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3) ABSTRACT

This is a renewsl proposal for the rainforest project which covers
two major areas of work. Part one concerns documentstion of the recovery
of vegetation in the avea which was previocusly irradiated with +37Cs. In
this part we will propose to continue mapping thg new vegetation as it
eppears, to continue the biological productivity measurements, and to
contimue such indices of recovery as leaf area index measurements and
optiéal density measurements. Other studies fo be carried out include
the continmuation of photographic records in the aréa, the initiation of
optical spectral messurements, the initiation of new apecies dlversity
measurements and the continuation of measurements on new shoots from old
trees.

Part. two emphasizes continuation and amplification of the minersl
cycling objectives of the project and includes proposals for further work
in fellout radionuclide distribution, and biological-reaidence time measure-
ments which includes the use of tritiasted water to study the flow of water
in soils and plants. These as well as other studies are designed to provide
& relatively ccmpiete plceture of mineral cycling processes in the tropical
ecosystem including rates snd quantities qf mineral flow in these cycles

and the measurement of amounts and rates of input and escape from these cycles.

Other phases of the proposal provide for the contimuation of soil
contamination experiments, for metabolism measurements and for cpntinua-
tion of El Verde field statlon including the recording of certain selected

weather variables.




4} SCIENTIFIC BACKGROUND

The Rainforest Project has been in effect since 1963. In the first
three years of the project a section of the lower montain reinforest in
the Luquillo mountains of Eastern Puerto Rico was irradiated with 10,000
curies of 137cs for a three month period. The irradiation of the forest
was preceeded by about one year of general ecoléglcal survey studies of the
Plants and animals of the area and was followed up after the irrajiation
with similar studies where relevant in order to measure radiation effects.
Many of these studies were carried out by visiting investigators from other
institutions who ceme to Puerto Rico to contribute to the project within
The ares of their own specialties. This phase of the work is at presgent

being organized into s volume entitled A Tropical Rainforest by H.T. Odum

former director of the project.

The important results of this work are two fold. Firstly, the damaging
effects of genme radiation on a tropical ecosystem have bean directly observed
and will serve aa a tropical basis for comparisons with other similar studies
in temperate zones which have been carried by AEC and should provide an
objective basis for the prediction 'of effects of other fypes of r;aiabion
exposures which may occur in the tropics. - Secondly an extraordinarily
extensive ecological survey of the environmment of Eastem Puerto Rico involy.
ing 70 or more scientific specialties has been accomplished. This survey
is similar in approach and scope to that demonstrated in the volume éditad
by Willmovsky and_Wblfe* and demonstrates again the efficacy of this method
in obtaining environmental data.

* Wilimoveky N.J. ed., Wolfe, J.N. assoc. ed. Enviromment of the Cape Thompson
Reglion, Alaska. USAEC Div. Tech. Inf. (PNE-481) 1966, 1250 pp.




In the present project the ecological surveys are no longer an
importent objective. It is intended rather to select certain restricted
study areas which were shown to be potentially productive in-the previous
surveys for intensive work. Two areas of major importance which have been
selected are the study and documentation of the recovery and succeasioﬁ
An the irradieted area, and the study of minpersl cycling in the tropical
forest. These form the major basis for this prdposal and are discussed

more fully In the Scientific Scope section.




5) SCIENTIFIC SCOPE, WORK PHASES

Introduction

The AEC rein forest project 1s a study of irrsdiation effects, and
mineral cycling in a section of lower montane rain forest located at 1500

feet elevation on El Yunque mountain of Esstem Puerto Rico. The orlginally

stated objectives of the project were:

(1) To measure the effects of irrediation, direct emnd indirect,

on the ecological system and its components.

(2) To determine the quantitative nature of the bilogeochemical
cycles within the forest through trecer and fallout studies so that move-

ments and fates of radionuclides may be predicted in rain forests.

(3) To determine the generel structure and processes of the rain
forest system as part of the general quest for principles which will pemit

an understending of radiation effects and isotopic movements in thig and

other ecological systems.

These objJectives continue to be the central motivation for the Project.
The experimental emphasis however shifts as demanded by circumstance. The
present proposal for example is strongly oriented towards observations leading
to the complete deseription of the recovery of the forest system with only
minor effort directed to continued damaging effects. The specific objective

of these studies 1s to determine whether the recovery ig related to the

source of damage. Thus many of the proposed studies include observations on




other plots in the rainforest which have sustained damage from other sources

than rediation.

The recovery of the irradiated center will undoubtedly require many
decades. It is anticipated however that the intensive recovery studies
may be completed in a relatively short time. In a matter of only two or
three years we expect to be able tc show the extent to which the recovery
of the irradiatéd center resémbles recovery elsevwhere in the forest. There
after the recovery studies will decline with regerd to overall project effort
with pefhaps only annusl orbianmusal meagurements of selected indices being
required. Correspondingly the steff will be incressingly available for
other projects, same of which are presented for preliminary discussion in

this proposal.

The mineral cycling aspects of the Project are expected to increase.
Extensive new laboratory space in the PRNC building has been tentatively
allocated to the ProJect contingent upon construction of a new building
wing. Thus at about the same time that recovery studies begin to decline
the project will be in o position to propose a fully diversified and exten-

aive program in mineral cycling.

The present proposal is written in two major sections covering the
recovery and succession studies, and the mineral cycling studles. In
addition these are several proposals for relatively minor effort in other
areas. These do not necessarily imply that the subject areas are of minor -

importance but only that with present sgtaffing we are unable to make well

developed proposels.




As an example we propose only to maintain continuity in the accumulation
of weather records while fully realizing that there is gtong potentisl for
highly relevant micrometeorclogicel research in the forest. The exlstence
on site of a functional weather station, and of a gisnt cylinder, snd recent
. successful efforts in the use of tritiated water in the forest combine to
meke an unparalleled opportunity for systematic resesrch iﬁ gageous diffusion

for example.

Other ideas are presented at various points in the proposal to serve
a8 a basls for future discussions of Project activities. The specific

fupding proposal for the next fiscal year is given in the following pages.




ECOLOGICAL STUDIES: RECOVERY AND SUCCESSION IN THE
TRRADIATED AREA; GENERAL ECOLOGY; WEATHER RECORDS

Recovery and Succession

Rediation center map. The rediation center has been laid out in 900

individual 1 meter square grids for the purpose of mapping the individusl
plants as they emerge In the rediation center. One survey was completed
in 1966 and we will continue to make one such detailed map each year so
that a record of the rate of change of populations in the irradiated center
can be obtained. The map to be made in September éf 1967 will show all
rlents then existing in each grid by species., Comparisons with thet made

in the previous year will show changes which have taken place during the
interval.

