination of its seeds and.growth of the plants.
These conditions involve soil, soil water, atmospheric moisture, tem-
perature, light, air movements and very often association with cer-
tain other organisms. If the variations of any omne or more of these
factors exceed the tolerance of the plants, the seeds fail to germinate
or the yvoung plants fail to reach maturity. Thevefore, each eom-
bination of environmental characters makes possible the growth of
certain species and excludes others.

The differences in the flora of two widely separated  localities
with apparently similar environments may be due to obscure environ-
mental differences or to the failure of species to migrate over or
through natural barriers. It is not always possible to determine this
from field observations. This is illustrated by the flora of ‘“‘El Yun-
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que’” and ‘‘Cerro de la Punta’. These peaks appear to have similar
environmental conditions although the latter has less wind, less rain-
fall and a drier and possibly a slightly cooler atmosphere. The vege-
tation is similar but two of the four characteristic species of shrubs
and low trees on the summit of ‘“El Yunque,”” have not been found
on ‘““‘Cerro de la Punta’. The environmental differences do not ap-
pear to be sufficient to exclude the two species from ‘‘Cerro de la
Punta,”” but between these two peaks there is a gap of about 70
kilometers in which conditions are mot suitable for the growth of
these two species. Therefore, it is not possible at the present time
for them to migrate slowly across the intervening country from one
point to another. It may be that the conditions never have been
- favorable for them to migrate from one point to another but it is
possible that they may at some fature time appear on ‘‘Cerro de
la Punta.”” There are many other cases in Porto Rico, but definite
explanations are impossible with our present incomplete knowledge.

However, there are many cases in the island in which the nature
of the inhibitory factors is very evident. Common ferns of the
genus Dieranopteris are characteristic of the mountainous regions
of the central parts of the island. Their spores are readily carried
by the winds and new plants start promptly in new and favorable
locations. Their normal habitat is on the rocks and cliffs of the
forests, but they immediately invade the newly made banks of the
roads. There can be no doubt that the spores are carried by the
wind every year to the limestone hills north of the mountain range,
yet the plants do not grow in these locations, and it is very probable
that this is due to unfavorable soil conditions.

The llume palm (Gaussie attenuata (Cook) Beecari) is charae-
teristic of the limestone hills or mogotes of the north side of the
island. The tall, slender trees of this species are scattered over the
summits of many of these hills and young plants may be found on
the hills throughout this region. A few individuals of this species
are also present on the limestone hills of the southwestern part of
the island which indicates that it has the ability to migrate. Its
absence from many of the limestone hills or mogotes appear to be
due to the difficulties of migration rather than to envirommental
differences. ‘

It will be readily seen that the origin of the flora of any habitat
is very complicated as is well illustrated by the flora of these
limestone hills or mogotes. A mogote is usually oceupied by about
200 species of flowering plants, more or less, and the great mass of the
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seeds of these plants do not migrate to any great extent, although
there is, no doubt, more or less migration between the hills every
year. The vesult is that the hills are now occupied by floras which
are essentially the same. 'The Dicranopteris ferns and other species
undoubtedly migrate to these hills to a greater or less degree but
do not become established because of the unfavorable environments.

C. T ENVIRONMENT

In the preceding pages we have emphasized the fact that in
most cases the presence or absence of a species cannot be determined
by a single environmental factor, but that a number of factors are
usually involved, some of which are favorable and some unfavorable
for the species. A plant ravely, possibly never, grows where all
the factors are most favorable for its growth but under a combina-
tion of factors some of which may be unfavorable for its optimum
growth. A great number of environmental combinations exist in
Porto Rico. They consist of variations in rainfall, ranges of temper-
ature, velocity of wind, character of soils, intemsity of light and
many other factors. Erosion, base leveling and rock decomposition
are changing the habitats of the plants; destroying or changing old
habitats and making new ones.

To the physieal and inorganic changes must be added the changes
brought about hy growing plants themselves, which are working
continuously and gradually changing the physical and chemical
nature of the soil, producing humus, and modifying the wind, light
and atmospheriec humidity. In the older parts of the Island where
the physiographic and vegetational processes have been active for
many thousands of years, each change of the environment has been
followed by ecorresponding changes in the plant life, which have in
turn resulted in other changes of the environment. The environ-
ment in some of these places has come to a state of relative stability
and the plant life will probably remain very nearly stable for many
vears to come. The environment in other places is changing rapidly
and each change is followed by a corresponding change in the plant
life which becomes a part of a new environment and -which may
tend to retard or accelerate future changes. In still other hut rather
limited areas, new sites for plant life are forming and starting on
what may be long ecycles of change or.may be destroyed after rela-
tively short periods of existence.

Each of these many habitats in Porto Rico ‘has certain environ-
mental factors which the vegetation cannot materially change.
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These factors are temperature regulated by broad climatic condi-
tions; rainfall regulated by same broad climatic and physieal
agencies; wind regulated by the loecation and topography. How-
ever, the, stable factors are a small part of the environment which
is ‘otherwise subject to great modification by the plant life. The
larger plants intercept and reduce the light which is so necessary
for their own seedlings and for many smaller species. They also
modify the wind currents and increase the atmospheric moisture
and thus reduce transpiration. They modify the soil both physically
and chemically by their roots and by the accumulation of decaving
material. It will be readily seen that plants not only modify the
environment but hecome a part of it. Iowever, the influence of
plants is extremely varviable, ranging from a minimum on the sand
dunes and along the coast generally to a maximum in the mountain
forests, but is ever present and every acre of land in Porto Rico
demonstrates these interactions through long periods of time which
in some cases may extend back to the Cretaceous period.

The physical and vegetational features of the environment are
%0 important in the development of the present plant life of the
island, that the destruction of its original vegetation by man is
usually followed by new associations of plant life. Abandoned fields
‘that were formerly in forest are soon covered with a dense growth
of ferns. The removal of the natural growth around the mogotes
is followed by an abundance of the various species of Piper. The
flooded: mangrove swamp are an exception to this rule in that they
regenerate themselves very soon after cutting. The explanation of
all this cannot be definitely given until we have more exact infor-
mation which we trust will come with future studies. However, we
believe the inferences which we have made in many cases are justified
by our observations.

In the following description of the plant life of Porto Rico, the
leading features of the environments are given for each type of vege-
tation, but we will discuss the broader features of temperature and
rainfall in this place. o

Porto Rico is well within the tropical zone, is surrounded by
water and almost constantly under the influence of the trade winds,
which are mostly from the east and northeast, and which tend to
reduce the fluctuations in temperature. In this connection it should
. be remembered that there are four kinds of temperature variations:
{1) a daily variation with a minimum shortly before sun rise and
a maximum shortly after noon; (2) a vari;ition from day to day,;
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in which warm and cool days may alternate; (3) a seasonal variation
depending on length of day and altitude of suns; (4) a variation
from year to year. In Porto Rico, the range of temperature during
a single day is very seldom move than 20°F. at the coast and 30°F.
in the mountains. The variations in mean temperature from day
to day is seldom more than 5°F. The difference between the warmest
and the coolest month of the year is from 5° to 8°F. The variation
from year to year is not more than 1°F. The average annual tem-
perature for the coastal plains over a period of twenty-four years
is 78°F. and for elevations of 2,000 to 3,000 feet is 72°F. The ex-
tremes of temperature during this same period were a minimum of
41°F. in the higher elevations and a maximum of 94°F. in the
coastal regions. These variations in temperature are so slight that
it is doubtful if they have any influence on the distribution of plant
life. (Fig. 2.)

The altitudinal variation in temperature is accompanied by
changes in the plant life. Many species of the coastal region do
not ascend much above sea level. Good examples of this ave the
bucar (Bucida buceras 1..) which is quite common on the south coast
and the e¢dbana (Stahlic monosperma (Tul.) Urban) of the east and
“west ends of the island. The sierra palms (Euterpe globosa Gaertn.}
appear in the Luquillo Mountain at about 600 meters (2,000 ft.}
and in the Central Cordillera at about 900 meters (3,000 ft.), ex-
tending to the highest points. However, the variations in temper-
ature from lowest to highest points is so gradual and the boundaries
between the sierra palms and ridge forests so abrupt that temper-
ature cannot be considered the sole factor in fixing their distribution.
In general, it may be said that a species of plant can grow and. re-
produce in extremes of temperature to which it is not subjeet in its
natural range, and therefore, that there are factors other than tem-
perature, which tend to fix the range. (TFig. 2.)

The atmosphere of these regions is ladened with moisture practi-
cally all the time. The moisture-laden winds sweeping in from the
east and northeast, are checked by the mountains, and the hot air
from below forees them up until they come in contact with the cooler
strata of air above. The cool air causes a precipitation of moisture
and heavy rainfall. Dense clouds form with very great rapidity and
beavy rains follow at any time during the greater part of the year.
These rainfalls are local, sometimes covering small and sometimes
large areas, but are far more abundant on the north than on the
south side of the mountain range. The most frequent and the heaviest
rainfalls are in the highest mountains. (Fig. 3.)
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The effect of the heavy rainfall is to be seen on both soil and
vegetation. The deep valleys and gorges with their very steep sides
are the results of the heavy rainfall and and runoff. The soil is
very cohesive and does not erode, even on the cultivated hillside,
as rapidly as one would suppose. (See page 8). This makes agricul-
ture possible on the slopes of 30 to 40 degrees. The lack of rainfall
s equally evident on the south side of the principal mountain range.

‘When we realize that an annual rainfall of 80 inches or more
is generally necessary for the formation of a true rain forest in the
tropies and that an annual rainfall of 40 inches will usually fail
to support a vegetation more luxuriant than desert scrub, it will be
readily understood that the amount of annual rainfall is of the
greatest importance in determining the character of the plant life
and its distribution in Porto Rico.

The mesophytic vegetation is dominant on the north side of the
‘principal mountain range and for a short distance south of it, where
the change to xerophytic serub is remarkably abrupt, a distance of
one to three kilometers frequently resulting in a very marked change
in the general character of the plant life. The rainfall, the at-
mospheric humidity and possibly some other factors are responsible
for this sudden and most remarkable change in the plant life. The
relationship of temperature and humidity to altitude is well known.
As the air currents rise and pass over the mountains from north to
south, they become cooler and a part of their moisture is precipitated
as rain; as thev descend on the south side they hecome warm and
relatively dry, which affects the transpiration of the plant life of
that region. This condition and the reduced rainfall favor the
development of a xerophytic vegetation. Unfortunately there ave
no records to show the comparative evaporation of water from free
surfaces on the two sides of the mountain range.

The xerophytic types of plant life may also be favored on the
south side by the frequent and long droughts. The observation
station at Potala veports 88 periods of drouth of more than ten days
each, and with an average of 21 days during the nine years from
1914 to 1922. Some of these periods were 80 days in length and in
the best year for plant growth there was a drouth of 28 days. -It is
very evident that a normal mesophytic vegetation cannot develop
under these conditions unless there is an unusual amount of soil water
to compensate for the low rainfall. - We cannot assume that this com-
plexity of environment always favors directly the growth of eertain
species at high altitudes. It may act indirveetly by preventing the
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growth of certain species and thus leave more available space for the
growth of those species that can grow under the existing conditions.
But if some factors such as the lowering of the temperature is un-
favorable for, or eliminates certain species, then the remaining species
will produce a large number of individuals. This is illustrated by the
sierra palm zone of the Lmquillo Mountains, which ave located on the
northeast corner of the Island where there are high winds and rain-
fall as compared with the corresponding zone in the Central Cordi-
llera. The xerophytic nature of the vegetation of the southern coast
of the Island has already been mentioned and it appears that the
temperature is a contributing factor in this region. The daily
temperatures are higher than on the north coasts and the plants are
exposed daily to a greater isolation and drier atmosphere and to a
higher temperature.

In summarization we may say that the important climatic features
of Porto Rico, such as rainfall, atmospherie humidity, wind and
temperature have a distinet relation to the topography; that they
exert an influence on the distribution and grouping of species in
distinet associations; but that no one of them alone enables us to
make a satisfactory explanation as to the nature of the distribution
of plant life in Porto Rico. The relative importance of these various
factors in the distribution of plant life cannot be determined except
by careful experimentation.

D. Toe Prant ASSOCIATIONS

Plant ecology may be broadly defined as a study of the relation
between the plant and its environment, and the term environment
as including every factor that influences the plant when growing in
its natural surroundings. These environmental factors are reflected
in the many variations in the structure and bebavior of the plant,
excluding those features inherited from proceeding generations.
These environmental effects are here grouped under three general
heads as follows:

(1) The environmental influences control the structure and be-
havior of the plant to some extent. The shape of the leaf of a plant
is inherited but the size, thickness, amount of chlorophyll, number of
stomata and structure of the vascular bundles may vary with the
amount of light and water. All plants-of a particular environment
do not necessarily present the same struetural characters as a result
of the environment, but many species do show the same structural
characteristics, which gives the vegetation a more or less uniform ap-
pearance. : ~
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(2) No species of plant can grow in all, or even a majority of
the available types of environment and each species has a certain
range of environment within which it ecan grow and reproduce.
Therefore, the areas in whiech a more or less definite environmental
complex is repeated, tend to be occupied by the same species.  ifur-
thermore, the plants of any particular area tend to modify the
environment for themselves and for the other species, so that there
arises an interrelationship between the species. The result is a
very definite .grouping of plants which resembles the social and
political organizations of man. These groups are known as plant
associations. The field of plant ecology inecludes the study of these
plant associations, their characteristics, their mode of development,
their relationship to the environment and their relationship to each
other in both time and space.

(3) The various environments affect and control the distribution
of all species on the face of the earth. All the individuals of any
species require essentially the same environments and the species
is restricted to the part or parts of the world where these environ-
ments exist. However, the species does not mecessarily exist in all
parts of the world where the environments are favorable. The
study of the distribution of a species and of the environmental
agencies which led to its distribution is known as plant geography or
phytogeography. Kcological studies show that many species of plants
do not ocecupy all the available parts of the earth. Some species
are restricted by impassable barriers and other arve still migrating.

An ecological survey deals with the various plant associations of
a region, the species of which each is composed, their characteristics
and general appearance, their relationships to the environments and
their relationships to each other in time and space. 1t does not
include a study of the structure and behavior of the individual plants,
or the geographical distribution or classification of the larger groups.

There are few phenomena of plant life more evident than the
fact that the vegetation of a region is not uniform and that gradual
variations from one type of vegetation to another are unusual. The
vegetation of a region is usually divided into associations, each oc-
cupying a small or large area and very unmiform in general ap-
pearance. These associations may- be repeated but the transition
from one type to amother type is usually abrupt and often readily
distinguished by an untrained observer. This is well illustrated by
the swamp vegetation of the north coast of Porto Rico, where there-
are hundreds of acres covered with pure growths of mangle. On the
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land side of these mangle growths are found equally pure but smaller
growths of a bracken fern or cat-tails, but they do not mingle with
the mangle growths. Neither do the ferns and cat-tails mingle.

The formation and maintenance of these associations depend on
migration and environment. Many seeds and spores of many speeies
of plants must necessarily be carried into each of these pure as-
sociations every year but they do not grow. If a new swamp should
be formed, the seeds and spores of many species would be carried
into it and nature would select those suited to thé environment.
However, it should be remembered that the plants themselves will
modify the environment. They shade the ground, reduce the light
and thus prevent the growth of species which require a maximum
of light. The leaves and twigs decay and increase the available
humus and this modifies the amount of available soil water. Thus
the environment is gradually changed by the plants themselves.

The general appearance of any plant association depends on the
number of species represented, their size, color, form and other
characters. Some of these species which are similar in size and ap-
pearance may out-bulk the others and determine the general ap-
pearance of the whole association. This is well illustrated in the
mangrove swamps which include three species, very much alike in
size and general appearance. Beneath the larger plants will usually
be found many smaller plants whieh could be removed without
changing the general appearance of the assoeiation. Of course the
species with the most numerous and largest individuals will exert
the greatest influence on the environment. They are dominant
species.

In Porto Rico such environmental factors as temperature, light
and rainfall vary gradually from place to place and the same is
usually true of the soils; but the changes in plant life are usually
very abrupt. Therefore, it will be readily seen that it is not always
possible to explain the transition in vegetation on a physical basis
alone. Tt appear that they must be explained to some extent hy
the influence of vegetation on the physical environment. That is,
the gradual variation of the environment may become abrupt as a
result of the different reactions of two unlike sets of species. This
is well illustrated by the brackish waters of a Porto Rican lagoon
in which there is no abrupt variation between the fresh and the salt
_waters but in which the cireulation is restricted hy the density of
the vegetation and other environmental factors. There we find a
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sharp line between the mangroves and bracken fern of the saline
waters and the cat-tails of fresh waters near the shore.

The environments of plant life are always changing. The lakes,
ponds and swamps are usually becoming shallower as a result of the
soil being carried into them by streams following the heavy rains
and by deposits of muck formed by the vegetation. The soil of the
hills and mountains is being washed away by rain and the under-
Iying formations of soil and rock exposed. In every case, the change
of environment makes possible greater or less changes in the plant
life. Some plants die as a result of the change and new species ave
introduced by migration. Therefore, any plant association can have
but a limited duration in any one place. Eventually the original
species disappear and their places are taken hy new ones which are
better suited to the new environments. This change of vegetation is
known as succession.

It is very evident that the lifetime of any plant association is
dependent on the rapidity of the changes of the environment. This
is well illustrated by the coastal and mountain plant associations of
Porto Rico. The sand dunes of the mnorth coast arve continually
changing and each change is followed by new associations, which
in time ave again destroyed and replaced hy others. In the mountain
vegions the environments are more stable and the changes in plant
associations so slow that the associations are almost permanent. Tt
is not likely that any great natural changes will oeccur in these
regions unless there should be some great geological activities such
as uplifts or depressions. Tt is useless to speculate on the past or
future of such associations.

In conclusion we must repeat that plant associations are the hasic
units of plant life; that they are the results of immigration and
environmental selections and that the length of their duration de-
pends on the rate of environmental changes. Tt is the purpose of an
ecological survey to record and deseribed these associations, to
correlate them with the environments, to interpret so far as possible
their past histories and to predict so far as possible from the existing
evidenee their future history.

The survey of the plant life in Porto Rico indicates the presence
of a large number of different plant associations. Some of these
occupy large areas and were probably continuous before they were
partly destroyed by man. Some cover small areas and are scatteved
and frequently isolated. Some have had a precarious existence be-
cause of the changes in their environments. Some do not show evi-

5
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-dence of any changes except those brought about by man. Some are
the results of the activities of man in cutting, burning, clearing and
agriculture. The past history of the associations of short duration
can be traced with reasonable degree of accuracy, and their futures
may he predicted with some degree of certainty. The study of the
history of associations of long duration is miuch more diffieult.

The many plant associations of the limited areas of Porto Rice
make some system of elassification necessary. We have, therefore,
designated three primary groups which are geographical and based
on the broad features of soils and climates. They are as follows:
(1) The plant life of the northern coastal regions which are of lime-
stone or alluvial soil and have heavy rainfall. (2) The plant life of
the central mountain regions in which the soils are mostly voleanie
and over which the rainfall is heavy. (3) The plant life of the south
coastal region in which the soils are diverse and the rainfall low.

In the eentral mountain regions there are five major plant as-
sociations and practically no evidence of successional relationships.
In the two coastal regions there are many associations which we have
grouped according to their successional relationship. The Island
also shows many secondary associations in which the changes are
due to the activities of man. In some cases the larger plants have
been cut for fuel and nature permitted to proceed in her own manuer.
In others the original vegetation has been removed for the promotion
of agriculture and the native vegetation now restricted largely teo
waste areas and roadsides. These have been omitted from these
studies.

An ecological survey of Porto Rico is necessarily very incomplete
because of the extensive development of agriculture and the density
of rural population. Some associations were found in the natural
or semi-natural state in but a single locality; similar habitats which
might have supported the same or similar plant life being under
cultivation. These cases led us to believe that the original vegetation
was uniform, and therefore we have described - these individual
stations as typical of the original condition. In other cases we can
only refer to the natural vegetation as extinct. :

Note: For the convenience of those readers who may not be familiar with
ecological terms we insert the following definitions:

Hydrophytes are plants which grow in water or saturated soil. Xerophytes
are plants which grow under more or less arid conditions. They frequently ex-
hibit structures adapted to the conservation of their water supply. Plants living

in sen water, or in soil impregnated with salts, frequently have a xerophytie
agpect and are known as halophytes. Mesophytes are plants whieh live under
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average conditions of water supply, and include the great majority of the species
of Puerto Rico.

A successional series is a sequence of plant associations, following each other
in fime on the same arca of ground. The successional series may be mesarch,
gerarch, hydrarch or halarch, depending on the mesophytie, xerophytie, hydro-
phitie, or halophytic nature of the first association in the series.

VEGETATION OF THE NORTHERN COASTAL PLAIN
A. GENERAL

That part of Porto Rico lying north of an irregular line drawn
through Lofza, Rio Piedras, Corozal, Ciales, Lares and Aguadilla was
submerged during the Tertiary period and covered by a thick de-
posite of limestone. Since that time it has been alternately elevated
above the sea and submerged. KEach elevation above the sea must
have been followed by the establishment of plant life and each sub-
mergence by its destruction. The character of this old plant life
and its distribution are subjects for future investigations. Kach
elevation above sea level must have been followed by erosion and
soil formation and these same agencies are in operation today; some-
times hastened, and sometimes retarded by the presence of plant life.

The highest point of the coastal plain at the present time is about
400 meters (1,300 feet) above sea level and is no doubt the oldest
part of this formation. The plant life of this highest part probably
eompleted its development as a mesophytic forest long ago, but its
destruction by man makes it impossible to do more than approximate
its nature. This forest reached a temporary climax and a mesarch
series of successions may be traced to the climax forests of the low
lands.

The elevation of this area has varied during post-Tertiary times
but the general tendency has been towards emergence, and new land
along the coast has heen made available for the plant growth. The
vegetation of these new coast lands is hydrophytic at the margins
of the lagoons and along the streams; halophytic in salt marshes
and mangrove swamps; and xerophytic along the sandy beaches and
on the sand dunes. Three suceesional series which are eor-
related with the above may be traced; hydrarch, halarch or xerarch;
all culminating in the climax forest of the lowland. (Fig. 4.)
This climax forest has been removed and the land used for agri-
eulture; most of the intermediate series have also been changed by
the influence of man; therefore, it is impossible to study the com-
plete series. Furthermore, the periods of subsidence were probably
aceompanied by a reversion of the usual sueccessional series but we
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have no method of determining’ whether the intermediate stages: have
been the same for both elevation and submergence. The recent
demands of a dense population for fuel, building materials and land
for agricultural purposes have resulted in many changes in the vege-
tation and in- many-secondary’ succegsions.

B. TaE MESARCH SUCCESSIONAT SERIES oF THE LIMESTONE HILLS

The limestone strata of the north coastal plain may be divided into
five geological series; the Quebradillas and Cibao series which show
little erosion except the rolling surfaces and: the steep-sided ravines
with streams. at the hottoms; and the Arvecibo, Los Puertos and Lares
series. which show extraordinary amounts of erosion, which have
resulted in a characteristic hill formation known as pepinos, mogo-
tes, or haystacks. The area of the Quebradillas and Cibao. series
has been very generally utilized for agrieulture.

The mogotes of the Arecibo, Lios Puertos and Liares series are more
or less rounded or elliptic in outline (Fig. 5) with steep, sometimes
precipitous slopes and sharp or ridge-like summits. They may be
in close eontact or separated by small valleys which are drained
through sink-holes. Hundreds of these mogotes varying from 15 te
100 meters in height are the most prominent features of the land-
scape between San Juan and Arecibo. Older belts of mogotes are
prominent between Avecibo.and Tuares. The limestone of which these
mogotes are composed is eroded into sharp points and edges and
into deep erevices and: pockets (Fig. 6) which hold the accumulations
of decaying plants and develops into a rich soil. The soil is thim,
but deep crevices hold enough to give a footing for plants and the
result is a dense vegetation which sometimes includes large trees
that have escaped the ax. The soil in the valleys bhetween these
mogotes is deep and rich and is extensively used for agriculture.
The soil in:the middle of these valleys has been leached by the heavy
rains. for so long and accumulations of decaying plants have heen so
great that it is usually acid, while the newer soils at the bases of
these mogotes, which have been recently formed from limestone, are
usually alkaline. Pineapples growing in"the alkaline soils generally
show chlorosis. Sugar cane, citrus:fruits; tobacco and vegetables are
also grown in these soils.

Both surface and subterranean erosion are still active. TRaim
water may be carried away by surface streams or may flow into the
many crevices and pits which are constantly enlarging and being
filled with-soil. There are many caves, some of them of considerable
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size throughout this region. Fallen blocks of limestone at the bases
of the mogotes show that the processes of disintegration are still
active. Many of the intervening valleys are not drained by surface
streams but through sink-holes. Most of these are filled with soil
but..some. of them are open, deep, of large size and  subterranean
streams my be heard at the bottom. Open sink-holes and lost rivers
are most common near the western end of the north coastal plain.
Although the rainfall of the western part of the north coastal plain
is less than that of the eastern part, it is sufficient to support a
mesophytic forest and it is probable that the plant life of recent time
was of that type.

The San Juan formation is a narrow strip of the low limestone
hills extending, with occassional breaks, from a short distance cast
of San Juan to a short distance west of Camuy. Tt is composed of
caleareous sand held together by an organic cement derived from
decaying vegetable matter. This has been developed from a series
of fixed dunes in comparatively recent times. It is seldom more than
one kilometer in width, or more than 50 meters in height. The old
fortress of Kl Morro at San Juan and the lighthouse at. Avecibo are
on the highest points. This formation is much less prominent cast
of Arecibo than west of that city. The subterranean erosion in this
formation is unimportant but the surface weathering as a result of
the activities of the water is very evident and apparently rapid,
althongh Indian carvings in some of these caves must be more than
400 years old. The original sharp outline of the major part has
been softened with time and covered with a layer of soil which sup-
ports a limited agriculture, but the few remaining thickets resemble
those of the limestone mogotes a short distance inland so closely that
it is reasonable to suppose that the original plant life of the two
was essentially the same.

1. THE MESOPHYTIC FOREST

The original mesophytic forest of hoth the limestone mogotes
and the San Juan formation has been destroyed or greatly modified.
It is impossible to approximate its ecological character from the few
remaining mature trees, as they are species of no economic value,
such as: almdacigo (Elaphrium simarube (1) Rose), eupey (Clusia
rosea Jacq.), jagiieys (Ficus laevigata Vahl and F. Stahlii Warb.),
and the llume palm (Gaussic attenuata (Cook) Beceari) which is so
characteristic of this part of the Island. It is probable that the
entire coastal plain of the north was covered with a very uniform
forest hefore the coming of the white men.
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Murphy, in his discussion of the forests of Porto Rico (26), also
refers to the destruction of this original type of forest, and states
that moralén (Coccolobis grandifolic Jacq.), aceitillo (Simariba
tulae Urban), capi amarillo (Petitia domingensis Jaeq.), bay-rum
tree or malagueta (Amomis caryophyllata (Jacq.) Krug. & Urban)
and the granadillo (Buchenavia capitata (Vahl.) Eichl.) are reported
to have been very common on the limestone hllls tocrethm \vlth
other species of large trees. :

This forest was the last of the successional series whieh started
soon after the elevation of the mnorth coastal plain above the sea.
It passed through unkown stages in its development and probably
existed as a temporary climax for thousands of years, keeping pace
in growth and changes with the erosion of the land surface.

2. THE SECOND-GROWTH THICKETS

The rapid increase in population and the utilization of the most
available land for agriculture has resulted in the destruction or modi-
fication of the mesophytie forests and a secondary succession of the
present thicket associations on the Arecibo, Lios Puertos and Lares up-
land limestone. All this has resulted in a modification of the en-
vironment, increasing the amount of light available for the develop-
‘ment of the ground flora, increasing the wind exposure which is ae-
companied by increased transpiration, increasing the removal of soil
by surface erosion, decreasing the accumulation of vegetable mold,
decreasing the amount of soid water and increasing surface evapo-
racién. Although these changes in environment have probably not
vet caused the extermination of many species, they have certainly led
to considerable change in the numerical proportions of a large number
of individual.  Species which prefer shade and a moist air have de.
creased in abundance, while those which prefer sunlight have in-
creased. Numerous additional species, mostly weeds, have been quick
to immigrate into the region. Nor are the changes in environment
and vegetation as yet complete. A continually increasing population
makes greater demands on the thickets for fuel, gradually reducing
their density; and the foraging of goats will dobtless help towards
the complete extinetion of many species and their replacemient by
grass or weeds. The vegetation of the hills nearer to town: already
shows the effect of excessive cutting and grazing.

At the present time, the hills appear from a distance to be ior
ested, but upon closer examination, this cover is found to be a dense
thicket of shrubs, among which are found large individual trees of
worthless species. The tall, slender llume palm (Gaussia attenuata
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(Cook) Beccari) is endemie and characteristic of these hills and a
few individuals are also to  be found on the lmestone hills of the
southwestern coast. The trunks are so slender that they are almost
or quite invisible from a distance and the crowns of five or six leaves
each appear to float in the air like huge birds. The much-branched
and ¢rooked trunks of the almécigo (Elaphrivm simaruba (L.) Rose)
are common and very conspicuous during their leafless period. The
Hagrumo (Ceropia pellate L.) with its coarse ungainly stems and
large ledves with the white undersurfaces is also conspicuous and
characteristic. ~The jagiieys (Ficus Stahlii Warb. and F. leevigata
Vahl) with their dense leafy crowns and the cupey (Clusie rosea
Jacq.) with its dark green foliage stand in contrast to the proceding
but attract less attention unless seen on the profile of the hills.

At the present time, practically all the land in the valleys he-
tween these limestone hills is under cultivation or in pasture but
at the bases of the hills there are narrow zones composed of many
weedy species intermixed with large herbaceous plants, shrubs and
small tress. The most abundant shrubs are higuillos or Pipers, the
most common being the higuillo (Piper aduncum 1.) Other more
or less conspicuous species are camasey (Miconia laevigata (L.
DC.), rabo de ratén (Duggena hirsute (Jaeq.) Britton), Santa Maria
(Osmia odorata (L) Sch. Bip.), with the large herbaceous basquifia
(Pothomorphe peltate (1..) Miq.) and Critonia portoricensis (Urban)
B. & W. The most common weedy herbs are the lengua de vaca
(Elephantopus mollis HBK.), and Margarita silvestre (Bidens pilosa
L.).

Above this lowest zone is a dense thicket (IFig. 6) of shrubs and
small trees, usually from 3 to 5 meters in height which extends to
the top of the hill. This thicket includes a large number of species
but so scattered that no group appears to be predominant. Our
observation led us to believe that the most abundant species ave:
garrocho (Quararibaea twrbineta (Sw.) Poir.), higuillo (Piper
amalago 1..), laurel roseta (Nectandra patens (Sw.) Griseb,) the
hueso (Picramnia pentandra Sw.), cenizo or espinosa (Zanthozylum
martinicense (Lam.) DC.), hoja menuda (Eugenia procera (Sw.)
Poir.), caracolillo (T'richilia pallida Sw.) and the shrubs Psychotria
pubescens Sw. and Acalypha portoricemnsis Muell. Arg. The most
conspicuous of these is the cenizo or espinosa which has very promi-
nent, stout, conical thorns on the trunk. The cupey trees (Clusia
rosew Jacq.) may start direetly in the soil or many grow epiphytieally
on the rocks and trees for a long time, sending out long aerial roots
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which may cling to its support or swing free in the wind. They are
frequently suspended from the face of the cliffs and resemble long
vines. The supporting trees are frequently destroyed, leaving the
cupey standing as an independent tree. The Palo de Maria (Calo-
phylum antillanum Britton) with its smooth glossy leaves of unusual
venation the jacana (Manilkarae nitidia (Sessé & Moc.) Dubard, the
malagueta (Amomis caryophyllate (Jacq.) Krug & Urban), and the
guayabacoa or sebucan (Rheedia acuminata (Spreng.) Tr. & PL.) are
very conspicuous. The shruby azota caballo (Malpighia coccigera 1u.)
and the encinillo (Drypetes ilicifolic Krug & Urban) have peculiar
holly-like leaves with spiny teeth. Another characteristic shrub of
this and other parts of the island is the poisonous guao (Comocladia
glabra (Schult Spreng.) which also has spiny leaves. The guano
(Ochroma pyramidale (Cav.) Urban) is a tree with peculiary lobed
leaves, and the shrub Curcas hernendifolivs (Vent.) Britton with
its lobed leaves are also very characteristic. One of the most promi-
nent is the mufleco, (Dendropancz arborewm (1) Dene. & Pl:, a
tree with very conspicuous, crowded, compound leaves composed of
broad leaflets. The spiny trunks of palma de coger (Bactris acan-
thophylle Mart.) and espinosa (dAnthaconthus spinosus (Jacq.)
Nees), are conspicuous but not abundant. The gesneriad (Pentarha-
phia albiflora Dene.) is a wide-branching shrub of one of two meters
growing very commonly in the crevices of the cliffs.

The entire thicket contains a tangle of vines. Some of the most
prominent are the true zarza (Acacie ripariac HBK.) which is very
stout and thorny, pringa-mosa (Tragic velubilis 1.), in whieh both
stems and leaves are armed with stinging hairs, liana uflada (Bacto-
cydia Ungwis (L.) Mart.), bejuco de sopla (Elsota wvirgate (Sw.)
Kuntze), dungey (Swmilax coriacee Spreng.); bejuco de mona ((f4s-
sampelos Pareira 1..), bejuco de costilla (Serjania polyphylla (L)
Raldk.), bejuco de prieto (Hippocratea volubilis 1..), bejuco de toro
(Stigmaphyllon tomentosum (Dest.) Ndz.) and Exogonium repan-
dum (Jacq.) Choisy. The vine-like grass Lasiacis sorghoidea (Desv.)
H. & C. is also abundant.

The epiphytes were probably abundant in the primitive forests
but are comparatively few at the present time and are usually found
on the exposed ledges of rock. Omne of the most striking in the flor
de culebra (Anthurium acaule (Jaeq.) Schott) which has bright
green leaves a meter or more in length which grow inslarge rosettes.
The calabazén (Philodendron Krebsii Schott.) climbs the trees and
droops over the cliffs. The thick succulent climbing stems of gun-
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gulén (Vamlla Eggersii Rolfe) with their thick green leaves are also
quite .common. The erizo (Pitcairnia angustifolia (Sw.) Redoute)
‘gecurs in masses on the rocky ledges and several other species of
bromeliads in sterile condition were observed, most commonly on
‘the jagiiey and cupey trees.

The herbaceous plants are decidedly subordinate both in mumber
of species and in number of individuals in each species. The largest
is the bijao or narciso (Alpinia aromatica Aubl.), which reaches a
height of more than two meters. The plants of Zamie latifoliclata
Preneloup are more common .although not abundant. They are very
widely distributed and frequently become abundant in new clearings.
The shade-loving grases carruzo (Ichnanthus pallens (Sw.) Munro)
and prenda -de oro (Pharus glaber HBK.) are common but do not
form dense growth. The yerba maravilla (Ruellic coccinew (1..)
Vahl) is made conspicuous by its scarlet flowers. Madre selva (Pilea
microphylle (L.) Liebm, yerba de culebra (Pilea nummulariaefclia
Sw.) Wedd.), yerba de medio veal (Peperomic rotundifolia (1..)
HBK. and P. magnoliaefolia (Jacq.) A. Dietr.) are more or less
eommon -on the shaded elitfs. There are two common ferns and a
number of other species that are met with less frequently. The most
sommon are Polypodium phyllitidis L. and Adiantum .cristatum L.

This type of vegetation is practically the same over the scattered
hills and limestone bluffs of the Quebradillas formation. Theve is
Iess variation from hill to hill than from the north to the south slope
of the same hill. The limestone strata dip about five degrees to the
north and this slight inclination probably helps to maintain a better
supply of moisture on the north side, which also has a somewhat less
direct exposure to the sun during the greater part of the year. The
north side of a hill usually supports a denser growth of shrubs,
- bromeliades, aroids and ferns. The leaf mold: is deeper and the
general appearance mesophytic. The shrub growth of the south side
is more open and contains more of a tangle of grasses (Lasiacts) and
the true zarza (Acacio riparia HBK.) which are semi-xerophytic.
The north side of the exposed cliffs will be covered with a dense
mass of vegetation while those of the south may be almost barren.
A continuation of human interference will result in a greater re-
duction of the plant life to weedy species not relished by goats or
other domestic animals.

3. THE RED CLAY-LOAM PLAINS

Along the north side of the belt of limestone hills, are many
~walleys of varying areas and great undulating plains. The soil is a
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red clay loam. These lands are very generally under cultivation,
mostly to citrus fruits and pineapples, although there is a consider-
able acreage of cane, some tohacco, vegetables and a few bananas.
In some areas the pineapples grow well but in others they are more
or less chlorotic, especially near the bases of the hills. It is well
known that the lime in the soil causes a chlorotic condition of pine-
apples unless there is an abundance of humus. Chemical tests of
this soil show that the character of the pineapples is a good index
as to the eondition of the soil. In general the soil of these valleys
is acid except at the bases of the hills where it is alkaline. It is
probably a mixture of disintegrated limestone and jvolcanic soil
brought down from points farther south with the decaying vegetation.
The leaching of the lime from the surface layer and the accumulation
of decaying plants very quickly produce an acid condition.

4. THE FORESTS OF THE LOWLAND WHITE SANDS

Areas of white sands between the limestone hills and the ocean
are frequent along the north coast. They are supposed to be the
result of disintegration of the hills and are designated as the Arecibe
sands. They are most extensive between Manati and Dorado but
are found as far east as San Juan. They are very generally eul-
tivated, the most important crop being sugar cane. The only ex-
tensive development of natural vegetation was found on the estate
of Miss Livingston, west of Dorado. Our description was prepared
from a study of plant life of this estate (Fig. 7). :

The land oceupied by this forest is flat, level and very little above
sea level and has few small depressions and streams. A slight ele-
vation on the sea shore, formed by wind-borne sands is covered with
a -beach thicket. The soil is composed of white, calcareous sands of
unknown depth. The surface is covered with a thin layer of humus,
fallen twigs and leaves, which gives a brownish stain to the underly-
Jing sands for a distance of two or three decimeters. The surface
is thoroughly shaded and very moist. The upper layer of soil is
filled with feeding roots. The trade winds do not penetrate the
forest more than 50 meters and the conditions are especially favor-
able for a mesophytic forest.

The dominant trees are only about 20 meters in height; the lum-
bermen having left a very few veterans. There has been no complete
removal of forest and therefore trees of all ages from the few veterans
to seedlings of less than one year are to be found. There are few
shrubs and still fewer herbs. There are two species of trees of special

s
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1uterest because of their size and abundance; the mamey (Mammea
americang L. and the Santa Maria (Calophylum antillanum Britton)
both of which reach heights of 20 meters (60 ft.) and have trunks
of approximately one meter in diameter. 'There are numerous small
trees and seedlings forming about one-half the ground flora. Mu-
fieco (Dendropanax arboreum (1) Dene. & PL), is ever present but
its slender trunks rarely exceed 10 meters in height. Cupey (CTusia
rosea Jacq.) is conspicuous because of its semi-epiphytic habit, the
presence of its long, stout, aerial roots and the color of its leaves.
Almécigo (Elaphrium Simaruba (1..) Rose) is abundant, malagneta
(Amomis caryophyllata (Jacq.) Krug & Urban) is common and at-
tains a height of 20 meters. The royal palm or palma real (Roystonea
borinqueiia Cook) is very generally found in the low wet places.
Small trees of pomarosa (Jambos Jambos (L.) Millsp.) are very
abundant along the trails, frequently forming thickets. Other spe-
cies of trees sufficiently prominent to be mentioned are the aquilén
(Laugeria resinosa Vahl), the cenizo (Zanthoxylum martinicense
(Lam.) DC.), sapote de costa (Hanilkare duplicata (Sessé & Moc.)
Dubard), guayabota (Diospyros ebenaster (Retz.), higuerillo (Enal-
lagma latifolie (Mill.) Small), the corozo palm (ecrocomia aculeata
(Jaeq.) Lodd.), the shrubby vaita (Gymnanthes lucida (Sw.) and
avispillo or laurel (Nectandra coriaces (Sw.) Griseb.).

