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iniz iz the annusl report for work done on the
rain forest project at L1 Verde, fuerto Rico. A year
of pre-irradiation mecasuremenls, constructicon and in-
stallatior of the source (10,000 Curies), and prepa-
rations of the arce ended January 19, 1065 with the
start of 90 days irradistion, An account is given of
the meagurements taken in the varicus phases of work
by resident staff and visiting pariticipants., Some
scientific results are included. The annual pattern
of biological processss involves some properties which
are remarkably constant and gome other patterns which
have definite seasonal patterns,




LTRCDUCTION

This is an annual progrcss report Ffor the rain forest program at El
Verde, Puerto Rico which has three objectives:

1. To determine the effects of gamma irradiation from 10,000 Curies
of Cesium on a plot of lower-montane rain foreet.

2. To measure cycles of fall-out elements in the rain forest system.

3., To determine the circuits of energy flow and metabolic processes
of the ecosystem in order to understand the phenomena observed.

The project began in May, 1963, with various preparations of the
ijyradiation and control areas such as trails, electric power, maps, TOWErS,
data cables, polar coordinate markers, instrument recording systems, and
shelters. Work in the current year has concerned the regular measurement
of some forest indices so as to document pre-irradiaticn properties. Mary
of these data have not yet been analyzed since the resident staff in the
last 6 monthe has been largely involved in the logistics of getting the
irradiation source installed and health physics aspects cleared. Ninety
days of continuous irradiation began January 19, 1965 and continues as
this account is written.

In last years proposal and report, the vork was described in numbered
phases, and for continuity this year's gencral account of progress is written
with the same headings. Some scientific regults Toilow including reports
written by vlsiting participants. Bubmitted under separate cover is a pro-
posal for work in the coming year. The proposed work involves repetition
of the measures taken before irradiation plus work on cycling and metabolic
objectives.

1. LOGISTICE

In the course of the year additional preparations were wade of the
study area, the E1 Verde Station, and facilitiee 1n Rio Piedras.

Flectric Power

Until November, 1984, power was supplied by our paired diesel generators.
A power line contract was arranged with the VWater Resources Authority, the
costs of clearing a mile strip charged to the project. After the station was
rewired, power service was changed from generators ending 15 months of con-
tinuous service made possible by continucus trouble shooting by the resident




scientist, Mr, Drewry. One of thesc generators remains as a gtandby for

part of the station circuit. White pover lines are now stretched on "..u
ground through the forest study areas. For some needs involving critical
voltage levels a gasoline generator station is provided in a shelter near

the giant cylinder site. The power line to the tower is black, and 220 vol
lines operating the source are red. Some of the lines have been in the forurt
for 2 years without failure as yet.

Cienega Alta House

Precipitated by the coming of ir. Robert Ford Smith, former employec
and now ORINS fellow at the University of Georgia, a special 5 year, no cos:,
lease was taken with the Institute of Tropical Forestry, U. S. Department of
Agriculture, Tor one of the concrete forest houses, located at Cienega Alto
about 5 miles further up Route 186 from E1 Verde Station in a spot of great
beauty on the edge of the Luguillo forest. The house with around 900 square
feet had propane facilities but no electricity other than some old wiring
for generators. With some funds provided by Mr. Smith and matching funds
from PRNC, the Water Resource Authority installed a power Jine to that houwse.
One of our radiation guards (Moisés Parrilla), who is also an electricial.,
installed house wiring. This dwelling thus provides housing for the visiting
joogram in addition to that at the Fl Verde Stationm.

Concrete Platforms

Prior to the moving in of the source Mr. Ramén Nieves and 3 crev
members were brought in for several weeks. With materials carried in by
the Youth Camp men and assisted by our regular staff, concrete foundations
were poured for the Cesium Source, the tovers of the giant cylinder, the 15
HP moter and 7 foot fan, and a larger pad 19 feet by 1k feet for Dr. .
Weinbren's field building for mosquito-catching operations between the rivess
on the ox trail above the control center. This will next be supplied with «~
power line from the El Verde Station.

Tnter-agency fgreement

After some delayed negotiations, the inter-agency agreement between the
Department of Agriculture and the Atomic Energy Commission was finally sigued
providing the El Verde Station and 160 acres of Rain Forest for the research
for a 5 year period. This arrangement puts radiation safety as responsibility
of the AEC but provides for approvals by the Institute of Tropical Forestry on
matters of construction and forest cutting.




New lLaboratory Building at El1 Verde

After an sppropriation of $20,000 from general plant project funds,
preliminary plans and specifications for a small laboratory at the El Verde
station were submitted. Rased on this, AEC contract procedures for construc-
tion went into operation with final plans by the architectural firm, Saghiag.
After initial bidding, final negotiations provided a contract with Dot Cor-
poration in Carolina with construction starting in Hovember. The floor plan
is given in Fig. 1. The building should be ready for occupancy by the end
of radiation.

The new laboratory has air conditioning and de~humidification systems,
some circuits which are voltage regulated, a hood, and an isotope storege
and dilution room. The five main rooms are designated for five main functions:
electronics, microsgcopic work, field tracer work, analytical work, and proces-
sing work for handling of botanical znd soil samples. The present instrument
room remains as control center and office-laboratory of resident scientist.

Station Modifications

A gas refrigerator was provided for Dr. Weinbren's program in the
house middle section, a small refrigerator was provided for the northwest
roon, and a hot water heater was installed for the resident scientist's
apartment. The visitor's room doubled as laboratories during the year,
Turther additions of wiring, voltage regulators, and racks were made to the
instrument room which is shown in Fig. 2. The electronic bench was equipped
with an oscilloscope and some frequency instruments. The interior of the
station was painted.

Eridges

Murphy ard others constructed a steel personnel bridge above the Sonadora
River on the main trail fiom El Verde station to the study area to eliminate
aceidents crossing the roclis and isolation of personnel due to flash flooding.
Across the two rivers on the ox trail above the uphill control center, steel
treads were cabled te the rocks to provide firm Teoting in low and medium
river stages there.

Crown Cable Car

To provide access to forest crowns, Mr, Robert Ford Smith, P. Murphy,
Dr. Joe Edmisten, and others stretched a half inch steel cable 600 feet
starting with a Tabanuco fork 90 feet high in the uphill control center and
ending near the radiation center. A& shorter 3/8 cavle was €150 pussed in
the cion of the lowe? cinter. Cable positions are dravn in Fig. 2 of Smith's
repoxrt below.




Mechanically Damaged Control Area

Related to Mr. Smith's dissertation problem, a third arcs was laid out
for later mechanical damage so that succession may be compared with that in
the irradiated area. The forest was .Opened mechanically so that the
optical properties at the ground correspond to those in the irradiation area.

This area is located on a ridge downhill to the north and is marked with con-
crete posts.

Tio Piedras Laboratories

The project room in the basement of Institute of Tropical Forestry was
the center of the grinding, weighing, and processing of Torest samples, the
metabolic studies on seedlings, and microscopic work.

Following construction of a wall partition, a laboratory in the Biomedical
Building with hood was assigned to the project. Ashing, chlorophyll, and count-
ing are now centered there.

Administrative matters, secretarial functions and communication centrals
ization remained in the office at the Biomedical Building where some nev files
were added,

Mre. Ana Josefina Correa developed procedures, reports, files, and office
level accounting as Administrative Assistant.

2. PLANTS
Vegetation and Topography Maps

The collaboration with the Tropical Terrvain Resecarch Detachment of the
U.S. Army Corps of Engineers Watervays Experiment Station under Hr. William
Rushing continued during the year by which data and methods are shared due
to common objectives in analyzing vegetation. Very important to the project
are three sets of maps in which ecach tree, major rocks, stumps, logs and half
meter contours in the 30 meter radius circle are plotted by transit., Accom-
panying data on height, diameter, and other aspectes are tabulated. These maps
total 10 sheets and can serve as the basiz for the dosimetry mape, the prism
chemical esleulations, etc. These maps will be first reported through Army
publication outlets.

Seedling Drawings
Dr. James Duke of the Department of Agriculture in Beltsville, id, made

two trips to Puerto Rico to identify and characterize vegetation in some
herbicide studies not far from El Verde. Common to that project and the ElL




Verde project was the need for identification of seedlings. Mrs. Beggy Duke,
botanical illustrator, was brought down by PRNC and Mr. Alejo Bstrada Pinto
was assigned to help locate the seedlings in the rain forect area and in other
communities as well. The result is a manuscript with 36 plates, which has
already been submitted for publication.

Dr. Duke has helped members of the project with taxonomic problems and
allowed some of his unpublished reports on vegetation in Puerto Rico to be
mimeographed for project use.

To aid our participants a listing of new and old names is included as Smith's
Table 6. Another aid was the publication of the book guide to trees by Little
and Wadsvworth, obtainable from the Superintendent of Documents for $4.25.

Treg Data on Punch Cards

Continuiing the liason with the Tyopical Terrain Research Detachment,
FRNC set up a punch card machine and operator at Stop T 1/2 to put the data
collected by the Army group in the mapping study cn IBM cards to meet their
objectives as well as ours. These cards have now been punched according to
the format given as Fig. 3. They went to the lsyaguez computer center’
for various computations such as means, frequencies, basal areas,volumes, ete.

Tree Trunk Growth Measurements

Peter Murphy continued his study of tree growth of 5 species with the
guidance of Dr. Wadsworth. There is now a year's record with some of the
data summarized in an appendix section. When it was suspected that the
early measurements were too small due to tightening of tapes in the first
months after installation, additional tapec were added to some of the trees
with old tapes in order to gei a correction factor.

FPhenological Record

The record of fruit and flowers has now covered a year with data
indicated in the data sectiom.

Palm Populations

Progress on the study of palm populations is given in the report from
Dr, Frank McCormick.




Iimb Tip Growth

Begun by Mr. rurphy and continued by vir. Smith, limb tips along the
car cable were marked with metal clips SO that the distance from clip to
branch tip could be measgured before and after irradiation. These trees
have no anmual limb scars., It was during this work that Mr. Smith fell
injuring back and ankle.

Forest Bicgmass

The vegetation maps by Hr. Rushing and the Tropical Terrain Research
Detachment permit prism computations of mass in more detail than was for-
merly contemplated. This work is yet to be done.

Roots and Microrhiza

Dr. Joe Edmisten made a working trip to explore relations oi the soll
and roots as reported in his report in the Results Section that fcllows.

Fungi

Dr. Cowley, Uniwversity of South Carolina, and IMr. James T, Holier came
in the swurer for study of some fungal aspects. Mr. Holler remalined making
plate counts and isolations for his Master's thesis. Dr. Cowley also made
a survey of some higher macroscopic fungi. Thelr report is included in the
scientific results section.

Micropiological Processes

Dy. Martin Whitcamp, Ecology Division, Osk Ridge National Laboratory,
came 1n December for some microbiological explorations as indicated in the
report of his trip.

Algae
Dr. Thil Halicki visited for studics of algae, marked 50 stations, and

arranged for the study of palm frond replacements for computing leaf succes-
sion.




Mosses

Dr. Willism C. Steere assisted by Mre. Steere came from the New York
Botanical Garden for a pre-irradiation study of the mosses as indicated in
his report that follows in the next section.

leaves on Shrubs

Following Mr. Smith'c accident, Mrs. Smith alded by Juan Martinez
completed some counts of leaf numbers on understory vegetation in the radi-
ation area,

Chlorophyll

With leaves collected from numbered trees by ir. Murphy, Marta De Arce
and Carmen Laura Pereles made 850 chlorophyll determinations to characterize
photosynthetic function before irradiation .or comparison afterwards. OSome
summary of these data is given in the results section. A manuscript on

chlorophyll work done in 1957-1958 by Cdum, Abbott, Selander, Golley, and
Wilson was prepared for publication.

Forest Cross Section

Using the forest cable-car cable as a transeect, Mr. Smith made a
forest cross section as indicated in his report in the results section.

Seedling Plots

Mr., Smith counted surviving zeedlings a yecar after he marked quadrats in

1963,
Actinomycetes
Dr. Andrew dMaretzkl collected some samples of leaf litter and soil for Dr.

J. J. Perry, Dept. of Bacteriology, N.C., State, Raleigh who made some surveys
for actinomycetes,

3. WEATHER RECORDS

Solar Radiation leasurements

The Eppley instruments from U.S. Army of Hatick have been recordging for
over a year with a few interruptions. VWhen the hurricane was forecast to pass

near San Juan, as promised, we pulled down the main tower and removed
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the top platform. Mr. Drewry made some calibration checks at that time and
found some faulty flsking in one pyrhelicmeter. The full daylight photcmeter
at a different time developed water leak. Both went back to Eppley Co. for
rebuilding and recalibration., The photometer is back in service and the
double hemisphere pyheliometers continue thelr records. A representative
from the U. S. Army at Natick visited the project to observe our Uuse of their
instruments and other matters.

Forest Optical Density and Sunflecks

One ring of silicon cells has provided a years record of optical density.
In November, George E, Drewry began recording on three other rings of solar
cells including irradiation and control centers. Mr. Rushing reports a suc-
cessful years use of the portable device developed for their plots through
collaborative effort. A publication note is planned on this instrument,

Rainfall, Wind, Temperature, Humidity

The pre-irradiation annual record for the main tower above and below
the canopy.is mostly complete for vainfall, wind, temperature, and humidity.
The Cup anemcmeter was out of function for part of the period, and there was
some arifting in calibration of hunidity and hot wire anemometer records.
Additicnal thermistors were added in December.

The problems of catching malfunctions, inking, and dating charts was
taken over by Mrs. Smith on a part time arrangement which involves a morning
instrument routine. So far three of the Rustraks and Rustrak amplifiers have
had to go for Tactory repair, a better service record than expected consider-
ing that many have been snapping away continuously for 1 months. As yet the
weather data have not been analyzed.

Digitel System

A Non-linear Systems 20 Channel Digital Scanner was purchased and Mr.
Rill Moore and Mr. George E. Drewry began wiring the connections for the
digital voltmeter, the word, and the scanning program. A program board was
also purchased for an IBM b6 tape to card converter and is being wired with
the aid of the IBM Service Bureau, The digital system is to go into operation
when the new laboratory is ready. The system will give some data regularly
routed to cards in addition to the roll charts. IMrs. Elpidia Rivera began
punching temperature chart data on IBM Cards (Fig. 3).
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5. CYTOLOGY

Dr. Francis Yoo, at PRUC Mayapucz listed as half time on the project
assisted by Mrs. Fdith Robles de Irizarry in the laboratory and ilr. Robert
Venator in the field, completed measurements of nuclear volune, made a study
of radiation effect on bromeliads using a radiation source 1in Mayaguez, and
explored some aspects of germination and meristems. To appraise the effect
of radiation on the bromeliads, chlorophyll extractions were made and the
sepctrophotometric measurements done in Rio Piedras by darta De Arce along
with determinations being made from the site. Dr. Koo's report is given in
the Results Section.

Walking S5ticks

Dr. Miilo Virkki collaborating from the Experiment Statlon made
cytological preparations of testes of walking stick insects as material
permitted., Mr. Phil Sollins during the summer collected animals for him.
Phase microscopic equipment was ordered to replace egquipnment he has on
temporary loan for this work.

Ferns

Dr. V. Sorsa and wife, both cytologists, enroute to Finland made cytoio-
gical collections of the ferns,

6, ANIMAL POPULATIONS

Snails

Dr. Harold Heatvole, Department of Biclogy, UPR continued the popula-
tion study of the large snaile with assistance of part time students paid
from the project at various times: Joaquin rolinari, William R. Bhajan,
Fmilia Matos, and Zaids Hiranda. Hig report is attached.

Amphibians and Lizards

The population study of the cogui frog and two dominant species of
Anolis lizards wes continued by Dr. Fred Turner and lir. Clayton Gist of the
Radiation Laboratory at UCLA. Dr. Turner came on working tripe and kr. Gist
and family moved down Tor the year being altached administratively to PREC.
Salariec and seientific direction remaincd through UCLA, special local expen-
ses and travel were budgeted through the project budget. HMr. Gist returned
home in Fovember. Dr. Turher visited in December with ifr. Rowland to put
micro-dosimeters in froge and lizards. Thelr report follows in Results.

They presented some of the data at meetings in September.
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Birds

Dy, Harry Recher made quarterly working trips to census the bird
populations, plotiing position mape, computing densities, recording aspects
of phenology. His report is included in results.

Trog Noise

My, Drewry reports on his annual record of Cogui sound in the Results
Bection. He has also made progress in circuits for recording other popula-
tion components.

Tnseet Diversity on Sticky Paper

Mr. Drewry tock over the sticky-paper sampling with the aid of Joaquin
Molinari and Eusebio Diaz Pagén. This work involved cowputing species diver-
sities, setting up keys and reference collections for the 500 species, send-
ing specimens off for identification, and meking some tests of substrate
effect.

Herbivore Action on Leaves

Assisted by Merta De Arce, Peter Murphy and others continued the leaf
hole study begun by E. P. Odun. Samples from the leal fall were placed in
the light box and the percent of holes determined by reading first with
leaves only and then with leaf holes obscured with pieces of aluminum Toil.
An anmual record is given in the Results Section,

Bromeliad Fauna

Dr. Basgett Msguire, The University of Texas, provided results on his
working trir in the Results Section.

Mammals, Mosquitoes, Virus

These populations are studied under a different project under Dr. Paul
Weinbren which is funded and administered through the PRNC Biomedical Division,

and submits a separate report.




Spil Microzoa

Scme results on thic phase are given by Dr. Richard Wiegert Irom
nis working trip from the Institute of Radiatlon Ecology of University of
Georgia at Alken, 5. C.

f. METABOLIC STUDILES

Seedling Study of Shade and Sun Species

e

Ac his Haster's Thesis at UPR Ariel Lugo completed meagurements of
photosynthesis versus light and air filow velocity o1 two sgpceies, whose
seedlinge are sun-adapted and cuccessionel and two dominant climex specics
whose gsecdlings remain for long periods in deep chade and grow when the
canopy opens. Some of these data arc glven in his report in the Regults
Section.

Shade liircrocosms

Fourteen plastic dessicators with scededsoil and plants remained
unattended at the future irradiation site for a year., The small hose
fittings remained opened for gas exchange. FPrior to irradiation all were
opened, excess water vhich had accumulated was drained out and the systems
matched according to general quantities of vegetation. Seven were placed
in the irradiation center and seven in the control center.

Diurnal carbon-dioxide curves were previcusly made after months of
acelimation by removing the microcosm temporarily to an air-conditioned
room and a Fluorescent light providing similar conditions of light intensity
and temperature to that of acclimation, An example is given in the Results
Section.

So0il Metabollism

As shown in last years progress report the goil metabolism is highly
sencitive to flow rate during ite measurement. When some visiting partici~
pants repeated come measurements using our hot-vire anemometer box previw
ously described, they obtained values ten times those we cbtained previously.
The principal innovation they added was a foam rubber seal Yo the soil rather
than alloving inflow of air under the edge of the box. There may have been
suction created becauge inflov holes were not large enough. Thus further
study of this must follow.




il
Giant Cylinder Experiment

About 50 meters from the irradiation center, congstruction of the giant
cylinder began in late Tall. 8ix emall alumirum towers were carried into
the forest by Youth Camp men and set on concrete pads with guys to the trees.
The towers were connected to each other by cables to form a hexagon 60 feet
across so thet no guys were neceded oan the ingide. ‘The forest at this point
ig 60 feet high. Ariel Lugo, Alejo Retrada Pinto, and others gradually raised
the crank-up towers, using small cables Tto tie back branches so as to make &
framevork for/%ylinder with space Tor a plastic curtain, With aid of a group
of seamstresses from F1 Verde, 10 mil polyethylene wvas seved on a wire ring
and suspended from the hexagonal tover frames by 12 nylon draw Topes working
through pulleys at about 50 feet., The plastic vas readily hauled up as a
curtain to zbout L0 feet, but beyond that the increasing weight began to cre-
ate straine resulting in plastic tears, broken struts in the aluminum towers,
snd other problems., The plastic was then cut at ground levei and a second
plastic curtain sewed so that the weight could be distributed from two heights
without the necessity of hanging all the welght from one ring.

With the help of AEC Engineer lir. Keller, the giant fan and 15 HY
zasoline moter war installed on the concrete pad, Uith the plastic at ho
feet, a smoke bomb was cleared from the eylinder in less than 5 minutes.

The 7 Toot fan at present is geared for relatively few rpm, 200 maximum, and
does not use the full pover of the engine. The engine exhausts directed into
the outflow of the Tan were carried dounwind well away Trom the cylinder and
did not feed back into the cylinder as determined in a preliminary measure-
men® with the infra-red analyzer. The scheduled radiation date caught up
with {this second priority phase so that it must be completed after April
when the area is again accessible, A photograph of the cylinder with the
plastic at shout 25 feet is gilven as Fig. L,

Tranepiration

Vith one of the Hygredynamic Humidity Systems already built into the
egular weathsr, recording from the tover, a cccond portabie system was tes-
ted by Mrs. L. Ortiz as a means for measuring transpiration in open flow
systems through plant ieaf chambers. Although more sluggish than the CO
analyzer, there is less noise in the record. Whether we will be success%hl
in scaling this up to the giant cylinder in order to get forest transpiration
remeins tc be seen.
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8. PHOTOGRAPHIC RECCRD

Many pictures were taken during the year and are part of the general
record. One series will be published as a pictorial record. Any picture is
available by duplication for any participant in cornection with his special
reporting and publication. Visiting participants contribute copies of pictures
they take to this pool.

Helicopter Series

Continuing collaboration with the Tropical Terrain Research Detachment
of the U.S. Corps of Engineers Walerways Experiment Station, the Cold Regions
Research Laboratory of the U. S. Army at Hanover, Mew Hampshire, and the
Department of Agriculture herbicide project of the Experiment Station at
Mayaguez, a helicopter flight was chartered every other month,and Mr, Dave
Atwood took pictures with color, infra-red, and camouflage film,

Dy. Fhil Johnson of the Army group at Hanover is making a study of the
optical density of the films and relating it to ground measures such as optilcal
density of the forest.

Light Plane Series
Peter Murphy of the PRHC stalf obtained hig pilots license and with the

help of Clayton Gist, Robert Ford Smith, and others began taking aerial
pictures in alternate monthe from a chartered light plane.

Tower Series

Mr, Clayton Gist tock a number of pictures of the radiation center at
various times from the top of the instrument tower which overlooks the
radiation area. '

Pipe Series

Mr. A. Atwood and Dr. Johnson continued their in-forest record of
pictures from reproducible positions on fixed pipes.

Qak Ridge Photographsr

A pictorial record of forest activity at the time of source ingtallation
was made by E. Westcott AEC photographer on a vigit from Osk Ridge.
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Animal ESeries

A geries of pictures of representative animals wvag taken by Hx. Clayton
Gist of UCLA,

0, DOUIRIARD FLOVS

Anpusl Tdtter Fall

n
1]

Peter Murphy, Alejo Hstrada, and Doroteo Mertinez collected leaf fall
monthly from the 50 stations set up by Dr. tiegert. After the leal hole mea-
surements were made, the litter wee oven dried. TFruits vere ceparated, lden-
tified by Alejo Estrada, and dried separately. See the Results Section.

Litterbag Decomposition

The field experiments of leaf decomposition in Tiber-glacss bags set up
by Dr. Wiegert and some later serles set up Peter Murphy were continued with
bags removed for drying and weighing at 4 month intervals,

10, CESTUIl SOURCE AiD PROTECTICH

HanuTacture and Installation of the Source

A response to the call for bids came from 5 firms; the purchase orger
for the desipn and construction of the source went to the low bidder, American
Nuclear Corporation of Oalk Ridge, Tenn, for $21,44h. Following part I of the
procedures set up in the purchase order, plans were drawn and subjected to
criticism within PREC and then included with slight modification in a Hazards
Report concerning the entire aspect of source installation, operation, and
matters of Health Fhysicg and public safety. Vhen this document was approved
by the AEC in Oak Ridge, Part II of the purchase order, the actual construc-
tion, went into effect, As provided in the order, inspections of the apparatus
were made in Oak Ridge in Wovember by Cdum, C. 5. Shoup, Jos Lehnherdt and
H. Haeker from AEC Operations in Oak Ridge, and A. Jones, engineer invited
Tfyom ORNL, A series of modifications were recommended and incorporated at
that time.

The source was shipped by truck and boat arriving at San Juan harbor Dec,
3. After inspections by PRNC Health Fhysice officer's, Dr. Ferrer Honge and
Pedro Cruz, and the Coast Guard responsible for the harbor, the gsource was
loaded on truck and driven vwith preceding and following vehicles to the end of
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the Sonadors Road 600 feet from irradlation center. The helicopter team of
the Puerto Ricc Power Authority wvas enlisted and on the following Monday the
source-pig, weighing one ton, vas picked from the truck by a 90 feet, 1/2
inch, steel cable and within 15 minutes was sect dowm on the concrete pad in
the forest by precision flying and ground radio guidance. The blast of the
helicopter broke many limbs in the radiation center changing optical proper-
ties somewhat.

Six red wires for power and control vere stretehed from El Verde Station
to the source site, passing on separated insulators in the very high radiation
field near the source.

A LOO foot, 3/ inch conduit was lald over the irregular ground contours
and threaded with a 1/16 inch stainless steel safety ceble that operates an
emergency mechanical trip hook.

A two inch steel tube triped was placed over the source with feet in
conerete so as to deflect any falling tree.

Ceorge Drewry built an additional safety provision, a half inch steel cable
loop about 15 feet above the source for helicopter snatch of the source. The
source apparatus although cabled to a 6000 pound concrete pad, is released from
these three connections by mechanical cable trips that open when stainless steel
trigger wires are drawn as the steel snatch loop is 1lifted. Thus, should all
other devices fail, the source could be withdrawn by helicopter and carried
to a deep pool of water of the river for repair operations. Five feet of water
would provide the same protection as the Tive inches of lead. Helicopter
personnel would be partly ghielded by the plug.

My, J. H. Wilde, predident of American Wuclear Corporation, the manufac-
turer, came for I days during the final ipstallations making various checks
and recommendations. The shipping cover was removed, the hoist machinery was
bolted in its place, and the various cables were attached. TFig. 5 was taken
at that time. The control box was installed in the instrument room at the
El Verde Station 200C feet from the source along with safety deviees. Then
after fences were finally completed and two amendments to the Hazards Report
were approved by the AEC area office, an official inspeetion and radiation
test was held January 12. Dr. Roig represented the Director's office, Mr.
Pedro Cruz the Health Physics Division, and Mr. Keller the AEC Area Office.

The first up-source test, Jan. 12, was made satisfactorily and while the
source was up, Cruz, Odum, and Vellecillio surveyed the fences and peripheral
areas with U suvey meters with the result given in Fig. 6 and 7. The radia-
tion levels were less than those previously given in proposals for the work.

The down source mechanism also worked. After raiging the source again,
scram and mechanical trip devices vere tried, with no response.

The source was lowered with the down mechanism and various inspections
made which showed too much friction in the mechanieal cable in the condult
and in the electrical hoist devices and fluid brake.
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After o phone conference with American fuclear Corporation, the mechanical
cable was removed from conduit to the free air, 210 oil was placed in the fluid
brake, and bearing friction was reduced. An electric anti-moisture heater was
reduced in power and moved so that it was not vaporizing lubricating fluids.
The counter weight on the trip cable was reduced, A nev authorization memo-
randum was processed, and a second test wae made January 18, All systems
were Tunctional at that timc, Vhen some under-fence holeg were sealed, Dr.
Bugher mede a personal. inspection, and final irradisztion began the evening

of Jamurey 19. A ccrom test made a weell later showed systems still functional,

A partial plan for the source is given as Fig. & and the electrical system
as Tig. 9. The microsuitch that turns the red "source-out of bhox' lightes on
is located on the side of the vertical tube and is actuated as the plug passes.
Two other microswitches are in the moter box on either end of the hoist speol
so that the completion of the turns up or the completion of the turns dowm
actustes a cwitch, cuts off the moter evtcmatically, and extinguishes the moter
light, If there ie power failure, a relsy is tripped so that when power 1s
restored, no power passce beyond the control box without active turn of the
power key.

Either power interruption or turning the scram switeh down, releases the
magnetic clutch sc that the 45 pound plug with source unrolls the free running
hoist cable from the drum, the plug reaching the pig in 3 secends, Bringing
the source down by moter operation of the down button takes 1b seconds. The
up button brings the source up to full height in 19 seconds.

Source Operation

Source operation is made by an approved check list to help avoid omission
of important steps. There is a metal box that containe the key to the up-
source button. A bar on the box, something like the one at Brookhaven and
Emory, has provision for many locks to be added including one by the official
operator. During periods in which the source is down and someone is authorized
to go within the 160 meter fence, he puis his lock on that box-bar so that it
cannot be raised until he returns and removes 1t.

Up source procedures require verification of written authority, 5 minutes
of siren, removal of locks, test of the Time required for light change in the
up process, relocking of the up button, and locking key in the box.

The scram button is available to anyone who might suspect that someone
unavthorized was beyond our controlled areas. After scramming, the one ree-
ponsible operator is required to raice it again.

Thaet radiation is on may be determined by (a) the radiation recorder in
the instrument room whose transducer in 300 feet from the center, (b) by using
a survey meter at the control house (0.1 mr.per hr. when up and less than 0.01
mr. per hr. when down), by the red lights on the panel board, and by the audio
erackle over the phone from the tower shed ratemeter. After the source is put
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down, the power is turned off 1f persons are to enter the 160 meter circle,
The responsible operator is the first person to go in with the duty to check
that there is a firm ceat of source with survey meter.

If work is to continue for longer than two days, the source plug is also
unhooked from the hoist apparaturs, and the clectric pover turned on so that
the heater is operating.

Safety Fence and Signs

The provisions for source operaticn, cafety, and health phyeics are
covered in detail in the Hazards and Safety Report and its two amendments now
approved. As shown in Fig. 6 there is a 160 meter hog fence 8 feet high
stapled from tree to tree. Holes undernesth where gaps are created by rocks
and ground gaps are closed with fence patches. At 25 feet intervals are signe
with the inscripticn.

Extreme Danger
High Intensity Radiation
Beyond this fence Do Not Enter

Ares Extremadamente Peligrosa
Radiacibén Intensa
No Pase Mas All4 de Esta Verja

These signs are masonite and in red and yeliow warning colors.

At spproximately 500 meters on the downhill side of the mountain towards
people a single strand of barbwire has been stretched at 3 feet and the same
warning sign placed at 25 feet intervals, Vhere this wire approaches a Torest
trail it changes into fencing with signs. In the sector on the north side which
ie nearest to the Route 186 Bridge over the Sonadora River where people some-
times picnic, the line becomes a fence for 600 feet. As shown in Fig. 6 a
gate was put across the Sonadora Road with combination lock.

Guards

Starting Dec. 4 with the assistance of the Department of Agriculture and
the El Verde Ranger and Mr. Josué A, Coldn of the administrative division, L
guards were employed from the village of Bl Verde, The patrol routine set up
involved an & hour shift with watch cliock stations at the Ranger Station, the
El Verde station, the Sonadora gate, and Smith's house. The patrol
has four functions. 1. By patrolling road access, keep survillance of persons
vho are in the vicinity to prevent anyone from going beyond our outer warning
line. Perenthetically, it should be mentioned that one has to do some rough
climbing and get muddy and messy to get that far. 2. Guards reguire any
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perscns working at the Tl Verde station or in the zonc hetween the fences to
have written pass and film badge. 3. GCuards check the control panel and
watch for power failure and other malfuncticn. Iy, Cuards provide a person-
nel transportation shutile to Il Verds village and the Cienege Alta house.
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Then the source is dowm, maxipunm radiation at the source 1g on the top
side, kb mr/hr. Wher, the source iz up, radiation at the 160 meter inner fence
ranges 3 to iT mr/hr depending on topography. At the 500 meter warning line
of signe radiation is 0.1 to Q.3Jur/hr. At the public road 136 the readings are
less than 0.02 mr/hr including the points of "direct line of gight” and the
Sonadora Bridge. At the Il Verde station outgide of the concrete bulldings
the radiation is 0.12 mr/hr, At the cnd of the mechanical trip cable within
the inner fence but behind a ridge, the radietion is 10 ar/hr. A preliminary
graph of dosage rate is given ss Tig. 7. One survey was made by Mr., P. Cruz and
Mr. F. Valiecillo; another was nade by a team of about thirty members of U.3.
Department of Agriculture Soil Coneervation Service under Mr. W. E, MeKinzle as
a field exercise February 23, 1965.

Dosimeters

1000 scaled capsules from Con-Rad Compeny were placed within the irradia-
tion field by Dr. Frank McCormick assisted by W. Rushing and associates so as
to show micro-variations as well as provide a dosimetry map, BSome of the 500
microdosimeters which are to be read by Germshausen, Ddgerton and Grier were
paired with. the larger capsules and some were placed in a series along the
cable-car cable. 180 microdosimeters were put in frogs and lizards, by Turner
and Rowland, 50 in snails by Heatwole, and some in raits by Weinbren and
associates.

Cobalit Survey

Prior to submission of the Hazards Report, Pedro Cruz and the Health
Physics division broughta 5 Curie Cobelt source from Mayaguez, placing 1T at
the end of the Sonzsdora Road. Alr andforest penetration were measured to show
that there were no features of the El Verde situation that might cause radia-
tion to be more penetrating than at Brookhaven and at Georgia.

Film Badges

Starting with the arrival of the source in the area in December, a film-
badge rack was set up at Tl Verde station and incorporated in the regular
routine at FRNC by Miss Heidi Pabdn of Health Physics. Alsc maintained were

temporary film bedge packs for the various workmen of Dot Corporation, visitors,
etc,
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Pyblic Relaticns Driefing

As part of the necessary aspectes of lealth and Safety, a public infor-
mation program has been conducted, First Dr. Bugher issued an announcement
about the project in the ncwspapers in 1963. Then when the source was shipped
from Osk Ridge, & news release there vas picked up and repeated in gseveral San
Juan papers in November. At the time of source arrival, Mr. Trent of the AEC
Operations Office took charse of public relations with several meetings held
to make plans. Mr. . Stockely Public relations officer from Cak Ridge came
down and held several consultations evolving a written plan for the public
relations announcement. According to that plan a simple announcement was
issued in early December that appeared in all the papers and in one TV outlet.
Then, when the fences and other preparstions were 1n readiness, a formal public
vrelations hearing under AEC control and auspleces was scheduled and organized
by Mr. Rushford on January 8. Talks mede by Lr. Floyd P. Trent, Dr.

