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Bilography

John B. Reark was born in Chicago, Ill., U.S.A. on
_August 1, 1923. He attended public schools in Miami,
Florida, and graduated from Miami Edison High School in
1941. He attended The Georgia School of Technology for
one year and spent the years 19/2-1946 in the U.S. Army
Alr Force as a transport pllot, with two years in Europe.
Following discharge from service he attended the University
of Miami, receiving his B.S. in June, 1950. One year of
post-graduate study at the University of Miaml, and a
similar period at the Inter-American Institute of Agri-
cultural Sciences resulted in the completion of the pre-
sent thesis.

He was married in September, 1950, and has no child-

ren.
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INTRODUCTION

The most beautiful drive in all Costa Rica is
the fine highway to Volcén Irazd, a twisting, turn-
inc ribbon of concrete which climbs to a height of
over 3400 meters anove sea-level, As one approaches
the top, a clear day will reveal the breath-taking
spectacle of the slope down to the turbulent waters
of the Rfo Reventazén, and the rise to the majestic
sentinals of the Talamanca range, which stretch
their serried ranks to Panama, The view thus encom=-
passed contains one of the most interesting botanic
recions of the earth, for withih it are to be found
many distinct climates, ranging from sub-alpine to
tropical, and with several gradations in rainfall,

The writer first saw the area in 1948, but did
not attempt serious work until a fellowship was made
available by the Technical Cooperation Program of
the Interamerican Institute of Agricultural Sciences
of Turrialba, in June I95I. The Reventazén Valley
has been made a demonstration area by the Technical
Cooperation Program for coordinated work in Agriculture,
Education, Sociology and Forestry, Inasmuch as a
mapping of areas of natural vegetation is generally
considered to be a pre-requisite to intelligent

)
forestry practise (Beard, 1945; Standly and Record,
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I®36), the author was delegated to prepare such a
study under the terms of the fellowship. Although
Costa Rica has had a succession of distinguished
native and foreign botanists, which are documented
elsewhere, it was the rich flora which caused their
interest, and not the ecology composition. fittier,

and later Standlyg (I937) were the first to attempt
a floristic grouping of the species’, Standly, who

mentioned the complicated eéological structure, car-

" rled on the work of Pittier in classification of the

altitudinal belts as "Tierra Caliente","Tierra Templadal,
and "Tierra Fria", It was not until Holdridge (I947)
published his World Plant Formation Chart that a
logical approach could be made to the problem, using
temperature and rainfall as guides. The problem was
also simplified by the decision to study only trees,
vhich eliminates much of the difficulty caused by
narrowly endemic species of Epiphytic and Herbaceous
plants,

Mapping of forest associations requires both a
knowledge of the floea and ablility to traverse the area
in question, The first was acquired by the making of
botanical collections in every site visited, and the
latter was accomplished by jeep, car, horseback, and

on foot, Since most of the land is privately owned,
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permission had to be obtained from the owners before
collections could be made., Finca owners and managers
were very generous in their treatment of requests,

and many of.them voluntarily furnished horses or mealé.
Aerial photographs were utilized whenever possible,

for correlation on the site made mapping easier in the
more inaccessible areas. Space is too limited to thank
all who have been of help, but especial mention must
be made of Ing. Mario Gutierrez J.,, whose aid in the
procurement of transportation and proper introductions
was invaluable., The help and guidance of Dr. L.,R.Hold-
ridge, under whose direction the study was accomplished,
was also inestimable., Thanks are also due tos C,H,Muller,
Santa Barbara Botanic Garden, for his help with the
oaks;Jorge Lebdn, IICA Botanist; P,C.Standly, Escuela:
Agricola Panamericana, for his very kind aid in iden-
tifying the largest part of the collection; F,L.Well-
man and P.de Tarso Alvim, for their enthusiastic guid-
ance; Elliot Coen and William Davis of the Servicio
Meteoroldgico de Costa Rica; Alberto Torres and his
staff of soils men at the Universidad de Costa Rica;
J.PsTosl, of the Technical Cooperation Program for his
helpful criticism; and to my wife, Muriel, for her en-

couragements,
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GEOGRAPHIC CONSIDERATIONS
l, Position and Physiography

Costa Rica is the next to southern most and the
next to smallest of the Central American Republics,

Its shores are washed on the East by the blue Carib-
bean, and on the West by the broad Pacific, Scarcely

e hundred mlles wide, its jagged mountains stretch
from Nicaragua to Panama for over two hundred miles.

It has been well named "The Switzerland of Central
America", for nowhere in the country is one not con=-
sclous of the massive peaks and rough topography which
dominate the landscape. Of the mighty valleys which
carry the rushing waters to the sea, there'are two

that have been exploited most thoroughly to the benefit
of mani the Meseta Central, of Pacific drainage, which
cogtains the bulk of the present population; and the
valley of the Reventazdn, across the low continental
divide, which, with its tributarles, occuples an area
of about two thousand square miles in the center of the
Atlantic slope.

From the southern rim of the crater of Irazd can
be seen the entire area embraced by this study. The
slopes fall off, steeply at first, then more gradually,
th the gbrge of the Reventazén, On the farther side, a

tumbled succession of hills and mountains thrust theme
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-

selves to the horizon., To the right, at the very

foot of Irazfi, is the low pass at E1 Alto with its

railroad and highway to the Meséta Central, From El
Alto to the west 1s a wide horseshoe of hills which,
beginning with the small mountain La Carpintera and
culminating with E1 Tablazo (2200 m), ring the broad

Cartago Valley. From E1 Tablazo a rising succession
of peaks stretch away to the southeast, the Corddllera
de Talamanca, along whose crest runs the Pan American

highway. From Irazfi, the summits of Las Vueltas (3156 m)s
La Muerte (3540), Cuerisi (3400 m) and the immense
mass that is Chirripd Grande (3940 m) can easily be

distinguished, Of these, only the former two are in-
cluded in the study. Below the Talamanca peaks, the
river system 1s very complicated, due to the chains of

hills and mountains which here run parrellelpanf there

perpendicular, to the main axis of the range. The Ta-
lamanca drainage is eventually centered in the long,
steep-sided valleys of Orosi and Pejivalle, with sev-

eral smaller valleys between, Near to the town of Orosi,
the rivers of the Cartago and gposi valleys merge to
become the Reventazbn, whose thundering course has

cut a twisting canyon through the hills, and whose
current is augmented by smaller streams until it is
joined by the Pejivalle, To the east of Irazf, acros s

a high ridge, the usually fog~-shrouded cone of Turrialbg

Volcano rears itself to over 3400 meters, where it
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towers over the Turrialbg Valley and the river which
flows td the Reventazédn, Below Turrialba, the roaring
gorge of the now large and uncontrollable river becomes
lass precipitous, and the windings less abrupt, untll
it flows at last through the coastal flood plain to

the Carribbean. The area of the study, however, de-
scends no farther than the station of Peralta at 357
metebs above sea=- level, below which point there 1is
little change in the forest until the mangroves of the
coast are reached,

2. Geology and Soils

"Dosts Rica, Panama, and southern Nicaragua form

a geologic unit, the Isthmian Region of Schuchert(1935),
It is a young érea, for as late as Cretaceous times the
waters separated the Americas by a wide, deep sez, The
Isthmus first appeared during the late Cretaceous and
persisted as land until the Eocene, when shallow seas
again connected the oceans. Parts of Costa Rica have
been exposed as land, however, from the Cretaceous to
the present, In the late Miocene and much of the Pliocehe
ages occured much volcanic activity, and the présent
mountain ranéés were thrust upe. According to Darrah(1945),
th9 temperate floras of the high mountains are reliet

North American forms which migrated at the time of

the orogeny or earlier, The entire isthmian region
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has existed in much the same form since that time,
dlthough shallow seas have covered parts of the coastal
plains.

The physiognomy of the Reventazén valley reveals
a complex development. Both Irazf and Turrialbea are
quiescent volcanoes having ash cones. Obregén (1932)
desceribes the craters in detail, giving maps and
accounts of historical eruptions. Great lava flows,
some of them fairly recent, can be traced on the slopes
near the towns of Cartago, Cervantes, and Turrialbae.
Earthquakes are rather frequently centered in this area
of volcanic activitys The La Carpintera range is of
lower Miocene limestones, vhile that of E1 Tablaso is
Oligocene shale and conglomerate. The Talamanca range
is a much deformed intrusive mass of granite rocks
overlain on the eastern slopes by sandstones and con=-
glomerates, apparently of Pliocene age, and over
Cerro de la Muerte and nearby peaks by basaltic rocks.
Gabb spent sixteen months in The Talamancas, and
reports (in Schuchert) that quarts-diorites and syenites
are the most common rocks found. He also reports on
the limestones of The Reventazén Valley, which are of
Miocene age. The Reventazén watershed, therefore, is
composed of early Tertiary sedimentary deposits,
Tertiary granitic rocks, and recent volcanic ash and

axtrusicasa.
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The soils, as might be expected, vary comsiderab-
ly in ecomposition and profile. Unfortunately little
has been done in classification until recently, but
there is now an aective soil survey under the direction
ef Alberto Torres, which has classed the Coffee lands
of the Reventazén. Most of the natural vegetatiom in
land suitable for ceffee has long since disappeared,
so 12 .1s impossible to assess the vegetation as it is
affected by seil factors with the information on hand.
Only in cases of obviocusly poor drainmage has this
study been enable to distinguish edaphic asseciatioms;
time 414 not permit a more complete comparison of
species and soils. For this reason, the soils map
(Fige. 1) is given on the basis of parent meterial, with
only areas of markedly mﬁed drainage noted.

3¢ Climate
" A. Introduction

Many systems have been set forth in attempts to
classify plant formations according to climatic effect,
and they have varied a great deal in terminology and
methods. Schimper (1903) performed invaluable work
with his physiological approach to the reaction of
plants to climate, Wercklé (1909) and Pittier
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(1908, 1937, 1947) have written much with regard to
fixation of the limits of the "Tierra Caliente",
"Tierra Templada", and "Tierra Frfa", the descriptive
terms employed by Spanish speaking peoples of the
Caribbean region. Unfortunately, such terminology
often includes many different formations, since they
only reflect man's reaction to temperature, and rain-
fall is not even considered. The widely used symbols
of Képpen (Sapper, 1932) and Thornethwaite (1931) de
not exactly fil the vegetation pattern and for
aecuracy require mich more meteorological infoermation
than is generally available. The very good work of
Beard (1946) is useless in any country with high
elevatiens because there are no terms available for
the lofty mountain formations. Holdridge (19:+7)
published a chart (Fige 2) which has the advantages of
simplicity, utility, and terminology so defined as to
be useful anywvhere in the world, for whioh reasons it
was chosen for this worke.

The first meteorological measurements were made
in Costa Rica in the year 1866,’ consisting solely of
pluviometric data. The moderan Meteorological Service,
a branch of the Ministry of Agriéulturo and Industry,
has over dghty stations in operation, and records of
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over ;rorty discontinued ones, The stations in the
Reventazén Area are described in Table II; and
stations from outside the Valley proper, but within
 associations found in the Valley which lack data, are |
given in Table III.

In addition to the above recordings, a few read-
ings of temperature and relative humidity were taken
on Irazd and c;rro de la Muerte, on both windward and
. leeward sides. Sample readings are given in Figure JI,
" but these are merely an indication of climatic trend,
and can in no sense be interpreted as anything but a
random selection of a week's weather. All recordings
were made at the end of the rainy season or during the
dry season; unfortunately, no comparisons with other
seasons were possible. The Meteorologic Service kindly
furnished the hygrothermograph with wvhich the high
mountdin readings were taken, and made records available
from which the inclnded graphs and tables were constructed.

B. Climatic Factors.
1. Temperature of the air is a function of altitude,
the drop per hundred meter rise averaging about 0,7°C
in Costa Rica, but that rate may vary between O.4°C
and 1,0°C depending upon atmospheric moisture and pressure.
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2. ggmu_. may be due to orographie, convemtional,
or frontal causes. Since the study area is located in
the trade wind belt, the orographic influence is felt
on all mountain slopes; those facing the trades receiv-
ing abundant precipitation therefrem, and those to the
leevard being in a rain shadow, Local convemtional air
currents are reponsible for much of the precipitatien
in rain shadows, and vhen these commonly interact
with high rainfall orographic facters, a true rain
climate results. Frontal conditiems, "temporal" weather,
can be either weak tropical cyclomic disturbances or
air masses driven across the Gulf of Mexico during the
northern wintery Unlike the rather hard rains of
orogr;phic and convectional showers, frontal precipita-
tion is usually a Aarizzle produced by low hanging
clouds, a 4cond1t1m vhich may persist for days at a
time,

3¢ ¥ind is a decited factor in some associations.
The very high moomtains are clothed with a brushy
grovth, over which the winds are almost ;ontantly blov-
ing. This, coupled with the low average temperature,
has a decided effect on the vegetatiom, for in sheltered
sites a taller forest developes. The valley is out of
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hurricans paths thru the West Indies, but occasional
wind storms bring large branches crashing to the earth.
The valley acts as a funnel to the trade wimds, which
causes the farmers around Cartago and Paraiso to plant
wind breaks, but whether the original forest there
reacted to this element is unknown.

%, Humidity is usually rather high because¢ of the
moist winds which are constantly aseending the slopeés.
On some mountain sides am almost constant cloud
formation gives relative humidities which are very
nearly 100f the year round, Table IV contains all
data available for valley stations.

5. Cloudiness can be important in reducing transe
piration, so is considered an ecological factor.
Although usually expressed as the epposite, hours of
sunshine, it is probable that cloudiness is more
important in the wvalley. There are no records of
this type available for valley stations.

6. Seasons are represented by variations in raine
fall and temperature., Severity and duraéian of the
dry seasons have a narkedhefreet upon vegetation. The
Reventazén Area has two such dry times o ynar; one,
the “verano" extending from January thrn April, and
the "veranillo de San Juan" coming in July and Angnst.
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The "verano®” may be of greater of lesser severity, the
effect in rain shadow areas being especially well
marked, "Temporal® conditions frequently interrupt

the "verano". Davis (1951) has covered the "Veranillo
de San Juan" as well as is possible vith the short term
records available, The "veranillo"™ may be more or

less well marked, but is usually observable only in
rain shadows and drier sections. The graphic rainfall
charts (Figs. 4¥A, 4B, etc) show best the durations and

intensities of the seasons.

C. Clasafication of Climates,

e The climates represented in the Valley are: (a)
Tropical Moist, (b) Sub=tropical Rain, (c) Sub=Tropical
Wet, (d) Sub=Tropical Moist (e) Lower Montane Rain, (f)
Lower Montane Wet, (g) Lewer Montane Moist, (h) Montane
Rain, (1) Montane Wet, and (J) Montane Moist. These
are classfied according to the Holdridge plant formation
chart, for other systems are based upon physical
approaches and climatic extremes, which give little hint
of the reaction of plants to climatic factors outside
of the temperate zones. This system is obviously in
synonomy with classfication of plant formations, but
there can be no better indicator of climatic conditions
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el Cairo Turrialba IICA

1950 19l3=50
Jan - 89)0 . - 8y
.Feb - 91,3 : 8.2
Mar 91.5 85.2
kpr - 91,1 83.7
My 89 82.9
jm 91} | 858
F 93 T gbl2
mg' 0 o sl
‘Sep 903 86
ot 938 865
Nov oo ' 87.1
‘Dec : 95.5 T 88®
Year . ;EE- - .

- 88.5

Table IV, Monthly and yearly average relative humidity
recorded ag two Reventazfn valley stations,|
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than matural vegetation. The climatic limits are
therefore discussed under the various plant formation
descriptions to avoid repstitiom.

k4, Human Factors
A, History and People

The history of the Reventazém Valley is inseparable
from that of the country as a whole. Columbus discovered
Costa Rica in 1502, but not until 1564 was a town
established in the highlands: Cartago. Jones (1941)
gives a very good account of the history of the country,
and describes in detail the miserable standard of 1live
ing throughout colonial days. Indapendence was gained
‘on September 15, 1821, without a shot being fired. The
present form of government is that of a republic.

The people are largely of Spanish deeent, with
slight admixture of Indian blood (Fernandez, 1927).
Lovland banana operations have attracted large numbers
of Jamaican laborers of the Négro race.

Be Transpertation
The primitive mule~train and ox-cart civilisation
began to give way in 1872 with the construction of the
Atlantic Railroad, whose roadbed follo!l.along the
nerth side of the Reventazéne With the expamding
agriculture and increased utility of motor trucks, a
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net work of highways new extends thru much of the:
valley (See map, fig. 3). A system of secondary roads
spreads out from these, but there are atill large areas
which can be reached only by cart road and mule trail.
Indeed, . there are many square miles to the south of
the Reventazén without even hunting trailse.

C. Exploitation

It is doubtful if the eborigines of the region
were able to clear much of the forest, for when the
Spanish arrived the laxd was still covered, as a rule,
with virgin growth (Jones, Loc«Cit). Although there
are vast areas of uncut timber, exploitation is proceede
ing at a steady rate. Im 1909 the trail to Irasé
passed thru many miles ef oak forest (Calvert and
Calvert, 1917), land which today is virtually all farmed.

The history of land exploitation begins im 1808,
the year of the first coffee shipment. Before that
date clearings had been made in a small way, chiefly
about Cartago, with some cacao plantations in the Lewer
Reventdzén; but coffee was the first suecessful momey
crop vhich Costa Rica had. Land suitable for coffee
vas tapidly cleared, and the expanding productiem
drought undreamed of wealth into the country. In the
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last half-century there has occurred a diversification
of agricunlture, with lands wnsuited to coffee being
developed into dairy, meat, and staple-crop farming.
There are no large banana plantations in the area,
although much is raised fer local consumptione

The ferests are exploited as a virgin timber
resource, with no thought of continuing yield, but rather
as something to be gotten rid of so that farming may
be carried on. Much land is cleared vhich proves
unsuited to agriculture and which is allowed to come
back into relatively weikéisgs second growthe There

~ are a very fev managed wood lots, and rather more managed

wind-breaks, but the volume of timber so produced is very
small, Wasteful.: and primitive logging methods greatly
decrease the yield of weod from virgin lands, but the
industry supports agricultural expansion. Charcoaling
is an ocoupation of note in certain areas, and much
cord wood is cut for shipment to the Meseta Central.
Land use patterns have changed with the years
because of varying economic pressures, but, in all cases
of established agriculture, reflect the ecological status
of the land, The Census of 1950 is the first in which
agricultural information was broken down into useful
statistical data, so there is no means of comparisomn
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with previous years.' Series Bstadisticas (1951) gives
estimates of agricultural census based on a 20% sample
pending the 1952 publication of complete data.l
Floristic Consideratiohs
1., Botanic Collections

Anders Sandoe Oersted was the first botanist to
visit Costa Rica. He arrived in 1848, and during his
stay he collected for several months hear Cartago and
on the slopes of the volcanoes above that city. His
route took him down the Reventazén Valley which enabled
him t0 make collections near Juan Vifias and Turrialba.’