‘Net productivity caelculation. The survey of the radlation center grids

will also include the taking of stem dismeters, tree heights, and in the

case of grasay plants areas of coversge. Since we have alresdy shown that
these date are reasonably well correlated with the individual biomasses of
the plants, we~will use them to calculate the total net biologilcal production
in the radiation center. Data for this calculation are.already availsable

for 1966 and another identical survey and calculstion will be made in 1967.

The FRNC computer is not asdequate for this task snd the services

section of the budget will reflect costs for programming end computer time

to complete the calculations.

Comparison of radietion recovery with that from other types of dsmage. ©Seversl

areas on EL Yunque mountain have sustained catastrophic damage from various
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sources. These Iinclude the irradisted center, the cut center which wag
established &8s a control for the irradiation experiment, and several arsas
vhich were dsmeged by herblcides as part of another project. Many of the
herbicides areas are in the approximate same stage of recovery as the
irrediation center, The Project will make two surveys of an herbiclde
demeged area and the cut center for the purpose of comparing the recovery
and succession in these areas with that of the radiation damaged ares. The
surveys will conslst of several optical density transects and several leaf
‘area index transects of the damaged aress. Both meagurement series will

teke place at six month intervals starting in September of 1967.

Both types of trensects are taken on s line running from undamaged
forest through the area of maximum damege and contimie to the undamsged
forest on the opposite side. The data cbtained yleld curves Which are
.an index of the emount of vegetation in the area. The change in the curves
through time are releted to the rate of regeneration of the ﬁamaged areas,
Transects of the type described will alsc be run in the rediated center in
an ldentical manner. The date obtained will enable us to determine-whﬁther
the rate or character of the recovery in the irradisted ares is in any way
unique or differeﬁt due to the fact that the original source of dbmege vas

radiation rether than chemicals or mechanical clearing.

At the time that the data are collected in the areas of mechanicel
and chemical damasge series of color phctographs will also be taken of each
area to provide a visual record of the recovery. These photos will be used -

along with the more extensive record teken in the radistion center to glve

& visual comparison serles for recovery from various types of damage.




Photographic Records. The project has sccumulated a series of color aslides

of the radiation center which were teken monthly from the walk up tower in
the giant qylindér site. This series provides a useful record of the further
changes which tske place in the radiation center. We will expose at least

20 frames of 35 mm Ecktechrome monthly from the walkup tower to show the

changes which centimue to occur in the irradisted center.

The project now has a téwer erected in thé radiation center at the
border line of radiation damage. This tower provides an excellent plat-
form for viewing the succession of new plante in the area. A monthly series
of both color and black snd white photos will be taken from the tower to

show the rapid changes which are taking place in new growth,

A monthly series of color and black and white photos will be taken

of the radiation center from ground level to provide another perspective

in the recovery.

Another serles of aerial photographs of the radiation center will be

teken during the swmer of 1967.

leaf Age Experiments. Evidence from tracer experiments, from the recent

injection of Chinese debris, and from leaf scra@pins experiments 1ndicates
that tropical forest leaves are efficient collectors of radionuclides by
surface 1ntarception from air or rain., Bilolegical half life measurements
in the El Verde forest show ldng nuclide residence times. Dats collected

. from leaf fall collection stations however imply that leaf ages in this
féreat might be relatively short. It is not possible to recomncile these
two points of view. We therefore need a direct measure.of leaf sge in this

forest in order to gain insight intoc the mechaniem of radiomiclide retention.




Several mundred leaves fram tree snzcles which can be resehsd from
project walk up tower will be tegged with light alumdioum tegs ercurd the
petiols. - The togs will counted bimonthly until a veliable measure of age

bas besn obteined,

Thae radiatlon center may stild be &ying back from radiation daxmg¢
Cwever it 18 nob possible to ob serve this 1muorma¢ly aay longer because
the dleback if it exists is‘extremﬁly alow, Since the new radistion center
“lower hes been placed at the current border of rafiiation damege we ere able
Lo mare objective measurenzatls of canopy recessiom. These messurementes will
me niLd by btegging individual lezves from each of seversl species wideh
cen be reached from the tower and counting at bimonthly intervais for st
least one year. Comparison ol die off curved with those obua"n WL Trem the
wlk up tqwer will give an Objeciive measure of further capopy f..adaclk if

.
1L exisus.

Tha leef age measurements sre of importence not only in the Il Verde
-Forest but in others as well. It is oF perticuiar intefeét to escizote
this quantity 1n the Elfin forest -atop EL Yungue because of ‘the la_
snounes of fallout: radionucl¢de rresent in the ve&etation there. As oo
of the geaeral leaf age project wé will tag in excess of 2000lsaves Ca et
of 5 demlnant tree species in this forest end will cbserve them biuoatily until

& relizble die off curve has eeh obtained.

nzeles diversity 1“det. Species diversity is presently in a repid ;éried

[12]

¢f change in the radlation center and the cut center. Initially %ke axreas
werea 1nmadaa by only one species while pregently both areazs have ueve“al

spocies of plants. It is of basic ecologleal interest and of specific
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Interest to the radintion recovery program to know the pattern of diversity
chenge through time. The rate of change data when obtained will be of value
in determining the rationship between the achlevement of full Forest
dlveraity and full forest maturity, and will provide a test of the hypothesia
that diversity may bhe achieved congiderably in advance of final meturity.
These curves will also he of value in comparizon with the current measures
of net production since current energy budget theory would predict that
energy spent in diversification would not be available for biomsss

production.

The curves will also have a considersble empirical value in compearing
the recovery of the irradiated area with the cut ares and should help in
providing a basis for determining whether the character of recovery ls in
any way influenced by the criginal source of demage when such damsge CGCCUrs

as an essentlially single catastrophlic event.

In the area between 10 and 15 meters from the old source position
in the radlation center wé will cbtaln a diversity index by counting the
number of specles encountered per 1000 individuels, in a circular mammer
around the center. This will be done at 6 month intervals subject to modi-
ficatlon according to rate of chenge observed until a relisble diveraity
Increase function hes been obtained. The procedure as described will alsc

be carried out in en identical manner in the cut center.

Sprouts. An important factor in the regenerstion of the radiation center ia
sprouting from the base of old apperently dead trees. We have already verified

that in a large percentsge of cazes the points of gprouting occur in positions

which had line of sight protection from the radiation source. This indicates
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that even though the main stems of trees were killed by the irradiation,
locsl shielding of the predominantly surface roots in this forest may have

been sn important survivel factor.

Existing basal sprouts in the raediation center will be tagged and the
center will be surveyed at & month intervals for the oceurrence of new
gprouts. These sprouts will be counted and tabulsted according to whether
they had line of site protection from the radiation. Taggirg of the new
sprouts as they are surveyed will give a method for determining the rabte

of emergence of new sprouts as & function of time.