Seedlings of large trees are quite numerous but the frequent
cutting prevents the development of a forest. The most abundant
shrub- is the bejuco de berraco (Chiococca albe (1..) Hiteh.) and
the second in abundance is Piper citrifolium Iiam. Other more
or less prominent shrubs and small trees are rasca-garganta (Para-
thesis serrulata (Sw.) Mez), hoja menuda (Fugenic wmonticola
(Sw.) Urban), cafeillo (Casearia guianensis (Aubl.) Urban), palo
moro (Psychotria wundata Jacq.), higuillo de limén and (Piper
Amalago L.). The vines and viney shrubs are few in number but
the most prominent are: the thorny esecambrén (Pisonia aculeata
I.), bejuco de garrote (Rowrea surinamensis Miq.), gungulén
(Vanilla Eggersit Rolfe), uiia de gato (Bactocydia Unguis {1.)
Mart.) dunguey (Smilax cortacea Spreng.) and bejuco de ‘toro
(Stigmaphyllon tomentosum (Desv.) Ndz.). Epiphytes are few and
consist mostly of sterile Bromeliads; the small orchids Ionopsis
satyroides (Sw.) Rechb., Beadlea cranichoides (Griseb.) Small, and
Liparis elata Lindl; the ferns, Polypodium phyllitidis L., P. lycepo-
dioides. L. and Nephrolepis exaltata (1) Schott. are rare. The two-
low grasses Pharus glaber HBK. and Ichnanthius pallens (SW)
Munro are quite common.



34 THE JOURNAL OF THE DEPARTMENT OF AGRICULTURE

The slight depressions previously mentioned contain a thin layer
of wet muck, resulting form the decay of the plants, but the only
changes in the forest are due to an increased number of royal
palms (Roystonea borinquena Cook) and thickets of pomarosa
(Jambos Jambos (1..) Millsp). Some few of these depressions con-
tain a little muddy water and support growths of eneas or cat-tails
(Typlka angustifolia 1.).

There are no evidences of physiographic changes in progress at
this time, with possible exception of the small depressious, which might
result in further changes in the plant life. There is no certainty
that this is the true climax association of the region, because the
continued leaching of the lime and increase in humus might result
in another succession, with the following vegetation possibly the
same as the extinct forest which at one time oceupied the alluvial
plains of the region.

5. SECOND-GROWTH THICKETS OF THE WHITE SANDS

The removal of the forest from practically all of the white-sand
plains has rvesulted in a shrub thicket over that area.. Special at-
tention was given to this type of thicket as found along the south
shore of the Laguna Tortuguero. The surface of this region is level,
frequently broken by shallow ravines which are occupied by intermit-
tent streams during the vainy rveasons. The soil is a pure white
sand with a relatively small amount of humus. The result i1 a low
water-holding capacity, high surface evaporation and a rapid run-
off of surface water; all of which tend to produee a xerophytic
environment which has its effect on the plant life.

The thickets are not continuous but alternate with open places.
They are most highly developed in the ravines, are from 3 to 5
meters in height and almost impenetrable. The high, open places
are mostly barren but support a limited growth of the low shrubs and
herbs. (Iig. 8.)

Of the trees and shrubs in this formation, the most common is the
jeaco (Chysobalanus Ieaco 1..). 1t is a bushy plant, one to two meters
in height, or sometimes higher or with the lower branches resting
on or near the ground; under favorable conditions, plants of various
ages grow close together. The second in abundance is the tree, ma-
ricao (Byrsonime spicate (Cav.) DC.), which is tall, erect and vather
:slender. The next in importance is rama menuda (Myrcia splendens
{Sw.) DC.), which is a bushy shrub or small tree with a glossy dark
foliage. Other shrubs and small trees of these thickets are tintille
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(Randia wvitis 1..), Santa Maria (Calophyllum antillonwm Britton),
camasey (Miconic racemosa (Aub.) DC. and M. prasine (Sw.)
DC.), maray mavay (Hcastophyllum Ecastophyllum (L) Britton),
cafeillo cimarréin (Casearia sylvestris Sw.) eerezo (Myrcia cerifera
L.}, canela (Acrodiclidium salicifolivm (Sw.) Griseb.), hoja menuda
(Myrcia citrifolic Aubl) Urban, and Taonabo peduncularis (DC.)
Britton; all of which at this time have about the same height and
bushy form. The Hagrumo {Didymopanax Morototoni (Aubl) Dene.
& PL) is not abundant but is conspicuous because of its large leaves
with bronzed lower surface. The occasional thickets of corozo palm
(Aerocomie aculeata (Jacq.) Liodd.) are quite prominent.

The vines are neither abundant nor distinetive. The most notice-
able are the dunguey (Smilax coriacea Spreng.), bejuco de sopla
(Elsote virgata (Sw.) Kuntze), bejuco de mona (Cissampelos Pareira
L.), and Cussus erosa L. C. Rich. There are no epiphytes. There
are practically no herbaceous plants under the upland thickets but
in the moister places at the bottom of the ravines are found scattered
individuals of altea (Nepsera aquatica (Aubl) Naud.), grasilla
(Setiscapella subulata (L.) Barnh. and Xyris Elliottii Chapm.

In the flat open places there is a charvacteristic shrubby and
herbaceous vegetation consisting of a sparse growth of arvaynillo
(Aseyrum hypericoides 1..), hediondilla (Chamaecrista diphylla (1..)
Greene), matraca (Crotuluria retusa L.), Mitracarpus portoricensis
Urban, Portulaca pilosae L. and Cladonia rangiferina 1. '

This region has undoubtedly been cut over many times for fuel
and the resulting change in environment probably accounts for the
presence of so many species not found in the Livingston forest (page
32). This change in environment has been so great that many of
the original species have given way to others better suited to the new
conditions. Of these new arrivals, the icaco (Chrysobalanus Icaco L.)
has the advantage because of its proximity, adaptation and efficiency
of its edible fruit for migration. Therefore, it has become the
dominant shrub. The history of these thickets will probably end in
the near future through the utilization of the land for agriculture.
If undisturbed by man, the accumulation of humus followed by the
better conservation of soil moisture might result in the re-establish-
ment of a normal forest association.

6. REVERSIONARY SUCCESSIONS ON THE SAN JUAN FORMATION

The changes in elevation of the northern coast line within recent
time have exposed the San Juan consolidated sand dunes to the
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direct action of the sea. The result is a rapid erosion and modifi-
cation of the second-growth thicket coverings which are passing
through a rveversionary successional series in which the plants will
eventually be destroyed. Although these successions are logically a
part of the mesarch series, they also indicate a possible stage in the
history of the xerarch series as the plant life associated with them
is so closely akin to-that of the coastal sand dunes in its enviromment,
dynamics and specific composition. Therefore, we will discuss their
organization under the xerarch series

=

SUMMARY

The north coastal plain was originally covered with a limestone
deposit. and -the higher parts were covered by man and replaced
by the thickets now found on the limestone hills. However, much
of this limestone strata has heen reduced by erosion to a base level
which is covered with white caleareous sands which also supported
a normal mesophytic forest that has been almost entirely destroyed
by man. Part of this plain is under cultivation and part has heen
subject to repeated cutting for fuel. The forest association was
followed by a thicket association of a different specific composition.

C. Tup XERARCH SERIES OF THE SaND BEACHES AND Sanp DunNes

Subseries A.—Beaches and Beach Thickets

The conditions for the development of sand dunes is most ideal
along the north coast and south along the eastern end of the Island
as far as Fajardo Playa, a region which has a free exposure to the
trade winds, except in the sheltered coves to the west of the headlands
of the San Juan formation, where the force of the trade winds is
greatly reduced, and on the northeastern part of the Island, where
an adequate supply of sand seems to be umavailable. Under these
conditions the sandy beaches rise gradually to a height of one or
two meters above sea level and then pass into flat, sandy plains, or
they come into immediate contact with the voleanic hills of the
Cretaceous age. In hoth cases we find three zones of vegetation:
(1) a beach association composed of scattered herbaceous species,
(2) an association of shrubs forming a semi-xerophytic shrub as-
sociation, and (3) an almost unknown association, probably of forest
which was beyond the influence of the sea and which has been de-
stroyed so that the land might be used for agriculture; it is prob-
able that the sandy. maritime plains were originally covered
with a forest similar to that of the white-sand plain, and that the
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older hills were covered with a different type of forest of a dif-
ferent genetic history, which was in geogra,phie cqntaet with but
not related to the thickets. ‘

1. THE BEACH VEGETATION

The narrow strip of exposed beach, lying between the water and
the edge of the thicket is usually from 5 to-10 meters in width and
is partly covered by herbaceous species, which are destroyed at
irregular intervals by the excessive wave action. Therefore, the flora
consists of species that can be very quickly re-established from seeds
or ' vegetative parts or from plants that trail down from the higher
thickets. The most prominent--are the two -vines, bejuco de playa
(Ipomoea Pes-capree (L) Roth.) and mato de la playa (Cancvali
maritima (Aubl.) Thou); the shrubby Chamaesyce burifolia (Liam.)
Small; the true herbs mostacilla de mar (Cakile lanceolata Willd.)
O. E. Schulz.), and botén blanco Borreria verticillata (L.) Meyer
the grass matojo de playa (Sporobolus virginicus (L) Kunth) and
the three sedges IMimbristylis spathacea Roth., Kyllinga peruviana
Lam. and Remirea maritima Aubl. Tt will be readily seen that the
plants are engaged in a continuous struggle for the possession of the
land in which it is impossible to gain a permanent hold. The plants
are destroyed by every storm ‘and new ones develop in a short time.
The number of individuals of each species and their location depends
primarily on the dispersal and ‘germination of seeds and vegetative
parts. g
9. THE BEACH THICKETS

The lower margin of the beach thicket marks the upper limit of
the ordinary storm-wave action. The most conspicuous species is the
shrubby uva de playa (Coccolobis wvifera (1), Jaeq.) which is
usually most abundant, ranging from low shrubs to small-sized trees,
depending on exposure or protection from the wind. The icaco
(Chrysobalanus Icaco 1..) is second in importance and usually farther
back from the shore and more protected from the wind. The as-
sociated species are the shrubs borborén (Scaevola Plumieri (1..)
Vahl), cariaquillo de Santa Maria (Lanfana involucrata 1..), tinti-
o (Randia matis 1) afil (Indigofera suffruticosa Mill.), the vine
mato azuly (Guilanding crista (L.) Small; and the herbs matraca
(Crotalaria retusa 1..), zarzabacoa enana (Stylosanthes hamata (1)
Taubert) and margarita (Bidens pilosa 1..).

An excellent e\ample of the wide beach thicket was studied at
kilometer 36 east of Mameyes. At the lower margin the number of



38 THE JOURNAL OF THE DEPARTMENT OF AGRICULTURE

species is few and individuals usually not more than one meter in
height; but in passing to the higher levels both the number of spe-
cies and the heights of the individuals increase, some of them at-
taining as much as 5 meters. The thickets also become dense and
almost impassible.

The jayajabico (Ewrithalis™ fruticose 1.) is the most abundant
shrub but other common and characteristic shrubs and small trees
are the wattle (Eugenwia axillaris (Sw.) Willd.), the cachimba
(Ravwolfia tetraphylle 1.), the balsamo (Citharexylum fruticosum
1.}, the azticares (Jacquinia Barbasco (Lioefl.) Mez), Ernodea lit-
toralis Sw., palo moro (Psychotria wundata Jaeq.). One of the
most striking plants of this formation is the aleli (Plwmiera
albe 1i) with its slender hranches projecting ahove the surround-
ing vegetation. The whole thicket is interlaced by a tangled
mass of vines such as mato azul (Guwilandina criste (1) Small),
the dunguey (Smilax coriacea Spreng.), the bejueo de costi-
Ha (Serjania polyphylla (1.) Radlk.) and the pega palo (Distictis
lactiflore Vahl) DC.). The development of this thicket is accom-
panied by the gradual disappearance of the pioneer shrub and small
tree growths of Coccolobis, Chysobalanus and Sceevola to which we
have previously referved. = At a distance of 50 meters from the ocean
we meet with a tree growth consisting largely of rohle blanco (Tabe-
buia paellida Miers), almécigo (Elaphrivn stimaruba (L.) Rose) and
tortugo amarillo (Sideroxylon foetidissimum Jaeq.), which indicates
a completion of the transition from a beach to a forest environment.
The land back of the thickets has been utilized for pasture but the
few remaining trees indicate that the area was oviginally occupied
by a mesophytic forest, which we believe was similar to that of the
forest on the white sands near Dorado (see page 32).

At Dorado, the narrow beach is bordered by a very narrow zone
of beach thickets in which the uva de mav (Coccolobis wvifera (1..)
Jacq.) is the dominant species. The narrow zone is in close contact
with the mesophytic forest but several thicket species, such as ca-
chimha Rawwolfie tetraphylle 1..) and jayajabico (Erithalis fruticosa
1..), are prominent near the shore. At Mameyes the presence of
yvoung trees of roble blanco (Tabebuia pallida Miers) near the
thickets may indicate an attempt of the forest to establish itself
closer to the shore.

The sand of the thickets appears to be stabilized as far as the front
margin, and the variations in heights of the individual plants ap-
pear to be due almost entirely to the action of the wind. Each
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shrub is slightly taller than those in front of it and nearer the shore
which results in a gradual slope from one meter to the height of a
mature forest. Young trees occupying advanced positions under the
shelter of the thickets cause a steeper pitch and if undisturbed the
thicket zone would become narrower and narrower until it would
oceupy a very narrow strip between mesophytic forest and shore as
at Dorado. The removal of the forest at Mameyes, followed by the
repeated cutting of the young trees of the thicket for fuel has
resulted in a comparatively wide thicket zone with a gradual pitch
on the surface.

Tt appears that the beach thickets are very similar to the dune
thickets so far as their component species are concerned, but lead
to different successional results. At Fajardo Playa the thickets ave
intermediate in composition between the heach thickets just deseribed
and those of the mangrove swamps. They occupy a habitat inter-
mediate in environment between that of the sand beaches and the
coastal swamps, and will be discussed later (see pages 56, 63.

Subseries B—The Sand Dune Vegetation

There are two entirely different types of sand dumes in Porto
Rico, dependent primarily on their ages. The younger series, of
recent development, consist of loose calcareous sands. They are
typical sand-dune formations and move freely under the influence
of the wind unless held in check by a covering of plants. The older
series consists of sand which has been consolidated by an oreanie
cement into a limestone rock, commonly known as the San Juan
formation. This formation is continuous for the greater part of the
distance from San Juan to Avecibo, the two highest points heing
the San Juan promotory on which the El Morro fortifications are
located and the promontory on which the Arecibo lighthouse is
located. In some places this formation stands as a wall protecting
the land form the encroachments of the sea; in other places the sea
has broken through. Small islands of this, same formation which
have resisted the action of the sea indicate that the formation was
much movre extensive in the past and that the shore line was farther
out. In some cases the waves have worn caves in this formation and
Indian earvings which must be 400 years or more old indicate that
the disintegration is rather slow.

The San Juan formation consists of two or possible three par alle]
series. The farthest inland is the older and averages ahout one kilo-
meter in width and about 20 to 50 meters in elevation above the sea.



40 THE JOURNAL OF THE DEPARTMENT OF AGRICULTURE

The contours are rounded and flattened by erosion and deposits in
the valleys: The youngest or coast series is narrower, lower, steeper
and the summits shaped as might be expected in a comparatively
recent formation. This series is in contact with the sea at many
points and shows the effects of wave action. At some points the
sea has broken through (Fig. 9) and occupies areas bhetween the old
and the newer series and at some points the outer or newer formatlon
‘has been completely destroyed. :

" The active dunes are composed of sands which have washed
ashore and been carried inland by the wind. This sand was prob-
ably derived from the disintegration of the old San Juan formation.
"When the old and new series are intact, they are separated by
mnarrow valleys of fertile soil which are very generally uged for agri-
:cultme

The history of these dunes may be summarized as follows:

(1) At some time in the past the genelal level of ‘the land was

lower than at present and the sea extended inland as far as the
region now occupied- by the inmer series of consolidated dunes.
Large dunes were then formed and consohdated into the pleqent in-
mer series of the San Juan formation.
/’ (2) An elevation of the land caused the sea to recede to the north
‘and pelmlted the formation of a mew but smaller series of dunes
‘which in turn were consolidated into our plesent outer series of the
’San Juan formation.

(8) This was followed by a subsidence of the land which brought
the sea into contaet with the outer or new series and resulted in its
partial destruction which is now in progress. The sands resulting
from this destruction are now being used in the formation of the
active dunes.

It is impossible to predict with any degree of certainty the future
changes in this region. A future subsidence will result in the com-
plete destruction of the outer dunes and allow the sea to attack the
inner series. If the present level is maintained, the present active
dunes will become consolidated. If the land is elevated, the outer
series will ‘be preserved, the active dunes will become consolidated
and a new series of active dunes will be formed.

The active dunes are of very little agricultural value except for
the growth of coconuts which is rather uncertain under these con-
ditions. On the other hand, the dunes frequently encroach on and
destroy agricultural lands. Many small homes with their small
plantings of yautia, sweet potatoes and tobacco are located on the lee
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side of these active dunes where they are protected from the wind
and the sea. Small plantings on the crests of these dunes are in-
variably protected by wind breaks constructed of palm leaves or
other materials. The inner series are very generally under eculti-
vation; cane being grown on the richer soils while the poorer are
used for grazing and minor crops. The valley lands between the
inner and outer series are very generally planted to cane unless they
are so low as to permit the entrance of the brackish water, when
they support good growths of coconut palms.

The history of the sand dunes whether active or old is very
closely connected with the plant life upon them and nearly all stages
can be observed at the present time. As soon as an active dune
becomes quiet, the plant life attempts to cover it, moving from the
land side to the sea, until it comes into direct contact with the
" destructive force of the wind and wave. The result is a further
stabilization of the sand which is soon covered by a growth of thicket
shrubs.. This tends to a further stabilization of the sand and the
formation of a forest association. Any change, such as a subsidence
of the land, which enables the sea to attack and destroy or partly
destroy this formation, results in a reversion of this series and the
forests give way to thickets which finally disappear leaving a more
or less -barren shore line which disintegrates under the action.of the
wind -and waves.

“The mechanies of a dune formation may be briefly summarized
as follows: The wind tends to carry the loose dry grains of sand and
to cause a general leveling of the surface, but any obstruction which
tends to reduce the veloeity of the wind, also reduces its earrying
power and causes it to drop its load of sand behind the obstruction.
The result is the formation of a dune limited in height by the height
of the obstruction and the force of the wind. If the obstruction be
a plant which can withstand these forces of mature, live and grow,
the dune will rise gradually so long as the force of the wind is
strong enough to carry sand to its top.

However, the development of the sand dune is usually more com-
plicated than we have indieated. The increase in height is necessarily
accompanied by an increase in breadth and plants are necessary for
the protection of its slopes. But the establishment of plants is not
easy and sometimes the dunes are destroyed by the wind and wave
before they are completed. As the dune inecreases in height, the
foree of the wind at its summit is also inereased and sand is blown
over the top and falls on the lee side. Plants vary greatly in their
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ability to live under these adverse conditions and the dunes vary in
size with the character of the plants which are continually trying to
cover them. The dunes of the north coast of Porto Rico seldom ex-
ceed fifteen meters in height. The small dunes tend to unite and
form long ridges, parallel to the shore. Any break in the plant life
of such a ridge dune, either by nature or by man, permits the wind
to attack the structure and start disintegration. If this break is not
closed, more and more of the vegetation will be destroyed, and a gap
formed through which quantities of sand will be carried to start a
new dune on the lee side of the old one.

Sand dunes vary greatly in general appearance, in size, in topo-
graphy and in the plant life which covers them. The beach may
be broad or narrow, the dumnes large or small, isolated or united, the
sand motion variable and the plant life of different species. Some-
times the plant life appears to have the advantage in this continuous
warfare with the winds and waves, covers the dunes and extends
to the limits of wave action. Sometimes the wind and wave appear
to have the advantage and the plants may give way or maintain
themselves with difficulty. Sometimes the wind and the waves un-
determine large trees and cause them to fall, and at other times the
wind carries the sand in such quantities as to bury shrubs and trees
and to.threaten small buildings and gardens.

A study of this apparent chaos of topography, plant life and
wind action, reveals certain fundamental prineiples and radically dif-
ferent types of environment which are subject to variation and change
from time to time. The most important types of environment are:
(1) The type within the limit of salt water which prevents the
growth of land plants. (2) The type resulting from the deposition
of sand by the wind, such as are found on the lee side of every
cluster of plants and opposite every break ina dune; here we find
such plants as can withstand partial burying and grow as rapidly
as the sand accumulates and trailing vines which maintain their
anchorage while their long stems ride over it. (3) The type in
which the sand-is removed by the wind and the vegetation consists
of old individual plants which were established before the excavation
started. (4) The type in which the surface of the sand is stationary
and the mass effect of the many species of plants is to maintain its
stability.

The variations: in the amount and general appearance of the
vegetation on these sand dunes is due to the variations in these four
types of environiment. The force of the wind and the rapidity of
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the movement of the sand will naturally influence the number of
species and the number and size of the individual plants of each
species. The vegetation will necessarily be sparse and limited to
those species.which ean endure the unusual stress of wind and sand.

1. THE BEACH VEGETATION
The shore of the north coast throughout the Tertiary formation
had a sandy beach of varying width which is occasionally broken
by the headlands of the San Juan formation and by the estuaries of
the many rivers. The plant life of this beach is practically the same
as that previously deseribed, except that it is somewhat more sparse
as the result of greater wind and wave action, which, has reduced
the number of plants to the minimum. In many places no plants
are to be found below the margin of the dune thickets and in other
places the number is small. Probably the most outstanding plant
is the yerba de sal (Philoxzerus vermicularis (1) Nutt.) (Fig. 10)
which is usually established closer to the ocean than other plants.
Its prostrate, red, fleshy stems spread over the sands and it is an
important factor in the huilding of small dunes. Associated with
it on the beach are the bejuco de playa (Ipomoea Pes-caprae (L.)
Roth.), rooted above the heach and trailing down over it; and the
grass matojo de playa (Sporobolus virginicus (L.) Kunth), which
migrates along the beach by means of shallow rhizomes. There was
also scattered individuals of the herbaceous mostacilla del mar (Cea-
kile lanceolate. (Wild.) O. E. Schulz) and Diodic maritima Thonn.
The shrubby Chamaesyce buxifolic (Lam.) Small is rare.

2. THE COCCOLOBIS UVIFERA DUNES

A little above the zone of wave action, the sand is comparatively
quiet and several types of dune-forming plants are to be found.
One of the.first is the shrubby Chamaesyce buxifolia (Lam.) Small;
another is the herbaceous Diodia maritima Thonn., and the sedge
Remirea maritima Aubl., all of which tend to hold the moving zand
and start small dunes which may attain the height of one to three
meters. The lee side of these small dunes is favorable for the uva
de playa (Coccolobis wvifera (L.) Jacq.) which is the most important
dune former: of this region. Tts extensive voot system holds the
sand and the shade of its broad leaves prevent surface evaporation
to some extent and thus holds the sand which is blown under the
thicket. Under the protection of this plant, the dunes grow rapidly
and frequently unite into ridges (Fig. 12). The spread of this plant
gradually forces out many of the pioneer herbaceous plants. Al-
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though some other plarts have the same habit they are much less im-
portant: ag dune-formers. Some that may be mentioned are: the
shrubby borbordén (Scaevola Plumieris (1) Vahl.) and icaco (Chryso-
balanus Icaco 1..), both of which are more abundant and more im-
portant in other habitats. The tuna brava (Opuntia Dillenii (Ker-
Gawl) Haw.) is common and forms tangled spreading mats three
meters or more in width. When protected by the shade of the
Coccolobis it grows slender and erect and is soon forced out.

~ The establishment of the dune is usually followed by a growth of
uva de playa (C. wvifera), which very rarely reaches its maximum
height of 15 meters in the dune environment. Tts shade and fallen
leaves help to hold moisture and increase the organic eontent of the
soil. Therefore, a new environment is formed in which we find an
inerease in both number of species and indviduals. Among the latter
are. the vines noyo (Ipomcea dissecta (Jaeq.) Pursh), dunguey
(Smalax coriacea Spreng.), bejuco de costilla (Serjania polyphylla
(I..) Radlk and the false guaco (Mikania congesta DC.). The most
characteristic herb is the lirio (Hymenocallis declinata (Jaeq.) M.
Roem.). The introduced species, the cocuisa (Cordyline guineensis
L. Britton). and the bruja  (Bryophyllum pinnatum (Lam.) Kurz),
are frequent and often form large patches where the shrubs have
been removed. Various other species come in from the cultivated
grounds near the dunes. Certain other shrubby and arborescent
species also appear to a greater or less extent with the uva de playa;
the most common are the icaco (Chrysobalanus Icaco 1.), the roble
blaneco (Tabebuia pallida Miers), the palo de Maria (Calophyllum
antillanwm Britton), the palo de burro (Capparis flexuosa 1..) and
the escambrén - colorado (Pithecellobium Ungwis-cati (L.) Mart.).
None of these attains a large size or surpasses the general level of the
uva de playa because of the exposure to continuous winds which
checks the growth at a uniform level of about one meter. The vine
species -of ‘the- more exposed situation, such as the hejuco de playa
(Ipomoea -Pes-caprae (1) Roth.) and the mato de playa (Cancuali
marittma (Aubl.) Thou.) trail over the occasional exposed places in
the thickets where they are often associated with batatilla (Ipomoec
stolomifera (Cyrill.) Poir). Here the first colonizers are the shrubs
(Diodia maritima (Thonn) the sedge (Remirea marilima Aubl.),
the shrub (Chamaesyce buxifolia (Liam.) Small) and the vines ba-
tatilla (Ipomoea stolonifera (Cyrill.) Poir), bejuco de playa (.
Pes-caprae (1..) Roth.) and the mato de playa (Canavali maritima
(Aubl.) Thou.).
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3. THE LERE-SLOPE THICKETS

The lee side of the growing dunes has a considerable protection
from the winds and is favorable for many plants. One of the first
arrivals is-the herbaceous Diodia maritima Thonn., the sedge !Re-
mirea maritima Aubl.), the shrub (Chamaesyce buzifolic (Tiam.)
Small.), the vine batatilla (Ipomoea stolonifera (Cyrill) Poir) and
scattered trailing individual of such plants as bejuco de playa (/.
Pes-caprae - (1..) Roth.) and mato de playa Cancvali wmaritima
(Aubl.) Thou.). As the dune approaches the maximum in size and
the lee side becomes stabilized, this sparse growth develops into
a dense thicket in which the uva de playa (Coceolobis wvifera (1)
Jacq.) is usually the most prominent although it is occasionally
replaced by other species. The stabilization of the lee slope leads
to the conservation of the soil moisture, the addition of organie
material and thickets which are taller, denser and composed of more
species than the thickets of the ridges. The uva de playa which
does not exceed a meter in height on the ridge, rvises to the level
of the ridge where its progress is checked by the force of the wind.
(Fig. 11). In fact the entire association of the lee side of the
dunes tends to grow to a greater height than the same species grow-
ing in exposed places, and some new species, such as mangle botén
(Conocarpus erecta 1u.), ventura (Iechthyomethia - piscipulae (1..)
Hitche.) and the shrubby jayajabico (Erithalis frutcosa 1.) are
introduced. The almendra (Terminalia Catappe L.) Fig. 13) is
used extensively for windbreak and its seedlings arve usunally to be
found in considerable numbers on the lee slope of these dunes.
They mingle to some extent with the uva de playa and become most
abundant where the original vegetation has been destroyed. This
species is also influenced by the wind; it seldon rises above the crest
of the dunes and when exposed to the force of the wind shows a
much greater branch development on the south than on the north
side. - With ‘the-growth of the thickets, the vines persist but her-
baceous plants are reduced in number or disappear. When - the
shrubby growth is removed, the herbaceous weeds from neighboring
fields and gardens come in very promptly.

4. THE DUNE FORESTS

It is diffieult to trace the later development of these dune thickets,
as they are cut over as soon as the new growth is large enough for
fuel. However, it appears that the natural introduction of forest
species would gradually overcome the uva de playa and its shrubby
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association and give rise to a mixed forest. Some of these species
are: the conspicuous almécigo (Elaphirium simarube (1) Rose),
the cenizo or espinosa (Zanthoxylum martinicense (Lam.) DC.) and
the maray-maray (FEcastophyllum Ecastophyllwm (1) Britton).
Intermingled with these are to be found the vines, mato azul (G-
landina eriste (L.) Small) and bejuco de toro (Stigmaphyllion tomen-
tosum (Desf.) Ndz.). There are also scattered plants of Zamia
latifoliolata Preneloup. DMost of these species are represented in
the second-growth thickets of the limestone hills and there is reason
to believe that the stabilized dunes of the San Juan formation were
originally covered with a mesophytic forest similar to that of the
older limestones.

The dune history may be summarized as follows: When the sand
near the beach becomes sufficiently quiet.to support plant life, it is
more or less completely covered by the pioneer herbaceous species
which soon give way to thickets of uva de playa. As the environment
improves, new species are added, leading ultimately to a mixed
forest. The occupation of the windward side of the dune by plant
life is less complete than the summit and lee side because of its
greater exposure to the wind. It is in these exposed places that the
uva de playa will persist and that we find sueh plants as the grass,
matojo de playa (Sporobolus virgimicus (1) Kunth) and the yerba
de sal (Philozerus vermicularis (L.) Nutt.) as the outpost plants in
space just as they were the first plant in time.

5. SECONDARY SUCCESSIONS ON THE DUNES

Many dunes are destroyed before reaching maturity, sometimes
by the removal of the sand when there is not enough plant life to
hold it and sometimes by the too rapid deposition of sand. When
a mature dune is completely oceupied by plant life it is quite perma-
nent unless a subsidence of the area exposes it to the action of the
waves, or the vegetation is removed by man or other agents. A
well-worn path across the top of a dune may permit the removal
of sand by the wind and cause the undermining and destruction of
the plant life. The destruction of a dune by the wind results in a
new dune on the lee side of the old one. Every stage of destruction
and construction can be observed along our north coast. In a few
cases in which the destruetion is caused by wave action, the attack
is at the base of the windward side of the dune, resulting in low,
steep cliffs of sand held in place by the roots of uva de playa and
favoring the growth of the yerba de sal (Philozerus vermicularis
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(L.) Nutt.). In most cases the destruction starts with a break in
the plant life on the crest of the dune. The sand is removed from
this break and poured over the lee side where it forms an active
lee slope. The break widens and the plants on its sides are under-
mined, but the action is retarded by the uva de playa and its as-
sociated species. If this continues the old dunes are completely
destroyed and new ones formed slightly farther from the shorve (Fig.
14). In these cases the moving sands frequently bury the old dune
thickets. Some few species are able to withstand this action to some
extent, such as the tree Santa Maria (Calophyllum antillanum Brit-
ton). The bejuco de costilla (Serjenia polyphylle (L.) Radlk.) is
also resistant and is frequemtly found twining over partly buried
thickets. The mato de playa (Cancvali maritime (Aubl.) Thou.) ap-
pears to thrive under these conditions and is found rooting at the
edge of the lee slope and trailing over it. A grass (Cenchrus caroli-
ntanus Walt.) and some other herbaceous speeies are less frequent.

The rapid removal of the sand in front of a break results in a
flat beach which is nearly or entirely devoid of plants. It is dif-
fieult .to determine whether the small dunes on these flats are
old or new. Iowever, the old dunes are usually recognized by
the uva de playa and other plants which are larger than is neces-
sary to hold the small amount of sand and which indicate that the
dunes are decreasing in size; while the young dumnes are occupied
by small plants. The uva de playa being the most common species
of the stabilized dunes is very naturally the most common on the
disintegrating dunes, although other plants are also present. They
are the shrubs, clavelon de playa (Borrichia arborescens (L.) DC.}
and borbordén de playa (Scaevola Plumierin (1..) Vahl) and the tuna
brava (Opuntic Dillenii (Ker-Gawl.) Haw.). Even though such
dunes are being destroyed by erosion on the windward side, they
continue to colleet sand in their lee and that area of deposition is at
once occupied by the sedge (Remiree maritime Aubl), the herb’
(Diodia maritima Thonn.), the bejuco de playa (Ipomoea Pes-caprae
(L.) Roth.) and other plants of the habitat. In one case a piant
of cariaquillo de Santa Maria (Lanfane tnvolucrate 1..) was noted,
a species which is most abundant on solid limestone.

All these activities in dune formation must be regarded as tem-
porary. They may overrun fields (Fig. 15) and destroy plant life
but they are finally stabilized. Eventually the supply of sea-sand
is exhausted in a particular locality, the dune ridges protect the
territory on the lee side and vegetation is stabilized. The compound
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series of dume ridges along our north shores indicates that une
formation, destruction, and reformation and recapture by vegetation
has occurred repeatedly in the past. :

6. THE VEGETATION OF THE SAN JUAN CONSOLIDATED DUNES

The sand under the dense thickets tends to become firm and solid
and there is reason to believe that this is the first step in the con- -
solidation into limestone by means of an organiec binder. It is
probable that the San Juan formation (Fig. 9) started in this man-
ner although many thousands of years were required for its com-
pletion, and the vegetation of prehistoric time may have heen quite
different from that of today.

The consolidation into the San Juan formation must have bheen
preceeded by a stabilization of sand dunes and must have been de-
pendent on the vegetation of that period. It also appears that the
plant life of the limestone rock and that of the stabilized dumes
must have been similar. The thin soil of the San Juan limestone
of today is the result of the disintegration of that formation into
a sand which has been modified by leaching and by the addition
of organiec material.” This soil is practically the same as that of
the newly stabilized dunes. The plant life of the new and old dune
series is very similar but the additional species on the San Juan
dunes indicates a greater and larger stabilization of the soil and a
greater accumulation of organic material. (

The agencies which have had some influence on the plant life of
the crest and sides of the dunes attain their greatest efficiency in
the intervening valleys where erosion from the slopes has formed a -
- deep, rich soil. It is practically impossible to tell the nature of the

plant life of these valleys and slopes before it was removed by man
and the land utilized for agriculture. However, two summits unfit
for agriculture are still occupied by remnants of the original vege-
_tation, although they have been cut over repeatedly.

The present vegetation is a dense thicket of shrubs, young trees
and vines with a few herbs, in which the shrubby icaco (Chrysobalanus
Lcaco 1..) is by far the most abundant, forming almost impenetrable
thickets around the margin and in all parts of this area. A few
plants of the uva de playa (Coccolobis wvifera (L.) Jaeq.) still
persist in the more exposed places where it is diffieult for other
plants to get a foothold. Many other species which are character-
istic of the active dunes show the similiarity in environmental cond:i-
tions but many additional specie§ also accur. Among the more com-
mon are such trees as palo de Maria (Calophyllum . antillanuwm
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Britton), palo de burro (Capparis flexuosa L.), roble blanco (T'abe-
buia pallide Miers), and limoncillo de monte (Calyptranthes Sinte-
nisti Kiaersk.); the shubby berenjena de playa (Solanum persici-
folium Dunal); the vine pega palo (Distictis lactiflora (Vahl)
DC.), the chew stick or soap stick (Gouwania lupuloides (1i.) Urban)
bejuco de costilla (Serjanic polyphylle (1..) Radlk.), the bejuco de
palma “(Trichostigma octandrum (1..) T, Walt.), the aguinaldo de
blanco (Jacquemontia nodiflora (Desv.) G. Don.) the herbaceous
botén blanco (Borreria verticillate (1..) Meyver), the carmin (Riving
humilis 1..), the maya (Bromelia Pinguin 1..); and the bruja (Bry-
ophyllum pinnatum (Lam.) Kuwrz). These herbs are most common
around the margin and the madre selva (Pilea microphylle (L.}
Liebm.) and (Clavenna tetandre (L.) Standl.) and-other herbs are
also quite common. The tall trunks of the alméecigo (Elaphrium
stmarube (1) Rose) are conspicuous on the summits and jagliey
(Ficus laevigatae Vahl) and cupey (Clusia rosea Jacq.) are common
on the shady north slopes where the conditions are decidedly meso-
phytic. The two most common vines are the gungulén (Vanilla Eg-
gersit Rolfe and calabazén (Philodendron Krebsii Sehott). The viney
pitalaya or night-blooming cereus. (Hylocereus trigonus (Haw.) Saf-
ford) is common on the trees and the flor de culebra (dAnthwriom
acauwle (Jacq.) Schott) forms large clumps on the exposed ledges.
The striking similarities of these fragments and the thickets of the
limestone hills indicate that they represent the same original associa-
tion which was a mesophytic forest now completely destroyed. It
represented the temporary climax of both the mesarch and xerarch
successional series.

7. DISINTEGRATION OF THE SAN JUAN DUNES

As previously stated, there were two, possibly three, series of
consolidated dunes of the San Juan formation. Ag the result of 2
subsidence the second is now in contact with and partly below the
level of the sea, and is being disintegrated into-sand. Thig is fol-
lowed by a retrogressive succession in the plant life.  Along the lece
frount of the outer ridge, clearing and pasturing, aided by the effect
of the salt-laden atmosphere, have reduced the original forests to
mere thickets, composed largely of thorny species. The most common
specles in these localities are the tuna brava (Opuntia Dillenii (Kex-
Gawl.) Haw.) which forms dense mats; crowded thickets of caria-
quillo de Santa Maria (Lanfene involucrata 1..) and uva de playva
(Coccolobis wvifere (1) Jaeq.); and tangled masses of the vine,
mato azul (Guilandina crista (L.) Small). Other shrubby and small-
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tree species which are more or less common are the coscorran (Elaeo-
dendrum zylocarpum (Vent.) DGC.), the aleli cimarrén (Plumiera
alba 1..), the espinosa (Anthacanthus spinosus (Jacq.) Ness.), the.
ventura (Ichthyomethia piscipule (1.) Hitehe.), the sereno (Gund-.
lachia corymbose (Urban) Britton, the icaco (Chrysobalanus Icdco
L.) and Argythamnic candicans Sw. They are aggregated into
dense and almost impenetrable thickets, seldom more than one or two
meters high and tangled with vines of pega palo (Distictis lactiflora
{Vabl) DC.), bejuco de costilla (Serjania polyphylle (11.) Radlk.}
and bejuco de toro (Stigmaphyllon tomentosum (Desv.) Ndz.) The
small open places between the thickets are carpeted with a thin sed
of grama blanca (Stenotaphrum secundaetum (Walt.) (Kuntz) and
also colonized by numerous weedy species.

Towards the top of the ridge, where there is a full exposure to
the wind, many of these species disappear. The wattle (Eugenia.
azillaris (Sw.) Willd.), persists ag a small tree or shrub; the sereno
“Guadlachia corymbosa (Urban) Britton) is the most common shrub-
and one colony of livio (Hymenocallis declinata {(Jacq.) M. Roem.)
was noted; the vine, mato azul ({Guwilanding criste (1) Small) was -
rare or entirely absent. The summits of these ridges, where the bases
are exposed to the sea, frequently show fissures parallel to the sea,
indicating lines along which blocks of stone will be broken off.