Wadsworth, Dr. Amador Cobas, and Dr. Howard T, Cdum were followed by a trip in

a chartered bus to El Verde. All attendants walked up the trails, examined the
source, and observed various aspects of the study. Mr. Rushford distributed
folders with large photographs taken by the AEC photographer from Cak Ridge, and
sandwiches and coffees was served. The meeting was attended by various
representatives of the press, Commonwealth Government, the Hayor of Rio Grande
which ie the nearest municipality to the sgite, and representatives of the
neighboring Girls Scout Camp and Youth Camp. The briefing was followed by
articles in the newspapers that week and some feature articles somewhat later.
In spite of all the explanations and documents gilven the press, one article
showed the source picture and desceribed it as a new poverful dosimeter for

civil defense surveys in the island. Hiost papers did carry the principal
message that there was no danger whatever outside the fences, but there was
dangerous radiation within. There have apparently been no editorial comments
or public discussions of these announcements. A radical university student group
included a paragraph in a mimeographed leaflet denouncing the project.

11. SYSTEM CHEMISTRY

For the most part radiation ePfect studies have taken precedent this year
over chemical cycles studies. This emphasis will change after completion of
the main radiation experiment, the completion of the El Verde Laboratory, and
the arrivel of a staff member to increase this WOrk.

Chemical Composition of a Forest Prism

Mrs. Ceorge Ann Briscoe spent much of her time before leaving for England
preparing 960 powdered samples of roots, limbs, trunk-woods, and leaves from
0 selected species. After chemical analysis, one may multiply the weights of
each material by the analysis of that material and sum to get the chemical
composition of the forest prisms. The detailed tree maps provided by Mr.
Rushing's Army group will be the basis for that.
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TIn collaborstion with Dr. J. D. Ovington who had earlier vislted and
began these phases, the samples went +o the Monks Wood Experimental Station,
Huntingdon, England for analyses of principal common elements by the chemical
gection there.

Some soll samples are also being processed through a chemical section of
the University of Georgia by Dr. Joe¢ Edmisten.

Cesium and Manganese Peaks in Gamma Spectra

Taking a personal hand, Dr. Bughexr assisted by Ada Livia Rodriguez de Colbn
and Marta De Arce made 60 gamma spectra of forest materials. In initial explora-
tory measurements strong cesium and manganese peaks were found in all leaf mate-
rials. With a year lapsed since the cessation of main atmosphereic nuclear tes=-
ting, the leaves showed lower beta counts than we reported in last years study
and the gamma spectra were simpler.

As a test of radiation effect from the Cesium Source on the ability of the
forest to hold in cycle the cesium and manganese, effort was concentrated on
getting measurements of the two elements from numbered trees 1in the radiation
field before irradiation, Ash samples were prepared from new sun leaves, old
sun leaves, new shade leaves, and old shade leaves of the 6 species being
studied for growth. These measurements will be repeated on the same trees after
jrradiation. Some data are given in the Results Section,

Conductivity of Forest Fluids

A conductivity indicator was set up for remote recording of rain on top
the tower and that falling through the forest. The conductivity was exceedingly
variable from 10 to over 100 micro-mhos from rain to rain., Often more éalinity
was Tound in the electrodes under the forest, possibly due to recycling nutrients.
The preliminary exploratory measurements show that scme micro-habitat differences
can be found. For example, the Tlow along tyrunks can be compared, Data will
have to be corrected for the influence of the mobile hydrogen ion by taking
concurrent pH measurements.

Resins

Some exploratory testewere made of salt uptake in resin tubes that were
placed in the raln guage tubes. With the emall water flows involved, the method
was not sensitive enough to give good gamma spectra after 2 months. Some
larger funnels will be required as is normally involved with this work. Dr. V.
T. Bowen, Woods Hole Oceanographic Institute visited and was sent one set of
vesins for study with some sensitive counting equipment he 1s using. Depending
on this result we can plan our rain studies in connection with next years water

balance effort.
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12. HEASURSS OF TOTAT, SYEHTLLL

Vo further efforis have been made this year in syntheses of data into
cireuit structures, electrical analogs, energy dlagrams, and measures of
organization because of the urgent vressurce involved with starting irradi-
ation and for lack of some kecy data nov being obtained in other phases as
already described.

i3. TURLICAYIO

Although a number of publications came out during the year by staff
cn work done elsewhere, no project work was published during the year and
most writing awaits the post-irrediation comparicons.

The post irradiation studies will begin approximately May 1, 1965
with the first emphasis to be & year of measurements duplicating those of
the pre-irradiation year. Hence, many data on the first objectives will
be obtained by lMay 1966. Recently there has been consierable digcussion
of possible ways of reporting the project in the regular scientific literature.
There nov seems to be a consensusg among many participants and staff that
publication of a group of papers in one volume may be desirable,

Although the nature of the ocutlet is not yet determined, it may be wise
to give everyone adequate notice that manuscripts of a combined volume of
papers will be assembled in summer of 1966, which is a little over a year
from now. A supplementary volume might follow severzl years thereafter with
reports of the long range effects of the irradiation and emphases on the
mineral cycling studies,

RESULTS

Annmual pattern were measured by the various intrumental records, spot
surveys and monthly samples of the pre-irradiated forest. Although many of
the data are not analyzed Tor reporting yet, some propertieg of the year can
be given in the following paregraphs and in some reports of participants
that follow. Unguesticnably, the E1l Verde forest plot is one of the most
stable bilological systems on earth, but there were definite seascns in the
activity of particular species of plants and animals. Pualses of activity
occurred in some processes that were continuous. Some reproduction phenomena
were distinctly seasonal. The time dimension was separating functions,
simplifying the life of the forest.

_Leaf ' Fall

The leaffall st the 50 stations set up by Dr. R. Wiegert is reported
in Fig. 10. The record confirmed the increased fall in the spring which
had been gualitatively observed. Vith the exception of Buchenavia and one

or two other species, new leaves were formed before others were dropped, so
that the forest was continuously evergreen as previously reported.
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Fhenclogical Patterns

Some phenologicel patterns are given in Murphy's report. Some other
dats are given in Fig. 10 and 11. The graph in Fig. 10 shows the reproduction
on 20 palms selected by MeCormick and Murphy and examined monthly by various
staff, FEuterpe is one of the most abundant plants and its flowering and
fruiting continued through the year but with a pulse with summer seedling
swarm resulting. Bar graphs follow for some other species based on notes
made each month by Alejo Estrada Pinto and others. In general the fiowering
was recorded Tor shorter pericds than the fruiting which was extended through=-
out the year for many species, but not all,

Gamma Spectra from Tailout

The relatively high levels of faliout-redicactivity observed in leaves
in 1963 declined during 1964-65 as might be cxpected with diminighed atmospheric
testing., A gamma spectrum of leaves from 1963 is compared with more recent
spectra of similar leaf materials in Fig. 13. The later spectrum is sinmpler
since the peaks of shorter lived elements deelined leaving malnly those of
potassium 40, manganese 5L, and Cesium 137. Also shown in Fig. 13 and 14 are
spectra of various forest phases and species, Although there are quantitative
differences, spectra for the leaves of various species have about the same
general appearance, and there is as much difference between leaves of different
age on the same tree as belween different species. However, the strong peaks
in the gamma spectra for leaves and leaf litter were not in other comgponents
of the forest such as inorganic soil, roots, boles, limbs, and lizards.

Qamma Spectra from the Cesium Source

Assisted by Bill Moore, Dr. J. . Bugher carried the Gamma spectrometer
to the F1 Verde Station instrument room placing the 2 inch scintillator erystal
outside the window., The station is aboul 1600 feet from the cesium source,
and survey meters show 0.13 mr per hour., The spectra which were found first
with the source down (shielded) and sccond with the source up are given in
Fig. 15. It is interesting to compare the background spectrum with the leafl
spectra of Iig. 13 and 14. With the source up, one finds that almost all of
the radiation which left the source et about 0,66 MEV had been transformed
to much lower energies with the peak at ©.08 MEV.

Early Report on the Radlation Effects

As this report is being mimeographed, some radiation effects are
being observed. The area around the center was examined several times since
start of irradiation during short interruptions. A zone of dead brown leaves
is spreading outward as graphed in Fig. 16. Patches of yellowing leaves may be
detected further out as also graphed.
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Studies on Five Principal Tree Species

By
Peter Murphy

Tree Growth

The tree growth study involves five of the more common rain forest
tree species found in the experimental plots. These species are: Dacryodes
excelsa, Manilkara nitida, Croton poecilanthus, Sloanea berteriana, and
Cecropia peltata, each representing a different family. Aluminum vernier
growth bands have been fitted to 50 specimens of each species, i.e. a total
of 250 trees, and are read once monthly for evidence of stem diameter growth;
the bands being attached to the bole at approximately L.5 feet above the
ground. Month by month growth of these trees is graphically represented in
Fig. 1 (average growth of 25 trees of each species at each center).

A note should be made concerning the validity of the first few months
readings. It was suspected that due to the design of the growth bands, which
employ a steel spring for achieving tension around the bole, 1t would probably
tske a short period of time for the slack to be removed from the band., During
this pericd the full amount of tree growth would not be indicated due to the
tightening of the band itself. To check this possibility 25 bands were fitted
to trees already having had bands for 10 months. 4&s suspected, a comparison
of the two readings after one month showed the new tape to lag the older one
by as much as .03 inches diameter change. (See Table 1) Further comparisons will
have to be made to determine the period that should be aliowed for band
ad justment to take place.

From Fig. 1 it is apparent that Dacryodes excelsa is the fastest grower.
This species shows only a small amount of growth fluctuation throughout the
10 month period, a slight decrease in growth rate during the summer mchths. However,
Manilkara nitida reached & peak in growth rate cduring these same summer months.
The remaining three species grew fairly uniformly through most of the 10 month
period.

Tt can be seen that in the case of all five species both experimental
centers showed very similar growth trends. Manilkara nitida was the major
exception and growth appears slightly more rapid in the north center.

Tyeeg used in this study were limited to a diameter of 10 cm. or
greater. Specimens in the 20 to 45 em. diameter class of Dacryodes excelsa
(the fastest growing species) showed most rapid growth. The largest indivi-
duals of this species ranged up to 65 cm. in diameter. Orowth rates varied
considerably in all diameter classes.
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Flowering and Frulting

Onece each month = cne sauare meter Trame 1s get down at & marked
location beneath each of the 250 sed in the tree growth study. All
flowers and Trults. of the game species ae the tree beneath which the frame

: iater these gdats will be correlated with
in the canopy.

cbservations

Fig., © shows the sverage number of flcwcrs and fruites of each gpecl
found, month by month, at esch center. The velues are based on 25 frames for
each species at each center. The first month shﬁu¢ﬁ b disregarded gince 1%

represents the first removal of sccumulated flowsrs and frults.

AL five zpecles znow some degree of Iruining hroughout most of the
nine month perloﬁ, Mowers have nct yet veen recurdéi for Sloanea verteriana
and only during one month for Cecropl o pe eltats and Dacryodes excelsa. The
flowers, being iight in weight, probaply do not tend to fall directly beneath
the tree, where the frame is lOC%LEQ: zs often ns 4o the fruits. Croton
precilanthus however, showed fal ly consistent flowering throughout t the entire
pericd. Both centers show very similar trends.
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Vegetaticn Structure of the Lower Yontane Rain forest at El
Verde, and Preliminary Preparations for :leasuring the
EBffect of Radiaiion on the Forest

Rokert Tord Smith
ORT'S Fellow, 'liv. of Ceorgia

The following are the objectives:

1. 7o deseribe the physiognomy of the forest in order 1o understand
its affinity to other tropicel rain forests; to define the Torest.

. %o describe the species structure and specles ecological niches
in the forest as a bhasis for understanding funetions and long term succession.

3. 'To desecribe the gross radiation effects on the forest.
The followinn progress has been made:

1. Profile drawing: A profile drawing is complete, except for details,
from zero to 80 meters underneath the cable along the SEE line of center II,
which is being irradiated. '"he drawing scale 1s lm = 2cm.  The drawing is
made from a strip five meters wide instead of 7.5m. suggested Dy Richards
in the Tropical Rain Forest. All perennial ferns and spermatophytes are
included except seedlings and saplings under 1.4m., in height. ‘lerbs, ferns,
epiphytes and lianes are black, understory trees are stippled, transgresgives
and canopy undividuals are left clear.

The profile drawing is along a line with two fallen trees which allows
light penetration and thus good epiphyte and herb growth. The profile will
be redrawn after irradiation showing damage and preliminary regeneration.
“This will serve as the only planned study of the sensitivity ol herbs and
lianes.

2. Species composition liste are given in ables 1-5. The following
are conclusions drawn from the species lists and from some other data:

is forest is much more diverse in trees than temperate forests though
less diverse than some mainland tropical forests. The total number of gpecies
represented on the lists is 200,

Over half of the cancpy is composed of only five species. If the
small species Duierpe and Croton of the palm dominated areas are eliminated,
then Dacryodes, Sloanea and Manilkara remain as the overvhelming dominants
of the forest.

Four species make up the overwhelming preponderance of understory
species (79.17") although the understory specics themselves compose only about
one-third of the understory growth. Other species in the understory growth
are voung of canopy species

Lianes are about half ac abundant as canopy trees., Although epiphytes
are common, they are not a major component of the forest and are less numerous
than in some other tropical forests. Host of the list of epiphytes include.
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relatively rare ferns (22-37) and orchids (38-43).

ierb level ground coverege ie noticeably lacking in the forest. Some
species cover rocks only. About four small plants cover each square meter,
but of theee only one is an herb {usually the grass Ichranthus or the fern
Dryopteris deltoidea). ‘'he others are tree seedlings. Saerophyted ars comnon,

3, Preliminary celcviations suggest that the half-life of a sample of
scedlings ie about gix menths..

L, o determine the ¢ffect of irradiation on stem-tip growth, six hundred
feet of cable were suspended ir the forest crown between the two centers ag
showr: on the accompanyivg map. ~wig lengths have Teen measured oan 130 trees.

Each tree has ten twigs tagged with a numbered metal band. Post-irradiation
measurements should give a measure of the effect of radiation on stem tip
growth at various distances. The cable position is drawn in Fig. 2,

Table 1.

Species composition list arranged according to density and in the variocus
synusiae of radiation plots at Tl Verde.

Canopy trees (species over 10cm. diameter breast height).

Total absolute density: Relative density belowr
0.087 trees/m®

1. Dacrvodes excelsa Vahl, 18.2 %
2. FButerpe gzlorosa “aertn. 11. 4
3. Croton poecilanthus lirban 9.5
4, Sloanca berteriana Choisy 8.1
5. Hapilkara bidentata (A., DC.) Cher. 6.4
synonym M, niticde (Besse " Moe.) Dubard
€. Miconia tetandra {Sw.) D. Don. 5.5
7. Cecropia peltata L. L.6
8, Crmosia krugii Urban 3.1
9. Matayba domingersisz (DC.) Radkx 3.0
10. Tnga fagifolia (L.} Willd. 2.7
synonym Inga laurina (sw.) willd
11. Linocieras domingensis (Lam.) Knobl. 2.0
synonym HMayepea domingensis {Lam.) Krug * irban
12, Alchornea latifolia Sw. 1.9
13. Alchorneopsis portoricensis Urban 1.5
1k, Sapium laurocerasus Desf, L.T
15. ‘Habebuia pallida HMiers. 1.7
synonym T. heterophylla (DC.) Zritton
16. TFuchenavia capitata (Vahl) Eichl. 1.6
17. Mierovholie garciniaefolia Pierre 1.6




18.

19.
20.

21.
2e.

50.
51.

52.
b

55.

56.
57.
58.
59.
60.

61.

Ocotea leucoxylon (Sw.) Mez,

Calycogoniwn squamulosum Cogn

(uarea trichilioides L,

synonym G. guara (Jacq.) P, Vilson
Didymopanax morototoni (Aubl.) Decre ° Planch
Inga vera Villd,

synonym Inge inga (L.) Pritton

Eugenia stahlii (Kiaersk.} Krug ~ Urban
Cyrilia racemiflora L.

Myreia splendens (8w, ) DC.

fuettarda laevis Urban

Casearié"sylvestris S,

lomglium racemosum Jacq.

Casearia arborea (L. C. Rich) Urban

Cordie suleata DC,

Ocotea portoricensis lez.

Ocotea zoschata (Meisn.) iez.

Casearis bicolor (Urban

Byrsonima spicata (Cav.) DC.

ficus trigonata L.

Ficus gintenisii Varb.

Tetragastris balsamifera (Sw.) Kuntze
Miconia prasina {Sw.) DC.

Guatteria caribaea {Urban)

synonym Cananga caribaea {Urban) Britton
Casearia guianensis (Aubl.) Urban

Magnolia splendens UUrtan

Fectandra membranacea {Sw.) Crigeb.

lMeliosma herbertii Rolfe

llenrietella fascicularis (Sw.) C. Wright
Myrecia deflexa (Poix) DC.

Fugenia jambosa (L.} Millsp.

Royntor~~  boringuena 0. ¥. Cook

Antirhea coriazcea (Vahl.) Urban

synonym Stenostomum coriaceum (Vahl.) Criseb.
Antirhea obtusifolia Urban

synonym Stenostomum obtusifolium (Urban) Tritton
Micropholis chrysophylloides Pierre
Beilschmiedia pendula (Sw.) Penth. 7 "ook.
synonym ‘ufelandia pendula (Sw.) Tees
Pisonia subcordata Sw,

Byrsonima wadsworthii Littie

Taenianthus salicifolius vars., obovatus Knobl.
synonym . obovatus Krug ™ Urban

Cleyera albopunctata (CGriseb.) Krug ™ 'rban
synonym Ercoteum albopunctatum (Griseb.) Tritton
Maytenus ponceana Zritton

Tabernaemontana oppositifolia (Spreug.) Urtan
Malpighia fucata Ker.

Andirs inermis (W. Wright) 1. 7. K.

Mangifera indica 1.

Calophyllum brasiliense Camb.

o
o

b
oo

H;UEJR)QJUJ QJu)h' P

Species present
but not sampled.

o

¢ Wilson

Small...

stream-side trees
Trees seen

only as seedlings or

saplings.
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Table 2.

Understory trees species which reproduce under the main canopy and do not
usually grow tc the canopy.

otal absolute density: 0.22h trees/m®
Total density including all plants from

1.hm tall to 10cm Did:  0.725 trees/m? Relative density below:
1. Palicoures riparia ‘enth, k1.5%
2., Drypetes glauca Vahl, 19.4
3. Cordia borinquensis Urban 10.7
4, Hirtella rugosa Fers. T.h
5. Psychotria berteriana DC. 3.8
€. Myreia ? 3.6
T. Trichilis pallida 5w. 3.3
8. TIxora Terree (Jacq.) Tenth 2.9
9, Lasianthus lanceolatus (Griseb.) Urban 1.9
gynonym L. moralesii {(rriseb.) C. Vright
10. Cassgipourea guianensis Aubl. 1.5
synonym C. alba Criseb.
11. Ocotea spathulata Hez, T
12. (uarea ramiflora Vent. T
13. Comocledie glabra (Schultes) Spreng. LT
14. Daphnopsis philippiana ¥rug & Urban .3
15. Ardesia glauciflora lrban .3
synonym Icacorea glauciflora (irban) Dritton
16. Wellenia pendula (Tirban} lMez. .3
synonym Petesioides pendulum (Urban) Tritton
17. Piper treleaseanum Uritton & Wilson .3
18. Urera vaccifera (1.) Caud. .2
19. Piper amalago L. .2
20. Ditta myricoides Uriseb. N
21l. Samyda spinulosa Vent. A
22. Piper acduncum L.
23. Tlex sideroxyloides (Sw.) Uriseb.
2, Psychotria maleolens 'Irban
25. Psychotria patens Sw.
26, Psychotria uliginosa Sw,
27. DTrunfelsia portoricensis Krug ™ Urhan
28. HMecranium amygdalinum {Desr.) C. Wright
29, Myrcia berberis DC.
30. Hedyosmum arborescens 5w,
31. <Coccolobis pirifolia Dest.
32, Cithsrexylum caudatum L.
33, Turpinia paniculata Vent.
3L, Miconia racemosa (aubl.) DC. 3L--38 are small
35. Miconia sintenisil Cogn. trees which need
36. Miconia guianensis (DC.) Cogn. open sunlight.

37. Cysthes arborea (L.) J. E. Smith
38, Piptccarthia tetandra Urban
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Table 3.
Tianeg, woody vines which grow into the canony.
“otal absolute density: 0,133 lianes/m2 Rel, density below
1. Rourca glabra Criseb. 28. <)
2, Philodendron krebsii Schott 18.0
3. Marcgravia rectiflora "r. . 14,0
L, Treropteris laurifolias (T.) Juse. 13.7
gynonym Eanisteria laurifolia L.
5. Schlegelia brachyantha ‘risel, h.g
synonym 3. portoricensis (rban} Nritton
6. Teorudolphia volubilic (Willd.) Tritton 4.0
7. Becuridaca virgata Sw. k.o
synonym Blsota virgata (Sw.) Kuntze
8. Peullinia pinnata L. 3.k
9. Ipomoesa repanda Jacq, 3.2
synomym Exogonium repandum (Jacq.) Choisy
10. Doliocarpus calinoides (Fichl.) 7ilg. 2.0
11. Philodendron lingulatum (L ) C. Koch. 1.4
12, Cissus sicyoides L. 1.2
13. Hippocratea volubilis L. )
14, Smilax coriacea Spreng. Nic
15, Forsteronia corymbosa (Jacqg.) C. F. . lMeyer .3

16, Cissampelos pareira L.

17. Clusie gundlechii Stahl Clusia actually epiphytic but with sereal roots
18. Clusia rosea Jacq.

19. Rajania cordata T,

20. lHikania fragilis Urban

21. Hikania pachyphyila Jrban

22, Chamissoam altissima (Jacq.) 1. @. K.

23. Tournefortia hirsutissima L.

Mable I,

Tpiphytes, specics without terrestrial attachment, growing on other plants.
‘lotel absolute density {expressed as plants/m2 if the epiphyies were brouglht
vertically to the ground): 0,472 plants/m2

Relative density below:

'richomanes capillaceumn T, Lo,
muzmania berteroniana (R!S) _ez. 28,
Tephrolepis rivularis (Vahl.) iett
Elaphoglossun flaccidum {Fee) Moore
Polypodiwy lycopodioides L.
Epnidendrum spp.

Elaphoglossum dussii ‘nderw.
Polypodium chnoodes Spreng.

Vriesia macrostachya {7ello) liez,
ilillia parasitica Jacq.
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Oleandra articulata {Sw.) Presl,
Elaphoglossum herminieri {iory ™ Fee) Moore
Lycopodium linifolium L.

Columnea tulae ‘irban

‘'ohenberbia portoricensis jieZ.
Pleurothallis foliata Criseb,

P, ruscifolia (Jacq.) R. Tr.
Fhoradendron piperoides (#1.7.K) Trel.
cuzmania linguleta {(1.) Mez.

Catopsis floribunda (Trongn.) L., Smith
Lycopodium funiforme Lory

Trichomanes punctatum Poir,

T. crispum L,

Polypodium polypodioides (I ) Watt
Elaphogleossum pteropus C, Chr. Ind.

I, apodum (Kaulf.) Mcore

E. flaccidum (Fed) ioore

“ymenodium crimitum (L.) Teé
Polypodium astrolepis Liebm.
Cochlidivm seminudum (Willd.) liaxon
Vittaria filifoliz Tee

Polypodium crasgitolium L.

Asplenium gerratunm L.

Polypodium aureum L.

P. taenifolium Jenman

P. loriceum L

Asplenium cuneatum Lam.

Jaquiniella globosa (Jacq.) Schlechter
Ornithidium coccimeum (Jacq.) Salisb.
Polystachye extinctoria Rehb.
Epidendrum cochleatum L,

Epidendrum corymbosam Lindl.
Epidendrum sp.

Table 5

Herbs (reproducing ground species)

Total absolute density: 1.4h herbs/m®
Density including seedlings: 4.16 plants/m®

.

O =] v o

= e
= o

fchnanthus pallens (Sw.)

Pilea krugii Trban

Dryopteris deltoidea (Sw.}
Arthrogtylidium gsarmentosum Pilger
/Al sophila boringuefia Maxon
Peperomia emarginelia (Sw.)
Polypodium duale Maxon

Erythredes plantaginea {I..) Lindl.
Selaginella krugii Tieron
Cymnosiphon portoricensis Urban
Elaphoglossum rigidum {Aubl.) Urban
Anthurium dominicense Schott
Adiantum cristatum L,
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14, Anthurium acaule (Jacq.) Schott

15, Tegonia decandra Pav.

16. Sclerisa =p.

17. ©Belaginella portoricensis A. Tr.

18. Apteria aphylla (rutt.) “urm.

19. Erythrodes hirtellus (Sw.) Lindl.

20. Trivhora surinamensis (Lindl.) Fritton
21. Phaeocphaerion persicariaefoliuve (DC.) C.0. Clarke
22. Pitcairnia angustifolis (Sw.) Rediute
23, Hdeliconia bihai L.

24k, Conolobus variifolia (Schlechter) Tritton
25. Pilea obtusata Liebm.

26. Pilea semidentata (Juss.) Wedd.

27. 'Trichomanes rigidum Sw.

28. Dangea nodosa (L ) J. E. Smith

29. D. elliptica J, E, Smith

30. Dryopteris effusa (Sw.) Urban

31. Dryopteris reticulata {L ) Keulf.

32. Folybotrays cervina (L.) Kaulf.

33. Rhipidopteris peltata (Sw.) Schott

34, Hephrolepis biserrate (Sw.)

5. To determlne the effect of irradiation on leaf fall, 179 low understory
trees were tagged and the leaves counted on one branch of each plant. All low
trees were tagged inside thirty meters in the ares being irradiated. Many
Palicourea riparia and Hirtella rugosa were tagged outside thirty meters in
the site being irradiated and in the control site. All tags bear the letter
"L". Post-irradiation leaf counts will show leaf fall, These data can be
compared with leaf fall data being collected in the canopy trees.

6. Some soil moisture data were taken to determine similarity or dissimi-
larity of sites. Boil was collected after three days without rain. A
tendency was found toward less soil moisture on the ridge sites {centers

I, IT, and TIT) versusc the poorly-drained, palm dominated areas. Some
statistical significance was established (Fig., 7). Areas of soil sampling
are drawn in Fig., 2.




sl

Note to Project Participants: This is the list of higher plant species in the
El Verde study areas, Much work has already been recorded using the code list
in last year's (1964) report. This new list corrects error in the earlier table
and includes name changes now being recognized in taxonomic work such as in the
papers by James Duke and the new book by Little and Wadsworth.

To aveid confusion on the project we suggest that the whole latin names
be used rather than the code (except on the IBM cards)., Remember that the 7000
aluminum tags on the trees may have the older name. HTO

Table 7T

tist of Common Flant Species of El Verde Radiation Site.
Symbol, latin Name, Spanish Name, Important Synonyms.

Changes made from last year's report are underlined to aid those making corrections.

Ab - Alsophila boringuena - Palmilla grande

Ad - Anthurium dominicense

Al - Alchornes latifolia - Achjotillio

Ap - Alchorneopsis portoricensis - Palo de gallina, (palo de pollo
Be - Buchenavia capitata - Granadillo

Bl - Heteropteris laurifolia (Banisteria 1.) Bejuco de sonadora (vine)
Bs - Byrsonima coriacea (B. spiceta) Maricao amarillo (M. ecolorado)
Ca - Casearia arborea Rabo de ratdn

Ct - Cordia borinquensis Palo de mufleco

Cbi- Casearia bicolor Talantrdn o Cuero de Sapo (Yunguea)

C¢ - Guatteria caribaea (Cananga c.) Ilan-ilén

Cep- Cecropia peltata Yagrumo hembra

Cg - Casearia guianensis Palo blanco

Clg- Clusia gundlachii Cupey o Cupeillo de altura

Cog~ Comocladia glabre Carasco

Cp - Croton poecilanthus Sabindn

Cpa- Cassipourca guisnensis (C.alba) otro Teta de burra

Cr - Cyrillsa racemiflora Palo colorado

Cs - Casearia sylvestris Falo de cotorro (Palo blanco)

Csg- Calycogonium squamulosum Jusillo o Camassy jusillo

Csl- Cordia sulcata ioral

(Css) Dc - Doliocarpus calinoides Bejuco de agua (vine)

De - Dacryodes excelsa Tabonuco

Dg - Drypetes glauca Varital (cafeillo)

Pm - Didymopanax morototoni Yagrumo macho

Dd - Dryopteris deltoidea Palmilla pequefia

Dp - Daphnopsis philipplana Majagua de sierra

Eg - Buterpe globosa (Prestoca montana) Palma de sierra

Er - Ipomoca repanda (Exogonium repandum) Suelda consuelda

Es - Eugenia stahlii Guayabota

Ev -~ Securidaca virgata (Elsota virgata) Bejucc de aflen (vine)
Fe - Ficus trigonata (F. crassinervia) Jaguey colorado
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Table 7 - Cont.

F1 - Ficus laevigata (F. citrifolie) - Jaguey blanco
Gg - Guarea trichilioides (G. guara) Guaraguao
GL - Guettarda laevis Cucubanc
Gr - Guarea ramifliora Guaraguaillo
If - Henrietella fascicularis Tipo de canasey
Hor- Homalium racemosum Caracolillo
Hr - Hirtelia rugosa Teta de burra
If - Ixora ferrea Palo de clavo
Ig - Ardesia glauciflora (Icacorea g.) Ausubdén
I1 - Inga laurina (Inga fagifolia) Guamé
Tehnanthus pallens
Inga vera Guava
iinociers demingenis (Mayevea d.) Hueso blanco
Im - Laslanthus lanceolatus (I. moralesii) Mata de peo
Mgs~ Magnolia splendens Laurel sabindn
Md - Matayba domingensis Wegra lora
vyd=- Myvela deflexa Cieneguillo .
Mg - Micropholis garciniaefolia Caimgtillo verde
Mh - Meliosma herbertii Aguacatillo
Mn - Manilkars bidentata (M., nitida) Ausubo
Mr - Marcgravia rectiflora Bejuco de palma (vine)
-Mp - Miconia prasina Camasey senisosa
=Mt - Miconia tetrandra Camasey prieto
8v = Neorudolphia volubilis Bejuco de violeta (vine)
lNmem-Nectrandra membranacea Laurel prieto
Ok - Ormosia krugii Palo de matos

i
ooad
| I R |

)

01 =~ Ccotea leucoxylon Laurel geo
Cm = Ocotea moschats Nemoca o Nuez moscada
Op - Ocotea portoricensis Iaurel de paloma
Os - Ocotea spathulata Nemocad o Nemocd
~Pa - Piper amalago Juiguillo oloraso
Pb - Psychotria berteriana Palo de cachimbo blanco
Fk -~ Philodendron krebsii Bejuco de calabazén (vine)
Pl ~ Fhilodendron lingulatum otro B. de calabazdn
Pr - Palicourea riparia. Cachimbo colorado
Pp - Paullinia pinnata Becjucc de cabra
-Pt - Piper treleaseanum Juguillo apestoso
Re - Rajania cordata 3Bejuco de gudyaro (vine)
Rg - Rourea glabra Bejuco de Juan Caliente (vine)
Sb - S5loanea berteriana Cacao motillo o Motillo
Sc - Smilax coriacea Bejuco escambrédn (vine)
S1 - Sapium laurocerasus Manzanillo
Sp - Schlegelia brachyantha ({S. portoricensis) Bejuco de trapo (vine)

Tb ~ Tetramogastris balsamifera  Paloc de masa

Th - Tabebuia pailida (T. heterophylla) Roble blanco

(Ao) Tp-Trichilla pallida Gaete (Allophylus occidentalis)

Ub - Urera baccifera Ortiga

(Pp} Wp- Wallenia pendula (Petesioides pendula) otro Ausubdn
Mre- Myrcia 5p. - Hojo oJja menuda

Mys- Myrcia spendens (Svw,) DC. Ojea menuda
Dh - Gonzalagunia hirsuta (Jacq.) Schum (synonym Duggenia hirsuta (Jacq.) Britton

R.F. Smith
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Progress Report on Seedling Metabolism

By
Ariel Lugo

The present report includes results obtained in the study of two
fast growing plant species adapted to successional situations at high light
intensities, Anthocephalus cadamba, an imported tree from rainforests of
Asia, and Cecropia peltata, a tree found in cpenings in the Fain Forest.

A, cadarmba is being tested for plantation planting near the El Verde site.
Data on elimax species are heing proccessed,

The seedlings were studied using s Beckman Infra-red COp Analyzer
Model IR-15A and an opsn system showvn in Fig. L. They were watered before
measurements and leaf area was determined after the measurement. Results
vere expressed in grams of carbon/leaf area/hour,

Since the seedlings were in plastic bags during measurcments, the flow
rate of air was adjusted to prevent sbnormal effects such a8 overheating in
plant tissues. The effects of air velocity on the metabolism were studied
and results are found in Fig. 2 and 3. The rate of flow of 10 liters per
minute was selected as the most suitable for high light intensity measurements.

Takle 1 has scme temperature measurements taken with flat thermisters
probes clamped on the leaves and recorded con a Rustrak Recorder. For the
Cecropia seedling the temperature under high light intensity conditions and
10 liters per minute is only 1 degree greater then the control plant out of
the chamber. If the flow is decreased,the differences are then greater.
Continuous temperature determinations were made on A. cadamba seedlings, and
the results show & similar pattern of temperature variation in air and plant
with a difference of 2 or 3 degrees,greater in the seedlings. These results
show the effect of using a plastic bag as a chamber and & flow of 10 L/min.

Fig. b demonstrates the changes in photosynthesis in relation to
light intemsity in both species. In C. peltata where data are more complete,
the pattern is similar to the typical curve that has been described for light
adapted plants. At high intensities the species iz able to meintain & more
or less constant rate of production.
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Progress Report
By

J. Frank McCormick, University of North Carolina,
Department of Dotany, Chapel Hill and The University of
Georgia Institute of Radiation Ecology.

Radistion Dosimetry of a licntasne Rain Forest

Analysis of the ecological effects of ionizing radiations upon natural
ecosystems requires accurate determination of the radiation doses to which
individual populations and organisms are exposed. Initial studies of this
type by Cowan and Platt (1)dencnstraced the complexities involved in moni-
toring envirommental radiation on a scale appropriate to ecological investi-
gations. Subsequent studies by Cowan and Meinhold {2) discussed the differ-
ences between theoretical dose rates and those measured in air or in a forest,
Recent studies by MeCormick and Colley (3) demostrated microhabitat variations
in dose rates and variations in the vertical distribution of exposure doses
in a forest community. These data were compared with those obtained during
irradiation of an old Tield with the same 9,200 Curie portable Cs 137 source.