Various collectors, most of them lnterested in
horticultural material, had shipped living and pressed
plants to Europe from the year 1848 onward, but the
next important collections were made by Polakowsky{
who botanized in the Meséta Central and Cartago regions,
in 187%-77. The first plant 1list was published in 1888
by Prof. Anastasio Alfaro, Director of the National Museum.
The collections of J.J.Cooper, made in the mountains
to the south of Carﬁago, were aéudied by Captain John
Donnell Smith, who described many new species there-
from,

Henri Pittier undoubtedly was the person most instru-

mental for the present high state of botanic knowledge
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in the nation, Coming to the country from Switzerland
in 1887, he remained until 1903, and during all of

that time he labored incessantly to obtain a broader
scientific kmowledge of Costa Rica. Before he left,

he had the satisfaction of knowing that the National
Herbarium, composed not only of his collections but

of those of Tendug, Wercklé, Biolley, Brenes and Brade
and Brade, was without equal in Latin America, consist-
ing of over 18,000 numbers and over 5,000 species.

Many botanists, native and foreign, kkvs 'since collect-
ed the country, but the work of Paul C. Standley must
stand out, for it resulted in the fomr volums "Flora
of Costa Rica (1956-37) which enumerates over 6000
species in X514 genera. More recently, with the
foundation of the Inter-American Institute of Agricultural
Sciences, a small herbarium has been built up of plants
mative to the Reventazén Valley,but to the Turrialba
region in particular. The author made collections

of trees wherever reasonable doubt existed as to exact
identity, and a collection of some 800 numbers was

thus made, Identifications were made by Mr. Jorge
Leén, IICA botamist, Mr. P. C. Standley, botanist at _
the EAP, and ocaks were determined by Prof C. E. Muller,
botanist of Santa Barbara College, Sta. Barbara, Calif,
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26 ﬁelationships of the flora

The Centzal American Isthmian region forms a
meeting ground ef the South and North American Floras.
This does not imply that the flora is not distinctive,
but rather that relationships exist both to the North
and the Seuth. Standley (loc.cit) cites that only 16
genera, largely Orchidaceae, are endemic; 107 charac=-
teristically South American genera find in Costa Rica
a northern limit; and that 26 characteristically North
and Central American genera find their southern limits
in the country. This is not surprising in view of the
relatively longer geologic time connection to South
Americae.

The tropical moist forests of the lowlands differ
very little in conposition from those of neighboring
Alands, vhile many of the species are found over the
vhole Caribhean and farther. Again in the moist and
wet sub-propical areas, the floras have very close
relationships with other near by places and many of
the species are very wide ranging. In the sub=tropical
rain forests the distinctive elements begin to be
brought out, for climatic isolation has forced speciation
andlonly very tolerant species are widely found, It



-_[S-

s10lT o3 o ealrenoldnfefl S

e amy0oY rolger nelrwidel nsobvems Istdned od™
e2er0lT ngotrems fddTo¥ bris ddrol sdd Yo hapory anltIesm
eOVidonijath Jon 2t sroll erd Isdd vlqrl or 2s0b 2idT
diroll add ot diod Jelxe 2qidemoldsler Fadd aderldmt Jud
AL ylmo #edd 2031o £31oeo0l) velbnedl2 edduol odd brs
-0818rf0 TOL :olmoebrs 916 (989508LtdoT0 yIeytal sr6M193
801l 83200 al HnitY s1aney nsolromd (drold ylLlsottatred
fd310% yLilsotdettadontado dS Isdd bas gdimtl nreddTon 8
edtwmtl nredipoz 1tendd bnit sTonsr nsoltemA Istdaed brs
edd Io wolv ni gaielrquwse Jon el 2idT Wyr3woo odd atl
d3pod o3 ncikIoeruios omltd olrolosoy tornmof vlevidslfenx
e89L10MA

1911tb ebnaeiwol orfdd Yo zdzeTot Featom [sotuond eodT
snlrodrdgtoan Yo ezord motl motdizoqmos al ofi3il yrev
o3 Tevo b0t sxs 20ivssqe odd o wynem sfidw .ebnsl
brie Jatom odd nt nlssA exordd~s? bns needdtisD slodw
erols yrov oved 287T0lY odd 280818 [solqord-due 3ew
Y0 wnem bns zeoslq vd Tsen Todio d3tw 2gtdenotislsn
Isotooad=due st nl .3ntsnst o9blw yiIov o118 2elosqe add
od ot ntred ednemels ovidonldzalb odd 2320701 alsn
noidsltosge DPeosi0l esf noidsloal oldsmilo Tol (3wo Irgpord

31 obrnwol ylediw o1s 20loeqe Insrslod vyrev vlno bnse



-2 -

is in the higher mountain forests that one finds the
characteristically Costa Rican floras. Isolated by
discontin¥ity of high elevations, the associations

are distinctively Isthmian in composition. In general
it might be stated that South American elements are
dominant except in the ocak forests of the higher
elevations, vhere the North American woody genera are
most commone The so-called pframos of the high
mountain tops again show striking South American
affinities.

3¢ Lists of treo species .

Each association is followed by a listing of trees
observed therein. A tree is defined as a woody plant,
usually with a single main stem, which is over 15 feet
in height. Exceptions, as noted, are woody or semi-
woody plants in high mountain associations which areo
commonly of loMer overall height than fifteen feet.
Vulgar names are noted where known, Names are given
together with authorities and families following
Standley, Flora of Costa Rica (1936-37). Duplicate
specimens of plants collected are at present under
study at the Escuela Agr{cola Panamericana by Dr.
Standley, and as yet many of the specimens collected
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in the tropical and sub-tropical associations have not
been determined. In cases where only the genus is known
this is noted. Species are placed in height classes
according to the average size of the tallest individuals,
and any tree may be found in lower, or, very rarely, in
taller layers wit hin the association.
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Formations and Associations

1« Plan

The formations are taken in natural sequence, beginn-
ing with the tropical and working to the montane. 1In all
cases the formation description contains climstic limits,
and reference to the area in which it is found. The
Holdridge World Plant Formation Chart was used as & gulde
in mapping. A map (Fig. 3) shows the limits of each forma-
tion.

Association descriptions follow the respective forma-~
tions in which they are found. The map (Fig. &) delineates
the areas of each &ssoclation. Photographs and line tran-
sect drawings are included wherever possible. Line tran-
sects were made in every association in which virgin forest
could be found, and consisted of enumeration of every tree
over 15' whose canopy fell over the line. Ecological
divisions of less rank than assoclation are omitted be-
cause of lack of time, except for obvious facies which
alone cover lurge areas.

24 Descriptions
Ae Troplcal Moist Formation
The tropical moist formation lies below the 550
meters contour line in central Costa Rica. The temperatwre

range is higher than 2/,8C average, and the rainfall yearly



- . LA S 4 i e - . B o
bt ke 0 P mxald e enT
U ceem DALl L A e s
L
ns 9 of
- * . . .- N PR . . D e T
S . i o . e [ vy g - - K 1 i
o o p . . oo - ' . . .
RIS r e Diloa [N S N A C N bt ; \_Hi
(~‘f.. ot . o b PP . . CoL .o [CIERI e
~ T K ., . B - 3 ., . . = o
'\"Al.‘. AR < d : L AR SLE y Ve SO Tt HER
- . A . .~ T B - .
B T IR ST, Cabin Y tanlod

[ ’ LI o - - -~ .- : - " - - %
- - * C:"’ St . ! [ . i ' P C U
- - .- . 18 N
. v . £t . ' h ' “ o
R < .. ‘ kel a - ' @il Sl . L v ' e 2103
bt SOEEN RN P T S S L (SR . ) v B
Sea (" Sy LS P P e s I .
83 . { ’ vl PO [ =
e B -, M . ~ - . " . " ree oy - " -~ . -
€ T T s oon o0 rrets 3 Bles
R
" LN N ° ~rr S ; RN . - - - R TP
s R e XL . o, b Lol T Tl Co ' A e
, .
e . . o Cr e ) oy . “ .
- SCad. AR R N B T S S R A
. ey N e H -t c . P .
d T K B . RVA N N . ‘ SRS PO NN )
* . 1 AN & e
. , :
o [ PR ol
(I PR - e .
A 1 . M . .. [ e ;.
\ L - . ) S - . " o
PR " N . . ‘ 2 L ..
- . . . ' ) N S 4 gt N + .
SO - C. . : M. Lo A S ST 2773
- L . . . - N . M - -
:r.~ B o e} | < Y ¢ - N N , . € . 1: c B o~



- 25 -

average is between 2 and l meters. Weather records

are given for Peralta and El Cairo (Fig. li-=A), both of
which are in the formation. 1In the Reventazén Valley,
the formation is limited to a narrow strip in the river
gorge from below Tucurrique, widening considerably to
include slopes and hills near to Peralta. The tropical
moist climate holds sway over most of the Caribbean
coastal plain in Costa Rica.

The climate is warm, without marked extremes in
temperature, 158-18¢ C being the lowest and perhaps
302C being the highaét of record. Rainfall is fairly
well distributed thruout the year, but there is a
marked dimunition from January thru April. Rain tends
to fall in rather hard showers. Atmosphere humidity
1s nearly always high (Table IV), and night fogs are
frequent. Morning sun is the rule, with clouds obscur-
ing the sky before noon. There are probab;yggany more
days without sun than with sun the full day, but there
is usually sufficient light for normal photosynthesis.
Deciduousness may or may not be a character, depending
upon the markedness of the dry season, but in general
the dominants are briefly deciduous, with understory
plantsevergreen. v N

(e .

The forest 1s,in general,closed at the top, with
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plants below the highest understory being irregularly
spaced. Walking is usually unimpeded by ground cover
except for falls in the canopy layers. The vegetation
is arranged in five tiers, with the tallest over one
hundred feet in height. The dominants have large trunk
diameters, with moderate buttressing a feature, and
usually ‘a wide, Gpreadiﬁg crown which touches those of
similar sized trees in all directions., The tallest
understory, which is about 75 to 80 feet high, is com-
posed of straight trunked trees of moderate diameter
(to 24 feet), closely spaced, and with a very dense
interlocking foliage level. There are broken layers
of shade tolerant trees and palms at 30-45 feet,

10-20 feet, and a ground level to head high layer of
scattered herbs and shrubs. Huge 'ianas are a signi=
ficant feature of the*ﬁaﬂptation; pany of those
festooning the dominants having woody stems larger in
diameter than a man's body. Epiphytes are very common
on the dominant trees, practically covering the hori-
zontal branches; but only the very shade tolerant are
found elsewhere. The strangling habit is exhibited
by some of the larger growing epiphytes. Parasitism
is well developed in various seed plants, and fungi

are especially common. Insects are very numerous,
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and include many forest tree enemies, as well as polli-
nators of most of the flowers.

Ae1. The Anacardium excelsum, qunépa seemannii

Assoclation.

The A. excelsum - L. seemanniil association is the

only one represented in the tropical moist formation
within the study area limits. The solls are well dralned,
even rocky in places, and in the more accessible places
are virtually completely given over to cultivation or
grazing.

The dominent trees are huge, many of them having
well marked buttresaes. The tallest trees grow at
rather large distances from each other, touching only at
the outermost branches. Save for Ceiba, the largest
trees are usually confined to the strictly tropical

climate. A. oxcelsum and L. seemannii seem best to

typify the association, both growing to large size,
with tell thick trunks and spreading crowns, and they
are probably the most common.

The tallest understory is composed of trees which
reach to about 75-80 feet, and include many, such as

Bursera simaruba, which have trunk dlameters of over ome

yard. The 35-50 foot broken layer which 1is present

consists of various species of leguminous and other trees;
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the concentration of which apparently depends in a
large measure upon the elapsed time since the last fall
in the dominant layer. The lowest layer consists of

tall shrubs and small trees, such as Rheedia intermedif

and various RBrubiaceas. The ground ﬁover consists of

a great variety of ferns, small palms, grasses and
other herbs, with frequent "pitales® of Aechmea magda-
lenae which are almost impeﬁetrable; Rocks which ex-
tend above ground level are covered with aroids, ferns,
mosses, and liverworts.

The association has suffered extensively from
clearing operations, since many of the country's export
crops, such as bananas, cacao, rubber, and abacd are
partial to the climate. Sugar and cattle are also
raised within the association limits, the year-round
growth being an important factor. The included tran=
sec (Fige.l3) was taken in the only near virgin tract
in the area, a small, inaccessible peninsula which is
virtually surrounded by the Rios Reventazdén and
Florencia near Turrialba. There the only falls are
natural or those caused by orchid hunters.

The natural forest furnishes to man a great
variety of products such as timber, firewood, fruits,

fibers, and latexes, and, in addition, gives cover to
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food birds and animals. Management of areas of

natural forest can assure the perpetuity of these bene-
fits, plus, of course, erosion and water control.
Especially of use in the question.of stream control is

Pithecolobium longifolium, which grows naturally along

river courses and is of great value in maintaining
flood erosion control.

The forest, once cut, rapidly springs up to a
moderately tall growth of weed species (@Gecropia,

Holodiscus, Inga, etc.) some of which have a definite

timber value (Ochroma, Cordia). Reforestation would

not be so necessary 1n the establishment of a woodlot
as would selective weeding, slnce seeds of many of the
desireable timber specles become widely dessiminated
by birds, animals, and the wind.

Dominants

Anacardium excelsum (Bert. & Balb.) Skeels,

Anacardiaceae - "Espavel®

Cedrela Mexicana Roem.- MNeliaceas - "Cedro

amargo®.

Ceiba ponténdra (L.) Gaertn.- Bombacaceae =-

¥oeibal,

Luehea seemannii Tr. & Pl. - Tiliaceae -

*Gulcimo®
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Poulsenia armata (Mig.) Standl. - Moraceae =

"Mastate®

Terminalia cﬁiriquiensis Pitt. - Combretaceae -

¥Guayabdn®
Tallest uﬁderstory - 75-80 feet
Brogijgum utile (HBK) Pitt. = Moraceae - "Mastate®

Bursera simaruba (L.) Sarg. - Burseraceae -

¥Indie desnudo®

Castilla costaricana I,iebm. - Moraceae - "Hule"

Cecropia insignis ILiebm. - Moraceae - "Guarumo"

Ce. mexicana Heinsl. - Moraceae - ¥Guarumo®

Cordia alliadora (R. & P.) Cham, -'Boraginéceae -

#lLaurel® -

FiCus tgnduiii Standl. - Moraceae - ™Higuerén®

Guarea turrialbana J. Ledén - Meliaceae =

#cedro macho®™

Hellocarpus appendiculatus Turcz. = Teliaceae =

fBurio®

Hierégzma élchorneoides Alleao =~ Euphorbiaceae

Lafoensia punicafolia D.C. - Kythraceae =

PCortez amarillo"

Nectandra glabrescens Benth. - Lauraceae - "Quina®

N. globosa (Aubl.) Mez. - Lauraceae - "Quizarra® .

Ochroma lagopus Schn. - Bombaceae - "Balsa®
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Ocotea ira Mez & Pitt. - Lauraceae - "Ira®

Pachira aguatica Aubl. - Bombaceae =~ dOJOéhe”

Triplaris americana L. - Pelygonaceae - 'Horhigo'

Theobroma simiarum D. Sm, = Sterculiaceaé -

®Caceo mico®.
Middle understory %5-50 feet.

Albizzia adenocephala (D. Sm.) - Britt. & Rose =

Mimosaceae

Alchornea latifolia Schn. = Euphorbiaceae

Anaxagora costaricensis. Fries. - Annonacese

Apeiba aspera Aubl. (?) = Tiliaceae

Chrysophyllum pansmense Pitt. - Sapotaceae

Croton gossypiifolius Vahl. - Euphorbiaceae -

"Targud®
Croton 8p. undef. - Euphorbiaceae - "Targué"
Cupania sp. undet. - Saplindaceae . .
Erythrina poeppigiana (Walp.) Cook. =

Papilionaceae - "Pord gigante®
Eugenia sp. undet, -'Myrtaceae .

Euterpe longipetiolatea Oerst. - Palmaceae

Ficus spp. undet. - Moraceae - "Higuerdén®

Inga marginata Willd. - Mimosaceae - "Guaba®

Inga michelimna Harms. - Mimosaceae - ™Guaba®

I. spp. undet. = Mimosaceae - "Guaba"

.
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Nectandra sp. undet.- Lauraceae - "Quizarré"

Ocotea dendrodaphne Mez. - Lauraceae = "Quizarré®

O tenera Mez & -D. Sm. - Lauraceae - "Quizarra®

Pithecolobium longifolium (H. & B.) Standl. =

Mimosaceae = "Sotacaballo®

Sapium jgmaicensié Schw, = Euﬁhorbiaceae - "yos®

. [

Simaruba glauca D.C. = Simarubaceae

Symphonia globullifera L.F. - Guttiferae

Trichilia oerstediana C. DC. - Mellaceae

Zanthoxylem panamense P. Wilson - Rutaceae 4

"lLagarto® .
Lower undérstory {0-25 feet - Partial listing

Chamaedorea sp. undet. = Palmaceae

Clusia sp. undet. = Guttiferae

Erythrina sp. undet. - Papilionaceae = "Pord®
Mglpighia glabra L. - Malphighiaceae

Miconia sp. undet.- Melastomaceae

Mollenidia costaricensis D. Sm. - Monimlaceae

Oreopanax donnell-smithii Standl. - Araliaceae
Rheedia edulis (8eem.) Pl. & Tr. = Guttiferae

Rh. intermedia Pitt. = Guttiferae

- Rondeletla buddlefolides Benth. = Rublaceae

Vismia guianense (Aubl.) Pers, = Guttiferae

Many of the lower understory plants collected have

not yet been identified.
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B. Sub=tropical Rain Formation
The sub-tropical rain forest is found, in the
Reventazén area, near Tapant{ in the Orosi Valley and

on the hill tops and windward slopes from Tucurrique to
the Tuls district. The climatic limits are an annual av-
erage temperature of between 18° and 2,°C, and average
precipitation in excess of ;000mm per year. Weather records
are avalilable only for the station of Tapant{ (Fig. 4-B),
but these adequately show the climatic pattern. The rather
warm climate is attended by almost daily rains and fog.
The rainfall in the driest month is higher than that of
the wettest month of gt least one valley statlion, Cartago.
Cloudiness is marked, but mornings are frequently clear,
The forest is moderately tall, but the dominants do

not necessarily form a closed canopy. Usually the taileut
understory forms a dense, unbroken layer. There i1s another

understory composed of tall shrubs and small trees, but
the form and concentration of individuals is irregular.,

Scattered groun§ cover is present. Deciduousness may be
a character, but in those species which do lose their

leaves, individuals may always be found in full leaf,

Woody vines are present, but do not usually reach the sizes
attalned in the $ropical forests., Epiphytes are very come-
mon on tall trees, but the gloom within the forest pre -
cludes their being abundant on lower limbs or short trees,
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l. The Sideroxylon uniloculare - Pachira aquatica

Association
A sub-tropical rain forest which is very rich in

species, the Sideroxylon uniloculare - Pachira aquatica

association occupies the ridges and slopes from above Tuils
to Pejivalle and Tucurrique. The forests are difficult of
access because there is usually an almost impenetrable band
of second growth between cultivated lands and virgin timber;
and collecting in the forest is doubly difficult because

of the generally high level of foliage. Accordingly,
although much time was spent in the forest, the collections
are far from complete, and a great deal of the material 1is
as yet unidentified.

Rainfall is general throughout the year, and much
more frequent than that in the adjoining valleys. The soils
are, for the most part, leached conglomerate clayey types,
rather shallow in places.