The outer slopes are in direct contact with waves which are undex-
cutting and changing them into steep or vertical cliffs (Tig. 16).
‘Caverns are excavated and fissures formed through which the. spray
shoots to considerable height. Projecting cliffs fall into the sea and
are ground into sand. The whole effect is one of disintegration..
This process is very evident to the most casual observer but it is
also evident that it must be very slow as is indicated by the presence
of old Indian carvings in some of the caverns.

The effect on the plant life is evident. 'Many species disappear,
the strongest surviving longest. The flat pockets of sand which are
seldom reached by the salt spray support a limited plant life con-
sisting of the two vines bejuco de playa (Ipomoea Pes-caprae (1.}
Roth.) ‘and mato de plava (Canavali maritima (Aubl.) Thou.) and
the grass, matojo de playa (Sporobolus virginicus (L.) Kunth), all
of which decrease with the increase of salt water on the lower levels.
Seedlings of Sporobolus virginicus and dwarfed plants of bellorita
(Erigeron bellioides DC.) appear even in the small pockets but at
the lower level they are quickly destroyed by the salt water. The
shrubby uva de playa (Coccolobis wvifere (1) Jaeq.), icaco (Chryso-
balamus” Icaco 1..), borborén (Scacvole Plumieri (L.) Vahl) and
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clavelsn de plava (Borrichia arborescens (I..) DC.), which ecling

tenaceously to the small fissures on the side of vertical walls, become:
smaller in size and fewer in number at the lower elevations, whera

the sea water strikes them more frequently, and eventually cling only

to crevices on the lee side of the walls. Clavelén de playa (Borrichia

arborescens (1..) DC.) seems to extend farther toward the ocean than

any other species.

Breaks in the San Juan formation may be ‘seen at many points
along the north coast. They range from a few meters to a kilometer
or more in width and some of them are very old. When these breaks
are cut low enough for the penetration of sea water a more or less
semi-circular bay (Fig. 9) is formed on the land side. The wind
sweeping- though these breaks causes some destruction of the plant
life on the lee side of the dune ridge (Fig. 17). Salt water dashing
over the summits of the lower ridges also aids in the work of destrue-
tion. Under these trying conditions the uva de playa (Coccolobis
wvifera (1) Jaeq.) Fig. 18) and clavelén de playa (Borrichic arbo-
rescens (I..) DC.) appear to be the hardiest species. But even here
each layer of sand is occupied by that small but sturdy pioneer grass
(Sporobolus virginicus (L.) Kunth) and by the shrubby temporana
{Suriane maritimo 1), However, the whole process is that of de-
struction of the rock and the vegetation.

9. SUMMARY

The sands deposited on the heach by the waves are carried inland
by the winds. The xerophytic plants start a xerarch successional
series which stabilizes the moving sand into dunes. This growth is
characterized hy the uva de playa (Coceolobis wvifera (L.) Jaeq.)
and associated species. This reduces the exposure to the wind, con-
" servés moisture and adds organic matter to the sands, and thereby
Favors the incoming of other species and the formation of dune
thickets. Occasional breaks in the dunes lead to the destruction of
gsome of these thickets and the reversion of the plant life to the
¢viginal pioneer stage. ITventually this dune formation is comsoli-
dated into limestone and covered with mesophytic forest. Submer-
gence of the land exposes this formation to the waves which results
in a greater or less destruction of hoth rock and vegetation. The
forests are reduced to thickets which are finally destroyed. The sand
whieh-is formed as a result of this disintegration is washed ashore,
blown inland and econtributes to the formation of new dumes. The
natural tendency of the plant life is. towards the formation of a2
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mesophytic forest and this will be hastened by elevation of the coast
and retarded by submergence.

O —Subsertes the Vegetation of Icaco Cay

This cay is a small island a few kilometers from Fajardo Playa
and is the only cay that we visited. It is composed of exceptionally
white pure limestone with a beach of very recent sand deposit. The
plant life is very different from that of the mainland and is probably
typieal of the many similar islands in this vicinity. Its flora has
already been studied by Britton (9).

The island may be deseribed as made up of flat-topped, irregular
hills which do not exceed 30 meters above sea level. These hills ave
the result of erosion and include at least three undrained depressions
and many sinkholes. The rainfall is light, probably not more than
40 inches per year, and the drainage largely into the sink holes.
The very thin soil is mostly in pits and ecrevices of the limestone.
The western end of the Island is a flat shelf about two meters ahove
sea level and is covered with a thin layer of sand. The lee side has
2 sandy beach but the windward side is abrupt. The exposure to
the influence of the high trade winds is reflected in the plant life.

The sandy beaches support a zone of nva de playa (Coccolobis
wvifera (L) Jaeq.) and other species which are usually associated
with it. The original vegetation of the flats near the beaches has
been removed and many coconut palms planted. Presumably it was
kimilar to the beach thickets previously described but the older parts
may have been covered with xerophytic forest. On the windward
side the uva de playa thickets consist of a narrow strip at the foot
¢t the hill.

The largest of the undrained depressions (Fig, 19) previously
referred to, contains salt or brackish water and is surrounded by a
narrow interrupted zone of mangroves, Rlizophora mangle T.. being
the predominant species. The other two large depressions lie above
the sea level and one of them is occupied by the low herbaceous
barilla (Batis maritima L.) and the border zone composed of mangle
hotén (Conocarpus erecta 1.); the other is completely filled with
mangle botén. In both cases the conditions favor the leaching out
of the salt and the maintenance of moisture by drainage from the
surrounding hills. These conditions are favorable for a vegetation
similar to that of the limestone hills of the mainland and the begin-
ing of their association is already seen in the presence of jagiiey
(Ficus laevigata Vahl).

The limestone hills of the cay are covered with a xerophytic
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chaparral (Fig. 20}, usualy not more than two meters in height,
which shows the effect of the high trade winds. The cariaquillo de
Santa Maria (Lantane fnvoluerata 1..) is the dominant species, and
is associated with small mumbers of other mierophyllons shrubs.
Among these are the corcho (Pisonic subeordate Sw.), the escam-
hrén { Randis mitis L.), the manto (Rhacoma Crossopetalum L), the
aleli cimarrén ( Phondera alba 1), the eseambron eolorado (Pithecello-
biwm Ungis-cati (L.) Mart.), az@icaves {Jacquinia Burbasco (Loefl.)
Mez), Jacquinia Berterii Spreng., Croton betulinus Vahl, Argytham-
nia candicans Sw., Wedelic calyeine 1. C. Rich., Chamaesyce
articulate (Aubl) Britton, the trees espinosa (Anthacanthus spi-
nosus (Jaeq.) Nees) and Bumelia obovate (Lam.) ADC.; the cactl,
sehuean or dilde ((ephalocerens Royeni (L.} B. & R.), sebuein (Lep-
tocereus quadricostaius (Bello) B. & R.) and tuna brava ( Opuntic
Dillenii {Ker-Gawl.) Haw.) There are few vines such as aguinaldo
de costa (Jucquemontia jamaicensis {Jaeq.) Hall. £.) and babiero
amarille (Urechtites lufea (L.} Britton); bhut the herbaceous vege-
tation is almost entirely wanting.

Along the summit of the limestone hills and fully exposed to the
trade winds is a dense thicket of wind-swept, one-sided shrubs and
small trees of hejuee inglés (Capparis eynophallophora 1.}, palo de
burro (Capparis flexuose 1..), coscorrén (Elacodendrum rylocarpum
(Vent.) DC.). palo bobho (Pisonia subcorduta Sw.) (Fig. 21), aziicares
(facquinia Barbaseo (Loefl.) Mez) and livion {(Strumpfia maritima
Jacq.) (Fig. 22).

Tn conclusion we may say that the two most striking features of
the vegetation are the resulis of the low rainfall and the high winds,
""he former tends to cause a dwarfing of the plant life and the
latter to give a more or less uniform level and a one-sided growth.

D. Tor HYpirCH SERIER OF TIE LAGOONS AND KSTUARIES
1. THE RIVERS AND PLAYA LAND

The many rivers of the north side of Porto Rico are subject to
ercat variations in the amount of water. Their courses through the
narrow valleys of the mountains and limestone hills are tortuows.
After passing the last series of hills they flow at nearly sea level
and broaden info estuaries. The swift ewrrents of the mountains
are greatly redueed and a considerable part of the load of eroded
materials is deposited. This action through long periods of time
and sometimes favored by elevations or subsidences, has resulted in
the formation of extensive aveas of alluvial soils or playa lands,
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lmown as the Arecibo sili loam. These lands are seldom overflowed
and there is reason to Delieve that they were made by submarine,
littoral deposits.  If so, the first plant life following their uplift
above sea level was probably a halophytic vegetation of mangroves.
Countinued elevation aceompanied by a leaching out of the salt made
yossible a sueccessional series reaching a climax n a mesophytie
forest,

This forest has been destroyed, but Mr. . D. Coldn, who has seen
the last fragments in the vieinity of Barceloneta, tells us that it
ineluded the Santa Maria (Calophyllum entdlanwm Britton), the
roble Blaneo (Pabebuie pallide Miers) and many other speeies. A
few trees of these two species still exist in the vieinity., At the
present fime, the rivers of thig vegion flow through deep channels
and there does not appear to he any sueccession leading to a forest.
The quiet waters of these streams contain small colonies of the two
types of flor de agua (Castalia ample Salish. and Piaropus crassipes
{Mart.) Britton}. At the edge of the stream is a fringe of amphi-
hious vegetation composed of the arrow leaf (Sagittaria lancifolia
1:.) and the eneas or cat-tails (Typhae augustifolic 1..). Thickets of
the tall grasses cafia de india (Phragmites Phragmites (1) Karst.)
and cafia cimarrona {(Gynerium sagittatum (Aubl) Beauv.) are con-
spicuous but scattered features of the plant life. These playa lands
are very rich and very fine for agriculture, especially the growing of
sugar cane,

2. AQUATIC VEGETATION OF THE FRESH-WATER LAGOONS

Many fresh-water lagoons and swamps are characteristie of the
north coast. They may be the results of the sand dunes which have
obstructed the natural drainage or they may be the result of a
subsidence which has drowned the mouths of certain rivers and
caused the water to colleet in the lowland baek of the dune ridges.
Laguna Tortugnero {Iig. 24), which covers an area of about 4 hy
114 kilometers to the northwest of Manati, is the largest of these
lakes and the one to which we gave special attention.

The quiet waters of these lagoons and the small drainage ditehes
of the swamp support dense colonies of flor de agua (Castalia ampla
Salish.). " In the shallower waters neaver the shoves are frequently
found smaller -colonies of Nymphoides Humboldtiamon (HBK)
Kuntze.. The lechuguilla de agua (Pistia Stratiotes 1) and flor de
agua (Pieropus crassipes (Mart.) Britton) also occur in some places.
Ceratophyllum demersum L. and Potamogeton fluifans Roth are the

most common foating plants.
]
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The cat-tail or eneas (Typha angustifolic L.) frequently forms
colonies sometimes of many acres. The sedge Mariscus jamaicensis
{Crantz) Britton is also abundant, forming pure colonies at the share
Iine or mixing with cat-tails. Very few other plants  arve associated
with these two dominant species but.a few plants of the aquatic fern
(Blechnum indicum Bwm.) arve scattered among the cat-tails. "the
cat-tails and sedges ave vapid formers of the black mud soil which
gradually rises above the water level, They may extend for some
digtance above water level and probably were originally in eontact
with the shrub or even the mesophytic forest associations of the playa
lands. However, it is impossible to determine this point at. present
as all the playa lands now are under cane eultivation. TIn fact this
erop is extended as far into the lagoon as specially selected varieties
ean be grown suecessfully,

3. THE MUD-BANK VEGETATION

The destruction of the cat-tails and sedges at the marging of the
marshes is followed by a secondary association of several mud-loving
speeies (Fig. 25). The soil is always saturated and no species has
kecome dominant in this new association. In fact this association is
very likely to be overrun in a short time by the cat-tails and sedges
which tend to re-establish themselves.

The predominant species of these mud-banks are slender, ereet
sedges of which the most abundant is the junco de espiga (Eleocharis
interstincta (Vahl) R. & 8.). Other common sedges ave Fimbristylis
complanata (Retz) Link, Ryuchospora cyperoides (Sw.) Mart.),
Elsocharis cartbaea {Roith.) Blake and a few others of similiar habit,
Previous to the establishment of the sedges and between the elumps
after establishment are many herbs, such as the creeping yerba de
culebra (Bramie Monmieri (L.} Drake) with its conspienous hluish-
white flowers. Hydrocotyle vertieillate Thunh. and the yerbha de
clave (Centelle gsiatica (L.) Urban) have similar habits but are less
frequent. Secattered plants of eat-tails are also common.

4. THIE SAND-BANK VEGETATION

The thickets of the white sands of Laguna Tortuguero have already
been described, The land oecupied by these thickets slopes abruptly
to the mud banks and wet sandy beaches which differ greatly in their
plant life, The vegetation of the mud-banks is related suceessionally
to-the marsh vegetation of the lagoon but the vegetation of the sandy
beaches consists of sparse groups of species which represent. migrations
befween the two types of plant life which have no successional rela-
tions.
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Tn the open sun in such localities, there is a scatiered covering of
clumps of the sedge Seleria hirielle Sw. and junquite (Fimbristylis
diphylle (Retz.) Vahl) the shrubby herb yerba de ciénaga (Adeschy-
nomene sensitiva Sw.) and occasional plants of various weedy speeies
such as Vernonia cineree (1) Less. In the shade of the overhanging
thickets, the vegetation is even sparser, and the commoner species
inelude such herbaceous plants as verba de San Martin (Sauvagesia
erecte 1.}, ecamasey de chareo, (Acisanthere Acisanthere (1.} Britton),
evasilla (Setiscapella subulate (1) Barnh and Seliscepelle pusille
(Vahl) Barnh.), Xyris Jupicai L. C. Rich, and the orchid Ibidium
tortile (Sw.) House.

5. THE BEACH THICKETS

The shrubby thickets which lie between the wet beach and the
dry sands at Laguna Toriuguero confain an intervesting group of
species. The water iable is well below the surface but the soil
molsture is maintained by capillarity, which gives a distinet meso-
phytic environment. The shrubly growth of these thickets attains a
height of from omne to five meters and many individuals would soon
grow into trees if it were not for the repeated cutting of these aveas
for fuel. The ieaco (Chrysobalanus fcaco 1) is the commonest
snecies and grows abundantly on the higher and drier places. The
camasey (Miconie prasing (Sw.) DC. and M. racemose (Aubl)
DC.) ave next in abundance, Other shrubs and {rees of imporiance
are the corazén (Annonae glabrae 1..), the palo de ecueubano (Guctiarda
scabre (L) Lam. the hoja mefiuda (Fugenic monticola (Sw.) DC.),
badula (Icacorea guadelupensis (Duch.) Britton}, the escambrinm
{Randis mitis 1) and Clidemie hirta (L.) D. Don. The most com-
mon vines are the maray-marvay (FKeastophyllum Ecastophyllum (1)
Britton) and the chiggernit (Tournefortia hirsufissime 1..). A fern
(Odontosorie aculeate (1.} J. Smith.) is also guite common. Some
of the plants of these thickets are no doubt invaders from neighboring
semi-xerophytic thickets, while others indiecate a tendeney towards
a succession by *the extinet lowland forest.

6. BUMMARY

The hydrarch series of assosiations is corrvelated with the usual
physographic process of soil formation and is represented by a series
of assoeiations differentiated largely by depth of water table and
parily by nature of the soil. The deeper water is ocenpied by sub-
merged and floating plants, the shallower water by a marsh associa-
tion of eat-tails and the mariseus sedge, and the land above the water
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ty a mesophytic forest. Temporary associations follow the disap-
pearance of marsh plants on exposed beaches, or appear between the
marshes and the adjacent forests of another suecessional series.
The climax vegetation has been completely destroyed.

B, Top HavaArcosr SErigs oF COASTAL SWAIPS

There is every gradation from the seashores exposed to wave and
wind where the sand and shingle forms heaches and dunes to the
seashores protected from wind and waves. Alost of the north coast
of Porto Rico is of the former type. ITowever, there are many
places of the latter type, whieh are of fwo general kinds: (1) The
banks of the river estuaries where the salt water is brought in by
the fide and produces a saline condition for a considerable distance
up stream. (2) The breaks through the dunes which have permit-
ted the sea to overflow the low Iands of the lee side, producing
more or less extensive salt-water or brackish swamps, lagoons or bays
depending on area and depth of water. In the largest of these, such
as San Juan harbor and the lagoons east of San Juau, the depth of
water may be considerable. but their land-loeked position minimizes
the effect of the waves. Their formation starts a series of suceessions
which proceeds to a climax throngh intermediate stages depending
on the variations in the salinity of the water.

Most of the swamps of the north coast are of this tvpe and show
certain fundamental similarities in their plant life, the variations
depending on the diffevences in avea, depth of water, salinity and
age of the swamps under consideration, The larger areas show broad
expanses of wniform plant life which sometimes eovers hundred of
acres, while in the smaller areas each plant association is lmited.
In the large, deep areas of cpen water, the halophytic vegetation is
confined to narrow marginal zomes. In the very: saline waters the
vegetation is distinetly halophytic while in the comparatively fresh
water the halophytes are restricted to the shore line and are replaced
by associations of the hydrareh series a short distance from the water.
In general, the nature of the plant life depends on depth and salinity
and the area occupied by each association on the gradient of ground
surface; a gradual gradient producing uniform eonditions over a
large area, with similarly extensive development of each assoeiation,
#nd a sharper gradient restricting the various assoeiations to marrow
zones parallel to the margin, There are three wellmarked associa-
tions of this series in Porto Rieo and it will be necessary to discuss
the relationship between these associations and others of the xerarsh
and hydrarch series,
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1. THE MANGROVE ASSOCIATION

The typical pioneer vegetation of such shores in the tropies is
the mangrove or manglares composed of several species representing
the first stage in the series. There are several species of mangrove
belonging to widely different families. The common name applied
io all of them is not due to any taxonomic relationship but to a
similarity of habitat and behavior. The mangroves are a distinet
ecological unit and not a taxonomie group and most of the features
which they possess in eommon are correlated with their environment.
The most remarkable of these features is vivipary. In most species,
regardless of their taxomomic velations, the seeds germinate before
falling from the tree. As a result of the organic contact between
parent and offspring the seedlings reach a large size before they fall
from the parenmt. They are either planted by falling into the mud
or they drift until anchored in shallow water by the growing hypo-
cotyl. This habit ig well illustrated in the common mangle (Rhizo-
phore mangle I.). The germination of the seed is followed hy a
comparatively slight enlargement of the cotyledons and a very con-
spicuous growth of the long, fusiform hypoeotyl which mayv attain
a length of two or three decimeters and a diameter of two or three
centimeters. These voung plants remain attached to the parent plant
for a year hefore falling into the water where they are easily anchored
in the mud in an upright pesition. They may be anchored-near the
parent or carried by a current for a long distance. When onee
established they also develop prop-roots. Sometimes these prop-
roots grow from branches as much as five meters above the water,
These roots eventunally reach to the water and mud and form a tangle
and covert the colony into an almost impassible thicket. The mangle
Lobo (dwvicennie nitide Jacq.) 'and some other species produce spe-
cialized roots which grow vertieally upward into the air. These roots
are known as pnenmatophores and function in the transportation of
oxXygen. :

The leaves of the mangroves ave also fairly constant in shape and
structure. In our Porto Rican species they ave elliptical, or nearly
g0; smooth, dark green, thick, and assume a more or less vertical
position. All of these echarvacters appear to he correlated with the
1*hysiological factors of their environment. -

The mangroves ave exceptionally ‘good land Duilders. Their
crowded stems, aerial roots and numerous pneumatophores retard or
stop the movements of the sea waters and the suspended material
is dropped among them. Since these plants are eonfined to still
waters, the suspended materials are mostly silt and clay which results



ECOLOGICAL SURVEY OF THE FLORA OF PORTO RICO pY

in deposits of mud. The falling leaves and twigs deeay and add
organic matter, thus making a black mud. With the accumulation
of soil, the plants are forced seaward, the rate of progress depending
on the depth of the water.

In Porto Rico we have four species of mangrove (IFig 26); the
common mangle or mangle zapatera (Rhizophora mangle I..), the
mangle blanco (Laguncularia racemosa (L.) Gaertn.), the mangle
hobo (Awvicennia nitide Jaeq.) and the mangle botén {(Conocarpus
erecta 1..). As previously stated, the common name of ‘‘Mangrove”’
refers to their ecological and not to this taxomomic relationship.
The first three arve of the greatest importance and are limited to the
mangrove swamps. The fourth is smaller in size, comparatively un-
important in the swamps and more abundant in other habitats.
These variouns species differ in their salt requirement: the common
mangle (R. mangle T.) requires the highest concentration and is
found very close to the ocean. The mangle blanco (L. racemoss (L1.)
Gaertn.) and mangle bobo (A. nitide Jacq.) are associated with it
but are most abundant on the land side where the concentration is
less. The mangle botén (C. ereccte L.) also grows on the land side
of the swamps buf extends inland and into habitats which are free
from walt water. The first three also require an abundance of free
water and thrive only in a safurated soil, while the fourth will thrive
in much drier conditions. Therefore, it is most abundant in the
drained swamps and en the landward margin and is sometimes found
on sand dunes and limestone rocks.

Ordinarily, the mangrove swamps consist of pure stands of the
first three or of all four species with no secondary species but a
reduction in salinity leads to the incoming of other species, such as
the cadillo de ciénaga (Malache scabre B. Vogel) which grows to a
height of two meters and forms dense thickets in the narrow chan-
nels (Fig. 23) of the swamps. The mahoe {(Pariti filiaceum (L)
St. HiL) is a widely branching shrub or small tree, as much as five
meters high and is occasionally found growing in the open places
among the mangroves or extending over the channels. The palo de
hoz {(Drepunocarpus henatus L. £) G, F. W, Meyer) is a s«fiff,
thorny, sparsely branched shrub attaining a height of five meters
and arehing out into the open sunlight above the canals.

The mangroves are an important source of fuel and their high
ceonomic value is fully reecognized. 'They oceupy hundreds of acres
at sea level which cannot be drained exeept by the most expensive
methods and wield a rvegular annual income. Affer cutting, thev
re-establish themselves easily and quiekly. .
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2. THE ACHOSTICHUM ASSOCIATION

One of the meost familiar types of vegetation along the north
coast is the tall fern (dAcrostichum curewm 1.), growing in long
zones or in irregular patehes (Mg 27), which may be of several
acres in extent on the landward marging of the mangrove swamps.
This seil is usually somewhat drier becanse of its full exposure io
wind and sun and always less impregnated with salt. The fern
grows in crowded masses a meter or more in height and forms an
almost pure stand, secondary species being missing or so few in
numbers as to be of no ecological importance. The position of this
association in the successional series is not clear. Tts great abundance
and uniform development in so many different localities and the
regularity of its position in close contact with the mangroves, but
in slightly drier or less saline environment, leads to the conclusion
that it normally follows the mangrove. Ifowever, there ave reasons,
based on general ecologieal experiences or actual conditions in Porto
Rico, for considering it as a temporary or secondary development,
This fern thrives exceeptionally well in mangrove swamps which have
been eut over for fuel and in which the new growth in seldom more
than five meters in height. In faet it is frequently found growing
in the cleared portion of swamps where the mangroves have failed
to re-establish themselves. The succession of a forest tvpe of plant
life by a herbaceous type, except as the result of some catastrophe,
is unusual and not to be expected in Porto Rico where the elimatie
conditions of the north shorve favor the development of a forest,
Furthermore, young mangroves frequently grow in abundance around
the margin of the fern association, where the sharp transition line,
fndicates that the sunceession at the present is proceeding in another
direction.

Acrostichum aurcum L. (Fig. 28) is physiologically adapted to
the salty or brackish soils of the mangrove swamps, as few other
herbaceous species arve adapted. Tt produces enormous numbers of
microseopic spores which are uo doubt widely distributed over the
coastal plain every year but seldom grow In any locality other than
the high, open places of the mangrove swamps where they have a
good light exposure and do not come in direct contact with the
salt water. Under ordinary eonditions it grows as scattered indi-
vidunals and does not form an association, bhut if the mangrove trees
are cut out over an avea slightly above sea level, the very place
where they are most likely to be cut because of working conditions,
this fern forms a dense association. Its density vetards the invasion
of the mangroves except around the edge, where the ferns can he
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gradually shaded out by the overhanging branches thus permitting
the mangroves to advance slowly and eventually reoccupy the entive
area.

3. THE PTYEFRGCARPTS QFFICINALIS ASSOCIATION

The ounly forest of palo de pollo (Plerocarpus officinalis Jacq.) is
located mot far from the shore of the IMumacao Playa. Although
it oes not come in direct contact with the typical mangrove swamp,
we consider it as representing the next stage in the halarch series.
The small rivers of: this section come to sea level at a considerabls
distance from the present shore line. The small bayvs into which
they originally emptied are completely filled with a black soil. We
have reason to believe that these swampy seashore plains were at
one time active mangrove swamps. With the filling of these small
hays and swamps and the development of these flat alluvial plains,
sandy heaches were also formed. At this point, the heach is about
500 meters wide and iz abouwt one meter higher than the alluvial
plain farther inland. The tides run up the rivers about one-hall
kilometer where contact with fresh water results in the partial
damming of the streams and a rveduetion of the salinitv above that
point. However, their influence is still shown hy the seattered
mangrove trees along the banks,

The reduced salinity as a result of the distance from the sea aund
the fresh water from the streams produces ideal conditions for a
siceession from the mangroves hecause the germination of the seeds
and their future growth will be checked by the change in environ-
ment and new species will be enabled fo invade the territory. Sueh
appears to he the history of the Pterocarpus forest. There is a
deep black muck with the surface slightly above sea level, always
vet and sogey and usually treacherous under-foot. The muek s
shallow near the margins as indicated by the sand turned up in the
planting of coconuts. This superimposed muek has nndeubtedly
been formed in a swamp of mangroves, or possibly of other plants,
after the formation of the sand bars on the shore side. This muek
is no doubt inereasing-as a vesult of the fiooding by the rivers
during the rainy periods and accumulation of vegetable matter.

The palo de polle {(Pferocarpus officinalis Jacq.) is the dominant
tree (Fig. 29) and in fact almost the only tree of this swamp,
alihough there are a few others sueh as the rvoyal palm (Roystonsu
boringueiie Cook) and a very narrow zone of mangroves (R. mangle
L) along the rivers. The trees have been repeatedly cut for fuel
and the coppice growth consists of three to six slender trunks from
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each stump which rarely exceed 20 meters in height and are usually
less than 5 decimeters in diameter. The old stumps have exceptionally
fine buttress growths; in some cases, the roots are four times as long
#s high, fairly thin at the base but with eurved upper edges and
sometimes branching distally. They may extend outward as much
s five meters from the base of the tree. Traces of newly developed
buttresses may be found as much-as five meters above the ground
and the size of the system is very much out of proportion to the
size of the trunk: omne tree only three decimeters in diameter at
fonr meters above the ground had a buttress development 25 meters
in cireumference.

In addition to the royal palm (Roystonee boringueiic Cook)
there are a few individuals of two other tree species in this assoeia-
tion hut they are always small. They are the escambrén (Drepano-
earpus lunatus (L. £) G. F. W, Meyer), with its slender trunks one
deeimeter in diameter and ahout 10 meters in height, and a few young
trees of eupey (Clusia rosea Jacq.) which are anchored in the tops
of the frees or grow as independent plants. The shrubby cadillo
de ciénaga (Malache scabra B. Vogel) grows in small thickets and
as isolated individuals throughout the forest and attains a height of
four meters. The bejuco of guajanilla (Paullinda pinnaie I.) is
abundant, elimbing to the tops of the trees, looping from tree to
. tree and festooning the trunks. Some of the other plants worthy
of mention are the bejuco de Santiago (Aristolochia trilobata 1..),
the paralejo vellndo (Banisteria laurifolic 1.), bejuco de prieto
{Hippocratea volubilis L.) and Stigmaphyllon puberum (L. €. Rich}
A, Juss,

The irregular surfaces of the Pterocarpus buttresses and the ae-
cumulation of debris upon them forms a most excellent envivonment
for epiphytic plants which are very numerous. The largest and most
common is the flor de culebra (dnthurium wcaule (Jacq.) Sehott)
with its dense masses of roots and large rosettes of long leaves which
in turn shelters the young of its own species and Peperomin ylabelly
(Sw.) A Dietr.). The large fern {Polypodiwm decumanum Willd.)
is common and a few individual plants of the fern (Nephrolems
hiserrata (Sw.) Schott) are found on the stumps of the Pterocarpus.
The night-blooming cereus or pitajaya (Hylocereus trigonus (Haw.)
Safford) is occasionally seen in the higher trees. The fern Acros
tichum aurewn L. grows as isolated plants or in small ecolonies
wherever the light is suffiefent,

Some cuttings have been made along the margin for the purpose
of planting coconuts and these places have been quickly oceupied by
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an execeptionally dense growth of the fern Acrostichum awreum L.
(¥ig. 28). "The fronds reach a lengih of more than three meters
and are elosely interlaced in every direction. In the next outer zone
whieh is planted to ecoconuts we find a carpet of the yerba de cule-
bra (Bramie Monnieri (1) Drake) and Nelsonie bruncllioides
(Lam.) Kuntze.

4. THE CLIMAX FPOREST

The Pieroearpus forest has followed the decrease in salinity wiich
was unfavorable for the mangrove growth. This decrease will con-
tinue with the increase in deposits of alluvinm which raise the land
higher and higher above the influence of the tide until the environ-
ment is similar to thaf of the playa lands of the north coast. There-
fore, we have reason io believe that if undisturbed by man, the ex-
tine tforest of the playa would eventually succeed the Pterocarpus
association.

5. INTERMEDIATE VEGETATION AT FAJARDO PLAYA

We have previously called atiention to the wind and wave action
of the north coast which causes the formation of sand dunes, the
exelusion of vegetation from the wet fore-shore, and the initial stage
in the xerophytie plant life of the dunes. There must be every pos-
sible intermediate stage between the environment and plant life of
such a coast and the guiet shores which are inhabited by the man-
groves. The reduction of the wave action results in the deposition
of finer materials and plant life becomes possible at lower levels.
The salt content of the soil becomes higher, the lower plants inerease
in number and the initial vegetation hecomes more and move halo-
phytic. At IFajarde Playa the off-shore islands reduee the wave
action sufficiently to permit the growih of mangroves at the water
edge and gives us an intermediate stage of environment. The waves
are strong enough to earyy up and deposit the fine sands but it is
not blown inte dunes; and hecomes less and less saline with the in-
<rease in distanee from the shore. The heach has a very gentle slope
and is almost completely covered with the common mangle (Rhizo-
phore mangle L.}, the mangle hlanco (Lagunciularia racemose (L.)
Gaerin.) and the mangle hoho (dvicennic nitida Jacq). A little
farther back, this growth is infermingled with the uva de playa
{ Coceolobis wvifera {1.) Jacq.), the chamiso (Dodonace viscosa Jacq.)
and the tachuelo or karvebesu (Pictetia aculeata (Vahl) Urban)
forming dense thickets about 6 meters in height but with little herba-
eeous plant life (Fig. 30). Still farther inland, B. mangle disappears,
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L. racemosa, A. nitide hecome less abundant and the mangle botén
{Conocarpus erecte 1..) appears in quantity; uva de playa (C. uwi-
fera (L.) Jaeq.) and the tachuelo (Pictetin eccwleata {(Vahl} Urban)
continne, The last three hecome the dominant species over a
large area extending a eonsiderable distance from the heach. Other
common species are the escambrén (Randis mitis L.), the escambrén
colorado {Pithecellebium Unguis-cati (1..) Mart.), the manto (Rhae-
coma  (rossopelalum L), the ucarillo (@Fineric Rohmit (Vall)
Koehne.), the abejuelo (Colubrina Colubring {(Jaeq.) Mills.) and the
zarza vine (Mimosa Ceratonia 1u.).

This thicket is frequently eut over for fuel but the environment
and the plant life are so similar to that of the thickeis at Mameyes
(page T0) that we believe that this area was formerly covered with
a mesophytie forest, whieh wag probably the equivalent to that of
the white sands previously described. It is probable that the halareh
series which depends on the salinity may be replaced, in a more sandy
soil, by members of the xerarch series and the plant life carried to 2
corresponding conclusion.

G VEGETAVITCN OF THE CARDO TIBURONES

This is the largest swamp on the north coast. It oecupies an area
of about 20 kilometers in length hy three kilometers in width and
extends from Arecibo on the west to Barceloneta on the east. Iis
natural outlet is into the Arecibo river at the western end but an
artifieial drainage system has been opened into the Manati river at
the east end. Much of this avea is below sea level and none of it
rises more than a few decimeters above the tide. The gradient is foo
slight for successful drainage and the opening of ditehes and canals
has facilitated the enfrance of tide water and earried the salinity
some distance into the interior. The salinity varies from place 1o
place owing to the slow diffusion of salt water through the dense
vegetation. Each rise of the fide tends to imcrease the salinity and
cach rainfall to reduwce it. The removal of the vegetation in places
and the exposure of the soil has tended to inerease the salinity at the
stirface by the rise of the water from helow and the deposition of
salt by evaporation, to that the surface of the soil is frequently
whitened by saline incrustations

The goil is a very black muck formed hy the acenmulation of silt
end the decomposition of decayed swamp vepetation. The water-table
i a little above or very little below the surface and the salinity in-
creases from east to west. The character of the vegetation over the
castern fwo-thirds of the swamp indicates that the seil water was
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originally fresh or very slightly saline and that of the western third
indicates a salinity resulting from the tide water coming in through
the Arvecibo viver. The soil is rich in organie matter but poor In
minerals, especially potash.

When viewed from the hilly on the north side of the swamp it can
be readily seéen that the eastern end is level and completely covered
with a dense growth of narrow leaved sedges, grasses and cgt-taiis
and a few isolated shrubs and small trees. Over the western fourth
the plant life is quite different, eonsisting of a dense growth of a
dark-green fern with scattered but mumerous trees. At the extreme
western end, the trees become still more numerous, and finally grade
inte a forest separated by strips of fern. The whole area is inter-
sected by artificlal ecanals and ditches of open water.

These three associations cover almost all of the western part of
the swamp. A fourth swamp forest assoclation originally existing at
the eastern end has heen destroyed and the land is now used for the
growing of sugar cane. A fifth asrociation has developed in the
canals and drainage ditches and a sixth type which can secavcely he
dignified as an association appears on the low ridges of the earth
excavated in the digeing of canals and on the ridges constructed in
attempts to increase the area for growing cane.

The cat-tail sedge assoeiation (IPig. 25) covers most of the eastern
three-fourths of the swamp and consists of a dense mass of narrow-
leaved hyvdrophytes growing so close together that very few other
plants ean grow heneath them. There are tliree dominant species;
the encas or cat-talls {Typha angustifolia 1..) is the most important
and covers hundreds of acres with an almost pure stand; the sedge
known as serrucho (Mariscus jamaicensis (Crantz) Britton) is second
in quantity and grows in solid masses, attaining a height of two or
three meters; and the cafia de india (Phragmites Phragmites (L)
Karst.), which forms thickets at wider intervals and attains a height
of four or five meters. Scattered individuals and small colonies of
secondary species are also present. The most common is the shrub
salvia {Pluchea odorata {L.) Cass.} which is one or two meters in
hreight, and Is tall enough to bring its leaves ahove the general mass
of foliage. The falso gnaco (MHikania congesta DC.) and an Ipomoea
elimb over the taller plants and secure the neecessary Mght exposure.
Growing in small open places are the arrow-leaf Seggittfaria laneci-
folin L., the sedge junco de espiga (Kleocharis inferstincte (Vahl)
R. & 8.), the herbaceous Hydrocotyle verticillate Thumb., the sedge
Dichoromena coloraia (L) Hitche., the yerba de culebra (Bramie
Monnieri (1) Drake) and other gpecies of the mud assoeiation,
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About three kilometers from the western end, the above vegetation
is replaced by masses of the lavge fern (derestichum aurewm 1.)
wiich grows in an almosi pure association over hundreds of acres.
This fern, which is characteristic of hrackish water, grows in large
elumps and its numerous fronds attain a length of two or even three
meters. These plants grow in such dense masses that there does not
appean to be any typical secondary species. There are some scattered
mdividuals of the thorny legmme, pale de hoz (Drepanocarpus lung-
tas (L. £.) G. T W. Meyer) with ascending, sparsely branched stems
rising above the general level. Ti is more abuudant in this associa-
tion than in the mangrove thickets farther west, Seattered individ-
uals of mangle botén (Conocarpus erecte 1..) also rise above the ferns.
A few plants of the Typlha-MHariscus association of the eastern part
of the swamp persist here, including small colonies of the dominani
species and patches of cafia de india {(Phragmites Phragmites (1)
- Karst.), but these are always more abundant on the low ridges than
elsewhere. The opening of the numerous ditches and eanals {Wig.
31) hag formed aveas standing water so mearly fresh that several
freshawvater hydrophytes have appearved. The most common is the
flor de agua (Custalic ample Salish.).  Associated with it are seat-
tered eolonies of Potaemogeton fluitans Roth and Ceratophylium
demersum L.

The term terreplén is used to designate the low flat ridges formed
by the earth thrown up in dredging or in making roads. They are
3 to 6 decimeters above the normal level and very few swamp species
can grow on them. This is especially true where deep cuiting has
Lrought the underlying limestone soil to the surface. The vegetation
on these terrepién is very sparse even after a lapse of 16 to 18
vears. The common salvia (Phichea odorate (1.) Cass.) has become
established on the terveplén and in more abundant than in the
swamp where it must compete with the cat-tails and sedges. The
chief vegetation is composed entively of adventitious weedy species,
among which the herbaceous boton blanco (Borreria verticillate (i)
Mever) 15 most abundlant. Other species are the maray-maray {Fcas-
tophyllum  Beastophyllwm (1) DBritton), the herbaceous eseobita
(Scoparia duleis 1.}, ihe shrubby berenjena eimarrona (Solanum
torvum Sw.), the palo de Maria (Calophylluwm enliflonum Britton),
the jagtiey (Fiecus leevigate Vahl), the covazén (Annona glabra
1..), the malvavisco {Corchorus hirtus 1..) and the herbaceous man-
zanilla (Wedelia irilobate (1.) Hitehs.).

If the plant life of this swamp had been undisturbed by man,
it iz probable that it would lie in the following order from west to
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cast: mangroves, ferns. cat-tails and swamp forest. The geologic
angd physiographic history of this region indicates that the swamp
started near the Arvecibo river and extended eastward as a result of
the submergence of the land. This does not necessarily mean that
the swamp forest algo started at the western end and moved eastware,
giving way to the plant life in the west and traveling with the forma-
tion of the swamp. On the contrary we believe that the first swamp
vegetation was a mangrove association on the margin of the yvoung
swamp. 3Mangroves are plants of quiet salt water, witl means [or
rapid dispersal, and would naturally start wherever the econditions
were favorable.

As the swamp increased in size, the mangrove thickets also in-
creased and served to break the tide and rveduce the mixing of the
salt water with fresh water flowing in from the east. In this arsa
of quiet water, ranging from brackish to nearly fresh, the other three
assoclations became established as narrow zomes. As the swamp in-
creased in size due to a slow submergence, all the associations spread
cver lavger areas. The ecat-tails spread most rapidly and finally
dominated the greater part of the swamp. The early stages in such
# formation may now be seen at Palmas Altas where a small mangrove
swamp is being established. Tn the San .Juan harbor, we find a
variation in this history; the water is deeper, there is a greater
exposure to tides, and the steeper gradient of the surrounding land
bas led to a greater development of mangroves and a reduction of
the cat-tail, sedge and fern association.