Tn this study & total of 1000 Con-Rad lithium fluoride 5-7 thermolumin-
escent dosimeters and 250 lithium fluoride microdosimeters were placed in the
rain forest to monitor exposure doses to plants and animals. Following
jrradiation the S~7 dosimeters will be processed by the University of Puerto
Rico Nuclear Center. The radiology laboratory retained fifteen S-7 dosimeters
in order to prepare a calibration curve for the Cs 13T source. 411 micro-
dosimeters will be returned to the manufacturer for processing. Two hundred
of these were placed in smzll animals under the direction of Dr. Fred Turner.
The remaining fifty were placed in the forest with S5-T dosimeters in order to
compare their sensitivities,

Maps have been prepared in duplicate which indicate the location of
every dosimeter in the forest. The maps also list the dosimeters by ccde to
identify the phase of the study to which they are relevant,

Keeping in mind the problems and results discussed in previcus studies
and upon estimation of the requirements of the numerous investigations, the
rain forest dosimetry program includes seven major phases: (1) A symetrical
grid of dogimeters in the experimental and control areas from which isodose
lines can be prepared; (2) A series of dosimeters at varying elevations (L"
in the soil, ground level, 1 1/2 meters, 3 meters, 6 meters, and 9 nmeters )
at most of the points on the grid in order to estimate the vertical distri-
bution of dose. Although it is desirable to place dosimeters at elevations
sbove O meters in a few locations in the forest, the scope of the study was
limited by the investigator's ability to ascend higher into the canopy vithout
fear of descending at a rate exceeding his limits of a physical tolerance.
(3) A series of dosimeters on the front and rear sides of trees at each of
the elevations listed previously in order to determine the shielding effects
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of individual tree trunks of various species and diameters. These were lo-
cated at most of the points on the grid., Dosimeters were placed on the front
and rear side of an additional 100 trees scattered throughout the lower

center in order to meet the need of a forest tree growth study being conducted
by Peter Murphy; (L4) Several hundred dosimeters were placed in micrchabitate
to determine the shielding effects of vegetation, rocks, or terrain upon
seedlings or ceeds. These dosimeters were distributed in pairs, one being
placed behind a potential shield at ground level and the other near-by within
line of sight of the irradiator. One hundred of these locations coincide with
1 x 1 meter quadrats which are being analyzed in terme of seedling density,
diversity, distribution, and growth. The remzining sites were selected on the
basis of visible inspection and upon evaluation of maps prepared by the 1.3,
Corps of Engineers; (5) A series of dosimeters at 1 1/2 meter elevation
encireling the 10 meter and 30 meter perimeters which enclose the anticipated
"zone of biological effects", These dosiemters were placed in groups of 2 or
5, and included both Con-Rad TLD S-T7 and microdosimeters in order to compare
the sensitivities of the two types and to estimate variability between sensi-
tivities of individual dosimeters in the forest; (6) Dosimeters at ceveral
points on the public road, at entrance gates, and along the rivers where the
public has closest access to the areas or where people frequently congregate
for "recreational" activities; (7) Consultation and placement of dosimeters
for special requirements of individual investigators.

Dosimeters placed to meet the reguirements of one phase of the study
frequently coincide with or occur near dosimeters designed to satisfy other
phases of the study. These replications are of value in estimating varia-
bility and reduce the chance of losing important data due to the loss of a
dosimeter., A code system has been developed to describe the location of each
dosimeter when they are harvested at the end of the radiation period. Vhen a
single dosimeter is relevant to more than one phase of the study,code numbers
for each phase will be listed. Ry cross~listing dosimeters in thils manner
approximately one hundred replications will be gained for estimation of
dosimeter variability.

The Tropical Terrain Research Detachment of the U. 8. Army Corps of
Engineers Waterways Experiment Station assisted in the difficult job of
placing dosimeters in the forest,
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Studies of Fcrest Seedlings

Studies of forest seedlings were initiated with objectives of: (1)
determining the density, distribution, and diversity of seedlings in the
experimental and control centers of the rain forest; (2) analyzing the
direct and indirect effects of ionizing radiation upon forest seedlings 1in
terms of the sbove listed criteria; (3) determining the extent to which
seedlings contribute to recovery of the irradiated forest; and (L) a related
objective of determining the extent to which small seedlings are shielded
from irrediation by vegetation, rocks, and terrain,

In order to acquire the data necessery to fulfill these objectives
approximately fifty permanent 1 x 1 meter plots were established in each of
the two centers. These plots were located in pairs along transects running
fyrom 10 m to 30 m on four compass bearings which included milad and severe
up-slopes and down-slopes, Additional transects run from 30 m to 80 m along
two compass bearings, one going up hill and the other downhill from the center.
One of the paired plots is behind a potential radiation shield (vegetation,
rocks, terrain)} while the other is in approximate line-of-sight of the
irradiation source.

Initial results of this study are presented in Table I and Figure I.

In order to later distinguish between the direct effects of ionizing
radiation and the indirect effects due to changes in the microenviromment
of the seedlings,measurements were made of light intensity, relative humidity,
and tempersture, 3 m, 1 m, ground level, plus soil and litter temperatures
at most of the 100 plots. These instantaneous readings provide data which
describe the strength of verticel gradients through the seedling layer of
the forest. These data are supplemented by 2L hour recordings of temperature
and humidity in one tenth of the plots. These date are further supplenented
by constant temperature recordings of 1 week durstion in one location along
each of the four 10 m - 30 m transects and by environmental data monitored
continuously from envirommental tower in the forest,
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These investigations will be repeated at appropriate time intervals
following irradiation in order to describe the effects of radiation upen
forest seedlings, the recovery of seedling populations, and the contribution
of seedling populations to community recovery.

Whenever possible, radiastion tolerances of seedlings will be compared,
with tolerances predicted on the basis of nuclear volume. When appropriate,
laboratory studies of seedling tolerances and radiation and other stresses
will be ecnducted in order to distinguish between the direct effects of
radiation and the indirect effects of microenvironmental change upon seedling
survivial. ILimits of tolerance observed in the laboratory will be compared
with limits of envirommental variability in the forest before and after
radiation.

Euterpe globosa Populations

Although the rain forest is noted for the extremely high diversity,
the Euterpe palm comprises one fourth of the vegetation. For this reason the
palm serves as a good species Tor autecological studies and evaluation of
radiation effects upon tree populatiocns.

In four of the 16 sectors from the center of the study area to 3¢ m
all palms vere counted, measured, and mapped. Similar data were recorded for
transects from 30 m to 80 m in two of these 16 sectors. These data were
collected in both the experimental and control centers. These studies of
palm populations will be repeated following irradiation.

Results thus far indicate a 95% mortality rate for young seedlings, a
12% mortality rate for established seedlings and 6L% mortality rate for shrub
size plants. Approximately 1.6% of the palm scedlings survive to become trees
of the sub canopy or canopy. Those trees which do survive make up 1 out of
every 4 trees in the forest according to Wadsworth.

Observations of palm phenology indicate that the trees fruit and flower
at any and all times of the year.

Estimates of palm biomass, productivity,growth reguirements, and radi-
ation sensitivity are yet to be conducted.
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The Tollowing data are for the forest seedling study. There were 51
plots in the upper center and 52 plots in the lower. TFach of the 103 plots
vas 1 me. Density is individuals per n® and " frequency is the ' of the plots
in which a species occurred.

‘e mean number of sgpeciles per m2 is:
Upper Center Lower Center Total
5.86 5.30
The mean number of individuals per m2 is;
Upper Center Lowver Center Total
11.43 13.681 12,63

Diversity determined as species/individuals is:
Lot L= RITAL)

The data for the twe centers seem to be guite comparable. ‘this is
gratifying since Alejo counted most of the plots in the upper center and I
did most of those in the lower center.

Additional size class data were obtained for Luterpe. Toth the m2
guadrats and transects were used. The data were guite comparable for each
method. 1 grouped the plants into 4 classes; seedlings, established seed-
longs, shrubs, and trees. The data have been converted to ¢ mortality of a
particular age class and are as follovs:

Seedling mortality 95¢.
Established seedlings 124
Shrubs &b

Tnus, only 1.6 of the seedlings survive to the tree stage.




Table 1, T2

Forest Seedlings

Density me Percent Frequency
Species Upper Lower Iotal Upper ILower Total
Eg - Euterpe glcobosa 1.66  3.71 2.62 hs 26 66
Am Oh 0 .02 2 0 0
Pomarosa 0 52 .26 by 11 6
Es - Eugenisa stahlii-Guayabota 1:33 33 83 b7 23 35
Ab - Alsophila borinquena-Palmilla grande .29 .10 .19 20 8 14
Al - Alchornia Yatifolia -~ Acheotillo o 0 0 0 0 0
Tp - Trichilia pallida - Gaeta Lol sl .08 4 11 8
Ap -~ Alchorneopsis portoricensis-Palo de .12 O .06 6 o) 3
. ) oo poilo
Be ~ Buchenavia capitata - Granadillo O el 01 O 2 &
Bl - Banisteria laurifolia-Bejuco sona- .20 .25 e 10 17 14
dora
Bs - Byrsonima spicata-Maricac colorado 02 0 .01 2 0 1
Ca - Casearia arborea- Rabo de ratdn .02 Eonl .03 2 L 3
Cc - Guatteria caribaea - IlAn-ilén 0 0 0 0 0 0
Cep- Cecropia peltata-Grayuma hembra 0] O 0] 0 O 0
Cg - Casearia gulanensis~Otro palo O O 0 0 ¢ 0
blanco
Clg~ Clusia gundlachii - Cupey 0 0 0 0 9] o
Cp ~ Croton poecilanthus -~ Sabinon .02 13 .08 2 10 6
Cpa- Cassipourea alba - Teta de burra 0 .08 LOb 0 8 b
Cr - Cyrilla racemiflora - Palo colorado C 0 0 9] 0 0
Cs - Casearia sylvestris-Palo blanco 0 0 0 0 0 0
Csl- Cordia sulcata - Morral O O 0 0 0 0
Css- Doliocarpus calinoides .20 O 10 2 0 1
Cv - Chione venosa 0 o 0 0 0 0
De ~ Dacryodes excelsa -~ Tabonuco B .38 .33 2l a5 2l
Dg - Drypetes glauca - Cafeillo .86 B0 <13 25 36 31
Dh - Duggena hirsuta O 0] 0 0] O O
Dd - Dryopteris deltordea=- Palmilla <53 e 48 27 29 28
pequena
Dp - Daphnopsis phillippiana - Majagua O 0 o 0 0 0
de sierra
£J - Lugenia jambosa 0 0 0 0 0 0
Ev - Elsata virgata - Becjuco de Afien .08 5 Lo i 33 18
Fi - Ficus laevigata -~ Coloradoe 0 .02 .01 0 2 1
Gg - Guarea ep. ' 39 LT3 .56 25 33 29
Cl - Guttarda leevis -~ Cucubano 0 O 0 O 0 0
Hf - Henrietta fasciculata 0 0 o o 0 0
Hor- Homalium racemosum-Caracolillo .02 L06 Ok 2 b 3
Hr.= Hirtella rugosa ~ Teta de burra 18 .02 il 12 2 )
If - Ixora ferrea - Palo de clavo 0 Oh .02 0 L 2
I1 - Inga laurina - Guamas b1 1.7 1.16 16 25 20
Iv - Inga vera - Guava L02 .60 .31 2 20 11
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Percent Frequency

Species Upper Lower Total Upper Lower Total
Mgs- Magnolis splendens-Laurel sabino O 0 0 O C 0
Md - Matayba domingensis - Negralora .55 .38 g 23 15 i9
Mg - Micropholis garciniaz{olia-Calmétillo
verde L2 0 .01 2 0 1
Mh - Meliosma herberti - Aguacatillo 02 .02 .02 2 2 2
Mn - Manilkera nitida - Ausubo .08 P A1 8 13 11
Mr - Maregravia rectiflora-Bejuco de
Palma O 02 .01 ] 2 1
Mt- Miconia tetandra-Camasei (Prieto) .02 .02 .02 2 2 2
Nv ~ Heorudolphia wvolubilis  Bejuco de
vicleta 0 O 0 0 O ¢}
Ok - Ormosia krugili - Palc mato’ +25 .06 16 20 L 12
01l - Ocotea leucoxylon-Laurel geo .12 .02 Q7 12 2 T
Om - Ocotea moschato - Nemoca .02 .16 .09 o 1k 8
Op - Ocotea portoricensis - Laurel prieto .Ok .02 .03 L 2 3
Fb ~ Paychotria berteriana-Palo de
cachimbo blanco Lol 0 2 0 1
Fk - Philodendron krehsii-Bejuco de
calabazdn 0 ok .02 0 4 2
Fl - Philodendron lingulatum 0 O 0 Q G 0
Pr - Palicourea reparia -Cachimbo colora-
do .06 .29 LT L 21 13
Pp ~Fr--1linia pinnata-Be juco de cabra L2 0 LOL 2 0] O
Re - Rajania cordata-Guayaro O 0 0 0 0 Q
Pz - Rouresa glabra-Pejuco de Juan
Caliente .92 .10 .50 29 i 15
Sh - Sloanea berteriana-Cacao moriilla 65 Nele 67 16 38 27
Sc - Smilax coriacea-Bejuco escambrdn .10 JA1 11 6 4 5
Sp - Skelegelia portoricensis-EBe juco de
trapos 0 0 0 0 0 O
Tb - Tetramogastris balsamifera-Pzlo de
Masa 12 .08 .06 L 8 6
Th - Tabebuia heterophylla - Roble blanco .02 .06 .0k 2 6 L
Cb - Cordia boringensis W10 .08 .09 10 & 8
Mp - 1k .02 .08 12 2 i
Dm - Didymomanax 18 0 .09 8 0 L
Da - .02 9] .01 2 ) 1
Am - 08 0 L0k 2 0 1
Ms - .06 Nolt .05 6 2] i
Caliente 0 .30 w15 0 16 8
Pt - Piper-treleaccanunm 0 .38 .19 0 32 16
Pa - 0600 .03 b 0 2
Hueso blanco 2k .02 .13 10 2 6
E - 02 0 .01 2 0 1
As - 060 .03 2 0 W
Mb ~ 02 0 .01 2 0 1
Lam 2h o .12 6 o 3
Pan LB u e £l 0 1
81 - Mato e payo 0 06 .03 0 4 2
Palo Guara guac 0 .02 .01 0 2 1
Byrsorima ~ Bs-sp O .02 .01 - O 2 1
Laurel amarias 0 02 LOL 0 2 1
Carratos 0 L0200 0L ¢ 2 1
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A SURVEY O WHE TLESTY FULGT
G. 1, Cowley
University of South Corolina

In late July and early August, 1965, a survey of all detectable fungus
Truiting bodies within a 10 meter radius and out to 3C meters in four sectors
(i1-1E, E-ESE, $-88W, W-Will) in both study centers was made., Thus a total area
of 917.48 square meters was sanpled in each center. All detectable fruiting
bodics were counted and identified as nearly as possible with the facilities
at hand.

Thrce hundred sixty cight fruiting bodies representing 66 different
speciec were detected, Twenty three of these were common to both centers,
2h were found only in the south center and 19 only in the north center {table 1).

The spatial distribution of each entity in esch center was determined
as follows: 1) The frequency of occurance of each species in each center was
determined by calculating the percerntages of marked sectors (i.e. N-ITE, NEE-
HE, ele.) in which it appeared. 2) The density of each species in each center
wag determined by dividing the number of individuals by the number of sectors
sampled. 3} Expected density was determined from & medified Fracker and
Drischle table relating frequency to density (Curtis and Cottam, 1962). W)
Observed density (D) divided by cxpected density (d) yields a figure for the
degree of aggregation. A species was congidercd to be aggregated LT the D/d
ratio was 2,00 or higher and random if below 2,00,

The majority of specieg were determined to be randomly distributed.
Those aggregated in both centers were ;''s 6,48, and 66, Those appearing in
only one centers were ;:'s 21, Sk, 59, 64, and 65 in the north center and 26,
30, 31, 35, 46, 49, and 61 in the south center. Those aggregated in the north
center and random in the south center were #'s 5, 15, 43, 44, and 57 while 3's
60 and 62 vere aggregated in the south ccnter and random in the north,

Two reasons for aggregation may be recognized. First many fruiting bodies
may have arisen from a single mycelium or mycelial network, and second a parti-
cular species may have had an affinity for a particular substrate type. The
latter would seem to be true for species j''s &l and 66 which were found exclu-
sively on palm litter.

The similarity between the populations was calculated using the Tormula
2w/A+B X 100 (Curtis, 1959) where A is the total of the same value Tor the
gouth center, B is the same wvalue for the south center, and w is the species
and frequencies in common between centers. 'This if the index 1s 100, the
populations are identical, and if it is O the populations are totally
dissimilar. The index of similarity between the populations of the two centers
was exactly 50.

Figure 1 showes the diversity curve for fungi as encountered when counted
by sector. Eee P. Tk,
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Titter Decomposition Fungi

A second study wac initiated in the Torest to determine the succession
of microfungi on decaying leaves of Dacryodes excelsa, Manilkara nitida,
Croton poeceianthus, Cecropiz peltata, Sloanea berteriana, and Euterpe globosa.
Treshly fallen litter of cach of these tree species was collected and an sir dried
and weipghed =mount was put into litter hags. Iwo bags of cach specice were
frozen, and 10 bags ol cach species were placed al 11-12 meters from the center
of each study center of the forest. Duplicate bags are taken in and frozen each
month until irradiation is begun. Another similar set of bags is to be placed
out at the beginning of irradiation, and another immediately after. These sets
will be harvested ar the first.

The contents of these bags will he weighed and populations of microfungi
isoclated from each to attempt to correlate the fungal populations on each spe-
cies with the stages of decomposition before, during and after irradiation.

Table 1. Name, location, and substrate of each fruiting body type detected.
o Fungus Fruiting Bodies Been Substrate
North South Total

1. ILycoperdcon pusillum il 11 a
2, Armellaria sp, 110 6 16 a
3. Irpex farenaceus 1 2 3 &
4, Auricularia sp. 6 G a
5. Polyporus sp. e 1 3 a
6. lMarasmus rotula 9 10 19 b
7. Nummularia sp. 5 1 G a
8. Psathyrella digsseminata 2 1 3 b
9. TIMlommvela earlii 2 e a
10. Lepiota naucina 3 3 o
11, Harasmus olneyi 11 7 18 b
12, ZIEntyloma =p. L 3 7 ¢
13. Polyporus sp. 1 1 a
1k. Polyporus sp. 1 1 a
15. Crepidotus malachius 15 z2 15 a-d
16, ZXylaria sp. 3 5 8 a
17. Collybiaz abundans L 1 b
18. Poria sp. 1 1 2 a
19, Polyporus sp. 1 i a
20. Collybla fenuipes L 1 2 a
21. Hygrophorus sp. (7) 3 3 b
22, Crepidotus millis 1 1l a-b
23. Collybis =p. 1 1 [
2k, Inocybe spl. 1 1 a
25. (Agaricales) 2 2 c
26, Tricholoma sp. T 7 c
27. ZXylaria sp, 1 1 a
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~ Fungus Fruiting Bodies Seen Substrate
North South Total

28, lfarasmus delactans L L B
29, Leptonia sp. - 1 b
30. (Seclercdermatales) 20 20 a
31, (Agaricales) 19 19 B
32. Gterium ap. 2 2 a
33. Poria =p. 2 1 a
gh, mEs 1 i a
35. ‘"hielephora =u, 2 2 2
36. Stercum sp. 1 1 a
37. TFavolus braziliensis 1 L 8
38. {Agaricales) 1 L 5 a
39. liycena haematops () 1 3 L a
0. Clitoeybe dealbata 1 1 b2 c
L1, rutinue caninus 1 1 c
b2,  iebeloma ep, 1 1 ¢
43, ‘ycena sp. 19 3 13 s
Lh,  (Agaricales) = 7 9 c
L5, Cortinarium deceptivus 3 3 ¢
6. Clavaria stricts 25 29 ¢
L7, Stereum sp. 1 1 c
4b8. Stereum sp. 2 T 9 a
h9. Clitocybe sp. 3 3 c
50, Schizophyllum commure 1 1 c
51. TR 1 1 c
52. Polyporus picipes 1 1 a
53. Stereum sp. 2 1 3 c
54.  (Agaricales) 2 2 a
55. {‘remellalee) 1 1 a
56. Psathyra sp. 1 1 c
57. Mycena sp. 2 1 3 d
58. (Agaricales) 1 1 a
59. TFomes scnex 12 1z a
60. Marasmus B 13 14 b
61. Mycena atroalba 2 2 ¢
62. Marasmus sp. 2 8 10 b
63. Xylaria sp. 1 1 b
&b, Marasmus sp. 3 3 b
65.  Clitocybe sp. 2 2 I
66. Xylaria sp. 3 3k 37 b

“ - a. dead wood, b. litter, c¢. soil, d. live wood

References:

Curtis, J. 7. and C. Cottam.,1962. Plant Feology Workbook. Turgess Pub. Co.

Curtis, J. ©., 1959, ‘he Vegetation of Wisconsin, iniv. of Wis. Press.
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Soil, Root Layer, and Litter Layer !icrofungl

James T, ‘loller
iniversity of South Carolina

A study of the pre-irradiation microfungal populations of the litter,
root ,and soil layers into the Tuquillo Experimental Torest, Puerto Rico,
wes ’initiated in late July and August of 196h.

In each of the two etudy centers, ! samples of soil, roots, and litter
were taken at 3.2, 10, 30, and 55 meters from the center point. Serial dil-
lutions to 1:1000 of the soil samples were made with sterile distilled water,
and serial dilution tc  1:10,000 of root and litter samples vere made after
srinding in o varing slendor. One ml. of each dillution was pipetted into
each of 5 plates of a modified Martin's medium {Mlen, 1957). The modifi-
cation congisted of replacing strepttuyein with luctic acid to lower the pH.
of the sedium to approximately L.5 to eliminate bacterial contamination.
After incubation for 3 to b days, colonies on the plates were conted and
the total population of fungi per gram of sample were calculated for each
gample, ‘Then 30 random isolates were transferred from each sample to tubes
of malt extract agar, incubated for one week,and sorted into separate entities
by cultural characteristics. The number of isolates of each entity from each
sample was recorded.

To isolate less abundant, but more resistant Torms (particularly
Ascomycetes), a portion of each sample wag trested for two minutes with 65¢,
ethyl alcohol. A srall amount of this material from each sample was placed
in a sterile petri dish, and warm modified Martin's medium was poured over 1t.
After incubsaticn for 3 to 4 days, 10 lsolates were taken from each sample,
with an attempt to isolate as many different forms as possible. These isolates
were then treated as sbove.

Cultures of each entity isolated were returned to our laboratory at
the Univ. of South Carolina for identification. Although there is a great
deal of work yet Lo be done on identification, it is possible to arrange
the entities for analysis from = distributional point of view,

Total populationg per gram of sample as determined from the dillution
plates are found in iabie 1.

Populations in the three layers vere quite distinet, with 45 species
isolated from soil only, 40 from roots only, 41 from litter only, and 17
from 2 or more layers (Teble II). These 143 entitiecs represent 1448 isolates.

A determination of the index of similarity (Curtis, 1959) between
layers and centers further demostrates the difference between populations
in the three layers and similarity between the same layers in the different
centers {Teble III).
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A similar treatment of the alcohol treated samples showed similar
results (Tables TV apd V). ‘These cultures have been kept separate from
those of the dilution platecz, however, it will undoubtedly be found that
some of the speciles are the same in the Ttwo zroups.

Yhese studies will be followed by similar post-irradiation studies

to detect changes in the populations induced by irradiation either directly
on indirectly.

References:

Allen C.I" 1957. A Laboratory iianual for Seil HMicrobiology.
Turgese Publishing Co., iMinneapolis,

Curtis, J. 7. 1959. '"he Vegetation of Wisconsgin. The lniv, of Wis. Press,

Madison, Wis.

Table I. Renge of populations of fungi per gram in sampleg taken from
soil, roots, and litter in each study center.

Center Layer
Soil Roots Titter

torth

liin. 5 x 103 1.4 x 109 1 x 109

Max. 85 x 103 11.05x 10% box 109
South

Iin. 3 x 10§ 2.1 x 102 1. x 105

Max, 93 x 10° 7.9 x 107 7.95 x 10°




table IT.

2o

Fregquency percent of isolates from diluticn plates by layer
and study center.

Frequency )
Code number Soil Roots Titter
Tungus Corth South sorth  South Torth South
1. Trichoderma sp. 50.00 564,95
33. ‘'loermodendron viride 56,25 50.00
29, 31.25  50.00
18. Penicillium ep. 31.25 31.25
9. 31.25  25.00
39. 37,50 12.50
4o, Avsidia butleri 25.00  18.7%
L3, 18.75 25.00
7. 12.50 25.00
8. 18.75 12,50
20, 18.75 12.50
22, Yeast 25.00 6.25
LT, 12.50  18.75
62 18.75 12.50
12. 12.50 12.50
15 18.75 6.25
16, Trichoderma sp. 6.25 18,75
21. Penicillium sp. 18.75 6.25
L&, 12.50 12.5C
2. 12.50 6.25
b, 12.50 6.25
23, - 18.75
25. 12.50 6.25
o8. - 18.75
30. 6.25  12.50
36. 12.50 6,25
56. Penicillium sp. 12.50 6.25
10. ——— 12.50
32. -——- 12.50
k2., Peniciilium SP- £.25 5.25
69. 6,25 65.25
3k, ——— 65.25
50. 6.25 i
52, 6.25 -—
53. Aspergillus niger 6.25 _—
59. 6.25 -
€0, 6.25 -
61, 6,05 -——
67. S 6.25
68. a— 6.25
70, 6.25 S
T1. ~—— 6.25
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Code number Soil Roots Litter
Morth South Vorth  South Torth South
T3 - £.25
T, S 6. 25
76. 685 e
6. Penicillivm multicolor 48.75 62.50 50.00  50.00 37.50 12.50
13, Aspergillus japonicus U43.75 18.75 6.25 —— —— 12,50
113. Penicillium sp. 43.75  37.50
116. 31.25  50.00
126. 37.50 25.00
127. 31.25 31.25
1365, 18.75 37.50
128, 25.00 25.00
133. 3it.25 18.75
112. 25.00 12.50
11k,  Penicillium sp. 6.25 18.75
115. 1855 6.25
120. G.05 18,75
129. 25.00 —
132, 12.50 12.50
138. 6.25 18.75
1h1. ——— 25,00
143, 6,25 18,75
117. G.25 12.50
118, 12.50 6.25
121. 12,50 6.25
130, 12,50 5.05
135. 18,75 -
140, - 18.75
111. Penieillium sp. 6.25 6.25
12k, £.25 6.25
119. 6.25  ---
125. 6.25 —
13L. .25 -
137, — 6.25
122, - 6.25
139. -—— 6.25
142, —— 6.25
bk, 6.25 T
145, .05 ——
146, 6.25 —
147. S 5.25
148, Yeast 6.25 o
1ko, 6.25 —
150, G.25 s
151 .- 6.25
152, —-— 6.25
5. Trichoderma sp. 9%.75 B7.%% 93.75 93.75 25.00 37.50
19. 6,25 6.25 18.75 £.25 ——- £.25
51, 18,79 =~ 16,75 - -—- -
78. G. 85 == 6.25 —— — —
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Soil Roots Titter
Worth Scuth North  South Worth  South
Penicillium sp. -—- 625 6.25 o S -_—
27.50  U3.75
L3.75 25,00
31,25 3l.25
37.50  25.00

37.5¢ 12,50
31.25 12.50

31.25 6.25
12.50 25.00
18.75 12.50
18.75 6.25
6.25 18.75
25,00 -
-—— 18.75
12.50 12.%0
Penicillium sp. 12.50 12.50
12.50 12.50
18.75 6.25
6.2k 12.50

12,50 6.25
12.50 6.25
12.50 6.25

6.25 6.25
12.50 -
12.50 i
6.25 6.25
6,25 6.25
- 12.50
- 12.50
——- 12,50
6.25 6.25
12.50 s
12.50 -
— 6.25
Yeast .- 6.25
6.25 ——
- 6.25
- 6.25
- 6.25
- 6.25
Penicillium sp. 5,25 ———
- 6.25
-—- 12.50 6.25 12,50 87.50  75.00
Penicillium sp. 12.50 5,25 . ——— 68.75  56.25
o 6.25 - - 62.50  31.25
6,25 -—- - ——— 43.75  50.00

Penieillium sp. 12.50 6.25  12.50 — 31.25 18.75
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Soil Roots Litter
“Torth South NMorth South “orth South
3 - 6.25 —— ——— 18.75 12.50
1k, 12.50 18.75 ——- ——- 18,75  12.50
7. £.05 a-- . - 18.75 12.50
38. 6.25 -— - ——— 6,25 12.50
ks, —_— 6,25 —_— -—— - 5.25
Table III. Matrix showing the index of similarity (2w/A-"» x 100) for each
set of samples.
Soil Roots Litter
‘orth South iforth South Torth South
Porth ———
Soil
South 73.5 S
lorth 25.5 18,0 _—
Roots
South 20.6 o205 £9.6 =
Jorth 13.0 14.0 10.2 g.h -
Litter
South 15.3 15.8 13,7 9.9 70.6 -

Table TV,

Species isol
"

Species distribution among the alcohol treated samplec.

g

ated from soil only

roots only
litter only

soil and roots
g0il and litter
roots and litter
all three layers

Ihumber of Species

Total

10
10
10

"

0
15

&
58
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Table V., lMatrix showing the index of similarity for each set of samples.
Soil Roots Litter
Horth South ¥Worth  South Horth  South
i'orth ———
Soil
South 56,7  ==-
Horth 21.3 27.1 -——
Roots
South 18.7 29.3 52.7T ———
Jorth 3.0 162 38.4 Leh -
Litter
South 3.2 5.3 28,2 36,7 55.9

Circuit of Optical Density Device

The circuit of the portable optical density device which was developed
by the project in collaboration with  Tropical Terrain Research Detachment
of the Waterways Experiment Station (San Juan) is drawn below. This device
has now been used in variocus systems throughout Puerto Rico, For the
theoretical discussion see the 196L report, the paper by H.T. Odum in 1963
(Natl. Acad. Sei. 49:4po-43Lk), and i, MOncl and T, Sacki in 1953 (Japan J.
Bot., 1%:22). The portable device in ite final form involved contributicns
of George Drewry, William Helmut, W. Rushing, Robert Benn, and H. T, Cdunm.

un cell
on pole
above . adjust C.D. pot
trees e ' .
ry |\ Weston for zero meter
200 e ¥ \ or read meter
[ s ia——ﬁj meter deflection,

N :

@gg¥mistor 1, [

~A~cthade cell 35000+ &
on forest probe *

+ | ]

2

< 504‘1, o

T —-——-—-—115

A 225,000 =

tﬁgéﬁlstor J Igﬁﬁﬁﬁ—f7~callbrdte +volts
?530004L ? DO (0 ﬁ Lot [

i

G. Drewry
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MICROVIAL DEVSITY AGD ACTIVIRY OF 'R LOWER CEMIER
December 15, 1964

Martin Witkamp
Oaly Ridge [‘ational Laboratory

Microbial populetion density and activity were characterized for the
top 2.5 cm of litter and soil at 10,20,30,45,60,80,100, and 150 m from the
source. The transect runs from Ey5 to ESEjnq uphill in line of sight of
the source. A topographically shielded control was located in the same
direction at 150 m from the source. Al each distance from the source two
samples Were tasken, one in plein sight of the source, another close by
behind a large rock providing at least 25 cm of shielding and over 909
attenuation. “he transect enables characterization of 1) pre-irradiation
levelg and variability at various distances from the source 2) trends along
the transect which will have to be corrected Tor in order to evaluate radi-
ation effects and 3) radiation effects at various distances. The paired
samples enable additional evaluation of direct radiation effects on the
microfiora without seccondary effects from changes in vegetation and fauna.

Paired measurements at eseh sampling distence were made of organic
matter, and moisture content, pll, fungal and bacterial dendities, and O
consumption. In addition CO, preduction was measured titrimetrically by
using dishes with 5 ml 0.1 K01 under inverted metal boxes (15 cm diam, 30
em high) on the forest floor at each sampling site. Paired measurements
vere made on 10 ml soil cores (23 mm diam., 25 mm deep) using stationary
Warburg technique at 30°C for O2 consumption, and 1 g of wet soil dilution
plates with pepton-dextrose agar and nutrient agar for fungl ard bacteris
respectively.

To evaluate radiation effects on microbiota below 2.5 cm the same
measurements as on the paired samples were made on cores from 2.5 to 5.0 em
depth taken between 10 and 30 m from the source. Effects on microbes,
shielded by 2.5 cm of soil are not expected beyond 30 m from the source.

Increase in litler production during raediation and possible reduction
of microbial activity may lead to litter accumulation., This situation may
regemble decomposition in the mountein forest with considerable humus
formation. 7o enable a comparison between the two cases of litter accumu-
lation in respect to microflora and microbial aetivity, measurements asg
before were made on four soil cores from mossy cloud~forest from the top
of E1 Toro,

Results (Table 1) show for the transect series that 1) there is no
significant difference between the projected exposed (1-8) and shielded
(S1-8g) series (P>60¢). 2) There are no significant linear regressions for
the measured variables along the transect with the exception of organic
matter (P 57), moisture (P «1¢%) and COs evolution (P« 17}, all of which
increase going uphill away from the cource.
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The subsoil (25-5 cm)} consumed significantly less O, (P~1%) than
the top layer (0-2.5 cm) of the transect series. Subsoil also contained
significantly less humus and moisture (P~ 17} and consumed less Cp (P=.27)
than mountain soil (0-2.5 cm).

Mountain soil contained significantly more humus and moisture and less
bacteria (P« 1¢) than surface soil From the transect.

This caracterization of the pre-irradiation status of the microflora
will be the basgis for evaluation of direct and indirect effects of radiation
immediately at the end of the three months irradiation period.

Aeriel Monitoring of Gamma Forest
By FPhilip L. Johnson
USA « CREEL - Hanover, N, H,

Bimonthly photographic missions have been conducted for one year prior
to treatment and will continue during the post-radiation year., Aerial and
ground photographs were obtained with Kodax Plus X, Infrared, Fktachrome and
Fktachrome Infrared Aero (C-D) films from a helicopter and from 11 permanent
pipes within the gamma field. Results during the pre~treatment year confirm
the non-seasonal nature of the forest and will be analyzed for phenclogical
information of specific individuals. Results in the post-treatment year
will demonstrate the vegetation response to treastment as cpposed to normal
phenological events. A series of hemispherical photographs of the forest
canopy has permitted direct assessment of vegetation cover over the 11
sample points for comparison with changes due to treatment,

The aerial photography will be analyzed using a microdensitometer
to asscociate changes in the photographic pattern with the gamma gradient
introduced. It may also be possible to correlate film densities with
various speciss or phenological events.