Spectral gtudies. Using the project spectroradiometer we will take spectral

transects of the forest across the irradiated center and running at least

100 meters from the center. The purpose of these transects is to 1dok for
possible lomg distance rediastion effects which have not been previously
obgerved. Qpalitative evidence from a series of aerisl photographs recently
obteined indicates that such long range effects might be rresent alﬁhough this

proposal represents the first attempt to objectively measure them.

A minimum of 4 transects will be made in a transect geries and at
least two such series will be done during the year. Each transect will
start at the radiation center and will proceed along one of the cardinal
compass directions for at least 100 meters. A complete light spectrum in
the visible region will be chtained along these transects at 10 to 15 meter

Iintervals, at the forest floor,
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General Ecology

Tree Growth. The 260 trees which were previously taped with vernier tapes

will continue to be observed at monthly Ilntervals ag in the past.

FPhenology of higher plsnts. The higher plant phenclogy records will te

be taken in order to provide a more relisble record of fruit and flowering

in the forest. -The measurements to be msde monthly in a manner identical

‘to the methods used in previous Years will be done as follows:

a) Count of fruit and flower fall on ground quadrats for 5
tree species,

b) Weights of frult and flower fall in the leaf fall bagkets
¢) Counts of fruits and flower stalks on 50 selected psims
and at 100 basket stations.

Insects. Dr. Elizabeth McMahan (Univ. of North Caroline) will return %o
the project during the aummer of 1967 to continue her detalled studies of
termites in the El Verde area. The objectives of this visit are %o carry
out field studies on the survival of termite nests which vere originally
exposed to radistion during the forest irradiation project, amd to carry

out controlled radiation exposures of termites using the PRNC Cobﬁlt-SG

BOuUrce.

Fleld and laborstory atudies to be carried out are listed as follows:

1) Identification end mapping of termite nests which heve
survived and thoase which have been abandoned during the year
since they were last observed.

2) Measurements of the behaviour and distribution of castes in
surviving neasts.

3) Measurement of ropulation vigor in the field as indexed by
tendency to repalr controlled damsge to neats.

L) Measurement of COp metabolism in irrediated vermus unirradiated
nests, .
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5) Attempt to messure LDSO of verious specles of termites and
cestes by meking systematic exposures of knowrn populations
in the FRNC Co®0source,

Dr. McMshan will visit the project for s minimum of 60 deys during
the swmer of 1967. Application has been msde to carry out this project
undar an Oak Ridge Summer Resesrch participsnt grant. If this 1s not
obtained for sny reason the project will provide finencial aid in the
form: of a per diem and travel expenses, with no sslary or consultent
fee included.

Another ingect dlversity index shculd be messured in the redistion
canter to provide information on chenging populations as the center £illa
in with vegetation. This will be carried out wnder the supervision of Dr.
chfahan who wili select a grajuate student to come to Puerto Rico for a

gshort stay. The project will pay for travel and a small per diem.

The student will semple the insect population in the radistion,
control and cut centers using sweep nets until at l.e.;a.st 1000 individuals
have been gathered in each place. Collections will be done at leaat once
during daylight hours snd once durdng night time hours for each center.
The insects will be separated by speciles, and the number of apeciés per

thouwsand individuals will be reported as the insect diversity index.
Weather Racords
The weather station at El Verde is a temporarily rigged, uncon-

ventionelly designed system which was built for the purpose of giving

s, gshort term desexiption of the mejor westher variables in the area.
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It fblfilied this purpose during the early years of the project but
would now seem to heve exhsusted ity usefullness in its present state,
Principle objections to the station in its pregsent condltion are related
to date recording on Rustrack recorders which do not permit resdy retreival
of large smounts of Iinformation, and lack of personell specifically asigned

to equipment malntenance, calibration,

The operation of a functional rellieble westher station is of benefit
to our programs in recovery and succegsicn, phenvlogy, tree growth tritium
experiments, and metabolism. In addition the stetion will provide a long
term meteorological record in the vicinity of Eastern Pusrto Rico and could
rrovide the basis for future proposals for research in mieroclimetology in

the tropicsl forest.

We therefore propose to create a meteorological data zegquisition system

bty modifying the exiéting Bl Verde system in the following ways:

1) Obtain the services of sn electronic technicisn who is
familier with metecrological equipment and who can aee to
the constant calibration and functloning of all apparatus.

2) Obtain at least the consulting services of a recognized
scientist microclimatologist who can recommend and initiste
investigations relevant to biclogy snd to diffusion problems
in the tropical forest. ; ' ’

3) Digcard Rustrek data recording and convert to digital recording
entirely. Overhaul digital data logging system including
replacement of present nonfunctional and inadequate digltal
millivolt meter. Replace with digital voltmeter and extermal
amplifier designed for contimuous service,

4) Process all data through modern comrerclally available computers
with high speed paper tape resding capsbilities.

5) Replace certmin field sensing equipment such as wind speed

and direction indicetors, and pyrancmeters and restring
data and power cables to meet approved standerds of industrial
safety.
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After the above modificstions have been completed we will record

twenty channels of digital information as shown in the following table,

© VARIABLE CHANNELS VARIABLE CHANNELS
Temperature 3 Soler Pediation ba
Rainfell 2 Optical Density 2
’Wind Speed (hot wirve) 2 Surface water runoff 1
Wind Speed (Cup} iy River Stage record 1
Wind direetion i Trunk rundown 1
Relative Humidity 1 Lysimeter water conductivity 1
Voltage check 1 Lysimeter waler volume 2

The data wlll be récorded at hourly intervals on a 24 hour per dsy
schedule. Computer summsries including diurnal veriations and averages,
dally averages,weekly averages and monthly averages will be for all data
vhere appropriate, at six month intervals. The dats wlll be available
to all project scientists and consultants and will be sumarized in the

antual report to AEC,

Costs directly related to the outlined improvemeant of the station

are itemized and not included as line items in the overall project budget.

Lten Cost
Salaries, Including overhead and fringe benefits for a technician,
and fees for programming =and consultation. 10,000
Services., Estimsted 20 hours per year of computer time at 80
dollars per hour. 1,600
Materials 500
Total Operation 12,100

Bouipment {See sppendix B) 8,200
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CHEMISTRY OF THE FOREST

The objectives of the forest chemistry program are: 1) Measure the
amounts of fallout redionmuclides, the smounts of cormesponding stable
chemical elements, and the amounts of possible neutron activation products
bow existing in several components of the forest system. 2} Identify for
the same elements pathweys of movements and measure rates of movements
along these patﬁways. 3) Generate a testsble predictive model Ffor the

retention and movement of these elements within s rainforest gystem.