Pachira aquatica, "ojoche", is a very frequent tree,

although perhaps not so common as thé tree tentatively

identified as Sideroxylon udloculare, called “sapote co-
lorado" by the natives., Together with an unidentified

lauraceous tree and Cedrela mexicana, the dominants are

over one hundred feet in height. Unlike many of the forests,
the tallest trees are rather widely spaced, and do not form

an unbroken canopy except in rather flat places. There are
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generally two understory tiers, the upper one presenting a
dense canopy which is vi®tually unbquen at about 70 feet
from the ground, and a rather ragged layer of many small

trees which reaches up to ab&ut 20-40 feet. Trees in the

former layer include Ficus, Cordia, an unidentified Sapotaceae,

Ocotea, and Pithecolobium, among others. The lower under-

story presents a bewildering array of species, with
Melastomes and Lauraceous trees veing very prominent.

Ground cover is spotty, and frequently consists of vinelike

types such as Philodendron and Peperomia, wlith many Dieffen-

bachia, Zegonia and other ornamental plants.

Due to the heavy rainfgll there yet remains much of
the original forest, although the comparatively drier val-
leys have been cleared and planted for many decades. Now,
howeveg, the axeman is moving farther and farther, clear-

" ing lands. for sugar and pasture which will be unable to
suéportva permanent agriculture without expensive.fertilizers
and weed controls. Most of the land should probably remain
in managed timber as a continual source of firewood and

saw logs. lMuch of the timber now being cut is pernitted

to rot vihere it is felled.

Dominahts

Cedrela mexicana Roem, = lMeliaceae - "cedro amargo"

Qcotea sp. undet. - Lauraceae - "ira" No specimen

of the tree was obtainable, but it is probably
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in this genus.

Pachira aguatica Aubl., - Bombaceae = "ojoche"

Sideroxylon uniloculare D. Sm. - Sapotaceae - "sapo-

te colorado'. This is a tentatilve determination.
Taller understory 70 feet

Cecropia mexicana Hemsl. - Moraceae - "guarumo"

Cordia alliodora (R.%P.) Cham., - Bgyraginaceae =

"laurel™

Picus tonduzii Standl. - lMoraceae - "higueron"

Nectandra glabrescens Zenth. - Lauraceae - "quiHda"

Ocotea ira Mez., & P. H. - Lauraceae - "ira®

Pithecolobium racemiflorum D. Sm. - Mimosaceae

Sapotaceae, gen. & sp. undet. - "sapote"

Trichillia sp. undet. - lMeliaceae

Several other trees in this size class were collected,
and have not yet been determined.
Lower understory 20 - 40 feet

B3auhlinia sp. undet, - Caesalpiniaceae

Blakea sp. undet. - Melastomaceae - "lengua de vaca

Calocarpum viride Pitt. - Sapotaceae - "sapote"

Clusfa sp. undet. - Guttiferae

Conostegla sp. undet. - Melastomaceae - "lengua de vaca

Cyathea sp. - Cyatheaceae - "palma de helecho

Guarea hrevianthera C.DC. - Meliaceae = "cedro macho®

Inga marginata Willd. - Mimosaceae - Mgzuabal
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Inga tonduzii D. 8m. - lMimosaceae -

Micania sp. undet. - Melastomaceae

Ocotea dendrodaphne Mez. - Lauraceae - "aguacatillo"
Rheedia intermedia Pitt = Guttiferse |

- Rondeletia Guddleioides Benth. - Rubiaceae

Sapium sp. undet. - Eupherhiaceae

Simaruba glauca DC. - Simarubaceae

Trichilia sp. undet. - Meliaceae
Many of the tall shrubs and small trees are as yet unde-
termined as to genus, the number collected being near
thirty.
2. The Quercus guglielmi-trelaeasi-Chaetoplelea mexi-

cana Association

The rain forests near Tapantl have b§en largely
destroyed below the 1500 meter contour, so the original
composition of the sub-tropical portion is largely a
matter of conjecture. Certainly two of the largest and
most common of the trees are the black oak, Quercus
guglielmi-treleasi, and the huge elm, Chaetopteleﬁ (Ulmus)

ﬁaxicana. Both of these forest giants grow!io a height of
over 100 feet, and specimens of the latter have been |
measured at 150 feet tall. Their large buttressed trunks
are frequently as much as six to eight feet in diameter.
The only other tree of similar stature which was observed

is Cedrela mexicana.
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Understory trees are listed of necessity in two size
classes, which probably reflects the stratification which
existed in the original forest.

Tapant! is located in a steep-sided valley, the
flat floor of which supprorts pasture, the slopes being
generally too steep to support tall forest. On those
hill sides which are converted to pasture, many trees
have been left. The alluvial soiis in the valley are rather
stony in places, and those on the steep hill sides tgnd
to be shallow, for which reason it 1s doubtful if the area
can support more agriculture than it now does. Exploita-
tion of the remaining woddiand is carried on a selective

basis, with no attempt to control regeneration.

Domimatits.

Cedrela-mexicana Room - Meliaceae - "cedro"

Chaetoptelea (Ulmust) mexicanus Liebm. - Ulmaceae -
“tirra"

Quercus guglielmi-treleasi Mull, - Fagaceae - "encino"

Tall understory 60-75 feet
Cordia alliodora (R.&P.) Cham. - Boraginaceae - "lanrel"

Erythrina poeppigiana (Walp.) Cook.-rapilionaceae -

"poro gigante"
Ficus spp. undet. - Moraceae-two large leafed species

Guarea sp. undet. - Meliaceae - 'cedro macho®
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Persea sp. undet. - Lauraceae - 'aguatillo"

Quercus tomentocaulis Mull. -PFagaceae -"roble"
Lower understory 20-40 feet ) ‘

Cassia fruticosa L. - Caesalpinnaceae

Erythrina sp. undet. - Papilionaceae ~ "poro de
la montaiia®

Eugenia sp. undet. - Myrtaceae
Inga edulis

Inga marginata willd

Inga sp. undet.
Ladenbergia brenesii Standl.

Lauraceae gen. & spp. undet.

Fiper auritum HBK - Piperaceae

Piper sp. undet. - Piperaceae

Psidium guajaba L. = Myrtaceae - "guayaba"

The larger part of collections made here are undetermined

as yet.
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C. Sub=tropical Wet Formation

The sub-tropical wet forests cover a large area
in the Reventazdén drainage, occupying most of the belt
between 600 and 1600 meters above sea-level. From Rio
Macho in the Orosi.Valley, the Reventazdén Valley itself,
the Cachi valley and most of the lowér Pe jivalle, to
the Turrialba and Tuls Valleys, tall forests onée
thrived, almost all of which have been cut and planted
to coffee, sugar, or pasture. Stations in this climatic
zone are Orosi, el Yas, Santiago, Juan Vifias, Turrialba
centro and Turrialba IICA (Fig. 4~C). The mean annual
climatic 1imits are 182 to 2,2 C. temperature, and
2000-4000 mm. rainfall. Although there is a marked
decrease in rain during the verano, there is sufficient
water present to maintain greenhfiglds the yeer round.
Mornings are often sunny, but completely clear days
are rare. Clouds frequently cover the slopes, while
night fogs are common over*the whole area.
- The virgin growth almost all of which has been
cut, is over 100 feet tall with occasional emergents
to a much greater height. The dominant species are
usually well spaced, with medium spreading crowns
which touch to form a broken canopy. The highest under-

story likewise forms a broken canopy at 70 to 80 feet.
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There i1s a lower understory at 30-L5 feet which varies
considerably in height and density; while there is

yet another layer from 6 to 15 feet which 1s composed °
of shrubs and seedlings. Herbaceous ground cover is
found only 1in those places where much light filters

thru breaks in the canopy. Trunks may or may not be

! buttressed, while prop roots are rather common in

undeﬁstory trees. Woody vines, many of them several
inches in diameter, are common, as are herbaceous c

climbers. Epiphytic growth 1s heavy, with many showy
specles in evidence. el o

1. The Cedrela mexlcana =- Simaruba glauca

sub~-climax Association.
The greater part of the sub-tropical wet

forest area 1s so cut-over that original forest trees
RO PR IR [N

scarcely remain. The virgin growth undoubtedly had

oo .

large numbers of Cedrela and Simaruba in its composi-

tion, but it 1is doubtful if the latter was a dominant.

Simarube is & dominant in tke second growth woodlots

which have been visited, but in those the growth was
hardly 70 feet tall.

Soils over the greater part of the area are

 volcanic or alluvial in origin, although much of the

area to the south of the Reventazén has clays of
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Oligocene conglomerate origin. Drainage problems

exist in several'sites, but in these there is no natural
vegetation remaining. Since the climate is favorable
for man and crops, most of the land will continue to

be cultivated, and little in the way of forestry will

be practiced save in scattered woodlots.

The plant lists are extensive and probably reflect
the fact that more than one association may be involved,
but this could not be confirmed. The trees remaining
in the area about Turrialba and those about Cachi and
Orosi show that the forest must have been a tall one,
well over & hundred feet in height, Giants which have

not been cut include Ceiba, Cedrela, Chaetoptelea, and

Engelhardtia, any of which may have trunk diameters

exceeding six feet. Trees which exceed sixty feet in
height, and thus were probably in the taller understory,

include Simaruba, Bursera, Cordia, and others, while

many attain a lesser height of 40-50 feet, including
some strﬁgglers from the troplcal forest which become
much less tall here.

The borders of this and adjoining associations
are probably the least well marked of any in the area,
There are wide strips in which the species intermingle,

including deminant species, and the mapping is further
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complicated by man's interference with the natural

vegetation, almost all of which has been cut heavily,

if not destroyed outright. Thus, near Turrialba

there 1s a larger proportion of tropical trees included,

some

of which may have been introduced by man, while

the Orosi section has a larger proportion of lower

montane types.

Dominants - 100 feet

Tall

Cedrela mexicana Roem.~ Meliaceae - "Cedro amargo®

Ceiba pentandri (L.) Gaertn.- Bombacaceae =

"ceiba¥ .

Chaetoptelea (Ulmus) mexicana - Ulmaceae - "Tirra"

BEngelhardtia pterocarpa (Oerst.) Standl.-

Juglandaceae
Qperéus guglielmi-treleasi Mull.- Fagaceae =
*Encino®

Q. tomentocaulis Mull.- Fagaceae = "Roble"

Sideroxylon capiri (A.DC.) Pitte.=- éapotaéeae

understory = 60=75 feet

Bursera simaruba (L.) Sarg.~ Burseraceae -

#Indio desnudo®

Cecropia insignis Liebm.~ Moraceae - ®Guarumo"

C. Mexicana Hemsle = Moraceae = "Guarumo®

Cordia alliadora (R. & P.) Chap.- Boraginaceae =

"Laurel®
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Erythrina poeppigiana (Walp.) Cook.- Papilionaceae
®*pord gigante®

Euterpe longigetiélata Oerst.- Palmaceae

LHuarea brevianthera C. DC.- Meliaceae

Lafoensia punicafolia DC.~ Lythraceae - "Cortez"

Nectandra glabrescens Benth.~- Lauraceae - 'Quin;“

Pachira aguatica Aubl.- Bombacaceae = %0 joche®

Simaruba glauca DC.- Simarubaceaes = *Divo¥
Talauma gloriensis Pitt.- Magnoliaceée '
Trichilia oerstediana Ce DCe.= Meliaceae

Smaller trees = under 50 feet
Albizzia adenocephala (D. Sm.) Britt. & Rose =

Mimosacesae

Alchornea latifolia Schw.- Euphorbiaceae

Allophyllus panamensis Radlk.- Bapindaceas

Byrsonima crassifolia (L.) DC.- Malpighiaceae =

¥Nance®

Galliandra.similis Spr. & Riley - Mimosaceae -

¥Carboncillo®
C. Te.tragona (w1i1d.) Benth.- Mimosaceae
CalocarpuM viride Pitt.~ Sapotaceae - "Sapote”

Clusia salvinii D. Sm.~ Guttiferae = "Matapalo®

Cocoloba turckheimii - Polygonaceae

Comostegia xalapensis (Bonpl.) D. Dom.=-

felostomaceae
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Croton gossypiifolius Vahl.- Euphorbiaceae -

Prargud
Croton sp. undet.- Euphorbiaceae - "Balsa®
<« Eugenia sp. undet.- Myrtaceae A '
Ficus spp. undet.~ Moraceae = Four and possibly
five specles.
Gommera grandis (Bartl.) Standl.

Hedyosmum calloso-serratum Oerst.- Chloranthaceae

Helliocarpus appendiculatus Turcz.=- Tiliaceae -

"Burio¥

Inga edullis Mart.~ Mimosaceae - "Guaba®

Inga marginata Willd.- Mimosaceae - "Guaba®

Inge michelliana ;Harms.~- Mimosaceae =~ ”Guabé'

Inga spp. undet.- At least ten Inga sﬁp. ha;e
been collected in the region,. but the botany
of the genus 1s confused, uand as yet several
remain unldentified.

Mollenlidia costaricensis D. Sm.- Monimaceae

Ochroma lagopus Schw.- Bombacaceae - "Balsa®

Ocotea dendrodaphne Mez.~ Lauraceae

Pithecolobium longifolium (He & B.) Standl, =

Mimosaceae = "Sotacaballo”

Psidium guajava L.~ Myrtaceae - "Guayaba®

Rheedia intermedia Pitte- Guttiférae
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Sapium sp. undet.~- Euphorblaceae

Symplocos martinicensis Jacq.~ Symplocaceae

Theobroma simiarum D. Sm.- Sterculiaceae =

fcacao micoV

Vismia ferruginea _ HBK . Guttiferae

Zanthoxylem panamense P, Wilson - Rutaceae -

PlLagarto”
2. sb. undet.- Rutaceae
These listings are incomplete as material still
ig_awaiting determination.

2e The Cedrela tonduzii Associlsastion

On the slopes and ridges of Turrialba
Volcano, at elevations of 1000-1500: meters, once
existed a tall forest which must have been a virtually

pure stand of the sweet cedar, Cedrela tonduzil. From

the decayed stumps and the few living trees which re-
main, some idea mey be had of the size of the dominant
species; living trees which were measured being 120 feet
tall and having trunk diameters in excess of nine feet
twenty feet above the ground | Very‘few of these gilants
remain now, but several dozens may be found near to
the town of Santa Cruz.

Tre solls are volcanic, of ash or extruded rock

in origin, and apparently are free draining and deep.
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The rainfall is probably more frequent, if not actually
heavier, than that experienced &t Turrialba. The land
18 utilized for coffee, sugar, and pastures, with the
steeper slopes kept in inferior weeds by firewood
hunters.

Aside from the cedar, the only other dominant

sized tree observed was Sideroxylon capiri, but probably

other trees were as tall. There were not found to be
any lands which had more than poor second growth, so
that a description of the association is an impossibi-
1lity with information on hand. Trees are of necessity
placed in one listing because many of them were not
collected elsewhere, and, in view of the conditions of
the woodlots, it was impossible to assess their mature
sizes. More than any other place the lists are incom-
plete, and many of the trees collected have not yet
been identified.

Dominants

Cedrela tonduzii C. DCe~- Meliaceae - "Cedro dalce®

Sideroxylon cepiri (C. DC.) Pitt.- Sapotaceae

Other trees

Anaxagorea sp. undet.- Annonaceae

Calliandra arborea Stendl.- Mimosaceae

Casaeria sylvestris Sw.- Flacourtiaceae
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Cecropia mexicana Hemsl.- Moraceae - "Guarumo®

Clethra lanata Mart. & Gal.~- Clethraceae - "Nance®

Cocoloba sp. undet.- Polygonaceae

Croton gossypiifolius Vahl.- Euphorbiaceae =

"Targud®

'Crotén sp. ﬁndet.- Euphorbiaceae

Eugenia sp. undet.- Myrtaceae

Ficus spp. undet.~ Moraceae - 2 species =
"Higuerdn®

Guaréa hreviaﬂthera Ce DCe= Meliaceae -

#Cedro macho®

Hedyosmum calloso-serratum Oerst.- Chloranthaceae

Heliocarpus appendiculata Turcz.

Inga michelimna Harms.- Mimosaceae - "Guaba®

I. punctata Willd.- Mimosaceae = "Guaba® '

I. spuria H. & B.~- Mimosaceae

Ladenbergia brenesil Standl.- Rublaceae

Mauria birringo Tul.- Anacardiaceae

Melastomacese - 3 spp. of undet. genera

Meliosma glabrata(Liebm)- Urb.- Sabiaceae

Mellenidia costaricensis D, Sm.~ Monimiaceae

Nectandra globosa (Aubl.) Mez.~ Lauraceae

Ocotea austinii Allen.- Lauracege - "Ira colorado®

Pachira aguatica Aubl.- Bombaceae = *Ojoche”
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Persea sp. undet.- Lauraceae - "Aguacatillo®

Piper sp. undet.- Piperaceae

Rhus striata R. & P.~ Anacardiaceae - "Hinchador®
Sapium sp. undet.- Euphorbiaceae . .
Trichilia sp. undet.~ Meliaceae

Viburnum costaricanum (Oerst.) Hemsl.-

Caprifoliaceasas.
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De Sub=Tropical Moist Formation _
Within the Reventazdn area the only region have
ing a sub-tropical moist climate is the Cartago
Valley. Stations given are Cartago, el Alto de Ocho-
mogo, which 1s just outside the study area, and el
Yas, which is on the border of thé sub-tropical wet
‘formation (Pigs. h-c. L=De) All land in this climate
has been thoroughly de-forested, for man is best
adapted to the temperature and there is sufficient
rainfall for most ocrops. The temperature range 1s
" that of the other sub-tropioal climates 18°C to 24°¢.,
annual average,which extendsbelow the 1700m. contour
in the rather high Cartago valley. The lee side railn
shadow of Irasd causes the reduction in rainfall to
1000 = 2000mm per year, with a very dry season of
four months and & noticeable ®veranillo® in July and
August., The transition to other climates is rather
sharp because the borders of the rain shadow are well
defined. Rainfall is usually convectional, but
frontal weather also 1s important. Cloudiness 1is
rmuoh less than in other climates of the study area,
the sun shining until afternoon as a rule, with many
almost cloudlpss days, athough®temporal® weather may
cause low overcast of long duration. Night fogs are

conmon .
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The forests react principally to the climate, but
the biotic humen factor is most important in this
formation. There does not now exist any virgin forest
in the Cartago Vvalley; in fact, it exists only in
small 1solated areas in all of Costa Rica. Second
growth woodland 1s common on poor solls, but, agaln,
firewood hunters maintein 1t41n worthleass specles by
cutiing out the others. The original forest probably
was rather tall, looft. or 8o, with a composition of
mixed hardwooeds. Owling to the long dpy season,
deciduecusgness 1s the rule, which permits heavy under~
story development. Woody vines are common, and
epiphytes conspicuous. The strangling habit is well
developed in several genera which commence as epiphytes.
l. The Conostegiae xalapenals - Zanthoxylem limoncello

Sub=oclimax Association

The moist sub-troplical Cartago Valley is most
intensively farmed, the land being generally of gentle
slope, good drainage, and close to markets. 1In isolat-
od pockets in the hills and mountalin slopes, on patches
of poor or rocky soll, and along drainage lines may be
traced the remnants of the original forest. Perhaps
two or more assocliations made up the original, but
the broad valley, with its alluvial soils, is given
over to coffee and cattle, and the better drained
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hillsides to pastures and cash crops. Only tenacious
weed species are able to survive in elither habitat.
Soils are formed both from volcanic and sedimentary
rocks.