See Fig., 1 on page B7B.







88

Radiation Genebics and Radiation Botany

By
F. K. 8. Koo and Bdith Robles de Irizarry

A, Taclear volume and radiocsensitlvity

Radiosencsitivity is a measure of the degree of biologleal response
to radiation. The end points employed in the sensitivity asseying can be
either the lethality, growth inhibition, steriiity, mutation, chromoscmal
aberrvaticn, physiological or biochemical changes. Often, the cause of
lethality, growth inhibition, or sterility in plants is mainly genetic in
nature. If the observed end point canh be traced to its genetic origin, the
gite of the primary radiation damage must lie in the nucleus and then certain
nuelear characteristics may be related to the radiosensitivity. It has been
demonstrated that the nuclear volume, particularly the nuclear voiume per
chromosome at interphase, strongly correlates with the radicsensitivity in
plant species. I the growth inhibition or lethality is used to measure
the radiosensitivity, it would be most logical to study the nuclear parameters
in the meristems of the shoot apices because these end points simply reflect
the radiation damages in the meristems.

In the area at El Verde, = great number of plant epecies including
trees, vines, ferns, mosses, ete. are known., Within a radius of 30 meters
in both experimental sites, some 65 species, mainly trees, were tagged for
study. The abundance of the material provides an unugual opportunity for
studying the relationship between nuclear volume and radiosensitivity.

To prepare the meristems for nuclear volume measurement, the terminal
shoot apices were collected and fixed in Craf ITI. The materiai, after
being washed thorogughly, was processed through a dehydration - infiltration
schedule using ethyl and tertiary butyl alcohols, embedded in paraffin,
sectioned at the thickness of 10 - 12 u, stained with safranin, crystal
violet, and orange G, and mounted. The nuclel of the cells in the tunica
and outer corpus were measurcd with an occular micrometer at a magnification
of 800 x. For each nucleus two measurements in diameter at right angles to
each other were taken. For each species, in general two meristems with 10
nuclei in each were measured and the average nuclear volume was calculated
from the measurements of individual nueclei assuming a spherleal shape of
the nucleus.

Presented in Table 1 are the nuclear volume measurements for 66 plant
species. Miconia tetrandra has the smaliest nuclear volume which measured
23.6 43 and Smilax coriacea the largest, 335.6 u3, The two extremes
represent a 1h-fold difference in nuclear size. In the Table there are 33
species with a nuclear volume less than 100 u3, 25 species in the range of
10C0-200 .3 , & species in the range of 200 =300 u3, and only 2 species over
300u”. Based on the known fact that pitch pine and other species have large
nuclear volumes and high radiosensitivity,




Table 1.

Nuclear volume measurements (in u3) of shoot apices of plant specles grown
at the radiocecology experimental sites at El Verde.

Muclear
Species volume # SE (u3)
Miconia tetrandra 23.6 t 6.6
Tilladsia curvata 27.3 = 9.4
Elsota virgata 31.4 = 8.3
Matayba domingensis 35.7 £ 8,8
Sloanea berteriana 3h.0 £ b.2
Comocladia glabra 34.8 £ 13.0
Ficus laevigata 35.9 + 7.8
Cagearia bicolor 38.0 ¢ 13.5
Ormosia krugii Lo.5 ¢ 13.6
Casearia sylvestris 1.3 + 13.7
Allophylus occidentalis 41.6 + 13.0
Rourea glabra 37 & 11.0
Neorudolphia volubilis Y.L o+ 1L,0
Dacryodes excelsa 52.6 + 16.9
Casearia arborea 58.2 £ 19.6
Cordia sulcata 62.3 ¢ 15.9
Tetragastris balsamifera 62.5 t 12.5
Casearia guianensis 6L.0 + 9.3
*Cassiapourea alba 64.8 + 11.6
Guzmania lingulata 67.7 + 18.C
*¥Ocotea portoricensis 8.8 + 13.3
*Rheedia acuminata 69.4 + 15.8
+Homalium racemosum 69.4 + 12.3
Guettarda laevis 69.7 + 9.3
Tabebuia heterophyila 73.3 + 18.1
+Cyrilla racemiflora 75.8 + 9.8
Mangifera indica 774 £ 13.2
Inga laurina T9.7 + 15.k
Cecropia peltata 80.3 t 12.9
¥Fugenia stahlii 81.6 £ 17.2
Ixora ferrea 91.6 + 13.6
*Miconia prasina 93.6 + 18.9
Piper treleaseanum olk.g + 21,9
+Miconia sintensii 100,0 + 2k.2
*Micropholis garcinaefolia 100,3 &£ 20,7
+Ocotea leucoxylon 101.8 * 25.1
Drypetes glauca 101.9 + 19.5.
Guarea guara 102.0 = 20.6
Paullinia pinnata 102.2 + 13.8
Buterpe globosa 103.7 + 27.1
Banisteria lsurifolia 112.4% £ 26.0
Exogonium repandum 113.4 + 21.6
Didymopanax morototoni 116.1  27.6

Note: These names are based on the old table and have not yet be converted
to names given on page 5k, Some of these grow at the El Verde station but not
actually in the radiation center.




Muclear
Species volume 4 SE (w3)
Alchorneopsis portorricensis TIG.T & 26.5
Eyrsonima spicata 122 L 26.9
Peychotria berteriana 130.9 ¢ 24.6
Phylodendron lingulatum 143.2 = 33.k
Roystonea berteriana k5,6 & 19,0
Phylodendron krebsii- 14G:38 & 270
Cananga caribaca 147.1 + 10k
Daphnopsis philipplana 148.9 = Lo.6
Anthurium dominicensi 156.3 + 16.8
QOcotes moschata 1587 & .4
Skelegelia portorricensis Th1 5+ 3.5
+Buchenavia capitsata 164,1 z 38.4
Palicourea riparia 176.5 + 3kh.1
Manilkara nitida 179.3 + 37.6
Rajania cordata 159.2 & S54.7
M chornea latifolis 219.2 z 88.8
Drypteris deltoldea 227.7 = b3.9
Meliosma herbertii 231.6 © h1h
Marcgravia rectiflora 230,31 85,k
*Cordia boringensis £52,8 ¢ 26.2
Croton poecilanthus 260.0 + 59.k
Magnolia splendens 3ih,0 ¢ k2.3
Smilex coriacen 335.6 &L 57.0

#With only 1 meristem gtudied
-Measurement Tor dormani meristems

'

most of these tropical species may bhe considered relatively tolerant to
radiation and some of them highly radicresistant.

The nuclear volume of a species often varies with the season, Hore
precisely, it varies with the state of the meristem. In this study, =a
nuber of specics have been measured for both the actively growing and non-
active or slow-growing meristewms (Table 2). The differences in all cases
are very pronounced. The percent increases of the actively growing shoot
apices over the inactive or slow-growing ones are from 27% Tor Cordia
boringuensisto 1575 for Euterpe globosa.

Tt is of both theoretical and practical interest to make predictions
on the radiosensitivity of the species based on the nuclear volume measurements.
However, it should be pointed out that the predictions can be regarded only
as approximations and they represent only the general range of the sensitivity
of the species with that nuclear volume. In this study, the total doge levels
that could cause over 907 mortality, 20% and 80% shoot growth reductions
(Table 3) are predieted by congidering the predicted and actual doses for
the same effects presented by Woodwell and Sparrow for the species in the
ocak~pine forest at Brookhaven, The total dose level for lethality is there-
fore calculated on the basis of l-ycar exposure and that for shoot growth
yeduction on a 9-month exposure basis. Since our total irradiation period
is scheduled for 3 months only, the results may differ somewhat from that




observed under much longer period of radlation exposure.

Table 2.

In

Gl

Percentage of increase in nuclear volume measurements of actively growing
shoot apices over inactive or slow=growing ones.

Species

Cassiapourea alba
Fugenia stahlii
Miconia prasina
Euterpe globosa
Palicourea riparia
Manilkare bidentata
Cordia boringuensic

Actively groving

Muclear volume ¢ SE {u3)

Inactive

% increase

choot apices (A) shoot apices {B) (A over B)
64.8 + 11.6 4.5 + 12.5 56
81.6 + 17.2 55.2 & 9,9 L8
93.6 ¢ 18.9 £9.9 ¢ 11.8 3k

103.7 £ 27.2 Lok £ 11.5 157

176,5 ¥ 342 100.9 = 28,0 75

179.3 + 37.6 87.1 + 26.8 106

252.8 = 26.2 199.5 + T7.6 27

Table 3.

Predicted total dose levels for 90% mortality, 80% and 20% shoot growth
reductions in tree species with various nuclear volumes grown at Cs-137
gamma irradistion site at El Verde.

Nuclear volume
(u3)

20
30
Lo
50
60
70
80
90
100
110
120
130
1ho
150
160
170

dose
(Kr)

90% Mortality

198.0¢
370
105.0
8¢.0
73.0
64,0
56: 5
90T
L5.0
k2.0
39.0
36.2
34,0
32.0
30.0
28.4

80% growth
reduction dose

20% growth
reduction dose

{Kr) (Kr)
08,00 L L&
19.52 3.08
14,96 2,36
12.26 .94
1040 1.6k

9.12 1.4k
8.06 1.28
7.22 L1k
6.56 1.0k4
5.99 .95
5. 56 .88
56 81
4,85 <11
h,56 .72
L, 28 .68
L. 05 Ran
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Nuclear volume 20% Mortality 80% growth 20% grovth
dose reduction dose reduction dose
(ud) (Kr) {(Kr) (Kr)
180 27,0 3.85 W61
190 25.8 3.68 .58
200 zh 6 3.50 .56
210 23.5 3.3 ~53
220 22,5 3.21 s 51
230 21.6 2,08 g
2ho 20,8 2,06 AT
250 200 .95 s
260 19.3 2.75 RIvh
270 18,6 2.65 Lo
280 18.0 2.57 L
290 17.5 2,50 .39
300 igste 2.h2 .38
310 16.5 2.36 37
320 16.0 2.28 .36
330 15.6 2,22 .35
340 15.2 2.17 <35

addition, other factors svch ag biclogical and inanimated shieldings could
alsc contribute many discrepancies to the predictions. Above all, the
gtandard errors for the nuclear volume measurements are relatively high, so
the predicted dose for each of the effects may very well vary within £20%
even though other factors are not considered.

A count of plants in each smpecies killed by radiation will be made
soqn after a 3-month exposure and at intervals thereafter for a periocd of
about one year. Decausc the number of species is large only a few gpecies
can be Tound within a small area close to the radiation source where the
total accuwnulative dose is high enough to produce the killing effect. TFor
the species which have some killing and also are abundant in the area, their
response to radiation may be studied at =11 dose levels, But for others,
only the low-dose effects may be assesced.

For the growth inhibition measurements, two studies, cne on shoot
grovth reduction and the other on trunk circumference growth reduction,
have been initiated by other investigators of the Program. Their results
certainly can be corrclated with the nuciear volume measurementsg to check
out the wvalidity of the prediction.

However, the most critiecal information on the radiosensitivity of
these species must come from lrradistion experiments performed under controlled
conditions, In this type of study, acuvte gamma irradiation can be used to
study the survival and growth reduction of seedlings in the green house.
Seeds of several tree species have been studied Tor their germinability and
the most sericus problem so far encoutered has been the poor and uneven
germination. Improvement in methods of germination may be found after further
testing, at least for some of the species. 8o the radiosensitivity for a
selected group of species can be studied.




B, Hoses Investigation

Dr. W. ¢, Steere of the Hew York Botanical Garden collected and iden-
tified 20 species of mosses in the rainforest at E1l Verde. Preliminary
results on the nuclear volume measuremente for all 20 speciles have been
obtained®*, The range varies from approximately L ud to 1ko w3, indicating
a 35-fold difference in volume between the two extremes. A number of species
show that the nuclear volume taken from the base cells of the top 'leaf” is
quite different from that of the lower "leaf’. In scme instances, & 10-fold
difference in volume is observed. In general the cells from the top "leaf"”
heve larger nuclear volume, but this is by no means the rule. For a few
species the apical points have also been studied for the nuclear volume.

The measurements appear to be comparablc to the ones on the top "leaf” of
the species. The nuclear volume study has been done with the aceto-carmine
squash method,

Attempic have been made to culture and propagate the moss species in
the growth chamber. FEight out of 20 species have survived and begun to show
new growth. This survey would help to determine the feasibility of radio-
sensitivity study with mosses under controlled conditions.

(*Thig investigation has been assisted by Robert Venator)
C. Bromeliad Invectigation

Two specles of Bromeliad collected at Il Verde were irradiated with
pamma rays at doses of O, 3, 6, 12, 24, U8, 96, and 192 kr. Ten plants
from each treatement for each species were planted in the shaded greenhouse
with ample mist spray. At the end of one month following irradiation, all
plante of both species that received 192 kr died. The plants at intermediate
dose levels showed some browning and spotting. There was no apparent sign
of any radiation damage at low doses. At the end of 2 months, 5 and 3 plants
of the broad-leaf and narrow-leaf species, respectively died in the 96 kr
series and one plant of broad-leaf species died in the U8 kr series. At the
end of 3 months all the plante of both species in the 96 kr geries, and one
plant each from the two species 1n the 48 kr series died, In the broad-leaf
species, one and two plants in 12 kr and 6 kr series, respectively, also
died. It is apparent both species are tolerant to radiation although the
broad-leaf species is less s0,.

Another set of experiments with the same two species has been under
way at the irradiation site at E1l Verde. The plants were grown on the plates
cut out from tree fern trunks for a period of one menth in the shaded green-
house under constant mist spray and then moved to the rainforest before the
beginning of irradiation. The plates were hanged on the tree trunks about
6-8 feet Trom the ground at a distance interval of approximately every 5
meters up to 50 meters from the Cs-137 gamma source. At cach location
randomly placed was a sct of L plates consisting two replications with 10
plants in each replication for each species. Two sets of controls were also
placed at two locations some distance from the radiation source. All the
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sets were tagged with docimeters. Data on survival and growth of new leaves
have been collected on twe cccassions.® Further information will be gathered
Tollowing a 3 month exposure pericd.

(* This study has been assisted by Robert Venator)
D. Other 3tudies Planned

The Cytogenetic effects of chronic gamma irradiastion on tree species
are of special interest to us., Plans bave been drawn up to study the chro-
mosomal aberrations in the microsporocytes and sterility in the pollens of
a selected group of species.

Algo a limited number of tree species will be studied for the radiation
damage to the meristems.

The material for these studies will be collected at various distances
from the source, preferably at locations where the dose levels are known,

Gamma radiation effect on chlorophyll A content in Bromeliads.

F. K. 5. Koc, H. T, Cdum,
Edith Robles de Irizarry and Marta De Arce

Under the same envirommental conditions the ratio of photosynthetic
rate of a plant to its chlorophyll content holds constant and any change
in the amount of chlorophyll in the plant is reflected in the change in its
photosynthesis. 5o an estimate of the photosynthetic rate may be made by
measuring the amount of chlorophyll, Ionizing radiation is known to affect
chlorophyll biosynthesis. In this study, chlorphyll content was assayed
to serve as an indirect measure of radiation interference with the photo-
synthetic mechanism in the irradiated plants.

The broad-leal Bromeliad plante,l12 in each group, were treated with
gamma-rays at dose levels of &, 2.5, 5, 7.5, 10, 25, 50, 7%, 100, 150 and
200 kr and planted in the sheded greenhouse with about & hrs. of mist spray
a day. For chlorophyll "A" determination, at each collection date U4 leaf




samples, one from each plant, were collected from the control and each of the

10 irradiated series. A single disk in the size of 1 cm? was then taken from
each leaf using a cork hole puncher. lLeaf digks were extracted individually

in 90% acetone, optical density wae measured,and chlorophyll A wag computed
according to absortencles given by Richards and Juwmoson, An shbreviated
procedure was used involving the determination of optical density at 665
millimicrons only using the relatively broad band pass of the Bausch and Lomb
spectrophotometric colorimeter, Readings in this instrument were calibrated
using the same solutione in a EFeckman narrov band pass spéctrophotcmeter accord-
ing to Richaxds and Thompson's procedures.

Severn collections were made Over a period of 2 months, beginning on
the day of irradiation and thereafter zbout every 10 days. Only the young
leaves were taken,and all plants were about equally sampled in the whole
period of study. Starting with the second date of collection, leaves sampled
were Tirst read on a transmission densitometer "Jeleh Densichron’ for ASA
diffuse transmission densities before leaf disks were taken.

bresented in Table 1 are mean chlorophyll A content (g/mz) in yvoung
leaves of the control and geamma irradiated series. The samples collected on
the First date in general yielded about 0.2 g/m? or more except that in the
200 kr series. Samples collected 11 days later showed a drastic 50% decrease
in chlorophyll content but further decrease at later collections were less
pronounced. With the exceptions that occurred in the first two dates of
collections, in general the chlorophyll content decreased with increasing
radiation dose. The increase in content at low dose levels as shown in the
second collection (Cet. 26) may indicate a stimulative effect. However, the
increase of content observed at doce levels of 5 - 150 kr over the control
value at the first collection (Oct. 15} cannot be explained on the same
basis as these samples were collected immediately following irradiation.
Statisticel analysis indicates that the differences are not significant.
On the other hand, the
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analyses of variances for the other & collections indicate in each case

the variance ratio of 'between treatments™ to "within treatments™ 1is

highly significant. Since the data in Table 1 also show that the chlorophyll
A content generally decreased as the length of time the plants growing under
the shaded greenhouse conditions increased. The results from the statistical
analyses indicate that in all cases the variances for 'between collection
dates’ over thet for "within collection dates’ are highly significant. At
each collection, difficulties in sampling the young leaves of the same age
were encountered, Also on some oCcasions SOmME necrotic tissues were included
in the sampling as the browning effect spread over the leaves at high dose
levels, especially at later collections. These factors might have contributed
to some of the unexpected irregular variastions in Table 1. Also it should be
pointed out that at the end of one month following irradiatiom, all plants

at the 3 highest dose levels were nearly dead or completely dead.

The mean diffuse transmission density recadings for the leaves collected
for chlorophyll A determination are presented in Table 2. The readings,
almost following the same pattern as for the chlorophyll content variation,
decreased as the doses and the days grown in the greenhousc increased. The
readings of the individual leaf samples were used to correlate with the
chlorcphyll A content of the same sample. The resultis

Table 2

Mean diffuse transmission deneity readings (with Welch Dengichron) of young
leaves of control and gamma-irradiated Bromeliad plants collected for chloro-
phyll A determinations

Treatment Collection date
gamma rays
in kr) Oct. 26 Nov. k Nov. 13 Nov. 2k Dec. U Dec, 15
0 0.57 0.56 0.58 .50 046 C.h6
2.5 0.63 0.58 0.64 0.5k c.h8 0.ho
5 0.60 0.52 0.63 0.61 0.51 0.51
7.5 0.61 0.53 0.58 0.58 8,52 0.40
10 0,59 0.51 0.58 0.57 O 91 0.46
25 0.56 0,53 0.55 0.48 0.50 0.38
50 0.56 0.52 054 O 0.36 0.40
75 0.59 0.51 O.47 0.38 0,b5
100 0. 54 Oh7 0.53 0.36 0.36
150 0.52 0.5 0.31 0.36 0.38
200 0,45 0.39 0.32 0.34 G.43

of the correlation study for the samples collected at each date are presented
in Table 3 and the r values in all cases are highly significant, Therefore,
the diffuse transmission density determination may be subgtituted for the
chlorophyll A determination which appears to be much more tedious than the
Densichron reading.
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Tn conclusion it may be stressed that in general gamma radiation at
a dose level of S0kr or higher produces a profound damaging effect on
chlorophyll biosynthesis in Bromeliad plants, and that no recovery from
radiation damege was observed at these high dose levels, However, the
plants that received lower doses tended to recover at later date.

Table 3

Correlation between chlorphyll A content and diffuse transmission density
reading of individusl leaf samples of control and gamma-irradiated Bromeliad
plents collected at & dates.

Collection No, pairs
date of values T
Oct. 26 4y 0. 85%x
Nov, U kY 0,81%*
Nov. 13 Ly 0, 8lsex
Nov. 2k Lk 0,86%#
Dec., 4 bl 0. TO%*¥
Dec. 15 28 0O, 50%%*

w#gignificant at 1% level.

Note: The thin leaved bromeliads are very young individuals which
later develop broeder leaves. The population in these
experiments was a mixture of Cuzmenis and Trichomanes.
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Chromosome relations in the Insect Populations of El Verde.

Miilo Virkki
Cytogeneticist
Agricultural Experiment Station
Rio Piedras, P. R.

Since the last report, work could be continued with Phasmids only.
150 permanent slides were made from L.5 gpecies occurring in the irradiation
area. The material will be studied in detail after the identification of the
specimens has been arranged.

In most specimens, 1L+X (male) or 14+XX (female) is the meiotic chromosome
number. In one single specimen was a naturally occurred chromosomal rearrange-
ment detected. The specimen was heterozygous in relation with an autosomal
centric fusion, the number being: 15 bivalents + 1 trivalent + X.

Frog Noise Progress Report

By George Drevry

The record of frog noise now includes a complete annual cycle. it is
interesting to note that the winter of 1964-65 has had the same effect or the
overall activity pattern as the winter of 1963-6L, although the 63-64 winter
was much drier. In addition to the equipment described a second frequency has
been added to the one used in the study of BEleutherodactylus portoricensis.

The second frequency was chosen to be the dominent sound of two species, E.
hedriki and E. eneidac. The occurrence of considerable sound from E. porto-
ricensis at this frequency requires detailed analysis of the record to separate
the other two species. Preliminary analysis combined with field notes suggests
that these specics use time separation to avoid interference under normal
circumstances. A deTinite decline in the activity of E. hedriki precedes the
development of the peak sound intensity of E. eneidae, whose principle activity
occurs after midnight. A detailed analysis of call structure in these and
several other species is now under way, with plans for development of a
multi-channel recording instrument plotting each species separately.




Cytological Study of Ferns and Fern Allies
in E1 Verde

by Veikko Sorsa
Associate Cytogeneticist
Institute of Genetics, University of Helsinki, Finland

g9

Eighteen different species of ferns and fern allies were reglstered

in the Project Areas by me and my wife Mrs. Marja Sorsa in August 196k,
Material for cytological studies was fixed from all gspecies found in the
meiotic stage. In case the chromosome number could not be counted from

material fixed from the Project Areas, it was determined from material of

the same species collected around the Project Areas in El Verde,

Microscope preparations were made and the investigation was carried
out in the Institute of Genetics, University of Helsinki, Finland. Camera
lucida drawings have been made of the chromosomes of the species studied.

Fhotomicrographs have been taken of the eytologically most interesting
species.

The herbarium specimens of the collected material were kindly named

by Dr. R. Woodbury in the Agricultural Experiment Station, Rio Pledras.

Observations
Center:
Distance Name of species Chromosome numbey counted
from the
center From Projeet Area From outside
3.2m or Adiantum cristatum L. chromosomes not countable
less Alsophila boringuefia Maxon n=69«T70 n = 69
Dryopteris deltoidea (Sw.)Kuntze n= 4 n = 4
3.2-10m Polypodium chroodes Spreng. chromosomes not countable
" Dryopteris deltoidea (Sw.)Kuntze n = hi n = 41
" Alsophila borinquefia Maxon —— n= 69
" Elaphoglossum flaccidum (Fée)loore n = k1 n= b1
10 - 30 m Alsophila boringuefia Maxon n = 69 n = 69
Dryopteris deltoidea (Sw.) Kuntze n=54 o= b1
Adiantum cristatum L, ~— -
Elaphoglossum flaceidum (Fée)Moore n = bl n =Ll
Nephrolepis rivularis (Wahl)Mett. chromosomes not countable
Oleandra articulata (Sw.) Presl. n=4 n =4
Asplenium cuneatum Lam. n=

T2
Polypodium chnoones {pring e

ns="T2

o w




30 -8 n

Distance
from the
center

3.2 m or less

3.2 «10nm

1

Hemitelia horrida (L.) R. Br., Spreng. n = 70

Trichomanes capillaceum L,
Lindsaea montana Fée
Elaphoglossun firmum (Mett.) Urban

Alsophila boringueiia Maxon
Polypodium lycopodioides L.

Hemitelia horrida (L.) R. Bra, Spreng. n

Hypolepis repens (L.) Presl.
Blechnum occidentale L,
Lycopodium linifolium L.
Lycopodium dichotomum Jaecq.

South - -Control Center

Name of speciles

Alsophila boringquefia Maxon
Dryopteris aeltoidea (Sw.) Kuntze
Nephrolepis rivularis (Wahl) Mett.
Alsophila boringuelia Maxon
Dryopteris deltoidea (Sw,) Kuntze
Oleandra articulata (Sw.) Presl.
Polytaenium feei Maxon

Asplenium cuneatum Lam,

Danaea nodosa (L.) Smith

Iindsaea montana Fée

Dryopteris deltoidea (Sw.) Kuntze
Elaphoglossum firmum {Mett.) Urban

Elaphoglossum flaccidum (Fée) Moore

Alsophila boringuefia Maxon
Blechnum occidentale L,
Dryopteris deltoidea (Sw.) Kuntze

100

n = 69-70
chromosomes not countable
chromogsomes not countable

n=4 n=541
n = 69 n = 69
chromosomes not countable
= 70 n = 69=T0

n = 39 n =39
n = 64 n = 6k
n = c. 1h0 -

n = 132-137 -—

Chromosome number counted
From Project Area From outside

- n s 69
~~—— n =kl
n = 69 n = 69
n= 41 n = 41
———— n =L
- n = 60
n="7T2 n="72
chromosomes not countable

chromosomes not countable

n = kLl n= 41

n =4 ~——

n =41 n =41

n =69 n = 69

n = 6k n = 64
—— n = 4l

Species collected clasely outside the circle of 80 m.

Spore and gametophytes of these species may possibly be found from inside
of 80 m's circle on the Project Area as well.

80 - 300 m

Nephrolepis biserrata (Sw.) Schott
Dryopteris reticulata (L.) Urban
Polypodium astrolepis Liebm.
Polypodium pectinatum L.
Polypodium piloselloides L.
Asplenium abscissum Willd.
Asplenium salicifolium L,
Dryopteris decussate (L.} Urban

Dryopteris chaerophylloides (Poir.) C.
Dennstaedtia ordinata (Kaulf.) Moore

Polypodium taxifolium L.
Polypodium avreun L.

L1
T2
Th
37
T
1hh
72
T2
41
L3
37
Th

[

Chr.

oo fonnonod

S sEpgEspBEB3BEBY
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Most of the fern species collected from the Project Areas have not beeu
eytologically studied before. Only three are previocusly reported in cytological
literature: Olendra artieculata 2n = c¢. 1hh by de Litardiere 1320, Cellule 31:
255-473; Asplenium cuneatum n= c.T72 and n= ¢.216 by Manton 1959, Alston 1959:
75-81; and Blenchnum occidentale 2n= c. 124 by Abraham et al., J. Ind. Bot.

Soc. Ll: 339-h21,

The chromosome number n=72 found in some species of Dryopteris (D.
decussata and D. reticulata) is interesting, because it is quite different
from the numbers n= L1 and n= 82 previously counted in the fern genus Dryopteris.

More detailed reports on chromosome conditions in Puerto Rican ferns will
be published later by the author.

Summary of Pre-irradiation Chlororhyll Measurements
- (Odum, larta De Arce, lfurphy)

On each of the following trees, LO leaves were analyzed for chlorophyll,
10 new sun leaves, 10 new shade leaves, 10 o0ld sun leaves, and 10 old shade
leaves. HNumbers are those on the tags in the field,

Species RHadiation Center South Control Center
Dacryodes excelsa _20,00L
Manilkara bidentata CA2,3T5.

Futerpe globosa
Croton poecilanthus

Sloanea berteriana Ma-1; .

Cecropia peltata - Q;ggigggk;ﬁjéi/
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Report on preliminary survey of bryophytes of El Verde
sites, before irradiation, December 11-16, 196k,

Hlliam €. Steere
M. Y, PBotanical Garden

The investigator, Villiem €. Stecere, and hnis assistant, Dorothy O.
Steere, arrived in Puerto Rico on December 10, and spent December 11 through

16 in a survey of the [l Verde sites and December 17-19 in Rio Piedras, in
supplementary studies.

Eecause mosses turned out to be among the most resistant plants in the
Brookhaven experimenis on the effect of Cesium irradiation on oak-pine forests
on Long Island, T was pleased to be invited 1o partieipate in the pre~irradi-
ation survey of the tropical rain-forest near El Verde, in the Lugquillo
Mountains of eastermmost Puerto Rico. Whether it is the small nuclear volume
of the moss cell or some other factor that gives mosses their unanticipated
resistance to ionizing radiation is still not knowm; under any circumstances,
it is surprising that a haploid plant should be resistant at all because ol
its lack of duplicate genes and a resultant reduction in genetic resources.

Activities. The upper and lower sites were visited on December 11, 12,
13, 15,and 16, and Smith's "equal area" site, below Site 1, was examined on
December 14. The forest above the sites was visited several times, to gain
a better understanding of the vegetation as a vhole, and the transition from
the somewhat reduced montane forest to the high rain forest. December 14 was

spent largely in the montane forest about Mt, El Toro, southeast of the E1
Verde area,

Procedure. In the sites themselves, careful notes were taken on the
bryophytes that were especially conspicuous within the 1O0-meter zones, and
photographic records were made, Outside the 10-meter zone, notes and photo-
graphe were taken in different types of habitat, and in different degrees of
exposure as determined by thelay of the land, Where possible, notes and
photographs were tied to points that can be Ffound again after radiation ceases,
as numbered trees and numbered photographic points., Voucher collections made

for permanent reference were documented in the same manner, and left in Rio
Piedras,

Nuclear volumes, Plentiful lots of living mosses and few hepatics,
20 species in all, were collected for Dr. Koo, for determination of nuclear
volumes. Because of the simple structure of bryophytes, whose leaves are
normally only & single layer of cells thick, a relatively uncomplicated
technique should suffice for this determination. If meristematic areas must
be used, to conform to the practice already established for higher plants,
the growing points of moss and hepatic stems are small and easily "squashed"

out, thus avoiding the time-consuming and laborious techniques of embedding
in paraffin and cutting serial sections.

Cytological study. Material of moss capsules at the proper stage to
demonstrate meiosis, for chromosome counts of 15 species was colleeted. How-

ever, as it could not be examined at once, for lack of microscopic facilities
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Table 1. Bryophytes of site 1, site 2 and their vicinity

1. Dominant and conspicucus mosses in the site areas:

Thuldium urceclatum Lor. On stones, rocks, roots, and base of trees.

Taxithelium planum (Brid.) Mitt. On rocks, roots and trunks of
fallen trees

Syrrhopodon berterianus (brid.) C.X. Common on trunks of Euterpe
(sierra palm); on tree #1039€, for example,

Syrrhopodon prolifer Schwazegr. On rotten wood and tree bases,

Octoblepharum pulvinatum (D, & M, ) Mitt. On rotten wood and base of
trees; rarely on rock

Leucobryum martianum (Hsch.) Hampe. On rotten wood and base of trees

Leucoloma serrulatum Brid, On tree trunks, twigs and rocks.

2. Less abundant mosses, but still easily oberved:

Neckeropsis undulata (Hedw.) Reich. On base of trees

Homalis glabella {Hedw.)} Mitt. On vertical rock-face

Porotrichum fasciculatum (Hedw.) Mitt. On shaded rock; more rarely
on tree trunks.

Syrrhopodon ligulatus Mont., On tree trunks; tree 710277 Ffor example,

Rhizogomium spiniforme (Hedw.) Bruch. On moist shaded trunk of Euterpe.

Calymperes lonchophyllum Schweegr. ©On base of trees; more rarely
on rock

Leucomium compressum Mitt., On stones and clay soil

Crossomitrium orbiculatum C.M. On roots and twigs in moist shaded places;
also on living leaves,

Figsidens pellucidus Hsch, On moist clay

Fissidens Garberi Sull, & Lesq. On tree trunks and rocks; on stone
at base of tree F01173




3.

10k

Common hepatiecs, often abundant:

Plagiochila: at least 3 species occur on rocks and tree trunk at
and near sites

Bazzania: at least two species on base of trees and on rocks;
at base of tree $10398

Riceardia: several specics on stumps, rotten wood and clay
Lophocolea: a common hepatic on rotten wood and base of trees

Calypogeisa: a ccommon hepatic on molst soll and rotten wood

Many species in many genera of Lejueuneaceae occur over the whole
area, but a specialist will be needed
to name them. These are the usual
hepatics of fallen leaves.

at El Verde, and was studied only several days later (December 17 and 18),

in the Institute of Tropical Forestry in Rio Pledras, the cyteological data
obtained were disappointing., Accurate chromosome counts could be made in

only one species, a species of Callicostella still to be identified,

(probably C, pallida}. However, all the species that oceur within the

area of high irradiation also occur in areas beyond the reach of irradiation,
or in areas protected from it. Consequently, if anomalies are found in the
eytolegical behavior of bryophytes after irradiation, good control materiasl

can also be easily found and studied for comparison. By getting fresh material
one day at El Verde and studying it the next in Ric Piedras, thus giving meiosis
no chance to "run dowmn", a2 more successful cytological program can be forecast
for the future.

Pogt-irradiation phase. For the post-irradiation phase, it is proposed
to compare the "after” with the "before’ in terms of absolute and differential
susceptibility among species of bryophytes which will be reflected by changes
in normal associations of species, The mortality and survival should be
ctudied from the standpoint of distance from the source, protection given by
the habitat and other variables, egpecially in comparison with photographs
taken in December. A comparative study of the production of sex organs and
of sporophytes should be made between irradiasted and non-irradiated populations
of the same species, Anomalies of all types should be studied critically in
an attempt to discover their point of origin. HMeiosis should be investigated
in populations that have been irradiated to determine whether or not meiotic
behavior as well as chromosome number has been affected, Since the behavior
of tropical mosses under irradiation has never been observed, it is difficult

to forecast what will happen-~but whatever happens will be significant,
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Observations on Algae at TL Verde, Oct. 1-9, 196k

By Thil Halicki

Preliminary observations were made on the digtribution of epiphytic,
tignophilic, and lithophilic species of algae at the Ll Verde site., In
addition, colleclions of algac, mosses and livervorts comprising the cryptogamic
community on leaves, wood, and rock, were also made.

Algae from leaf surfaces were collected during seven transects starting
from the outer boundary of the upper center to the outer boundary of the lower
center. The epiphytic algae were present on several gpecles, but especially
abundant on Futerpe globosa, Dacryodes excelsa, and Gloanea berteriana. In
extremely wet and very humid parts of the sites Drypetes glauca alsc was &
good substratum for algal species. Epiphytic algal species were lacking on
all specimens of Cecrople peltata examined,

The most comuon algal genera on the leaf surfaces are Fhycopeltis
(Mille.det) Printz, Cephaleuros Kunze, and Trentepohlia Mart.