The transition at this time between the mangrvoves and the Aeros-
tichum, and between the Acrostichnm and the Typha-Mariscus asso-
ciations Is not caused hy a similarly sharp transition in the salinity
of the water. That decrease is gradual from west to east and should
produce an equally gradual change in the vegetation if it were the
ohe decisive factor in the environment. IPurthermore, the range of
tolerance of typical plants is greater than exists in the areas occupied
chiefly by them; secattered plants of cat-tails ave found in the man-
grove zone, ferng ave found among the cat-tails and even very close
to the eanals in which we find sueh typieal fresh-water plants as the
flor de agna (Castalie ample Salish.). The abrupt changes are due
to the plants themselves; both the ecat-tails and the ferns covering
certain areas so completely that mixtures ave diffieult. It appears
probable that the dense growth of these two speeies produces shading
which prevents the germination of seeds and spores. The explana-
tion is certainly true for the mangroves.

Tividence for the predietion of future changes, provided this swamp
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should be undisturbed by man, is very slight. At this time it s
very evident that there ave more colonies of ferns in the cat-tail-
sedge association than the reverse, which may indicate that the ferns
are advancing to the east, It i5 also conceivable that the isolated
mangrove plants among the ferns may, if undisturbed, develop into
thickets and progress eastward to the limit of their fresh-water
toleration. It may Dbe that the entire fern area was recently covered
with mangroves whieh have heen destroved by repeated cutting for
fuel.

The great swamp is almost entirely surrounded by cane fields
which have heen extended to the limit of cane toleration for saline
soil,  Attempts have heen made to extend these fields by throwing
the soil into flat vidges separated by channels but the rise of salt by
means of capillavity and its aceumulation in the surface soil by
evaporation have heen disastrous for the growing of cane and in
many cages have resulted in abandonment of these ridges. In fhese
ahandoned areas the channels are ¢uickly taken by the cat-tails and
sedges 1o the very edees of the ridges. The yerba de eslebra (Bramaia
Monnieri (1) Drake} and other plants of fhe wmnd-hank association
grow on the edges of the old cane beds. The surface of the ridges
are taken by varvious weed species, especially the herbaceous Wedelia
trilobate (1.} THitche, These muek soils are among the best in
Porto Rico for cane growing and their reclamation is a question of
time. Their location near sea level makes drainage by ordinary
methods impossible but it is very probable that other methods will he
devised (Fig. 32).

7. SUMMARY

The mangrove swamp is the pioneer association of the halarch
gevies, The accumulation of soil reduces the salinity and it is sue-
ceeded by the Pterocarpus forest, which is in turn succeeded, under
natural conditions, by -the elimax forest. The removal of the man-
groves leads to the development of a fern (Aerosticum auwrcum
1.} association. In “places intermediate in environment Detween
mangrove and nva de playa associations, these fwo species make a
mixed growth. In the larger lagoons more remote from the ocean
where the water is fresh or slightly Dhraclkish, the associations o
to the hydrarch series. T isociations belong

VEGETATION OF THE ¢ENTRAL MOUNTAIN REGION

The plant life of the northern coastal plain of Porto Rico eoincides
quite accurately in distribution with the geology and physiography
of the region, but the plant life of the southern cnast, which is more
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or less xerophytic in nature, not only covers the coastal plain but
extends up the mountain slopes and over the volcanie soils, reaching
i1g northern limit along a line determined by rainfall and humidity.
Thevefore, that part of the island lying between the coastal plain
on the north and the line just referred to on the south does not
inelude all the ancient voleanic mountain region. On the north, this
arca extends as far as the Tertiary region; on the west and east to
the sea shore, exeept for small areas of recent maritime or fluvial
deposits; on the south to the limits of adequate rainfall. In general,
this southern boundary may be designated as a line extending from
ithe Panduras Ridge south of Yabucoa, westward along the southern
side of the range at an altitude of about 450 meters (1,500 feet) to
Cabo Rojo.

- The most important envirommental characters of this mountain
vegion, on which the plaut life primarily depends. are abundant
yainfall, high atmospheric humidity and soils derived from the
decomposition of ancient vocks, which are mostly acidie in nature.
From this region south until we veach the coastal plain, the soil is
practically the same but the rainfall is deficient. The northern
houndary coincides with the geological boundary of the north coastal
plain and is independent of altitude. At the north-east corner of
the island, near Fajardo, the plant life of the mountains descends to
sea level. At Lares it reaches is lower limit at about 400 metfers
(1,200 ££.) above sea level at a point where the Tertiary formations
veach their highest altitude. The southern boundary is determined
by rainfall and not by geological character of the soil and is fairly
well correlated with elevation above sea level; the general altitude
being 450 meters (1,500 ft.) gradually dropping to sea level at the
eastern and western ends of the Island.

The transition from the plant life of either the northern or south-
ern coastal region inte the plant life of the central mountain region
can be seen along the insular roads that eross the island from north
o south in many places. On the north side we have an abundant
rainfall both in the moutains and on the coastal plain and the transt-
tion is marked not so much by general appearance of certain species
as by species which ave restricted to one or the other of these regions.
To the casual observer, the most conspicuons of these is a very com-
mon roadside fern (Dicranopteris pectinate (Willd.} Underw.), which
grows in large masses along the highways (I'ig. 33), espeeially on the
shady banks. Tt is restricted to the old soils of the mountain region
and is an excellent soil indicator. The beautiful fern tree (Cyathen
arboree (LY J. E. Smith) (Fig. 34) is also an important soil
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mdieator but less abundant and more likely to extend beyond the
soil limitation best suited for its growth, It is more or less common
in elevations above 200 meters (630 ft.) and iz one of the most
attractive features of the landscape. They are not so abundant in
the fully developed forests as in the thickets along the small brooks
and steep slopes. The finest specimens ave observed above 500 meters
{1,500) feet).

Although there are many species that live on hoth the north coastal
plain and the central mountain range, the plant life of the two regions
18 composed primarily of different species, One of the most common
species that attracts attention from the highways is the tereiopelo
( Heterotrichwm cymosuwm (Wendl) Trban), a tall shrub or low tree
of the high altitudes. Another is the llagromo (Didinnopanax More-
fotoni (Aubl) Dene. & PL)Y, with its tall slender trunks and large
leaves which are dark greem above and brown beneath.

The southern limit of the mountain vegetation (Fig. 35) is deo-
termined by rainfall, atmospherie humidity, inselation and wind. Tis
exact loeation is irregular, depending to some slight degree on soil
and topography. The sounth slope ravines tend io colleet moisture.
from the run-off and seepage and are less exposed to the drying
influence of the sun and wind. Therefore, the mesophytic plant life
of the mountains extends to a lower level in these ravines while the
verophytic plant life of the plain extends to a higher level on the
1idges between them. This distribution of plant life can be readily
seen from the mountain roads which alternatively eross these two
types of vegetation.

Tu the low lands at the eastern and western ends of the mountain
mass we find areas of alluvial soils and maritime deposits in which
the vegetation is not related to the mountains proper. It hag already
been discussed in connection with the northern coastal plain and
consists of low sand dunes and mangrove swamps with small arveas
of Pterocarpus forest and second-growth thickets. The greater part
of the land is untilized for agricultural purpose in the growing of
sngar cane, coconuls and other crops.

There is a considerahle variation of soil within this central moun-
tain region but the mest widely distributed surface rocks are tuffs,
shales and eonglomerates with some andesites, diorites, granites, por-
phyries and serpentines. A careful siudy would probably show
some relationship between these soils and the plant life but it was
impossible for us te do more in the alloted time than note a few
species which appeared to be loealized on the serpentine soil. The more
common and dominant tree species and the general composition of
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the plant life does not show any relation to the geology of the region.

The rugged character of the ecountry has alveady received consid-
eration. Practically all of the available land is now used for some
kind of agriculture, but the narrow valleys and precipitous hillsides
still show some native vegetation although they have been cut over
for building material and fuel or wsed for pasture to a greater ov
less degree. Large aveas.in the higher elevations arve unsed for grow-
ing -coffee and have heen planted to sbade trees of guama {Inga
louring (Sw.) Willd.) and guaba (Inge Inge (L.) Britton) which
give the appearance of a natuval forest. Diseases of the coffee plants
have resulted in the ahandonment of many estates which eventually
reverf to the native forest, but it is doubtful if any of these secondary
forests have yvet reached such a eondition that they can be used to
ilustrate the original mountain vegetation.

The Luguillo Forest Reserve at the eastern end and the Insular
Forest near Maricao at the western end contain many large individual
trees and colonies of valuable economic species and there is evidence
that the cuttings which they have received from time to time have
not been so extensive as to seriously interfere with the general com-
position of the plant life. At some other points, notably near Ad-
juntas and Jayuya, the mountains rise ahove the limit of suceessful
eoffee growing and are occupled by fragments of the original forvest
which have been modified to some extent by eutting. These moun-
tain forests originally extended to sea level at both eastern and
western ends of the Island but these lower altitudes have been almost
completely deforested. A few small areas, very muech marrved by
selective entting, remain at Ceiba and Hwnacao and have given us
some data for this survey.

It is extremely diffienlt to characterize definite plant associations
from a study of these widely sepavated tracts, some of whiel have
been very much modified by man. Towever, we believe that there
were five major associations of the mountain region as follows: (1)
mountain forests of the low elevations, (2) the moist tropical fovest,
(3) the rain forests of the Lugquillo Mountains, (4) the Sierra palm
forests, and (5) the mossy forest.

1. THE MOUNTAIN FORESTS AT LOW ELEVATIONS

The forests of the central mountain range originally descended
to very low elevations and possibly to the sea level at points near
the eastern and western ends of the Island. Rast of San Juan the
coastal plain is narrow ov interrupted and even at Rio Piedras the
rolling hills of the Cretaceous age rise almost from sea level. From
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Candévanas east and south to Maunabo the mountains descend to the
ocean except where broken by the playas (Fig. 36) or the many small
rivers. At the western end of the Island, geological 'formations of
the same age, and subject to similar interruptions, ocecupy the coast
line from near Agnadilla south to Cabo Rojo.

Owing to the utilization of the lower hills for agriculture, the
native vegetation is almost entirely limited to small zones along the
streams, fence rows, roadsides, and small thickets on rocky outerops
and slopes too steep for agrieulture or pasture. These small areas give
a very imperfeet idea of the composition of the orviginal forest. The
best remaining areas of the original forests ave near Ceiba. One of
these was In virgin condition until recently when the most valuable
trees were removed. It is now a dense jungle of young trees. Near
this place one small area of fiat ground containg a few trees of cobana
(Stahlic monosperma (Tul.) Urban), which is almost extinet in many
parts of the Island; also a few trees of bucar (Bucida Buceras 1.}
and eeiba {Ceiba pentandre (1..) Gaertn.). The cobana usually has
a crooked bole branching a short distanee above ground into a low
round head. A few individuals are known at other places along the
south eoast. These species indicate a considerable degree of ecolog-
ical similarity between the two regions of the Island, notwithstand-
ing the great variation in the amount of rainfall. 'This similarity is
also indieated by the shrubs whieh grow along the landward side of
the mangrove association, such as the pale de burre {(Capparis
flexuose 1..), the harviaco (Krugiodendron ferrewm (Vahl) Urban},
the ecoscorran (Elecodendrum axylocarpum (Vent.) DC), the jiba
(Sheefferia frufescens Jaeq.), as well as such common vines as the
bejuco de eostilla {Serjania polyphylia (1.} Radilk.), the zavza {dca-
cia riparie IBK.) and Gouwania lupuloides (1.) Urban, all of which
are found also in the arid southern coastal plain.

Scattered trees of the original forest on the hills indieate that its
general height was 20 to 30 meters, but give no idea of its density
or the relative number of species. The arbovescent species observed
included the tamarindo eimarrén (deacie muricata (1) Willd.), the
almaeigo {Elaphrium Simaruba (I1.) Rose), the cobana ({Stehlic
monogperma (Tul) Urban), the jiba (Scheefferia frutescens Jaeq.),
the tachuelo (Pictetic aculeate (Vahl) TUrban, the buear (Bucida
Buceras L.}, the bejuco inglés (Capparis cynophallophora 1..), the
coreho (Torrubia fragens (Dum. Cours.) Standley), the palo de mi-
fieca (Cordia glebra 1) and the Capparis coccolobifolic Mart., and
tea (Amyris elemifers 1.}, The almacigo, which is so worthless that
is not cut, is the only one that reaches the normal height. The others
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are limited to small trees seldom more than 10 meters in height,
straight, ereet and densely crowded into an almost impassable thicket.
Associated with these trees and frequently nearly equaling them in
«size, is an assemblage of shrubs, including palo de burvo (Capparis
flexuose L.), escambrén colorado (Pithecellobium Unguis-cati (L.)
Mart.), escambrén (Randie mitis 1..), the aleli cimarrén (Plumiere
albe L.), granadillo (Fugenia Lgustrina (Sw.) Willd.), hoja mefiuda
{E. monticola (Sw.) DC.), quiebra hacha (E. pseudopsidium Jaeq.),
burro blanco (Capparis portericensis Urban), Neea buzmifolia (Hook,
£ Heimerl, Eugenia cordate (Sw.} DC., and Psychetrie pinularis
Bessé & Moe. There are also a few under-shrubs, sueh as Argyiham-
nig candicans Sw., Ditaxis fasciculate Vahl, Clatesbaea parviflora Sw.
and the afiil falso (Benthamanthe caribees (Jaeq.) Kuntze.). Among
the vines, the grass (Lusicacls divaricata (L.) Hitche.) is very abun-
dant and forms large tangled masses on the taller vegetation. Other
abundant vines are the liana uflada (Bafeeydie Unguis (L.) DMart.),
the l.ejuco de costilla (Serjenie polyphylle (L.} Radlk.), the dunguey
{Swilax cortacen Spreng.) and Gouanie lupuloides (L.) Urban., Ilere
again the strong floristic affinity to the arid woodlands of the south-
ern coast becomes apparent although the general conformation of the
plant life is different,

Tarther back from the coast near Ceiba, the same type of plant
Tife is essentially repeated although seleciive eutting has reduced the
number of tree species and changed the composition of the forest.
Here as at the coasi, the buear (Bucide Buceras 1.), the alméicigo
{Elaphrivm Simarube (1) Jacq.), the tachuelo (Pictetie aculeata
{Vahl) Urban) arve the common species. The balsamo (Citharexy-
Zum fruticosum L) and palo bobo (Pisonia subcordata Sw.) are ad-
ditional species of xerophytic affinity, while malagueta (Amomis
caryophyllate (Jaeq.) Krug & Urban) and cenizo (Zanthoxylum
martinicense (Lam.) DC.) indicate a mesophytic tendency. 'This
mesophytic tendency is also illustrated by the herb, bijao (Alpiniae
aromatice Aubl.) and by the two ferns Dryopteris subteltragosa
{Link) Maxon and Dryopteris pedafe (L.) Fée.

A gimilar plant life exists at Humaeao although move severe cus-
ting has greatly reduced the number of tree species, which have
been replaced by a greater development of shrubs. Wiconie Thoma-
stang D(. is especially abundant. Most of the trees and shrubs are
selerophyllous, whiel is probably the result of a decrease in rainfall
und atmospheric humidity.

It is extremely difficult to give any satisfactory discussion as to
‘the character of the original forest from a study of these few, much-
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modified fragments. The only remaining species of full size is the
worthless alméeigo (Elaphrium Simerube (L.) Rose), which is of
no ecological significance. The xerophytic tendeney of many of the
species and their oceurrence on the arid southern side of the Island
is noteworthy, but they may have formed a small and very unim-
portant part of the original forest. It is reasonable to suppose that
the original forest may have been distinetly mesophytie and that the
clearing followed by exposure of the soil to wind and sun resulted
in the establishment of the xerophytie species listed above. It is
very probable that if undisturbed by man, they might shelter and
encourage the return of a mnormal mesophytic species.

2, MOUNTAIN FORESL AT HIGHER ALTITUDE

The eentral mountain range above the low aliitude forests which
we have just digcussed was oviginally covered with a Iuxuriant forest
of an exceptionally large number of species, Gifford has placed its
lower limit at about 150 meters and its upper limit as indicated by
the few remaining fragments must have been about 600 meters
(2,000 ft.) in the Luquillo Mountains and about 900 meters (3,000
2ty in the Central Cordillera. Therefore, it covered the greater part
of the mountain region, sinee the mountains rise above 900 mefers in
very few places. Tts range was practieally the same as that of sue-
cessful coffee cultivation. Tt also covered the San Lorenzo and
Cayey valleys which are now utilized in the growing of tobacco and
2lso several areas now used for other crops.

This original forest has heen almost entirely destroyed. The
aborigines probably cleared wmal] aveas for their erude agriculture
but Murphy believes that the most rapid destruction did not start
until the nineteenth century when there was a demand for land for
the growing of coffee. Beginning at about this time, there was a
rapid inerease in population, whieh has neot’ wet ceased, and which
increased the demand for building material and fuel and later led
to the utilization of praectically all of the availahle land for agrieulfural
puTposes.

Fortunately, a few arveas escaped this period of destruction. 'T'he
largest area includes several thousand acres of what was originally
crown land which was set aside by the United States Government as
{he Lmquille Forest Reserve. This region shows no indieation of
having been cut over and used for agrieulture but many valuabie
trees were evidently removed. A second area of considerable size lies
south of Maricao and comprises the Tnsular Forest Reserve. Thers
are some other privately owned small tracts on the higher slopes of
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the Central Cordillera in the valley of Jayuya and Adjuntas but
they have heen modified by selective cutting or lie above the limits
cf the region of the Sierra Palm or mossy forests.

At many places theve is a second-growth forest development fol-
lowing the abandonment of coffee enltivation, bui the dominant
gpecies are the gnami (Inge lowrine (Sw.) Willd.} and the guaba
(Inga Inge (1.) Brition) which were used for coffee shade, with a
mixture of the more mobile species of trees and undergrowth. If
nndisturbed, there will be gradual migrations whieh will tend towards
tlie re-establishment of the original forests, but this will probably
vequire centuries for its completion.

Many apparent forest areas can be seen from the highways but
they are mostly coffee plantations in which the guami and guaba
dominate. Most of the vegion is composed of steep hillsides and
narrow valleys mostly oceupied by cities, villages, pasture lands and
varions kinds of agriculture. The royval palm is common and there
are many second-growth thickets containing llagrumo (Cecropia
peltate 1.}, grayamo or llagrumo macho (Didymopanes Marototond
(Aubl,) Decne, & PL). tree ferns (Cyathea arbores (L.) J. E. Smith),
cupey (Clusic rosee Jacq.) and a few species of Piper and Miconia
(Fig. 34).

Fragments of the original mountain flora are still to be seen
throughout the region. The common fern (Dicranopteris bifida
(Willd.) Maxon) grows in masses on the recently made road banks.
The shrubby terciopelo (Heterotrichum cymosum (Wendl) Urban)
and the several species of Miconia furnish shade for woodland ferns
and many delieate plants. Begonia decandra Pav. and Hillia pera-
sitica Jaeq. (Fig. 37) ave oceasional; epiphytic orchids bloom on
some of the trees and the introduced raspberry or fresa (Rubus
rosaefolins Smith) grows in great abundance in many places.

The wide-spread destruetion of this original forest made it neces-
cary for us to restriet onr studies almost entively to the Luquillo
TForest Reserve, the Insular Forest Reserve at Maricao and the region
around Jayuya. The most superficial study shows that these fraets
differ ecologically and that these differeneces ave due primarily to
variations in rainfall and atmospherie humidity. The Luguillo Moun-
tains near the northeast corner of the Island have an altitude of about
1.050 meters, are fully esposed to the moisture-laden trade winds
from the northeast and have the highest rainfall of any point on the
Island, amounting to probably 350 centimeters {140 inches) or more
er vear. Droughts are unknown and there are few days withont
1ain. Cloudiness is above the average and the vegetation is frequently
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drenched with eondensed moisture. These conditions give rise to the
development of a true rvain forest. At Maricao the rainfall is less
than 250 centimeters (100 inches), sunny days are more frequent,
and droughts occasionally last long enough to have some effect on
the forest. The natural vegetation approaches the type described by
Schimper as a monsoon forest. There is no well-defined dry season
Fut the abundance of vines and epiphytes and less luxuriant growth
sustify its classification as a moist tropical forest. Forests of this
type probably extended originally over most or possibly all the
central mountain range of the upper altitude, exeept the Luquillo
Mountaing whieh were covered by the rain forest to which we have
referred.

A. The BMoist Tropical Forest

When this forest 15 viewed from above, it is seen to be compesed
of trees of various heights and color, with a mottling of mosaic shades
of green due to difference in species and age of foliage. There are
very few trees with trunks of a meter or more in diameter, the
growns are narrow and sparcely Dhranched and the bark on most
species smooth, Many trunks show a pronounced hbasal flare. One
of the most striking environmental features is the seanty development
of humus. The ground is eovered with a thin layer of leaves and
twigs and a very thin layer of humus below whieh the soil is stained
Llack for a few centimeters. This is probably due to the gradusl
fall of leaves throughout the year, the rapid oxidation of orgamc
matter, and its rapid removal by the lheavy rainfall. There are
many iree species and very few individuals of each, which ave usmally
widely scattered thrvoughout the forest. It was impossible to make
any statistical studies in the shovt time available for the work bus
we have made use of the information on this phase of the subject
which was given us by Mr. W. J. Kramer and Mr. C. 7. Bates of the
Forest Service.

The two most conspienous tree species arve the jheana- {Lucuma
multtficra (A, DC.) and the gnara-guadille {Guarea ramiflore Vent.) ;
although large individuals are not common, their seedlings are very
sbundant. Other species that attract attention arve the eenizo {(Zan-
thoaytum martinicense (Lam,) DC.), which has a trunk eovered
with stout conieal thorns; the cupeys (Clusia rosee Jacy. and (.
Gundlachii Stahl) with their peeuliar semi-epiphytic habit; the {wo
lagrumos (fidymopenar Harototoni (Aubl) Dene. & Pl and Ce-
eropie peltate 1.), with their large leaves which are brown above
and white below, the moralén (Cloccolobis grandifelia Jacq.), with
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its very large almost cireular leaves; the cojobana (Piptadenia
peregring (L) Benth.), with its peculiar foliage resembling the
North America hemlock; isolated individuals of the sierra palm
(Buterpe globosa Gaernt.), and scatiered plants of the two tree ferns
{Cyathea arboreq (L.) J. B. Smith and Alsophila aguiline Christ)
in places where the cover is not too dense. The straight, tall trunks
makes it impossible to study the foliage at a distance. Some of the
other trees that are worthy of mention are: the guaraguao {Guaren
Guara (Jacq.) P. Wilson), the granadille (Buclienavia capitata
(Vall) Eichl.) (Fig. 38); the laurel voseta (Nectandra puatens
(Sw.) Griseh.), the malagueta (Amomis caryophyllate (Jaeqg.) Krog
& Urban), the gongoli ( Dendropanax lawrifolinm (I, March.) Dene. &
1) the hweso blaneo (Mayepea domingensis (Lam.) Krug & Urban),
the palo de dajae (Iwora ferra (Jaeq.) Benth.) the palo de aceiie
(Petragastris balsgmifera (Sw.) Kuntze), the ecleniguillo (Myreie
deflera (Poir.) DC.)Y, the cacaillo {(Heliosma obtusifelia (Bello) Krug
& Urban), the maricac {Byrsenima spicete (Cav.) DC.), the achio-
tillo (Alchornee latifolic Sw.), the palo hlanco (Drypefes glauce
Vahl) and Nageia coriaceq (1. C. Rich. Kuntze.) Speeies of the
native Brythrinas may be seen for a long distance in the neighboring
{orests when in bloom. This forest was orviginally the habitat of
the satinwood or aceitillo (Simarube tuloe Urban) which is now
almost extinet.

The distribution of these trees shows very little velation to topo-
graphy, soil or seil moisture, althongh Piptadenia peregring (1.0
Benth. and Nageie coriacea (L. C. Rich.) Kuntze are more abundant
uear the bottoms of the valleys. Nearer the settlements, this valley
location is cceupied by thickets of the introduced poma rosa (Jambas
Jambos (L) Millsp.) In a few clearings and at the edge of the
Tovest, Miconia prasina (Sw.) DC. and moral (Cordia suleata DC.)
are abundant. The majority of the smaller trees, ranging from 8 to
10 meters in height, are of the eommon species, but the mufieco (Den-
dropanaz arboreum (L.) Dene. & P1.) and the jacanillo (Pefesioides
pendulum (Urban) Britton) are regular constituents of this laver.

Most of the numerous shrubs are in reality voung trees such as
the guara-guadillo (Guaren ramiflora Vent.) and the jiecana {Lucuma
multiflore A. DC.) which arve very abundant everywhere, and the
gongoll (Dendropanax lewrifolium (B. March.) Dene. & PL), which
oceur in scattered patehes., One of the most common true shrubs is
the gesnerad (Pentaraphie albiflora Dene.), which grows in rocky
ledges. The rasca garganta (Parathesis serrulata (Sw.) Mez) the
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galin del monte (Cestum lourifolinm L Her). the ieaquillo {(Hirtella
rugose Pers.) and Psyehotria grandis Sw. are occasional.

Dense growths of the climbing bamboo-like grass (Arthrostyli-
diwm sarmentosum Pilger) and to some extent the grasses Lasiacis
divaricate (L.) Iitche, and L. sorghoidea {Desf) H. & C. elimb
over the undergrowth. The high-climbing calabazén (Philodendron
Krebsii Schott.) is common; gungulén (Vanille Eggersii Rolfe) oe-
curs at wider intervals; and the bejuco de palma or pega palma
(Maregravie rectiflora Tr. & PL) is also abundant.

The epiphytes are not very abundant; the most conspicuous
being the flor de culebra (Anéhurium acaule (Jacq.) Sechott.) which
grows in large rosettes on horizontal branches, in erotches of trees,
¢n exposed rocks, stumps and occasionally on the ground. Hillia
purasitica Jacq. is common, frequently two or three meters in height
and with snowy flowers, Small orchids and ferns are common on
the rocks, logs, stumps and occasionally on the trunks of living
trees. Among the most common of the ferns are Polypodium latum
(Moove) Sodiro, P. pectinatum L., Elaphoglossum apodum (Kaulf.)
Schott., and dsplemium cuneatwm Lam. The ovehids Spathiger
rigidus (Jacq.) Small, Lepanthes selenipetale Rehb, £ and Pleuro-
thalis ruscifolie (Jaeq.) R. Br. are also common, The same habitat
is shared by Columnea tulee Urban and such epiphytes as Tillandsia
tenuifolia L., and several sterile bromeliads grow on the trees.

The herbaceons ground flora is very scanty or absent. Three
species appear to be well adapted to the dense shade and are mueh
more abundant than the others. They are the yerba maravilla
(Ruellie coccineq (1) Vahl) and the two delicate grasses Ichnanthus
pallens (Sw.) Munro and Pharus glaber IIBK. Occasional planis
of the tall achicoria cimarrona (Tupe robuste {Graham) A. DC.)
and colonies of Alpinig antillarum R. & 8. grow along the botloms
of the ravines. Metbomie umbrosa Britton, Gesneria pauciflora Ur-
ban and several ferns such as Blechnum occidentale L., Dryopteris
Brittonae Slosson and Nephrolepis rivularis (Vahl) Mett. also ocenr.

There appear to be very few individuals of the smaller, secondary
species but this is probably due to their wide intervals rather than
their scarcity. Their seed production and migration are certainly
sufficient to provide a mueh larger number of individuals and a
more general distribution. The limiting factor is light; each plant
from the highest trec to the lowest shrub reduees the amount of
light available for those below and makas growih of the smaller plants
more preearious. This law applies to their own seedlings and the
mortality among the tree seedlings must be exceptionally high. The
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epiphytes germinate at higher levels and the vines attain high
levels by their rapid growth,

Asg a vesult of this redueed light, many secondary species are
represented by few individuals except at the edge of the forest and
along the trails and roads where there is a maximum amount of
Light. Among the most characteristic speeics of shrubs in such
places are Tamonee macrophylle (D, Don.) Krasser, T. guianensis
Aubl, Miconia prasing (Sw.) DC., M. luevigete (L.) DC., Calyco-
gondum Krugii Gogn., Vitex divaricata Sw., Piper scabrum Sw., rama
menuda or hoja mennda (Myreia splendens (Sw.) DC.), Psychotria
undate Jacq., Erythroxylon rufum Cav, Pentaraphie albiflora Dene,
and Parathesis serrulate (8w.) Mez. Among the herbaceous species
we find Souvagesia erecta L., Nepsera aguatiea (Aubl.) Naud., and
Tontanea herbaceq (Lam,) Standl.}). Ferns are abundant and in-
clude Cyathes arboreg (L.) J. B. Smith, Polypodium Plumule H. &
B., Dicranopteris bifidoe (Willd) Maxon, Adiantum tenerum Sw.,
Odontosoria aculeate (L.} J. B. Smith, and Hemitelia horrida (L.)
R. B

B. The Rain Forest

The tropieal rain forest of the Luquillo Mountains is another
high-altitude forest and extends to about 600 meters (2,000 ft.),
but the original vegetation is iniaci in omly a few places where it
has not been subject fo selective cutlings to a greater or less degree.
The prevailing tree growth is now lower than normal and the best
individuals of the most valuable species have been removed. DMost
tree specles of the original growth, with some exceptions such as
the tabanveo (Decryodes excelsa Vahl), were scattered and therefore,
the sporadic cutting has not resulted in a complete destruction of
the forest,

A Dizd’s-eye view of the rain forest shows a solid Dblanket of
green interrupted by the higher eliffs, the small irregularities of
the country being conecealed. This green blanket presents a mosaic
of several shades, varying with the species and the Light. From a
closer view the erowns are seen to be of various heights, and rounded
or spreading, Among the most conspicuous species are the tree ferns
(Cyathea arborec (1) J. E. Smith) with their pale green flat tops,
the ungainly Nagrumeo (Cecropia peliate 1) which shows flashes of
white as its huge leaves are.inverted by the wind, the llagrumeo
macho (Didymopanax Morototoni (Aubl) Dene. & PL) and the
oceasional Sierra palm (Buterpe globosa Gaertn.). Every shade of
green, every form of erown and every size of leaf is represented.
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As the eye travels up the mountain side, these features blend into-
a general mosaie, the form and heighis of the crowns become less
distinet, and the ecolors merge although the white flashes from the
Hagrumos are visible from a long distance.

The soil of the rain forest is a ved or yellow plastie clay of a
variable depth, overlaid by a thin layer of humus and a thicker
layer of fallen leaves and stems. The trees stand elose together and
the general height rarely exceeds 20 meters and the diameter rarely
more than 30 centimeters (1 foot), although there are some few
trees with diameters 1.5 meters (5 ft.). The general aspeet resem-
Bles that of the moist tropical forest and the component species are
similarly widely scattered. The tabanueo (Duacryodes ercelsa Vahl}
{Fig. 39) is an exeeption, in that it grows in small eolonies. ‘

The numher of tree species is lavge, each represented by seattered
individwals, Mr. W. J, Kramer ranks the valuable species in order
of their abundance and importance as follows: the tabanuco (Pacry-
odes xecelsa Vahl) (Fig. 39), the sabino (Magnolia splendens Urban},
the guamé (Inga lawring (Sw.) Willd.), the guaraguao (Guarea
Guara (Jaeq.) Wilson), the deana (Manilkara nitide {Sessé & Moe.}
Dubard), the roble blanco (Tabebuic pallida Miers), the ortegdn
{Coceolobis rugose Dest.), Miconia tetrandra (Sw.) D. Don. and
gaimitillo (Micropholis garcinifolic PPierre). Other species that were
observed by mg are the moca (Andire inermis TIBK.), the granadille
{ Buchenavia capitate (Vahl) Eichl.)} (Fig. 15), the hueso blaneo
(Mayepea domingensis (Lam.) Krng & Urban), the guayabota (Bu-
genig Stahisi (Kiaersk) Krug & Urban), Coeccolobis pirifolia Desf.,
Croton poecilanthus Urban and Cedrele odorata 1. The latter is now
nearly extine. Still other species are mentioned by Gifford, includ-
ing Ternstroemio luquillensis (EKrug & Urban) DBritton, stated by
him to reach a diameter of eight feet and probably the largest tree
mn this respect in the forest; Myroxylon Sclwaeneckeenum Krug &
Urban, the cavacolillo {(Trichilia pallide Sw.), the palo de gallina
{ Alchorneopsis portoricensis Urban), the aguacate cimarrén {Hrfe-
landia pendula (Sw.) Nees.) the pale de dajao (Irora ferrea {Jacq.}
Benth.), the cacaillo (Sloance Berteriang Choisy), the caeac bobo
{Meliosma Herberti Rolfe), the marvicao (Haemocharis portoricensis
Krug & Urban), as well as several others which from their vernacular
names canioi be associated with a species. Four speecies, llagrume
macho (Didymepancr Moreteloni (Aubl.} Dene. & PL), the llagrume
proper (Ceeropia peliate L.), the tree fern (Cyathea arborea (L.}
4. B. Smith) and Clibadium croswm (Sw.) DC., which behave ordi-
narily as forest weeds, grow in the small clearings and sunny places-
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Young trees ave abundant under the larger ones and ave scattered
lke thelr parents. There are very few true shrubs, the most
conspicuous being Palicowrea riparic Benth., which grows to a height
of two to four meters. It is most common on the lower levels along
the trails where it gets the maximum sunlight. The guao ((onio-
cladioc glabre (Schultes) Spreng.) and the basquiiia (Pothomorpite
reltada (1) Mig.) grow well in the deep shade. The camaseys
{Miconia prasing (Sw). DC., M. racemose (Aubl) DC. and Meera-
st amygdelinum (Desr.) . Wright) colonize open places along ihe
trails. The two shrubby speecies of galin de monte {Cestrum macro-
phyllum Vent. and ¢ lawrifolivm L'Ier.) and the shrubby rabe de
ratin { Duggena livsiute (Jacy.) Britton) are less abundant.

The most couspicuous of the Hanas are the bejuco de palma

{ Maregravig rectiflore Tr. & PL) and bejueo de vana (M. Sinfenisii
Urban), the former being the more abundant. They are widely
distributed and it is diffieult to distinguish them in a sterile condi-
tion. They have already been referred to as inhabitants of the
moist tropical forests hut they are more abundant and larger in
the rain forest, reach their maximum in the Sierra palm fovests
a little above the rain forests and extend to the highest peaks.
The hejuco de palma and bejuco de rana are especially interesting
beeause of the peculiar differentiation of the juvenile and acdult stages.
Seeds of these two species are produeed most abundantly in the Slerra
palm forests and are widely distributed over that region and the two
lower forvest They germinate freely on moist rocks, stumps, logs,
earthy mossy banks and other places. The juvenile stages are abun-
dant and are characterized by leaves which are closely appressed to
the substratum to which the plant clings by means of its aerial roots.
The leaves are sessile, ovate-oblong, blunt at the apex, cordate at the
base, I to 4 centimeters long, crowded or almost overlaping on the
‘short internodes. In this stage it resembles a small climbing areid
more than its own adult stage. Under favorable conditions a Iateral
Pranch grows out from the substratum, develops internodes two to
three times as long as those of the juvenile plant and leaves which
are narrow, oblong, obtuse at the base, and sharply acute or acumi-
nate at the apex. This branch grows over tree trunks 3 to 10 meter
in height and forms huge masses 2 or 3 meters in diameter. If a
part of this adult plant is broken and falls to the ground, it is very
likely to grow and give rise to a juvenile branch like the original
Juvenile plant,

The second vine in importance is the raseca garganta or eala-
bazén (Philodendron Irebsii Schott), a lavge aroid which elimbs to
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4 ‘height of 10 meters. Several other aroids including the guinda
(Anthurium scandens (Anbl. Engler) climb but do not attain sueh
large size. True epiphytes are not abundant. Hillig parasitica Jacq.
trails over the lower tree trunks and is conspicuous by its flower
branghes’ and snowy white flowers.

The heavy rainfall and the saturated atmosphere favor the develop-
inent of many small herbaceous plants which are distributed through
f;he forest and grow in great abundance along the trails where the
removal of the shrubs and young trees reduces the competition. The
root system of these plants is small and poorly developed; some of
ithem wiil Hourish on moss banks, the rough Dbark of trees and in
rock erevices, ILiven smooth rocks that are covered with a very thin
layer of mosses will De occapied by numerous small herbs. It is
wery probable that the great majorily never come o maturity but
the seedling process Is continuous and the rocks are never withoust
cover if there is any possible chance for the young plants to gain
a root hold. It will be readily seen that under these conditions,
it is impossible to distinguish with any degree of certainty the
ground plants, rock plants and true epiphytes; in fact the same
Species may be found behaving in all three ways within a very
short clistance.

The most abundant of the herbaceous planis belong to the genera
Pileq and Peperomia., Of the latter genus yerba de medio real
(P. rotundifolie (15,) HBK.) is especially conspicuocus, covering tree
trunks to a height of a meter o1 more with a close mantle of small
orbicular leaves. P. gmarginelle (Sw.) DC. has this same habit.
Among the larger species ave: P. robustior Urban, P. dlote R. & P,
P. magnoliaefolio (Jaeq.) A, Dietv. and P. glabella (Sw.) A. Dietr.
The species of Pileg are also plants of deep shade and grow in thin
g0il or on rocks hut do mot have the climbing or epiphytic habit
of some of the Peperomias, The most éommon arve P. inaegualis
{Juss.} Wedd,, and P. obfusefe Liebm., tut the following are also
found: P. repens (Sw.) Wedd., P. Krugti Urban, P. Partetaria (1)
Blume, and P. senudentate (Juss.) Wedd.

Agsociated with the Pideas and the Peperomigs are many other
herbaceous plants such as the yerba mavavilla (Ruellic coceinee (1)
¥ahl.), which is abundant and conspicuous beeanse of its scarlet
flowers; verba de Ban Martin (Seuvagesie erecfu L.) and the altea
(Nepsere agquatica (Aubl.)) Naud.), which are abundant along the
trails; the woodland grass (Iechnonthus pellens (Sw.) Munro) and
Stethome verticitlaris (Nees) Britton. There are also seattered
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plants of three swmall orchids {(Cranichis museosa Sw., Prescotiic
oliganthe (Sw.) Lindl. and Physurus plantagineus (I.) Lindl},
which oceur as scattered individuals. The pata de gallina (Lepi-
dagathis alopecuroidea (Vahl) R. Br.) and tibey parvasitico (Colwm-
nea {ulae Urban) are of oceasional occurrence in sueh places.

There are a few talley species each represented by a few indi-
viduals. They are the yerba de plata (Rolandre fruticose (L.,
Kuntze) and Hypitis afrorubens Polt., which are abundant but far
less conspicuous than bijao (dAlping womatics Audbl) with its tall
flowering stems and achicoria cimarvona {(Tupe robustae (Graham);
A. DC.); tangled masses of grasses helonging to the genus Lasiae:s
and the gerambling sedge {(Sclerie canescens Boeckl.), which obstructs
the trails with its sharp edged, cuiting leaves, arve common and fre-
quently ahundant,

The ferns are exceptionally luxuriant and range in size from
the tree fern (Cyathee arboree (L.) J. T. Smith) and Homsteli
horride {1..) R. Br. to the very small ferns a few centimeters in
height. Small members of the genus Polypodium climb over the treo
trunks; mats of the Selaginellas cover the ground and elay hanks;
and masses of Dicranopteris bifide (Willd.) Maxon grow in many
places. The others species most likely to attract attention are
Dryopteris reticulata (1) Thban, P, deltoidea (Sw.} Kuntze, Poly-
podium lycopodioides L., P. chnoodes Spreng., P. loricewm Tu, Poly-
botrye cervine (1) Kaulf., Nephrolepis wivularis (Vahl) Meti.,
Alsophila boringqueiie Maxon, Hemitelia horrida (L) R. Br., Hypo-
lepsis repens (L) Presl, Odontosoric aeuleata (L.} J. Smith, OQlean-
dra mrticulata (Sw.) Presl, and Vittaria filifolic Tée. Lycopodium
gernuton L. ig common; L. linifolium L. grows as an epiphyte, and
Selaginelle Krugii Tleron. forms small mats on the forest floor.