Conostegla xalapensis and Zanthoxylem limoncello

are small trees which seldom become more than twenty
feet tall, but they may be found over the whole area,
and & large ﬁfoportion of the second growth woodland
1s composed of them. @Quercus eugeniifolia, & black

oak, 1s to be found in isolated pastures throughout
the assoclation, and there exists, on the slopes

above Tobosl, a woodlot which 1s dominated by the tree.
In places where the oak is dominant, the (onostegia,

Zanthoxylem, and other weed trees show their original

role in the forest:; scattered individuals of many
speclies as an understory. However, in most cases an
almost impenetrable second growth about twenty feet
tall takes possession of the land. The success of

Conostegia and Zanthoxylem may in part be ascribed to
thelr abundantly produced edible berries, Other very

common woody weeds are Inga e6dulls, Calliandra similis,

Croton gossypiifolius and Fious padifolia. Forming a

thorny tangle of undergrowth or impassible hedge rows
are Rubus, Xylosma seemannii, and Randia Karstenil,
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farmers are forced to wagé a never ending fight against the
woody weeds, for although mature trees are small, they are
quick-growing and highly reproductive.

In areas which have been long in uncut second growth,
the various longer lived and larger growing trees commence
to crowd out the weed species. The former lnclude Persea

skutchii, Quercus eugeniifolia, and Chaetoptelea (Ulmus)

mexicana among others, seedlings of trees which have re-
mained in pastures. In time a condition approaching virgin
growth could be attained, but the interspecific relation-
ships have been deeply disturbed, and many kinds have been
exterminated by the axe in four hundred years of cutting.
In spite of the fact that the weed specles are inferior
producers of wood, large amounts are cut and sold for
fuel each year. As is usually the case, constant selective
cutting lowers the valve of the stands. Such cord-wood
is a valuable by-product on poor lands where a four or
fivé year fallow period is employed.
Reforestation will never be needed in large areas
because of the intensive land use, but fence rows and

wind breaks are being planted to Ciprés (Cupressus benthami).

Perhaps wood lots can be improved by the selective cutting

-of poorer species, the improved stands being better pro-

ducers. Stream control is at present gained to a degree

by the use of the doubtfully native Salix chilensis.
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Trees over 50 feet tall.

Cedrela mexicana Roem. - Meliacese - "cedro"

Chesboptelea (Uimus).mexicana Liebm. - Ulmaceae -

"tirpal

Persea skutchii Allen - Lauraceae - "aguacatillo"

Quercus eugeniifolia Liebm. - Fagaceae - "encino"

Q. tomento caulis Mull. - Fagaceae - "robie"

Six chilensis~Molina. - Salicaceae - "sauce"

Several of the plants Listed below, as well as intro-
duced trees, may be found taller than 50 feet, but are

not normally permlitted be grow so large.

Trees under 50 feet tall,

- Aenistus arborescens (L.) Schl, - Solanaceae =-

TGuitite"

AnnonaAretioulata L. - Annonaceae - 'anén"

Ardisia compressa HBK. - Myrsinaceae

Bumelia austin-smithii Standl. - Sapotaceae

Calliandra pdrtoricensis (Jacq) Benth. - Mimosaceae

Cal., similis Spr. & Riley - Mimosaceae - "carboncillo"

Cestrum aurantiacum Lindl. - Solanaceae

Conostezia oerstediana 0. Berg ex Tr. - Melastomaceae

Con. xalapensis (Bonpl.) C.DC. = Melastomaceae

Croton gossypiifolia Vahl. - Euphorblaceae -

"targud "
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Cr. nivéus Jacq. - Euphorbiaceas - "copalchi"

Cr. reflexifolius HBK. - Euphorbiaceae

Cupania glabra Schw. - Sapindaceae

Daphnopitds seibertii Standl. - Thymelaeaceae
Ehretia austin-smithii - Boraginaceae

Erythrina poeppiziana (Walp.) Cook. - Papilionaceae

"poro gigante"

Eugenia costaricensis Berg. - Myrtaceae

E. Lepidota Berg. - Myrtaceae
E. pittieri Standl. - Myrtaceae
Ficus padifolia HBK - Moraceae - "Higueron®"

Ficus sp. undet. - lMoraceae - "hHigueron"

Hamelia patens Jécq. - Rubiaceae - "coralillo"

Inga edulis Mart. - Mimosaceae - "guaba'

Mauria glauca D. Sm. - Anacardiaceae

Myrcia oerstediana Berg - Myrtaceae

Myrica mexicana Willd. - Myricaceae

Ocotea tonduzii Standl. - Lauraceae - "ira"

Oreopanax xalapense (HBK) Dene. & Pl. - Arallieceee
Parathesis glabra D. Sm. = Myrsinaceae

Phoebe mexicana Meisn. - Lauraceae

Plerammia carpinterae Polak. - Simarubaceae

Psidum guajaba L. - lyrtaceae - "guayaba'

Ps. iuineense Sa., - Myrtaceae
Rapanea ferruginea (R.&%P.) Mez. - Myreinaceae
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Rhamnus pubescens (R.&P.) Pl. & Tr. - Rhamnaceae

Sapium oligoneuron Schium. & P.H. - Euphorbiaceae

Stemmadenia grandiflora (Jacq.) Miers. - Aprynaceae

Symplocos costaricensls Hemsl. - Symplocaceae

Trema micrantha (L.) Blume - Ulmaceae

Trichilia havanensis Jacq. - Mellaceae

Turpinia ppniculaté Vent. - Staphyliaceae

Viburnum stellato-fomentoaun (Oerst.) Hemsgl. =

Caprifoliaceae

+ Vismia ferruginea HBK - Guttifseame-

Zanthoxx}gm limoncello Pl., & Qerst. - Rutacese =

"1imonecillo"
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E. Lower Montane Rain Formation

The lower montane rain forests are character-
ized by cool, cloudy weather, with daily precipitation.
There are no weather stations in this formation within
the study area, but the annual average precipitation is
high, over L4000 mm. estimated with an average tempera=-
ture of 128-182 C. The climate is found high (1500-
3000 m.) on'the'east slopes of the Iraz(-Turrialba
‘volcanic mass, upon the windward slopes of the Talamanca
range, and above Tapant{. Cloudiness is high, with sun
only in the early morning hours except on rare days.
This is one formation that could truly be termed a
¥cloud forest®, for even when rain is not falling in
élearings,the'forest i1s almost constantly dripping
from the moilsture precipitated from the fogs by the
foliage.

Within the forest the low gquantity of illumina-
tion gives the impression of constant twilight. Al-
though the clouds do cut down the light, the dense
canopy formed by the dominants 1s practically unbroken.
The forest 1s moderately tall,ggd-100 feet, with one
broken understory at three-quaffers that height and a

sparse understory at from:15=40 feet, composed of
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smaller trees. Virtually everything is a Sﬁmbér'green,
even bright colored flowers are not conspicuous. Vines,
herbaceous and woody, are present but not common. Epi-
phytes are very common in the taller trees, but are not
notably showy when in bloom, as are others in glinnder
climates. Trees are evergreen, the larger ones with
prominent trunk buttresses. «r. - .

1. The Quercus corrugata = Quercus guglielmi-

treleasi Association.

Above Tapanti, on the steep slopes which give
adequate drainage, is a tall forest which has been very
incompletely botanized. There are at least nine specles
of trees which are as tall as one hundred feet, but
of these only four could be positively identified.
Because of the steepness of the terrain and the high
rainfall, the land should remaln in forest, but to
date no attempt has been made at management. The
better speclies are being exploited as rapidly as 1s
possible with the primitive equipment and the isola-
tion from roads will permit. Soils are derived from
sedimentary rocks.,

Quercus corrugata has not been observed elsewhere

in the valley, but Q. guglielml-treleasl extends its

dominance over the sub-tropical lands below. Both the
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former, a white oak, and the latter, a black oak, are
trees which may become 120 feet tall. There 1s alseo
present another species of black oak, which, according
to Dr. C. He Muller, authority on the genus Quercus,
represents a new species. This, too, 1s a very tall
tree. The oaks have prominent buttresses, but some of
the tremendous specimens of Q. corrugata have thrust
out great planks from the trunks to a distance of ten
feet. However, the oaks are not alone in their domin-
ance, for equally large trees of several other genera

share the upper canopy. These include Cedrela tonduzli,

Ocotea austinil, a specles of Guarea, a Eugenia, and

two specles of Lauraceous trees known to the natives
as "ira rosa® and "quina®. The four latter are await-
1ng'identifiéation; Eacﬁ species of the dominant
layer may have trunk diameters of six feet at breast
height.

The understories presant the same problem with
regard to identifications. The taller understory,

which may reach to 80 feet, is composed of many species,

among which are Weinmannia pinnata and W. wercklei .
Common names are all that are known of the identity of
many of these too, "gavulin®, "sangre de toro", "quizarré
amarillo®, etc. There 1s another layer of veéetétion

at about 20-40 feet which is not consistent due to the
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heqvy shade and almost constant cloudiness to which
it 1s subjected. In contrast to the canopy and upper
story strata, these lower trees usually have poor
form, weak wood, and thin follage. There is often a
low shrubby growth of aroids and Rublaceaeous plants,
but this ground cover is by no means universally
present nor difficult to walk through. A transect is
given in PFig.d5.
Dominants = 100 feet

Cedrela tonduzii C. DC.~ Meliaceae - "Cedro"

Eugenia sp. undet.- Myrtaceas = "Guayabilloi
Guarea sp. undet.- Meliaceae =~ "Gedro macho®
Lauraceae = 2 species - "ira rosé” and 'quin;'

or "ira quina®

Ocotea austinii Allen.~- Lauracease - "Ira colorado"

Quercus corrugata Hook.- Fagaceae = ®Roble"

Q. guglielmi~-trele asi Mull.- Fagaceao‘ - "Eneino"

Q. sp. nov. undet.~ Fagaceas - "Encino" '
Upper story - to 80 feet ‘ '

Billia colombiana Pl. & Linﬁ.- Hippocastanacoae

Cecropia mexicana

Lauraceae - 2 sp. unident.~ "Quizarrd amapillo®

and "aguacatillo®

Podocarpus A%ifolius Don.- Taxaceae = *Cipresillo"
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Sapotaceae - 1 sp. unident.- "Sapote®

Welmmannia pinnata Le.= Cunoniaceae

W. wercklel Standl.- Cunonlaceae

In addition, there are many plants awaiting iden=-
tification from this size class, including those called
"chilamate¥, "gavulin”, and "sangre de toro®™ by the
ﬁatives. S . . '
Lower story

Drimys winterl Forst.- Winteraceae

Eugenla sp. undet.~ Myrtaceae
Gilibertia sp. undet.~ Arallacesae

Inga tonduzii Standl.. Mimosaceas

Ladenbergia brenesil Standl.- Rublaceae =

®Cacho de venado®
Tricﬁilia Spe. undet.; Meliaceae
Wercklea insignis Pitt. & Standl.- Malvaceae

Among other understory plants which are as yet
unnamed are to be included the small trees known as
azulillo®, "Lechillo®, "lengua de vaca® (3 spp.
ﬁelastomaéeaé), ratdn p;pa”, and ”sapoéillo'.

2e The "ira rosa® - ”quiﬁa” fasciation
On tﬁe windwaéd siOpes éf the Tealamancas
at elevations in excess of 2000 meters, the lower

montane prainforest exists in much the same form as that
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at Tapant{, but no oaks have been found there. The
forest 1s easily reached by a short descent from the
“Panamerican Highway, in an easterly direction. The
soils and topography are much the same as those sabove
the Orosi Valley, but the nearness of the road has led
to greater clearing of forest.

The dominant species are reducdd to three species
of the family Lauraceae, the as yet unidentified "ira

rosa® and "quina®, and "ira colorado™ - Ocotea austinii,

These maintain the same forest physiognomy as that
found at lower elevations in the same formation. The
tall understory 1s not noticeably different either,

Clethra sp. and Alnus acuminata being the only observed

additions to the previous list. About ten small trees
are as yet unidentified from the lower understory. Tree
ferns are somewhat more abundant at these higher eleva=-
tions, No list is appended, as 1t would merely be
repetitious.

%2, The Ocotea austinil Association

#Ira colorado®, Ocotea austinii, forms

an almost puré stand of moderately tall timber over
the slopes of Irazil and Turrialba volcanoes from the
Rio Birris headwaters to the eastern limits of the

study area and beyond, between the altitudes of 1500
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and 3000 meters. The soils are all volcanic in nature.

The forest is similar in structure to the other
lower nontane rain forests, save for the complete
dominance of the Ocotea. Although the dominant specles
is not so tall, being less than ninety feet, the trunks
are thick, ave:aging three feet, and of excellent timber
forme There is one tree, a species of Eugenia which 1s
very nearly as tall as the QOcotea, but it is not nearly
so abundant, and has- a more slender trunk. Below the
virtually é;lid Qanopy‘fonme&'by the dominant trees,
can be distinguished two understories, one at about
50-60 feet, the other much lower. The taller of the.
understorles has ﬁ'Qaried composition, Micomia; Viburmym,
and Ilex among others, most of which have spreading
crowns and low branching habit. The lower stratum
consists of small trees, tall shrubs, and tree ferns,
with a few scattered ground cover plants present.

Much of the area originally occupied by this asso-
cilation has been cleared fdr evergreen pasture, and
most of the timber has been utilized as saw logs, al=-
though many trees remain in the fields. Forestry is

practiced in a small way with Cryptomeria japonica and

Alnus acuminata, the latter showing excellent promise,

A transect of the forest near Celiblanco is given in

Figo lo.
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Dominants

Eugenia sp. undet.- Myrtaceae = Ira colorado"

Ocotea austinii Allen - Lauraceae = ”Guayabillé'
Tall understory = L0-60 feet .

Alnus acuminata HBK.- Betulaceae - "JaGl%

Billia colomblana Pl. & Lind.- Hippécasténeaceae

Buddle ja alpina Oerst.- Loganiaceae - "Salvia®

Clethra sp. undet.- Clethracesae

Didymopanax pittierl March - Araiiaceae

Jlex vulcanlicola Stendl.- Aqulifoliaceae

Miconia bipullifera Cogn.- MNelastomaceae

Oreopanax xalapense (HBK.) Bcne. & Pl. =

Araliacese

Viburnum costaricanum (Oerst.) Hemsl.-

Caprifoliaceae -

Weinmannia pinnata L.- Cunonlaceae

Unidentified plants include those known as Mcari-
blanco® and "salvia®, the latter not heing Buddléja.
Lower ﬁnderséory - f5-20 feet

None of the collected plants have been positive-
ly identifled, but include a Cyathea and an Ardisia.

The 1ist 1s not extensilve.
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F. Lower Montane Wet Formation

The lower montane wet formation contalns some of the
most interesting and most impressive forests in Costa
Rica. With an estimated annual temperature of between
12° and 18° ¢, and a rainfall of two‘fo four meters aver-
age per year, the climate extends over the south slopes
of Irazl, the summits of la Carpintera and el Tablazo,
and a along the crest of much of the Talamanca Range.
The altitudinal limits are from about 1600 to 2900-3000
meters. Cloudiness is common, but morning sun is fre-
quent, with all day sunshine quite often during the dry
season. Rains may be in showers or drizzles, with fogs
commonly bathing the whole forest. There is no station
in the s tudy area, but the incomplete data from Las Nubes
and San Isidro Coronado are given in Fig. L-E

The forest 1s tall, to over 100 feet, with the
dominants having a not quite clbsed canopy of medium
density. There is a high understory at 75-80 feet, and
another, of irregular height, at 20-45 feet. There is
usually a ground cover present which may be as tall as
ten feet. Llanas, while common, are not of large size.
Epiphytes cover the trees, for this climate seemingly
leads to their best development. Diciduousness is a

character of many of the trees, includlng the dominants
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but trees do not remain bare for long periods, nor are
all trees of a given speciles defoliated at one time.
Buttressing of the $runks of the larger trees is not-
able, many of the dominants having huée plank type
supports. Good timber form is the rule, and large timber

volumes are carried per aore.

1. The Quercus tomentocaulis -~ Cornus discifloms iks-
sociation |
Above the 1600 meter level on Irazfi,, la Carpintera,
el Tablazo, and along the low peaks of the northern most
Talamanca ridges, extending upwards to an elevation of
1900-2100 meters, stands the remains of the stately

forest dominated by Quercus tomentocaulis and Cornus

disciflora. A..rather large plant 1ist has accumulated

because of intergradation with other associations and
because of the mountain top isolation, which gives
slightly different lists from different peaks. The soils
may be formed of volcanic, limestone, or congiomarate
rock origin, which fact alone might account for slightly
different floral aspeocts on different peaks. The soils'
may be formed of volcanic, limestone, or conglomerate
rock origin, which fact alone might account for slightly
different floral aspects on different sites.

The dominant trees are larze, many of them but-

tressed. Quercus tomentocaulis is a white oak which is
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quite equal in stature to the other species of its kind.
The more slender Cornus, while sharing 1ts codominance
with sevefal other species, is probably the most abundant
large tree in the agsociation. Virgin forest of this
association is not to be encountered within the s tudy
area, but from the remmants it is possible to reconstruct
much of the original physiognomy. The dominants have
open crowns which barely touch one another, leaving for
the tall understory trees the unbroken canopy layer.

This canopy is composed of a variety of species, in-
cluding several black oaks ('"encino"), Ocotea austinii,

a Guarea, and Persea schiediana. The lower understory

is made up of many small kinds of trees, with leguminous
and Rublaceous species well represented. Ground cover
includes types such as Costus and Hellconia, which occurc
as dwarf forms, ferns, and terrestrial orchids of
tenperate zone genera.