The nacroscovic appearance of Phycopelitis varied with the quantity
of light present. Thalli growing in deep shade were green in color. With
increasing exposure to light and seemingly less humid conditions the thallil
were pale to bright lemon yellow, orange, orange-red or copper~red, The color
iz due to an increase in the carotenoid pigments and to the carotenoid pigments
and to the storage of oil, At higher elevations than present at the experimental
sites on Fl Yunaque, 3496 ft., the genus became a deep orange-red. Within the
study site Phycopeltis was parasitized by Ascomycete fungi and involved in a
lichen association. Fhycopeltis was abundant on several species, but most
common throughout the study area on Zulerpe giohosa which is seemingly an
exeellent site for leafy livervorts, mosses, and algae other than Phycopeltis.,

The genus Trentenohlia was second in abundsnce on the leaf surfaces.
It is perhaps of some ecological worth to note the difference between the
gro7th hehit of Trentepohlia and other epliphytic algal gencra. Trentepohlia
is a green algel genus closely related by reproduction type to Phycopeltis.
Trentepohlia is coarsely Tilamentous and the filaments occur at random over
the leaf surface. The genus FPhycopeltis, on the other hand, is a parenchymatous
to pseudoparenchymatous thailus tightly appressed to the epidermal surface.

Since many representatives of this genus vere sterile when collected,
living materizal was sent to the home institution of the investigator for culture
and eventual specics determination. IMuch of the Trentepohlis collected was
also parasitized by Ascomycete fungi.

The epiphytic algal genus least abundant was Cephaleuros. As with other
Trenteponliaceocus general Cephaleuros possegses an ersct and prostrate system.
Unlike Fhycopeltic and Trentepohlia, Cephaleuros has filaments which actually
penetrate the cuticle and cpidermis of the host and may become an intramatrical
space parasite. In seven transects throughout the site Cephaleuros was collected
oniy twice on Sloanes berteriana.
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Recause of the rather common occurrence of Fhycopeltis, liverworts,
mosses, and other algae on the leaves of Euterpe globosa special cmphasis
was placed on study of this palm. A problem of interest is the relative 1ife-
span of a palm frond, Fifty representatives wvere selected along the trail
center to the lower center sg shown in the map {(Fig. 1}. The outermost frond
of each individual was marked with a metal tag. Alejo Estrada Pinto mekes
monthly observations on the life of the palm fronds.

After returning to his home institution the investigator will make
totsl counts for the relative distribution of Phycopeltis on Buterpe leaves.
Thig will again be done after ilrradiation. In addition to the study of the
Buterpe leaf community, 20 rocks or rock-log aggregates were marked for study
of lithophilic and lignophilic species., Permanent green concrete markers of
these rock-wood sites were established, and this study will also be repeated
after irradiation. It is hoped that Dr. Breen will also give gquaentitative
data on the mosses and leafy liverwort floras on the Euterpe leaves. A list
giving the location of the 20 sites is included as Table 1.

Table 1
Approximate locations of rock and rock-log aggregates for algal studies.

Al. near Palm #1
A2, near Palm 74

A3. below " #7
A.)-I-. i1 11 :!‘11,19
A5, 7 U i
A6, " T e

AT. 10 meters below A6 to the left of the path.

AB. Below Palm 313

AQ. K Y6

A10.Opposite Palm #18

Al1,S1ightly below Palm #20. The rock surface studied is just below the
rock that is marked.

Al2.)1) Just below and to the right of Palm 21. Collection made off stump
and rotting log.

A12.(2) OFf lower end of loge estudied at Al2. (1),

A13.51ightly above palm #2k, Collections off rock surface and Tabonuco tree
trunk.

A1l.Below palm 726 collection from marked rock and logs in vicinity

A15,Just below palm #28., Collection off rock only.

A16.Rock on path at 10 meter point to lower center. BSurface of rock heavily

covered with erustose lichens which were not collected.

Al7.Below palm #@9, about 50 meters from ground zero, lower center,

418.Below palm ;-3k4.

A19.0Opposite palm #Li at rat marker #62.

A20.0pposite palm #U45.
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REPORT OM SNAIL FROJECT
by Harold Heatwole
Dept. of Biology, University of FPuerto Rico

Trntroduction

Tt is expected that radiation will cause = number of changes in the
forest at Bl Verde. The effect upon snails may be direct or indirect. The
former category may include effects upon viability, growth rate, oT pattern
of shell growth. Differential effects on different age classes might occur.
In order to evaluate such direct effecte several approaches have been taken:
(a) pre-irradiation growth studies have been made for comparison with similar
ones to be made after irradiation, (b) individual snails various distances
from the source have received dosimeters, and (¢) incidence of abnormal shell
growth has been recorded., This study 1= restricted to snails of the family
Camaenidae. That part dealing with direct effects has been carried out on 3
species, Caracolus carocolla, Polydontes acutanguia and Polydontes luquillensis,
chiefly on the First-mentioned ag it is by far the most abundant in the E1l
Verde region. In addition to the El Verde site, supplementary studies were
carried out at the Fl Yungue Piological Station.

fndirect effects of radiation may include influences upon the distribution
of snails in the area through changes wrought in the vegetation which in turn
affect microclimate, food supply, etc. To evaluate such effects a comparative
ecological study of camaenid snails was inltiated.

There are six species of camaenid snalls ip Puerto Rico, one of which
(Zachrysia auricoma) was probably introduced from Cuba and is not included
in this study. C. carocolla is very abundant in the moist forests of the
central mountains and is slco present in vowland forests. It is not found
in open woodlots or on roadside trees in the lowlands. Tn such situations
it is replaced by C. marginella and Polydontes lima which also penetrate the
higher altitudes along roadsides and in heavily disturhed areas. On some
magotes C. marginella and C. carocolla are found together.

P. gcutangula, a resident of the higher altitude forests, Seems at least
on casual obeervation, to be a canopy dweller which has secondarily made use
of hibiscus hedges and similar vegetallon in the more open areas. It is not
very abundant. P, luguillensis, a still less common species, seems to be
ecologically similar to C. carocolla although it is rectricted to the rain
forests of the eastern mountains.

Thus, the more open arcas expected to be created by radiation might provide
unsuitable habitat for C, carocolla and P. luquillensis, but cause conditions
favorable for P. acutangula, which might therefore replace C. carocolla on shrubs
in part of the irradiated zome. A less likely possibility is that C. marginella
and/or P, lima mey be sble to reach, and become established in the area dis-
turbed by radiation.
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Dogimetry

Fifty individually-msrked snails, at varying distances from the
radiation souce, were provided with dosimeters by gluing them in the crevice
vetween two whorls and then covering them with black electriczl tape. An
attempt will be made to recover these after irradiatiocn.

Ineidence of Abrormal Shell Growth

Three of the 431 €. carccolla which were marked at Fl Yunque had an
abnormal growth pattern_of the shell involving =z slight displacement of the
vhorls. This displacement began when the snail was about half grown, the
whorls becoming progressively more offset with age. TFo such shells were
encountered in the more than 600 individuals marked in L1 Verde.

Home Ranges

In both areas combined, over 1,000 snails have been individually marked.
Some of these have not been subsequently recaptured. However, a large
proportion have been recaptured 3 or more times and some as many as 17. Their
location wae plotted on amap each time they were captured. Inasmuch ae almost
all recapture cata were obtained during the day, the "home ranges” thus
plotted simply outline the area which the snail uscs for its diurnal inactive
period. At night they leave this area and forage, returning again the follow-
ing morning. Thus the true home range ie greater than the areas shown here.

Home ranges fall into 3 patterns, One of these is for the snail to
always be found on the same tree, small portion of a building, or on one
of several trees in close proximity to each other (Fig, 8 and 9). Ancther
common pattern differs in that one or two recaptures may occur away from
the area in which the snail is usvally found. Afterwards it will be found
back at the original site (Fig. 10). A third pattern consists of snails
ocoupying one area for 2 long time and then moving to a new site where they
subsequently remain, This wag found to occur after such disturbance as the
painting of a building, the wall of which was included in the animal's home
range,

The above generalizations concerning home range is applicable only to
adults. Data on the juveniles are now being worked up. Thus far the indi-
cations are that they do not limit themselves to as restricted an area as do
the adults.

After irradiamtion we plan to follow the movements of animals which
might leave the irradiated zone and establish home ranges elsevhere,
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Habitat Selection

Individuals of C. carocolla are not uniformly distributed throughout
the foregt., They are less abundant on the steeper slopes and they tend to
inhabit particular trecs. Some trees had as many as 19 snails on the trunk
at one time whereag other trecs only scverzl feet away had none, nor did they
ever have any during the study. The data are now being analyzed to see if
suitebility for snails is related to taxonomie category, bark texture, or size
of tree.

The young and adults occupy different situations; the former tend to
spend the diurnal inactive hours under the leaf litter, stones, or logs
whereas the adults tend to hang on tree trunks, During the drier months, sven
the adults may ceek out refugias such as tree holes or bromeliads. These state-
ments seem to be tyue for all species involwed in the study. OQuantitative data
are available for C. marginella. On 31 December 196&, objects on the ground
vere lifted and the diameters of all snails beneath were measured and compared
te the diameters of theose henging on the frunks during the same sampling pericd.
The difference in hebitat between young and adults is evident from Fig. 11.

Population structure

Inasmuch ag juveniles and adulte spend the inactive part of the day in
different places, data on size obtained during the home range study are not
reliable for estimating the size structure of the population. In order to
circumvent this difficulty z search wag made by flashlight on humid nights
of the concrete walls bordering the road in the rain forest at El Yungue,
Under such conditions all snails were actively foraging, and being on a smooth
surface, snaile of all sizes could be easlly detected. Tor a given sample,
all individuals observed were measured until about 100 individuals had been
captured. ZEach snail was released near its capture site.

In iovember 1963 size classes were rather evenly distributed without
well defined concentrations of individuals in any particular size range, a
condition which persisted in the February 1964 sample (Fig. 12). However,
by Mey 1964, after the early spring period of growth, there were relatively
few snails in the smallest size classes and bout half of the population
consisted of adults. By the end of the year, probably through mortality of
many adults, the nearly uniform size distribvution was reestablished, It is
necessary to continue these samples, at more freguent intervals in order to
verify the existence of this seasonal change in population structure, describe
it more accurately, and possibly to relate year-to-year dilfferences with
environmental conditions.

The breeding cycle of these snails is not known in detail yet. IHowever,
of the 13 copulations observed in the fiecld, all occurred in the period
between 31 March and 15 June except for 2 in Janusry, one in February, and
one in December, Most of the egg clutches were Tound in Uovember and December,
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During 1965, monthly collections will be made in E1 Yunque for deter-
wining the condition of the gonads. These will be correlated with monthly
samples of population structure.

Critical Thermal HMaxima

Fleven C.carocelle and an egual number of €. marginella were acclimated
for 1 weekx at 20"+ 1°C and in nearly saturated air. They were then individually
gsubjected to a determination of the critical thermal maximum by placing each
one in a glass jar which waz then closed with a 2-hole rubber stopper. Through
one hole a Schultheis quick-registering thermometer was inserted whereas a
glass tube permitting passage of air was inserted intc the olther. The Jjar was
then attached to a weight and submerged in 2 water bath containing a bubbler
to cause mixing of the water. It was then heated, raising the temperature 1°
at & time and them maintaining that temperature for 5 minutes kefore raising
it again. Soon after heating begen a snaill would become active. Two end-
points were used, (1) when the snail retracted its body and fell from the wall
of the glass jar on which it had been attached, and {2) when it failed to
respond to a tactile stimulus when tecsted at the end of each 5 minute period
subsequent to having reached the first end point.

The twe species were remarkably similar. The range in end point Ho. 1
was 35 - 40°C (mean 37.4°C) for C. carocolla and 33"~ k0.5 (mean 38,3°C) for
C. marginells. That of end point Mo, 2 was 42°- 45°C (mean L43.2°C) for C.
carocolla and 42°- L7°C (mean 44.2°C) for €. marginella. Thus, differences
between the CTM's of these two species, if real, are very slight and probably
of little ecological significance. Uowever, regression of CTM on size gave
a straight line with a positive and significant slepe for both species and
it geems that larger individuals can withetand higher temperaratures than
smaller ones. liore data are being collected or this point for use in inter-
preting possible differential responses of the young and adults in the field.
In addition, the other specles will be tested as material is available.

In the field, body temperatures of 24 C.marginella ranged from 26.5°C
to 35.5°C, the higher velues occurring in animals directly exposed to sunlight.
These latter were within the range of temperatures at which asnimals acclimated
at 20°C drop from the substrate.

Body temperatures of 17 C. carocolla in the field were much lower (19.2-
23.6°C), although it was difficult to find individuals in bright sun. It is
important to get temperature data on rowland C. carocolla. In the lowlands
this species is less arboreal and is commonly found in leaf litter and under
debris. Perhaps it avoids the temperaturcs to which C, marginella is subjected.

Only 2 body temperatures of P. acutangula were available; they were 20,6°
and 21.5°C. In most instances body temperatures in all species were slightly
gbove substrate temperatures and were about the same as air temperatures.
Exceptions were C. marginella in sunlight. They were warmer than either air
or substrate by several degrees.
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Survival time under different thermal conditions

Snails show seasonal pericds of relative inactivity, related to moisture
conditions, The length of time a snail can remain in a refugium continuously
will depend upon the length of time it can go without feeding. This in turn
depends on the energy sources stored in the body and the rate at which they
are used up. The latter is greatly temperature-depndent and areas with high
temperatures may not be suitable for a species which uses up its energy
reserves rapidly and therefore be unable toc "wait out” unfavorably dry periods.

A number of C. carocolla were collected near La Mina, P, R., and trans-
ported to the lab where they werc acclimated for 8 days at a temperature of
20° + 1°C in closed glass aquaria with asbout 1 cm of water in the bottom to
to provide a relative humidity nezr saturation. During this period all of the
gnalls emptied their digestive tracts completely inasmuch as no defecation

occurred during the post-acclimation part of the experiment.

After acclimating, the snails were divided into two groups, with
approximately the same size distribution. One group (52 individuals, omitting
several which ate some paper during the experiment) were maintained under the
acclimation conditions (20°C and about 100% rh} without food until all were
dead. The second group {69 individuals) vere treated differently in only
one respect., They were transferred to a cebinet at 30°: 1°C. The lights
usually were turned on at 0800 and off at 1700. Departure from this schedule
was the same for both groups.

Figure 13 shows the survival time at the two temperatures related to
snail size. Two facts are evident, First, survival time was greater at 2C°
C than at 30°C and second, the larger (older) srails survived longer than
smaller (younger)ones. This effect was more pronounced at the lower temperature.
The first is undoubtedly related to the effect of temperature on metabolic
rate and the second probably because young individuals have higher metabolic
rates than older ones at a glven temperature, Metabolic studies would be
valuable in Interpreting these data,

A1l but one snail (both temperatures) survived more than 2 weeks, which
is probably longer than any continucus period of unfaveorable conditions likely
to be encountered in the E1 Verde site and perhaps in the lowlande as well
{conclusion pending analysis of envirommental data and better definition of
tolerances of these snails to moisture conditions), For comparison, a
gtudy was made on C, marginella, Only adults (24 at 20°C and Lk at 30°C)
were used.

Survivorship curves for the adults of both species are presented in
Figure 1k, C. marginella tended to survive slightly longer at 30° than C.
carocolla, Although the difference was not great, it suggests cither
relatively greaier energy reserves or lower metabolic rate at that temperature
than ig tyue of C. carocolla. Of greater interest is the fact that survivor-
ship in C. marginells was not much better at 20°C, This the latter seems
much better adepted than the former to this low temperature, a phenomenon
reflected in their altitudinal distribution., The relatively poor survival
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of C. marginella at 20°C may reflect an effect of low temperature on viability
operating in some way other than through metabolic depletion of energy stores.

An incidental observation resulting from this paxrt of the study was that
C. carocolla secems fo be able to utilize cellulose as foocd., Between 95 and
100 days of food deprivation (20°C), the snails that were still alive ate
part of a4 3 x 5 file card which wag inadvertently left in their agquarium.
They l1ived much longer than expected on the basis of the shape of the rest

of that, and the other, survivorship ecurves (Fig. 14).

Food Analysis

Fecal material from both €. carocolla and C. marginella has been
collected and preserved. It has not yet besn examined to see if identifiable
elements are pregsent,

Prospectus

I propose to {1) complete analysis of the data already collected, (2)
expand and complete the current studies as mentioned in the text. and (3)
initiate several new phases., One of these will consist of behavioral studies,
and will include responses of the various specles to gradients in temperature,
humidity, and soil moisture, as well as correlations of activity period in the
field with environmental conditicns. Scme data have already been collected on
the latter part. A second phase will consist of a comparative study of the
moisture relations and will invclve measurement of water stored in the mantle
cavity, rates of water loss under controlled conditiors (comparing estivating
and non-estivating snails) and changes in body water content. This part has
not yet begun although eguipment for it is now available.
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Fig. 9. Homw range of an adult Garacolus carocolla at the
El Yunque Biological Station between L5 Ceptember 1962 and
31 July 1963.
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Preliminary Report

oy

)

Passett Maguire, Jr.

Department of Zoology, University of Texas

Forty-two water samples were collected in and near the experimental
area in the forest at Tl Verde Experimental Station, Lugquillo Hational Forest,
Puerto Rico. Most of these camples came from the leaf axils of Bromeliads,
a few came from leaf axils of the Screw Pine, Pandanus, and one each from a
depression in the soil of the forest floor, a hole in a rock near a stream,
and a tree hole. The water wag derived from rain. Only the rock hole and
Bromeliads of samples 10 and 11 had had any chance of previous contamination
by stream water, All of the samples Were examined the day of collection under
30X magnification and organisms identified as far as possible. A compound
microscope wag used to survey selection of the samples, and in all but two
instances this was coupleted by the gecond day after collection (one sample
was finished on the third and another on the fourth day after collection).
Tables 1 and 2 list the organisms found(not included in mimeographed report).
The average number of organisms seen under 30¥ in samples from Bromeliads was
6.2. The range was from 1 in a plant which contained only a few drops of water
tc 11, The poel on the forest fleor, which had much greater volume and
possibly greater environmental diversity, had 9 different kinds of organisms;
the rock hole, which held about the same volume of water as did the larger
Bromeliads sampled, had 12 different kinds. The presence of Paramecium and the
Cladoceran in this rock hole is probably the result of occasional flooding of
the hole by a stream. Three of 31 plants had as many or more kinds of organisms
recognizable under 30X as the pool. This may be due to greater environmental
diversity of the pocl, lessened dispersal problemg, greater volume and surface
area, and/or ‘more Tavorable" conditions, each with unknown influence. The
rock hole, for which there is good evidence for flooding, contained 12 dif-
ferent kinds of organisms inciuvding at least two of which were Tound nowhere
else, This is good evidence that dispersal mechanisms for all the species
in the stream are not sufficient to take them quickly or at all to Bromeliads.,
The average number of different kinds of organisms observed in water from
Promeliads with magnifications up to 1000X was 10.3 with a range from L to 1L,
Comparable figures for the forest floor pocl and the rock hole are 19 and 13
respectively. This pattern is consistant with that scen under lower magnifi-
cations,

Totals of number of kinds of crganisme for all samples frem the Bremeliad,
Guzmania were analyzed to determine if there was detectable change in number
as a function of height of the plant above the ground. Rank difference
correlation coefficients of height with number were ~0.130 Tor samples examined
with the dissecting microscope and -0.137 for those examined with the higher
magnifications. This shows that there is little if any influence of height on
number of organisms in plant held rain water. The maximum variation in number
of organisms which might be caused by or correlated with variation in height
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is estimated by the square of the rg, and is 1,99 and 1.7 respectively.

These low values show that the mechanisms by which aguatic organisms get to
vater within these Bromeliads, at least within the lowest 20 feet or so of

the forest, are efficient and perhaps are equally effective at all levels
below this height. Tt is unlikely that the mechanismc are more efficient at
some height or heights than at others, but with the efficiency great enough,
even at its lowest, to produce near maximum colonization of all Dromeliad
vaters, If maximum colonization of all Bromeliads cccurred, a large fraction
of the pattern of ocecurrences or absences of various species would be the
result of direct inter-species interaction which would produce much more highly
developed patterns of associations than those found and described below,
Heasure of colopnization rate starting with containers free of organisms chould
give information concerning relative rates of species establishment in envi-
ronments gimilar to Bromeliad waters. Such data also will give information

on recovery rates following community disruption or destruction by ionizing
radiation.

Table 3 gives the distribution of the most common organisms found in
Guzmania as a function ofheight from the ground. Mone of these distributicns
hint at a patitern with respect to occurrence and distance from the ground.

Figure 1 gives Cole's association coefficient +2 o for pairs of
organisms from Guzmania common enough to warrant calculation of association
coefTicients. OFf the 21 assoclations, all are positive (or zero) except
Tor 3. Each of the negative associations involves moaquito larvae as one
member of the pair. In addition, the only two zerc associations involve
mosquitoes as & member of the palr; however, average number of organisms
for water with and without mosguitoes does not appear to be different.

Four of the asgsociation cocfficients are significant at the 0.5%
level and two more are very close to this. The significant positive asso-
ciation between Cyclopeid Copepods and nauplii suggests that Cyclopoids may
have been reproducing more successiully than Harpacticoids when the samples
were taken or, less likely, that sampling methods adequate to capture Cyclopoid
nauplil were much less effective in the capture of Harpacticoid nsuplii,

The positive, significant association of Tendipedid larvae with Cyclopoid
copepod and Edelloid Rotifer with Harpacticoid copercd may be real., If sc the
mechanism which produce the associations are not clear, especially in the
case of the Tendipedid and the Cyclopeid which presumably have different
means of reaching Bromeliad waters. It should zlso be kept in mind that in
series of this size, one association on the average would be expected to be

significant because of sampling chance rather than becausc of causal relation-
ships,

By far the most interestirg association pattern is that between mosquito
larvee and the other cormon relatively large organisms (see Fig. 1), This
suggests that mosquitoes may interfere with other organisms of about the
same size, although the lack of sppreciable difference between numbers of

kinds of organisms in Guzmanie with and without mosquitoes shows that it is
not a general phenomenocn.
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Frequent positive nonesignificant association between pairs of
organisms in series of isolated habitats such a5 the axil waters of Brome-
liads occur even in the absence of direct interaction between the organisms.
Some factors which might tend to result in such positive associations are:

1. Common transport mechanism
2, Common kinds of response to some evente Or characteristic

&) amount of water in Tromeliad

b) kind and/or amount of Tood (i.e. the number and epecies of
tree leaves in the weter)

e) toxic effects of:

1) material lcached from leaves of some plants
which might fall in Bromeliad

2) condition of putrifaction, cte,

3} toxic metabolities of a thira orgenism

d) spotty distribution of other more or less "extreme” conditions.

3. Interdependence of two or more organisms
4, Action of animal predation
2. Action of animsl which efficiently removes some requirement

(Raw data tables are not included in this mimecographed report
for lack of space).

List of Some of the Forest ilarkers

Especially for the benefit of our visiting participants who use these
reports as z means of orientation, we list some of the markers which have
been used in the study areas. To aid communication we ask that all marking
done be concrete, aluminum, or something equally permanent and the system
be cleared with the project. The positions of all the markers are added to
the next report. Pleass do not remove any markers, even your own, since
persons often make records using the designations originally put in by others.

CYguare White concrete postg--- Negron Primary Survey by Negrén
R Rat trap stations-Weinbren
[ Leaf fall stations~VWiegert
Cow, Litter bags Cowley
Seegdl Seedling plots Smith
Round concrete postg--- Green Algal palm stations- Halicki
Red Palm quadrats - FeCormick
White Tree growth trees - lurphy

White painted signs {1 to 11)

Aluminum tags (< 10,000, radiation center)
H =
Yo

Fhotographs - Johnson & Atwood

Basic tree tagging - Smith
fnail trees - Heatwole
Growth trees - - Murphy
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Progress Renort for D.R.ELC.
Dr. Joe A. Ddmieten
Botany Department - University of Georgia

Athens, Georgia

During mid-September of 1964 a ten day vieit to the rainforest proJject
at Fl Verde was made. The visit had two major objcctives. The establishment
of a Fh.D. research program for Robert Ford Smith dealing with the structure
of the rainforegt before and after radiation treaiment was the first objective.
The second major object was to ilnitiate my own studies in the three following
areas: (1) the analysis of the physical and chemical properties of the
existing soils and parent material associsted with the Bl Verde vegetation,
(2) the histological investigation of the root tips of 34 major trees of the
rainforest area in reference to mycorrhizal association, {3) autecological
invest%gations of the germination and seedling growth of palc mato {Ormosia
Krugii).

Soils

The soils of the area belong to the Log Guineos clay series, Los Guineosg
clay is gquite sgimilar to Catalina and Cialitos scils, but is found at higher
elevations with wetter, cooler climates. The soil of the El Verde rainforest
area is characterized by steep or very steep relief and has a & to 8 inch
grayish-brown slightly granular medium plastic, strongly acid surface soil,
The subsoil consists of a 3 to 6 inch layer of brownish-yellow clay that
abruptly changes to red plastic but permeable, strongly acid clay. This layer
gradually changes at abcout 3 fo I feet to lighter red more friable acid clay.
Many large boulders are on the suriace of the soil with as much as 50% of the
surface covered with rocks. Smaller rocks {(up to 10 incheg in diameter) may
be Tound throughout the profile. Under forest conditions, the soil has an
excellent crumb structure which results in unustally good internal dralnage
Tor such a clay soil with as much ag 607 clay sized particles. Soil samples
taken in s systematic manner from 4 areag in the El Verde foresgt are being
tested for totel cation exchange capacity, organic matter content, soil
separates, clay type, pom Mg, ppm Mo, ppm Zn, ppm Cu, ppm I and ppm NO,.
Although the tests and interpretation of teste are incomplete, the foliowing
table indicates something of the chemical nature of the soil.
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Table 1
Pi(1:1) : C.E.C. : Exchangesble (ppm) : Acid.Sol.
Depth

location Inches 0.1Kcl Hy0 Me/100g Ca Mg K Mn Zn Cu P(ppm)
Upper Center 5-10 hel L,3  11.2 270 87 24 ¥ <l T 17
Lower Center 5-10 k.3 4.9 11.6 k15 9 2k <1 T 1L
Bob's Area 5-10 4.5 5.4 17.1 1,110 873 30 W <« T 6
Water Supply 0-5 .9 5,7 16.8 1,860 771 32 k4 <1 T 2
Lower Center 0-5 5.2 5.7 17.0 B27 Loz 58 170 <1 T 6
Bob's Area 5-10 h.7 5.6 12,8 1,260 795 32 * <1 T 4
Weter Supply 0-5 k.9 5.7 19.0 1,M0 711 38 Lo <1 T 2
Upper Center 0-5 3.6 4.3  50.8 202 300 10k * <1 T 21
Lower Center 0-5 4,2 4,8 22.5 Blo 285 96 # <1 T 21
Bob's Ares 0-5 5.3 5.7 ©29.1 3,8k0 1,515 186 170 <1 T 13
Lower Center 0-5 4.9 5.3 10,4 1.200 450 58 2k5 <1 T L

Gully

* Migsing data
*¥Trace

It is of particular interest to note that most roots of trees and shrubs are
restricted to a mat found on top of the soil. It is of further significance
that the roots of such early succession species Cecropla peltata and Didymo-
panax morototoni are always at the bottom of this 4 to 5 inch thick mat and
their root tips are large and knob-like with s manimum of branching. Such
morphology is in keeping with the habits of early, fast growth but doubtful
longivity of any one given tree,

Particle size distribution as determined by the hydrometer method
described by Bouyoucos (Soil Science, 42:225-230, 1936) may be seen in Table

I1.
Table IX
Very Very
Depth Coarse Coarse Medium Fine Fine
Inches Sand, Sand Sand Sand Sand S5ilt Clay
0~-5 0.2 1.1 1.8 9.0 12.2 38.1 37.6
5-15 0.3 1.3 1.9 T.5 8.9 29.2 50.9




138

The parent nmaterial ag represented by the exieting reckes and boulders of
the arca has been identified as basalt by Dr. Vernon Hurst of the University of
Georgia Geology Department. This basalt contains caleite inclusions ag amyg-
doloids, One sample of rock taken from the Bl Verde area conslsted of chert
with pyrite crystalls in it. ioet of the parent material is, howcver, dark,
Tine grained volcanic matcrial classified as basalt. Hore detailed tests of
thin sections are being made and chemical analysis will be made in the near
future.

Root~tip Studies of Il Verde Trees

Root-tips from 32 species of plants representing cancopiec and understory
of the rainforest were taken in September of 1964. These rocots were preserved
and fixed in a soclution of ethanol, acetic seid and chromic acid. Stzined
slides are nov being prepared from the root tips for examinations relating to
possiblie endotrophic and ectotrophic mycorrhizal associaticns. External
examination of the roots reveal that conly 1 of the 32 specics of roots collected
exhibit root hairs. All of the other 31 species appear to have some degree of
fungus-root association., Dr. W. . Bryan of the U,.5.D,A. Forestry Laboratory
at Athens, Georgis is being consulted with concerning the mycorrhizal problem.
The 34 species under investigation are listed in the following table.

Table ITT
Buchenavia capitata Euterpe globosa Meliosma herberti
Casearia arbores Ficug crassinerva Manilkara nitida
Cyathea arborea Hirtilla rugcsa Magnolia splendens
Cordia boringensis Homalium racemosun Miconia tetandra
Cananga caribaca Ixora ferrea Ormosia krugii
Croton poecinlanthus Inga laurina Ccoten portoricensis
Cecropia peltata Inge vera Palicourea riparia
Cyrilla racemiflora Mayepea domingensis Roureca glabra
Dacryodes excelessa Myrcis deflexa Sloanea berteriana
Drypetes glaucsa Matayba domingensis Tetramogastris balsa-
Didymopanax morctotoni Micropholis garcinifolia mifera

In such an area as the El Verde rainforest, where 120 inches of rainfall
per year could leach out anions as fast as they were mcbilized, a fungus-root

association could act as a trap. ©Buch a mechanism has been described by Kramer
in Science, 110, 8-9.

Autecological Studies of Ormosia krupii

Palo mato (Crmosia krugii) is one of the many trees which share dominance
in the E1 Verde tropical rainforest. Thic species belongs to the legume family
and reaches a height of 80 to 90 feet and a dbh of up to 30 to 40 inches vhen




mature. During germination cxperiments, the colyledons were not raiged with
the shoot so palo mato's germination is hypogeal. Four hundred geeds Taken
fron the ground outside the study srea were zubjected to four different treat-
ments., Bach zermination cuperiment was conducted on 100 seeds in lots of ten
seeds., The Tirst treatment counsisted of wrapping secde in wet paper tovels
vhich were placed in glags Jars. fhe jars with loose {itting tops were placed
in an incubator with the temperature set at 80°F and left for 3 weeks with
daily checks. The second trestment irvolved perminalion of chemically sterili-
zed seeds in heat sterilized Sphagnum woss, A third set of 100 seeds was placed
in untreated Sphagnum moss without any treatment to the seeds, The fourth set
of seeds was chemically sterilized with clorox as in treatment number 2 and then
coated with a commercial preparation of Rhizobium bacteria and planted in
sterile moss. A1l of the seeds in moss vwere placed in shallow trays on tables
in the greenhoucc where temperatures ranged from 65 F to 80°F. The light
intensity of natural light reached 2500 footcandles on the clearest days.
Fortyeight per cent of the zeeds in the paper dolls of the first treatment
swelled and took up water in a 1 to 1 ratio to initiel dry seed weight, a

fact true of all seccds in all treatments. A1l of these seeds decayed and the
remaining 52% of secds stayed emall, firm and impervious. In treatment number
2, with sterile seeds in sterile Sphagnum, 164 of the secds resulted in seed-
lings after 1 month of observation. The ramaining ceeds were hard, shiny and
impervious. The third set of seeds vwith untreated seeds and untreated moss
exnibited & slightly higher rate of germination (19%) but 11% of the other
seeds decayed. In the fourth experiment in vhich sterilized sceds treated with
"Hitrogen” and planted in sterile moss, the rate of producing seedlings was

36% after one month and 69 of the sceds decayed.

In the light of these studies, it appears that a biochemical digestion of
the hard seedcoat of the palo mato seeds greatly aids the water uptake and
sprouting of these black and red seeds.

A1l seedlings, regardlesc of germination treatment were potted in
individual % inch pots in medium sand andé divided in the 2 groups. One group
was placed in a crowded greenhouse arca vhich simulated the low light intensities
of the clozed canopy forest at EL Verde. In this shaded area the light inten-
sity never exceeded 80 footcandles. Both groups of poticd Ormosia krugii
seedling were fertilized regularly with a solution of 5-10-10, The well lighted
group of seedlings were left in the area of germination where the light intensi-
ties ranged from 1000 to 2500 footcandles during the day. All seedlings had
only 2 leaves al the start of this phase of the experiment and these leaves
were distinetly opposite. These leaves all had distinet drip tips. All seed-
lings in the low light intensity arca remained in this 2 leal stege while all
seedlings in the area of highey light intensity out out 1 to 3 more leaves.
About B0% of these added leaves are arranged in an alternate manner on the
shoot. All of the leaves, original and subsequent, are cimple, entire with
drip tips. BExperiments are planned to test the alledged survival value of
drip tips in the high rainfall areas. Studies by H.T. Cdum in the forest at
El Verde have suggested that many seedlinge of potential canopy stature exist
in a state of "suspended animation' waiting for a hole to open in the dense
canopy. The differential behavior of shaded and well lighted seediings of palo
mato seem to zubstantiate such a theory.
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The root tips collected from mature palo mato trees in the E1 Verde forest
exhibited both cetotrophic mycorrhizas and bacterial nodules. The seedlings
from all germination treatments lack both these features at the end of 2 months.
Further experiments are plamned in which these seedlings will be treated with
coils from the rainforest area and observed closely, The existing roots on the
palo mato seedlings are without root haire, they are generally short, knobby
and highly branched while in the mogs but extend downward to equal about 1/3
the lepgth of the shool when transplantsd to the zand in pots.