" A number of species, some of them of conmsiderable size and
others of speeial interest to botanists arve not known oufside this rain
forest. Some of them have been colleeted hut once and are not
well represented in herbaria, Therefore, it is reasonable to suppose
that a eareful exploration of this region will result in the rediscovery
of some of these species and the discovery of additional ones.

3. THE SIERRA PALAM FOREST

Climbing above the rain forests or the moist tropical forest and
into the Sierra palm forest, we note the first distinetive change in
the plant life in the massing of the Sierra palms (Buterpe globosa
Gaertn.) at and above an elevation of about 600 meters (2,000 £t.).
This species, which is represented in the rain forest by seattered
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individuals, now hecomes the dominant species. lts lowest altifu-
dinal Hmit is in the Luguillo mountaing; in the Central Cordilleva,
its lowest limit is about 900 meters (3,000 f£t.). This variation is
probably .due to rainfall, atmospheriec humidity, wind exposure,
temperature and other agencies. The transition from rain fovest
to paln forest is usually sharp and always far more abrupt than
any possible change in the climatic conditions. Tt appears that the
Bierra PPalm is better adapted to the higher altitudes than some of
the more common species of the rain forests and that its abundant
seed production, high germination and elose control of its environ-
ment prevents any considerable mixing of other species. It is an
excellent illustration of ecological dowminance, being most abundant
and almost the only eomponent of the fovest layer, and determining
Ly its environmental control the secondary species associated with it.

The Sierra palm forest forms an almost continuous xzone around
the Luguille Mountains at an elevation of about 600 meters {2,000
ft.). A litile ahove this continuous zone, the palms alternate with
the mossy forest, the palms oceupying the more sheltered rvavines,
The arcas occupied by the Sierra palms may e described as a series
of triangles whiel ave united at their bases, their apices extending
abnost to the semmits. On the Cerre de la Punta of the Central
Cordillera, near Jayuya, the Sierra palm forest starts at about 900
meters (3,000 1) and extends almost to the swmnit which is about
1,350 meters (4,400 ft.), the highest point in Puerto Rieo.

The faet that the palm forests of these twe regions differ in
altitucde by about 300 meters (1,000 ft.) and are very generally
located in the sheltered ravines, indieates that thev are confrolled by
meteorogical conditions and that tho wind O\pomu'e is wore important
than the variations in temperature.

The trausitions from the rain to the ‘%wnn palm forest is sharp
and well defined, a very complete change taking place within a very
few meters, The transition hetween the palm forvest and the mossy
forest may be sharp and well defined or broad and poorly defined,
depending on the topography of the region. On the castern or
windward slopes it is usually sharp and swell defined, while on the
slope where the wind exposure is less, it is usually broad and poorly
defined, the dominant species of the two forests mingling,

The Sierra palm forest is ecasily rvecognized at a considerable
distance by the form and size of the leaves and at a still greater
distance by the pale green uniform eolor of the foliage. 1t is very
conspienous-when seen from one of the highest suimmits which gives a
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bird’s-eye view of large arcas of miountain slopes and shows with
great clearmess the distribution of the palms in the ravines and in
small colonies growing in the shelter of some mipor peaks. :

The Sierra palm has a straight, erveet, cylindrical trunk, which
is rarely more than 1.5 deeimeter (6 inches) in diameter and 10 to
15 meters (30 to 40 feet) in height, and pinnate leaves, which are
£ to 2.5 meters in length and form a dense shade. The globose
fynits are a little move than a centimeter in diameter and are
produced in great abundanee. Reproduction appeavs to be retarded
by the redueed light but is always sufficient to maintain a pure
stand of maturc-trees. The establishment of other species, either
from the rain forest below or the mossy forest ahove, is very mueh
lindered Dby fallen leaves which tend to smother the vegetation
beneath thems. Thevefore, the palm forest is very open and free
from undergrowth (Wig 40). However, there are occasional speei-
mens of the lagrumo ((ecropia peltate 1), the tree fern (Cyathea
grborea (L) J. E. Smith) and Clibadinvm erosum (Sw.) DC., all
of which are common weed trees of the rain forest. There ave also
a few individuals of cupey (Clusic rosee Jaeq.), capd cimarrdn
{ Cordia borinquensis Urban)}, hoja minga (Carange Blainil (Griseh.)
Brition), aehiotille (Alchornea latifoliv Sw.), the hueso blaneo.
(Mayepeq domingensis (Lam.) Krug & Urban), the gunaragunao
(Guurea guara (Jaeq.) P. Wilson) and Miconie telrandre (Sw.) D.
Don. The shrubs ave usunally very poorly represented. Psychotria
Berterigna DC. is the most abundani and attaing a height of &
meters, P. uliginose Sw., P. maleclens Urban, Duchartrea Sintenisii
(Urban) Britton and ecieneguilla (Daphnopsis Philippane Krug &
Urban) are smaller in size and less frequent.

The hejueo de palma (Haregravia rectiflora Tr. & PL} and the
bejuco de rana (3. Sinfenisid Urban), which have been described as
inhabitants of the rain fovest, reach their best development in the
Sierra palm forest. There are also a few eclimbing aroids and the
elimhing hamboo (drthrostylidium semeniosum Pilgery. The spe-
ciew of epiphytic bromeliads that arve found in the rain forest are
wueh more abundant in the palm forest. Hillia parasitice Jacq.
is abundant to an altitude of about 7500 meters (2,500 feet). Pepe-
romie retundifelic (1.} TBK. is abundant on the bases of the
palm trunks. The number of ferns is reduced hut many species
of the rain forest persist, including Struthiopteris craltate (I'ée)
Broadh., Hymenodium eringtum {1..) Fée., Polypodivm asplenifolivm
L., and Vittaria remote Fée, which grow most abundantly along
the trails.
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The herbaceous plants are reduced both in number of species and
number of individuals. The most eommon and conspicuous is the
hegonia {Begonia decendra Pav.) (Fig. 41) which finds its optimum
environment in this forvest and grows abundantly wherever the light
is sufficient. Clumps of the lengna de vaca (Anthurinm dominicense
Schott) are frequent and conspicuong, and fhe achicoria eimarrona
(Tupa robuste (Graham) A. DC) is common and large. Other
species of this forest are Peperomie alata R. & P., Seuvagesia zrecta
L. Crantzia ambigue (Urban) Britton, Physwrus plantagineus (L.)
Lindl., Carex polystachye Sw., dlsophila quedripinnate (Gmel,) C.
Chr., Serophularia minutiffiora Permel and Lycopodium cernwum Li

4. THE MOSEY FOREST

Those portions of the Luquillo dMountains hying above the nalm
forests are more or less covered hy an assoclation known to the
foresters as the ridge type and designated by Murphy as the hurri-
cane type. A much better name is mossy forest hecause of its strong
ecological resemblance to similar types of this name in other tropical
regions. 1t oceupies the peaks and descends along the more exposed
wind-swept ridees (Fig. 42) to an elevation of about 700 meters
(2,300 feet). It occupies a corresponding position on the Cordillera
Central but descends to very little if any below 1,000 meters (3,300
feet}.

In the Luquillo Mountains, this forest oceupies the position of
the highest rainfall and highest atmospherie humidity. Throughout
practically the entire year, the peaks are wrapped for a considerable
part of the time in fog or cloud whieh raises the humidity nearly
or quite to the point of atmnspherie saturation, resulting in rainfall
almost every day and to a very great reduction of sunshine. These
clouds eolleet during the night and cover ths mountaing at an eleva-
tion of 600 meters (2,00C feet). During the day the clonds ave
formed on the eastern slope and, driven by the winds, they ascend
and cross the rvidge, enveloping the peaks in cold mist o1 in drench-
ing rains, and finally moving west where they are evaporated under
the tropical sun.

As a resulf of the high rainfall and atmospheric humidity, the
soil of the mossy forest is very generally water-soaked and the
plants almost eonstantly dripping with moisture. The soil is usnally
thin and in many places the forest floor eonsists of irregular rocks
separvated by wet muck and covered with fallen leaves, dead twigs,
superficial rvoots and prostrate stems.
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The trade winds which blow almost constantly over the peaks
of the Luquille Mountaing are so moist that it is doubtful if they
affect the water relations of the plant life sertously but they do have
a very pronounced mechanieal effect, so that in the mosi exposed
portions the trees are limited in height to about three meters and
the tops arve kept at a very uniform level.

The temperature is also considerably veduced. Although we have
no exact records, it is reasonable to asume that the femperature of
the rain forest iz abouf six degrees lower than at sea level, that of
the mossy forest 7 to 11 degrees, and that of the peaks of the Cor-
dillera Central as much as 14 degrees.

The four important environmental conditions of the mossy forest
appear to be low temperature, high wind exposure, water-soaked soil
and an atmospliere of high humidity, frequent fog and mist and heavy
rainfall. The wind appears to be the most important factor in
differentiating the mossy forest from the palm fovest; the former
being limited to the summits and to the winds-swept ridges and the
Iatter to the ravines.

The net vesult of the envivonmental influences has been the
segregation at these high altitudes of a most interesting and distinet
flora, few species of which are found in other associations. The few
mossy Torests of Porto Rico are on the higher elevations and well
separated from cach other by valleys. This conditions has led to a
eonsiderable endemism. The Luquillo Mountaing are noted as heing
the only station for a large number of species; but the Cordillera
Central, although less fully explorved, also contains several endemie
species and is the only known Porto Rican habitat for several
other speeies,

TFour species constitute the bulk of the arborescent vegetation:
the organillo {Weinmannia pinnate L.), the granadillo (Ocofca
spothulate Mex), the roble de sierra (Pabebuic rigide Urban) and
the Eugenia boringuensis Britton, none of which oceny in the rain
forest, except possibly as rarc and widely isolated individnals. They
are widely distributed at all altitudes of the mossy forest and probably
constitute 75 per eent of the dominant species. The “species of
secondary importance are tortugo prieto (Ravenia Urbani Engler),
Calycogonium squamadosum Cogn., Miconie pyenmonenre Urban, M.
pachyphylla Cogn., M. foveolata Cogn., Ceratostemma portoricensts
(Urban) Hoerold, Petesiodes yunquense (Urban) Britton, Thibnudia
Krugii Urban and Hoerold, Tlex Sintensii (Urban) Britton, cupeillo
(Clusia Krugiona Urban), Grommadenie Sintenisii (Urban) ez,
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Mecranim amygdalivm (Desr.) €. Wright and capi cimarrén or
muifieca (Cordia boringuensis Urhan) and many less nuumerous species.
The bejuce de rana (Maregravie sintenisti Urban) and the bejueo
de palma (M. rectiflora. Tr. and PL) are abundant and constitute a
striking feature of the vegetation.

At the lower limit of the mossy forest, (IPig. 43) at an elevation
of about 700 meters (2,300 feet) these species grow into treey of §
to 12 meters in height but differ from those of the rain forest in
having crooked trunks, more branches and a greater abundance of
mosses, Selaginelle and various epiphyies. With the increase in
altitude and greater exposure to wind, the size of the trees is generally
reduced. At 900 meters (3,000 feet) the trees on the exposed ridges
{Fig, 440) seldom exceed 4 meters in height, while on the wind-swept
sununit of El Yunque there arve lavge aveas of dwarf forest, composed
of the same species but not more than two meters in height, and at
the very edge of the forest on the voeky promontory, (Fig. 45)
Miconia foveolate Cogn., Ilex Sintenisii (Urban) Britton, Ceratos-
temmg porloricensis (Urban) Hoevold, Kugenia boringuensis DBrit-
ton, and roble de sierra (Tabebuia rigide Urban) are reduced to
not more than one meter in height.

On the lower limits of the mossy forests. the larger size and
spreading habit of the trees leads to rather open spacing. On the
upper limits the trees are smaller and densely crowded until on the
summit (Fig. 46} of the Luguillo peaks, they form dense thickets
af crooked nearly interlacing stems, through which vision can seldom
penetrate more than 3 to 5 meters. At the lower limit the crowns
of the trees are more or less rounded but on the upper limits the
exposure to high winds cause the crowns to be level or flattened until
at the summit they present an almost perfectly smooth expanse of
dense Toliage, cver which the only contrast is:caused by the occasional
plants of epiphytic bromeliads and orehids which project above the
general level.  The close relationship between the wind exposure and
the size of the frees is well shown at any ledge of rock; the plants
on the lee side growing to a greater height than those on the wind-
ward side but not rising above the general level of the wind-drafis
from the windward side.

One of the most characteristic features of this forest is the
luxuriant growth of mosses and Selaginella Krugii Tlieron. At the
lower limit the trunks of the trees arve covered to a height of 3 or
4 meters with a layer of moss and a considerable part of the forest
floor is carpeted with mosses (Fig. 47). At the upper limit, the
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ground is completely covered with dense mats of 8. Krugit which
elimbs the trees to a height of a meter. Above the S. Frugii the
Arunks are completely covered with a dense coat of several species
of mosses and hepatics which extends to the smaller twigs and
conceals their aetual size and the charaeter of their bark so that they
all have the same appearance. The leaves are also frequently covered
with growths of these same hepaties. Under these conditions, the
differences hetween terrestrial and epiphytic habits are of little im-
portance and most of the secondary species grow indiseriminately
on the ground or on the sides of the trees.

The development of the two species of Mavegravia is especially
mteresting; the juvenile plants grow very abundantly as epiphytes.
Some of the mature plants bloom as epiphytes while others are
terrestrial and produce long stems two or thvee centimeters in diam-
eter which scramble through and over the forest at a eonsiderable
height. Amnother noteworthy epiphyte is Psychotria Grossourdyana
{Baill.) Urban which produces delicate pendant or ascending plants
on the dominant trees, resembling an epiphytie ericad in habit quite
unlike the commoner species of the genus.

The ferns are very eommon, the larger ones growing on the ground
while the smaller ones grow indiseriminately on the ground or as
epiphytes, The comumon speecies are Struthiopteris polypodioides
(8d.) Trev, 8 Underwoodiana Broadh., Cyathea pubescens Mett.,
Diplazivm L'Herminieri Hieron., dlsophila bortngusita Maxon, Poly-
podium  trifurcatum L., Lycopodium tenuicaule Underw. & Lloyd,
and various speeies of Hymenophyllum and Trichomanes. The lengua
de vaca {dAnthurium dominicense Schoit) and a few species of
broteliads are abundant as epiphytes. Delicate plants of Pilea yun-
guensis {Urban) B. & W., P. Krugii Urban, Peperomiac hernandifoliu
{Vahl} A. Dier. and Plewrothallis crassipes Lindl, are common.
The grasses (drthrosiylidinm sermentosum and Tsachne angustifolio
Nash) grow in the open places. Tlants of verba de maravilla
(Ruvellia coceinee (L.) Vahl), verba de San Martin (Sauvagesia
erectu 1.), bijao (dAipinie enfillarwm R. & 8.), common hegonia
{Begonig decandra Pav.) and Stethonia verticiliaris {Neeg) Briiton,
grow along the trail.

The abundant rains prevent the acenmulation of soil on the recky
peaks exeept in the crevices and pockets of the rock, so there are
practically no shrubs, although the typical species grow over the
edge of the vock, on the lee side (Iig, 48). The grasses and sedges
(Fig. 50) are most common and are rvepresented by Iscehine angusti-
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folin Nash, Arthrostylidium sermentosum Pilger, Machaering resti-
oides (Sw.) Vabl, Rynchospora cyperoides (Sw.) Mart.,, RB. Bruneri
Britton and B. luquillensis Britfion. The small fern Psilogramme
portoricensis Maxon, the larger fern Struthiopteris lineate (Sw.)
Broadh and Cyathew pubescens Mett. grow in evevices in the voek
while Selaginelly portoricensis A. Br. grows on the sheltered ledges.
Setiscapella subulata (L.) Barnh, and S. pusille {Vahl) Barnb., com-
mon plants of the coastal plain, grow in pockets of wet soil and
are excellent illustrations of the wide distribution of seeds. The
small orehid Octadesmic montana (Sw.) Benth., and the endemie herb
Mikania pachyphylle? Urban are rare on exposed rocks, while Pif-
catrnia angustifolic (Sw.) Redoute is fairly abundant.

The mossy forest agsociation oceurs on the higher peaks of the
Cordillera Central {Fig. 49 but is very different in many respeets.
from that of the Luquille Mouuntains, The influence of the wind
is very much reduced, the shrubs ave neither bent to the south nor
shorn to an even surface but are erect and have rounded erowns.
The mosses are reduced to a thin layer on the sheltered truunks or
absent and the Selaginellas are eompletely absent. The hremeliads.
are few and inconspicuous. The less rigorous environment is shown
by the presence of wany shrubs of the rain and moist iropical forests.
and by the more Inxuriant development of herbs.

Of the four characteristic trees of the Luquillo mossy forest, only
two, the granadillo (Qcotes spathuleia Mez) and the orveganillo
(Weinmannie pinnate L.) are present. The roble de sierra {(ZPabe-
buda rigida Urban) of the former location is replaced hy the closely
related roble de eolorado (F. Schumannione Urban). Eugenia borin-
guensis Britten is lacking. The hejneo de rana (Maercgrevia Sin-
tenisii Urban) and the bejuco de palma (M. rectifolia Tr. & PL)
are abundant. Miconia pycnonevwrg Urban, Palicoureca alping (Sw.)
DO, Haenienthus obovatus Krug & Urban, mata de pez (Lasianthus
Moralesit (Griseb.) C. Wright), Cerafostemme portoricensis (Urban)
Hoerold, Psyehotria Grossourdyete (Baill) Urban and eupeillo
{Clusta Krugiana Urban) are present in hoth regions. Endemism is
illustrated by Persea portoricensis B. & W., Ilex Cooki B. & W.,
Didymopanaxr Gleasoni B. & W. and possibly by a species of Xolisma
which appears to be undescribed. The rare shrub flex Riedlaei
Loes. also grows here and this is the lone Porto Rican station for
Torralbasie cunecifolic {C. Wright) K. & U. Several other species

1 Cavefnl seavch during April 1926 diselose@ hut a single small speeimen, possiliiy the
sole romaining plant of the speeies.
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of the Luquillo association were not seen but may be present. The
plant life of the lower moist tropical forest is represented by Hillia
parasitice Jacq., eneubano (Rapanea ferruginee (R. & P.) Mez),
Urceolaria exotica Gmel.,, Ocotea floribunde (Sw.) Mez and eupey de
altura {Clusia Guandylaehii Stahl).

The ferns are numerous and ineclude Odenioseric uncinells
(Kunze) Fée, 0. aculeata (L.) J. Smith, Polypodium sectifrons
Kunze, P. loricewm L., Histiopteris incisg (Thunb.) J. Smith,
Struthiopteris polypodisides (Sw.) Trev., 8. lineata (Sw.) Broadh.,
- Elaphoglossum rigidum {Aubl.) Urban, Rhipidopteris peltata (Sw.)
Schott. Hymenophyllum lineare Sw., H. erispum HBK., Trichomanes
rigidum Sw., T. crispum L., and a species of Dicranopterls which
is apparently undescribed and endemie to this region, where it forms
conspicnions elumps on the peak.

The dominant shrubs are sparser, and the herbaceous plants and
under shrubs more abundant than in the Luquille Mountains. The
two grasses of the former region Isachne angustifolic Nash -and
Arthostylidium sermentosion Pilger are common. Ofher eommon
plants are Lisignthus lariflorus Urban, Crantzia ambigua (Urban)
Britton, Pilea yunguensis (Urban) Britton, Peperomic lenellu A.
Dietr,, and P. hernandifolie (Vahl) A. Dietr. The orchids ave
represented by Admphiglottis seccunda (Jacq.) DBritten, Octedesmia
montene (Sw.) Benth., Pleurothallis erassipes Lindl, Ornithidium
coccineum (Jacq.) Salish. and Jacquinella teretifoliz (Sw.) B. & W.

Since each of the preceding five types of forest is largely the
result of a definite set of factors sueh as temperature, rainfall,
atmospheric humidity and wind, which are very stable and not
subject to variation brought about by the plant life itself, successions
between these types is not in progress at the present time and they
may all be regarded as climatie climaxes.

VEGETATION OF THE SOUTHERN COASTAL PLAIN AND ADJACENT
FOOTHILLS

A, GENERAL

The differences between the plant life of the ‘northern and
southern portions of Porto Rico arve fundamental and apparent to
any observing person. The plant life of the north side is easily
differentiated into many associations of very different appearanece
and composition but forms a connected whole and its distribution
coincides exactly with the Tertiavy coastal plain, the prineipal
environmental factor being the nature of the underlying soil and
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rocks, while the climate has only a very lroad general effect, The
south coastal plain is much smaller in area, the voleanic rocks of
the Creataceous age coming down almest to the Caribbean sea for
about half the length of the Island. The typical plant life covers
the Tertiary rocks and extends far up into the eentral mountain
mass. The soil is a subordinate envirommental Tactor, the low rain-
fall (Fig. 3) heing of primary importanee. Many species and a
few plant associations extend over the various soils regardless of
whether they are voleanie, limestone, shale or fluvial outwash.

The abrupt transition from the mesophytic climate and vegeta-
tion of the central mountain mass to the xerophytic climate and
vegetation of the southern foothills and coastal plain is very evident
and can be readily seen in driving from Cayey to Guayvama. Leaving
the military road at Cayey which is about 400 meters (1,200 feet)
above sea level, the road ascends quickly to about 800 meters (2,400
feet), winds along the mountain side and over table lands, gradually
descending to within 10 kiloweters of Guayama, at which point the
elevation is about 650 meters (1,900 feet). From this point to
Guayama the deseent is very rapid and the transition from meso-
phytic to xerophytic wvegetation equally rapid, there being a very
striking change in the general appearvance and component species
within a distance of about three kilometers. The nature of this
change in plant life has heen disenssed in a preceding part (page T1).
The same transition in plant life may Dbe seem on the roads north
of Yauco, Villalba and Coamo and south of Adjuntas, sometimes
abrupt and sometimes gradual, depending on the location of the
roads with reference to the surrounding hills. The presence of the
mesophytic speeies of the mountain in moist spots at low levels and
of the xevophytic species of the coast on exposed eliffs at high
altitndey indicates that the change in vegetation is not the result of
temperature but of moisture. _

The transition between the mesophytie and xerophytic regions is
less abrupt along the roads whieh follow the shore line passing
through Mayagiiez on the west and Humacao on the cast. Along
the latter road, the fragment of the mountain forest near Humacao,
which is in a region of high rainfall, already shows a considerable
number of sclerophyllous species. Descending along the southern
slope of the Panduras ridge into Maumabo, the transition is eom-
pleted and from that point west along the coast, the plant life is
distinetly xerophytic. At the western end of the Island the typieal
mesophytic vegetation of the Mayagiiez region is continued to the
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north slope of the limestone ridge between San Germin and Lajas
and almost to Sabana Grande, hut a reentrant of xerophytie végeta-
tion oceupies the southern slopes of the Maricao mountains to the
north.

(Geographically, the sonthern region of Porto Rico lies to the
south of an irvegular line passing along the southern front of the
mountaing at an altitude of about 300 to 400 meters (1,000 to 1,500
feet) from the Panduras ridge on the east to a point northwest or
north of San Gerwén, thence returning at a lower level {o Sabana
Grande, and then west again along the crest of the Lajas range of
hills to the ocean south of Cabo Rojo. South of this line, the prin-
cipal types of land, measured hy differences in plant life, rather
than by their geology, are the wountains of voleanie origin, the lower
shale or limestone hills of the Cretaceouns or Tertiary age, and the
large ouftwash plains and valleys of alluvia. Several small tracts of
fresh-water marsh, of sand or shingle beach and mangrove swamp
are of secondary importance. '

Successional processes within the whole area have, in general,
been very much retarded and in some environments almost suppressed.
The great physiographie processes of erosion, base-leveling and heach
formation by which the environments of the north side have been
changed are of mueh less importance on the south side, due to the
short rvivers, low run-off and a shorve line which is protected from
the foree of the trade winds. The biotic process of soil accumulation
and humns formation inland are retarded by the sparseness of the
vegetation, due te low rainfall and atmospherie avidity. But the
strips of mangrove are constantly building new land along the shorve.

Although erosion by water and wind ave continuous and the phy-
siographic effects can be observed along the south coast, their
activities are here so slow that in most cases there i3 no evidence
of plant movements or of adjustment of honndaries hetween different
associations. A halarch series beginning with the mangrove swamps
and euhminating in a xerophytic forest, is well defined. TParts of
a hydrarch series exist along the lagoons between Guinica and
Boguerén and along some of the rivers. An old xerarch series of
ancient development has been completed as far as a temporary climax
over the arid rocky coastal hills, and a suceession from it to the
climax forest of the lowlands may be inferred. There are a few
isolated illnstrations of a xerarch series on beaches and in coastal
thickets. The mesarel series of the northern shore is naturally not
represented in the arid region, but traces of it may be discovered
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in the more nearly mesophytic vegetation of the limestone hills at
San "Jermin. Still another suceessional trend is exhibited in the
foothills of the central mountains mass, where erosion and base-level-
ing are gradually leading to the replacement of the hillside xero-
phytes by the climax association of the alluvial plains, Almost
every association shows the effect of pasturing or repeated cutting,
leading to the development of secondary successions and followed
in some cases by the reestablishment of the original vegetation.
The general successional relations of the vegetation, together
with a few more important seeondary associalions, are shown
diagrammatically in fisure 51. Murphy has given a good ‘general
aceonnt of the forest conditions in this part of the Island and
mentions the effeci of repeated cutting, burning and pasturing, but
without attempt to segregate the various component associations.

B, TEE HavaroH SERIES OF COASTAL SWAMPS AND SaAL® FLATS

One of the outstanding topographical features of the south shore
are great level tracts of alluvial land, lying adjacent to and but little
above the sea. Their origin dates back to an early period of partial
submergence, during whieh the present alluvial lands lay beneath
shallow bays of the oecean. The streams from the north carried in
Targe amommts of eroded material and gradually built up deltas.
The mangroves slowed the action of both streams and waves and thus
causing the suspended materials to settle. With the gradual elevation
‘of the land, the deltas were built farther to the south and the older
portions were left above the sea level: The whole process of sue-
cession of alluvial soils may still be seen. It involves a pioneer
association of mangroves at the edge of the land, a climax associa-
tion of forest on these older paris of the delta which are removed
from the influence of salt water, and one or two 111te1medlate associa-
tions of small size.

1. THE MANGROVE ASSOCIATION

We have already indicated that the mangrove swamps of the
north shore are limited to the sheliered bays, lagoons and estuaries
where they are protected from the action of the waves. Avound the
eastern end of the Island they come down to the open ocean in
many places as is well illustrated at Fajardo Playa; at Ceiba Playa
they grow in the water of the open bay, and along the south shore
generally they grow in the -protected shallow waters with mud
bottoms. Comparatively .recent changes in the level of the north
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coast have resulted in the formation of large land-locked lagoons,
coastal swamps and estuavies In which grow hundreds of aeres of
mangroves. On the scuth shore the bays are usually deep and
surrounded by steep, rocky shores, the river estuaries undeveloped,
and the mangroves more widely distributed but not so large nor of
such great commercial importance. The best associations are in
front of the great alluvial deposits but there ave considerable growths
on the small islands.

The composition of the wmangrove associalions of the north and
south shores do mnot differ materially. The four mangrove species
are found in both and the secondary species ave few in nmmber., The
common nangle (Rhwoplore mangle L.} is the ploneer species and
extendes farthest from the shore and into the salt water. It is the
first to appear in the open water offshore, where it builds up small
islands, which are occupied by it alone for a long time before the
incoming of other plants, Mangle blanco (Lagusncularie racemosa
{L.) Gaertn.) and mangle hobo (Avicennie witide Jacg.) follow
Just back of the common mangle, while mangle botén (Conocarpus
erecta L) again forms the interior zone and extends farthest inland
and onto the dry land.

Conditions on the land side of the mangrove swamps are in most
cases essentially different from those of the north shore. The
climate of the north shore is rainy, the supply of ground water
abundant, the transitions from salt water to brackish water, and
from brackish to fresh water swamps iz gradual. The plant life
varies primarily with the salinity of the water; and the succession
of vegetation is from the mangrove to the Pterocarpus forest or to
the cai-tail-sedge association of the hydrarch series. On the south
shore, such a transition iz exceptional, because of the arid climate,
and the succession passes diveetly from the wet halophyte environment
of the mangrove to the xerophytie habitat of the interior. This in-
volves two fundamental changes in the environnent, a decrease in the
water-content of the soil and a decrease in the amount of salt dis-
solved in the water.

3. THE BATIS-SESUVIUM ASS00TATIONS

This association econsisting almost entirely of two small herhs is
found on a belt of land just back of the mangrove swamps, where
there is not sufficient water for the mangroves and where the
amount of salt is too great for the growth of the climax forest.
This association consists of almost pure growth of barilla (Batis
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waritima 1..), verdolaga rosada or yerba de vidrio (Sesuvium Por-
{ulecastrum 1) and a few individuals of other speeies. The soil
iz usually a yellowish-brown loam, showing that the alluvial deposits
have covered the black muck seil which was formed during the
preceding growth of mangroves.

These two species have abont the same vegetation character; they
usually grow prostrate on the ground, although the barilla becomes
ageending to as much as 5 decimeters when in dense patches and
the verdolaga sometimes scrambles over bushes and stones fo the
height of nearly a meter; both have thick fleshy leaves adapted to
water storage, which is characteristic of other plants in similar
environments. They do not grow mixed to any extent but attain
their best development in pure patclies of as much as an aere in
area. The verdolaga appears to prefer the drier soils and frequently
grows on land which is somewhat higher than that occupied by the
barilla. It also appears to require less salt and extend much farther
inland than the barilla and frequently beeomes a common secondary
species on the shoreward margin of the climax forest.

Assoclations of these two species are conspicuous features of the
plant life in many places along the entire soutly shore. They are
easily distinguished from a distance by the pale, yellowish-green
color of the harilla and  the dark-green or reddish tints of the ver-
dolaga rvosada. In the hest development of this association, the
growth of the dominant is se lieavy that secondary species ave rarcly
present. In the thinner pateches a few plants of the erect pega pollo
(Commicarpus scandens (1..) Standley), the prostrate cotorra de la
playa (Heliotropium curassgvicum 1) and the minute red-leaved
Portulace quadrifide L. also ocewr (Fig 52). Isolated depauperated
shrubs of mangle botén (. erecta 1..) and more ravely of the mangle
blanco {L. racemosa (L.) Gaertn.) and mangle bobo (A. nilidia Jacq.)
are sometimes present. The conmmon sea-shore grass matejo de playa
(Sporebolus virginicus (L.} Kunth) frequently forms a dense sod
and indicates the succession to the elimax forest.

These two species may also grow in a narrow zone at the edges
of mangroves just below the xerophytic forest of the hills of a steep,
roeky coast. In these places, the two halophytes may actually grow
over patches of the tuna brava (Opuntia Dillenti (Ker-Gawl) Haw.)
but the contaet is exceptional (Ifig. 53).

Since these species are sun-lovers, it is diffieult {0 understand
how this herbaceous association bas persisted between the two ar-
boreseent associations, the mangroves on the one side and the climax
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forest om the other. It may be that they represent a recent develop-
ment or secondary sueeession and occcupy ground from which the
mangroves have been removed for fuel. If so, this association is
analogous in its suecessicnal relations to the fern (derostichum
aurewm) association of the north ecoast, filling in on relatively dry
ground the place taken by the latter on the wet soils. However,
we did not observe any indication of its suceession by the mangroves.

3. THE SALT FLATS

Near the village of Montalvo, southwest of Gudnica, there are
extensive areas of alluvial soil almost or entirely destitute of plant
life (Fig. 52). These arcas are distributed along the shore for'a
distance of about two kilometers and ave sometimes as much as 300
to 400 meters wide. Their elevation is very little above sea level
and although the tides do not cover them, the wheels of vehicles
erossing them frequently sink a few centimeters into a muddy soil.
They are bordered on the shore side by a narrow strip of the Batis-
Sesuvium assoeiation and terminate in a slightly elevated beach which
is occupied by thickets of the xeraveh series.

Similar desert tracts are also found to the northeast of Central
Aguirre, where there are aveas 50 to 100 meters across without a
single plant and aveas of several acres with a very small amount
of vegetation which usually oeeupies irvegular patches. The soil is
a yellow-brown silt, apparently a fluvial deposit; it is said fo be
usually hard and cracked, but at the time of our studies it was
moist and smooth after a rain of the preceding night. These areas
are bordered on the south by a well-developed mangrove forest of
the usunal type and separated frow it by a narrow tension zone. The
small amount of plant life on these areas is limited to depauperated,’
gnarled, prostrate mangroves (Fig. 54), the most abundant heing
the mangle botén (. erecta 1.} ; but mangle bobo (A. nitida J acq.)
also occurs. Around almost every mangrove, and in some spots
between them are rounded patches of almost pure growths of barilla
{ Batis marittme 1) or verdolaga rosada {Seswvium Portulacestrun.
L.} or sometimes rixtures of the two, In which case the bariflla
ustally occupies the center. On the margin of these flats there is
a narrew and interrvupted zone of the Batis-Sesuvium association and
the tract is bounded by a slightly higher terrain which is oécupied
by the climax forest. o

The development of these two types of salt flats appears fo be.
very mueh the same and they ean doubtless be 1‘efe1'ijed ‘fo the same.
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causes. We believe that they are of artificial origin, eaused by the
removal of the original mangrove vegetation and the subsequent
concentration of the salt at the surface by soil capillavity and
surface evaporation, to a point beyond the tolerance of auy plants in
the local flora.

4. THE CLIMAX FORRST

This forest consists of hucar (Bucide Buceras .) and associated
species and originally covered all or practically all of the delta and
alluvial deposit back of the mangrove and Batis-Sesuvium associa-
tions. The largest single expanse of alluvial plaing extends along
the shore from Guayamwa to Ponee, a strip about 70 kilowmeters long
by 1 to € kilometers wide. Another large avea about 33 kilometers
long and about 4 Ikilometers wide, occupies a depression extending
from Yauco to Boquerdn between the Lajas range and the coastal
hills. Smaller areas bhorder most of the small rivers mear their
mounths. The soil survey of the Avecilo-Ponece avea, records two
types of alluvial soils: the Ponce sandy loam and the Ponce loam.
They consist of water-washed particles in which the silt and fine
sand predominant, are fertile and eomprise ihe best of the cane lands
of the southern shore. Almost all of these soils ave used for cane
growing altheugh the arid climate makes irvrigation necessary.

The entire southern range of foothills of the central mountain
range is subject to contintous erosion by the numervons small streams
which flow down the steep southern slopes. The lower coastal hills
are erodetl at a lower rate than the higher hills due to the lewer
rainfall. Oune result of this erosion is the recuetion of some of these
lower valleys to hase level. These valleys are limited in area and
occur only along a few of the larger rivers, such as the Yauce and
Guayanilla, where the narvow interrupted belis of alluvium lie along
the streams for a few kilometers, Tt is evident that the vegetational
histories of the deltas and vallevs are different; tie one being derived
from the semi.xerophytic vegetation of the foothills and the other
from the halarch suecessional series. The present plant life, however,
is essentially uniform throughout and constituies the climax associa-
tion of the regiomn.

The original vegetation has been almost compleiely destroyed, but
iraces which remain arve sufficient to show that the dominant tree
of the association way the buecar (Bueide Buceras 1.). At the
present time, this is the most common tree of the pastures and road-
sides and along the fence rows through this region. Most of the
matwre trees now standing are from 10 to 15 meters in height with
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seassional individuals of 25 meters. They hranch at a height of 3
or 4 meters and produee broadly spreading crowns, suggesting a
growth development after the cutting of the original forest. Large *
trees of ceiba (Ceiba penfandra (1) Gaerin.) with their huge
trunks, relatively small crowns and frequently bultress roots, oceuw
at wider intervals. Other comon trees along the roadside and
Irrigation eanals ave the moea (Andire tnermis FIBKL), the algarroba
(Hymenaee Courbaril 1..) the flamhovant (Delenic regic (Bojer)
Raf.), the gundcima (Grezuma Guazumae (L.) Cockerell), the ben
{Horvinge Moringe (1..) Millsp.). The hignero (Crescentia Cijete
I.) is abundant in cultivation. The escambrén {Randic mitis 1),
the basora (Varronie angustifoliec West), are common shrubs. The
grass known ag horquetillo {(hloris rediate (L.) 8w.) and the shrub
Chamacsyce articnlate (Aubl) Britton are abundant ground plants.
The hucar trees are very generally infested with the nidos de gun-
gulén (Tillendsia recurvale 1) which also grows on imsulated wives
(¥ig. 55) in the towns and cities of the south eoast between Guayama
and Ponce.

The eontaet of the buear forest with the Batis-Sesuvium associa-
tion is usually marked by a zone of the sea shore grass matojo de
playa (Sporobolus virginicus (1) Kunth.) whieh is somewhat halo-
phytic on the south coast. [t forms a loose sod adjacent to the Batis-
Sesuvium zone and extends bhaek under the trees as scattered colonies
and individuals. The barilla (5. maritime L) is ravely found under
the trees but mats of verdolaga vosada (8. perfulacastrum 1.) and
scattered plants of cotorrera de Ia plava Heliofropium curassavicum
1.} and small plants of mangle hotén (€. erecta 1) ave abundant for
half a kilometer back into the forest. The seaward lmit of the
buear is apparently fixed by the salinity of the soil (Fig. 56.)

Land of this vegion when cleared and put to pasture very soon
yeverts inte a thorny thicket if not given proper atiention (Fig. 57).
The most common of these thorny plants are the escambrdén colorado
{ Pithecellobium Unguis-cati (1) Mart,), the palo de burro {(apparis
flexuosa 1) the flor de mavo {Parkinsonia aculeata 1.) and other
similar thorny or inedible speeies which rapidly convert the pasture
into a jungle of shrubbery. Intermixed with these are such eacti
as the sebuean (Cephalocereus Royeni (1.} Britton and Rose.), the
sebucan or pitajaya (Leptocercus quadricostetus (Bello) Britton &
Rose.) and the tuna brava (Opuntie Dillenii (Ker-Gawl.) Haw.}.

Another interesting reversion is in progress southwest of Yaueo,
where the lack of sufficient water for irvigation has lead to the
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ahandonment of many acres of cane land. THere the ground is first

captured by weeds, among which ave to be found the marvgarita
 (Bidens pilosa 1.), the yerba de papagallo (Blechum Blechium (1s.;
Millsp.), Lippia reptans HBK, and Wissadula periplocifolia (L.}
Prest). Shrubs follow very quickly; among which ave the basora
(Varrenia angustifolic West), the earviaquillo (Lanfany Camara .Y,
the aroma casha (Vachellie Farnesiang (1) W. & A.), the escambrin
(Randia mitis 1)), and algoddén de seda {{'alotropis procera (Ait.)
R. Br.). These ave followed and very scon overtopped hy small
trees of bucar (Bueida buceres 1..). the tachuelo {Pictefia aculeala
{L.) Urban.), the palo de hedionda (Lonchocarpus latifolins (Willd.)
HBK.) and the calambrefia (C'occolobis wvenosa 1.). 'This thicket
averages about 5 to 8 meters with many young bucar about 10 meters
in height.