Work phases in this section represent a contimied effort with our
last years proposal. We will continue the work started in trece element
characterization of the rain forest with emphasis on thermal neutron
activation products in forest materdials and further exploratory work with
Cd shlelded neutron activation, and Liéﬁlactivations. We propose new effort
in the trace element characterization of successicnal vegetation of the
rediation center. The work concerned with distribution and retention of
fallout redionuclides will continue with new effort directed to islend wide
geographical &istribution as related to forest type and elevation. The
interforest comparison work will be deemphasized slthough we Will“éontinue
to take samples in the Elfin Foreat of Fl Yunque in order to more fully

characterize bliclegicsl half lives of mueclides in this ares.

We will prepose major new effort in our progrem to evaluate the dynamics
of element movement in this forest. This program will be based as before on

the use of radiomctive tracers as well as stable element analysis. We have

alreaﬂy ingtalled more than 30 lysimeters of the type developed by Dr. Jordan




in the soils of El Verde station. PFermlssion has been secured to use
tritium as well as nuclides of Cs, Sr and others in experiments. We are
therefore in a position to propose the measurement of both water and elemen-
tal movement in soils of the ares, in additlion to further studles on the

behaviour of nuclides in plsnts.

Trace Element Composition of the Forest

Neutron sctivation products. We have shown in ecils of ¥l Verde and other

points in Puerto Rico as well ss for soils from Fansms that the primary
neutron activation products which can be messured ingtrumentally after the
decay of iaterfering Qh‘Na and 56}&& are jIJ’655@ and “9Fe. This 1s consistent
with J.R. Kilne's previocus world wide surveys of soils. Tropical solla of
Puerto Rico and Pansma sppesr to be relatively depleted in Le and Co. Further
work is desirsble in the instrumental neutren sctivation characterization of

plant materiéls in the tropical forest.

Ingtrumentel neutron activetion snalysis will be carried out dn at
least 5 samples each of ashed tree leaves, epiphyllese scraped from leaves,
and epiphytic pleats to include bromelisds, ferns, and mosses. The resulting
gamma ray specira wlll be used to identify trace elements in these materisls
which cen be measured by this method and to make quantitstive determinations

where possible.

 Cadium Cled Actlvations. At present 1t is not known whether plamts and soils

have characteristic gamms ray spectra when lrrasdiated with neuwtrons of higher
than thermal energles. BExploratory resctor irradiations of st leagt 5 goil

gamples from Puertoc Rice and 5 ashed plant samples will be carried out with




the samples enclosed in specially designed Cadmium cups. The resulting
grrms ey spectra will be used to ldentify elemente in these materials and

to make guantitative determinations where nossible.

Further development in the technique of using 1% to 3>Muc:e 14 Mev
neutrons 1s required. We have designed a t!admim cup which za.llows. access
of thermal neutrong to & LiéD gource while at the same timé protecting the
sawple within from these neutrons. Further work i1g needed to develop
convenlent handling and packaging technigues for L-‘E.6D which is a hazardous
material ﬁhen exposed to the open air. Upon sclution of this problem we
will carry out lrradiations of at least 5 solls and pia.nts using ]'_d.6D 88 a
converter of thermal neutrons to fast neutrone. Gamms ray ermitting redio-

nﬁclides which are produced in these irradiations will be identified snd

meagured gquantltatively where possible.

Chemigtry of Buccessional Vegetation. The vegetation now inveding the

radlation cenfer is in a vigorous state of growth. This implies that the
egaential mineral nutrients required to support this growth are both present
and chemically avallable. In order to characterized patterns of minersl
nutrient uvptake in e successional ares samples of jleavesansdi.:ems wild be
collected from plente in the ares a£ the time of the mnmual mapping end
biomass survey fqr chemlical anslysis. The. gemples will be analyzed for K,
Ca, Fe, end Cu by flame spectrophotcmetric or atomic sbsorbtion analysis.
The results will be combined ‘witb the biomssa calculstions to glwve standing
state of these elementa.l Annual repaetition of the gurvey snd analysis will
revesl patterns of nutrient uptake as compared with blomass production. At

leasgt 50 samples of plant meteriale will be analysed during the Pirst year

of the project.




Concurrently with the wvegetaticn analysls soils wlll be obtained from
the area and subject to snelysis for the same elements. Thess elements will
be determined primsrily o eueous extracts from the soils which ave thought
to be indices of chemical svailability. Such extracts may consizt of neutral
amnnivm acetste solutions or dilute mineral acld solutions. At least §

soll samples will be thug mnalyzed the first jear of the survey.
Distribution end Retention of Fallout Redionmelides

Retention Time. Blological retention time for the miclides 57p i 5"}&1, and

ll"l"ce have been estimated in the forest at EL Verde, It wes found during &

pericd of exceptionaliy low fallout that the forest plants bind these nuclides
very tightly and that the major factor in the decline of radicactivity was

the physicel decay of the nuclides themssolves. An estimete for the anvlron.
mental half 1ife of 137Cs was obtained which indicated that this quantity

was about nine years for thias puclide. The result was not sta.tistit:a.lly
reliable because of the short time intervel of messurenent as compared with
the apparent long envirommental half 1ife. These messurements were complicated
by the fact that the area recelved a fresh input of radionuelides:,_within 20

days after the Chinese nuclear test of May ¢, 1966,

We mow intend to continue the monthly sampling program et the El Verde
station in order to characterized the behaviour and immediate distribition
of mclides after a fresh injection. The nuelide which is most readlly

discernable from this injection is g 35 Rb.
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The Chinese injectlon of nuclides did not appear to alter the forest
concentrations of 137cs or 54Mn. This the opportunity still exists to
obtain a relisble envirommental helf life for both muclides. An apparently
anomelous result was obtained for 5th in our previous measurements in that
the envirommental half life-was longer than the physicel half llfe. While
this is & possibie resuit Turther measurements are needed to verify iés
reality.

We will continue as before to collect monthly samples from 5 canopy
and 5 understory trees along with samples of lotter and soll, for anslysis
by gemma ray spectrometry. The data will be used fo providé more reliable

estimates for nuclide residence times iIn the El Verde ¥oresih.

Residence‘Times; Elfin Forest. While radionuclide levels in the Elfin
foreat on Esst Peak in the Luquillo Mountains are now firmly established
in comparison to those at El Verde the reason for the difference is not yet
clear. The data from past measurements is not yet sufficlent réliable
statistically to determine whether retention or accumulation sre factors in

© this increased burden.

We will continue to sample the leaves of two species of trees, mosses,
ferns and ground litters on a bimonthly bagis for at least another year for
gamma rey spectrum analysis. The data for 137Cs and "'Mn will contimue to
" be uged to estimate environmmental half lives for these nuclidea. The data

144

for Ce and 952r-95ﬂb will give some 1ndication of the immediate behaviour

of fresh injections of radionuclides in this forest.
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Geographical Distribution of Fuclides. Preliminary evidence indicates

that there mey be a geographical gradient of radlonuclides on the island
runnining from a high in the east to a low in the west., This gradient if
it existe could be caused by effective precilpltetion scavenging of the
prevalling easterly trade winds as they strike the Iuquillo Mountains of

Eastern Puerto Rico.