Dr. Jomes Duke at Beltsville, :aryland is being consulted about the future
work with drip tipe, mycorrhizal and bacterial root gwelling, and response to
light. Dr. P. ¥, Richards will visit the Eotany Department of the University
of Georgia within 10 days for consultation,

Pre-irradiation studies of lizarde and tree frogs in the
Tuguillo Experimental Forest, Puerto Ricol

Frederick B. Turner, Clayton Gist, Richard H. Rowland
Laboratory of Muclear Medicine and Radiation Biology
University of California, Los Angeles

lthese studies were supported in part by Contract AT(OL-1) CEN-12 between
the U, 5. Atomic Frnergy Commission and the University of California.
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Introduction

Knowledge of the influences of ionizing radiation on natural population=
and communities is as important today as understanding the effects of such
radiations on individual organisme and cells. The impact of ionizing radiatioan
on man and hie well-being is largcly dependent upon ithe responses of the
natural assemblages of plante and animals with which of species; alternations
in the energy utilization of component populations; and changes in species
diversity may have subtle--or drastic--sffects on men's enviromment. To date,
any such influences owing to ionizing radiation have heen extremely subtle--
except in a few highly localized areas. Situdies at Broockhaven Hational Labo-
ratory (Voodwell 1962, 1963; Brower, 1964) and in Georgia (McCormick and Platt
1962, 1963; MeCormick 1963, Daniel 1963, McGinnis 1963, Pedigo 1963) have shown
that such trivial effects may become important ones vhen higher levels of radio-
activity are involved. Correlations betveen radiation dose and the severity of
observed effects are known only for a few areas, and over a relatively narrow

range of exposure, For most enviromments we have no direct measurements of
such effects.

The forest irradiation experiment conducted by the Puerto Rico Nuclear
Tnstitute is designed to explore the effect of three months of chronic ganmma
radiation (from a 10,000 curie gsl3T source) on the composition and function
of & montane tropical forest. The study ares is located in the ILugquiilo
Experimental Forest near the towm of Bl Verde--sbout 25 miles east of San Juan--
at an elevation of approximately 1500 Teet above sea level. The domlnant tree
in the forest is the tabonuco (Dacryodes excelsa), but Sierra palm (Buterpe
globosa)}, cecropia (Cecropia peltata), palo colorado (Cyrilla racemiflora),
and Sloanea berteriana are alsc common.

A study of the effects of radiation on a community requires attention
to a large number of species or species groups. Usually the diversity of the
biota makes it impossible for any one individual to successfully under-take
investigations of all of the constituent species of evident sbundance and

importance. Consequently a number of specialists have cooperated in the Puerto
Rican study (OCdum 196L4).

Our contribution to the Puerto Rican experiment involves certain of the
species of amphibians and reptiles in the forest. Some of these species are
conspicuous and obviously abundant. Others are observed Infrequently and may
indeed be rare. There may be a few species present of which we are unaware.
Following a year of continued observations in two 0.7 acre circular plots, wve
consider the species composition of the areas to be as follows:

Amphibia

Eleuthercdactylus portoricensis
E. wightmanae

E. richmondi

E. hedricki

E. eneidae

Leptodactylus albilabris




Heptilia

Typhlope sp,

Alsophis pertoricensis

Anolig gpundlachi

A, cvermanni

A, stratulus

Diploglozsus pled
Sphaerodactylus macrolepis
Anolis cuvieri

The tree frogs and lizaxrds are listed in order of apparent abundance, with
Tull recognition of the possible insccuracics of such a ranking. There is
no doubt that Anolis gundlachi, A. evermanni, and Bleuthercdactylus portori-
censis are abundani~-~in an absolute scnse, L. wightmanae and E. richmondi
are also numerous. COther species are rarely encountered and are probably
present in low numbers: T, hedrickl, Teptodactylus albilabris, A, stratulus,
A, cuvieri. The secretive cpecies like Typhlops, Diploglossus and Sphaerc-
dactylus were only captured after cans wvere burled and used as traps. Theilr
density is unknown. The colubrid snake (Alsophis) is probably as uncommon
as its very rare observations indicate., One minocr difference between the
two areas is sguspected: 1in the upper arca E. eneidac seems to be more
abundant than E. hedricki.

Whatever the absolule nmumbers of lizards and tree frogs, and vhatever
the true relative abundances may be, we believe that thesge animals--in a
functional sense--are the most important vertebrates in the community. There
arc no native mammalis except for bats. Feral mice and rats sustain themselves
at varying but low densities. Birde are not numerous., Kahl (1964) estimated
about L birds per acre in the El Verde forest.

Our efforts have been focused almost exclusively on three species:
Anolis gundlachi, A. evermanni, and Eleutherodactylus portoricensis. The
form of the data acquired is illustrated by the accompanying machine tabu-
lations. The analyces which follow pertain almost exclusively to Anolis
gundiachi, but indicate the guestions involved and the technical approach
to the data. Ye designate the lower center as Area 1, the upper center
as Area 2, OSex designaticns ars: 1 for males, 2 for females and 3 for un-
determined.

Vhat may one expect to occur as a result of the irradiation of the Torest?
In a precise sense, no one knows. Ve do have the Brookhaven work and some
theoretical considerationg on which to base projections. FHowever, there are
no c¢lear precedents relating to natural populations of mobile animals. The
Tollowing ceffects are deemed reasonsble nosgsibilities:

acute mortslity of individuals

prolonged debilitation followed by death or recovery of individuals
alteration of the dispersion of the populations

changes in vertical stratification of the populations

R=gd UV b
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5. disruption of reproduction and resultant changes in age-or

size-distributions of populations
6. changes in mobility of individuale

Accordingly, the Tollowing data arc keyed to two general objectives: First,
to determine whether the two study areas are indeed alike. Can one area
legitimately be used as a “control ' after the other is irradiated? Second,
to develop guantified measures of the make-up and behavior of the assemblages
of selected animals in the Two area--parameters vhich can be again evaluated
after the irradiaticn, and vwhich can be used to demostrate effects of the
kind enumerated above.

liethods

Preliminary sempling was carricd out in July, 1963, but formal initiation
of the project did not begin until November, 1963. Observations were largely
regtricted tec the areas between 10 and 30 meters of the centers of the two
plots., Aveas were examined during alternate weeks, Animals were captured by
a mumber of means, but the most effective proved to be by hand. New animals
captured were marked by toe clipping, measured, and released at point of
capture., Perch heights were recorded to the nearest & inches. Perch diameters
less than one inch were recorded as 1/2". Greater diameters were measured
and recorded on maps. GScx designations were made when possible. During the
spring and sumer of 1964 the sampling schedule was modified to include pericdic
counts of all visible lizards in representative subgections of the two study
plots. TIn June of 1964 two 5 x 5 grids of 25 can traps were installed in each
arca., The grid interval was 2 meters. These grids were subsequently operated
for one day each week, Starting in April, 1964, weekly samples of ovaries
of Anolis gundlachi, A. evermanni, and Dleutherodactylus portoricensis were
taken. The same three species were collected periodicaelly for the analysis
of normal weight-length relationships, Tissue samples (testes, skin, and
intestinal epithelium) of the three selected species werc preserved and
given to Dr. I, X. 8., Koo of the Iuerto Rico WNuclear Center at Mayaguez.

Field date were transcribed to a special form, from which the data were
punched on IBM cards. All background data have now been processed in this
manner, 1Two Fortran nrograms were written during the summer of 1964 and were
used in preliminary data reduction and analysis. Regression analyses and
factorial analyses of varlance were carried out using programs in the library
of the Biostatistics Unit of the UCLA Medical School. The computer used was
an IBM 7094, Other less complex analyses were made by mechanical sorting and
listing.

Resulis

1. Density of Anclis gundlachi.

Table 1 illustrates a series of deneity estimates basged on capture-re-
capture analyses of a chain of samples from cach of the two areas (Delury 1958).
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Sempling wac during alternaiing wecks in each area. The X column shows the
cumulative number of merked animals at risk in the populations (assuming no
mortality). The ny column ghows the size of the samples taken, and the X
column shows the number of marked animals in each sample, It may DLe obgerved
that after the fifth cample (at Time L4) the incorporation of further data does
not alter the population estimate significantly, In fact, the samples taken

at Times 5,6, and T are so removed in time from the beginning of the study that
the ¥; column is no longer valid, This is because the X; column refiects only
the addition of marked animale to the population and mekes no allowances for
the death of these individuals. TFurther treatment of these data by other metheds
is in progress. While 1t may be assumed that the population estimates of 600+
per 0.7 acre are high (because of mortality among marked animals), it is clear
that the two arcas are remarkably similar.

Ye believe it useful to develop density estimates by two independent
methods. The other technique used was developed by Davis (1942) to estimate
densities of forecst birds in Cuba. The system involves a complete enumeration
of the animals in a representative subsection of the overall ares, and an
appropriate correction of this count according to the relative sizes of the
arca censused and the entire arez under study.

In the Puerto Rican forest representative areas were selected in the two
30 m cireles. The extent of one was about 21% of the entire area under con-
sideration, and that of the other was about 23% of the entire area. Over a
period of 4 montlhie three sets of 10 censuses were made in each area, The
results of these procedures ars shown in Table 2, As may be seen, the numbers
of animals observed during each of the three tyials were gquite similar, and
the adjusted estimates of the numbers of individuals in the two CO.T acre cir-
cles are almost identical. HHowever, these estimates are not in accord with
those based on capture-recapture analyses.

The disparity is owing primarily to two sources of error. First, the
capture-recapture estimates are high, andkthe‘“easons for this have alresdy
been discussed. UWe believe that the Davi estimates are low because of an
inability to actually enumerate every lizard, even in a small section of
forest. In Tact, it is likely that at any one time every member of the
population is not active and visible, Hence, in the course of any one census
the observer registers only a fraction of the entire population. Ve
believe that the actual density of Anolis gundlachi lics between 250 and
650 per 0.7 acre--or between about 350 and 900 per acre, Five hundred per
acre is probably a reascnable compromise--and 1ls quite possibly conservative.

This is a remarkable rnumber of lizards. In the desert of southern
Vevada 20-30 lizards per acre is "numerous’, and come species exist at
densities as lov as 2 to 10 per acre (Tanner and Jorgensen 1963, Turner 1963,
Turner and Gist 1965). However, in more mesic envircomments higher densities
have been recorded (Table 3). In general, numbers are less than 100 per acre
but apparently in favorable situaticone much higher dencities may occur. There
is some uncertainty as to the gize of the population of whiptailed lizards
studied by Carpenter along the shore of lake Texoma. However, in an area 130
feet long and 40 to 50 feet vise (ca., 1/8 acre) Carpenter registered 32
different animals in a oneweek period in July, 1955, The data for Iygosoma
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iaterzleare based on the registeration of 117 Jifferent individuals in a one-
week period, e belicve that the density of Anclis pundlachi cbserved in the
Puerto Rican feorest considerably exceeds the tsual density of north temperate
lizard species.

In terms of the evolution of the tropicul forest community, it is interes-
ting to consider how the high densities of Anolis gundlachi have arisen. Pos-
sibly the rate of production of the tropical Torest is higher than that of north
temperate systems. However, we pelieve 1t is aleo important te recognize the
existence of a strong vertical component to the sctivity range of Anolic
gundlachi. 1In general, north temperate lizards occupy & plane. Arboreal species
occupy & volumc. Davie (1942) made this gome point with regard to the Cuban
birds. He found that when habitats were compared on &4 aserial basis, the
apparent densities of the same avian specles were not eimilar. However, when
habitats were compared in terms of volumes (by taking into account canopy
height) conspecific dengitiecs were in good accord.

i)

2, Weight-length relationships in Anclis pundlachil

Figurc 1 illustrates the regression of body weight on body length in 8h
Anolis gundlachi. These data verc based on animals collected in the viecinity
of (but not within) the study plots. The idea here is that in the irradiated
survivors this relationship may be significantly modified (;.g., py loss ol

weight. Similar weilght-length data have heen acquired for Anolis evermannl
and Bleutherodactylus portoricensis.

3, Growth and size-distributions in Anolis gundiachi populations

Table 4 shows the observed growth in lizards of different sizes. The
typical form of such data ic one of relatively rapid growth in gmall animals,
followed by a progressive decline in growth rate. The data in Table L scem
to depart from this pattern, most notably because of the apparent decline in
growth rate of animals Il to 48 mm in length, and the more rapid growth of
animale 4O to 6k mm. What is actually illustrated by Teble 4 is the cessation
of growth in mature females at o cnout-vent length of approximately L7 to LB
mm, and the continued growth of males to 460 mm or more in length. The picture
ie more clearly portrayed in Figure 2, which shows our cotimatc -of growth
patterns in male and female Anolis gundlachi. Tue size dimorphism is much
more pronounced than that obgerved in any American 1izards., It is extremely
difficult to discriminate between male and female lizards less than 50 mm in
length, because both sexes have a dewlap and shov no reliable differences in
lepidosics or coloration. Henece, most of our designations of female lizards
have been based on obscrved growth rates. Taple b also indicates the gimilarity
between data obtained in the two study arcas.

Figure 3 shows eizc-distributione based on all animals registered in the
two areas between Novewber, 1963, and July, 1964, Approximately the same
number of animals was recorded in each area. The cize~distributions appear
+o be reasonably congruent. The peaks above 50 mm repregent mature males.

The strong peaks at L5 pm reflect mature females plus younger males. Smaller
animals are a mixture of both sexes. Teeause of the difficulty in discrimina-
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ting between SEXCS (see above), 1o ottempt has been mede to subdivide the

size-distributions sccording To BE€X.

L, Fosition or Anolirp snndlachl ip the forest strata

gnoles mey be defined in terms of perch height and perch ajemeter., According
+o Rand's obgervations, A punilachi oclurs nrimarily cloge to the ground
(velow 5 Tect) and on perches of 1arge ( 3") to moderate (1/2-3") diemeter.
A. evermannl OCCUIrs mainly between 3 s, 17 Ty v HHE ground and on perches
of diametcrs exceeding 3. Ve have made similar cbeervations for these two
gpecies in the montane forcst.

Rand (196L) has ipdicated that the Yetynctural wabitate” of Puerto Rican

There Weres TNoO statistic a ¥
maide in the tve area {(Table Bl from the two arcas WeIe combined
in concidering the positicon O the two speciles in -]« forest habltat Table
6 shovs the veyrtical disposition of RLYT capturss of Anolig zundlachi and 113
captures of A. evermarmi, Teble T sndicetes the distribution of capture of
the two specles zccording to perch diameter. Captureo of 1izards on the ground
or on rocks are not recorded in Table T

Our data are not in particularly good sccord with those of Rand (196L).
Rand's ctatement that Arnolig evermanni OCCurs higher in the forest strata
than A. gundlachl ie not borne out by the numbers set forth in Table 6. How-
ever, we believe +hat thig is partly becasuse Ve recorded only captures. Hence,
our records include few animals at heipghts greater than & ft. OCur data do not

imply a marked difference in the dismeters of perches selected by the twe gpecies.

In both forme, perches of 1 to 5 inches in diameters werce nged more Trequently
than those of any other size., Table T shovs +hat a somevhat larger proportion
of captures of A. evermanni vers made On perches excceding three inches in
diammeter, but whether thig difference is ctatistically significant 18 dubious.
Rand's observatlions were made in the forest near 1a Mina rather than in the Ei
Verde area. Certainly the cize-distribution of the trees of the forest wiil
influence the sizes of perchesg atilized by resident lizards. However, Rand's
main point is that the two gpecieg show & marked ecological separation, with

A. evermanni using perches excecding 3" in diameter 857 of the time (A. gundla-
chi 50% of the time ). Our figures do not imply this degree of segreggtigﬁtﬂ__

Ye have also inguired as to the possible influence of size on these habitat
parameters. The data set forth in Tables 5,6, and T probably do not indicate
any statistically eignificant difference between animals greater and lege than
50 mm in snout-vent length. This is certainiy true of A. evermanni. There is
a possibility that emall Anclie gpndlachi oceur on or close to the ground more
often than large ones. However, an anelysis of the regression of perch height
on snowt-vent length in Anclis cundlachi shoved no significant correlation of
these variables (r for Area 1= 0.3L, r for Area 2= 0.,28).

=

5. Movements of Anolis sundlachl .

An analysig of %BO_movements of lizards in the twe areas Was made. Ve
tooked for possible influences due to inhe size of animals and to the time of
year, as well as for differences between the areas. The basic data are shown
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in Table 5. Table 9 gives the resulte of a iy factorial analysis Of#
yariance comparing arcas, sS1lZeg, and SEoR0NS. The mnalysils shovs that the
a 1 nparing arcas ~al €0 na ol phie, T
only sigpificant difrercnee in Table f ic hetveen znimals greater and lci?

0 s ] ot ] v T been shown earlicr, anip 1z greater thal
than 50 mxt 1n anout lengtil. As has besn 3hoWs C@%_Lflf snimals grea

1

50 wm in apnoul-vent Lengtin ol Teige ! differenc® shovm
in Teble G mey We gimmly Jue o & dlilerencs hetveen males and females. 1O
test this further it veould e { t oate samples oT kpown males

and Temales betieen The glzcg OL e )T,

anolis gundlachi 18. in gerneral, & species of low mo@ility. Even the‘

more vaglile adult males ooCupy Tocallzed o Tvily ranges {or tcrritories) in
the forest, end movenants of 1orc than 18 moeters WEIG not often recor&ed: _
Longer movenents werc ordinartly Tollowed by @ ehifTt back towards the g?lglnal
point of capture, indicating lhe habituel use of prescribed and Familiar ares.
i icg, e Were usuaelly in aoubt

4

a

Tccause of the apparent 1oV nobility of this sheCl u

ac to the reliability of long movenents; L.4- of 30 meters oI mMOTE. riovements
of this magnitude were rore and wWeld withheld from the analyeis discussed shove.
However, We believe that occasionzl moverente of <hiz nature do oceur (g.g.,
movenents between the ryo study areas, or <O areas boyond 30 meters from the
centers of the circles). Data of thig Form are ctill helng evaluated.

Preliminary inspection of the Anolis evermanni data suggeot that thie
gpecies 1is more vagile than A. gundlachi.

6. TInternal dosimetry

Tdeally, the poseible 1nfluences of the jrrediation nced to be evaluated
in termg of absorbed dose. Free-air docss arc {o be documented in detall by
McCoymick. However, it is expected that absorbed doses will be appreciably
(and possibly considerably) lower than rree-air doses. Ve hope to estimate
the apprcximate magnitude and varisbility of abzorbed doses 1n various indi-
viduals of the populations by the use of implanted thermoluminescent dosimeters.
The dogimeters used were prepared LY Fdgerton, Cermeshausen & Grier, and
econsisted of a glass eylinder 5.0 mm long and 0.9 mm in diameter containing
1ithiws fluorlde povder. Dosimeters recovered after the irradiation will be
read by E.G. & G., cleared, and then calibratcd againet known dosages. The
original reading will then be converted to roentgens of asbsorbed QoOsE. Read-
out may range between 1 to 100,000 roentgene, These dosimeters show vVery
little over-response to low-cnergy Samna radiations (g.g., the response is
very close to eneray-independent ).

Between December ik and 21, 172 dosimelers WEre implanted beneath the
skin of lizarde and tree frogs in the experimental arca. ozt of the animals SO
treated were captured and released between 10 and 30 m from the source.
However, Some Were ireated between 30 and 45 m., A few animale in the upper
arca vere gimilarily procecsed, Dosimeters were inserted subdermally with a
fo. 17 hypodermic needle. The resulting wound vas sealed with collodion.
Tn at least one case the implanting of the dosimeter resulted in the death
of the animal. Generally, hovever, the injection appeared to nave no il
cffects and on December 19,20, and 21, animals which had previously been
processed were observed alive and active in the forest.
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Anolis pundlacihl
ANOAAS gl mres
A, evernanil
Ao GVELISG o
L. etratulus
o e
A, cuvicri

E;gptheroon

L

3 o 12

3]

portoricensic

. richmondi

E. eneidac

M)

-

7. Trneidewtal ohesrvatlons O Eleuth:rcia,tyluc hedriclid
cu e 20 b s

or juveniles. ihe;
i

was able to furdher OLE fbtle IGIOUD BNUrAant. The AaMering call of
the meles iz ¢ i &

i+, ‘The locations of all
calling waies WEIC Map: mveng, Ten males WETE reaorded
in the upper center end Tour in the Lovcr. “olen appear to bC strongly

e
CHAG

A4 in each
cedentary. Gist chserved & femzle 1n the vicinity of a male's hole on June 12.
Possibly the Temales arc attracted to the calls of the nalec, hecausc mating
ccours in or near the male's holes and the egge are deposited there. Amplexus
was observed in early June. One cluteh of eggs laid on OT about June 1 hatched
on June 22. The eggs are protected by the male. No egggs Werc observed un-
guarded. Lggs vere found during June, July, ana August, but not during Septem-
ber. On October 20, & clutch of egges wag noted and these cgE8S hatched on
Woverber 3. It is cotimated that the rime of development in the egg is about
15 to 20 days.

SUMLIARY

The repeated sampling of Anolic mundlachl in tyo 0.7 acre arcas in the
Luquillo Experimental Torest indicates t+that for eveXry attribute sc far evaluated,
the populations of the two clrcles arc virtually jdentical. Hence, oOne carn

be legitimately ased ag a control foliowing the irradiation of the experimental
area. Ouantified measures of mpmbers of 1izards, weight—lenght relationships,
grovtii, mobility, end other charscteristics have been developed, with which

may be compared the sams parameters rolloving the irraalation.

The density of Angiis gundlachi is cetimated ot between 350 and 200
pPET acre, with 500 per acre as & congervative best cotimate. The equation
for regregsion ol body weight (YY) on body lengt (%) in Anolis rpundlachi is
Y = .003%X2 - 091X * .305.

Female A. gundiachi sitain a size of 4T to b8 mn (enout-vent 1length)
and apparently stop gqroving. ‘ales may attain 72 to 75 mm ie snout-vent
length. The sex of nost anirals lesg than S5C mu in snout-vent length cannot
be ascertained unless subscguent grovth records are available, A typical
population of A. gundlachl shoveg 1Wo peaks in the size- ietributione~one at
around 65 mm {adult meles) and another at b5 to b6 mm (adult Temales and
youngey males), The relative abundance of smaller (younger) individuals is

-
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not surely known, because thesc animalis &IE ;elative}y incon%plcioi? iiilie
are often on The ground WheYe it ig difficult to capture ?hem.m JOW1 > L
gundlachi and A evcermannl were coptured painly between ao?ut aﬂ?nl 5 G§LBS
+ rom the grouna (ﬁgahé For animals OVET 50 wn in snouﬁ—venx Le?61§‘were:e.
1 and 5.70 Fla respectively), 'Depending on the gpecles ap&‘tae S}ZQQOL .
individuals, fron ghout 7 to 162 of tae animals captured Ue?& on,tné grouitdl.
Pevehes used vy thac iro opecles VETE peuslly L to 3 inches 1in dlameter.

Average movenents Werc

Anolig gundlachl i g felrly s¢d
T Rni chown to be sonevhat

around © or T . Triscals above SO RO
wore vagile (mcan oF L0 movem s 2 emaller maleg anc 1§m§les
(mean of ohs) moverents = 5.00 m). ime of year did nct s afluence vagility
significantly.
Teole 4.
Area Size range N Toral miliimeters Total dasys Mean grovwth
(1) of growih of growth {(mez/day)

il 30 - U3 38 8l 1583 0.053

o 18 38 763 0.050

! W - B8 W 37 1999 0.019

2 50 29 2361 0,012

1 Lg .- &k Lo 135 1646 0.082

Lo 119 1627 0.073
1 65 + 37 56 13k9 0.0k2
2 36 e 15L8 0.0U6

Qrowt@ of Ano%is gundiachi in Two 0.7 acre areas in the Luguillo
@xperlmental Forest, Puerto Rico. Records vere taken between
Novenber, 1963 and July, 196k,
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Areg
N 240
Mean 6,27 .92 7.22 5,00 6,15 5.03 7.0L

(meters)

Tabie 9. Analysis of 480 movements of Anolis gundlachi in two 0.7 acre
areas in the Luquillo Experimental Forest, Puertec Rico., Factorial analysis
of variance shows no differences owing to area or 5e38om, but a significant
difference between large and small animals,

_source of variation Degrees of freedom  Mean squares ¥
1. Ares 1 54,015 1.78
-3 8ize i 175,789 5. 80%
3 Season 2 26,687 (.91
the 1x2 1 27.399 (.90
54 1 x 3 " 1275 0.24
6. " 2x 3 ; 4,961 0.82
T 1x2x3 2 44,761 1o47
8. Witkin replicates 463 30,328 -

* gignificant at 3% level
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TR

5 AL
. FEMALE

v JUYENILE

1 i i 1 ; ! i ! g i ! J. i §

10 20 30 20 50 60 70

SNOUT-VENT LENGTH tmm})

g L Relationship of body waight ard length in Bl Anolie

gundliachi from the Lugquilic Forest, Puerto Rico.
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NUMBGER i

o area 1 [](N=489)
i;;
i fﬁ:(N=5|0)
BE =
50 -
|
ol =
|

5 ' 30 45 60 75
SNOUT-VENT LENGTH {(mm)

Mg, 21.
Size dlstributions of Anolis gundlechl reglotered in two

0.7 acre areas in the Luquillo Forest, Puerto Rico.

Data were acquired between November, 1963, and July 196L.
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Leaf Tall, Decomposition, and Litter Animals
%®
Dr. Richard Uiegert
Ipstitute of padiation Ecology
piversity of feorgla

Animals

‘the litter extraction gamplec are Nov gorted to broad categories.
Summary sheets for given both centers. Although no species separations
have yet been made for the mites, 1 was impressed with the uniformity (or
constancy) of the species from Jifferent samples. "1 certainly do not
anticipate any difference petween the two centers with respect to gpecles
present.

As you know, the stratification of the gamples was degigned to permit
detection of radiation effects. Pre-irradiation, there is no reason for
regerding the strate as different. I have therefore ccmputed the center
mean values in two waeys: (1) regarding all 25 samples a8 2 single random
sample, and (2) computing a weighted means. Right now of COUrse, method
{2) emphasizes the values in the largest strata only and 1s therefore to
be avoided if the supposition that the sirata are not different can be
justified. Since there is great sampling varjability within strata{signi-
ficant x~), chi square tests of the mean strata values would be of little
value, ‘lowever, a nonparametric analysis of variance (Kruskal—Wallis)
applied to the mite data from each center gave!

i

Lower center 4. T. b 0.80> p= 0.70
Upper center d. . = 4 0.50= p& 0.30

his suggests that the strata do not differ within centers and justi-
fies regarding the total sample as a randon sample from the center. Yhen
these means 2are compared:

jpper center 181.7 rites/100 e
1over center 181.3 mites/100 om

there is little to chose petween them. T have not tested any of the cother
groups becausc the lower mumbers and numerous blanks create problems. I em

not sure in my own mind pbout the best overall analysis for this study. I
intend to consult with out ctatistician about this matter. Tut for the present,
it appears that the two centers are gratifyivgly cimilar with respect to the
gensity of mcarina, and probably with respect to the densities and species
decomposition of the other groups of litter fauna.

T have not yet extracted the animals from the clay soil cores. I

do not expect to find much except ants and, judged by the litter samples,
they have a VEry spotty distribution.

% Paragraphs extracted from letters, not checked by auther.
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1iitey Semples - El Vexde Forest. gtotions 1e1B, 64/2/9, Btations 19.35, 64/1/28.
"ALl values sre pex 100 cal, louer semtex,

gSration
{mites)
1
Che lowethide
{Pae
Collcohola
2
h
3
 Other Inseceta
&
A

i .

Wil &l & - - & 1 1. Jo 2
2 134 i 1 )1 - 14 3 -1 1 13
4 ‘118 @ i 1 - 5 1 - il -
& 187 = 2 1 * 3 3 . & -3
5 112 - 2 5 “ 5 4 - 2 2
6 259 2 3 b - ki 3 1 i 2
7 158 10 13 9 - b 2 - 1 54
& o0 & 1 b - -] 9 1 1 7
9 53 2 D 3 - - -» L J - R
i 138 @ S - b .8 - - 6 .
Ak &0k 3 > T - - 13 s é 8 -~
12 L3 4 10 . - 8 5 1 8 -
13 67 i 13 67 . 8 | 1 ! 1
14 173 -1 50 - " 15 w 1 4 - |
1% 140 1 3 » - .3 % 1 I
16 303 10 %2 29 - 7 7 1 1 &0
17 249 2 18 1 - 12 18 - 7 7
18 287 Y 3 14 & - 13 7 1 Z. 7
19 ax2 6 2L 2 - 58 21 ™ - 1
o & as « 1 %6 @ - " S - 3
21 254 2 b ¥.4 10 - 10 1 3 1 ¢
22 154 -3 12 " . 14 3 » 6 1
z3 143 1 2 2 - & . i ® - 2
M 93 1 1 ‘ - - : 3 1 - 1 -
28 141 P i - - 3 = - 1 ¥
Yoen Velues
. 1a3 198.4 0.2 | &4.2 1.4 0 6.2 1.4 0.4 3.6 &b
10 149.6 3.6 3,4 22,0 3  §.0 . 2.8 0.4 1.8 133.@
11413 165.8 3.0 17.8 14.4 0 9.4 10,6 2,0 5.0 L2
- 16-20 233.8 &4 20,6 18.6 0 18,0 10.6 0.4 2.0 1L.6
21425 157.Q 1+8 2.6 2.4 o 7.2 1.2 - 0.6 1.6 3.8
& 181.3 2.6 il 3 12.2 0 9.4 5.3 0.8 ‘2.4 8,7
eelghted' B | - .
Genter 191.8 $.1 .4 ¢ g 1.9 5.9 0.6 1.9 _,}?.5

: ""?r&ba}aly =" _upeei_'es |

Bgoth Diplopods and Chilopeds TRy .
“S0nc spectes testatively Lientified as Cosuidse (scale ftosset)

. SMajorisy s¥e insect lexvec =nd adult Goleaptern .




Litter samples - Bl Verde Torest.

Stations 26-43.
All values are per 100 cmz.

Upper Center.

Stgtions L4-50, 6h/1/28

,:’; i)
Hcd 8 A, 7 3
3 a a & o g L = £ e,
s g z 2 g 2 £ & 2 4
& @~ w O 2 fy— = ot w © = ;e o
O S u [ O] = O U} O =] < () W ™ o
o a @ 50 @ g = = Z e = )
™ % par T} r:tjj : % i g' e Pt £ E@ £ & =
i Q 1w < e G2 w ) L ou o 9
471 <L ~— [ & o Fi i ﬂ Lyt ] e
_— < o
26 250 3 & e = 25 G o il ey
27 264 1 15 e - 14 12 2 5 35
28 193 10 2o 5 - 5 L, 1 5 i
26 s 2 - = - 1 h - - 1
30 11k 1 3 - - g 2 1, 1 -
3 456 16 6 - - 7 L 3 - 20
32 hob 5 26 - - 12 3 - 2 5
3= 23 - - = ~ 2 2 - = -
34 128 - 1 - - L - - 1 -
35 2l - 5 - - b L - - 3
36 i3h 7 33 3 = =T ; = 2 2
37 66 3 = T - L - - 3 -
38 38 - T 1 - 2 - 1 = T
39 165 11 8 - - 2 Y - - 3
Lo 57 e 2l - - 3 3 - b L
L1 &5 = - 1 - L 1 - 1
Lo Lo L 77 5 - & il - T
L3 141 2 12 1 - & L - - 5
L 62 8 - - T - - - 1
L5 a6 - 5 - = i = - 2 -
L4 BT & 13 141 - 3 8 1 1 ;
by 361 3 S ] L1 b iy 7 B
48 11k 2 2 - - 3 = ¥ 2 -
Lo 533 T 12 30 61 21 10 3 1 6
50 166 8 il - - 11 7 = 1 16
Mean Values
26-30 173.2 Z.b 9.6 24 0 11.2 5.6 1.2 2.2 27.0
31~35 207.8 6.2 8:¢ 1.2 O 5.8 2.2 0.6 0.6 5.6
36-L0 92,0 h.6 13.8 0.2 O 6.0 2,2 0.2 1.8 3.6
41.45 157.8 1.6 2o 1 1.k O h.8 1.2 0,2 1.2 2.8
U650 277.8 5.2 12,6 Lbhh 13.2 b B 5.8 1.0 2.8 L4
® 181.7 b2 2.9 10,2 2.6 T.6 3.4 0.6 1.7 8.7
Welighted
X value 208.6 3.7 15.7 19.9 5.7 7.2 3.4 0.6 1.9 3.7

lprobebly two species

2liost are of one species

lMajority are insect larvae and adult Coleoptera
'Both Diplopoda and Chilopoda

S0ne species tentatively identified as Coccidae (scale in

sect)
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A biomass estimate is difficult to supply at present. Drying and
weighing the samples would destroy their value for later specilec determinsrions,
T intend to collect additional samples on my ne—t trip and weigh them by
species. The present samplee are in alcohol and their weights would probadly
be low. About the best T can do at present is to estimate sbout one gram O
less/m2. (based on the volume of animals in the sample vials). Of this totul,
the major portion (5% or more) would consist of myriapoda and insects. The
mites, although MmMEIrous, weigh very littie, but their respiration rate per
unit weight will presumably be much higher than that of the larger forms.

Tpeidentelly, the numbers of mites per/m2 ir the rain forests is quite
low compared to literature values for temperate forests and my ovin samples
of old fields. I do not yet know if this ie due to inefficient extraction.
Fxamination cf the leaf 1l tter tsken from the extractor will answer this
point.

Leaf Fall wnd Decoapostion

Duta on the first set of litter hags show on inst:otanecus race of
dissppeas zace for the Ugper Center of 0.35% pev day and o~ the Lower Center
only 0,20%; per d&y.

Referring toc the znnual cecord of leaf fall, one finds obvious
similarity of the two centers with regerd to leaf fall. ‘'the gimilarity of
the two standing croups of detritus, however, is based on my single semple
taken Tor extroction of arthropods. The mean velues were 1350 g/m2 for thz
Lower Center and 1290 g/m~ for the Upper Center. These values inclule all
hvmus plus inevitably scme roil and roots.

Animals extracted from litter sampies at the leaf £al3. statious ore
given in tobles on puge 163 znd 164. These stations are morked il coneligl
poste designoted V-1, W2, W-3, ete.

Note: Tae reccris OL “eof and fruit fall ax the 50 stations cet out by Dr.

Wieger® and continued by the resident ataff are given on pPD. 3L-356,

A rap of the 50 Leaf tall stations wuich were located with ranacm

numbers wag given in the 1964 reporc.

Related data on litter extractions in work prior to 1963 is contained
in a masuscript by Cdum. Abbott, Selander, Golley, and Wilson. low numbers
in berlese funnels vere noted in that work alsc.

Some datn on leaf litter masses &re given in this report on page 105.




Thirg Fuarterly Census Report of the
Avifauna of the E1 Verde Experimental Area

&
Harry Recher, University of Pennsylivania

Introduction

The following report 1s the third in a scries on the avifauna of the
£l Verde experimental area. The data presenied here arc the result of observa-
tions made between 2 December and & December, 196%. This is = period o the
year which normally marks the beginning of the dry season (Figures I and I1).
Fstimates are given of the bird species density and of territorial or home-
range limits of individuals as determined by a series of population censuses.