The buear forest not only tends to re-establish itself as the dom-
inant tree after cultivation but also appears as the normal suceession
of both hydrephytic and xerophytic plant life as will be shown later.
There is very little reason to doubt its climax nature. although well
developed examples of the association weve not seen.

5. SUMMARY OF THE HALARCII SERTIES

The mangrove vegetation is widely distributed along the south
shore and has been an important factor in the building of the river
deltas and flat alluvial areas. It is ecologically the same as the
mangrove association of the north coast. The seoil back of the
mangroves is dry and saline and usunally covered with the Batis-
Sesuvimm association but in places where the salt concentration
appears to be unusually high it is completely barren. The climax
forest of bucar (Bucida Buceras 1..) grows well wherever the salinity
is not too great and tends to ve-establish itself after enltivation and
pasturage. :

C. Tire FIYDRARCH SERIES OF LIAGOONS AND MARSHES

The hydrophytic plant life of the south coast is poorly developed.
Narrow zones of eneas or eat-tails (Typha enguwstifolic 1.) fringe the
irrigation canals and occupy small areas of marsh land where the
natural drainage is poor, but the only area of any consequence is in
the alluvial valleys between Yaneo and Boquerdén. Our studies were
made in this last section and in the small marshy areas between Sa-
linas and Guayama.

The Yauco-Boguerdén valley appears oviginally to have been anm
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inlet of the sea which extended from Guanica Harbor to Bogquerdn
and isolated the present range of coastal hills from the mainland.
This shallow valley was probably filled by a continuous deposition
of alluvium whiel was no doubt aided by amn extensive growth of
mangroves which still persist in a large swamp at Boquerén. The
floor of this valley after its elevation above the sea level was not
flat but contained many small depressions in whieh water accamulated
from surface drainage of the hills to the north and south and formed
lagoons. The eastern lagoon, not far from Iinsenada, is now dry;
the western one, south of Lajas, has a few acres of open water.

It is commonly reported by the people living in that section, that
the level of the water in these lagoous has varied greatly for many
vears, depending on the amount of affluent water and on the amount
removed by pumps for irrigation. TFields which are said to have
bheen under water a few vears ago are now (1926) dry and large
areas of cane land have been abandoned for want of sufficient water
for irrigation. Therefore, these lagoons not only show the hydro-
phytie vegetation of the region, but also the successional stages whieh
leads to the establishment of the climax forest. 1t is reasomable to
suppose that a series of years of heavier rainfall, or a change in the
sonrce for irrigation water for local agriculture, may cause the
lagoons to be filled again and reverse the present silcessional series.

South of Lajas, the floor of this great valley appears to be
perfectly level, hut there is a slight slope to the middle of the lagoon
which does not exceed eight decimeters in depth. The seoil is alluvial
but the black coler mear the lagoon indicates the accumulation of a
considerable amonunt of decayed vegeiable wmatter. The lagoon has
no definite shore line and its margin eannot be definitely fixed. A
change of one centimeter in the level of the surface will probably
cause a change of a meter in the position of the shore line. During
the dry season of 1926 the shore line receded about ten meters between
February 25 and April 16, the dates of our two visits. 1t is very
evident that under these conditions, zones of plant life, such as
are usnally found on the margins of ponds, cannot be established
and maintained,

The most conspicuous species is the eneas or cat-tails (7. angus-
tifolie 1.} which grows in almost pure culture and is separated from
the shore by a zone of open water. Outside the cat-tail zone ave
small colonies if the tall slender rush-like sedge, junco eimarvén
(Cyperus articulatus L.) and the similar but smaller sedge (Eleo-
charis interstincta (Vahl) R. & 8.). The lechuguilla de agua (Pistie
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Stratiotes 1) grows in large floating mats which may be several
meters across and are frequently attached to the cat-tails. These mats
also contain considerable mixture of the shore grass matojo de
playa (Sporobolus virginicus (L.) Kunth) and smaller quantities
of other plants. This grass sometimes makes a sod so dense that it
is used as a mesting place for water birds. The herb Persicaria
punctata (E1)  Small, grows as a common secondary species on
these mats and the shrub Sesban Emerus {(Aubl) Urban is oceas
asionally found (Fig. 58.)

The open water is erowded with floating plants of Ceralophylium
demersum L. and a few unidentified species; also by many isolated
plants of lechuguilla de agua (P. Siratiotes L.), which are driven
from shore to shore by the wind and frequently left stranded by the
receding water. In this new habitat they root in the mud and
hloom freely. Lemna perpusille Torr. is also common and closely
associates with the lechnguilla de agua. The flor de agua (Castalia
ample Salish.) grows and blooms freely in the open water near the
shore, and when the water recedes it continues to grow and thrive
on the mud flats. Under this laiter condition the marsh plants
appear quickly and would soon displace them if they were not checked
by the vise of water during the next rainy period.

The lagoon is surrounded by a broad, rather indefinite zone »of
Lerhaveous plants and a few shrubs but the composition of this zone
bas undoubtedly been modified by grazing. The most common plans
are those which have been avoided by the grazing animals. They are
the shrubby Lippie reptans TIBK. which is abundant, the herbaceous
Persicarie punctata (EL.) Small which grows in large patches,
Eehinodorws cordifolivs (1) Griseb whieh grows in small patehes
or as isolated individuals and the sedges junco cimarvén ((yperus
artiewlatus 1), Eleocharts nodulosa (Roth.), Schultes and E. mutata
(1. R. & 8. whiech arve quite common. There are also ixolated plants
of Phuches purpurascens (Sw.} DC. and a species of Marsileq forms
small mats on the ground.

Qutside this last zone of hydrophytes, the herbaceous vegetation
consist of grasses and weeds with many scattered trees of hucar
(Bucide Buceras L.) (Fig. 59) which indicates that the land was
originally eovered with the e¢limax forest. The abandoned cane lands
near the lagoon are veverting to the buear forest.

The Guanica lagoon which lies several kilometers to the east amd
pot far from salt water at Ensenada, is now (1926) completely dry.
Tts «ite i surrounded hy abandoned cane lands whick have been
jnvaded by weeds and shrubs, the first step towards the ve-establish-
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ment of the climax forest. The slope of the ground is very slight,
ag in the Lajas lagoon, and there is no evidence of a deeper depres-
sion to mark the site of the old lagoon, but the density of the plant
life inereases towards a point which we believe was the deepest pars
or center of the old lagoon. Tarly collections from this locality
include several plants with marked halophytic tendencies and it is
probable that the waters of the old lagoon were slightly brackish.
This eondition is indicated by the present plant life which includes
halophytie herbs, such as cotorrera de la plava (Heliotropium cur-
rassavicum 1), verdolaga rosada (Seswvium Portulacastrum 1..). Por-
tulaca quadrifide L. and the shrub Lippie reptans HBEX., which are
still quite abundant. Other shrubs are the basora (Varronia angus-
tifolic West), the escambrén colorado (Pithecellobium Unguis-cats
(L.} Mart.) and the escambrén blaneo (Volkanteria aculeata 1..).
fhe most conspicuous small trees are the flor de mayo {(Parkinsonie
aculegta 1..), the mesquite (Preosopis juliflore (Sw.) DC), and the
bucar {Bueide Buceras 1..). The xerophytic charaeter of this envi-
vonment is shown by two cacti, the sebucan (Cephalocerens Royens
(L) B. & R.) and the ohulago (Opuntia repens Bello), which grows
in mats. The plant life of the whole area is a sparse thicket in
which herbaeeous species oceupy most of the surface,

There are a nnmber of interesting small areas of hydrophytic plant
life just back of the mangrove swamps between Salinas and Guavama.
In this region there is a gradual decrease in salinity of the water
from the shore inland and the plant life is arranged in four zones
(Fig. 60) which are irregular in width and space relations. As the
mangrove builds the land farther into the ocean, it 1s followed hy
the fresh-water environment and the aceumulation of alluvial depos-
ites whieh transform the marsh into dry land. The four zones of
plant life follow in regnlar order and represent a successional series
similar to that of the Cafip de Tiburones (page 64) where the initial
stages belong to the halaveh series and the following associations to
the hydrarch series. Tewever, there is this marked difference: the
final stage iz the xerophytic buear (Bucide Buceras L.) lorest.

The first zome is the mangrove swamp. The second zone is an
association of the eneas or cat-tails (7. angustifelic L.) which grow
in patches and are mixed with the shrubby Pluchea purpurascens
(8w.) DC. and the viney Vigna repens (L.) Kuntze. The soil under
the cat-tails is black and shows the effect of decaving vegetable
material. Where the cat-tails have heen destroved by pasturing,
these mud banks are taken by the herbaceous Bramia Monnieri (L.)
Drake and the shrubby Lippie reptans HBK. The third zone con-
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sists of scattered individuals of the shrubby Pluchea pirpurascens
{8w.) DC,, the Vigna repens (L.) Kuntze, and dense masses of the
sedges Fimbristylis spadicea (L.) Vahl, and Cyperus laevigatus T..
P, spadiceq is dominant under natural conditions, but when destroyed
by grazing animals, C. laevig igatus becomes abundant and forms a
Ioose sod. The fom‘th zone oceupies the dry ground at the edge of
the marsh which was originally oceupied by the climax forest. Tn
this fourth zone younger bucar (B. Bucerus L.) are quite common,
The shrubs are represented by aroma casha (Vachellia Farnesiana
1) W& A)), the basora (Verronie angustifolic West), the escam-
bién (Raendia mitis 1..), the viseid mallow (Bastardic viscosa (1)
HBK.) and acacia (Leuctena glauca (1.) Benth.), which arve seat-
tered in the narrow thickets along the fence-rows. The herbaceous
plant life is eomposed mostly of pasture grasses, with oceasional mats
of Buolvulus glaber Spreng. and Achyranthes polygonoides (L)
R. Br.

The two hodrophytic areas together present a complete series of
aqsoemtmns mcluding submerged plants. such as Ceratophyllum
c’emmsum floating Pistia stratiofes, anehored Castalia ampla, a marsh
association of 7 ypha angustifolie, an outer hydrophytic association
of Fimbristylis spadicéa and the climax forest of Bucide Buceras.
The series may be continnous as in the lagoon at Lajas, or the latter
part of it alome may appear and follow the initial stages of the
h'ﬂarch series,

D. Tk XERACEH SERIES
Subseries «. Beaches and Coastal Thickets.

" We have already called attention to the fact that sand dunes are
very poorly developed along the south coast of Porto Rice. Tow-
ever, there are many places where the configuration of the shore has
favored the building of sand beaches and a few points where small
stones have been carried down hy the river during perieds of flood
and Dbuilt up into small stretches of shingle Leach. We have not
attempted to analyze the physical conditions accompanying the forma-
tion of these two types of beach but it is worthy of note that they
may border on the open water of the Caribbean Sea or be separated
from the sea by a zone of mangroves or salt flats. In most cases
they lie in front of an area of alluvial land, and their plant life shows
a fransition to the north both geographically and successionally, into
the climax forests of Bucida buceras L. In other cases, heaches have
heen formed along rocky limestones or shale shoves and the plant life
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lies in direct but non-suceessional contact with the xerophytic foresis
deseribed helow under Subseries b (page 106). Again, as at Bogue-
rén, beaches have been formed in front of tidal marshes, which have
been developed into mangrove forests. In all cases, their plant life
resembles the corresponding associations of the north shore, but is
marked by the presence of many species whieh are of xerophytic
character.

The pioneer plant life which first appears on the upper beach
consists of scattered trailing plants of hejueo de playa (Ipomoeq
Pes-caprae {I.) Roth.} and the mata de playa (Cancvall maritim:
(Aubl) Thow.), creeping rhizomes with small leafy tufts of the
common shore grass matojo de playa (Sporobolus virginicus (L)
Kunth), young plants of the shrubby escamhbrén eolovade {(Pithecel-
lobium Unguis-cat? (L) Mart.), the shrubby aroma casha (Vachellia
Farnesiena (1) Wight & Arn.) the flor de todo el afio (Catharanthus
roseus {L.) Don), and a few other species. All of the above species
are small and depauperate and are frequenty destroyed by wave
action, Occasionally sniall mats of tuna brava (Opuntia Dilleni
Ker-Gawl.) Haw.). and ohulage (0. repens Bello), are developed
from joints that are washed down from the thickets above and arve
left stranded on the upper beach., All of these plants have a fem-
porary existence, ave destroved by waves and replaced by new
growths., The plant life of this zone is subject to great variations
in density of species from one beach to another.

On the sands or gravels of maritime origin which lie above the
tpper beach we find the beach thickets, This zone varies in width
with the beach deposites and is sometimes as much as 200 meters wide.
On its northern or landward margin, the soil changes to one of
alluvial deposits and the plant life merges into the climax buear
forest. This narrow strip has but little agricultural value but it
gives spaces for homes for many people and the thickets provide a
poor pasture for cattle, goats and pigs. As a result of the pasturing,
the growth of thorny or otherwise inedible specles is favored, and
the thickets are largely composed of such plants.

Among the more common species of trees are the guayacin or
lignum vitae {Guivcum officinale 1.} whieh atfained a height of 10
meters and has a broad, spreading crown with dark-green foliage,
the coreho (Torrubia fragens (Dum.-Cours,) Standley), and Piso-
nie albide (Ileimerl.) Britton which ave about equally tall. The
eueubano (Coccolobis laurifolia Jaeq.) is eut repeatedly for fuel at
a height of 5 meters. The bucar (Bucide Buceras 1.) is also quite
common. The most abundant shrubs are the thorny speecles, such
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as the avoma casha (Vachellie Farnesiane (L.) W, & A.), the jugo
(Rochefortia acanthophore {DC.) Griseb.). the escambrdén (Rendia
mitis L.), the arboreous Bumelie obovate (Lam.) A. DC. and Argy-
thamnia candicans Sw.; but the most abundant of all is the escam-
lrdn colorado (Pithecellobtum Unguts-cati (Mart.) DC.). The thorn-
less shrubs ave the bejnco inglés (Capparis cynophallophora L.}, the
palo de burro (C. flexuose L.), the hejuco de palma (Trichostigma
oetandrum (T..) . Walt.) and the arhorescent prieto {(T'abebuic hete-
rophylle (DO Britton).

One of the eonspicuous features of the plant life is the large num-
ber of suculent plants such as the sebucan (Cephalocereus Royeni
(L) B. & R.) which reaches a height of 5 meters and the sebucan
(Leptocerens quadricostatus (Bello) B. & R.) which is two or three
meter's high and widely spreading; the tuna brava (Opuntic Dil-
Tenti (Ker-Gawl.) Haw.)} which is abundant and grows in mats;
the ohulaga (0. repens Bello.) which is small, prostrate, and abun-
dant and readily distributed by its fragile joints which are brokem
off and seattered far and wide by the animals; the maya (Bromelia
pinguin 1.} and the corita (dgave missionum Trel.) which is made
conspicuous by its tall flewer-stalks and clusters or orange-colored
flowers.

The vines are represented hy the liana nfiada (Betocydie Unguwis
{1..) Mart.), the pega palo (Distietis luctiflora (Vahl.) D. C.,) the be-
juco de playa (Ipomoeq Pes-caprae (L) Roth.), Stigmaephyllon lin-
gulatum {Poir.)- Small, and Banisteria purpurea 1. The shore grass
matojo de playa (Sporebelus virginicus (1) Kunth) persists for
only a short distance from the shore. The most common species im
the true thickets are the pega polle (Commicarpus scandens (1.}
Standley). the berenjena de playva (Selamwm persicifolium Dunal}
and the peronia (Abrus Abrus (L) W, F. Wight).

As the sandy beaches become covered to a greater and greater
depth hy the alluvial deposits from the north, the thicket associa-
tion is succeeded by the elimax bucar (B. Buceras) forest. However,
this suceession may be indefinitely delayved as a result of some of
the beaches lving higher than alluvial plains, in which ease the fully
developed thicket is probably similar to the forest of the limestone
coastal hills.

Subseries b. The Coastal Hills

1. GENERAL

The coastal hills of the southern side of Porto Rico fall into two
geologieal series. an older of (retaceons and a vounger of Tertiary
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origin. The former underlies all the hills between the Ponee lime-
stone and the central mountain mass and consists of tuffs and shales
which are of voleanie origin and weve deposited under waters of the
{retaceons ocean, and of small beds of limestone which were depos-
ited in eclear water during periods of wvoleanie inactivity. The
amount of limestone is small but most eonspicuous in outerops in the
hills between Juana Diaz and Villalba. We regret that the limited
time available for this work made it impossible for us to study the
flora of this region. The Ponece limestone represents the latter and
is deposited mostly near the present shore from Ponee west to HEn-
senada,

The shales and tuffs are caleerons in nature and the hills formed
by them are usunally weathered into a thin soil full of fragments of
rock. Omn the limestones, the formation of a soil by weathering has
been very much limited and great surfaces of bare bed-rock are ex-
posed. The plant life of the hills has mostly been destroyed or very
mueh modified by eutting, pasturing, and to some extent by agri-
culture, and persists in relatively good condition ouly on the very
arid and sterile hills of the Ponce formation, especially in the Gua-
niea Insular Forest.

Just west of Yauco, there is a small isolated area eharacterized
by serpentine rock and near Maunabo at the eastern end of this dis-
triet the igneous rock comes down to the water’s edge. 'The plant
life of these two areas, at this time, does not differ materially from
that of the Ponce limestone. Therefore, we will first give a deserip-
tion of the plant life of the Ponce formation in the Guénica Insular
Forest, where it is preserved in its most nearly natural eondition,
and later male comparisons with the plant life on the shales, ser-
pentines and tuffs in other parts of the regiom.

3., THE XEROPHYTIC FOREST OF THE PONCE LIMESTONE

The Ponce limestone oceuples a narrow crescent-shaped area ex-
tending from Juana Diaz west and sonthwest to the shore of Gua-
nica barbor. The northering boundary may bhe marked approxi-
mately by a line rununing about three kilometers north of Ponce, one
kilometer south of Peiiuelas and Yauco from which peint i turns
to the sounthwest. I'he same limestone also oceupies the peninsula
on the west side of Guaniea harbor, with a length of 6 kilometers
from east to west. It again appears northeast of Cape Rojo, and
forms a belt along the shore about § kilometers long by 2.5 kilome-
ters wide. It comes down to the sea in steep hills and promontories
in the last two areas, also between Gudnica harbor and Guayanilla
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“bzy, and again in a few places between Guayanilla and Ponce. Its
widest development is between Gudnica and Guayanilla and west
of Ponce.

The general topography of this region is that of rolling hills ris-
mg to a height of 150 meters (500 feet) above sea level, usually with
long, gentle slopes and few cliffs. These few cliffs and other rock
exposures ave due to the interpolation of harder strata in the softer
limestone. The white or pale yellowish-gray limestone is heavily
eroded and pitted info numerous pockets and erevices. DMany large
blocks of stones are completely separated from the solid, underlying
rock, and emit a metallic ring under foot. Ravines and eanyons
are poorly developed and the drainage is mostly by percolation. A
little coarse soil is collected in pits and erevices but large aveas of
bare flat roek are exposed. Humus bas not been formed but in many
places the surtace is covered by a thin layer of dried leaves and

" fwigs, )

The climate of this region is the most arid of any part of Porto
Rico and its xerephytic naturve is intensified by the general absence
of soil, so that the surface dries very quiekly following every rain.
Tree growth is possible only by the penetration of the roots into the
deeper fissures in the rock. The seanty growth of taller plants in-
tereepts very little sunlight and shadeoving plants are absent.
Full exposure to the wind inercases transpiration and emphasizes
the xerophytic nature of the environment, but the physieal effect of
vie wind is of little importance. One-sided trees are not eommon,
even on slopes facing the oeean, but they do occur on the larger
capes and promontories, as at La Parguera and south of Ensenada.

The hills of Ponee limestones that arve not used for agrieulture,
are covered with a thin forest and a dense growth of microphyllous
shrubs and practically no herbs (Iig. 61). During the dry season
the general appearanee is that of a low, rather ercwded thicket about

.2 to 4 meters is height, in which a majority of the shrubs are either
leafless or with persistent leaves which ave brown and curled by
long dronghts. Projecting above this growth arve many almicigo
trees (Blaphrivm simarube (1) Rose) with their wide branches,
rounded tops and red, glistening bark, and a less number of bucar

" (B. buceras L.) trees with their dense erowns. There arve also a

¢onsiderable number of bejuco inglés (Cappuris cynephallophore L),

jagtiey {Picus luevigate Vahl), Amyris elemifera L. and Pisonia

albide (Heimerl.) Britton. The gnavacin or lignum vitae {Guia-
¢iom officincle L.) and prieto (Tabebuia heterophylia (DC) Britton)
are rare. The almacigo (B. simaruba (L.) Rose) is undoubtedly the
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the most common tree and forms the ground work of the arborescent
vegetation, in which the less abundant trees of other speecies form
isolated spots of green. The sebucan or dilde (Cephalocereus Ro-
yeni (I} B. & R.) is very abundant growing to a height of 8 meters
and adding to the xerophytic aspect of the plant life.

The shrub layer is made up of a great many species, of which
Santa Maria (Lewntane invelucrata 11.), eucubano (Coccolobis lauri-
folin dJacq.), and huevo de gato (Helicleres jomaicensis Jaeq.) appear
to be the most abundant, Other common species are bertoniea afel-
fada (Moluchia tomentose (L.) Britton), adormida (Crofon rigidus
(Muell, Arg.) Britton) fire bush {C. luecidus 1.) euero de sapo
{Ezxostema caribaewm (Jaeq.) R. & 8.), basora (Varronic angusti-
foliu West.), escambrén colorade (Pithecellobium unguis-cait (L.)
Mart.}, cotorra (Ricinelle vicinelle (L.) Britton), granadillo (Fu-
genie lingustring (Sw.) Willd.) avguile (E. buxifolia (Sw.) Willd.},
jibo (Schaefferia frutescens Jaeq.), chicharrén (Reynosic uncinata
Urban}, balsamo (Citharexylim fruticoswan 1..), aleli eimarrén {Plu-
miere alba L), baviaco (Krugiodendron ferrewm (Vahl)) Urban),
eoscorrdn { Bleeodendrum aylocarpum (Vent.) DQC.), guao (Come-
cladia dodonace (1..) Urban), barbaseco (Canella winterana (L.)
Gaertn.), Salvia sessiliflora (Sw.) Willd.,, Hypelate trifolicta Sw.,
Qamyda dodecandra Jacq, Adelio Bernardic L., Jacquinia Berterd
Spreng., and Towrnefortia microphylle Berit. Most of these shrubs
are without leaves during the dry seasom, but when the leaves are
present they are usually small rounded, leathery and dark green.
Teafy plants stand is sharp contrast with the prevailing brown ov
gray color which is charvacteristic of most of this vegetation.

The ecacti are represented by large specimens of the two sebucans
or dildos (('ephalocereus Royeni (1.} B. & R. and Leptocereus qua-
dricostatus (Bello) B. & R.) which are abundant and 3 or 4 meters
in height; also by great mats of tuna brava (Opuntie Dillenii (Ker-
Gawl) Haw.) which are less conspicuous but equally abundant and
by ohulago (Gpuntic repens Bello) which covers some places. The less
common plants ave pitajayva (Hylocereus trigonus (Iaw.} Safford)
which hang from the lavger frees and many colonies of the con-
spienous melén de costa (Cactus ntortus AMill) attaining height of
6 decimeters. The corita (Agave missionum Trel.) with its flower-
ing stems about 6 meters in height is one of the striking features
of the landseape.

The vines are represented by a few individuals, such as the he-
jueo de eostillo (Serjania polyphylle (1.} Radlk.). which appears
to be the most abundant, the dunguey (Swmilex coriacea Spreng.)
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and the gungulén (Vunille Eggersii Rolfe). The epiphytic nidos de
gungulén  (Tillandsic recurvata 1) is very abundant and green
bunehes of pata de gallina {Phoradendron chrysocorpum Krug &
Urban) are occasional. There arve very few Lerbaceous plants dur-
ing the dry season, but small plants of Portwlaca halimoides 1o. and
yerba de pollo (P. quadrifide 1.) can be found growing in small
pockets in 1'110‘ rocks. There are also a few grass plants (Uniole
virgata (Poir) Griseb) and isolated plants and small colonies of
Zamia portoricensis Urban are scattered over hill tops.

Our study of this region was made in April when the only bloom-
ing plant was the single specimen of the purple-flowered leguminous
shrub, the retama (Corynelle pauciflora DC.Y. 1t appears that the
many plants which were leafless at the time of our visit, put forth
their new leaves and that many herbs become more or less prominent
during periods of rainy ieather.

‘The plant life which we have just described oceupies the hill tops
and upper slopes. About haltway down the southern slope towards
the ocean, and at an altitude of about S0 meters (250 feet} lies a
narrow zome characterized by a very remavkable development of
epiphytes, The shrub flora is less developed but represented by the
same species as arve found on the hill tops. The buear (B. buceras
L.}, the alméeigo (&, simaruba (L.) Rose), the bejuco inglés (Cap-
paris cynophallophore 1), and the tea (Awmyris elemifera 1) are
the most common frees. Many of the larger buear trees branch
from the base and in some cases the large basal limbs lie on the
ground. The aleli cimarrdn (Plumiere «lbe 1) attains a height of
6 to 8 meters and the freely branching cupey de altura (Clusia Gund-
lachit Stahl) attains a height of 5 meters and forms a thicket of
tough, inflexible stems and twigs. The same six species of caetl
previously referred to ave present and larger. The melén de costa
(Cactus intortus Mill) is vepresented by hubdreds of plants; mats
of tuna brava (Opuntia Dillenst (Ker-Gawl) Faw.) grow several
meters in diameter and 2 meters in height; while the sebuean (Ce-
phalocercus Royent {1..) Britton & Rose) attain a height of 10 meters.
All frees and the larger eaetli ave drapped with Dbarbas de near
{Dendropogon usneotdes (L.) Rat.) forming festoons a meter ox
more in length and growing so luxuriantly as to almost eonceal the
branches and in some cases they appear to injure the plants on
which they grow. In faect, this growth of barbas de mear is so
dense that visibility seldom extends bevond 10 meters in any diree-
tion and under some of the low branching buear trees is even loss.
The nidos de gungulén (Pdllandsia recurvate L.) and a sterile bro-
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mweliad are very abundant on all trees. The larger cacti, and the
epiphytic cactus pitajaya (Hylocercus frigonus (Haw.) Safford) arve
eommon, while masses of tallen bromeliacds almost eover the ground
in some places. Even the ovehid (Bnecyelin papilionacea (Vahl)
Scheehter) is epiphytic on the cacti 'We have no theories as to
the possible enviromment conditions determining the location of this
remarkable zone of epiphytes, except that it may possibly be due
to atmospheric conditions. The arborescent flora is the same as
that found at higher levels and the smaller number of shrubs may
be due to the dense shade cast by the trees and their loads of epi-
phytes. The Dbelt is said to extend along the hillside at the same
Ievel for a considerable distance, although its widih prohably does
not exceed 10 meters in altitude. )

Below this belt of epiphytes, the plant life has the same specific
composition and general appearvance as on the hill tops. The guao
{Comocladia Dodonaeq (1) Trban) hecomes very common, while
other commoen species are manto or maravedi (Rhacoma crossopeta-
Zum 1), lirie (Strumpfie maritimae Jaeq.) and Krameric Jreing T
These and other speeies common to this locality come down almost
to sea level and ave separvated from the water by a very narrow
rocky beach, full of recky fragments. The common plants of this
beach are barvilla (Balis maritime 1), bejueo de playa (Ipomoea
Pes-caprae (L) Roth.), and mangle blanco (Laguncularia recemosa
{L.) Gaertn.) which grow adjacent to the bucar, sebucan and guao.
There is no suecessional relation between them, and will not be un-
less a fature change in elevation brings about a readjustment of the
houndary.

In most other places, the plant life of the Ponce limestone has
been partly destroyed by cutting and consists almost entirely of
shrubs. Good examples of this slrubby growth may be seen along
the shore road from IPonce to Guayanilla. Additional species ob-
served here and which no doubt grow in parts of the Guanica fovest
are (Catesbgee poviflora, Sw., lecheecillo ((roton diseclor Willd.),
Stenpstomum acutatum DC., Bumelic Krugii Pierre, Turnera diffusa
Wild.,, and Osmie sinugte {(Lam.) B. & W. the viney Stigmnephy-
Ilon Unguletwm (Poir) Small, the orchid (Tetrumicre elegans (Ha-
milt.) Cogn.) and the grass Uniole virgete (Poir) Griseb. On the
hills south of Ensenada, the corita (Agave missionum Trel,) is very
abundant.

5, THE VEGETATION OF THE SHALE HILLS

These shale hills form a belt about 2 kilometers wide extending

from near Ensenada at the east to the coast south of Boguerdn and
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have an average height of about 150 meters (500 feet). The sides
are steep or gently sloping, with little exposed bedrock. The soil
is thin, hard, coarse in textures and mixed with numerous frag-
ments of rock. On a few of them the original plant life is in fairly
good condition and essentially the same as in the Guanica Forest but
in most cases trees and the shrubs have been removed in order to
make pasture.

The trees on these hills ave rarely more than 10 or 15 meters in
height (Fig. 62). The bucar (Bucide buceras L.) is mueh more
abundant than any other species. (thers that should be mentioned
as common ave rvetama {Trichilie hirta 1.), carubia (Xanfhorylum
monophyllum (Lam.) P. Wilson), guicima {Guezuma guezuma (1)
Cockerell), guayacin or lignum vitae {Guaiacum officinale 1..), he-
diondilla (Lencaena glavea (1) Benth.), tea (Amyris elemifera L)
and eueubano Coceolobis lawrifolic Jacq.). The abundant growth
of shrubs includes cotorra (Ricinella ricinella (L.) Britton), guao
(Comocladia dodonaea (1.} Urban), algodén de seda (Calotropis
procere {Ait.)"R. Dr.), palo de vaea (Bowrrerin suceulente Jaeq,),
espejuclo (Sarcomphalus retiewlaius (Vahl) Urban), huevo de gato
(Helicteres jamaivensis Jaeq.), escambrén colorado (Pithecellobium
Unguwis-cati L.), palo de burro {Capparis coccolobifolia Mart.) roseta
(Hachaowia porloricensis Baill.) yaiti (Gymaanthes lueida Sw.), jiba
(Sehaefferia frutescens Jacq.), Jacguinia Berterii Spreng., Rondeletia
pilosa Sae., Thyana porforicensis (Radlk.) Britton, and Stenosto-
mam lucidwm (Sw.) Gaertn.

There are very few cacti under the shade of the shrubs or forests,
probably due to lack of light, hut they are abundant on the adja-
cent hills, where the trees and shrubs have been removed. The me-
16n de costa (Cactus intortus Mill.) grows in eolonies that are some-
times conspicuous at a distance and the ohulaga {Opuntia repens
Bello) becomes a sevious pest in the pastures. The larger species of
Cephealocereus and Leptocerens are rarve. The nidos de gungulén
(Tillandsia recurvate 1) is abundant everywhere and the barbas
de uvear (Dendropegon usneoides (L.) Raf.) is well developed on
the buear trees (Fig. 63) in the sheltered wvalleys. Herbaceous
speetes ave rare in the thiekets.

Plant life of the type just described occupies all of the north
side of the coastal range of hills as seen from the road between In-
senada and Lajas. A few of the hillsides still have a few forest
trees, more have been reduced to shrubby thickets and may lhave
been ecleared and replaced by pasture with a few seattered bucar
trees. The same plant life also occupies the uncultivated hills of
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the Lajas range from Boquerén east almost to Yaneo. Over this
entire area, there is a dense population and mueh of the land is
used for agrieulture, while the remainder has been cut over repeat-
edly for fuel. As a result, the arbovescent growth is represented
by a few small trees while many introduced weeds have come im.
On one of these hills south of Lajas, the most common shrubby spe-
cies are: cafeillo (Cusearia guianensis (Aubl)) Urban) which grows
two to four meters in height, caviaquillo (Lentana comare 1..) and
the escambrén (Randie mitis 1.}, The trees are small and include
the following speeies: almicigo (Blaphrium stmarnbe (1) Rose),
cupey (Clusia resee Jaeq.), jaguey (Ficus laevigate Vahl.), cenizo
(Zanthorylum caridbacwm Lam,) and Z. monophyllum {(Lam.)y P.
Vilson.  Other common shrubs are basora (Varronia angustifolic
‘West.), caracolillo {Casearic decandra Jacq.), galin del monte {(Ces-
trum lgurifolium L'Her.( acacia pidlada (Leucaene glaunce (11}
Benth.), higuillo (Piper eduncion 1.), guava blanca (Cupania dme-
ricone L.) and Psychotric wndele Jaeq. The desmanto (dcwan
virgatum (L) DBedic.), a thorny, serambling plant is common.
There are no caefi. The influence of man on the plant life is shown
by the irvegularity in size of the trees and shrubs, the frequent cop-
pice growths and the many herbaccous weeds.

Liajas stands at the northern boundary of the xerophytic region
and several plants of mesophytic tendences appear on the hills in
the vicinity. The presence of the cupey (€. rosea) and the absence
¢f eaeti is significant of this trauvsition in the plant life near this
place.

On a hill a few kilometers west of Yaueo, geologically similar to
the preceding, but away from the proximity of a mesophytic en-
vironment, the arborescent species include the almicigo (Elapluiune
stimarube (L) Rose), the palo anastacia (Trickilic hirta L.), and
only a few bucar (B. buceras) trees which are always the first to
be removed from these hills. The most common shrubs are earia-
cquillo (Lantana Camare 1.), escambrén eolovado (Pithecellobiume
unguts-cati (L) Mart.). Other common shrubs arve tachuelo {Pie-
tetia aculeete (Vahl.) Urban), cuero de sapo (Ezostema cartbaeun:
(Jaeq.) R. & 8.), eehoruquille (Thyane strigte (Radlk.) Britton).
Jiba (Schaefferia frutescens Jaeq.), adormida (Crofen rigidus (Muell
Arg.) Britton), Stenostomum lucidwm {(Sw.) Gaertn. f., Guettorda
elliptica. Sw. and Forestiere segregate {(Jaeq.) Krug and Urban.
The vines such as bejuco de costilla (Serjanic polyphylla (L.)
Radll.), Hana uiada (Batoeydie unguis (L.) Mart), and desmanto
(Acuan virgatum (L) Medie.) are -well distributed. The nidos
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de gungulén (T'illandsic recurvetwn 1.) is abundant; Zamia por-
toricensis Urban and sebucan Cephalocerens Royeni (L) B. & R.
-are present.  This hill has not been pastured but the best trees have
been removed. The shrubs show a great similarity to those of the
Ponce limestone. (Figs. 64, 65).

4. VEGETATION OF THE SERPEXTINE HILLS

The Geological Survey of the Ponce distriet mentions two small
serpentine outerops: one in the coastal range of hills west of La
Parguera and one a few kilometers west of Yauco. Our studies
were confined to the latter. The serpentine at this point underlies a
low, rounded hill which was originally covered with forest, but which
has heen cut over repeatedly and used for pasture with the wsual
effects on the plant lfe. The few remaining {rees ave mostly buear
{Bucida Buceras L) and almicigo {Elaphriwm Simarube (1.) Rose).
The most abundant vegetation at this time consists of thickets of
cacti and shrubs; and almost every species found here was also found
on the Ponce limestones or shales of the vicinity. The most com-
mon cacti are the two sebucans {(Cephaiocerus Royeni (L) B. & R.
and Leptocercus guadricostatus (Bello) B. & K. (Mg, 64), the tuna
trava (Opuntic Dilenii (Ker-Gawl,) Haw.), the ohulaga (0. repens
Bello) and the melén de eosta (Cactus entortus Mill.) Tig. 65).
Other plants with well developed water-storage structurves are the
corita (Agave missonum Trel), the aleli cimarrén (Plumicra alba
:L.), the maya (Bromelie pinguin 1..) and the shrubby Pedilanthus
angustifolins Poir. The most common shrubs are the roble de co-
lorado (Tabebuia haemantha {Bert.) DC.) escambrén eolorado {(Pi-
theeellobivm Unguis-cait (1) Mart.), guao (Comocladia Dodonaea
(L.) Urban), acdormida (Crofon rigidus (Muell. Arg.) Britton, ro-
seta { Machaonia portoricensis Baill.}, granadilla (Bugenio lgustring
Willd.), guayabacoa (Rheedie acwmingte {Spreng.) Tr. & PL) and
Jacquinia Berterit Spreng. The vines and epiphytes are represented
by peea palo (Disticlis lactiflore (Vahl.) DC.), pitajaya (Hylocereus
trigonus (Haw.) Safford) and Banisteria purpurce L., Osmia sinuata
{Lam.) B, & W. None of these have been noted by Britton and
Wilson as charaecteristic of the serpentine rocks and we are of the
opinion that serpentine is of little or ne importance as an environ-
‘mental factor in this part of the Island.

5. THE VEGETATION OF THE CAPE MALA PASCUA

We did not examine the plant life of the outcrops of the Yabu-
coa Point, respectively south and east of Maunabo at the southeast-
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ern corner of the Island; Dbut the Cretaceous tufts which appear
in the same region hear the usual xerophytic vegetation, with some
differences in specific composition due to distanee.

The promentory of Cape Mala Paseua {Fig. 66) descends ab-
ruptly to the sea from a height of nearly 200 meters (600 feet).
Most of the forest lhas been removed but the remaining fragments
indicate that the dominant trees were probably buear (Bucide Dice-
ras 1.}, gudcima (Guazwma guazuma (L) Cockerell). palo anasta
cin {(Trichilic hirte L.), jaguey (Fieus leevigele Vahl), coreho
{Pisonie  subcordata Bw.), carvubio (Zanthoxylum wmonophyllum
(Lam.) P. Wilson), ceiba (Ceibe pentandre (L.} Gaertn.). The
most common shrubs are cafeillo (Cascaria guilnnensis (Aubl.) Urban)
which grows in almost pure stands; cotorra (Ricinelle ricinella
(L.) Britton) which grows in dense masses and to a height of 6
meters; eseamhbron (Rundie malis 1) which grows to a height of
2 meters and Psyehotrie pidaris Seese & Moce. which grows in
matted thickets to a height of 1.5 meters and shows the effects of
the wind. Acacia palada {Leucacna glewece (1.} Benth, grows
abundantly along roads. Other shrubs worthy of mention are prieta
(Tabebuia heterophylle (DC.) Britien), bejuco de palma (Frichos-
tigma octandwm (L) IL Walt.), bilsamo (Citharexylum fructicosum
1), pale de burro (Capparis flexuose 1..), roble guayoe (Bourreria
suceulenta Jaeq.) and barviaco (Kragiodendiron ferreuwm {Vahl)
Urban). All of the above have been mentioned previously in con-
nection with other developments of this same association and arve
gufficient to show the general uniformity of this xerophytic iype
across the full length of the southern shore. An interesting feature
of this promontory is the presence of San Bartolomone (Secbesten vick-
seekeri (Mills.) Brittom) which is 2 or 3 meters in height and has
snowy red flowers and very thick rvough leaves, and also the shrubby
Malphighia Shaferi B, & W, with leaves which are eovered on the
lower surface with appressed easily detached stinging hairs. The
former has been known only from Vieques, Culebra, 8t. Thomas and
Tortola; the latter kas therefore been considered endemic to Vie-
ques.
© Intertwined with the above shrubs we find many vines such as
the true zarza (dcacie riparie HBEK.) reaching a diameter of 5 cen-
timeters; the smaller bejuco de costilla (Serjanic polyphylie (1)
Radlle.), Banisteria purpurea L., Stigmaphyllon Lingulatum (Poir)
Small, and Gouenig lupuloides (1) Urban. Cattle aveid the steeper
parts of the hillsicdes which permits the growth of many shrubs and
herbs such as Justicia periplocifolic Jacq., J. sessilia Jacq. Hyptis
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pectinata (1) Poir), and Dolicholus reticulatus (Sw.) Millsp. The
presence of a single plani of cupey (Clusie rosea Jacq.) indicates
the proximity of the more mesophytic conditions.