In order to confirm or reject the presence of these possible gradients
the vegetation will be sampled on the island in a serles of adjacent transects
which run from the north to the south coasts. Four such transects will be
done. The first will done on the eastern edge of the island in the mountainous
area. The second will be done parallel to the first but 30 miles further west.
The third will be done 30 miles west of the second, and the fourth will be

done near the west ccast in the mountains near Maricao Puerto Rico.

Each transect will have 5 sampling locations. These locations will
consist of the northerly sea level foothills, the northerly middle montsne
region the peak region, the southerly middle montane region, and the south-
erly sea level foothills. A% each staticn 5 to 10 samples of vegetation
will be taken. These will conslst of leaves from prominant trees of the ares,
prom;nant epiphytes such ag ferns mosses, and bromeliads, leaf litters, and

samples of surface soil.

All semples will be dried and counted nondestructively by gamma
geintillation spectrometry. The complex spectra will be resolved using
1 i 95909 1kl
our existing computer solution and the resulting data for 7“Zr-”-Kb, Ce,

0

13705, and 7 Mn will be plotted over a map of Puerto Rice to illustrate any

differences found.
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Strontium-90 Retention. A procedure for the determination of 9OSr has been

successfully edapted to the anslysis of tropical follage. CSemples which
were counted nondestructively for gemma emiting nuclides have been retained.
We are thus in a position to measure the envirommentsl half 1ife of POgr in
the El Verde and Eifin forest regions. Approximately 100 plant samples from
the collection will be ashed in a furnace and snalyzed radiocchemically for
9OSr. The samples will be selected from various dates over a period from
1964 to 1966 from both the El Verde and Elfin forests. The results will be
plotted on a semilogarithmic scale as & function of time and will be sub ject
to regression analysis in an effort to establish the environmental half life

for this nuclide.

Pathways of Movement Within the Forest

Tracer Experiment. Plent growth phases of the tracer experiment described

in lest years proposal havé been completed and the plants growing in the ares
hgve been harvested. The uptake of nuclides was slow and much of the original
conteminetion remains where it was placed. The presently barren radiocactive
plote offer the opportunity to study uptake of 13&03 and 5uMh by successional

vegetation.

The plot eree will be cleared of surrounding trees to produce a small
sunlit open area. This area will be allowed to reestablish plant growth
naturelly. When all plots have sufficient plant growth, samples will be taken
for radloactive counting. The course of nuclide upteke will be followed by
periodic sempling for at least one year or until a reliable description of

uptake patierns has been obtalned.
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The rediocactive soil in this plot has been subject to natural weather-
ing for more than one year. The redionuclide in the soil should now be in
an equilibrium state. BSmall amounts of this soil will be removed from the
plot for laboratory studies. These studies will consist of chemicel extract-
ions of soils from each of the four plots as follows:

1) Replicated extractions of field moist soils from b plots with

solutlions of neutrsl normal ammonioum ascetate. The soils will
be counted before and after the extraction to determine extract-
ability of 13%s ana Sk,

2) Replicated extractions of soils from Y plots with solutions

of dllute mineral acid. Determinations will sgain be made
by the method of before and after counting.

3) Samples of the field moist soils will be subject to three

wetting drying cycles and will then be extracted according

to the method in (1) above to give an indicaticn of the
fixing power of the soils for Ce and incidently Mn.

Tracer Experiment 2; Behaviour of FEpiphyllese. An area of the El Verde forest

has been set aside exclusively for low level tracer experiments involving
leaves and plants. This area has been fenced, warning signs have been erected,
and Health Physics Diviaslon approvel has been obtained. The ares consist of
approximately 500 square feet and was selected because of the high abundance

of plants supporting epiphytic growth.

Epiphyleae have been previously implicated in the interception and
retention of radionmuclides and mineral elements form air and rain. They
have been shown.to absorb nuclides replidiy from solutions in the l=zboratory.
It remains unknown whether minersls thus captured by these surface plenta
can be transferred to the supporting leaf and thereby form a source of supply

of easential nutrients to the higher plants which is outside of the normal

routes involving root uptake and tramslocation.
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The following experiment will be dcne *to aid in answering this queastion:

1)

2)

3)

k)

5)

Thirty leaves of understory plants showing vigorous epiphytic
growth 'will be contaminated on the surface with near ﬂeutral
solutions containing microcurie levels of BSSr end 13%cs

ATter a brief uptake period the leaves will be rinsed in
distilled water and cubt into sections of approximately b
square centimeters each.

Thirty of these sections will be placed on the gurface
of thirty intact growing leaves in the field and held

in place with a rubberband. Fifteen of the intact leaves
will have vigorous epiphytic growth and fifteen will have
no visible growth., The overlays will remain in position
for 24 hours, and will then be removed and discerded.

The growing leaves will be harvested in groups of ten at
the end of 3,6 and 10 dsys after labeling. Five clesn
and > epiphytic leaves will be taken in each group. Each
leaf will be sectioned lnto three parts which will consist
of regions below the overlay, the overlay reglon, and the
region above the overlay.

Each leaf section will be countgd on the project single
channel analyzer, first in the °Sr energy region and then
in the 134Cs energy region. The complex spectra will be
resolved ueing date from standerds counted in the same way
and the movement of nuclides from epliphyllease into leaves
will be determined.

Epiphylleae heve been shown previously to be sccumulators of fallout

radionuclides, It hes also been shown that envirommentsl residence times

for these muclides is long. It would seem then that these plants might be

involved in the mechanisms which result in long retention times. We will

study this point in the following experiment:

1)

2)

Both epiphyte covered and clean leaves will be labeled
gith neutral solutions containing carrier free 1340 ang
oSy using a micropipet to deliver exsct volumes to each
leaf surface. The solutions will be allowed to evaporate
to dryness. Each leaf will be merked for later identification,

Leaf semples will be harvested immediately after the isotope
solution has dried tc serve as a set of counting standards.
Other harvests will be made first 2 weeks after application,
and then at longer intervals until at least 6 harvest covering
at least one year after application will have been made.
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3) The leaf samples will be counted nondestructively in the
project single channel analyzer, first for O5Sr and then
for +3Tcs, The resulting data will be plotted as a function
of time for epiphytic and clean lesves. The results are
expected to show whether surface retention is an important
factor in observed long biologlcal residence times for fall-
out, and whether epiphytes are involved in this retention as
is now thought.