Data are also presented from & census area located on Mt. Brittonm, El
Yunque National Forest (Figures III and IV). This area differs from the El
Verde plot in being at a greater elevation (approximately 850 meters; given
23 900 meters in the second report, but now corrected to 850 meters).and
receiving a greater amount of precipitation. The forest on this plot has &
canopy which seldom exceeds 50 feet and probably averages 35-40 feet, Over
50 per cent of the canopy trees are Sierra Palms (Euterpe globosa). According
to Bob Smith (personsl communication), the forest composition compares tO that
found on the wetter sites at EL Verde.

Observations were made in this area from 9 Decenber through 15 December, 1964,

Included is an annotated checklist of the birds observed on the experi-
mental areca.

Procedure

The same censug procedurs wae folloved ag recorded previously in reports
I and II. _

A total of six censuscs comprising twenty-eight hours of actual census
time were made on the El Verde arca. The Mbt. Britton census was completed
in seventeen hours and alsc involved six separats cenguses. An unrecorded number
of hours was spent in non-censusing observation.

Resuits
Territory and Home Range Haps

Figures 5-1l show the recorded territories or positions of the gpeciles
most freguently recorded during the census period. leps have been cmitted
for the Puertc Rican Bullfinch (Loxigilla portoricensis). Only one bullfinch
was recorded and the virco is a migrant currently wintering in South America
(Bond, 1961). Territorial limits are given for the bananaquit (Coerba flaveola)
and tody ( Todus mexicanus ) as these two species, only, appeared to be defending
territories.




Third Quarterly Census Report of the
Avifauna of the Fl Verde Ixperimental Area

-
Harry Recher, University of Pennsylvania

Introductican

The following report is the third in a seriez on the avifauna of the
El Verde experimental area. The data presented here are the result of observa-
tions made between 2 December and & Decenmber, 196k, This is a period of the
year which normally marks the beginning of the dry season (Figures I and II).
Estimates are given of the bird species density and of territorial or home-
range limits of individuals as determined by a series of ropulation censuses.

Data are also presented from a census area located on Mt, Britton, El
Yunque Mational Forest (Figures IIT and IV). This areca differs from the EL
Verde plot in being ai a greater elevation (epproximately 850 meters; given
as 900 meters in the second report, but now corrected tc 850 meters).and
receiving a2 greater amount of precipitation. The forest on this plot has a
canopy which seldom exceeds 50 feet and probably averages 35-40 feet., Over
50 per cent of the canopy trees are Sierra Palms {Euterpe globosa). According
o Bob Smith (personal communication), the forest compositicn compares to that
found on the wetter sites at El Verde.

Observations were made in this area from 9 December through 15 December, 196k,

Inciluded is an annotated checklist of the birds observed on the experi-
mental area.

Procedure

The same census procedure was followed as recorded previously in reports
I and II.

A total of six censuses cogprising twenty-eight hours of actual census
time were made on the Fl Verde areca. The !Mt. Britton census was completed
in seventeen hours and also involved six separate censuses. An unrecorded number
of hours wag spent in non-censusing observaticn.

Results
Territory and Home Range iaps

Figures 5-14 show the recorded territoriesc or positions of the species
most frequently recorded during the census period. HMape have been omitted
for the Puerto Rican Bullfinch (Loxigilla portoricensis). Only one bullfinch
was recorded and ths vireo is a migrant currently wintering in South America
(Bond, 1961). Territorial limits sre given for the bananaquit (Coerba flaveola)
and tody (Tedus mexicanus) as these two species, only, appeared to be defending
territories.
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Reproductive Activity

In general, there was sn increase in singing activity (relative to
August) smong all specles present except the bananaguit and ruddy-guail dove
(Geotrygon montana ). However, vigorous singing with full song wasg recorded
only for the bamenaquit, red-necked pigeon (Columba squamosa), bullfinch and
Puerto Rican ovl (Qggg gg@iggg). Heeitant and weak singing was recorded for
the pearly-eyed thrasher (Margarops fugcatus ) and the red-legged thrush
(Mimocichls plumbea). Stripe- headed tanasgers (Spindalis zena) were not
recorded singing, but males were frequcntly heard giving their "sweep” call.
"Wing rattling" by todies was vecorded three times.

Tt appears that over-all reproductive activity is now lower than in
August, and that most speciles are just entering the beginning of their
reproductive period. April through June would thersfore appear to be the
peak of the breeding season with several specles commencing courtship activities
in December and January. Only the banasnaquit nests with any regularily through-~

out the year (Figure 16).
Population Density

As in August, the absence of territorial behavior presented an accurate
determination of population density for most species. The figures presented
in Table T are therefore subject to more caution than those given for the
March-April census. In all probability, the estimates are below the actual
nunrber of individuals on the census areas,.

Bananaguit

The figure given for the banenaguit represents the number of territorial
males. The decrease from March-April through August and December probably
reflects a decrease in reproductive activity rather than any decrease in the
number of individuals. In addition, numerous immature individuals were observed,
but notcounted, There has been a decrease in numbers on both census areas;
9.8% on the El Verde plot and 49.0% on the ¥Mt. Britton plot. The greater
decreace at Mt. Britton may reflect the effect of altitude on environmental
seasonality and indicates that the El Verde plot is a more stable enviromment .

Tody

Particular attention was placed on the movements, home range and
population density of the tody. As a resuli, scveral problems arising during
the previous two censuses were resolved. It now appears that the home range
of the tody is large relative to its dally movements and that outside of the
breeding season, individuals are solitary.

Red-Necked Pigeons and Ruddy Quall Loves

Once again the number of pigeons and doves heard calling during the
census were recorded {see Reports I and II). 1In contrast te the August census,
red-necked pigeons were frequently heard calling, though less often than during
%he MarchSApril period, while ruddy quail doves were heard ouly infrequently

Table II).
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Foraging Groups

Miwed Tlocks of Toraging birds are generally considered characteristic
of tropical forests. At 1 Verdc and in the it. Britton-El Yunque area,
foraging groups are commonly observed., The Puerto Rican Tanager { Neospingus
speculiferus) ig the most commonly encountered species within these mixed
Tlocks and appcars to be the species about which individuals of other species
group themselves. Migrant warblers and Juvenile bahanaquits are also regular
components of these mixed £locks. In the March-April period, and cgpecially
in August, there were fewer groups noted, and those encountered were smatler
in size and contained fewer species than ihe ones seen in December. The greater
aumber of wintering warblere and the apparent tendency of the Puerto Rican
tanager to form larger flocks during December results not only in larger groups,
but in a grester number of such groups. In the majority of cases (90%) where
a group of foraging Puerto Rican tanagers were observed they were accompanied
by bananaquits and warblers. However, occassional groups were also enccountered
which were comprised only of migrant warblers. During the March-April period
and in August, small groups (3-5 individuals) of bananaquits were observed.

The tanagers cbserved in such flocks tené to bunch together so that all
the tanagers in a flock might be found within two or three trees. Warblers
and bananaguits teund to be more dispersed with the resull that the entire
group may trail out thirty or more meters.

In foraging through the forest, these Tlocks arc often Joined by
individuals of other species (Tody, pearly-eyed thracher, black-whickered
vireo, bullfinch, bananaquit adults) through whose territories the flock is
passing. Theege birds drop cut after a short distance.

Discussion
Seasonal Changes in Population Composition

Tt now secem wWell established that there ie a pronounced seagonal change
in veproductive activity among the Dbirds inhabiting the Luguillo Naticnal Forest
(Figure 16). Coincident with the reproductive cycle are various changes in
population composition. Migration, altitudinal movements and flocking behavior
result in pronounced changes in the specice composition of the forest as well
as affecting local population densitics.

The migration of the black-whiskered vireo to South America, the
altitudinal movements of the red-necked pigeon and the migration of the North
American warblers greatly change the population composition between the fall-
vinter and epring-summer. A lesser change iz affected by the post-reproductive
aggregations and flocks of the red-necked pigeon, ruddy-quail dove and Puerto
Rican tanager.

Changes in population density zecruing through reproduction and mortality
appear to be less speetacular, Tndeed, it is difficult to detect any changes
in population size among resident bird species that cannot be accounted for by
sampling error (Teble I). This is in contrast 1o the situation found in
temperate climates where non-migrant bird populations fulctuate widely between
the post-reproductive peak and the pre-productive low.
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The contrast offered by a seasonal change in reporductive activity with
the relative stability in population numbers of resident bird species indicates
that there is a seasonal fluctuation in availabie energy, but that the system
as a whole is more stable than those found in temperate climates.

The Influx of North American Warblers

The greatest change in ropuiation composition results from the migration
of lorth American warblers. Unfortunately, it is impossible at the present time
to even estimate the number of warblers occurring as winter resldents within
the forest. Certainly, it is a considerable number and as such, these birds
become an important component of the ecosystem during the winter months. The
question must therefore be poged as to whether or not there is a surpius of
energy (unoccupiled niches) which these birds utilize during their winter
residency and which remains unutilized during the summer period while they are
absent. In part, the migrations of the plack-whiskered vireo accounts for some
of these energy differences, but probably the energy utilized by the wintering
warblers is greater than that utilized by the breeding vireo population. It is
a point which should be more fully resolved, Possibly, the energy demands of the
resident hird population are sufficientiy lower outside of the brecding season
to accomodate the wintering warblers. However, it seems likely that if there
was energy avallable, the resident bird species would continue to breed through-
out the year¥*. FPossibly the answer 1ies with the types of feod organisms
aveilable and the abilities of the various kinds of birds to utilize them.

% The "ability" of the bananaquit to breed throughout the year may
be a result of its utilizing a relatively rich food source (flower
nectar, insects attracted to and presumably concentrated at flowers,
and perhaps pollen).

Annotated Checklist of the Bird Specles Tound on or
Around the Fl Verde Experimental Area

Observations are included for species occurring either at the El
Verde Station or on Bl Yungue (including Mt. Britton), but which may not
nave been recorded for the experimental area proper. Birds not seen on the
experimental area are marked with asterisk. Only observations which
supplement those recorded in previcus reports (I and IT) are included.

#Sharpshin Hawk (Accipiter atriatue):

A single individual of thie species was cbserved over the Santurce
River below the El Verde experimental area on 5 Decerber. There is supposed
to exist a rare Puerto Rican subspecies of this bird which is confined chiefly
to the Maricao Forest (Leopold, 1963). Vhether the individual reported here
was of this subspecies or a vagrant from North America could not be determined.

Red-Tailed Hawk (Buteo jamaicensis):

Individuals of this species were regularly observed soaring Over the
forested areas at Ei Verde and K1 Yungue.
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Red-Necked Pigeon (Columba squamossa):

See tert pp. b-6

Ruddy Quail Dove {(Geotrypea montana):

See text pp. 4-C

Puerto Ricar Parrot (Amszona vittaia):

Parrots were ceen or heard ilrregularly on the experimental asrea throughout
the census pericd. Drevry (personal commurication) saw a group of thirteen on
the Horth sectlicn and seemed 1o be oost froquent in Tthe area South-Hast of the
South section vhere they were obeerved feeding arnd gathering in an evening

roost.

Puerto Rican Lizard Cuckoo (Sesurctheru vieillioti):

I have yet to obgerve this bird in the I
Trequently c¢all close at hand.

bt

rzet even though individuals

Puerto Rican Owl (Otus nudipes):

There appeard to be an increase in calling activity over the August
period and several individuales were heard calling after sunrise (7:30 a.m.)
and before sunset {L:15 p.m.). Two individuals were heerd on the El1 Verde area.
In general, thiz bird is more abundant at lower elevaticns though it ranges to
at least 1,000 meters.

Puertc Rican Emerald Hummingbird {(Chlorostilbon maugaeus ):

The male previously recorded from the El1 Yunque Biology Station was still
in the area and defending it ageinst other hummingbirds (males only? ). Because
of the wetter conditicons encountered during this trip, fewer hummingbirds than

previously were encountered. During wet and cool weather these birds tend to
"sit tight".

Puerto Rican Teody (Todus mexicanus):

Ho burroving activity was noted, but "wing rattling” was recorded three
times. Wing rattling is a sound made by the atiernuate outer primaries of both
sexes and is heard only during the breeding season (Wetmore, 1927), Territorial
defense was noted on one cccasion. See text p, k.

Puerto Rican Woodnecker (Melanerpes portoricensis):

Loggerhead Kingbird (Tyrannus caudifasciatug):

A single individ—al was recorded twice from the lNorth Section of the El
Verde area. I have yet to observe this speciles in the Mt. Britton-El Yungue area.
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Pearly-Eyed Thrasher (Margarops fuscatus):

The raucous calling noted dvring the August period was heard very
infrequently in December, but several individuals were recorded giving very
"weak" revditions of their breeding season song.

Individuals were observed Teeding on green and ripe fruits of the sierra
palm and ripe catkins of the cecropia (Cecropia peltata).

#Red-Legged Thrush (Mimocichls pumbea):

Tndividuals were heard giveing a very 'weak and hesitant” song.
Bananaquit {Coercba flaveola}:

Individuals were observed constructing rests on several occaslons, but
only once vas a male and femaele observed working together.

Territorial males appeared to tolerate juvenile and female beznanaquits
within their territories. However, the passage of mixed foraging groups
containing juvenile bananaquits often excited the male through whose territory
the group was passing so that he sang vigorously. It is possible that terri-
tories are defended only againstother singing males, Certainly these birds
forage over a larger arca then is indicated by constructing a line about their
singing positions., Several males have been observed together in areas where
there was a great concentration of food.

Bananaguits sing throughout the day, but there is a pronounced morning
and evening chorus (Figure 18). As the scatter of points on the graphs indlica-
tes, there is considerable variation throughout the day in the number of songs
that are heard at any one time. Singing may be most consistent during the
late moraning hours (10:00-12:00 a.m.). Dach point on the graph mey represent
the songs of several individuals.

Bananaquits were observed feeding on ripening grapefruits and oranges.

Black-and-White Warbler (Mniotilta varia):

Parula Warbler (lurula emericana):

Cape May Warbler {Dendroica tigrina):

A group of eight plus were observed feeding daily in a fruiting and
flowering .....{?) tree in the station yard at El Verde. This tree also
attracted pearly-eyed thrashers, red-legged thrushes, bullfinches, bananaguits,
black-faced grassquits, black-threated blue warblers, black-cowled orioles
(Icterus dominicensis) and stripe-headed tanagers. Intraspecific aggression
was observed among all specics with the exception of the latter four, which
occurred either ag single individunals or mated pairs. No interspecific
aggression was observed.

Cape May warblers were frequently cbserved hawking insects.
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Black-Throated Blue Warbler (Dendroica vireuns):

The males of this gpecices are perhaps the easlest warblers to see and
identify in the forest canopy. Of the fifteen black-throated blues seen,
only two were Temales, but this way Lie a Tactor of the greater visibility
of the males. Ac with all the warblers secn {cxcept the waterthrush) these
birds restricted their activities to the canony.

Touisiana Vaterthrush (Seiurus motacilla):

Individuals were observed in the Iit, Eritton ares feeding on insects
lknccked to the asphalt rozd by rain. An indivigual wae heard singing.

*American Redstart {fetophasa ruticills):

Blue-Hooded Luphonia (Tanagra musica):

Reported during Fovember, 1964 by Bob Smith.

Stipe-Headed Tanager (Spindalis zena):

Two contrasting observations wsre made during this trip on this trip
on this species: 1) Males were observed to frequent a particular singing
post for at least a week in succession and fo call from this perch threoughout
the day; 2) Males were also observed to fly long distances between singing
perches., The possibility is therefore raised that while some individuals
are breeding, other are not. At no time was the 'warble" song heard.

Males were noted to sing )'seep” song) in flight,

No aggregations of this bird were noted, but on one occasion, individuals
of this species vere recorded in a mixed foraging flock of Puerto Rican tanagers
and warblers.

Puerto Rican Tanager (Mecspingus speculiiers):
g

See text pp. 5-T.

The “seep-seep’ call which wag absent ir August was once again heard
regularly. In additiorn, & ne’ serlies of warble notcs was recorded - but not
as a song. Wetwmore (1927) reworts this species as having a pretty warbling
song during the breeaing sezsons (Jun-), The notes heard in December were
exchanged between twe tanagers Iollowing cach oiher aboul in a Lamboo tangle.
On one occasion, an individual was obssrved tc pick up a plece of fiber. This
was later dropped and left.

is|

Coloration differences which may have represented a sexual dimorphism
vwere particuliarly obvious.

On 12 December, 1064, tenagers were cbserved in groups of 2, 2, 2, 2,
1, 8 and 10 (there may have been unseen individuals in all the groups observed).
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% Hooded Weaver (Lonchurs cucullata):

Cheerved along road Jeading to Il Verde.

% Black-Faced Crassquit {Tiaris bicolor):

Present, but not singing in the station yard at EL Verde.
Puerto Rican Pullfinch (Loxigille protoricensis):

It is interesting to note that while some males were calling regularly,
others known to be in the ares were silent or called only infreguently. There

ie the possibility that a fev individuals may be breeding throughout the year.

#* Yellow=Faced Grassquit (Tiaris olivacea):
/

Feard singing in the lowlands, but not along the road near the station
turnoff where it has been previcusly recorded.

Note: For reasons of space, Ur. Recher's first and second reports are not
inciuded here although they contain various important data with little
overlap with report #3.
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Population Composition (individusis} »f the EL Verde and Mt,
Britton Census Avens During Decsaber, 13464

Specles B Verds ian, wt, Britton {ap, B acres)
Deeenbar Degenber
Red-necked Pigeon W&, C.25
Ruddy Quail Dove 158+ 0
Puerto Rlcan Parrot + O
Lizard Cuakoo o5 e
Puerto Rican Owl 2,0 +
Emersald Hummingblrd 2.0 1,0
Tody 20.5 3.0
Puerto Riocan %+ +
Woodpecker
Pearly-eyed Thrasher 7.0 2.0

Bananaqult
Black-Whiakered
Vireo

Stripe-~Headed
Tarager

Puertoc Rican
Tenager

Bullfinch
Loggerhead Kingdbird

64,0+ singing males
{(128,0 individuals)

%4+ ginging males

{Tvrannus dominicensis)

1%.0 slnging males
(26,0 individuals)

2,0 singing male8

b+

240
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Tavle I

Number Qf Red-Necved Figeons ¢ Ruddy Quail Doves Calling
In the Ares Arcund tha i Verde Dxperimental Plot

— i

1272 80/3 10/ 12/% 1076 1oy Setime.ed Populatlon

A T I
{Palrs)

Red-Necked & z 5 2 4 Y 5
Pigeon B )
Ruddy Qualli =3 0 2 o O i i
Dove
Table IIT

Warblers Observed Betwesn 2 December and 15 December, 1964
at the El Verde and Mt,Britton-El Yungque Arsas

Speclea El Verde Mit. Britton Total
Lovislana Waterthrush C 4 4
{Seiurus motacilliaj

Black-Throated Blue “ 7 8 15
{Dendreice ¢aermilcacena)

Redstart G I i
{8etophags rutlcillia)

Parula 2 4 6
(Parula americana)

Black-and-White e 4 6
(Mniotilta varia)

Cape May 8 5 13

{Dendrolca tigrins)

Unldentified 0 2 5
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The Phosphate Cycle
By

R,A. Lusec, PRIC,
with agsistance of G.A. Briscoe

In our previous report for 1963 the movement from litter to plant
and soil of the plant macronutrient phosphorus in the tropical rainforest
was noted with the aid of tracer P32. The date indicated considerable
absorption by plant roots of I released during leaf decay. Little loss
of P seems due to leaching from the root zone by rainfall,

Further studies have concentratsd on a survey of the total P content
of various rain forest plant materials. Results cbtained from chemical
analysis (some with Technicon Auto-Analyzer) of acid digests of plant tissue
are tabulated below.

While the data are unsufficiently replicated in most cases, certain
trends seem evident. These are:

1) Plant speciez differ in P content from cach other and at different
sites, +though the level of illuminaticn is noct a factor.

2} liaturc leaves contain significantly less P than young leaves
of the same tree,

3) Root content of P is equal to or higher than that of mature
leaves, but this is less than that of the decomposing leaf matter in
contact with the root.

4) Non-leaf debris is significantly lowey in P than leaves recady
to fall or the litter itself.

Oon the basis of these fragmentary results, one may hypothesise &
picture of P movement in which D coutent is high in young leaves, where
phosphorylated compounds are demanded by photosynthesis and nuclelc acid
duplication. This P is dralned {rom the leaves as they mature, due to
demands in new growth clsewhere., Upon fall and decomposition, the leaf
tissue loses C.H, and O more rapidly than F, thus rising in apvarent P
content over that of the leaves themselves. Fhosphorus is absorbed
by the network of tree roots at or near the surface; this movement is
rapid, so that P content of tThe roots 1s lowv.
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Total phosphorus ccntent,

Material a8 mgm P/gn. dry tissueX
Leaves
a. Young Tebonuco sp. - site 1 ¢.19
b. " ! " gite 2 .30
c. " H "~ gite 3 .01
da. Mmture " " . gite 3 RS
e. Fsilen ° - gite 3 AT, .21; 0.19 aver.
f. Young Dacryodes excelsa (#2695},
leaves in sun .108, .080, .085,
108, .086; 0.93 aver,
g. Young Decryodes excelsa (#2695,
leaves in shade 100, .125, .106,
L0BE, 0563 0.95 aver,
h. Mature Dscryodes excelsa .33, .34 ©.34 aver.
3 Young Menilkers pitida (#2680),
legves in sun 1.1, 2.32, 2.89; 2.1 aver.
j. Mature Dryopterid deltoida 0.28, .3%1; 0.30 aver.
Roots
%. Tebonuco sp., near soil surface 0.66
ther
1, OCrganic matter 1n contact with _
root (k) 1.3L
m. TRotted wood 0.15, .1h; 0.14 aver.

* Values represent repiicated saaples teken of the material
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Chemical Analyses of Trees at [l Verde

from J. D. Ovington
Monk's Wood Experimental Staticn, England

As listed in the last years annual report, some representative trees
were cut, weighed znd sampled during lovember 1963 by the project team
during Dr. Ovington's working trip. During the remainder of the year Mrs.
Jan Briscoe prepared sampleg for chemical analyses by drying and powdering
in Wiley Mills with the aid of the Solls Division of the University of
Puerto Rico Agricultural Experiment Station through the courtesy of Dr.
Alonso Riera. The main portion of each sample of leaves, wocd, limbs,
etc. was then sent to Dr. Ovington for chemical analysis by the Chemical
Service of his organization, The Nature Conservancy Woodland Regearch Section,
Monks Vood Experimental Station, England. 1In the Tirst 3 months of 1964
roots of the felled trees were dug out by Alejo Estrada Pinto, Juan laisonet,
and Doroteo Martinez Garcia, and these were also processed for analyses.

The raw tables are included below. Ultimately, the chemical content of
forest components are to be computed by combining these data and the data
collected by the Tropical Terrain Detachment on trees out to 30 meters in
the two study area circles,

Table 1

Chemical Aata on forest components at the El Verde Site.
Wumbers are percent of oven dry weight.

Type of Name ©f Letter Lab. Ne K Ca Mg P i)
material Species code code
and
iree
number
Small
roots
Meliosma
herbertii th 1 0.08 o.k2 0.42 0,38 0.0kl 0,81
M2 2 0.10 ©0.58 0.16 ©.32 0©.032 0,48
Banisteria
lavrifola Bl 50 3 0,06 @17 0.78 042 0,031 ©,7T8
Buchenavis
capitata Be 18 L 0.01 0,13 0.4 0.08 0,019 0©.39
Be 22 5 0.03 0.13 0.75 0.09 0,023 0.52
Be 94 6 0.02 0.0 0.70 0,13 0.025 0.60
Byrsoncma

splcata Bs T 7 0,03 0.26 0.k7 0.25 0.026 0.42
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Tyre of Name of Letter Lab. Na, K Ca Mg P )
material Species code code
and tree
number
Small
roots
Cacgearia
artoresa Ca 43 8 o.,0h  0.68 0,15 0.17 0.032 0,6k
Ca 9 9 0.10 0.h6 0,22 0.3 0.026 0.39
Ca &7 10 0.03 0.82 0,16 0,2k 0.032 0.35
Casearia
bicolor Chbi 53 il 0.54 C¢.52 0.33 0.k2  0.032 0.77
Casearia
sylvestrig Cs 12 0.26 ©0.7% 0.39 o.2k 0,027 0.89
Calyognium
squamulosum Csq 5h 13 0.05 0.17 0.69 0.13 0.02%k 0.68
Csg 53 14 0.05 0.17 ©0.61 ¢©.12 0.025 0.6k
Cecropia
peltata Cp 19 14 0,03 0.60 0,37 0.70 0,04 0.65
Cp L8 16 0.05 (.30 ©O.44 o,60 0.028 0,53
Cp 84 17 0.09 0.36 0.35 0.80 0.032 0.96
Cordia
borinquensis Cb 56 18 0.60 1,18 o¢.k2 0,15 0.038 1.2k
Cxw 24 i9 0.20 ©O:76 60 0,16 0025 0.82
Co 35 20 I.S 1.8 I.5 I.5 1.5 1.05
b 28 21 0.07 0.64 0.h2 0.65 o.,0k2 0.75
Cbi#e are 0.08 o.7% o0.24 o0.70 0.040 0.69
Cv 91 23 0.13 0.56 0,17 0,65 0.058 0.72
Cordia
suleata Cel L2 2l 0.22 1.,h0 0.6k 0.26 0.035 0.98
Cyrilla ra-
cemiflora Gy 101, 1 0.11 0.10 0.22 0.13 0,015 Q.55
Drypetes Dg 10 2 0.13 0.70 0.61 0,14 0.032 0.55
glaucs
Didymopanax Dm 81 3 0.05 0.60 0.95 0.31 0.033 0.87
morototoni
Drypetes
glauca Dg 17 by o.0bh  0.13  0.7h 0.30 0.02%  0.59
Dacryodes