Evergreen pasture has claimed most of the assocla-
tion area, but 1little cutting is still taking place.
There are several managed wood-lots of native trees
remaining, and Alnus is being increasingly planted.
Probably most of the land/will eventually become a source

of both pasture and timber, managed for continued yleld.
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Dominants. 90-100 feet

Tall

Alfaroa costaricensis Standl. - Juglandaceae

Cedrela tonduzii C.DC. - Meliaceae - "cedro"

Covnus disciflora DC. = Cornaceae - "llorén"

Quercus tomento caulis Mull., - Fagaceae - "roble"

Sideroxylon capiri (A.DC.) Pitt. - Sapotaceae

understory - 55-70 feet
Alnus acuminata HBK. - Betulaceae - "jal"

Billia colombiana Pl. & Lind. - Hippocastanaceae

Cecropia mexicana Hemsl., - Moraceae - "guarumo"

Eugenia sp. undet. - Myrtaceae - "guayabillo"
Ficus sp. undet. - Moraceae - "higuerén"

Guarea brevianthera C.DC. - Meliaceae - "cedro

] macho"

-

llagnolia poasana (P.H.) Dandy - Magnoliaceas

Negtandra sp. undet. - Lauraceae - "ira"

Ocotea austinii Allen. - Lauraceae - %Ira colorado"

Oreopanax xalépense (HBK) Dene. % PL., - Araliaceae

Persea schiedeana Nees. - Lauraceae - "yas"

Quercus borucasana Trel. - Fagaceae - "encino"

Q. eugeniifoiia Liebm. - Fagaceae - "encino"

Q. guglielml - treleasi Mull, Fagaceae - "encino"
Q- seemanii Liebm. - Fagaceae - "encino '

Talauma gloriensis P.H. = Magnoliaceae




- A0 -

. e ) e ~ ~ J4
QeocpNIn Loy - 2 .0..03. 0200 NCOTR L L.
[ <

claunel

. e e egee - v - - eme

.. s i . v r - P o} .
W lowod itV = g a0 LT = Gl oL onls eunaol

—— - - e e s G B+ et ¢ A

ot - -3 N . . Lre . e e, . .
Q.. C% - ORI L - SLoAT SRR ES BN CRV Y U EC A ARVINNE SRS LN € P
9...C% : . L 2D SoME T b Sl

- . L : L \ E IR, © e ¥ "~
BLIDN (B0 = e w LelUi ..} Atuibugo ool l.ogeblil

————— e

. m
Lagl

GC‘QUJQE{QJSGQC _,‘i' - e - ! .
] - e (e N . e vre e .
Weprrgng % e apeoplc . = JLlofo D oposs ol

: rre . ~n - I - . .-
BOIIT T g™ e ernnogder 0 - LG Gon mloere
“r € -~ 1 - ~ v T Ty e i ey
e O.L - - SBOTBIL. . = 40U . ° G4 g oL

- - - - -
- Jeoonile. - 0D pronl o rivaxd poust
LLml o DR
Vo e
00 L
— N e T - Voo e : .
QLo rs LT L = TR Newe o) 0 LN EDET £, Off S;
!, . e e : .. [
Yt - QT T Dy e D700 e T 0Tt ReRyde..

———

Yobhe.ul u st e oncoet o = Lo D nlulie BOTCOU

gpoonltipgsg . - ..- Wo0s. (L ) or o o o yxeonooesd

"ge' - 9uO0DATLL - org: coddos eenwend

——— — . o

Morriono™ = <nsap 8% = el puseeoraod annaes

AR A0
n - H - . . - ok N
01000 = (peoBTL =~ Gindlan LoslIal N2TUD o5
amtbmA e e

1 » . . - r* .. » . ° St V.- .
‘oriionsh e aczoagn 0L T TR R S L T S
g > — - A s te

L. 000t e 8EDONT A = L. COol linimiioos L.

.- - e o -




-69 -

Lower understory 20-40 feet
Blakea tuberculata D. Sm, - Melastomaceae

Citharexylem donnell-smithii Greenway - Verbenaceae

Clethra lanata Mart.&Gal. - Clethraceae

Clusia rotundata Standl - Guttiferae - "mata palo"

Conostegia xalapensis (Bonpl.) D.Don. - Melastomaceae

Con. sp. undet. - Melastomaceae - "lengua de vaca"
Croton gossypiifolius Vahl. -« Euphorblaceae -
"targud"

Dr;g&s winterl Forst. - Winteraceae

Eugenia leplidota Berg =~ Myrtaceae

Ficus $#rvantesiana Standl. & L.Wms, - loraceae -

"higuerdén"
E. padifolia HBK. - Moraceae - "higuerén"
Gilibertia arborea (L.) March - Araliaceae

Guettarda crispiflora Vahl. - Rubliaceae

Hampea appendiculata (D.Sm.) Standl., - Bombacaceae

Hellocarpus appendiculatus Turcz. - Tiliaceae - "burié”

Hleronyma guatemalensis D.Sm. - Euphorblaceae

Ilex Qallida-standl. - Aquifoliaceae

Inga micheliana Harms. - Mimosaceae

pad¢edergia brenesii Standl.-Rublaceae

Lippia myriocephala Schl.& Cham. - Verbenaceae

Mauria glauca D.Sm. - Anacardiaceae
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Miconia sp. undet. - Melastomacesge

Morus insignis Bur, = Moraceae

Ocotea endresiana Mez. - Lauraceae - "aguacatillo”

Phoebe valerianaVStandl. - Lauraceae

PicramniaAggatefnaria DiSm, - Simarubaceae

Pithecolobium costaricensis (Britt. & Rose)

Standl., - Mimosaceae

Rapanea ferruginea (R. & P.,) Es3. ~FMyrsinacese... :

Rﬁua sfriati R.'&'P. = Anacardiaceae = "hinchador®

Roﬁdelétia amoéﬁé (P1, )Hemsl, = Rubiace;e

Ron. buddleoides‘Benth. - Rublaceae

Solanum copyanup Bitter - Solanaceae

§zmplo¢os austin-smithil Standl, - Symplocaceae

Trichilia sp. undef;'-'ﬂbliaceae

Virburmum costaricanum (Oerst.)Hemsl,-Caprifoliaceae

Vismla ferruginea HEK. - Cuttiferae

Weinmannia pinnata L. = Cunoniaceae

Zanthoxylem panamense P.Wilson - Rutaceae

Rharmnus pubescens (R; & P.) Tr.& Pl. - Rharmaceae

2. The Quercus copeyensis Association
The upper portion of the lower montane wet

formation 1s largely covered by a tall forest com-

pletely dominated by the white oak, Quercus Copey-

ensis. The area covered,in the Reventazén
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watershed, by the original forest was about 61,00 acres
on the south slope of Irazd, none of which remains virgin,

and an approximately equal amount in the Talamanca
Range, but the association covers many square miles on
the Pacific side of the latter mountains. The area thus
delimited lies between the 1900 meter and 28-2900 meter
levels. Clouds bathe the forest at all seasons, and
direct precipitation on the foliage, with the resultant
drip, maintains soil moisture at a high year-round level.
Soils may be volcanic in nature or may be weathered in-
trusive or sedimantary material.

The complete dominance of the single species of oak
is not contested by any other tree except at the rather
sharply defined borders of the assocliations. The Copey
oak 1& a majestic evergreen tree, the erect, plank
buttressed trunks averaging 30-36 inches in diameter
above the buttresses, and usually one hundred or more feet
tall, Individuals can be easily found which are 70
inches or more in diameter and 120 feet tall, which pro=-
bably makes it "tje largest oak in the world" (Merker,
etal, 1945). The. .branches are festooned with a bewil-
dering varietj of mosses, orchids, aroids, bromeliads,
and dicotyl.edonous epiphytes, which quite cover the
bark (Fig. 17). The huge crowns touch on all sides, thus
forming & high canopy. There is a rather open understory
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at from /0-60 or more feet high, composed principally
of Magnolia poasana, Ilex lamprophylla, Weinmannia

pinnata and various Lauraceae. A lower understory of

Drimys winteri, Miconia sp., and various other small

. trees and tall shrubs is 15-25 feet tall., Ground cover
is haé feet high, and is largely limited to a rather
dense growth of bamboo, with tree seedlings and occasion-
al small fﬁlm& #nd:tree ferﬁs. A trangect of the as-
soclation is given in fig.‘e .

"Because of the year round precipltation, all parta
of the association are within potential dairy farming
areas as sites of evergreen pasture. The generally low
temper;turea lessen the value for crops, but some
pbtatoos and kitchen gardens ﬁre cultifated. It is
probable that mosﬁ of the area will be given over to
agriculture as roads are extended and populﬁtion pres-
sures increase, but the generally poor soils of the Ta-
lamancas'will produce‘many problems to long term develop-
ment. Another problem to agriculture is the under
growth bamboo, which, when the forest is cﬁt, quickly
takes possession of the land if not checked.

Cutting of remainiﬁg timber on Iraz@ is proceeding
at a slow rafe, and many trees yet remain in the pastures

and gullies. The easlly reached forest along the Carre-

tera Interamericana, on the other hand, is being
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rapidly cleared by primitve and wateful methods to make way
for the agrioultural expansion. Woods not removed as
saw-logs, as well as waste from the larger trees, are

made into cord wood and charcoal. Much of the wood 1s
permitted to rot where it is felled, however. Perhaps
world wood shortages and the high timber volume will
justify modern logging methods as new areas are opened

up.

Natural regeneration of oak 1s abundant in virgin
stands, trees of all size classes growing together, but
rate of growth is probably slow. Squirrels and pec-
caries have been observed eating, and probably dis-
seminating, the acorns. Other trees in the assoclation
also have fdible fruits. Pollination may be accomplished
by wind, insects, or humming birds, depending upon the
flower structure of the various specles.

Ridges, gullies, and steep slopes should be
maintained in forest. Attempts should be made to determine
whether the growth rate of the oak is sufficiently high
to justify its use in managed woodlots. There are
many trees which will make satisfactory growth within
the 1imits of the association, such as Jadl (Alnus
acuminata), Ciprés (Cupressus benthami), Ciprés Japone-

sa (Cryptomeria japonica), and various other conifers.
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Dominant

guercus copeyensis Mull. - Fagaceae - "roble"

Tall understory

Ilex lamprophylla 8tandl. Aquifoliaceae

Magnolia Boaaana‘(P.H.) Dandy - Magnoliaceae
Neotandra sp? | - Lauraceae - "“ira rosa"

Ocotea austinii Allen - Lauraceae - "ira colorado™

Oreopanax pycnocarpum D.Sm, - Araliaceae

Or. xalopense (HBK) Dcne. & Pl.) Araliaceae

Quercus seemannii Liebm. - Fagaceae = "encino"

Talauma gloriensis Htt. - Magnoliaceae

Viburnum costaricanum (QOerst.) Hemsl. - Capri-

follaceae

Welnmannia pinnata L. - Cunoniaceae

Lower understory

Alnus acuminata HBK - Betulaces:®''Jatl"

Ardisia irazuensis Oerst. = Myrsinacere

Brunellia costaricensis Standl. -~ Brunelliaceae

Clethra sp. nov. undet. - Cletraceae

Clusia alata Pl. & Tr. - Guttiferae "matapalo"

Cyathea sp? - Cyatheaceae - "palma de helecho"
Didymopanax pittieri March = Araliaceae

Drimys winperl Forst. - Winteraceae

Fuchsla arborescens Sims - Onagraceae - "achiotillo"

Miconia sp. undet. - Melastomaceae
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Myrice pubescens Willd. ~ Myricaceae
Neea sp. undet. - Nyctaginaceae

Persea schiedeana Nees - Lauraceae - ''yas"

Phoebe mollicellé Blake - Lauraceae

Repanea ferruginea (R.&P.) llex. - Myrsinaceae

Rhamhus puboscensA( R.&R.) Tr. & Pl. - Rhammaceae

Styrax irazuensis Standl. - Styraceae

St. warscewiczil Perk - Styraceae

Zanthoxylem melanostichtum Schl., & Cham, -

Rutaceae
Much of the ground cover is represented by the bamboo,
Chusquea sp. undet.

The Podocarpus oleifolius - Weinmannia Wercklel

Fasciation
In areas surrounding the Puya - lomaria type bogs
and in other places of poor drainage, a fasclation of
the Copey oak assod ation of quite different physiognomy
grows., It is characterized by Podocarpus oleifolius

and Weinmannia wercklel, the lower general canopy height

(60-80 feet). and poorér form of the trunks giving a
different aspect to the forest than that in the Copey oak
adjoining. Many more species reach the dominant layer,
species which are rare or non-existant in the taller

forest. There is a very dense canopy, and for this
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reason there 1s but one understory at about 20-30 feet,
and a quite distinct ground cover layer (Fig.20). A
transect from the Puya - Lomaria Bog, thru this swamp.
forest fasciation, to Quercus copeyensis tall forest

is given in Fig. T . The forest furnish®® timber of
rather short lengths to man, and should be kept as forest
unless dralnage is carried out.

Dominants
Alnus acuminata HBK. - Betulaceae - 'jafl"

ngpnlia.gpasaha (Pitt.) Dandy - Magnoliaceae

Podocarpus oleifolius Don. -~ Taxaceae '"cipresillo"-

Quercus. aaata Mull. - Fagaceae - "roble'

Q. copeyensis Mull. - Fagaceae - "roble"
Q. seemannii Liebm. - Fagaceae - "encino"

Weinmannia pinnata L. -« Cunoniaceae

W. wéercklel Standl. - Cunoniaceae
Understory

Apdigia irazuensis Oerst. - Myrsinaceae

Brunellia costaricensls Standl. -~ Brunelliaceae

Clusia alata Pl. & Tr. = Guttiferae

Cyathea sp. undet. - Cyatheaceae - "palma de helecho"
Didymopanax pittleri March - Araliaceae

Drimys winteri Forst. - Winteraceae

Eugenia sp. undet. - Myrtaceae
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Ilex lamprophylla Standl. - Aquifoliaceae

Miconia sp. undet. = Melastomaceae

Myrtus oerstedii Mez. - Myrtaceae

Phoebe mollicella Biake - Lauraceae

Podocarpus standleyl Bucholtz. - Taxaceae

Rhamnus pubescens (R.&P.) Tr. & Pl. - Rhammaceae

Styrax warscewicelli Perx. Styraceae

Vaccinium consanguineum Kltzsch. « Ericaceae

Zanthoxylem melanostichtum Schli. & Chan.

The ground cover is principally composed of Chamaedorea

parvifolia Burret; Carludovica irazuensis Cuf.;

Anthurium sp?; Greigia sylvicola Standl.; and an un-

determined grass. There are only a few dicotyledonous

plants vigible in the cover, mostly tree seedlings.
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G. Lower Montane Moist Formation
The lower montane moist formation is restricted,

in the study area, to that portion of the Irazd rain -
shadow between 1600 and 2700 meters elevation. The
climate ig cool, and the rainfgll Plehtiful, but nog
excessive. The limlts are 12°-18°C for temperature, '
and a rainfall of 1-2 meters annual ave;age: The sta-
tion for climatic data is Sanatorio Durdn, (Fig. L4-F) ,
where records are short term and of broken time, but
which show a higher rainfall than that expected. Thg
irregularly may be explained on the basis of the sta-
tistically too short time of record, and the lang dry

season, which no doubt has a strong effect in the free
draining volcanic type soils., Sunny morning are usual,
with much afternoon cloudiness. Much of the rain falls
in sharp showers, which may be long continued, Sanato-
trio Durén reporting over 40O mm in a 5 hour period
during October 1llth, 1951. Clouds do not usually touch
the tree-tops. )
The forest 1s moderately ta}l, about 100! average.
There is a high understory at $0-30 feet, another at
20-4,0, and the lowest from 5 to 15 feet tall. Scat-
tered herbs grow in the abundant leaf mold. None o?
the vegetation has a dense crown, and the forest ap-

pears much like a North American warm temperatea::
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hardwood stand. Thin woody and herbaceous vines are
present, while the few epiphytes are almost all
cryptogamic., Deciduousness 1s the rule in this forest,
with large trees being slightly buttressed. The
strangling habit 1s developed in one tree in the

study area, and the larger trees are almost without

exception parasitized by mistletoes.

The Quercus adata - Quercus yoroensis Association

Behind the Sanatorio Durdn ther is preserved a
wonderful woods which covers about ten manzanas, all
that is left of the oak forests which once cové?ed
the middle portion of the Irazi rain shadow. Great
oaks, of several species, are the only trees of dominant
height, but the under - stories are more varied. The
areas about streams shoﬁ the influence of moisture,
many species from the wetter associations being found
there.

The white oak, Quercus afata, and the black oak,

Q. yoroensis are most frequently encountered, but the
list includes several other species, several of which
are difficult to identify. The oaks become one hundred
feet tall, with trunks four to six in diameter., Timber
form is good to fair, branching being lower than that
in other oak forests, with spreading, thin crowns, A
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second layer of follage, at F0w«70 feet, is composed
of trees with straight truncks of small diameter and
thin, spreading follage, such as Eurya, Rhamnus, and
Rapanea. The lower undestory, which 1s broken in form,
consists of a thin shrubby growth which varies from
head high to twenty feet. Tha very heavy carpet of
leaves and lead mold is virtually the only ground
cover, occasional ferns, violets, or orchids of the
genus Malaxis representing the herbaceous }ayer%h
Clusia and Oreopanax, which may commence 1iY¥e as
epiphytes, are the trees which here take the place
of the strangling figs (Ficus) of lower elevations.
Virtually every oak is infected with parasites '
of the mistletoe family, one, Psittacapthus schigdea.nus,

having large showy blooms of an orange-red colorg

Another common parasite4is Conophilus americanus,

which infests oak roots, sending only its columar
yellowish inflorescences above ground,’
In valley bottoms certain of the wet forest

types are encountered. Alnus, Cornus, Chusquea, and

the Copey oak, which plants also mix at the lateral
boundaries of the assoclation, Considerable mixing
of floras also occurs at t he upper boundary, wheye

montalne types descend below the regular habitat.
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The lower borders of the association are almost lost,
however, owing to the intensive cultivation of the land,
only the deeper quebradas and scattered pasture shade
trees permi tting the tracing of the association line.
Fallow land is usually quickly occupied by Rubus species
unless controls are instituted.

Although the land has too high a value for extensive
reforesfation, the very steep hillsides and quebradas could
produce enough firewood and lumber for the region by use

of species such as Alnus, Eucalyptus globulus, and Mexi-

can cypress.

Dominants - 100 feet

Quercus adata Mull., - Fagaccae - "roble"

Q. borucasana Trel. - Fagaceae - 'mcino"

Q. sopeyensis Mull. -Fagaceae - "poble™

Q. costaricensis Liebm. - Fagaceae - "encino"

Q. eugeniifolia liebm. - Fagaceae = "encino™

Q. seemannii Liebm. - Fagaceae - "encino"

Q. yoroengis Trel. - Fagaceae - "encino"
Tall understory - 50-60 feef.

Alnus acuminata HBK. - Betulaceae - "jaul'

Cedrela tonduzii C.DC. - Meliaceae - "cedro"
Clusia flava Jacq. - Guttiferae ‘

Ccornus disciggpa DC. = Cornaceae

Croton gpsaxp;ifolius Vahl - Euphorbiaceae

,
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Eurya theoides (Sw.) Blume - Theaceae

Ilex pallida Standl. - Aquifoliaeceaa

Oreopanax pycnocarpum D.Sm., - Araliaceae

0. xalapense. (HBK.) Dene. & Pl. - Araliaceae

Persea americana Mill - Lauraceae - "aguacate"

Per. sp. undet. - Lauraceae

Phoebe complifolia Mez. & D.8m - Lauracesae

' Rapanea pellucldo-punctaéa {Oerst.) Mez - Myrsinacea

Rhamnus pubescens (R.&P.) Pl.&Tr. - Rhammaceae

Lower understory.

Ardisia glanduloso-marginata Oerst. - Myrsinaceae

cQatrﬁﬁ auréntiacum Lindl, - Solanaceae

Citharexylem 1ankeéteri Moldenke - Verbenaceae

Compositae - genus and sp. undet.