Tracer Experiment 3; Weter movement in soils and plants. Using one of the

lysimeter installations of Dr. Jordsn an attempt will be made to measure

some agpects of.the water baiance in the forest. BSBeveral water balance

plots have been constructed in commection with these installations. Such

& plot consists of an enclosed section of soil surface of one to 2 square
meters which lies directly agbove one or more of the lysimeters. The piot
terminates at the edge of a pit on the downhill side and at this terminus

is & trough.: At each plot is a specialiy desligned raingauge for messuring
under canopy rainfall. Water falling on the plot through soils is Iintercepted
be the lysimeter and that which runs off is caught in the terminal trough

and directed to a container where it can be measured.

One such installation has been fenced and equiped with werning signs
for radiocactive experiments. Health Physice Division approval hsg been
obtained to use tritiated water in this ares. Under Health Physics
surveillance we will apply & known smount of tritiated water to a known
surface area above the buried lysimeters. Water flowing from the lysimeter
and the run off collecter will be captured at periodic intervals aﬁd brought
to the laboratory for liquid scintillation counting. The resulting data will
be used to calculate the proportions of applied water which ran off the plots
and the proportions which moved into soil. This experiment is exploretory and
will undoubtedly form the basis for other future experiments which cannot be

rigorously defined at present.




Within the same security area another tritisted water experiment
wlll be carried out to measure the uptake and translocation of water by
a ca.ﬁopy tree. Approximately one curie of tritium will be diluted with
2 liters of water and the solution will be applied to the soil at the
bage of the tree. At 2 to 3 hours intervals thereafter leaves will be
,harves‘bed from _tb.e. tree, placed in plastic bags, and frozen. The frozen
lea.vas_. will be returned to oqr PRNC laboratory where the unbound waters
will ber removed .by pessing & stream of dry air over the lesves in a heated
chgmber and into a standard liquid nitrogen cold trap. The volume of the
condensed waters will be measured and they will be‘ transferred to a wvessel
for liguid seintillation counting. The gpecific activity of the waters
ex‘cracfed. from leaves as compared o that of the waters originally applied
vill give an indication of the dilution with envizormental water which has
oct:mr':red‘and will enable & rough calculation of the total water noving into
The tree per unit time. The time of tritium persistence in the tree will
enable a rough calculation of the total water which has passed ‘bhroﬁgh the

tree during the interval of measurement.

While this experiment is in progress approximately 2% Fflasks fitted
with an aluminum pipe and containing liquid nitrogen will be expo;'éd to the
atmosphare at va.rying distances from the site of the experiment. The plpes
will condense atmospheric wa,te: on their aﬁrfa;ces until the liquid nitrogen has
been completely evaporated whereupon the pipes will warm and ellow the |

condensed watef to flow into the flasks. These were developed by the Health

Ph&sica Divieion to moniter safety aspects of the experiment. By placing
them in a systematic grid around the experiment the may Yleld scme information

on the diffusion patterns of water in the atmosphere of the forest.
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Tracer Experiment &; Radionuclidé Movement in Soils. Water balance plots
which include lysimeters at various depths in the soll and water runoff
collectors have been prepared for radiomuclide experiments. In one such

plot millicurie levels of both l3th and 858r will be applied  to the soil
surface in & carrier free aqueous solution. At weekly intervals thereafter
the total volumé of input water, the volume of lysimeter waters, and the
volume of runoff water will be measured. Composite subsamples from lysimeters
at the seme depths will be taken for gemms ray counting. Samples for counting
will be taken at first at weekly intervals until patterns of nuclide movement
have been established., After evalustion of these patterns we may find it
feaslble to count monthly composites of the water. This plot will be
monitereﬁ for at lesst one year after the application of nuclides, at which
time & decision will be made of whether or not it should be continued. It

i8 expected that thig plot will show the relative proportions of nuclides
moving through soils, and the proportions of nuclides which have been

immobilized by soil chemical reactions.

Lysimeters Fxperiments; Ton and Water Movement in Solls. Approximately 36

lyéimeters haﬁe been ingtalled in vearlous soils of the El Verde area. 'These
areas lnclude well drained soils, poorly drained soils, soils on riage tops
and solls on hillsides. Most installations have been made at a depth of 5
inches, and each location has been replicated in quadruplicate. At each
location & speclally designed raingaugg which is two incﬁes wide by 5 feetl
long is set up to give an integrated measure of rainfall penetrating the

canopy.
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These installations will be- used to obtain at least one year of water
balance records under the indicated variations of s0il drainage conditions.
These records consist of weekly recording of the under canopy railnfall at
ea.é.h gite and weekly recording of volumes of lysimeter collected water,
Using performauce data from the tritium experiment an effective collection
area for the lysimeters will be calculated, and this will emsble the
calculationogerqolating waters through the various soils. The difference
between volumes per unit area of percolating waters and total input will
be aseribed to runoff and evapotranspiration. At some later datg when
more experience has been gained in the comstruction and reliability of
.nmoff plots we expect to be able to propose the measurement of avepo-
transpiration by difference when all of the mass flow variables are measure_d

directly.
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NITROGEN FIXATION

It 1s of key importsnce to the general understending of mineral
cycling in the tropical forest to have specific information on the pos-
sibly unigue nitrogen cycles. There are two ressons for thig: 1) There
no significant geochemical scurce of biclogically available nitrogen
2) Envirormental conditions favor the rapid nitrification of biologically
releaged nitrogén which may then be rapidly lost from the acogyetem due to
itg anlonic chemical form and to the high rainfall of the ares. Nitrogen
which i1s lost in large quantities must be replaced in like quantities from
any of several sources if the forest 1s to maintain its steady state. Pog-
slble sources of nitrogen include symbiotic fixation, non symbiotic fixation,

epiphyleae, and lightning strokes.

Edmiéten-(Univ. of Ga.) hesg previously examined root nodules of leg
uminous plants of the area and found them to be apparently active and
enriched in nitrogen content. We will initiate a preliminaxy study in
cooperation with Dr. Edmisten to determine the possible roll of epiphyleae
in the nitrogen cycles and fixation mechanisms in the forest. Dr. Edmisten
will meke at least three trips to the EL Verde forest for the purﬁése of on
site study of epiphyleae and for specimen collections. The specimens will
be returned to Dr. Edmisten's laboratory where attempts will be made to
culture the leaf surface organisms in artificial medis, Organismg which
are successfully cultured will be exemined for nitrogen fixing capaebility.
Nitrogen will be measured in epiphyleae and leaves to determine any existing

patterns of relative nitrogen enrichment.
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The Project will provide costs of transportation and per diem for
Dr. Edmisten, but will not provide a consultant fee. Culturing and analysis
of semples will be carried on primarily as graduate student projects under
Dr. Edmisten's supervision at no cost to the project. Data resulting from
this study will be equally available to the University of Georgile, and PRNC
for use in apmual reports and progress reports. Any resulting open literature

publlications will be under Joint authorship from both institutions.