excelsa De 20 5 0.03 0.07 0,36 0.11 0.026 0.6k
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Type of Name of Letter Lab. Na K Ca Mg P N
material Species code code
and tree
number
Small
roots
Dacryodes
excelsa De 50 6 0.07 0.18 0,30 0.09 0.02k 0.69
‘ De 51 T 0.09 0.30 0.26 0,08 0,034 0.55
De 102 & 0.03 0.15 0.38 0.06 C.028 0.6h4
De 21 9 0.06 0.50 O.41 0.11 ©0.061 0.9k
De 54 10 0.0 0.3% 0.59 0,12 0.025 0.43
Eugenia
stahlii s 5 11 0.10 0.26 0.99 0.23 0,033 0.4
Es 15 12 0.14 0.20 1.54 ©0.18 0,025 0.52
Es#6 13 0.13 0.21 0.68 o0.24 0,023 0.k8
Es 36 1k 0.07 0.26 0.8% o.24 0.022 O.ub
Es #3 15 0.20 0.20 1.08 0.31 0©.030 0.64
Hirtella
rUgossa Hr 83 16 0.0L 0.09 0.35 0.20 0.036 0.8
Hr TO 17 0.02 ©.,09 0.1k 0,25 ©.020 O.47
Hr 57 18 I.¢ 1.8 1.8 I.8. I.8 0,38
Tl 19 0.07 ©.38 ©.57 0.16 0.034 1,00
Inga
vera v 1 20 I.S 0.52 ©¢.72 0,11 0,029 1.07
Ixoria ferrea If 60 21 0,08 0.56 0.73 0.06 0.021 0.95
£ 89 22 0.03 0.36 0.38 0,07 0.028 0.84
Miconia
prasina Mp 27 23 0.03 0.22 0,19 007 90200 0.55
Mp 34 2l 0.03 0.28 0.17 0.05 0.021 0.h7
Mp 72 25 0.05 0.21  0.24h 0,07 0.020 O.hT
Mp 95 26 0.10 0,34k ©.71 0,11 ©.027 0.51
Miconia
tetandra Mt Tl 1 0.05 0.22 0.20 0,08 0.019 o0.k2
Mt 90 2 0.02 0.20 0©.16 0.11 0.032 0.7
Micropholis
garcinigze~ Mg 51 3 0.29 0.08 0,30 0.06 0.021 0.65
folia Mz 52 ls 0.12 ©.19 1.94 0.11 0,026 0.78
Mg 101 5 0518 -G08 1.82 0,400 U.027 B.86
Matayha
domingensis M3 55 6 0.3 0,34 0.54% 0.17 0.030 0.52
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Type of Name of Letter Lab. lla K Ca Mg P N
material Species cods code
and tree
number
Small
roots Matayba
domingensis Md 99 T 0.0L 0.52 0.80 0.16 0.04T 0.52
Hd 8 0.03 0.50 0.62 0.12 0.029 0.51
Myrcia
berberis Mb 56 9 0.05 0,15 1,00 0.4 0.029 0.75
Manilkara
nitida Mn 10 0.02 0.58 o.,54 0.11 0©.035 0.29
Mn 1h 11 0.30 0.36 0.hb2 0.10 0.019 0.55
vn 45 12 o.45 ©.18 0.26 0.17 0.026 0.63
Mn 95 13 0.37 0.30 0.k2 0.0k 0,019 0.b47
Myreia
splendens Ms 8 1h 0.02 0.28 0.34 0.10 0.033 0.5k
Ms T3 15 0.01 0.28 0.22 0,12 0.03F1 0,48
Ceotea
leucoxylon 01 L1 16 0.02 0.70 0.54 0.03 0.031 0.75
Q1 61 iT 0.03 0.52 0.66 0.05 0,024 0.7k
01 18 0.02 0.60 0.8+ 0.08 0.03% 0.99
Ocotea
portoricen-
sis Op 19 0.01 0.28 0.26 0.05 0.029 0,82
Ocotea
cpathulata Os 97 20 0.08 0.26 0.80 0.06 0.038 0.8
Ormoeia
krugii Ok 51 21 0.18 0.15 0.26 0.06 0.0kr 1.32
Palicourea
riparia Pr #h4 1 0,10 0.3%  0.16 0,11  0.02¢ 0.70
Pr 25 o 0.1k 0.k 0,30 0.08 0.032 0.93
Pr 26 3 0,12 0.28 0.22 0,06 0.020 0,55
Pr 37 ) 0.09 0.52 0.k2 0.14% 0.046 0.95
Pr 55 5 0.07 0.32 0.30 0.05 0.022 0.70
Pr 57 6 0.05 0.,b2 0.38 0.07T ©.027 O.T7h
Pr 5% i 0.09 0.66 ©.38 0.07 o©.0k0 1.32
Pr 92 8 0.19 0.36 0.3k 0.09 ©.029 1.12
Pr 15 9 0.03 0.36 0.6 0,16 0,03 0.78
Psychotria
berteriana Fb 29 10 o.41 o,k 0.54 0,07 0.027 0.09
Fb 39 13 0.29 0,48 0.58 0©.07 0.030 0.82
Pb Ll 12 0,15 0.7k 0.4 o0.20 o,0ké  1.17
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Type of Name of Letter Lab, Na X Ca Mg P N
material Specles code code
and tree
number
Small
roots
floanea
berteriana Sb 13 13 0,01 0.36 0,k 0.17 0,034 0.63
Sb 23 1k 0,03 0,18 0,80 0.20 0,023 o0.k2
Sb 38 15 0.00 1.0 ©.76 0.13 0.071 1.04
Casearia Cbi 33 16 0.36 0.30 0.4 0.07 0.018 0©.54
bicolor
Se 11 17 0.08 0.21 0.58 0.13 0.025 0.55
Rouresa
glabra Rg 12 18 0,12 0,18 0,38 0.11 0.022 0.72
Rg 31 19 I.s 1.8 I.S TI.8 1.8 0.52
Tabebuia
heterophylla Th 16 20 0,10 o.b0 0,26 0.11 0,031 0.37
Th 62 21 0.10 0.50 0.50 0.6 0,038 0.48
large & Buchenevia
Medium capitata Be 18 1 0.0L 0,12 0.34% 0,03 0.023 0.33
Roots Be 22 2 0.01 0.09 0,00 0.06 0,017 0.26
Be 9k 3 0.01 0.1% o.bo 0.05 ©0.025 0.39
Banisteris
laurifolia Bl 50 L 0.01 0.28 0,87 0.10 0.023 0.59
Bryschnenma
splcata Bs T 5 0,01 0.26 0.4 0,22 0.025 0.33
Casearia
arborea Ca 9 6 0.11 o.M 0,29 o0.3% 0,023 o0.k2
Ca L3 7 0.02 0.06 0.19 0.20 0.025 0.}
Ca 87 8 0,0k 0,70 0.19 0.22 0,029 0,38
Casearia
bicolor Cbi 33 9 o.45 046 0,58 0.28 0.015 0.31
Cbi 53 10 0.38 0,46 0,40 0,28 0.018 0.k
Casearia
sylvestris (s 86 11 0.28 0.32 0.97 0.16 0.022 0.56
Cecropisa
peltata Cp 19 12 0,01 o,k8 0,34 0.36 0,022 0.59
Cp L8 13 0.05 0,17 0.21 0.32 0.012 0.22
Cp 8% ik 0.02 0,34 0,31 0.16 0.010 0.19
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Type of Name of Letter lab. Na K Ca Mg P it
material Species code code
and tree
number -
Large & Medium
roots
Cordia
boringuensis Cb 24 15 0.36 0.72 0.67 0.1k ©.017 0.58
Casearia Csa 2 16 0.03 0.52 0.25 0.58 0.038  0.57
sylvestris Csa 28 17 0.01 0.58 ©0.23 0.52 0.0kk 0.L6
Csa 53 18 0.07 0.17 0.87 0.6 0,025 0.70
Usa 91 19 0.12 0.4 0.38 0.50 0.0k5 0.59
Cordia
sulcata Cs 42 20 0.186 0.8% 0.89 0,20 0.018 0.5k
Cyrilla
racemiflora Cr 101 21 0.14 0.05 0.25 0,06 0.003 0.12
Dacryodes
excelsa De 20 22 0.03 0.08 0.29 0.06 0.011 0.29
De 21 23 0.04 0.19 ©,29 0.06 0.017 0.22
De 39 ol 0.25 0.30 ©0.58 0.07 0©.021 I.S
De 51 25 0.02 0,19 0,19 0.05 0,016 (.19
De 90 26 o.oh ©0.11 ©.i9 ©.05 0,010 0.3k
De 102 27 0.06 ©.23 0.k 0.07 0,011 0.21
Didymopanax
morototoni Im 81 1 0.72 0.79 ©0.13. 0.02L 0.b3
Dm 82 2 0.52 ©.73 0,13 0,020 0.k
Drypetes
glauca Dg 17 3 0,17 0.63 0©.21  0.019 0.39
Eugenia
stahlii Es 3 L 0.16 0.67 o0.14 0,02k 0.50
Es 5 5 0.13 ©.58 0.09 0©.015 0.86
Ts 15 6 0,15 0.95 0.08 0,022 0.33
Bs b6 ¥ 0.19 ©.65 0.11 0.022 0.54
Inga sp. I1 L6 g c.21  0.65 0.06 0,018 0.59
Inga
vera Iv 1 9 0.21  ©0.36 0.03 0.015 0.49
Ixora
ferrea I 60 10 0.28 0,97 0.07 0.016 0.55
ir 89 11 0.20 0.36 0.06 0.028 0.53
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Type of Name of Letter lab. Na, K Ca Mg P N
material  Species code code
and tree
number
Large & Medium
Roots
Hirtella
rugosa Hr 5T 12 0.10 0.38 0.19 0.022 0C.37
Hr 58 13 016 0,17 uif 4,018 0/eb
Hr 70 1k 0.09 0.15 0,22 0.020 0.3l
Hr 83 15 0.07 ©.23 ©.1h  0.018 0.45
Hr 95 16 0.21  0.50 0.09 0.016 0.33
Miconia
prasina Mp 27 TF 0.32 ©0.36 0.06 0.013 0.32
Mp 3k 18 0.28 0.31 0,05 0,017 0.36
Micconia
tetranda ME T1 19 0.32  0.25 0.07 0.Ck2 0.33
Mt 90 20 0.30 0.11 0.0h 0,011 0.36
Micropholis
garceniaefolia Mg 5 21 0.05 0.25 0.06 ©.015 0.38
Mg 52 22 0.12  0.95 0.11  0.020 0.h3
Mg 101 23 0.20 1.4} ©.07 0.023 0.5k
Large Roots
Matayba
domingensis M 55 1. 0.12 0.20 0,08 0.019 0.12
va 99 2 0.20 0,50 0.08 0.025 0.34
Myrcia Mb 56 3 0.1k 0C.b2 0.0k 0.015 0.36
berberis
"Maya' L L 0.42  0.38 0.05 0.029 0.26
Manilkara
nitida Mn 1k 5 0.36 0,34 0,05 0.011 0.23
Mn 30 6 0.26 0.54 0.08 0,012 0.33
Mn 9% i Ou26 0.2 605 0.888 0.15
Ccotea
leucoxylon o1 8 0.28 0.6 0.09 0.025 0.4
oL kL. 9 0.58 0.50 0.05 0.029 0.47
01 85 10 0,38 0.06 0,02 0.023 0.55
01 61 11 0.18 o0.k6 0,01 0.015 0.09
Ocotes
portoricensis Op 2 12 0.26 0.38 0.03 ©.032 0.00
Ocotea spathulata Os 97 13 0.26 0.30 0,02 0.033 0.77
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Type of Name of Letter Lab. Ha X Ca Mg P N
material Species code code
and tree
numbeyx
Large
roots
Ormosia
krugii Ok 51 1h 0.09 C.26 0.02 0,026 1.00
Palicourea
riparia Pr b 15 o.48 0,22 0.08 0,026 0.01
Pr 25 16 0.28 0.20 0.05 0.021 0.58
Pr 26 17 0.30 0.30 0.05 0.017 0.3k
Pr 37 18 0.52 ©0.38 0.0% 0.028 0.06
Pr 55 19 0.3k 0.34 0.01 0,022 0.56
Pr 57 20 o.48 o.k&6 0,02 0,019 0.59
Pr 59 21 0,06 0.6 ©.08 0,033 0.91
Pr 92 22 0.36 0.22 0,05 0,020 0.8k
#3 23 0.48 0.92 0.58 0,025 Q.57
#5 ok 0.28 0,46 0.12 0.031 0.59
Psychotria
berteriana Fb 29 1 0.36 0.38 0,05 0,020 0.hk2
Tb Lk 2 0.56 0.27 0.06 0.032 0.53
Rourea glebrs Rg 12 3 0,28 0.56 0.13 0.022 0.00
Rz 31 L 0.15 0.27 0,11 0.022 0,36
Sloanes
berteriana Sb 13 5 B8 ©,5 6,11 0.0l 6408
Sv 23 6 0.11 0,50 0.13 0,01k 0.26
Sb 11 i 0.18 0.73 0.12 0.022 0.36
Tabebuia
heterophylla Th 16 8 0.28 0,19 0.07 0.016 0.23
Th Lo 9 0.38 0.19 0.09 0.017 0.30
Th 62 10 0.36 0.3% 0.11 0,03 0.51
Butt
roots
Aguacatillo #1 1 0.4 0.29 0.28 0.03% 0.37
Buchenavia
capitata Bc 2 2 0.50 ©.21 0.1k 0.027 0.29
Be 18 3 .11 ©0.23 0.0k 0.018 o©.28
Be 22 L 0.10 0.33 0.03 0.017T 0.32
Be 40 5 0.30 0.21 0,08 0.013 0.23
Be 9L 6 0.09 0.4% o.04h 0,016 0.27
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Type of Name of Iletter Labh. Na K Ca Mg r )
material Species code code
and tree
number
Butt
roots
Banisteria
lavrifolia Bl 50 T 0.20 0.71 0.12 0.022 0.57
Cagearia
arborea Ca 9 8 0.50 0.25 0,26 0.023 0.32
Ca 43 9 0.56 0.13 0.16 0.026 0,31
Ca 87 10 0.68 0.52 018 0.033 0.41
Casearia
bicolor Cb 33 11 0.28 o0.27 0.15 ¢,013 0.21
Cb 53 i2 0.3% 0.58 0.20 0.013 0.26
Calycogonium
squamwlosum Csg53 13 0.17 0.4 0.06 0.023 0.56
Csq5h 1k 0.28  0.33 0.11 0,021 ©.43
Cecropia
peltata Cepl9 15 0.52 0.27 0.30 0.019 0.19
Cophd 16 0.19 ©.27 ©.30 0.016 0.38
CepBl 17 0.8 ©.23 ©¢.19 0,014 0.25
Cordia
boringuen- Cb 24 18 0.7 0.87 0.10 0.032 0.48
aig Cb 35 19 0.68 0o.k4 0.12 0.039 0.56
Cb 38 20 0.52 0,33 0.08 0.033 0.67
Cb 56 21 0.58 0.46 0.07 0.038 0.54
Cyrilla
racemiflora Cr 61 20 0.21 0.4 o0.05 0.010 0.22
Cordia
sulcata Cs L2 23 0.52 0,38 0,08 0.020 0,31
Cs 86 2h 0.50 0.8 0.08 0©.016 0.29
Casesaria
sylvestris Cs #2 1 o.%2 0,23 0.52 0.037 0.hs
Cs 28 D 0.56 0.36 0.5¢ 0.ck1 0.47
Cs 91 3 0.30 0.46 0,56 0.041 0.hT
Dacryocdes
excelsa De 20 i 0.12 0.11 0.03 0.01¢ 0.16
De 20 5 0.17 o.bh 0,06 0.009 0.21
De 21 6 0.16 0,11 0.03 0.009 0.22
De 51 7 0,26 0,15 0.03 0,015 ©.1lk
De 54 8 0:18 0.7 .06 0.011 0,18
De 90 9 0.28 0.25 0.07 0.015 0.26
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Type of Name of Letter Lab. Ha K Ca Mg P N
material Species code code
and tree:
number
Butt
roots
Dacryodes
excelsa De 102 10 0.22 0.ho 0.09 o0.007 0.2b
Didymopanax
morototoni Dm 81 11 0.40 0.31 0.08 0.016 0.39
Im 82 12 0.26 0.25 0,08 0,012 0.21
Drypetes
glauca Dg 10 13 SIRITY 48 0.05 0.025 0.hO
Dg 17 1k 0.28 0.60 0.28 0,022 0.ko
Eugenia
gtahlii Es 15 T 0.15 0.65 0.08 0,018 0.25
Es 15 16 0.15 0.48 0.06 0.018 0.25
Ec 36 17 0.28 ©.75 0.15 0,018 0.28
Es 46 18 0.18 0.46 0.11 0.020 0.3k
Inga sp. T1 k6 19 0.32 0.29 0.0k 0,016 0.35
I1 ko 20 0.26 0.42 0.0b 0.013 0.Ll
Inga vera v L 21 0.20 0.17 0.03 0.011 0,48
Ixora
ferrea f 60 2 0.18 o0.k2 0.03 0.012 0.29
It 89 23 0.13 0.38 0.06 0.025 0.29
Hirtella
rugosa Hr 57 1 0,08 0,25 0.,12 0.021 0.32
Hr 58 2 0.i5 ©0.11 ©0.11 0.011 0.18
Kr 70 3 0.09 0.15 0.1% 0.015 0.26
Hr 83 L 0.09 ©.23 0.12 0,016 0.31
Miconia
prasina o o7 5 0.32 0,29 0.06 0.014 0.29
Mp 3L 6 0.36 0.40 0,06 0.026 0.3k
Mp T1 i 0.32 o.bk4 o0.06 0.013 0.21
Mp T2 8 0.30 0.31 0.07 0.010 0.22
Mp 95 9 0.18  0.h4 0.06 0.016 0.23
Miconia
tetrandra Mt 90 10 0.21 0.10 0.04 o0.015 ¢.21
Micyopholis
garciniaefolia Mz 5 1 0.04 ©0.13 0.0k ©.008 0O.2h
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Type of Name of Letter Lab. Na K Ca Mg P )
material  Gpeciles code code
and tree
number
Rutt
roots
Micropholis
garciniaefolia Mg 52 12 0.12 0.40 0.11 ©0.017 0.33
Mg 101 13 0,16 0,69 0.07 0.023 0.hk2
Matayba
domingensis Md 55 ik 0.11  0.29 0©.05 0,01k 0.1k
M #99 15 0.19 0,50 0.06 0.023 0.28
Myrcia
berberis Mb 56 16 0.16 0.kh 0,06 0,013 0.28
"Maya" L g 0.38  0.27 0,05 0.026 0.15
Manilkara
nitida Mo 1k 18 0.19  0.23 0.03 0.007 0.13
Mn 30 19 0.17 ©.23 0,05 0.006 0.16
Mn 45 20 0.15 ©.27 0.06 0,013 0.25
Mn 95 21 0.2k  0.34 0,05 ©0.006 0.13
Myrcia
splendens Ms 8 22 0.32 0,38 0.06 0.026 0.30
Ms T3 23 0.32 0.21 0.06 0.027 0.49
Ocotea
leucoxylon 01 k1 1 o,k 0.61 ©.02 0,026 0.33
01l 61 2 0.28 0.73 0.03 0.021 0.6k.
ol 85 3 0.28 0.69 0.03 0.023 0.45
01 160 L G.20  0.23 0.07 ©0.018 0,25
Ocotea
portoricensis Op 2 5 0.20 0.29 0,02 0.02k 0,52
Ocotea
spathulata Cs 97 6 0,19 0.11 0.02 0.029 0.56
Ormosia
krugii Ok 51 7 0.06 0.10 0,02 0Q.015 O.47
Palicoureca
riparia Pr #h4 8 0.48 0.19 0.02 0.02% O.Lk
Pr 25 9 0.38 ©.15 ¢,01 0.030 0.70
Pr 26 10 c.28 o0.h2 0.06 0©0.018 0©.39
Pr 55 11 6.3%  0.15 0.02 ©.015 0.3k
Pr 57 12 040 0.17 0.01 0,018 0.48
Pr 59 13 0.54  0.31 0.04 0,031 0,78
Pr 92 14 0.32 0.17 0.04 0,01k 0.59
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Type of Name of Letter Lab, Na K Ca Mg P N
material Opecies code code
and tree
number
Butt
roots
Palo
blanco Fo 3 15 o.k2 0.61 0,50 0.032 0©.6h
Palo de
pollo Pp 5 16 0.1k  0.27 0.08 0,026 0.6l
Posychotria
berteriana Fb 29 18 0.36  0.29 0.0k 0,016 0©.27
Pb 39 17 .30 0.29 0.04 0.021 0.31
Fo 4k 19 0,48 0,21 0.03 0.020 0.2k
Sloanea
berteriana Sb 13 20 0.17 0.5 0,04 0.013 0.20
Sb 23 21 0.16 ©¢.,61 0,08 0.015 0.27
Se 11 22 0.26 0,69 0.06 0,019 020
Tabebuia
heterophylla Th 16 23 0.17 ©.11 0,01 0.012 ©0©.18
Th 62 oL 0.3k  0.17 0.0 0,022 ©.38
Boles
Alchorneopsis
portoricensis Ap TU4 1 0.13 0.19 0,09 0,020 0.31
Banisteria
laurifolia Bl 50 2 o.24% 0,48 0.09 0.033 0.58
Byrsonima
splcata Bs 7 3 0.2k 0.48 0.08 0.033 0.35
Buchenavia
capitata Be 18 L C.20 0.27 0.03 0.022 0.25
e 22 ) 0.13 0.50 0.05 0.017 0.28
Be 90 6 0.19 0.36 0.0k 0.02Fk 0.2
Casearia
arborea Ca 9 7 0.48 0.21 0.13 0.036 0.33
Ca L3 8 0.52 0.15 ©.02 0.029 0.26
Ca 87 g 0.62 0.21 0,09 0.029 0.34
Casearia
gulanensis Cg 78 10 1.18 0.3% 0.18 0,036 0.87
Casearia
bicolor Cht 24 11 0.36 0.25 0,06 0,038 0.21
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Type of Hame of Letter Lab. K Ca Mg P h
material  Species code code
and tree
number
Boles
Casearia
bicolor Cbhi 33 12 0.36 0.56 0.16 0.023 C.3k
Chi 53 13 0.38 0.38 0.212 0.019 0.30
Casearisa
sylvestris s 2 ik .52  0.36 0.32 0.034 0.4k
Cs 28 15 0.92 0.36 0.24 0,054 0,65
Cs 91 16 0.58 0.33 C.22 0.036 0.48
Calycogonium
squamulosum  Cys 5k 1r 0.21 0.9%1 ©0.08 0.01k 0.3k
Cecropia
peltata Cep 19 18 0.62 0.0 0.32 0.029 0.40
Cep L8 19 0.b0  0.29 0©.22 0.017 0.17
Cep B84 20 0.28 0.19 0.17 0.010 ¢C.12
Cordia
boringensis  Cb 35 21 0.klo  0.5% 0.16 0.032 0.k6
Ch 38 22 0.0 0.3% 0.11. 0.037 0.5
Cb 56 23 o,k 0.k2 0.08 ©.033 O.ub
Cordia Csl L2 ok 0.58 0.38 0.13 0.025 0.28
sulcata el 85 25 0.28 0.36 0.13 0.01k 0.26
Cyrilla
racemiflora Cr 106 1 0.07 0.13 0,11 0.005 0.12
Dacryodes
excelsa De 20 2 0.15 0.17 0.03 ©0.005 0.13
De 21 3 0.17 ©.33 ©.04 0.011 0.11
De 51 by 0.13 0.08 0.02 0.067 0.13
De 5h 5 0.21  ©0.15 0.04 0.01k 0.18
De 96 6 0.19 0.19 0.04 0.009 0.13
De 107 T 0.16 ©0.15 ©.03 0.011 0.14
Didymopanax
morototoni m 81 8 0.28 0.31 0,10 0,008 0.16
m 82 9 0.36 0.31 0.11 0,013 0.17
Drypetes
glauca Dg 10 10 o4 0,85 0.06 0.033 0.45
Lg 17 11 0.28 0.k 0.18 0,022 0.k2
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Type of Wame of Letter Lab. Na K Ca g P N
materizl Species ceode code
and tree
nurber
Boles
Eugenia
stahlii Es 3 12 0.21  0.75 0.11 0.02h  ©o.Lb
B, 5 13 0.20  0.48 o0.07 0.019 0.28
Fs 6 1k 0.2k 046 0,06 0,021 0.28
Is 15 15 0.19 0.56 0.06 0.018 0.27
Es 36 16 0,30 0.79 0,1 0,025 0.36
Hirtella
rugosa Hr 57 17 0,16  0.17 0.09 0.025 0.23
Hr 70 18 014 0.21 0.09  0.017 0.26
r 83 19 0.0  0.19 0,09 0.013 0.20
Hr L& 20 0.32  ¢.23 0.08 0.017 0.31
Hr L7 21 0.8  ©,hc 0,05 0,020 0.52
Hr Lo o0 .19 o4 ©.03 0,013 C.ho
Hr 1 23 .17 0,29 0,02 0.011 0.28
Ixora
ferrea If 60 2h 0.2 o0.,b0 0.03 0.013 0.20
IT 88 25 0.13 0.36 0.05 0.026 0.16
Magnolia
splendens Mgs103 1 0.10 0.25 0.05 0,043 0.U46
Mgsl05 2 0.06 0.25 0,04 0.096 0,33
Manilkara
nitida Mn 1k 3 0.17 ©0.21 ©.03 0.006 ©.1h
Mn 30 L 0.12 0.31 0.05 (©.008 0.22
ln 45 5 0.17  0.21 0.06 0.011 0.23
I 97 & 0.15 0.19 0,04 0.008 0.1k
Marcgravia
rectiflora Mrl09 7 158 Q07 .46 8.05F .50
Matayba
domingensis MA 55 8 0.12 0.29 0.03 0.013 0.13
Md 95 9 0.2k 0.k o0.04 0.027 0.36
Ml 99 10 0.2 0.L4k Q.04  0.023  0.35
Meliosma
herbertil th 76 11 0.96 0.4 0.12 ©.035 0.4
th 77 12 0.62 0.56 0.18 0,032 0.6
Micropholis
garciniaefolia i 52 13 0,07 0.54 0.05 0.016 0.kb
Lig 102 1L 0.07 ©.h4 0,05 ©.013 0.30
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Type of Name of Letter Lab. Ha X Ca Mg P i
material  Species code code
and tree
number
Boles
Psychotria
berterians B 29 i 0.50  0.31 0.07 0.017 0.38
Fb 39 16 .36 0.36 0.07 0.017 0.35
I uh N 3.3 0.23 0.05 0,019 0.33
Philodendron k108 18 3.00  1.71 0.20  0.069 0.6
krebsii
Roures
glabra Rg 12 19 0.19  0.54% 0.11 0.022  o.4L
Rg 50 20 0.21 0.6l ©.15 0,026 0.4
Sloanes
berteriana Sb 11 o 0.28 0.7L 0.06 0.018 0.28
gh 13 2P 0.20 0.4 o,0b 0.010 0.21
Sh 2 23 0.15 0.36 0.06 (¢.015 0.24
Tabebuia
heterophylla Th 16 ol 0.21  0.21 0.06 0.023 0.29
Th Lo 25 0.52  0.27 ©.11 0.023 0.31
Th 62 26 0.28 0.27 0©.10 0.024 0.30
Tetragastris
balsamifers T 75 27 0.56 0.2% 0,06 0.034 0,34
Branches Alchorneopeis
portoricensis  Ap Th x C.32  0.19 0.08 0.032 0.48
Banisteria
laurifolis Bl 50 2 0.3¢6  0.93 ©.13 0.043 0.60
Byrsonems
Bpicata Bs 7 3 o.M L.07 0.16 0.045  0.78
Buchenavia
capitata Be 18 L 0.38 0.58 ©.06 0.024 0.38
Be 22 5 0.2h  1.33 0.12 0.038 0.69
Be 90 & 0.28  0.kk 0.0k 0,027 0.35
Casearia
arbores Ca 9 7 C.72  0.21 ©.09  0.078  0.77
Ca 43 & G.84% 0.7 0.1 0,054 0.86
Ca 87 9 0.96 ©.13 0.11 0.038 Q.72
Casearia
bicolor Cbhizk 10 0.60 o046 G.2l 0.086 1.1l
Cbi33 11 o.k2  0.38 ©.23 0.033 0.461
(his53 12 0.64  0.29 ©0.23 0.027 0.48
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Type of Wame of Letter Lab, Na X Ca Mg P M
material Species code code
and tree
numbey
Branches
Cagearia
guianensis Cg 78 13 0.82 ©.17 0.18 0.032 0.5
Casearisa
sylvestris Cs 28 1k 1.80 o0.hk2 0,28 0.07c 1.1k
Cs 91 15 1,00 0.29 0.20 0.0k9 0.75
Calycogonium
squamulosum Cys53 16 0.32 1.50 0.16 0,035 1.03
CysSh 17 He38 1,20 D.IL @02k OLET
Cecropia _
peltata Ceph8 18 140 Q.46 0.3k 0,060 O.62
CepBh 19 0.70 0.k0 0.16 0.030 0.55
Cordia
boringuensgis Cb 35 20 0.56 0.61 0.k2 0.038 0.87
Cb 38 21 0.28 0.4 0.26 0,040 0.72
Cb 56 22 0.66 0.83 0.28 0.0k2 0.83
Cordia
sulesta Csllh2 23 1.06 0.5 0.32 0.050 0.59
Cs185 ok 1.58 0,56 0.24% 0,076 0.63
Cyrilla
racemiflora Crl06 1 0.09 0.20 0.07 0.023 0.26
Casearia s 2 2 1.3 0.38 0.80 0.043 0.81
sylvestris
Dacryodes
excelsa De 20 3 .30 0.54 0.12 ©0.038 0.46
De 21 L 0.28 0.30 0.06 0.020 0.23
Pe 51 5 0.20 0.16 0.03 0,019 0.19
e 5S4 6 0.4 0.72 0.11 0.020 0.53
De $6 T 0.17 ©.38 0.07 ©0.017 0.32
DelOT 8 0.20 0.38 0.12 0,026 0.35
Didymopanax
morototoni Im 81 9 0.66 1.16 0.19 0.024 0.Lh8
Drypetes
glauca Ig 10 10 0.96 1,58 0.28 0.069 1.06
g 17 1 0.50 0.b2 0.16 0.029 0.59
Eugenia
stahlii Es 3 12 0.38  ©0.96 0.16 0.04% 0.59
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Type of Hame ol Lettexr Lak. Ha K Ca Mg P I
materisl  Species code code
and tree
numbey
Branches
Eugenia
stahlii Es 5 13 e 136 648 26,035 2 0.50
s 6 14 0.3% 1.16 ©.,17 0.039 0.53
BEs 15 15 0.18 0.88 0.10 o©.obk Q.57
Es 36 15 0.30  0.92 0.1k 0.020 0.k2
Hirtella
rugosa Hr 57 17 0.58 0,76 0.05 0.030 0.60
He 58 16 0.28 0.54% 0.11 0.027 0.4
r T0 19 0.26 0.4 0.14% 0.032 0.4T
Hr 83 20 0.17 0.30 0.09 0.024 0.31
Hr L6 21 0.k 0.72 ©.06 0.03k 0.70
Hr L7 22 066 ©0.68 B.12 ©0.052 1.0
Hr 49 23 o.bo 1.12 0.07 o.0k0 1.08
Hr 1 ok 0.17 0.26 0.02 0.0tk 0,46
Ixora
ferrea If 88 1 0.52 1.00 0.26 0.0k2 0.6k
Magnolia
splendens Ms103 2 0.28 0.62 0.13 0,197 0.63
Manilkara
nitida, M 1h 3 0.22 0.30 0,07 ©0.01k o.22
in 30 L 0,18 0.50 0,11 0.016 0.3¢
Mn L5 5 0.56 0.4 0.12 0.032 0.5
Mn 97 6 0.28 0.38 0.06 0.027 o0.k2
Matayba
domingensis MAd 55 7 0.17 ©.50 0.06 0,018 0.20
M3 95 3 0.32  1.26 0.11  G.034% 0.70
Md G9 2 0.48 1.0k 0.08 0.0k 0.69
Miconia
tetrandra Mt 79 10 0.32 0.80 0.03 0.016 0.36
Mt 88 11 0.38  1.20 0.08 0.028 0.58
Miconia
prasina, Mp 27 12 0.36 1.20 ©.ok  0.022  0.55
Hp 3k 13 0.36  0.92 0.02 0.019 0.h7
Mp 72 1k 0.13 0.8 0,01 ©.015 o0.,k2
Micropholis
garciniac- Mg 52 15 0.15 1,08 0.09 0.033 0.71
Tolia Mz102 16 0.15 ©.76 0,05 ©0.025 0.61
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Type of Name of Letter Lab. Na K Ca Mg P |
material  Species code code
and tree
nunber
Branches
Meliosma
herbertii ih 7T g 1.30 1.22 0.36 o.okk  0.88
Myrcia
berberis Mo 56 18 c.26 1.38 0.11 0.021 0.5k
Myrcia ‘
splendens Ms 8 19 0,52 0.62 0.1t 0.051 0.61
s T3 20 0.3 o.k2 0.11 0.0k 0.75
Ocotea
leucoxylon 01 41 21 1.10 1.0k 0,11 ©0.065 1.10
01 61 22 1.00 0.68 0.16 0.038 0.98
o1 86 23 0.50 0,80 0©.07T 0.032 C.5T7
Ocotea
portoricen- OplOhk
sis 2l 0.26 0.54% 0.05 0.028 0,56
Ocotea
spathulata C5100 25 0,52  0.3h 0,08 0.06k 0.98
Crmosia
krugii Ck 51 1 0.18 ©.26 ©.06 0.029 0.9k
Palicourea
riparia Pr L 2 0.48 0.66 0.21 0.055 0.85
Pr 25 3 0.52 0.88 0.2 0.058 1.33
Fr 26 Y 0.26 0,58 0.10 0.032 0.62
Pr 47 5 0.5%  0,8% 0.31 0.0k0 0,78
Pr 52 6 0.4 0.5% 0.09 0.020 0.45
Pr 58 7 0.58 0.80 0.06 0.03k 0.69
Pr 59 8 0.52 Q.46 0.05 0.025 0.57
Pr 92 9 0.k2 0,26 0.07 0.021 0.69
Psychotria
berteriana Fb 29 10 0.52 0.76 0.30 0.022 0.4
Fb 39 11 0.92 1,50 0.k0 o.0k2 0.79
To kb 12 0.62 ©0.84% 0.31 0.0k0 0.71
Philodendron
krebsii Fk108 13 3.50 3.24 0.31 0.05 0.70
Rourea
glabra Rg 12 14 0.52 ©.72 0.19 0.0k2 0.62
Rg 31 15 o.h6  1.20 0D.22  0.029 0.49
Rg 97 16 0,28 0,72 0.11 0.,02% 0.308
Rgl01 I 0,62 0.3% 0.1 0.051 0.37




Type of Name of Letter Lahb, UE X Ca Vg P N
material  Species code code
and tTree
nunmber
Branches
Sloanesa
berteriana Sh 11 16 0,50 1.38 0.1 0.026 .47
Sh 13 19 0.5 0,92 0.11  0.027 .60
Sb 23 2c 0:30 LJ70 0.22 0.04%3 0u65
b 60 21 0.52 1.08 0.13 0.026 0.53
Tabebulsa _
hetereophylla Th 16 22 0.36 0.68 0.17 0,058 0.L7
Th 40 23 0,50 0.46 0,18 6.035 .53
Th 62 2k 0.48 0.62 0.17 0.048 0.69
Th 75 25 .28 0,72 0.11 0.055 0.4
Leaves Altchorneopsis
portoricensis Ap Th 1 1.0h 1,16 0.32 0.116 2.63
Banisteria
leurifolia Bl 50 2 1.08  1.00 0.4k 0,096  1.99
Byrsonims
spicata Bs T 3 0.64  0.68 0,48 0.070 1.90
Buchenavia
capitata e 22 L 0.56  1.16 0.32  0.097 2,12
Be 90 5 0.80 0.60 0.14% 0,101 1.82
Buchenavia
capitata Bc 18 6 1.8 0.68 o.h2 o0.122 1.,h2
Be 22 7 1.16 0.68 0.32 0.1k0  2.25
Bc 90 8 g B8 0.1 GO 169
Cassaria
arborea, Ca 9 9 1.08 ok ok c.0T9  2.23
Ca b3 10 0.88 o,k0 0.32 0,084 2,40
Ca 87 11 1.16  0.40 0.28 0.075 2.4
Casearis
bicolor Chi33 12 0.76 0.68 0,22 0.100 1.9k
Chi53 13 0.92  0.84% 0.28 0.095 2.23
1k 1.2 0.92 0,46 o0.07h 0.9k
Casearia
guianensis Cr: 75 15 2,66 1.2L 0.92 0.102 2.17
Casearia
sylvestris Cs 25 16 2.88 1,00 0.92 0,101 00

2.
Cs 91 1f 2,30 1,06 1.0% 0,118 2.62
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Type of Mame of Letter Lab. X Ca Hg P N
material  Species code code
and tree
number
leaves
Calycogonium
squamulosum Cys 53 18 0.56 2.92 0.50 0.052 1.3k
Cys 54 19 0.84 2,92 0.60 o.0ks 1,62
Cecropia
peltata CeplY 20 1.36  1.32 o.kk 0,091 L.76
Cephd 21 1,32 1.16 0.64 0,109 1.76
CepBl 22 1.20 1,08 0.32 ©.125 1.85
Cordia
boringuensis Cb 35 il 0:80 1.4k 0.7 0,081 1.70
b 38 2 0.72 1.76 ©.8% 0,081 1.67
ch 56 3 1.32 0.92 0.6k 0,084 1.68
Cordia
sulcata Cslho L 0.72  0.92 0.k2  0.112 1.91
Cs185 5 1.20  0.84 0.34% 0,106 2,11
Cyrilla
racemiflora crlod & 0.26 0.23 0.12 0.035 0.83
Dacryodss
excelsa De 20 T o048 o.h6 0,18 0079 1.29
De 21 8 0,686 0.36 0,20 0.076 l.21
De 51 9 0.56 0.52 0.16 0,070 1.20
De Sk 10 0,76 o.44 0,20 0©0.07T0 1.37
De 96 11 0.35 0.36 0.1t 0.065 1.06
TelOT 12 0.3 ¢.3L 0.20 0.066 1.0l
Didymopanax
morototoni Dm 81 13 1.2 0,84 0.32  0.087  1.55
Tm 82 1h 1.08  ©.76 0.34% 0.070 1.4
Drypetes
glauca Dg 10 15 1.32 2,40 0.38 0.090 1.92
Tg 17 16 1.76  1.24 0.36 ©0.093 1.78
Eugenia
stahlii Es 5 17 0.8 1,00 0.46 0.,0k0 0.92
Es 6 18 0.38  1.08 o0.k2 0.039 0.63
Es 15 19 0.32  L.kk o.k2  0.038 0.78
Es 36 20 0.68 0.68 0.34 0©0.036 0.69
Eugenia
stahlii Bg 15 21 1.5 I.8 1.8 1.8 0.61
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Type of Name of Letter Lab, a K Ca Mg P L]
material  Species code code
and tree
numbers
Leaves
Miconia
prasina Mp 27 1 0.5 2,08 .01 0.065 1.T0
Mp 3h 2 0.48 1.84 0,01 0,062 1.60
Mp T2 3 0,48 1.92 c.02 0,069 1.59
Miccnia
tetrandra Mt 79 L 0.31  2.00 0.01 0.063 1.64
Mt 88 5 0,56 2.68 0.18 0.05% 1.37
Myrcia
berberis Mb 56 6 0.60 2.84 0,50 0©.053 1.k2
Myrcia
splendens us 8 7 0.48 1.00 0.4  0.059 1.10
is T3 8 o.48  0.76 046  0.058 1.32
Neorudolphia
volublis v 69 9 I.S 1.5 I.8 T.8 2.97
Ocotea
leucoxylon o1 L1 10 1.64%  1.00 0.24 0.086 2,45
01 61 11 1.36  0.8% 0,30 0.087 2.47
01 86 12 1.26  0.60 0.20 0.095 2.66
Gcotea ‘
portoricensis’ Op 10k 13 .72 1.00 0.26 0,07k 1.68
Ccotea
spathulata Gs 100 1h 0.68 0.29 0.18 0.068 1.51
Ormosia
krugii Ck 51 15 ¢.64  0.34 0.1% 0.088 2.35
Palicourea
riparia Pr k& 16 1.56  1.00 0.40 0.079 2.49
Pr 25 17 1.32 1.2k 0.3k 0,090 2.31
Pr 26 18 1.bo 1.24 0.52 0,083 2,47
Pr 52 15 1.68  1.32 0.4k o.09k 2.22
Pr 55 20 1.52  1.h4 o.Mk 0,090  2.67
Pr 59 21 1.6 0.29 0.38 0.075 2.38
Pr 77 22 1.36  1.32 0.56 ©0.081 2.58
Pr 92 23 1.52 0.92 0.58 0.102 3.37
Psychotria
berteriana Pb 29 b 0.48 2.36  1.60 0,62 0,110 2.81
Fb 39 2 0.71 1.92 1,52 0,80 0.085 1.99
o b4 3 0.3% 1.8k 1.32 0.8 0.11k 2.85




Type of Hame of Tetter Lah. Na K Ca, Mg P N
. moterial  Specles code code
and tree
nurabel
Teaves Philodendron
L krebsil Tk 108 i 0.56 2.96 2.92 0.38 0,127  1.7T
RBuchenavia
capitata Be 18 5 0.02 0.72 0.8k o.oL 0,093 1.80
Rourea
gleabra Rg 12 6 0.13 0.76 0.84 ©.58 0.052 1.0k
h Rg 31 T 0.13 0,56 1,16 0.50 0.0k 1,11
' Rg 31 8 0.13 0.60 1.08 0,48 ookt 1.11
Re 97 9 0.09 0.80 1.00 0.26 0,050 1.13
X Skelegelia
portoricensis ap 101 10 0.36 2.12 1.2 0,76 ©0.173 0,82
Sloanca
perteriana St 11 il 0n.06 0.72 1.16 0.20 0.078  1.30
Sb 13 12 0.03 0.60 0.92 0.22 0.066  1.37
—_ Sloanea.
perteriane S5b 11 13 1.5 1.S 1.8 I.S 1.8 0.98
b 13 1h 0.08 0.72 0.23 o,1c  0.066  1.29
o St 13 15 ook 0.56 0.8h 0.22 0.066 1.38
} Ixcrea
ol ferrea T 60 16 0.23 1.6 1.52 0.30 ©0.046 1.32
R
& Tabebuia
heterophylle Th 16 I o.21 1.08 0.5 0.286 0.080 1.35
. Th kO 18 0.02 1.68 0.k2 0.32 0.107  1.43
< Th 62 19 oo6 1.6h 0.33 0.26  0.100 1.20
N .
. Tetrogastris .
palsanifera s 75 20 0.15 1.00 0.92 g.22 0,066 1.28
V=
The code used in processing and reporting these data has letters
for latin names from the 1964 report page 42. The nunbers of these
- trees are not in the seme series as those oOn living trees gtill in
the area, some OF which bear the same munber.
LY
/