Fuchsia arborescens Sims - Onagraceae - "achiotillo"

Morus insiggis Bur. - Moraceae

Phoebe mollicella Blake - Lauraceae

Rhacoma tonduzii (Loes.) Standl. & Steyefn.'ex Juss. =
Celastfaceae ' '

Styrax warscewiczii Perk. - Styracaceae

Urera caracasana (Jacq.) Griseb. - Urticaceae

Zanthoxylem melanostichtum Schlect. & Chain. -

Rutaceaa_
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He Montane Wet Formatlon

The montane wet formation 1s found high on the
windward slopes and peaks of the taller mountains,
at altitudes in excess of 2800 meters. The only sta-
tion in the climate is Villa Mills (Pig. 4-G), which
is just outside of the study area. The climate is gen-
erally too cool for human comfort, the average temper-
ature being 68-1260, annually, with fogs, drizzles,
andstrong winds c&mmonw Although the mornings are
often clear, the clouds and fog form early, and usual-
ly a part of each day is wet. In the dry season, there
is a definite drop in rainfall, but there is always
sufficient water to maintain growth of plants. Frost
and ice are frequent in the dry season.

The plant formation may take two forms: forest
or bush. The limiting factor is apparently exposure,
for in sheltered places the forest developes. The for-
est tends to be low, less than 80 feet average height,
and open. The dominants have thin ¢rowns which rarely
touch those of other trees. There is an irregular
understdry to 35 feet,_fnd a brushy lower understory
or ground cover which may become taller than head
high. The few vines are mostly herbaoceous, while epi=-
phytic growth, of few species, may cover virtually

all exposed bark. Mistletoes are consplcuous on many



SOITLIITO L Tow SiBIIOL el

03 o Ll Dnwot el peldsmadl devw sredoom ol
ertedrwont welied ond To eyxweog one eocole taswhalw
-ade ylro eif .eacdern: 0UUS ‘o pzooxo ol eebudlifs ds

goliw (Ao~ omiu) allll 8ILLIV 21 edamilo end ol cold

|-u

-0, el odsmllo oy .se1e yoric odd 1o ebledio dest ol
eqoareld 9_gaove end (Juoiunso renud w0t I[ooo ocd wllews
el pepo? d3tw rlisinicr #08SL-x0 naled euuis

OT1s el liton 903 rnorandla Caoson ebalw nooxdebns
~fevou b JJlase mali 50l bas elpols ond (awels nsdio
erorid ,poasce Yub end ol JIew el vab nome Yo dusg £ ¢l

ceawlis el saedd Fud JIsInfsx af gonb sdlnllsh 8 el
Jeor: Jzdaslc To Stwoarn rdsdilen ol wolsw Sioloillse
JriveEsa Tadh ot nl JosLpowl eqam 591 bLrs

d2ov0% rema0l cowd eoxMed yen noldonast sasla edy

O cLgre wIdnoaccas el sodost nfiliell sy Joeud qo
~3 T 0. .eocolovat depotot ot escply wer dleode 1l acl

LA led erguwevs Jovl Cou usild neel (wel sl ot elbred Jee

ylewet dolily erwouo nlad over elidauinch ofy .a9qe bea
el el o8 gl owend Le00q9d 16LIG 1o oseodd dovod
caodecohoy aswol vdeia. 2 bop (deel ¢ od vruddevoony
puer s 3 welled onooen ysm ol .ved n:uoqf T
~ico ofl !y (mvoeogazeod ldmen euwy reonlv wel edl .rlpld

vilzode v wavor yan (eciocoge wol To gfhworp oldrc

TiaLa 00 srousiqencs oas avodolinl Jiad Leeocqs Lls



-8, -

of the trees. The larger trees may have slight trunk
buttresses, and stems are seldom of good form., Decid-
uousness is not usually a character. ‘

The montane bush is sometimes called "péramo", but
is unlike:ihe true péramos of South Americé. It is a
dwarf open forest, which, while including many of the
species of the mantane forest, has several shrubs pe-
culiar to the site. The small tress and shrubs have a
spreading hﬁbit, usually with rounded crowns. They vary
from shoulder high to 30 feet tall., Small meadows are
scattered about, which may contain woody or herbaceous
grasses and sedges. leaves are usually microphyllous
and leathery, with a thick cuticle. There is no real
stratification, although the ground may be covered by
an herbaceous growth, Vines and socrambling climbers are
present, as are epiphytic lichens. Sample hygrothormo-
graphs are given in Fig. 9.

Included among the association desoriptions 1is

the edaphic Puya dasylirioides - Lomaria wercklei bog.
Although there is little change in its composition from
the high peaks to the 2300 meter lower limit of its
area, the essentially montane species list should war-
rant its inclusion in this formation.

I. The Buddleja alpina » Escallonia poasana Association

The montane wet slopes of Irazfi and Turrialba
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volcanoes are separated by sevearal miles of elsvations
lower than 2900 meters, but the plant growth l1ls strik-

ingly similar. Quercus costaricensis is tne only com=-

mon large tree not observed in both forests. Buddleja

and Escallenia are rather small trees, neither exceeding

fifty feet in height, but together they compose about
fifty percent of the stand. Since tiere 1s hardly any
virgin growth in existance within the limits of the
association, it is considered bhat the two trees which
are to be found in all its parts best characterize the
forest. Other trees of like size share the dominant
layer, which, except in favorable places, hardly exceeds
forty feet. There is a shrubby understory and scat-
tered ground cover..

Virtually all of the original area of the associ-
ation is utilized fop grazing, the volcanic soils and
misty climate supporting a fine evergreen pasture for
pure-bred dairy herds., The land 1s good and reforesta-
tion should never be necessary.

Buddleja alpina Oerst. - Loganaceae - "salvia"

Escallonia poasana D.Sm. - Saxafragaceae

Lippia sp. undet. - Verbenaceae ~ "salvia'"

Oreopanax xalapense (HBRK) Dcne.& Pl., = Aréliaceae

Quercus costaricensis Liebm, - Fagaceae =~ "encino"
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Welnmannia pinnata L. -~ Cunoniaceae

Understory trees, less than 40 feet.

Didymopanax pittieri March. - Araliaceae
Garrya lawrifolia Hartweg. - Garryaceae
Holodiscus argenteus (L.F.)Maxim - Rosaceae

Ilex wvulcanicolsa Standl. - Aquifoliaceae
Mioonia bipullifera Cogn. - Melastomaceae
Myrica pubescens Willd. - Myricaceae

Myrtus oerstedii(Berg) Hemsl. - Myrtaceae

Rapanea plttieri Mez - Myrsinaceas

vaccinium consanguineum Klotzsch. - Ericaceae
2. The Weinmannia pinnata #» Quercus costaricensis

Assooliation

On the high windward slopes of Oerro las Vueltas
and Cerro de la Muerte, as well as on the crest of the
ridge which connects them, is the montane wet forest
which is deminated by Weinmannia pinnata and Quercus
costaricensis. Areas in which there are virtually pure
stands of Weinmannia alternate with places in which oak

is completely dominant, but over most of the assooiation
there is a mixture of the two, It is the most open of
the Reventazon area forests, the trees hardly touching
one another. In favorable sites the forest may be 80
feet tall, but is usually less. There are several trees

which share the dominant layer with Welnmannia and
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guercus. There is an understory of varying height
which is nowhere uniform, some of the specles being
those of the montane fomests of the volcanic mount-
ains to the north. The ground cover 1s almost ex-
clusively the bamboo, Chusquea.

The exploitation of this association dates from
the bullding of the Panamerican Highway during World
War II. To date it has furnished only wood to man, for
the land supports but inferior pasture, and it is
difficult to kedp the bamboo under control after the
forest 1s cut. It should be maintained in forest; if

the native Podocarpus is not used for reforestation,

other conifers should be attempted. The oak is at
present serving as a source of charceal, but pro-
bably grows too slowly for profitable reforestation
worke.

Dominants - 60 = 80 feet

' Drimys winterli Forst. - Winterszceae

Podocarpus oleifolius Don, - Taxaceae - Fcipresillo®

Podocappus standleyl Bucholtz - Taxaceae-¥cipresillo"

guercus costaricensis Liebm.-Fagaceae- encing ¥

Weinmannia pinnata L.-! Cunoniaceae

Understory trees 20-40 feet

Buddle ja alpina Oerst. - Loganaceae - "salvia¥
Clusia sp. undet. - Guttiferae ' '
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Cyathea sp. undet. - Cyatheaceae ~ 'palma de
helecho'

Didymopanax pittieri March - Araliaceae

. Idex pallida Standl. - Aquifoliaceae

Ocotea fulusscens Standl. & L. Wnms, - Lauraceae

Oreopanax pycnocarpum D.Sm, - Araliaceae

Vaccinium consanguineum Klotzsch. - Ericaceae

Zanthokx;um éhiriqpinum Standl. - Rutaceae

3. The Chusquea éubtesselldta Association

[ VI

Neeu e N
The shrubby association which is found on Volcén
Turrialba, Cerro las Vueltas, and the Cerro de la
Muerte peaks, at elevations in excess of 3000 meters,

is dominated by the shrubby bamboo, Chusquea subtes-

sellata. Although the volcano and the Talamanca peaks
are widely separated, the floras are remarkably similar,
~all but four of the commonest shrubs being found on

both sites, namely: Monnina xalapensis, on Turrialba

only, and a Vaccinium and two composités which are only
on the southern mbuntains. The relative abundance of

the various plants var ies more thaﬁ the floral composi-
tion, but Chusquea covers over fifty percen of the area
on all three peaks. Other common shrubs are Vaccinium

consanguine imi, lyrtus oerstedii, and Pernettya coriacea.

It is unlikely that the association will ever be of

great benefit to man, for althoush pastures can be
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established, they will never support large herds of
animals. Forest trees from similar sites might make a
satisfactory growth, but this must be tried before
conclusions can be drawn. Maintenance of the present
vegetation has a certain value for erosion and water

control.

Domlinant shrub

Chusquea subtessellata Hitch. - Graminae

Other shrubs

Buddleja alpina Oerst. - Loganaceae
Composgitae, 2 gen.&sp. undet.

/ Escallonia poasana D. Sm. = Sakifracaceae

Eupatorium sp. undet. - Compositae

Hesperaomeles abovata (ritt.) Standl. - Rosaceae

Hypericum silenoldes Juss. - Guttiferae

Monnina xalapense HBK. - Polygalaceae

Myrica pubescens Willd. - Myricaceae

Myrtus oerstedii (Berg.) Hemsl. - Myrtaceae

Pernettya coriaceae Klotzsch. - Ericaceae

Vaccinium consanzuineum Klotasch. -~ Ericaceae

Vac. sp. undet.

1. The Puya dagylirbides - Lomaria wercklel Assoclation

The Puya - Lomaria association is an edaphic one,

occurring in bogs in at least two climatic belts, at
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altitudes varying from 2300 to 3400 meters. The basic
habitat is a filled lake, and the association is part of
the hydroseric succession. The Panamerican Highway pas-
ses close by several of the bogs, which dot the Talaman=-
ca Range. There 1s no comparable hablitat on the volcanic
mountains to the north. Three of the bogs are to be found
within the 1limits of Vicente Lachner Park, a ten hectare
plot which will be preserved in natural vegetaion.

The association 1s supported on a soggy mat of
Sphagnum mosses into which one slowly sinks if standing
still, The vegetation 1s largely herbaceous, and 1is
generally less than knee high (Fig. ). The most strik-
ing common plants are Puya dasylirioides and Lomaria

wercklel. The former 1s a terrestrial bromeliad not un-
iiko a pineapple; the inflorescence, in shape like a
millein stalk, rising to over eight feet in some
specimens. Puya flowers once, then dies. Lomaria is an
arborescent fern to eight feet tall, which is so similar
in form to cycads as to cause botanists to marvel

(Stanley, 1936). The small bamboo Chusquea subtessellata

is the only other common plant over three feet high.
Among the lower growth may be found various herbs and
shrubs, as Xyris mexicana, Hyperlcum strictum, Carex

purdeyi, and Pernettya cdriacea. Around the borders

6f the assoclation may be:'found such montane shrubs and



olfesd el .evwovem OGUE 0T J0LS movl vrivecy eossudliis

10 Jup.. 2l mnoliepivozes oy pras .ex'sl bolllT 8 el Isdided
~zg yewes Ul peolvernag . el . molepsooue olueeoudbvsl end
~UQULLBY 000 J00 LDLIW (810U 2ul Io fguovez d seolo ees
singuloev o3 o Joilder wliiscoomoes oo, ol sced?” .o L.l 80
LIEI0T od 0F ous aroed 9% To cewmdT Groton ol oF enisdruront

« UNE X
)

. -~ L. o~
O - AVENE IS

orld abrivlw

Pee

ONBUOOIL iled £ I3y veropnl olu0o.l
JUI0inTo ov feeiipi ool Lovieradw el IlAw doldw Jolc

Coyeer  mmeaae o 4 R e P A SR i Ll
0 u L I /UZ‘. 2 10 DeUIO . PERSERR I IICLTDI20228 N

I oedapie csarole enc T W oial seaeon murr s

t,

2l bhrg eufrceorndauc . Ylenasl ok noliedorev ol ,fiide

-¥igcsa deors esis oL WnEL) drlil oers! rpifd ezel visyeme-

o - e P T R . o B R - -
psroamod brg gohlolvlivoou ¢ é.‘ 1 ©9U2 LRl H4oIdIoS N(I.i
. e ——— e B - - @ e ———— - [

s Joa Leifextowue selivdcowoen £ 26 qgohiel o Jiel:lotev
£ oHIL ecorla o (eoncozemollll oud jedlcapenlyg s oilll

once il Jool dice <wovo od tgielc Glilsvu glelinns

og 2l oplupiiod L2000 a003 (29fic cwewoll Biu il .eoentioeqe

(=

fdoleh: (JIed F200% Jil-le of 197 imeoeecodcp

«pfim’s oz =
fevapm od zlieirsicd aaripo ol ef 2Hsowo ci rrol ik
gilollerpeddsa corpu 10 codiss om0l L {JCVL (YeLasid)

JI il TooT Cogl sove Uaped Lolr oo oo wIoo end el

e iy Yer s Tarr A s LA . —royree
Dres edeon grolapy nanoT o0 war livean gowel ody roemld

e v . e T - ’

30080 o LI0AUIE LD IU0LYT (£NA8D 23N 2IUYA BB (2.2
ool ar'd Drrerl Lpece’Tor pritdannicl HBL (LTentrUr
..... -~ e o i e e B e

bhre adrrgde o o furn Loikoleod Tl nolsgsioceas orld o



-91 -

small trees as Escallonlia poasana, Hesperomeles obovata,

Myrtus oerstedii, Hyperlicum silenoides, and Vaceinium

consanguineum, from which there is an abrupt transition

to tall forest. On the eastern side of the higher
mountains of the Talamanca Range the association grows

on slopes, which, however, have excessive surface water.
In the higher meadows the addition of shrubby compositae
is notable. The sites are unproductive to man, but drain-

age might convert the land to pasture.

Dominants

Lomaria wercklel Christ. - Polypodiaceae

Puya dasylirioides Standl. - Bromeliaceae
Other shrubs |

Chusquea subtessellata Hitche. - Graminae "canuela™

Escallonia poasana D.Sm. - Saxafraceae

Hesperomeles obovata (Pitt)Standl. - Rosaceae

Hypericum gsilenoldes Juss. - Guttiferae

Hyp. strictum HBK. - Guttiferae
Myrtus oerstedil Mee - Myrtaceae

Pernettya coriacea Klotzgch Ericaceae

Vaccinium consanguineum Klotzsch. - Ericaceae

Unidentified Compositae (2 specles)
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l., Montane l&o'ilt Formation

The montane moiat formation occupies only a small
ares on the south west slope of Volcan Irafu, in the
wpper portion of the raln shadow. There is no weather
stetion in the olimate, but readings are given of a
woek's weather on Irafu and on the west slope of Cerro
de la Munerte, which point 1s outside of the study area
(Figs 5). Cool, with an ennual average Wumoneimae. of
between 68 and.12#.C., and generally oloudy, the climate
is rather ‘unpleaa,a:nt to man. Reinfall averages between
500 and 1000 sm. per year, with a well marked dry sea-
son and -vef;nillo. The rain often falls in torents, but
the number of rainjday; is not too large. Fog is fre-
(iuent, especdally in the upper portions of the formation.
Frost and ice are of common occurance. 7

The montane moist, 11ke‘1ta_wotiooﬁr:\torpart, ,
takes two forms, bush @nd fore;t, with exposure be-
1ng the aeparation factor. The foreat ia one of medi-
um hoight, 70 to 90 feet being the uaual canopy layer.
There are two understoriu, one at 35-45 feet, and
a lower one at 5-15 foot. Herbacooul ground cover
is rare. The dominants havo apreading crowns which

touch, but light rreely pegotrates the cqnopy.}l'runka
are not buttressed and of fiedr to poor form. Mistle-
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toes are present, but not vines or vascular epiphytes.
The montane moist buah varies from thick scrub
over thirty feet high down to head high in exposed
situations, Meadows mgy be interspersed according to
topography. Individual plants are woody, with few to
many twisted s§ems and microphyllous foliage. Semi-
woody or herbaceous vines may be present, but epiphytes
are limited to mosses and lichens. Herbaceous plants
cover the ground between the more or less widely spaced
woody plants, but there is no true stratification.

l. The Quercus costaricensis Association

The forests which exist in the upper portion of -
the Irafu rain shadow, from the 2700 meter contour to
Just below the highest volcanic ridges, are completely
dominated by the black oak, guercus costaricensis. The

forests are now largely destroyed, but many trees re-
main in the pastures, and there is a 200 manzana re-
serve, owned by the city of Cartago, which is set a-
side as a water catchment basin.c
The forest is moderately tall, from 60 to 90 feet;

and the dominants form a virtually continuous canopy,
but muoch light strikes through the follage. A sparse
understory, composed of a small number of trees and

shrubs, is nowhere uniform, and may be completely &b~
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sent in places. Stream beds have a more dense, shrubby
growth lining their banks. The flora is richest at the
borders of the association, but, even so, is poor in
species. Little ground cover is present. A transect

is given in Fig. 11.

Dairy pasture is virtually the only farming prac=-
tised, although some attempt is made to grow potatoes.
The rigor of the dry season forces the use of inferior
grasses and sedges as pasture, and it is probable that
irrigation will be used in the fature. Much of the
area at = the headwaters of the Ri§ Reventado should
be roforostod in order to prevent repetitions of the
‘Cartagd Flood of 1951, for overcutting of timber has
created & water control problem, Native hardwood, such

as¥jafll¥(Alnus acuminata), or an imported conifer,
such as the Quatemalan Pinus ayacahuite, could be em-

ployed for the purpose.
Dominant 60=90 feet

Quercus costaricensis Liebm. - Fagaceae ¥encino®

Understory 15-30 feet

Buddleja alpina Oerst., - Loganlaceae Msalvia¥
Eurya seemanniana Pittlier - Theaceae ' '

Garrya lauriflora Hartweg - Garryaceae
Hesperomeles abovati (Pitt.)sSt andl. - Rosaceae
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Mahonig paniculata Oerst. - Berberidaceae
¥San Juan®
;g is M Cogn. = Melastomaceas
My rica pubescen s Willd; «. Myricaceae -
Myrtus eergtedii (Berg.)Hemsl. - Myrtaceae
Oreopanax m (EBK)Dene. & Pl. = Araliasceae
Rgpenea  pittieri Nesz - Myrsinacese
Yacoipium pnsangsiveym Klotsech, - Ericeseas
Beinmannisa pinnate L. = Cunonlaceae: _

2. The Arctostephylos gestaricensis - Vascinium con~

sapguineum Association.
~ At the summit of Irafm, and extending to outflung
exposedl ridges to the southwest and west of the orater

rim, exists a low forest which 1s best typified by
Arctostaphylos costarisensis and Vaceinium cenesn-

guineum. The soils are sandy.or rocky ones of recent
voloaniec origin, with very rapid drainage. This ex-

cessive runoff is combined with the dessicating effects
of wind and low atmospherio pressure to produce a
physiologieally dry hebitat. The exposure factors be~
come very pronounced om the orater rim and nearbdy
ridges, where the vegetation 1s fregquently lower than
head high, with natural meadow areas interspersing

the brush. (Figs. 12 &;12b).
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The greater part of the association lies above
the 3300 meter contour, although it decends to 3000
meters on certain exposed ridges. Im 1941, large por-
tions of the area were swept by fire, which has left
the dead, whitened, gnarled trunks of Arctostaphylos
above the now returning vegetation. The assoclation
extends to within the main crater, but that volcanic
activity has killed the crater vegetation in the .past
is attested to by the whitened tree skeletons which
remain. The association's lower border is a well mark-
ed tree line which defines the limits of this and the

guercus costaricensis Association, but the demarkation

with the neighboring montane associations is not so

clear.