BIOLOGICAL FUNCTIONS

One of the stated primary objectives of the Terrestrial Ecology Project
1s to study those aspects of biological function in the rain forest which
could give theoreticsl interpretation and perspective to much of the emplrical
data &lready collected in the areas of minersl cycling and radiastion recovery.
This remains an importent one and is an area of research which could provide
a unifying framework within which all other project activities are carried
out. Because of gtaff obligations in the sreas of minersl cycling and
radiation recovery however we are unable to make ma jor research proposgals in
the area of energy circuitry and biological function. The studies which we
intend to carry out are restricted to thosa which require & minimm of man-
power and expenge and are listed as follows:

1) Respiration and Photosynthesis will be measured on individual

leaves of plants filling the radiation center. This will be
done on a few of the major species now present ineluding
Phytolaca, Cecropia, Psychotria, and Palicourea. The results
will be converted to net production and will be used as an

independent check on the proposed direct method to determine
the reliabllity of this method. Elsewhere in this proposal
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we indicate that H.T. Odum will make U4 consultent visits
toc the project during the year. We expect to have his
consultantship and participation in the metsbolism work.

2) As ipdicated in the section of dust experiments we will
measure the metebolism of individusl plants in the root
covering experiment along with controls to determine
whether covering the roots has any detectable metabolic
effect.

3) The metabolism apparatus will be carried to the Elfin
forest on El Yunque where metabolism will be messured
on several plants including tree leaves, ferns, and mosses.
These measurements will provide the first indices of the
differences in energy utilization between this forest
and the one at El Verde.

L) As time and resources permit we will continue performance
testing of the giant cylinder and attempt to obtainrusablg”nespiration
and photosynthesis data.

The performence tests of the cylinder will consist of the attempt
to meagure recovery of controlled metered releases of pure COp in the
middle of the cylinder, while the fan is rumning. These releases will be
made from ground level snd at 20 foot increments up the tower wuntil the
finel release is made above the forest canopy. The data will indicate
levels in which losses of metabolic gasses are ccecurring out the top of
the cylinder and should provide a corrvection factor which can be applied
to ell previous data taken from thg cylinder and allow a rigorous calculation

of the metabolic activity within.

Concurrently with the performance tests the cylinder will be run
for at least ome day and night without CO, releases in an attempt to measure

the natural metabolic processes,




35

EFFECT OF SURFACE DUST ON TROPICAL PLANTS

Consistent with the previous years projeet proposal we have investi-
gated in some small scalie experiments the effects of dust conftamination in
the tropical forest. The purely mechanical experiments show little of
interest at least on the small scale experimental level and have been
digcontimued. In the biolog;pal effects experiments however prellminary
resulte suggest fhat there may definite detrimentsl results from relatively
smgll inputs of goil. When the well of bromelisds were closed by smsell
applications of soil prelimipary dete ghow that the rate of new leaf
production may have been slowed. Palms with similar treatment have thus
far remained uneffected. Metabolism snd photosynthesis of soil covered
leaves is varlsble. In some cases we have geen apparent Iincreases in meta-
bolism by as much ag ten percent. In others a decreasge of the same magnatude

was found.

The most interesting experiment involves covering the surface roots
of plants in this forest with soil. In this plot we have clearly produced
accelerated leaf fall and death of some small Ltrees by covering the roots
with six inches of soll. The effects however are chronic rather éﬁan équte;
and the plot should be observed for a conaiderably longer time, to establish

the effects relidgbly.

The exploratory experiments do not Justify an attempt at this time to
carry out a malor foreét prism contamination experiment. While such an
experiment may become desirable in the fubure more data from the small scale

experiments is needed to demonstrate the need.
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We will continue the small scale experiments as follows:

Bromelieds: The soil treated bromeliads will be observed monthly
along with their matched control plamts for the production of new

leaves and for the death of old leamwves.

Palms: The soll treated palms will continue to be observed nonthly
for leaf produetion, stem growth, and leaf de¢ath. The same measure-

ments will be made =lso on ‘the matched control plants.

Metabolism: Respiration and photosynthesis will continue to be measured
on soil covered leaves until a relisble effect has been demonstrated or

unﬁil it has been shown that such treatment has no effect.

S0il plota: The soil covered plot will be observed monthly slong with

matched contrel plants and the following variables will be messured on

all planta. 1) stem growth, 2) leaf fall, 3) leaves on ground, iy

death of plants. The soil covering will also be checked periodically

to determine whether there is any tendency for the plants to send their

new roots back'to the surface. If time and manpower permit we will
attempt to make metabolism messurements on the plants in the piot as

compared with the control plants.
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NORTH CARQOLINA PARTICIPATION

In sddition to the consultant services of H.T. Odum of the
University of North Carolina the Project will continue to participate
in the completion of a project being carried out by him in North Carolina.

This is the publication of the bock A Tropical Rainforest.

The principle project support required for the hook publication
involves secretarial services for final manuscript preparation. The
project will provide a secretary for this purpose to be employed at the
University of North Carolina for 6 months, starting July 1, 1967. This
is arranged as in the previous yesr by purchase order to the University
for the amount of actusl sslary with no overhead charges included. The

services section of the budget includes an item for $2,400 for this

purpose.
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EL. VERDE FIELD STATION

The physicel facilities of the F1 Verde field station have been

described in some detail in previocus proposals and annual reports. At

. present the station contimues to be fully utilized for project activities.

This utilization includes, data recording in the Project instrument room,
drying and grinding of field specimen for chemicel and radiochemical snalyses,
final preparatioﬁ and sdjustment of field apparatus, preparation of low
radioactivity specimens from tracer experiments for counting, counting of
such specimens, housing for project herbarium, housing of project insect

collections and office space for project personnel.

Experience from several years of operation of the field gite now
shows that such operation corrésponds to a hazardous Industrial situation.
In order to continue operating the site it will be necessary to make invest-

ments leading to improved safety in the area.

In particular, the site electrical system must be completely re-
evaluated and rebuilt or else abandoned. There now exists 110 volts
power cables lying hephazardly on the ground. These have been in)place
for more than three years and coulé deliver g léthal electric shock to any
person inadvertently touching them, Cablés must be replaced where necessary,
they must be encaged in approved conduit, and the entire aystem must be
rrovided with appropriaste electrical safety devices to minimize ghock hazard.
Rebullding of this system will take place under the closest supervision of
FRRC Health Physics Division. Existing 4rails must be rebuilt with concrete

steps and cable hand rails installed at particularly steep porticns; the
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trall to the upper parking lot which is frequently used for official
visitor access must be completely gravelled with steps and hand rails
inétalled in hazardous regiona. The upper river croasing must be rebuilt.
Fences, gates and signs must be installed to execlude unofficial project
vigitors and tourlsts from the research srea. Guards must be erscted

sround the giant cylinder fan and engine.