6. GENERAL RELATIONS AND SUCCESSIONS

The preceding deseription is hased on a study of seven separate
areas of xerophytic forest or thicket, extending over more than a
hundred kilometers of space. Iu five of these the plant life has been
very much modified by maxn, in one there is somewhat less modifica-
tion and in one, the Guénica Insular Fovest, it is in practically nat-
ural conditions. Thevefore, i ecannot be expected that the fora
of the seven areas should show a great degree of homogenity. The
number of species noted by us as reasonably common and of ecolog-
ical importance In these areas ranges from 18 on the Ponce lime-
stone near Tallaboa east of (Guavanilla IIarbor to 63 in the Guaniea
Insular Forest. The species noted from a single area only range
from 4 on the shale hill to 34 on the promontory south of Mawnabo.
They constitute 59 per cent of the whole at Maunabo, due to isola-
tion and the proximity of the mesophytic forest of the mountains,
and in the other six areas vary from 17 to 30 per cent. The other
species of eaeh area, vary from 13 to 44 in number, appear also in
other places, and the community coeflicient between any two areas
averages 11 per cent. It is lowest between the comparatively close
areas of La Parguera and Tallaboa and greatest between Guéiniea
Insular Forest and the serpentine hill at Yauco, in which the wun-
derlying reck is quite different. The eoefficients between the isolated
arvea at Maunabo and the other six average 9 per cent, showing that
the large number of peculiar species in that isolated locality is after
all of little geographie significance. We ave, therefore, led to the
conclusion that under natural conditions all of these voeky hills of
the southern coast were populated by essentially the same type of
vegetation, that the diserepancies which then oecurred were cansed
primavily by geographic isolation and by proximity to or distance
from a more mesophytic environment, and that the present differ-
ences are caused by clearing and pasturing.

The xerophytie character of the environment is clearly shown by
the prevailing form and habit of the plants. Tropophilous species
-are abundant dropping their leaves during the dry season and pro-
dueing a new crop with the beginning of the rains. The habit is.
well illustrated by many of the shrubs and espeeially by a great
number of characteristic trees of almicigo {Flaphrium stmarubg
(L.} Rose). The low rainfall, the irvegularity of the rains and the
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low-water-holding capacity the stony soil probably explains the rela-
tively small number of water-storage plants which are well illus-
trated by the eacti, corita (Agave missionum Trel), bruja (Bryo-
phyllum pinnatum (Lam.) Kurz) and Portulace quadrifida L. The
majority of the species are well adapted to the arid conditions by
their small, thiek, leathery leaves. An anatomieal study of such
species would probably show many interesting devieces te reduee the
loss of water.

The dominant trees arvanged in order of their importance are
the almécigo (Elaphrium Simaerubu (L.} Rose), bucar (Bueida bu-
ceras 1.}, tea (dmyris elemifera L) and Pisonie albide (Heimerl.)
Britten. Other commeon species of this association are the roble
ouayoe (Bowrrerie succulente Jaeq.), the sebuean (Cephalocercus
Royeni (1) B. & R.), the enenbano (Coccolobis laurifolie Jaeq.),
balsamo (Citharexylum fruticoswm 1), guayacin (Guiccum offici-
nale L.), espejuelo (Krugiodendron ferrewm (Vahl) TUrban), co-
torra (Rictnelle ricinelle (L.) Britton, jiha (Scheefferia frufeseens
Jaeq.}, palo anastacia (T'richilia hirte L.) and carubia (Zanthoxy-
um monophyllym (Lam.) P. Wilson.

The assoelation is now in a state of temporary elimax and no
suceessional processes ave aetively in progress. Frosion is proceed-
ing at a very slow rate. Unless other agencies supervene the hills
will be reduced to a base level and the present plant life followed
by the elimax buear (B. buceres I1..) forest of the lowlands.

7. THE SEMLMESOPHYTIC VEGETATION OF THE SAN GERMAN LIMESTONE

‘We have already called attention to the region of copious rain-
fall which extends south of Mayagiiez along the west coast of the
Island, so that a part of the coastal plain from Cabo Rojo east al-
most to Sabana (rande is chavacterized hy a me§0iuhyti<: vegetation,
and various speeies have been able to establish themselves here and
there among the xerophytes of the meighboring hills. Almost all
of the mesophytic area is now under cultivation and the natural
plant life is chiefly confined to narrow canyons and steeper hillsides.
Even these hillsides are very generally used for pasture and the best
illustration of the normal plant life oeewrs on some of the hills of
San Germén limestone between the towns of San GermAn and Lajas.
These hills are unusually steep with many exposed ledges and ver-
tical cliffs. The limestone is white in color, broken into mumerous
fragments, and very much eroded into pits, sharp points and knife-
like edges. Its general appearance is very similar to the mogote
or hay-stack hills of the north coast. The soil, above the talus slopes
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at the base, is restrieted to thin deposites in the erevices and on the
ledges.

The plant life is similar in its general features, to that of the
xerophvtie hills of tuffs and shales in the same vicinity and already
described (Fig. 68). The almicigo (Elaphriuwm Simurabe (L.)
Rose), is the most common tree and grows in abundance over the
upper slopes and tops of the hills. It is usually heavily infested
with nidos de gungulén (Tilandsia recurvaia 1.). The buear (Bu-
cide buceras L.) is second in abundance. Beneath these trees is a
loose thicket of various xerophytie shrubs, including the jiba
(8chaefferia frutescens Jacq.), palo de bwrro (Capparis flewuose 1,
bariaco (Krugiodendron ferrewm (Vahl), Urban), cotorra (Rici-
nella Ricinella (1..) Britton), cueubano (Coccolobis laurifolia Jaeq.},
cupey de altura {Clusin Gundlachit Stahl.), and Zamie portoricensis
Urban (Fig. 69).

The effects of the mesophytic elimate is shown by the presence
of certain other species which gre common on the mogotes or hays-
stack hills of the north shore, some of which were not noted by us
in any other loeality on the south side of the Island. The most
conspicuous ave the llume palm (Gaussie attenuate (Cook) Becearl
which is common on the tops of the hills and in the thinner soils.
Other species of this category ave cupey (Clusia roseq Jaeq), gun-
gulén (Venille Eggersit Rolfe), flor de céulebra (dnthwrium acanle
(Jacq.) Schott.) the shrub (Curcas hernandifolivs (Vent.) Britton}
and the pitajaya (Hylocercus trigonus (Haw.) Safford).

E. Tre Veerration oF THE Lowsr Mountainy Svorus

The abrupt transition between the mesophytic plant life of the
central mountain region and the semi-xerophytic plant life of the
lower slopes of the south side have already been mentioned (page 92).
A short distance south of the water shed which extends the length
of the Island, the whole aspect of the eountry changes. Along the
upper part of this water shed, the plant life is primarily forest,
either in fact or in superficial appearance; while helow, it consists
of grass-covered hillsides (Fig. 66) with many seattered trees and
narrow strips of shiubs and trees along the Dbottoms of the valleys.
The hills have sweeping, rounded contours and are separated by
narrow valleys of the steep gradient. The plant life of these hills
is brown during the dry season, except for the mango trees which
vetain their dark-green color. At this season the general aspect of
the landscape is very similar to the summer appearance of parts of
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California. The charm of the broad panoramas is enhanced by the
open park-like country, and the views from any of the many high-
ways are among the finest in Porto Rico.

From a botanical standpoint, the country is not so satisfactory.
Originally this region was probably covered by relatively thin, open
forest, which las heen completely destroyed, so that neither charac-
teristic species nor associational houndaries canm be determined with
aceuracy. DMost of the land is in pasture with some few small tracts
under cultivation. The original native vegetation is restricted to
the roadsides and te narrow zomes of trees and shrubs which spring
up along the beds of the streams and arroyos. In a few places,
these zones broaden out into thickets or small groves, but they are
always composed of seeond.growth trees of small size and cannot be
be eonsidered fair examples of the original normal plant life of the
Island.

Along the Cayey—Guayama road, the transition from mesophytic
to a xerophytic plant life is mostly aceomplished within three or
four meters. The zone of transition lies chiefly between altitudes of
300 and 500 meters (1,000 and 1,600 feet) and xerophytic plant
life is fully established below 300 wmeters (1,000 feet). The char-
acter of this transition, and s relation to ridges and canyvons, have
been discussed in owr treatment of the mesophytic forest of the
mountain (page 92) and needs no repetition.

The most common trees of this region ave those which have heen
conserved for their fruits, for shade, for living fence posts or for
other uses when mature. They are the bucar {Bucide buceras 1.),
gudcima (Guezumea guegzume (1.) Cockerell), almécigo (Elaphrium
stmaruba {L.) Rose), corazin (Annong reliculate Y1), higuero (Loes-
centia cujete L) ceiba petandra (I.) Gaertn.), and the mango
(Mangifera ndica 1.). Other species of secondary abundanee ave
the algarvoba (Hymenaee Courbaril L.), acacia palida (Leuceena
glauca (1.) DBenth.), Campeche or logwood (Haematoxylon cam-
pechienum 1..), palo anastacia (I'vichdie hirte L.}, flor de mayo
(Parkinsonin gculeate L.), flamboyant blanco (Bauhinic monandra
Kurz.), moea (dudire inermis HBK), calambrefia (coccolobis wve-
nosa 1) and caimite de perro (Chrysephyllum pauciflorwm Lam.).
The rarve endemic tree known locally as palo de tortuga (Phlcbotaenia
Cowellis Britton) is more abundant in this region than elesewhere in
Porto Rieo.

A large number of shrubs grow along the roadside, the most
abundant being the basora (Varrenie engustifolic West.), maiz pe-
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lade (Comocladia Dodonaca (L.) Urban), cotorra (Ricinella ricinella
(L.) Britton), balsamo (Cithrexylum fruticosum L.), roble colorado
(Tabebuia haemantha (Bert.) DC.), bejueo de palma (Trichostigma
octandrum (L.) H. Walt.) tachuelo (Pictetia aculeate (Vahl) Ur-
ban), roble guaye (Bourrerig suceulente Jaeq.), escambrdn tintillo
(Bandia mitis L.) and Proustic Krugiang Urban. Vines are abun-
dant in the thickets and the most common are bejuco de sopla
(Elsote virgate (Sw.) Kuntze), bejuco de costilla (Scerjania poly-
phylle (L.) Radlk.), Gowiena Lipuloides (L.) Urban and Stigmaphi-
Hon lingulatwm (Poir.) Small. The bicornis {Andropogon bicornis
L.} is the prevailing native grass on the hillsides. The herbaceous
species are mostly weeds, including Iresine Celosia L. and bruja
(Bryophyllwm pinnatwm (Lam.) Kurz.). The nidos de gungulén
(Tillandsic recurvate L.) Is abundant below and altitude of 300
meters, especially on the bucar (B. buceras 1) trees.

A comparison of species listed above with those of the climax
forest of the region shows an extraordinary degree of resemblance,
and leads to the conclusion that they represent and extension of the
bucar (Bucida buceras L.) climax association of the foothills. The
presence of this type of plant life on the foothills is primarily a mat-
ter of aridity, and we have no evidence that the boundary between
it and the mesophytic forest aliove is in process of suceessional adjust-
ment. It is obvious that eontinued erosion of the foothills tend to
reduce them to a base Ievel and thereby to produce the physio-
graphic climax upon whieh the plant life is usual and best developed.

. SUMMARY

The plant life of the south shore is ecologically simple in com-
parison with that of the northern shore. In a few arveas omly do
the dynamic physiographie processess of beach formation or soil
accumulation or humus formation, result in well-marked successional
series. These proceed from mangrove swamps, through reduction in
water-content and salinity of soil, or from fresh-water lagoons,
through reduction in the water supply, to the climax forest. Qver
most of this vegion dynamic changes have come mearly or guite to
a standstill, and the plant life is in a climax or sub-climax eondition.
The elimax forest, no longer existing in a nafural condition, was
apparently dominated by Bucide buceras L. and oceupied the fertile
soils of the foothills and the alluvial coastal plains. The sub-elimax
oecupies the arid coastal Lills of shale, serpentine and limestoue,
and is characterized by a group of species in which Elaphrium
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simurabe (L.) Rose is most abundant. Throughout this region, the
most important environmental factor is water-supply.

THE INFLUENCE OF AGRICULTURE ON THE ORIGINAL: PLANT LIFE
OF PORTO RICO

It will be readily seen that the plant life of Porte Rieo, as it
was when the first white settlements were made on the Island, has
been greatly modified by activities of man. This was to be expected;
man always destroys vegetation in order that he may make nse of
products of nature and in order that he may utilize the land in
acecordance with his wishes. If nature has been prolific, man does
not stop when his own needs are supplied but usually destrovs wai-
tonly, forgetful that a time will come when he will need many prod-
uets of nature that arve no longer available. Porto Rico has been no
exeeption and has suffered from the avaricious and destruetive spirit
of man,

The conditions arve such that Porto Rieo has been and probably
will remain an agricultural country. Therefore, the removal of the
natural growth of plant life has been largely for the supplying of
the needs of man and for the purpose of bringing the land under
cultivation. Unfortunately, the methods have in many cases been
wasteful and the island would be much richer today if some of the
natural resources had heen conserved. The destrnetion of the plant
life has beenr so great some of the original plant assceiations have
been completely destroyed while others can be traced only from small
remaining fragments. The vealization that many of these fragments
would soon be removed and this phase of the natural history for-
ever lost, indueced the authors to make this survey at this time. We
have fraced the history of the plant life so far as possible in the
short time alloted to the work and have discussed so far as possible
its relation to the environmental agencies. It now appears to De
worth while to give a brief discussion of the agriculture that has
followed this destruetion of the products of nature,

The early land policies of Spain appear to have been very liberal.
Lavge grants were made to the grandees and to the soldiers of
fortune and small grants of litile more than 170 acres to settlers.
However, the settlement of Porto Rico was very slow and by 1830
the Spanish Government had disposed of only about one-half of the
land of the island. Following that date. “There was a rapid in-
erease in pepulation with a corresponding rapid increase in ihe
utilization of the land, so that by 1898, the date of the Spanish
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- American War, nine-fenths of the remainder had been disposed off
in various ways. By the treaty of Paris, Spain ceded to the United
States Government, the Crown lands, estimated by Murphy at 147,971
acres, of which 7,400 acres were swamp. Practically all of these lands
with some few additional acres, which have reverted in default of
taxes, are now owned by the United States and the Insular Gov-
ernments. The uwtilization of the lands in 1928, 1900 and 1911 are
shown in Fig. 70 which we have adopted from Murphy (26). The
fact that in 1828 less than 4 per cent of the area was under cul-
tivation and that in 1900 less than 13 per cent, indieates that the
agricultural exports of the Island were very limited. However, the
destruction of forests was probably greater than is indicated by the
percentage under cultivation or in use for pasture. Tt appears that
the forest was frequently destroyed for growing of crops and that
after three or four wears, the land was abandoned and new clearings
made.

The great increase in popnlation which began early in the nine-
teenth century naturally led to the removal of the forest over large
areas i order that the land might be used for cwltivation of crops
that were becoming important for export and for the support of the
inereasing population.

Sugar cane is the most important crop on the Island. Tt was
introduced early in the fifteenth century and has inereased with the
inerease in population. Sugar is now about one-half or possibly a
little more of the island export. It grows best on the rich alluvial
soils which made necessary the clearings of practically all of the
lowlands around the coast and in the valleys, exeept the swamp aveas
that were too low for satisfactory drainage (Fig. 7T1). In recent
years sngar cane has heen grown extensively on the hills but it is
doubtful if the area can be increased to any great extent except by
the draining of a few remaining swamps.

Coffee iz the crop of seecond importance and although it is grown
to some extent at elevations of not more than 35 meters (100 feet)
the great commercial crop is grown on the voleanic soils at cle-
vations ranging from 300 to 800 meters (1,500 to 2,500 feet}. The
limiting factors appear to e soil, rainfall and wind. The differeneg
in the crop is very noticeable in passing from voleanic to limestone
soils. ITigh rainfall is necessary and this limits its produetion on
the south side to the very high elevations and to the moist ravines.
Strong winds are injurious and this appears to have heen a factor
in keeping it from going to higher elevations in the Luguillo Forests



ECOLOGICAL SURVEY OF THE FLORA OF PORTO RICO 123

and in the vieinity of Jayuya. Coffee is 2 shade-loving plant and
it would at first appear that its eultivation would not necessarily
require the removal of the forest. IHowever, it requires an open
shade which is furnished by the guaba (Inge ingae) and the gnami
(I. louring) and it grows especially well under these two sgpecies.
This has resnlted in the removal of the major part of the original
forests over the regions indicated and the extensive planting of these
two species (Fig. 72). In some parts of the Island the plantations
have been abandoned, probably as the vesult of the vavages of root
diseases of the coffee, and area gradually reverting to the oviginal
conditions. _

The eattle industry is guite extensive but not large enough to sup-
ply the needs of the Island. Tt occupies extensive aveas of pasture
land, much greater in proportion to the value of the industry than
any other phase of agrieulture. These pasture lands ave most ex-
tengive in the semi-arid region of the south side of the Island De-
tween Guayama and Ponee and between the sea and the line of rain-
fall near the crest of the central range. There ave also rather ex-
tensive pasture lands on the north coast west of Avecibo. In other
parts of the Island small areas too rough for cultivation arve used
for pasture and the daivy intevest utilizes small areas suitable for
other purposes in the vicinity of the cities.

The fruit industry is primarily along the north coast starting a
short distance east of San Juan and extending to a short distanece
west of Arecibo. This industry consists mostly of eitrus firuits and
pineapple whieh arve grown in the small valleys and over the low hills.
The pineapple thrives hest in voleanie soil and extends well to the
south in the vicinity of Corvozal. This crop alse thrives on soils
of limestone origin provided the lime has bheen well leached out or
provided there is a high humus eontent. The leaching of the lime
and humus accounts for the growing of this erop on the'lower parts
of the eoastal plain. Oranges grow extensively without eultivation
over the western part of the Island and pineapples are grown in the
vieinity of Lajas. Aguaeates, mangos and guavas grow without
cultivation throughout the greater part of the island and can be
grown extensively when the market makes it profitable to do so.
In fact, the growing and preserving of some of these fruits may solve
the problem of the more profitable utilization of some of the semi-arid
lands of Porto Rico. Coconuts are grown along the coast, the most
extensive plantings being around the eastern and western ends of the
Island and in favorable locations along the south coast. It is dombt.
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ful if this industry can be ineveased with profit to any great extent.
{(Fig. 73).

Tobacco is grown most extensively in the Cayey and Juncos valleys,
especially the former which is given over almost entively to this
crop. The soil and climate of this region appears to be especially
favorable for the growing of this erop although small plantings are
to be found in other parts of the Island, especially along the north
coast (Fig. 74).

Cotton is a minor crop grown extensively in the regioms of
low rainfall along the northwest coast and to some extent along the
western half of the south coast (Fig. 75). This eotton is the sea-
island variety and the industry can be materially inereased.

The uative vegetables for local consumption are grown through-
out the Island and to some extent for the morthern markeis, The
most important vegetable-growing district for export coincides with
the fruit growing region of the north coast, east of Areeibo.

It will be readily seen that all of these industries have made neces-
sary the removal of the wvast forest which covered practically all
the Island at the time of is discovery by Columbus. Hills aud
other regions which cannot be used for agriculture are eut over
repeatedly in order to meet the needs of the growing population for
fuel. The result is that there are very few fragments of the original
plant life, aside from the high mountain region to which we have
referred. The great value of most of the land for agricultural pur-
poses will prevent reforestation to any great extent and reforestation
will not mean restoration to original conditions at the time of the
coming of the white men. ¥owever, there are many regions of Porto
Rico that can De reforested to an advantage, and all the higher
elevations should be under Government ownership or control so that
the water may be conserved to the greatest 0food to the greatest
number of bur population.

COMMON NAMIES

This list of common names was prepared from information ob-
tained from many sources. The cross reference numbers following
the names will enable the reader to learn when a plant is known Iy
1wo or more¢ common names,

. Abejuclo—Colithring colubring {(Jaeq.) Mills. 8.

. Abrojo—Cenclrus echinatus L.

. Acacia—Leucaene glance (L) Benth. 4, 124, 285,

. Acacia palada———Leucaenﬁ glatea (11.) Benth. 3, 124 285,
. Aecan care nitida (Sessé & Moe.) Dubard., 316,

S o
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6. Aceitilo—~Simurude tulae Urban.

7. Achicoria cimarrona—7Tupe robuste (Graham) A. DC. 161.
8. Achiotillo—Colubrine colubrina {Jaeq.) Mills. 1.

9. Achiotillo—Alchornea latifolie. Sw. 327, 458,

10. Adormida—Crofon rigidus (Muell Arg.} Britton. 275.
11. Aguacate cimarrén—Hufelandia pendule (Sw.) Nees. 152, 452,
12, Aguacatilla—Meliosma herberti Rolfe, 101.
13. Aguinaldo blanco—Jacquemontia nodifiore (Des.y G. Don.
14. Aguinaldo de eosta—dJacanemontia jamaicensis (Jaegq.) Hall
15. Aleli cimarrén—Plhumiera qlba. L. 167, 539.

16. Algarroba—Hymenaea courbdard L.
17. Algodén de seda—Calotropis procera Ait. R. Br. 416.
18. Almécigo—Ilaphrium Simarube (L) Rose.
19, Almendra—ZTerminalia cotappe L.
20. Almendvin—Dipholis selicifolia (1.) A. DC.
21, Altea—Nepsere aquaticg (Aubl.) Naud.
22. Amavat—deacia muricate (1) Willd.

23. Angela—Moringa moringa (L) Millsp. 76, 321
24, Anguila—EBugenia hwreifolia (Sw.) Willd. 29.
25, Afill—Iadigofera suffruficose Mill-

26. Anil (falso)—Benthwmantha coaribace (Jaeq.) Kuntz.
27, Aquilén—Laugeria resinose Vall.

28. Arvavanilla—dscyrum hypericoides L.

29, Arguilo—PBugenia burifolic (Sw.) Willd, 24,

30. Aroma—Lasianthus moralesiv (Grisseb.) C. Wright. 397,
31, Aroma—Vachellic fornesiana (1) W, & A, 32,

43, Arvoma casha—Vachellic fornesiomae (L.) W. & A. 31
33. Avrayan—Myrice cerifera L. 158,

34, Arravin—ZLRapaneq ferrugines (R. & P.) Mez. 196, 375,

35. Arvoyo—2Meliosma obtusifolic (Bello) K. & U. 98, 168, 169,

279, 280,

36. Avispillo—Nectandra coriacea (Sw.) Griseb. 335.
37. Avispillo—Turpinie paniculafa Vent. 642,

38, Avispillo—Phoebo montana {(Sw.} Griseb.

39. Avispillo—WNargarite nobilis L. 629, 654, 659,
40. Avispillo—Mayepea caribaee (Jacq.) Kuntze,
41, Azota caballo--Halpighia coccigera L. '

42, Aztcares—JSacquinie barbasco (Loefl) Mez 49,

48. Babiero amarillo—Urechiifes lutea (L.) Britton.

44, Badula—IJcacoren guadalupensis (Dueh.) Britton. 374
45, Badula—Rapanea guianensis {Aubl)

46. Balsamo—Citharexylum fruticosum L. 465, 493,
47, Bilsamo—Hmmnelia axiluris Sw.
48. Bambd trepador—Arthrostylidium sarmentosum Pilger.
49. Barbasco—Jacquinia harbasco {Loefl.) Mez. 42,

50. Barbaseo—Caneclle winterane (L.} Gaertn. 133.

51. Barbas de ttcar—Dendropogon usneoides (L.) Raf.

52. Bariaco—EKrugiodendron ferrcum (Vahl)) Urban. 223, 467, 647,
53. Bariacag—Trichilia triccantha Urban. 683,

54. Barilla—DBatis maritima L. 593,
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5. Basora—/1V wrronia angustifolic West.

. Basquifia—DPothomorphe peltata (1) Mig.

. Batatilla—Ipomoce stolonifere (Cyridl.) Poir. 638

. Begonia—Begonia decandra Pav.

. Bejuco de herraco—Chioceceq alba (1) Iiteh.

. Bejueo de buey—RBanisteria lauwrifolia T, 484,

. Bejuco de eostilla—~Serjonia polyphylle (L) Radlk. 632
62,
. Bejuco de guajanilla—Paullinia pinnata Ti.  66.

Bejuco de garrote-—Rourea surinemensis Miq. 664

Bejuco de inglés—Capparis cynophallophora 1.

. Bejuco de mona—Cissampelos pareira 1i. 485

. Bejueo de palma—DPawllinie pinnate L. 63.

. Bejuco de paloma—Trichostigme octandrum (L.) M, Walt,
. Bejueo de palma

Harcgravia rectiflora Tr. & PL 488,
Bejuco de playa—Ipomoeea Pes-Caprae (L.) Roth.
Bejueo de prieto—Hippocratea volubilis 11

Bejuco de rana—MNarcgravin sinfenisit Urban,

Bejuce de Santiago—dristolochie frilobate 1. 105, 483.
Bejueo de sopla—Elsota wirgate (Sw.) Kuniz. 313.
Bejueo de toro—Stigmaphylion fomentoswm (Desf) Ndz.
Bellorita—Erigeron bellioides D. (.

Ben-—Aloringa moringa (L.) Millsp. 23, 321.

Berenjena cimarrona—=~Soelanum forvum Sw.

Berenjena de playa—~Selanum persicifolinnm Dunal.
Bertonica afellfada—aloluchia tormentosa Li.
Bicornis—dndropogon bicornis 1.

Bijao—dAlpinia aromatica Aubl. 419.

Biriji—FPugenin monlicele (Sw.) DC. 300
Borhorén—~Scaevole plumiertt 1. 84, 183.

Borboron de playa—~Scaevole phonierii L. 83, 183
Betén blanco-——Borreria verlicillale (1) Meyer.

Botén de ovo—Volkameria aculeata L. 216.

Botén de oro—Melwnpodinm divaricatum (L. C. Rieh.) DC.
Botoneillo-Conocarpus crecta L.

Botoncillo——Borreira ocimoides (Burm.) DC.
Botoncillo—@naphalium portoricense Urban.
Botoncillo—-Dichromena ciliata Vahl.
Bruja—Byrophylhon pinnatum (Lan.) Kruz

Biiear. Bucida buceras L. D77,

Burro—Capparis coccolobifolia Mart.

Burre blanco—{apparis portoricensis Urhan.

. Cabai nagte—Randia mitis 1. 215, 218, 459, 573,
87.
98.

Cabo de hacha—Trichilic hirte L.—328, 409, 442, 523 656, 692.

Cacaillo—Melivsma obiusifoliz (Bello) K. & U. 85, 168, 169,
279, 280.

Cacaillo—Slonaee breteriang Choisy. 103, 415, 536,

Cacaillo—Octoea lewcoxylon (Sw.} Mez.

Cacao bobo—Meliocsma herberti Rolfe, 12,

Cacao rojo—Sarcomphalus recticulatus (Vahl) Urban. 648.

(lacao roseta—~STonaea Derteriane Choisy. 99, 536, 415.
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. Cafeillo cimarrén—~Casecerie sylvestris Sw. 516, 550,
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Cachimba— Dendropanaz arborewm (1) Dene. & Pl 418, 450.

Cachimbos—Aristolochic trilebata L. 72, 483,
Cachimba—Rawuwolfia tetraphylle L. 441, 473.
Cachimba—Pualicourea crocea (Sw.) R. & 8.
Cachimba-—Psyelotria pubescens Sw.

Cagilio de ciénaga—Malache scubra B. Vogel.
Cafeillo—Casearia guianensis (Aubl) Urban.
Cafeillo—Drypetes alba Poit. 3808, 481.
Cafeillo—Faramea accidentalis (L. A. Rich.) 682

Caimitillo—Mieropholis garcinifolia Pierre.

Caimito de pervo—Chiisephyllum pauciflorum Lam.

Calabazon—>Philodendron krebsii Schott.

Calambretia—Coccololis vengsa L.

Camasey—2AMiconia laevigata (L.} DC.

Camasey—2Mdconia hirte (L) D. Don,

Camasey—Miconie presing (Sw.) DC.

Camasey—dliconic racemose (Aubl) DO,

Camasey—Clidemis hirte (1.} D. Don,

Camasey de chareo—deisanlhera acisanthera {I..) Britton.

Campeche—ZLoucaena glauce (L.) Beuth. 8, 4, 285,

Campeche—Huematoxylon campechionum L.

Cafa cimarrona—~Gynertum segitialwn (Aubl) Beauv.
637.

Cafia. india-—Phragmites phragmites (1) Karst.

Cafia india—Gynerium sagittatum (Aubl) Beauv. 126, 637.

Canarvio—Allamande cathartica L. 628, 640,

Canela—derodiclidium salicifoliwm (Sw.) Griseb, 134

Canela—O0coten wrightii (Meissn.) Mez. 639,

Canela—Persea krugit Mez.

Canela—Canella winterane {L.) Gaerin. 50,

Canelillo—Acrodielidium salcifolivm (Sw.) Griseb. 130.

Canelillo—Awniba bracteate {Nees.) Mez.

Caps amarillo—Petiiie domwmgensis Jacq.

Capi cimarrén—Cordia boringuensis Urban. 417,

Caracolillo-—Phiehotaenie cowellit Britton. 140, 479, 641.

Caracolilo—Casearin decandre Jacq. 182, 188, 2406, 443.

Caracolillo—Phlebotaenia cowellit Britton. 138, 479, 641,

Caracolillo—Trichilia palide Sw. 237, 238, 517,

Caracolillo—Sabines punices Urban.

Caracolillo—Homalium racemosuin Jacq.

Cariaquillo——Lantana camara 1. 546,

(lariaguilloe de Santa Maria—Laenfana involuerate L

Carmin—Riévine hwmilis L.

Carruzo—Ichnanthus pallens (Sw.) Munro.

Carruzo—-Panicum trichanthun Nees.

Carabio—Zanthozylwm monephyllum (Lam.) P. Wilson.
538, 672,

Castilla—Cynerivm sagitteria (Aubl} Beauy.

Cebornquillo—Thyune striate (Radlk.) Britton. 269, 508.

1

>
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385,
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Cedro macho—Hufelandic pendula (Sw.) Nees. 11, 452.
Cedro macho—Hyeronima clusioides (Tul.) Muell,
Ceiba—Ceiba pentandre {(L.) Gaertn.
Cenizo—JXanthoxylum mariinicense (Lam.) DC. 223,
Cenizo—Tetrazygia eleagonoides (Sw.) DC. 666, 697.
Cerisa—Cordig nitidic Vahl, 673,
Cerezo—IMyrica corifera L. 33.
Chamiso—Dodonaea viscosa Jacq. 282, 652,
Chicharrén-—Reynosia uncintete Urban.
Chicoria cimarrona—Tupe robuste (Graham) A. DC. 7.
Chiggernit—Tournefortia hirsutissima L.
Cieniguillo—Daphnopsis philippiene K. & U. 363, 507, 668.
Cieniguillo—Myreia deflexa (Poir.) DC.
Cieniguillo—FBugenia confuse DC.
Clenignillo—Gomidesia hindeniane Berg.
Cimarvén—Plumiers albe L. 15, 559.
Ciralillo-—Meliosma obtusifolia (Bello) K & U. 35, 98, 169, 279,
280.
Ciglslglﬂlo—ﬂ[ch‘osnm obtusifolia {Bello) K. & U. 35, 98, 279,
Clavelén de playa—Borrichia arborescens {1.) DC.
Cobana—=~Staltlic monosperme (Tul) Urban., 501
Cocorroncito—Gyminde Ilatifolic (Sw.) Urban. 367.
Cocuisa—Cordyline guineensis (I.) Britton.
Coenisa—urerace tuberosg Ait. 667,
Cocuisa—Quisqualis indica 1. 689,
Cojdébana—Piptadenie peregring (1.) Benth. 179, 498.
Cojéhana—DPiptadenia arboreum (1.) Urban.
Cojohana—adcacia muricate (L) Willd.
Cojobillo—Piptadenic peregring (1.) Benth. 176, 498
Cojobillo—Anneslic portoricensis (Jaeq.) Britton. 698.
Colaba—Celophyllum aentillenum Britton. 243, 391, 470, 544,
Colorrerillo—Caserie decandra Jaeq. 139, 188, 246, 443.
Coralillo—Scaevola plwmierii (L.) Vahl. 83, 84.
Corazdn—dnnene glabra L.
Corcho—Torrubia fragrans (Dum.—Cours.} Standley, 362, 364.
Corcho—OQchrome pyromidale (Cav.) Urban. 262
Corcho—Pisonie subcordate Sw. 189, 678,
Corcho blanco--Cescarie decandra Jacq. 139, 182, 246, 443,
Corcho bhobo—Pisonie subeordate Sw. 187, 678.
Corita—dgave missionum Trell, :
Corozo palma—aderocomia aculeate {Jacq.) Lodd. 254, 655.
Coscorran—=Elaeodendrum cylocarpum (Vent) DC. 277,
Cotorra—~Ricinella ricinella (L.) Britton. 212, 224,
Cotorrera de la plava—{Teliotropium cwrasavicim L.
Cueubano—Caccolobis luwrifoliv Jaeq. 245, 585, 653,
Cucubano—=Rapanea ferruginee (R, & P.) ez, 34, 375
Cuernocillo—=Helicteres jamaicensis Jaeq. 310.
Cuernocillo—Morongia portoricensis (Urb.) Britton.
Cuero de sapo—Exostema cartbacum (Jaeq.) R. & 8. 338,
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Cupeillo-—Clusia Erugiane Urban.

Cupey—Clusia rosca Jacq.

Cupey de altura—Clusic gundlachii Stahl.

Desmanto—dcuan virgatum (1) Medie. 669.

Dildo—Cephalocereus royeni (1) B. & R. 551.

Dildo—Cephalocercus nobilis (Haw.) B. & R.

Dunguney—_Similax coriccea §p1enn

Dunguev—«Dzasco; et pilosiuscule Bertero.

Bmajagua—Pariti filiacewm (1.) St. Hil. 361, 358, 366.

Enecinillo—Drypetes dicifolic K & T. '

BEneas—Typha mzthfoha L. '

Ervizo—Piteairnic augustifolia (Sw.) Redoubte. 496.

Eseambrén—Ricinelle ricinelle (1u.) Britton. 193, 224

Escambrén—Drepanacarpus unatus (CL) G. F. W, Mevel 469.

Bscambrén—Pisonia aculeate L. 582

Bscambrén—Raendie mitis L. 96, 218. 459, 573.

Fseambrén hlanco—TVollameria aculeata L. 86

Dsscsafbmn colorado—Pithecellobinm unguis-cats (L } Mart. 588,

Bscambrén tintillo-—Randia mitis L. 96, 215, 459, 578.

Escobita—Seoparia dulcis .. - 220, 395, 432.

Escobita amarga—=~Seoparia d’u?ms .. 219, 395, 432.

Tspejuelo—Sarcomhalus retieulatus (Vahl) TUrban. 102

Espejuelo—Dipholis sintenisiong Pierre.

Bspeinelo—Rrugiodendron ferveum (Vahl) TUrban. 52, 467,
647. .

Espinilo—Ricinella ricinelle {1.) Britton. 193. 212.

Espinosa—Zanthozylum martinicense (Lam.) DC. 155,

Hspinosa—dnthacanthus spinosus {Jaeq.) Nees.

Flamhoyant—Deloniz regia—(Bojer) Raf. 537,

. Flamboyant blanco-—Bauhinie monandre Kurz, 555, H8S.
229,
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Tlor de agua—-Piaropus crassipes Mart.) Britton.

Tlor de agua—~QCustalic ampla Salish. o

Flor de Culebra—Anthurium aceule (Jacq.) Schott. 297, 407.

Fior de mavo—Parkinsonia aculeata L. 478.

Flor de mayvo—~Selenicereus pteranthus 1. & 0., B. & R.

Flor de todo el afo—Catharanthus roseus (L) Don, .

Forte Ventura—ZLonchocarpus Iatifolivg (Willd.} HBXK.. 466.

Fresa—Rubus rosaefolius Smith. 623

Gai—Trichilic pallide (Sw.} 141, 238, 517.

Gaita—Trichilia pallide {Sw.). 141, 237, 517,

Gaita—Erothea paniculete (Juss.) Radlk. 2586,

Raita—Swnyda spinulosq Vent.

Galdn del monte—lestrum lanrifoliwm L7 Her.

(Galan del monte—Cestrum maerophyllum Vent.

Galba—Oalophyllum anfillanwm Britton. 181, 391, 470, 544

Garrocho—Quararibace turbinata (Sw) Poir,

Gareado—Coceolobis Tanrifolin Jaeq. 195, B8H, 653.

(Ha mansa—Casearia decandra Jacq. 139, 182, 188, 443

Glongoli—Dendropangs laurifolivm (E I\Ialch) Dcne & PL
482, 680,
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248. Grama blanca—Stenotaphrum secundatum {Walt.} Kuntz,

249. Granadilla—Buchenavia capitete (Vabl.) Bichl.

250. Granadilla—Eugenia lingustring (Sw.) Willd. 471,

251. Granadillo—Ocofea spathulata Mez 421, 643.

252, Grasilla—=8etiscapella subulate. (1.} Barnh.

253. Ya3g51;1mo—1)iclymopmaam morofotons (Aubl) Dene. & PL 353,

254. Grugri—Acrocomia aculeaia (Jacq.) Lodd. 191, 655.

256. Guaba—Inge inga (L.) Britton. :

. 256.  Guaracdn—Hxothes paniculate (Juss.) Radlk. 239

257. Guieima—~Guazume guazuma (1.) Cockerell..

258. Guaco—Mikania congesta DC.

259. Guaco—Mikania cordifolia (L.) Willd.

260. Guadillo—Guarea remiflora Vent. 266.

261. Guami—TInga louring (8w.) Willd.

262. Guano—Ochroma pyrgmidale (Cav.) Urban.

263. Guano—Arundo donaxz L. 638,

264, Guao—Comocladia glebra (Schultes.) Spreng.

265. (juara blanca~-Cupanic emericana 1.

266. Guara-guadillo—Guarea ramiflora Vent. 260,

287, Guaragnao—Guarce guara (Jaeq.) P. Wilson.

268. Guarema—Picramnia pentandra Sw. 307.

269, Guava—Thyana striate (Radlk) Britton. 151, 508,

270. Guayabacoa—Rheedia acuminate (Spreng.) Tr. & Pl 553

271. Guayabota—FEugenia Stahlia (Kiaersk.) K. & U.

272. Guayabota——Diospyros ebenaster Retz. 278.

273. Guayahota—>Maba sinfentsii K. & U. 561,

274, Guayacin—Guaiccum officinale T.. 348,

275. Guavacanillo—Croton rigidus (MMuell. Are.) Britton. 10.

276. Guayacanillo—Guaiacum sanctum L. 657,

277, Guayavota—Elaeodendrum zylocarpum (Vent.) DC. 192,

278. Guayavota—Diospyros ebanester Retz. 272,

279, Guayavota—Meliosma obtusifolic (Bello) K. & U. 98, 168, 169,
280.

280. Quavaroto—Meliosma obiusifolic (Bello) K. & U. 98, 168, 169,
279,

281. Guinda—dnthurium scandens (Aunbl.}  Engler,

282, Guitaran—Dodonaea viscosa Jaceq. - 159, 652.