The family Ericaceae 1s dominant in the assoc-

lation, A. costaricensis, V. consanguineum, Pernettya

coriacea, and Gaultheria glanduliferg all being abun-

dant. Arctostephylos 1s a squat, spreading tree with

one to several stems which may attain & height of 25
feet and.a trunk diameter of more than eighteen inches.
The Vaccinium may become as tall, but is more slender
and shrub-like. Timber classes of both afe very poor;
the stems being crooked and gnarled. The Gaultheria

and Pernettya shrubs are seldom waist high, and are
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usually much less. Other shrubs, of several families;
are common, but none attains a height much greater
than sii to ten feet, even in protected places. Grasses
are everywhere, the most striking of which is the bam-

boo, Chusquea subtessellata, which forms clumps several

feet in diameter, with individual canes becoming twelve
feet tall. Other herbaceous or semi-woody growth con-
sists to a large degree of composites and European
weeds whioch were introduced in seed lots of pasture

grasses,

The assoolation furnishes little of direct value
to man, since the nature of the trees precludes a
large wood crop, and edaphic factors prevent utili-
zation as pasture. The upper slopes should be kept
in & wooded state as a wise conservation measure, and,
since the crater of Irafu i1s a popular attraction, the
woods are valuable from a recreational standpoint. If
wood needs in the area become acute, doubtless the more
sheltered sites would support conifers from similar
habitats in Quatemalé and Mexico.
Dominants

Arctostaphylos costaricensis Oerst. - Ericaceae

Vaceinium consanguineum Klotzsch - Ericaceae

Lower shrubs
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» Are ytophyllum lavarum Schum. - Rublaceae
Buddle ja alpina Oerst. - Loganiaceae

" coriaria thymifolia H.& B.4 Corlariaceae

Chysquea subtessellata Hitchc. -~ Graminage
Eupatorium subcordatum Benth, = Compositae

Gaultheria glandulifers Sm. - Ericaceae

Hesperomeles obovata (Pitt.)Standl. - Rosaceae

Holodlscus argenteus (L.F. )Maxim - Rosaceae
Myrtus oerstedii (Berg.)Hemsl. - Myrtaceae

Pernettya coriacea Klotzsch. - Ericaceae

Rapanea pittieri Mez. - Myrsinaceae

These shrubs go by the general term Yarrayan®,
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Sumary

The Reventazén Valley, because of it's topogra-
phical features, has varied climates. On the basis of
the Holdridge World Plant Formation Chart these are:
Tropical Molist, Subtropical Rain, Subtropical Wet, Sub-
tropical Moist, Lower Montane Rain, Lower Montane Wet,
Lower Mon tane Moist, Montane Wet, and Montane Moist.
The climate lines are the plant formation lines.. The
formations are subdivided into seventeen associations

which are described, including plant lists, and mapped.’

Sumario

La cuenca del rio Reventazén, debido a la topogra-
ffa, tiene climas variados. Con base en la Carta Mundial
de Formaciones Vegetales de Holdridge éstos son: Tropi-
cal Himedo, Subtropical Pluvial, Subtropical Muy Hfmedo,
Subtropicel Himedo. Montano Bajo Pluvial, Montano Bajo
Muy HGmedo, Montano Bajo Hémedo, Montano Muy Hémedo, y
Montano Hémedo., Los bordes climéticos son los mismos de
las formaciones vegetales. Las formaciones se subdividen
en dlecisiete asociaciones, las cuales se describen, con

listas de plantas, y se incluye en un mapa.
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GEOLOGY AND SOIL ORIGIN MAP
Recent volcanic Oligocene conglomerate
solils and rocks soils and rocks
Intrusive basalts, - Miocene limestones
! schists, etc. soils and rocks

Fig. 1, Generalized geologic map,
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Fig. 1278 Line truanse r Arctostajhylos-
Vaccinium, montane molstbrush, Cartago
~¥unliclpal Forest Reserve, Irazt

20

1 4
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Fig. 12b Line transect montane moist brush,
IrazG Voleeno (1l)Pernettya coriacea(2)ArctO-
staphylos costaricensfal3iﬂos eromeles obovata
TE’Hohodiscue argentia(5)Vaccinium consanguinaun
(6)Corlaria thymofolia(7)Bacharis sp.(8)FEuddleja
alpina(9)Eupatorium subcordatum
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Fig. 13, Lir
. wet forest, lerro Las Vueltas, (1)
Anacardium ex{ " \,xiouinum(3)Didymopsnax pittieri

tanE?Eg_Tiégb cus costaricensls Vaccinium consang-~

Eugenia sp. nteri(9jCluslia sp.
chirI uiensis

intermoﬁ!a(l?
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Pig. 15. Lower montane rain forest, Quercus corm

treleasi Associationi' transect above Tapanti. (1,

sp.(3)Jundet,"gavulin" (4 )Ocotea austinii(%)Inga tor

aceas"ira rosa”(7)undet. "lechillo enla sp.l
81 (10)3ugenia sp."guayabillo"(11l)undet. Laurace

undet, "ratdn papo"(13)"sangre toro", undet. ()
"ira quina". ’
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Left: Lower momtane rain
forest, Ngotoa aistinii
Association. The omniprosent
elouds obscure the tops of
the dominant Ocotea.
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xvi

Loft: Upper branshes of .

alats showing absence of
epiphytes. '

Right: Trunk of g, sdata

Fig. 19
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O “rees.

Lefd: [omaria wergklei

Fig, 20
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Above: 231% maria bog, Parque Vicente Lach-
ner. %g*_ LETIFfsides’in foreground, swamp
ckground, )

Above: Chusquea subtessellata on Cerro de la
Muerte.
Fig. 21
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0 Appendix II .
During the course of the investigatiom, a botanical collection of some 760
numbers wes made. The specimens were taken in triplicate and sets are deposited

in the herbaria of the I.I.C.A., Turrialba, Costa Rica; Eseuela Agricola Pamamer-

icanas, z:g‘orm, Honduras; and the Umiversity eof Miami, Miami, Florida, Addition-
al specimens of the gornus Quercus are im the hervarium of the Santa Barbara Bo-
tanic Garden, Santa Barbara, California, The feklewing represents the identified
species in tho collection.In the case of blank numbers, the material remains um=

idontified.
1. Mollenidia costaricensis D, Sm, I.I.C. A 600m,
24 Coriaria thymifolia HaB Volcdn Irasd 3400m.
3. Arc{tophyllu lavarum Schum, " "
. us Oerstedii (Berg) Hemsl, . .
Se Bupatoriwm subcordatum Beath, " .
6, Pernottia coriacea K1, " "
' 1S Rapanea Pittierii Mes . .
8. '
% Hypericum silenoides Juss, . .
10, Trifolium dubium Sidbth, . .
11, Pernottia coriacea K1, " »
12, Yaccinium consanguineum K1, r e »
13. . o .
14, Holodisous argesteus (LF)Maxim » .
1S, ' Smilacina paniculata Mart, & Gal, " "
16, Bomarea acutifolia (L&D) Herdb, " "
17, Arctostaphylos costaricensis (Sm) " N
18, Castilleja irasuemsis Oerst. " »
19, Halenia rhyacophila Allen LA "
20, Rapanea ferruginea (RAP) Mes Hedgo rows a
2l. Cestrum aurantiacum Lindl. bove Cartago 1600m,
22,  Malvawiscus dporeus . "
23, Randia karstenii Polak, " "
24, Ragenia lepidota f, corymbosa Berg, . .
25, Aegiphila spocies " »
26, Jussiaea peruviana L, » "
27, Fiocus padifolia HBK . "
28., Sapium oligoneurum Schum & Pitt. . .
a9, Creton - probably a new specios » .
30, Psidium guajava L, . .
30a, Acnistus arborescens (L) Schlecht, - .
3. Cissus sicyoides L. " "
32, Psidium guinense Swarts " "
gi. Lobelia laxiflora HEK Sanatorio Durdn 2300m.
®
35, Leandra costariconsis Cogn. . .
36, Monochaetum intermedium Gleason » "
37, Rapanea pellucido-punctata (Oerst.) Mas . .
.38, Alnus acuminata HEK " .
39. Malagis " hd
L] L J

40, Ardisia glmdulo.om&mta Oerst.
4. Yuclh:ia arborescens Sims
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B & §

Peperomia cartagoana Trel.
Rhamnus pubescens (RAP) Tr.& P,
Ilex pallida Standl.

Viola Nannei Polak,

Barya thooides (8w) Rume
Tuchsia microphylla HIK
Botryshium

Quorcus adata Mull,

Phoebe molleifolia Blake

Cestrum dumetorum Sehlecht,

Rhaooma Tondusii (Leos) Standl, & Steyerm,
Oreopanax pyehocarpum B, 8m,

Pitheoolebiun costarieenso (Britt & Roso) Standl,
Heliconia

Zanthoxylem panamense P.Wilson

Besleria solanoides HEX
Besleria princeps Haust

Vismia ferruginea HIK
Psychotria
Psychotria eartaginensis Jacq,

Conepholis mmericana (L) Wall
Vincetoxicum edule (Hemsl) Standl.
Yinoetoxicum rothschuhii (8chlt.) Standl,

Peperomia
Peperomia
Peperonia

Plarothallis

Quereus copeyensis Eull.
Disterigma humboldtii (Klots) Niedenszu
Brimys winterii Porst,

Psychoiria Goldmannii Standl,

Yaccinium consanguineum Kletszseh
Zanthoxylum melanostictum Schl.2 Cham,
Peperomia

Oxalis

Palicouroa hoffmami X,Schun,

Quercus copeyonsis Mull,

Chusquoa serrulata Pilger
Styrax Warscewiezii Perkins
Epidendrum

Styraz Vargcewicsii Perkins

Sanatorie Durda
L]

Pacayas
]

2300m.

?

Sanatorio Durdan 2300m.

La Carpintera
»

1600m,
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144

102, Rhamms pubeseens (RAP) Tr.& Fl, ~ La Chonta zzio-.
103, Smilasina panieulsta Mart.2 Gal. hy

1“ ] [ ]
105, Veimsmanmnia pinnata L.

106, Viburawm eestaricamum (Oerst,) Hemsl. " .
107, Sstyria WVarssewiesii Klotszsch - .
100. Ardisia irasuensis Oerst. y .
109, Palicourea vastita Standl, - "
110, :

111, Fheebe mollisella Klake . .
112, Myriea pubeseens Willd, . »
113, '

114, Bemarda : » ™
115, Brumellia eostarisonsis Standl, " -
116 Vassinium consanguineum Klotssch . "
l17¢ Persea sshiedeana Nees y .
118, Symbolanthus puleherrimus Gilg. . .
119 Neamiaa sylvatica Schl.2 Cham, . -
\30¢ Clusia Salviaii D,8m, Pu'qno lhtionl 3100m,
\2le Quereus eugeaiifolia Liebm, "
.22, Vaseinium semeanguineum Xlotszseh . .
.”. " o ] L L
.24, Pernettia ceriacea Klotszsch . .
33 Hesperomeles obdovata (Pi.t‘t.) Standl, . .
36« Bemarea . .
27, Burmeistera obtusifolia Wimmer . b
38. :

29, Clusia alata Planch.& Tr. " .
30s Quereus (sterile) : . .
31, Hesperemeles obovata (Pitt) Standl, . .
326

33. Jushsia mierephylla HIKX . -
34¢ Juehsia arberoseens Sims . "
35¢ Cermus diseiflora DC. Sanaterio Durh 4330m,
36e Quereus copeyonsis Mull, »
37. . Zanthexylum melamaestietum Schl.: Cham, . .
38, Clusia o o
39« JNectandra rameaensis Standl, . .
40, Viursam cestarieasun (Oerst.) Hemsl, " "
41, Citharoxyleam lankesteri Moldenke . "
43, Querems -ospoyensis Mull, . -
£3, bambee waldent, L] »
4. Styraz pelyanthus PRerkins . -
£S5, Piper pelliticamle Trel. . -
46, Stryaz Warscewiesii Perkins - -
7. Phoobe Pittieri Nes o -
$8, Erythrisa rubriservia HBK . .
89, Psittasanthus schiedeanus (Schlect.2 Cham.) Blume " »
506

51le Salix chilensis Melina » .
53, Persea amoricana Mill, " "
53¢ Urera ecaracasana (Jacg,) Grisob, hy .
54¢ Oreopamax xalapensis (HBK)Done.& Pl. . .
35 . El Alto 1540m,
64

7.

Be Quereus tementosaulis Mull, . .

9e  Quereus guglielmi-treleasei Mull, ® =
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168,
163,
164,
165,
166,
167,
168,
169,
170,

174,
175,

iv -

Calliandra similis Spregue & Riley
Amona cherimola W11,

Pieus

Ardigia eompressa HIKX

Psidium

Zanthoxylum limoneello PL.A Oerst.
Bagenia Pittieri Standl,

Crotoa reflexifolius HEX

Bumelia austin-smithii Stamdl,
Bugenia eestarisensis Berg.
FPhoebe mexiecana Meish,

Porsea skutchii Allen .
Conostegia salapensis (Bonpl.) Don
Mimosa

Eamelia patens Jasq.

Quersus eugeniifolia Liebm,
Trichilia havanansis Jasq.
Hamelia

Malaxis

Crotoa

Cupressus lusitaniea Mill,

Nalphghia

Repanea ferruginea (RAP) Mes
Quercus copeyonsis Mull.
Quercus eugeniifolia Liebdm,
Myrtus oerstii (Berg) Hemsl,
Ryperieun

Hyperioum

Escallenia poasana D. Sa,

Styrax Werscewiesii Perkins

Chusquea serrulata Pilger
Hesperomelos ebovata (Pittier) Standl,
Carox purdiei Beott.,

Xyris mexioana Wats,

‘Magnolia poasana (Pitt,) Bundy

Lomaria wercklel Christ,
Chamaedorea parvifolia Burret.
¥iburaum costaricanum (Oerst,) Hemsl,
Podocarpus oleifolius Don
Zinowiewia cestarieensis Lundell
Weimmannia wercklei Standl,
Begonia 1luxii C.DC.

Begonia

Podocarpus Standleyi Buchholts
Quercus akata Mull,

orchid

orehid - Nasdavallia

Carludovieca irasuensis Cuf,

Ardisia minor Standl,

Quercus eugeniafolia Liebtm.

s

‘l.lllll“!‘lllllllll.h

Parque National Vie.

;

2200m,
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Yo

Columnea hirta Kl.& Hanst. La Lucha 1900m,
‘Clidemia eostaricensis Cogn.& Gleason . : »
Hillia Valerii Standl, b »
Magnolia poasana (Pittier) Damdy . .

‘Laaraseae (sterile) . »
Nelasbome e b
Lauraceae - »
‘Melastome . .
Clusia sp. . "
Psychotria sp.(sterile) . "
sterile bamboo . .
Almus acuminate HEX . .
Mieonia sp. (sterile) - . »
Lyeopodium v » "

: | finca Llano Grande 3100w,
Phoede complifolia Mes & D.Sa. e »

. Creton xalapensis HEK » "
Morus insignis Burean

Meliosma iraguensis Standl,
Conostegia masrantha Berg.
Rhamnus pubescens (RAP) Tr.aA P1,
Perrottetia longistylis Rose
Cedrela Tondusii C,DC,
Citharexylum

Garrya laurifolia Hartw,

Quercus semanii Liebn,

Heliosma irasuensis Standl,
Nectandra ramonensis Standl,
Clsthra panamensis Standl.& L.Was,
Nectandra Woodsoniana Allon .
Billia columbiana Planch.& Linden finca Hmos. Crus 2600m,

Tlex lamprophylla Standl, . "
Bupatorium araliaefolium Less. . b
Buddleia sp, nov, ' » .
Oolumnea hirta X1.& Hanst, . "
Lycopodium . "
Cormus disciflora DCe » .
Drimys winteri Porst, . .
Viburnum cesSaricanun (Oerst,) Hemsl. " .
Perrotieiia langistylis Rose " "
Morus insignis Bureaun » .

Magnolie poasana (Pitt.) Dandy ) »

714 2 AMIITIME meimd amatl sl . ™ &
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vi.

Quarea brevianthera C.DC,
Bagenia Sterkii Standl,
Clusia rotusdata Standl.

Rierenyma guatemalensis D, Sm,
Nectandra sp.

Calyptranthes Pittieri Standl.
Parathesis ¢

Brumellia costaricensis Standl,

Suddleia alpina Oerst.
Selamum Storkii Standl.

sterile bamboe

Melastome

Yaccinium poasanum D, Sm,
Mioonia biperulifera Cogn.
Ardisia pleurgpétrya DB, Sm.

Gerrys laurifolia Hartw,
Svlanum irasuemse Standl.& L.Was, - sp. nov,
Cl.qthra Rearkii Standl.2 L. Wms, - sp. nov.

Ocotea Austinii Allen

Quercus copéyensis Mull,
Oreopanax

Vidurmm costaricemus (OQrat ) Hemsl,

Miswtun

Chusquea nbtuunm Hitcho.
Chusquea serrulsta Pil

Viwraus ecostaricanum o.r.t.) Hemsl.
-Conostegia masramtha BDerg.

Billia celumdbiana Pl.& Linden
Quercus tomsutecaulis Hull,
Citharexylum recurvatus Greennm,
Pouteria chirieana (Standl,) Baehni ?

Alferoa costaricensis Standl,

Peuteria ohiricana (Stemdl.) Baehni ?
Panopsis costaricensis Standl. :
Alchornea latifolia Swarts

Rondeletia smoona (Planeh.) Hemsl.
Rondeletia buddleoides Benth,

Clethra lanata Mart.& Gel.

Hieronyma guatemslensis D.Sm.
Ladenbergia brenesii Standl,

Rhus striata R.2 P,

Rapanea ferruginea (RAP) Mes

Inga - (sterile)

Pioramaia quateraaria D, Sa.

Citronella eostaricensis (D.Sm.) Howard
Trichilia sp.

Ilex sp. ?

Bagenia . ¢

finca Hnos, Cruz 2600m,
» [ ]

east slope V, Irasd 3
L ]
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94,

I8,

vii

Lippia Myrio cephala Schl, & Cham,
Dendropanax arboreus (L.) Dcne.& Fl,
Bugenia Storkii Stendl,

Ilex pallida Standl,

Miconia bjpedlifera Cogn.

Vaccinium consanguineun Klodsseh
Quercus costariconsis Lietm,
L] | | ]

Weinmanniea pinnata L, )
Holediscus fissus (Lindl) Schneid.
Quercus cestaricensis Liebm.

» » L ]

Monnina xalapensis HBK
Phoobe Pittieri Mes
» L] L]

Maytenus blepharoides (Pittier)
Quercus costaricensis Liebm;

Ardisia pleurebotrya D.%a.
Symplocos irasuensis Cufodomtis

Ocetea Austinii Allen
Quercus copeyensis Mull,
n L}

"
Sideroxylos Cepiri (A.DC.) Pittier
Achimines longiflora DC,
Rhychanthera paludicola (D.S.) Gleason
Phoradendron piperoides (HBK) Trel,
Phoradendrea robustissimum Eichler
Eugenia sp.
Viturnum costariean (Oerst.) Hemsl.
Clgsia flava Jacq.
Lippia myriocephala Schl, & Cham,
Nectandra globosa (Aubl,) Mes
Lauraceae sp. (sterile)
Solanum nudum L. . = .
Picramnia quaternaria D.Sm,
Inga : '
Ocotea endresiana Mes
Guettarda orispiflora Vahl,
Hampea appendisulata (D.Sm,) Stendl,
Rondeletia buddleoides Benth,
Fieus padifolia HEK ‘ .

Psychotria earthaginensis Jacq.
Miconia hyperprasina Nemd.
Phoobe mexicana Meissan,

Fiocus eervantesiana Stamdl.iL.Wms. sp. nov,

Laplacea graniis Brandeg.

Tomomitopsis nicaraguensis (Oerst.) Tr.a& P1,

Quercus costariconsis Liebm,
Ilakea tudberculata D,Sm,

Quobrada Homda 1700m, '|
| J ) {

8. slop® V.Irast 3000m.
L] L]

| ] L J
» | ]
» |
» ]
[ ] | J
| ] »
L] (]
» ».
] L ]
» "
L] ]
» | ]
] »
| ] »
» | ]
| ] L ]
L J [}
» »
» | J
| ) »
| ] ]
L] L ]
. ] |
Cervalltes 1608a.
basela Garpintera 1400m.
Cervantes '1600m,
" . »
» »
» »
» »
] »
L] ]
» »
» ]
| ] ]
] »
| »
L ] | ]
» »
] ]
» | J
» |
L ] | )
o |
| ] | J
| ] ]
| |
n | ]

8. slope V. Irasé 3000m.
Quebrada Honda

1700m.
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viil

8. slope V.Iras®t 3000m,

Stezmadenia glabra Benth, 1 Cartage
Bomarea acutifolia (L.& 0.) Herb, Sanaterio Durdn
Puya dasylirioides Standl. Parqus Natiomal
Urera caracasana Jacq. . Sangtorio Durdn
Quercus semanmnii Liedm, = s¢e€maniil Tabldn

Rhamnus pudbescens (R.& P.) Tr.4 Pl, »
Caaotoptolea mexisana Liebkm.
Eupatorium ligustrinus DC.
Citharexylum Donnell-Smithii Greemm,
Clethra salvaderensis Britton
Palicourea angustifolia HBEK

Picus padifolia HBK

Phoebe Valeriana Standl,

Saurauia psuedopittieri Besec.
Panopsis costaricensis Standl.
Symplocos Mustin-Smithii Standl,
Alouea costaricensis (Mes) Kosterm.
Hedyosmum callososerratum Osrst.
Quercus semanii Mull, = seemannii

Baccharis trinervis (Lam,) Pers. Panen, Hwy,

Lippie myriocephala Schl.& Cham,
Heliocarpus appendisulatus Tures.
Quercus sapotasfolia Liebm,

Alfaroa costaricensis Standl.

Banara costaricensis (Standl,) Sleumer
Lauracoas = not yet placed

Miconia dodeeandra Cogn.

Piper vemulosum Trel.

Pouteria Mstin-Smithii (Standl,) Cronquist
Zinowievia Costaricensis Lundell
Lauraceao (sterile)

Ladenbergia Brenesii Standl,

Quercus adata Mull,

Persea

Ocotea Austinii Allem

Styrax Warcewiczii Perkins

Nectandra reticulata (R.& P,) Mes
Chusquea Tomdusii Hack, ?

Senesio andieocla Turcs., c.d: La Musrte

Quercus costaricensis Liebm,

Desfontainea spinosa R.2 P. Las Vuoltas
Senecio Oertsediands Benth, c.d: La Muerte

Hypericum silenoides Juss,

S8olanum Storkii Standl.

Hypericum strioctum HBK

Lycopodium

Vaccinium consanguineum Kl,

' Myrtus Oerstedii (Derg.) Hemsl,
Pernettia prostrata (Cav.) Sleumer

Pernettia coriacea Kl,

Pernettia coriacea Kl.

Dilpostephium costarisanum Blake

L » L]

Senecio firmipes Greemm.

Chusquea subtessellata Hitche,
Ficus Georgii Standl.2 L.Wms,
Byrsonima crassifolia (L.) DC.

Curarane vAarsanade Meal

.32 8 3 388 3 3 838 38 3 3

1«9
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P ]

2 82838 % 3 3 s s5s 8 839
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1400m,
2830m,
2100m,
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482.

Quercus berucasana Trel.

Acaena elengata L.

Gerrya laurifolia Hertw,
Chuequea subtessellata Hitcho,
Quersus gulielmi-tredeasei Mull,

Mahonia panieulata Oerst,
Cestrua irazuense Emmtsze
Oreopanax Liehmanni Mareh,
Symplesos irasuensis Cuf,
Micomia biperulifera Cogn.
Rydrangea Oerstedii Mrigq,
Hedyossum calloseserratum Oerst.
Viburnum ecestaricanum (Oerst.) Hemsl.
Verbesina Oerstediana Benth,
Ocotea Mastinii Allen

Quercus eugeniifelia Liedm,
Stevia lueida Lag,

Citharexylum reeurvatum Groeemm,
Vaccinium consanguineum K1,
Gaiadendron poasense D,8a,

Rheamnus Humbeldtiama R.& 8.

Viburnum comspectum Mertoa

483,
484,
465,
496,
487,
488,
489,
490,
491,
3,
493,
494,

495,

496,
4917,
498,

499,

Virbursus costarieanum (Oerst.) Heamsl,
Pedecarpue Standleyi Buchholts

Miconia globuliflora (Rieh,) Cham,
Ilex pallida Stamdl,

Zanthoxylum chiriquinum Standl,
Reapanea Pittieri Nes

Vaccinium consanguineum K1,

Clusia sp.

Ocetoa fulveseens Standl,s P, Wms,
Castilleja irasueasis Oerst,
Oeotea spe

Ardisia pleistantha Standl,& L.Wms,
Persea pallida Mes & Pittier

Ficus ecrassiuseula Warbd,

Inga punetata Willd,

Lyeopodium

Clidemia sp,

Inga sp.

Saurania yasieae Loes,

Inga multijuga Beath,

Wereklea insignis Pitt.& Standl,
Alchornea latifelia Swarts

Persea sp.

Oreopanax capitatus (Jasq,) Pene & Pl.
Dussia macroprophyllsda (D.Sm,) Harms
Quersus guglielmi-treleasdi Mull,
Casearia arborea (Rich.) Urban
Cassia frutieossa L.

Zinoviewia costarieensis Lundell
Posoqueria latifolia (Rudge) R.% 8.
Quarea sp,

Styrax glabrescons Beanth,

V. Irast

Sanaterio Duréa
»

Ve I!'“‘

Celiblanee

Panan, Hwy,.

C.de La luerte
Orosi
»

g
:

3000m,

3100m,
2900m,
2600m.

28

35008,
1200m.
]

;
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863,
564,
565,
566,
567,
568,
569,
$70.
S7l.
572,
573,
574,
575.
[ < 7 N

Aphelandra

Weimmannia Wercklei Standl.

Clusia pithecolobiana Standl.2 L.Wms,
Billia columbiana PL.& Tr,

Querecus corrugata Hook,

Inga punctata Willd,

Croton glabellus L,

Croton Hoffmanni M, Arg.

Manilkara Chiecle (Pitt.) Gilly
Compsoneura Sprucei (A.DC.) Warb.

" Piper pergeaniculatum Trel.

Trichilia sp. (sterile)

Inga sp. (sterile)

Ocotea tenera Mes & D, Sm,
Luechea Seemannii Tr.& F1,

Inga leptoloba Sehleet ? -
Pithecolobium longifelium (P.& B,) Standl.
Eagenia sp. (sterile)

Meliosma glabrata (Liebm.) Urban
Ocotea Ira Mes & Pittier ?
Tapirira Brenesii 3tandl,
Banara guiamensis Aubl.

Guarea turrialbana J.Leon
Castilla olastiea Cerv,

Simaruba glauea DC,

Zanthoxylum elephantiasis Macfad.

Lafoensia pumieifelia DC.

Piper pergemiculatum Trel,
Asalypha villosa Jacq.

Zexmenia frutescens (Mill.) Blake
Rondeletia buddlecides Benth,
Theobroma simiarua B, Sm.

Virola Kosehnyi Warbd,

Neoa amplifolia D.Sa,

Inga marginata Willd.

Inga Micholiana Harms

Stemsadenia Dommell~Smithii (Rose) Woodson

Malphigia glabra L.

Malortiea gresilis Wendl,
Rubiaceas (sterile)

Lafoensia ieifolia BG,
Rubiaceas ltﬂ’il.z

Coutarea hexandra (Jasq,) Schum,
Ouratea cestaricensis Standl,
Poulsonia armata (Miq.) Standl.
Cordia alliedora (Ro& P.) Cham,
Coussapoa Donnoll-Smithii Mildbdr,
Cupania cimeroa Peepp.2 Endl,
Cocropia insignis Liebm,
Conostegia suberustulata (Beurl.) Triana

‘Anasardium exeolsum (Bert.2 Balb,) Skeels

Ficus Jimenezii Standl,

Dialyenthera acuminata Standl,

Jasaratia costaricensis I.M.Johnston
Castilla costaricensis Liebn,

Anecardium excelsum (Bert.: Baflb.) Skeels
Brocania wlnl adaed Standl .

conid
:

I.I3C.A.,
Turfialba
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~577,

578.
579.
580,
581,
582,
583,
584,
585,
586,
587,
588,
589,
590.

591,

592.
593,
594,
595,
596,
597,
598,
599,
- 600,

601,

602,
603,

605,
606.
607.
608.
609,
610,
611,
612,
613,
614,
616,
617,
618,
619,
620,
621,
622,
623,
628,
626,
627,
628,
629,
630,
631,
632,
633,
634,
635,
636,

ean

n.

Rheedia edulis (Seem.) Tr.& Fl.
Ceiba pentandra (L.) Gaertn,
(Oerst,)
Vifburnum costarieanun (Li4hd.) Hemsl.
Hampea appendiculata (D.Sm,) Standl,
Quersus tomentocaulis Mull.
] L] | ]

Ardisia pleisthntha Standl.2 L.Wms, sp. nov.

Chione costaricensis Standl,
Phenax mexicanus Wedd.
Lonchosarpus sp. (sterile)
Nectandra reticulata (R.& P.) Mes

Coussapoa panamensis Pittier
Nectandra panamensis Standl,
Ficus Georgii Standl.& L. Wms,
Fiocus costaricana (Liebm,) Miq,
Nectandra globosa (Aubl,) Mes
Zexmenia frutescens (Mill,) Blake
Calliandra tetragoua (Willd.) Benth,
Guarea Caoba C,DC,
Mioonia ptoropoda Benth,
Quercus Rearki Mull, sp. nov,
PerseaSkutehii Allen ?
Styrax Warscewicsii Perkins
Symplocos sostanicana Hemsl,
Eugenia cartagensis Berg.
Clusia modesta Standl.2 L.Wms, sp. nov,
Myrica cerifera L.
Clusia alata Fl.2 Tr.
Hedyosmum callososerratum Oerst,
Dussia macrophpphyllata (D.Sa.) Harms
Cornutia grandifolia (S.%& C.) Schauer
Ocotea Indresiana Mes ’
Myrcia costariconsis Berg
Nectandra reticulata (R.,& P,) Mes
Tetrorchidium euryphyllum Standl,
Ficus sp. (psooibly new)
Psidium Guajava L,
Conostegia xalapensis (Bonpl.) Donm

» L] " ”

Chusquea subtessellata Hitche,
Diplostephium costaricenss Blake
Eupatorium Kupperi Suesseng,
Eupatorium subcordatum Penth,
Vasciniuam consanguineun’kl,
Croton sp. probably new
Banara costaricensis (Standl.) Sleumer
Lauraceae
Desmopsis panamensis (Rob.) Safford
Clethra panamensis Standl.% L.Wms,
Ladenbergia Brenesii Standl.
Ardisia %rtorilo) ’
Psidiunm
Trichilia havenensis Jacq,

L L] L]

Trophis choriszantha Standl,
Piper venulosum Trel,

Mol s 220 Lo .

L. I.C.A.
L]

&
o
B
"9

550m,

1450m,

Cede La Muerte 3500m,

Ujarfas

Agua Caliente

:
llll'lllllg‘l:ll!ll'll
4

1000m,

"
"
™
]
1600m,

f

3 3 3 3 5 &8 8 3 3 3

Cedo La Muerte 3500m.

E. o

32 38 3 3 3*s &z 3 3 3

Rio Macho

1

Slil'lllltisillﬂ
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" 638,
639,
640,
641,
642,
643,
644,
645,
646.
647,
648,
649.
650.
651,
652,
653,
654,
658,
656,
657,
658,
659.
660/
661,
662,
663,
664,
665,
666.
667,
668.
669,
670,
671,
672.
673.
674,
675.
6784

xl1l,

Quercus Rearki Mull. sp. nov,

Panopsis costaricensis Standl.

Erythrina gibbosa Cuf,

Citharexylum costaricense Mold,

Inga Tonduzii D.Sm,

Lauracese

Hieronyma guatemalensis D, Sa.

Beilschmiedea ovalis (Blake) Allem

Persea

Nectandra retioculata (R.2 P.) Mes

Cornutia grandifolia (S.& C.) Sehauer

Miconia caudata (Benmpl,) DC.

Sommera grandis (Bartl) Standl,

Debdropanax AFXNdFéddéAs Arboreus (L.)Deme.2 Pl.
Piper auritum HBK

Trophis masrosteashya D, Sm.
Ficus Torresiana Standl.
Piper rufescens C.DC.
Fiocus Torresiana Standl.
Ficus

Alchornea latifolia Swarts
Weinmannia Wercklei Standl,
Billia colombiama PL.2 Tr.
Ocotea ¢

Inga sp. (sterile)
Tovomitopsis nicaraguemsis (Oerst,) Tr.& Pl.
Phoebe Valeriana Standl,

Beilschmiedea ovalis (Blake) Allen
Lauraceas

Nectandra sp, (sterile)

Begonia alnifolia A, DC,

Besleria triflora (Oerst,) Hemsl,

Oreopanax Oerstedianus Mareh,

Dialyanthera acuminata Standl,

Ocotea Dendrodaphne Mes

Trichilia sp. (sterile)

Ouratea costaricensis Stamdl,

Pouteria ?

Virola Koschnyli Warb,

676, Rondeletia buddleoides Benth.

677,
678,
679.
680.
681,
682,
683,
684,
685.
686.
687,
688,
689,
690,
691,
692,
693,
694,
695,

Synechanthus Warscewicszianus Wendl,

Garrya laurifolia Hartweg

Ilex vulcanieola Standl,

Myrica pubescens Willd,

Alchornea costaricensis Pax & Hoffm,
Psychotria chiapensis Standl,
Nectandra globosa (Aubl.) Mes
Eupatorium hylonomum Rob,

Dussia macroprophyllata (D.Sl.) Harms ?
Ocotea Dendrodaphne Mes - '

Rheedia intermedia Pittier ?

Trichilia £f. Adf.7 Oerstédiana C.DC.
CCasearia sylvestiris Swarts
Trichilia sp. nov,?

Moraceao

Castilla elastica Cerv. ?

E. of Rio Macho 1400am,

L ]
L} "
] [
] L]
L] "
L J ]
) "
» ]
Tapantl 1200m,
” »
L] L]
» L ]
” ]
] ]
A J ”
n "
] L}
L] ]
L ] L]
[ ] ”
La Sierra” 2200m,
» n
| ] ”
LJ [ ]
" n
» "
] "
] (1]
L] "
Santa Crus 1400,
” L J
[ ] »
Atirro 550m,
] ]
[ ) "
- "
" ]
n ”
" v "
” "
[ ] "
] L]

Ve Turrialba 3400m,
"

] [ ]
La Florencia 600m,

L ] [ )

" [ ]

| ] "

[ ] ”

" )

] [ ]
Tuis 800m,

) [ ]

[ ] [}
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Cagearia sylvestris Swarts
Ficus Georgii Standl.2 L.Wms.
Cordia alliodora (R.& P.) Cham,
Hirtella triandra Swarts
Guarea brevianthera C.DC.

Pouteria lucentifolia (Standl,) Baehni ?

Inga sp. nov,

Pachira aquatica Audl,?
Ficus sp. nov,

Phoobe mexicana loi.ua.
Miconia argentea (Sw.) DC,

Myriea plisatocostata Berg
Guarea oxc¢slsa HEK

Ladenbergia Beonesii Standl,?
Cecropia sp. nov,

Meliosma glabrata (Liebm.) Urbanm ?
Ardisia - probably new

Swartsia panamensis Benth.
Alchornea latifolia Swarts
Dendropanax arboreus (L.)Done.& Planch,
Cgoton guatemalensis Lotsy
Calocarpunm viride Pittier
Persea Skutchii Allen

Nectandra ?

Inga leptoloba Schlecht,.!?
Guarea Caoba C,DC.?

Croton glabellus L.

Croton Tonduzii Pax ? °
Allophylus panamensis Radlk,
Trichilia

Persoea Skutchii Allen

Sommera grandis (Bartl,) Standl.
Mimosa Bracaatinga Hoehne
Calliandra arborea Standl,
Miconia dodecandra Cogn.
Miconia glaberrima (Schl.) Naud,
Guatteria amplifolia Tr.& Fl,
Oreopanax Oerstedianus March,

Conostegie Oerstediana Berg
Sapium jamaicense Swarts ?
Guarea brevianthera C.DC. ?
Tabernaemontana aphlebia Standl.

Pseudolmedia oxyphyllaria D, Sa.

Myréha costaricensis Berg

Mollinedia costaricensis D, Sm,

Nectandra globosa (Aubl.) Mes

Meliosma glabrata (Liebm.) Urban
Pachira aquatica Aubl,

Coccoloba nematostachya (Griseb.) Lindau
Croton gossypiifolius Vahl

Mauria Birringo Tulasne

Guarea bremianthera C.DC.
Miconia scorpioides (S.& C.) Naud.
Alchornea latifolia Swarts
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Hieronyma guatemalensis D, Sm,

Inga Barbourii Standl. ex descr.
Casoaria sylvestris Swarts

Yicus Brenesii Standl,

Lauraceae

Dussia macroprophyllata (D.Sm.) Harms.
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