283. Gungulén—Vanille Eggersit Rolfe. '

284, Haya-minga—Cananga blaindi (Griseb.) Britton. 420,

285. Hediondilla—Leucaena glavece (1.) Benth. 3, 4, 124,

286. Hediondilla—Chamaefistula antillane B. & R.

287. Hediondila—Chamaeeriste diphylla (L)) Greene. _

288. Hediondilla—Psiranisia polyphylle (Jacq.) B. & T 525

289. Higiiera—Orescentia cujete L

290. Higilerilo—Enallagma Iatifolie (Mill.) Small.

291. Higilerilo—itharexylum condatum 1

292, Higiierilo—Vitex divaricate Sw. 0685,

293, Higuillo—Piper amalage L. 294,

204, Higuillo de limén—Piper amalage L. 293.
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295. Higuillo de limén—Piper adumcum L. 803.

296. Higuillo de limén—Margaritaric nobilis L. :
297. Hoja de costado—dAdnthurium acaule (Jaeq.) Schott. 231, 407.
298. Hoja menuda—Nyreia citrifolia (Aubl) Urban.

299. Hoja menuda—3yrcie splendens (Sw.) DC.

300. Hoja menuda—~Eugenic monticole (Sw.) DC. 82.

301. Hoja menuda—FHKugenia lancea Poir. 687,

302. Hoja menuda—=Eugenia procera {(Sw.} Poir.

303. Hoja menuda—Piper aduncum L. 295.

304, Hoja menuda—Calypiranthes sintentsii Kiavesk. 3849,
305. Horquetilla—Chlors radiate (1i.) Sw.

306. Huesillo—Mayepea domingensis (Lam.) K. & U. 809,
307. Hueso—Picramnia pentandre Sw. 268.

308. Hueso—Drypetfes alba Poit. 111, 481,

309. Hueso blanco—Mayepea domingensis (Lam.) K. & U. 306.
310. Yuevo de gato—IFHelicteres jumaicensis Jacy, 197,

311. lecaco—Chysobalanus icaco 1.

312, Icaquillo—Hirtello rugosa Pers. 571.

313. Jaboneillo—Elsola virgata (Sw.) Kuntz 173.

314. Jaboncillo—Sapindus saponarie L.

315. Jacana—TLueuma multiflora A. DC.

316. Jacana-—Manillara nitide (Sesse & Moe.). Dubard. . 5. ,
317. Jacanillo—Pelesioides pendulum (Urban) Britton. 511, 662.
318, Jagiiey—Iicus laevigata Vahl. 326, 337, 634.

319, Jagiiey—Ficus Stahitc Warb.

320, Jagliey—Iicus wrbanigna Warh.

321. Jasmin—Morings moringe (1.} Millsp. 283, 76.

322, Jasmin—dJasminwm grandiflorum L.

323, Jayajabico—EBrithalis fructicosa L.

324. Jiba—~Schacfferia frutescens Jaeq.

325. Jiba—ZErythrozylon brevipes DC.

326. Jiglierillo—Ffleus laevigate Vahl. 318, 337, 634

327. Jobillo—dlchornes latifolic Sw. 9, 458,

328. Jobillo—Trichilia hirta L. 97, 409, 442, 523, 656, 692.
329. Joho—Spondias mombin L.

330, Juzo—~Rochefortia acenthophora DC. Griseb.

331. Junco cimarrén-—Cyperus articulatus L.

332. Junco de espiga—FEleocharis interstineta (Vahl) R. & 8.
333. Junquite—I"mdrisiylis diphylle (Retz,) Val.

334. Karrebesu--Pictetic aeuleatq (Vahl) Urban. 563.

335. Laurel—Nectandre coriaces (Sw.) Griseb. 386,

336. Laurel roseta—Nectandra patens (Sw.) Griseb.

337. Lechecillo—IMicus lasvigeta Vahl. 318, 326, 634.

338. Lechecillo—Fzostemea caribasum (Jacy.) R, & 8. 199,
339, Lechecillo—Chrysophyllum bicolor Poir. 636.

340. Lechecillo—Croton discolor Willd.

341. Liechecillo—Chamaesyce prostata (Aiton) Small.

342. Lechecillo—Sopium lourocergsus Desf. 660, 661,

343. Liechuguilla de agna—~>Pistia stratiotes L.

344. Lengua de vaca—Anthurium dominicense Sehott.
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Lgangua de vaca—Elephantopus mollis HBE.

Liana fragante—Distictis lectiflore (Vahl) DC. 436, 598.

Liafia ufiada—Batocydia wnguis {L.) Mart. 490, 579.

Lignum vita—~Guaiccumn officinale L. 274,

Iimoneillo de monte—Calyptranthes, sintenisiv Kiaersk. 304.

Livio—Hyntenocallis declinata (Jaeq.) M. Roem.

Lirio—Strwmfie marttima Jaeq.

Llagrumo-—Cecropia peliate L

Llagrumo—Didymopenex moretont {Aubl.) Dene. & Pl 253,
354,

Llagrumo macho—Didymopaenaxr wmorototoni (Aubl) Dene. &
Pl 253, 853.

Llume—Gaussic attenueta {Cook) Beccari.

Madreselva—DPilea microphylle (1) Tdebm. 594,

Madreselva—ZLeonicere jaeponice Thumb.

Mahoe—Pariti tiliccerm (L) St. IHil. 208, 361, 366.

Maiz pelado—{Comocladia dedonaee {L.) Urban. 360, 506,

Maiz tostado—Comoecladia dodonaes {(I.) Urban. 359, 506,

Majagua—Pariti tiliveewm (1) St. Hil. 208, 358, 366,

Majagua—Torrubic fragrans (Dum-Cowmrs.) Standley. 185, 364,

Majagua brava——Depnopsis philippiene K & U. 163, 507, 668.

Majagua que mona—=Torrubia fragrans (Dum.—Cours.) Stand-
ley. 185, 362.

Malagueta—Amomis caryophyllata {Jaeq.) I & U. 630.

Malagneta—~Pariti tilivecwm (L.) St THL 208, 358, 361,

Mala mujer—Gyminda lotifolic (Sw.) Urban. 172

Malvavisco—Corchorus hirfus L.

Malvavisco—Malachre urens Poit.

Malvavisco—Malvastrum coromandelienuwm (L) Gracke.

Malvavisco—Waltherie wmericane L. 631.

Mamey—Mammee americana L.

Mameyuelo—Manilkare duplicaia (Sesse & Moc.) Dubard, 549.

Mameyuelo—Icacoree guadalupensts (Duch.) Britton. 4d.

Mameyuelo—Rapanca ferruginee (R. & P.) Mez. 34375,

Mangle—Rhizoplora mangle 1. 380, 381.

Mangle blanco—Laguncularia racemose. (L.) Gaertn.

Mangle bobo—dvicennia nilida Jacq.

Mangle botén—(Conocarpus evecta L.

Mangle Colorado—Rhizophora mangle L. 376, 381,

Mangle zapatero—Rhizophora mangle L. 376, 380.

Mango—M engifera indice L.

Manto—Rhaeoma crossopetalum L. 387,

Manzanilla—Wedelia trilobate (1.} Iiteh.

Mopurito—Zanthoaylum monophylum (Lam.) P. Wilson. 149,
538, 672.

Mara,}:r-nmray—Eca-stophyllu.m ecastophyllum  (L.)  DBritton.
476.

Maravedi—Rhacoma crossopetalum L. 383,

Margarita—Bidens pilose L. 694 N

Margarita—Browallia americang L. 686,
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390, Margarita silvestre—DBidens pilose 1.

391, Maria—Calophyllum antillanum Britton. 181, 243, 470, 544.
392. Marieao—RByrsonima spicate {Cav.) DC.

393. Maricao—H aemocharis portorvicensis K. & U. 424,

3. Masa—T'etragastris balsamifera (Sw.) Kuntze. 456,

395. Mastuerzo—~Scoparie duleis L. 219, 220, 432,

396. Mate azul--Guidandine criste {L.) Small. 398.

397. Mato de peo—Lasianthus moralesit (Griseh.) C. Wright. 30
398. Mato de playa—~Guilandine criste (L) Small. 396.

399. Mate de playa—Canavali maritime (Aubl.) Thou.

400. Mato mariposa—Duggena hirsute (Jacq.) Britton 475, 512, 616.
401, Matojo de playa—~Sporobolus virginicus (L.) Kunth.

402. Matraca—Crofalaria retuse L. 558,

403, Maya—DBromelia pinguin L, 497,

404, Meldn. de costa—C'actus entorfus Mill.

408, Mesquite—Prosopis juliflore (Sw.} DC.

406. Moca—dndira inermis H. B. K,

407. Moca de pavo—dnthurium acaule {Jacq.) Sechott. 231, 297,
408, Moco de pavo—dmaranthus cruentus L.

409, Molinillo—Trichile hirte 1o, 97, 328, 442, 523, 656, 692
410, Molinillo—Hura crepitans L. 663.

411, Molinillo—Leonotis nepectacfolia (1.} R. Br. 635,

412, Moral—Cordia sulcate DC.

413, Moralén—~Coceolobis Grandifolic Jacq.

414. Mostacilla del mar—Calile lanceolefe (Willd.) 0. E. Schultz.
415, Motillo—=Slonaea berteriana Cholsy. 99, 103, 536.

416. Mudar—Calotropis procera {Ait.) R. Br. 17.

417, Mufieca—Cordia boringuensis Urban, 137,

418, Mufieca—Dendropanax arborewm (1.) Dene. & Pl 104, 450.
419, Narciso—Alpinia aromatice Aubl. 81.

420, Negralora—Canange blaintt (Grieseb.) Britton. 284

421. Nemoea—Ocotea spathulata Mez. 251, 643,

422 Nemocdi—Octoeo moschatae (Pavon) Mez. 675, 676, 677.
423, Nidos de gungulén-Pillandsia recurvete L A
424, Nifio de eota—Haemocharis porforicensis K. & T. 393.

425. Noyo—Ipomose Fissecta {(Jacq.) Pursh.

426. Ohulaga—Opuntic repens Bello. 427,

427, Olaga—Opuntia repens Bello. 426,

498. Olaga—>Balpighia fucate Ker.

429. Oreganillo—Weinmaninc pinnale 11

430. Oreganillo—Cynometre portoricensis K. & U. )

431. Oreganillo—Eupatorium dolicholepsis {Urban) Briton.

439, Orozuz—~coparia duleis T, 219, 220, 305.

433. Orozus—Leptilon pusillum (Nutt.) Britton. 684.

434, Orozuz—~Stemodic maritime L.

435, Ortegén—~occolobis rugosa Dest.

486. Pega Palo—Distictis lactiflora (Vahl) DC. 346, 489, 596.
437. Palinguén—Capparis flexrose L. 457,

438. Palmo de eoyor—Bactris acenthophylia Mart., 644.

439. Palma de eoyor—EBEulerpe globosa Gaerin.
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Palma real—Roystonea boringueia Cook.

Palo -amargo—Rauwwolfic tetraphylle-L.. 106, 473,

Palo anastacia—Drichilia hirta L. 97, 328, 409, 523, 692.

palo blanco—{asearia decandra Jacg. 139, 182, 188, 246.

Palo blanco—Allophylus occidentalis (Sw.) Radll. 509,

Palo Dlanco—Chione venose (Sw.} Urban. G671

Palo blanco—Drypetes glouce Vahl. 58T,

Palo bobo--Pisonia subcordata Sw.

Palo bobo—Brunellic comeocladifolic H. & B.

Talo bobo—Coceolobis diversifolie Jacq,

Paigscaehimba—Dendw‘opa-uaa: arborewm (1) Dene, & PL 104,

Palo cachimba—Psychotria brachiata_Sw.

Palo colorado—Hufelandia pendule {Siw.) Nees. 11, 152.

Palo colovado—7Taoncho luquillensis (K. & U.) Britton.

Palo colorado—HMyrecylon schwoneckeanum K. & U. 679

Palo moro—Psychotric undete Jacq.

Palo de aceite—Tetragastris balsemifera (Sw.) Kuntz. 349

Palo de burro—Copparis flecuosa L. 437.

Palo de cotorra—dAlchornea latifolia Sw. 9, 327.

Palo de cotorra—Randia mitis L. 96, 215, 218, 573,

Palo de cuenbano—Guetiarde scabra (1n) Lam.

Palo de dajao—Ixora ferrea, (Jacq.) DBenth, 468.

Palo de gallina~—Alchorneopsis portoricensis Urban.

Palo de gallina—Aenistus arborescens (Ii.) Sechlecht. 649, .

Palo de gallina—Hledsine indice (1.) Gaertn.

Palo de guitarra—Citharexylum fruticosum L. 46, 493,

Palo de hedionda — Lonchocarplhus latifolius (Willd.) HBE.
235, '

Palo de hievro—Krugiodendrom ferrewm (Vahl) TUrban. 52,
223, 647,

Palo de hievro—7Ixora ferrew (Jaeq.) Benth. 461

Palo de hoz—Drepanocarpus lunatus (C.) G. F. W, Meyers. 213.
301, bdd,

Palo ’de Maria—Calophyllwm  antillanwm  Britton. 181, 243,
391, Hdd. ,

Palo de multa—Eugenie lingustrine (Sw.) Willd. 250.

Palo de muiieeco—Cordia glabra L. '

Palo de mufieco—Rauwolfic tetraphylle T 106, 441.

Palo de mufieco—Cordia glabra L.

Palo de pelado—Duggene hirsute (Jacq.) Britton. 400, 512,
616.

Palo de polio—Feastophyllum ecastophylium (L) Britton. 386.

Pale de pollo—Plerocarpies officinalis Jaeq.

Palo de rayo—Parkinsonie aculeata L. 232

Palo de tortuga—Phlgbotaenia cowellii Britton. 138, 140, 641.

Palo de vaca—Bourreria succulenta Jacq. 531,

Palo de vaca—Drypetes alba Poit. 111, 308,

Palo de vaca—Dendropanar lewrifolium (B. March) Dene. &
Pl. 247, 680.
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Panitos—dristolochia irilobate L. 72, 105.

Paralejo—Banisteria Taurifolia L. 60.

Parriera—Cissampeles pareira 1. 65. <

Pata de gallina—Lepidagathis alopecuroidea (Vahl.) R. Bu.

Pata de gallina—Phorodendron chrysocarpum K. & U.

Pega palma-—Waregravia rectiflora Tr. & P1.. 68.

Pega palo—Distictis latiflore (Vahl) DC. 346, 436,

Pega palo—Batocydie unguis (L) Mart. 347, 579.

Pega pollo—Commicarpus scandens (L.} Standley.

Pega pollo—Alsine antillana (Urb.) B. & W.

Pédula—Chraresylum fruticosm L. 46, 465.

Peronia—Abrus abrus (L) W. F. Wight.)

Peronis—Armosia Trugit Urban.

Pifia de cuervo—Pitcairnia angustifolic (Sw.) Redoubte. 211

Pifinela—Bromelia pinguin L. 403.

Piptadenia—Piptadenia peregring (I.) Benth., 176. 179.

Pitajaya—TLeptocereus quadricostaius (Bello) B. & R. 252

Pitajaya—Huylocereus frigonus {Haw.) Safford.

Polisandre—=Staklia monosperma (Tul) Urban. 171

Pomarrosa—Jfambos jambos (1.) Millsp.

Prenda de oro—Pharus glaber H. B. K.

Prieto—Tabebuia heferophylla (DC.) Britton. 693.

Pringa mosa—Tragia volubilis ..

Préspera—~Comocladia dodonaea (L) Urban. 359, 360.

Quemadora—Daphnopsis philippiane K. & T. 163, 363, 668.

Quiebra hacha—Thyane striate (Radlk.) Britton. 151, 269,

Quiebra hacha—Allophylus occidentalis {Cw.) Radlle. 444

Quiebra hacha—Fugenia pseudopsidium Jacq.

Quiebra hacha—Petesioides pendulum (Urhan) Britton. 317,
662.

Rabo de ratén—Duggena hirsuta (Jaca.) Britton. 400, 475, 616.

Rabo de ratén—Casearic arborea (T. ¢, Rich.) Trhan, 651, 690.

Rabe de ratdn—Andropogon virgatus Desr.

Rama memuda—Myrcia splendens (Sw.) DC.

Rama de perro—Casearia sulvestris Sw.—113, 550.

Ramoncillo—Trichilia pallide Sw. 141, 2387, 238.

Ramoncillo—Trophis racemosa (1) TUrbh. 691,

Rasea garganta—Philodendron Erebsii Schott. '

Rasca garganta—Parathesis serrulaia (Sw.) Mez. 554

Retama—~Corynelle pauciflora DC.

Retama—Chamaccriste portoricensis (Urh.) C. & C.

Retamo—Trichilin hirte L. 907, 328, 409, 442, 656, 692,

Retama—~Sabinea florida (Vahl) DL

Retama prieita—Peiranisio polyphylla (Jacq.) B. & R. 288,

Roble blanco—Tebebuie rigide Urban. 530,

Roble blanco—Tabebuic pallida Miers.

Roble colovado—Tahebuin schumanniane Trban,

Roble colorade—Tabebuia lieemantha (Bert.) DC.

Roble de sierra—7Tabebuie rigida Urban. 526.

Roble de guayo—Bourreria succulente Jacg., 480,
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Roble de guayo-—Bourreria dominguensis (DC.) Griseb.

Rolén—>Pithecellobium unguis-cati (L) Mart. 217, 581.

Rosa de ciénaga~-—Ginoria vohrit (Vahl) Koehn, 578,

Roseta—Macheonia portoricensis Baill.

Roseta—S8lonaca berteriane Choisy. 99, 103, 415.

Royal poinciana~—Deloniz regia {Bejer) Raf. 227

Rt}algg —mgantha.rylmm monophyllum (Lam.} P. Wilson. 149,

Rubia—Rubia persicifoliorum Dunol.

Sabino—a agnolie splendens Urban.

Salvia—Salvia splendens Scllow.

Salvia~—Pluchea purpuracens (8w.) DC.

San Bartolomé—~ebestén rickseckeri Millsp.) Britton.

Sai% Maria—Calophyllum entillanum Britton. 181, 243, 391,

Santa Mariag--Thespesic populnee (L.) Soland. 645, 681,

Santa Maria—Lantana tnvolucrete L. 145,

Santa Maria—Osmia odoreta (L.) Sch, Bip.

Banta Maria—Vernonia albicaulis Pers.

Sapote de costa—Manilkare duplicata (Sesse) Moce.) Dubard.
373.

Sarna de perro—Casearia sylvestris Sw. 118, bl6,

Sehucain—~Cephalocereus royens (L.} B. & R, 204

Sehucan—Leptocercus quadricostatus (Bello) B. & R. 499.

Sehuein—>Rheedia ccuminate {(Spreng.) Tr. & PL 270

Seca gavganta—Parathesis serrulate (Sw.) Mez. 520.

Seplina—Bauhinia monandre Kurz, 228, 588,

Serenc—~Gundlachia corymbose (Urban) Britton.

Serrucho—Mariscus jumaicensis (Crantz.) Britton.

Sonajuelas—Crotalaria retuse L. 402,

Tabeiba—Plhumiera albe L. 15, 167.

Tabeiba—Maba sintenisit K. & U. 278.

Tabanueco—Dacryodes excelse Vahl.

Tachuelo—Pictetic aculeate (Vahl) Urban. 334,

Tamarindo eimarrén—dAcacie muricate (L.) Willd.

Temporana—~Surianae maritine L. P

Teiporana—IMallotonia gnaphalodes (L.) Britton. 674, 696.

Terciopelo—Heterotrichum cymosum (Wendl) Urban.

Terciopelo—Clidemia strigillose (Sw.) DC.

Terciopelo—Miconia racemose (Aubl) DOC.

Terciopelo—dAbutilon commutatum Sehuman.

Teta de burra cimarron—Hirtella rugosa Pers. 512

Tibey parasitica—Columnea fulge Urlrn.

Tintilo—Randic mitis L. 96, 218, 459,

Tortugo amarillo—Sideroxylon foetidissmum Jaeq.

Tortugo prieto—Ravenic Urbani Engler.

Tuna brava—Opuntia dillenti (Ker. Gawl.) Haw.

Tear—Bucide duceras L. 93,

Uearillo—Ginoric rehrdi (Vahl.) Koehn. 534.

Uil de gato—Batocydia unguts (L) Mart. 347, 490.



BCOLOGICATL SURVEY OF THE FLOEA OF PORTO RICO 137

. Uta de gato—Martynia annua L. 646,

. Ufla de gato—Pithecellobium unguis-cats (L) Mart. 217, 533.
. Ufla de gato—Pisonia aculeaty L. 214,

. Uva de mar—CQCoceolobis wvifera (L.) Jacq. 584

. Uva de playa—~Coccolobis wvifera (L.} Jacq 583.

. Uvillo-—Coceolobis laurifolia Jacq. 195, 245, 6563

. Uvillo—-Coccolobis portoricensis (Urban) B. & S.

. Varital—Drypetes glavea Vahl. 446,

. Varital—Bauhinie monandra Kurz. 228, 555,

. Varital—Dipholis bellonts Urban 695. E

. Ventura—Tchthyomethia piseipula (I.) Hiteh.

. Verdolaga—Portulaca oleracea 1.

2. Verdolaga rosada—=Sesuwvivm portulacastrum I 620,

. Verdolaga rosada—DBefis maritime L. 54

. Verdolaguilla—Pilea microphylla (1..) Liehm. 3586.

. Verdolaguilla—Pilea parictaria (1..) Blume.

. Vibora—dngelonie angusiifolic Benth. :

. Vibora—Dendropanazy lawrifoliwm (I8. March) Dene, & PL .
. Vinda—Distictis lgetiflora Benth. 346, 436, 489 :
. Vinda—Angelonia angustifolin Benth.

. Yaiti—Gymnanthes lucida Sw.

. Yerba de cafia—Lasiacis divaricata (L.) Hitche.

. Yerba de ciénaga—dAeschynmmene sensitiva Sw.

. Yerba de clavo—Centellae asiaticn (1.) Urban.

. Yerba de elavo—Jussinea angustifolic Lam.

. Yerba de culehra—DBranva monnieri {1.) Drake. :

. Yerba de culebra—(Caconapea stricta (Schrad) Britton,

. Yerha de culehra—Pilde mummulariaefolie (Swy Wedd.
. Yerba de enlebra—Mecardonia procumbens (Milld.) Small.
. Yerba linda—Peperomio rotundifolic (L) H,B.K. 612. .
. Yerba maravilla—Rauellia coccinea (1.) Vahl. B70.

. Yerba de medio real — Peperomia. magnoligefolia (Jaeq.)‘ A

Dietr. .

. Yerba de medio real — Peperomia rotundifelie (1) H.B.K.

609.

. Yerba de plata—Rolandra fructicosa (L.) Kuntz.

. Yerha de papagayo—Blechum blechum (I..) DMillsp.

. Yevba de pollo—Portulaca quadrifidic Tu. .

. Yerba pelada—Duggena hirsuta (Jacq.) Britton. 400, 475, 512.
. Yerba de sal-—Philozerus vermicularts (L,) Nuit,

. Yerba de sal-—Sparting patens (Ait) Mubl

. Yerba de San Martin—Sauvagesia erecta L.

. Yerba de vidvio—Sesuvium portulacastrum L. 591,
. Zarza—(true)—Aecacie riparic I B. K.

. Zarza—Mimosa ceratonia L.

. Zarza
. Zarzabacoa—Chamaecriste diphylla (L.} Greene. G58.

. Zarzabacoa—>Meibonin puwrpures (MilL) .Vall. 665,

. Zarzabacoa—DMetbomie supina (Sw.) DBritton. ,

. Zarzabacoa enana—Stylosonthes hamata (1) Taubert. ..

Rubus rosaefolius Smith. 236,
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INSULAR EXPERIMENT STATION OF PORTC RICO

ADDITIONAL NAMES FOUND AFTER THE MANUSCRIPT ITAD GONE
TO PRESS

Allamanda—2dlamanda cathartica T.. 129, 640,

Amortiguado—Margarita nobilis 1. 39, 654, 659.

Aunsn—Amomis caryophyliote (Jaeq.) K. & U. 365,

Basora prieta—Wealtheria americona L. 371

Bejueo de corrales—~Serjania polyphylla (L.) Radlk. Gl

Bejueo de costa—Tpomoea stolonifera (Cyrill) Poir. B7.

Boistaglu—I"ous Ieevigate Vahl, 318, 326, 337. '

Boton de cadeta—Leonotis nepetacfolie (1) R. Br. 411, 688.

Caimito—Chrysophyllum bicolor Polr. 339.

Cafia de castilla—Gynerium sagittatum {(Aubl) Beauv. 126 128.

Cafla guava—Arunde donaz L. 263.

Canelon—0Ocoten. wrightii (Meissn.) Mez. 131,

Cauntiva—Allamanda cothartica T.. 129, 628. .

Caracolillo—Phlebotaenia cowellsi Britton. 138, 140, 479,

Cedro hembra—Twurpinie paniculate Vent. 37,

Cimarron-—-Ocotea spothulote Mez 251, 421,

Covure—Bactris acanthophylla Mart. 438,

Engagnilla—Thespesio populnee (1.} Scland. 545, 681,

Escorzonera—Wartynia annue L. 580

Lspeineto — Krugiodendron ferrewm (Vahl) Urban. 52, 223,
467.

Bsnejueto——Searcomphalus retienlotus (Vahl) TTrhan, 102.

Galin arboreo—Acndstus arborescens (L.) Schlecht. 463,

@a verde—Casearia orboreg (T.. C. Rich.) Trban. 513, 690.

Gitaran—Dodonaea viscosa Jacq. 159, 282,

Glateado—Coccolobis Ieurifolia Jacq. 245, 585, 653.

Gonglehout—Margarite nobitis Ti. 89, 629, 659.

Gru Gru—Aerocomia acrleatq (Taca) Todd. 191, 254,

Guaita—Trichilia hirfe 1. 97. 328, 409, 442, 523, 656, 692.

Guayacin blanco—Guaiacum sanctum T.. 276,

Hediondilla—Chamacerista divhylle (1) Greene. 624,

Higuillo millo—Margarita nebilis I, 39, 629, 654

Hincha—~Sapium lowrocerasus Desf. 342, 661.

Huevos——Sapium lourocerasus Desf. 342, 660.

Jacanillo—Petiesioides pendulum (Urhan) Britton. 817, 511.

Javillo-—Hura crepitans L. 410.

Juan calienfe—Rowrea surinamensis Meg. 62

Junguillo—Metbonia purpurea (Mill) Vail. 625.

Kre Kre—Tetrazygia eleagonoides (Sw.) D. C. 156, 697.

Magiliey-——Purorgea tubeross Ait. 174

M%%a%g'ua quemadora~Daphnopsis philippiana K. & U., 163, 363,

Manto—Acuon virgatum (1) Medic. 203

Maravilla—Ruellia coceinea (1) Vahl. 610,

Martin Avila~~Chione venosa (Sw,) Urban. 445,

Mopurigo—-Zanthoa;ylum monophyllum (Lam,) P. Wilson. 149,
385, 538. :

Mufieea—Cordia nitidia Vahl. 157.



674,
675.
G76.

677.

678.
679,
680.

681
682.
683.
654.
685,
686.
687,
688.
689,
690.
69L.
692,
693.
604.
695.
G96.
697,
698.

ECOLOGICAL SURVEY OF THE FLORA OF PORT(O RICO 139

Nigua de Playa—>Mallotonia gnaphalodes (L.) Britton 566, 696.

Nuez moscada—Octoee moschata {Pavon) Mez. 422, 676, 677,

Nuez moseada cimarrona—Qctoen moschate (Pavon) Mez 422,
675, 677.

Nuez moscada del Pais—Ocloea moschata (Pavon) Mez. 422,
475, 476,

Palo hobo—Pisonia subcordate Sw. 187, 189.

Palo de candela—Myrozylon schuwaneckeaum K. & U. 454,

Palo de gungulin—Dendropancz laurifoliwm (BE. March} Dene.
& Pl 248, 482,

Palo de jaqueca—Thespesia populnes (L.) Soland 545, 645.

Palo de Toro—Faramea ocetdentalis (T A. Rich) 112

Palo de vaca—Trichilia triacanihe Urban 53.

Paseueta—Leptilon pusillum (Nutt) Britton. 433.

Pendulo blanco—Viter divaricate Sw. 2092,

Pensamiento de pobre—Browallia americane L. 389,

Pitangueira—Eugenia lancee Poir. 301

Quina del pacto—Leonotis nepetaefolie (L) R. Br. 411, 635.

Quisqual—Quisqualis indica L. 175.

Rabojunco—Casearia arborea (1. C. Rich) Urban. 518, 651

Ramon—Trophis racemose (1.,) Urban. 518,

Retamo—Trichilie hirte L. 97, 328, 409, 442, 523, 656.

Roble prieto—Tabebuia heferophylle (D.C.) Britton. 504.

Romerillo—Bidens pilosa 1. - 388.

Pabloncillo—Dipholis bellonts Urban. 589.

Te del Mar—Mallotonia gnapholodes (L.} Britton. 566, 674

Verde seco—Tetrazygia eleagnoides (Sw.) D.C. 156, 666,

Zarza hoba—Anneslia portoricensis Jaeq. Britton. 180.
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Tur JourNan oF THE DEPARTMENT OF AGRICULTURE

Frg. 7. White sand forest at Doradoe. The principal trees are: the mufieca
(Dendropanax arboreum), the Maria {Calophpllum antillanwm) and the Mammea
americand.



THE JouRNAL OF THE DEPANTMENT OF AGRICULTURE

Fia. 8. The white sand second growth thickets as seen af Laguna Tor-
tuguero. These dense thickets are usually dominated by Chrysebalanus icuco
but &t this point the dominant is .Jambos jambes.
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THE JOURNAL OF THE DEPARTMENT OF AGRICULTURE

Fia. 10. The yerbs de sal (Philoxerus vermicularis) growing at the seaward
margin of the dune vegetation; matojo de playa {Sporobolus pirginicus) growing
in the rear.

Fic. 1. Summit of a San Juan dune; the original vegetation has been
reduced to a single wind swept thicket of uva de playa (Coceolobis wvifere) and
a sod of Stenolaphrim secundalun.
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Tur JOURNAL OF THE DEPARTMENT OF AGRICULTURE

Fre. 15. A break in the dune vegetation permits the sand to blow
through and cover a railway.

TFig. 16. Seaward face of a consolidated San Juan dune west of
Arecibo, showing the undercutting by the sea and the destructive power
of the wave action.
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Tuz JourNalL OF THE DEPARTMENT OF AGRICULTURE

T1gc. 18. Low thickets of uva de playa (C. wvifera) on the San Juan con-
solidated dunes.

Tic. 19. Salt water pond on Ieacos Cay, surrounded by an interrupted
fringe of common mangrove {Rhizophora mangle).



THE JOURNAL oF THE DEPARTMENT OF AGRICULTURE

Tig. 20. Icacos Cay. The limestone plateau is covered by a xero-
phytic chaparral in whieh eariaquillo de Santa Maria (Lantana involuerata)
is the dominant species.

Fig. 21. Icacos Cay. Palo hobo (Pisonia subcordate) is abundant
slong the wind swept crest of the ridge. The vegetation is wind shorn and
one sided.



THE JOURNAL OF THE DEPARTMENT OF AGRICULTURE

Fig. 22, Teacos Cay. The vegetation of the wind swept ridge is xerophytic
with several halophytic species. The single tall shrub is Strumpfic maritima.

Fig. 23. Canal through the mangrove swamp of Cafie Tiburones. Note
the thicket of Malache scabra at the vight and the ascending stems of Drepanocarpus
lunatus at the left.
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THE JourNAL OF THE DEPARTMENT OF AGRICULTURE

TFig. 25. Mud bank vegetation of Cafioc Tiburones. This association is
composed of Bramic monnieri and Eleocharis sp. The Typha-Mariscus associa-
tion forms the back grouad.
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THE JouRNAL OF TiHE DEPARTMENT OF AGRICULTURE

T1a. 28, Marginal growth of tall ferns (Aerosticum awrewm) on the horder of
the palo de pollo (Plerocarpus officinalis) association at Humacao Playa.
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Tur Jounrnarn OF THE DEPARTMENT OF AGRICULTURE

TFie. 30. Intermediate vegetation at Fajardo Playa. Note matojo de playa
{Sporobolus virginicus) on the pastured foreground with uva de playa (C. upifera)
at the right. The thicket is composed of mangle boton (Conoearpus erecla).
The ascending shrubs are escambron colorado (Pithecel-lobium unguis-cati).



TrHE JOURNAL OF THE DEPARTMENT OF AGRICGLTTGRE

Tie. 31. Drainage canal in Cafio Tiburones. Water swrface covered with”
flor de agua (Castalic ampla). Seirpus alneyi, Sagittarie loncifolia and Acrostichum
aureum along the bank from righ. to left. The Typha-Mariscus association in the
back ground.
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THE JOURNAL OF THE DEPARTMENT OF AGRICULTURE

Fic. 33. Roadside vegetation of the central mountain region. The common
fern {Dicranopleris bifida) and llagrumo (Cecropie peltate) in the center. The
common fern (D, pectinale} in the right foreground.



TEE JOURNAL OF THE DEPARTMENT OF AGRICULTURE

FiG. 34, Fecond growth forest in the central mountain region. The con-
spicuous trees arve; the lagrume (Cecropia pellefa), the tree fern {Cyathea pubes-
cens) and the lagrumo macho (Didymopanay morotolont).
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THE JourNaL oF 1HE DEPARTMENT OF AGRICULTURE

Fig. 37, Roadside vegetation of the central mountain region south of Cayey,
at an altitude of about 600 meters. Peperomia glabelle in the central foreground;
blooming plants of Hillia parasitice at left; long fronds of Pelypodium latum in
center with Anthurium acaule just above,



THE JOURNAL OF THE DEPARTMENT OF AGRICULTURE

Fi16. 38. Granadillo tree (Buchonavie capitaie)



TeE JOURNAL OF THE DEPARTMENT OF AGRICULTURE

6. 30. Isolated tree of tabanuco (Dacryoedes excelsa).



Tee JourNaL of THE DEPARTMENT OF AGRICULTURE

Tic. 40. Sierra palm forest, Bl Yunque. Palms of various ages dominate
the vegetation. The ground flora is limited to palm scedlings and Ruellic
coccinet.



Tui JourNALl oF THE DEPARTMENT OF AGRICULTURE

Fie. 41.  Open place in sierra palm forest, Bl Yunque. A golony of Begonia
decandra occupies the center.  The trunks of the palms are covered with moss,
juvenile plants of Maregravia, and a few large Bromeliads.



THE Jounxan or THE DEPARTMENT OF AGRICULTURE

Fra. 42. Forests of the upper slopes of El Yunque at an altitude of about
1050 meters. The distribution of the sierra palms is in strips and patches and
follows the contour of the land.



THE JoOURNAL OF THE DEPARTMENT OF AGRICULTURE

Fia. 43. Lower Hmit of mossy forest, El Yunque, Large trees about 10
meters high; epiphytic Bromiliads are conspicuous.



Tae JourNaL OF THE DEPARTMENT OF AGRICULTURE

Fie. 44, Mossy forest along trail, BB Yungue. Ocoten spathulate at upper
left; Tabebuie rigida arching over the trail in the center; Calycogonium squamulosum
at the right.



Tre JourNal oF THE DEPARTMENT OF AGRICULTURE

16, 45. Edge of mossy forest, surmmit of El Yungue. Eugenia boringuensis
in the center; Isachine angustifelia, Machacring restioides in the foreground.



THE JOURNAL OF THE DEPARTMENT OF AGRICUGLTURE

TFrc. 46. Interior of mossy forest, summit of El Yunque. Miconia pachy-
phylle in central foreground and to left; Tabebuia rigida tust back of center and
to right.



Tur JOURNAL OF THE DEPARTMENT OF AGRICULTURE

Tie. 47. Interior of mossy [lorest, summit of El Yunque. The principal
trees are Tabebuia rigida, about 4 meters high and Miconis foreolwta in the fore-
ground.



THE JOURNAL OF THE DEPARTMENT OF AGRICULTURE

Tic. 48. Edge of mossy forest, promontory of Kl Yunque, altitude about
1050 meters. Machaerina restioides in the foreground; Ceratostemme porloricensis
and Arthrostylidium sarmenloswm on the rock; the round-leaved shrubs are
Bugenia boringquensis.

T'ic. 49. Thickets of the mossy forest association, summit of the lower
peak of Cerro de la Punta, altitude about 1300 meters.



THE Jour¥ar oF THE DEPARTMENT OF AGRICULTURE

TFre. 50. Rock vegetation, summit of El Yunque. Meachaering restioides
conspicuous in central foreground, growing on mats of mosses with smaller
plants of Scleria,
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Trr JounxaL oF THE DEPARTMENT OF AGRICULTGRE

Fig. 53. Salt flats west of Guanica. The colony of Opuntia dillenii on
slightly higher ground is overrun and surrounded by Balis mariieme and Sesuvium
porlulacasirum.
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Tur JourNan oF 1tHE DEPARTMENT OF AGRICULTURE

Fic, 57. Reversion of cleared pasture land to buear forest (B. buceras} and
thorn thicket near Ponce. The trees are heavily infested with nidos de gungulen
(Tillandsie recurvatwm). The thorn thicket is composed mostly of flor de Mayo
{Purkinsonia acileala) and escambron colorado (Pithecellobivm unguis-cali) with
various other species,
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THE JOURNAL OF THE DEPARTMENT OF AGRICULTURE

Frg. 59. A large buear (B. buceres} tree in cleared pastured land south of
Lajas.
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THE JOURNAL OF THE DEPARTMENT OF AGRICULTURY

Fic. 61. Torest on Ponce limestone, cast side of Guanica harbor. The
xerophytic forest is composed of Elapirium stmarube, Awmyris elemifera and
Bueida buceras and numerous other shrubs and small trees.



Tae JourNAL oF THE DEPARTMENT OF AGRICULTURE

TG, 62.  Partly cleared forest on shale hills, La Parguera.  Amyris elemifera
in the center; Bugenia rhombea at right.  The rocky soil and absence of herbs is
characteristic.



Tor Jounvan oF THE DEPARTMENT of AGRICULTURE

Fig. 63. Buear tree (Buceras buceras) heavily infested with barbas de uecar
{ Dendropogon usneoides), near La Parguera.
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THE JOURNAL OF THE DEPARTMENT OF AGRICULTURE

16, 65, Serpentine hill west of Yauco. Melon de costa (Cactus intorius)
and corita {Agave missionum) in the foreground. Tall stems of Plumiera albe and
leafless shrubs of Andrachne cunefolic in the rear.



Tur JournNaL oF Tug DEPARTMENT 0F AGRICULTURE

Fra. 66. Cape Mala Pascua, south of Maunabo. The vegetation is
entirely xerophytie. The thickets on the summits are largely cotorra {Ricinelle
rictnella).

Fic. 67. Foothills of the central mountain range north of Yauco. Traces
of the xerophytic forests pevsist on the hill at the right. Most of the land is
in pasture with scattered mango trees (Mangifera indica) and jobo (Spondius
mombin) and others.



Tar Jounxal OF THE DEPARTMENT OF AGRICULTURE

Fig. 68, Vegetation of San German limestone, near San German. The
llume palm (Gaussia aitenuata) along the crest. Many almaecigo trees {Blaphrium
simarube) covered with nidos de gungulen (Tillandsta recurvala).



THE JOURNAL OF TiHE IJEPARTMENT OF AGRICGLTURE

TFig. 69. Vegetation of San German limestone, near San German. Zamio
porloricensts in the right foreground; Anthurium acanle and Clusie roses in center;
Clusia gundlachii and Tillandsia sp. at the top; with the vertical vines of Serjania
polyphylla at the left.
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FIG. 70.—Showing the utilization of lands in Porto Rico. Adapted from
Murphay.
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