The cost of operating the El Verde Station including installstion

of required safety provisions is detalled as follows.

Ttem Cost
Salaries. 1 man year for maintenance, driving, and
special safely provisions, including over-
head and fringe benefits. 6,000
Services, Vehicle 500
Power 4,200

Materials, Gravel, wire, fencing, cable, cement, for
routine and special safety applications. 1,000

Total 11,700
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CESTIUM SCURCE; A PRELIMINARY PROPOSAL

Definite plans have not yet been formulated for future use of the
L3T
Cs gource. FPossibilities for its use as detailed in previoug proposazls
include. 1) Loan to Canada for Chalk River spruce forest irraiistion, 2)

Reef irradiation, 3) Elfin forest irradiastiocn. Alternstive (1) 1s no longer

being considered while (2) and {3) are still possibilities.

A fourth and highly feasible possivility is now presented. As was
suggested by Dr. Howard Andrews (Assistant - Director for Health Physics
PRNC) the source could be placed in the center of the gilant cylinder for an
anticipated short term irrsdiastion with the objective of measuring the effects
of irrediation on photosynthesis, respiration and transpiration. Under this
plan it weuld not be necessary to irradiate until lethal effects becans .
visible in the plants. Irradiation until definite patterns of alteration

in thege bioclogicel functions had been established would be sufficient.

At least one year lead time would be required before this experiment
could be carried out. This time is required to establish patterns of variation
of these functions in the undisturbed forest, and to do further reliability
and performance testing of the giani cylinder itself with the hope of Improv-
ing 1ts performance or establishing correction faectors for the known air
losses which oceur, Final Gecision to do the rediation experiment would
be deferred until project sclentists were confident that the giant cylinder

was funetioning properly.

The experiment as outlined seems attractive for several reasons.

1) It would be the first attempt to measure the effects of radiation on
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blological functions at the system level in the tropics. 2) I could be
carried out on the existing project site with many of the facilitles and
staff involved with the first radistion experiment still intact. 3} It
could be dene at less total cost than any of the other alternatives so far

discuased.

The proposed experiment could be earried ocut under Terrestrial Ecology
Administration. ' Extensive ecological surveys carried out prior to the first
radlation experiment would not be required and the proposed experiment could
be hardled internally with the addition of one professionsl level investigator
and one or twe field workers to the staff. Outside cbnsultant’s would be

required only for special messurements such as dosimetry.

The experiment could be done without jeopardizing other project
programs in mineral ecyeling or rediation recovery since the source may be
exposed only 2 to 3 weeks., While the experiment would result in irredistion
of the first rediestion center the effects would be slight since no effects
were found in the gleant cylinder site from the first exposure and since the

proposed exposure is for only 1/3 the duration of the Ffirst.

This 1s not a funding proposal for this experiment. This outline
is offered as a basis for future informal digeussion only. In the event
these digcussions lead to & decision to do the experiment a formal propsal

will be submitted,




6) SCIENTIFIC PERSONNEL

1) Jerry R. Kline, Ph.D. Chief Scientist I and Director, Terrestrial

2) Carl F.

3) George

Ecology Project. ZFExperience in plant-gsoil relationships in

ho

agricultural crops; radiochemical and ingtrumental investigations

of thermsl neutron irrsdisted soils and plants; in%estigations

of fallout radionuclides in the enviromment utilizing gamma-ray
spectrometry and radlochemical separations. Formal training in .

Soil Chemistry and Analytical Chemistry. Full TMme.

Jordan, Ph.D. Associate Scientist I, Terrestrial Ecology
Project. Experience and formal training in Plant Ecology
and Soil Science. Previous work and publicetion in effects
of fire on old field vegetation in New Jersey. Developer
of simple lysimeter system for the measurement of water and
ion flux through soil profiles. Full Time,

E. Drewry, MS (Ph.D pending 1967). Associate Sclemtist I,
Terrestrial Ecology Project. Ixperience and formal treining
in biology and zoology with special interest in animal
behaviour. Previous work and publications on behaviour of
fishes and sural behaviour of Puerto Rican Coqui. Self
taught electronics expert with cirecuit design capability.
Full Time.
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7) OTHER PERSONNEL

Henri Watson., Regearch Assceiate I. Project Field Botanist. Present
etatus doubtful due to serious injury on Project. If recovery
permits is employable despite possible physical handicap
due to specizlized botanicel knowledge.

Name Title ﬁ Tinme
Nelson Mercado Burgos Res. Assistant II 100%
Elpdis Rivers Santiago H B I "
Alejo Estrada Pinto " " I "
Jaime Ruiz Reyes " - I v
Charles Robert Venator (Grad) " " I 50%
Abel Rossy " Technician 100%
Gilberto Cintrédn o " 25%
Ana Josefine Correa Adm. Secretary II 100%
Hilda Rosa Escobales Tech. Assistant 100%
Moigés Parrilla Rosario Maintenance Foremsn 100%
Juan Mertinez Maisonet Field Worker in Terrestrisal

. Ecology I 100%
Doroteo Martinez Garcia Field Worker in Terrestrial
Ecology I 100%

TA) Project Visitors

The Project mskesg less use of technical consultents than in.the
past due to the fact thﬁt our inéréasingly detalled studies cannot be
exploited effectively by these persons inlshort term trips. These are
however certain areas where consultant relationships are advantageaﬁs.
Consultant contracts will be entered into with the following persons to

" enable them %o make mlte visits.
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Dr. Howard T. Odum. Professor of FHeology. University of
North Carolina, Chapel Hill., Site visits to permit
organization of Rainforest book publication and to
serve as consultant in metabolism and energy budget
neasurements.,

Dr. Eiizabeth McMshan. Associste Professor. University of
North Carolina, Chapel Hill. Summer visit for detailed
- etudy of termite ropulations and behaviour in radistion
center and for experimental determination of radio-
sensitivity of termites.

Dr. Joe Fdmlsten. Associate Profegscr. Uailversity of
Geargia. Initiation of preliminary studies on
posslble role of epiphylese in nitrogen fixabion.

8) OTHER FINAKCIAL ASSISTANCE

| The project is ordinariily funded enbively from the single AEC gramt.
During the past fiscal year an appropriation of $10,000 wass received through
AFC channels from Battelle Memorial Institute to permit fallout radionuclide
studies in Panama and various on site experiments in Puerto Rico. Project
obligations resultihg from this appropriation were Tully dischargsed by the
gubmission to Battelie of two progress reports covering the work performed.

No similar arrangement has been negotisted for the fortheoming fisecal year.

The project is subsidized to a certain extent by the participﬁtion of
consulting_scientists since‘it doeg not usﬁalky cover the full cost of research
performed. In the usual arrengement the project covers the costs of transpor-
tation and & nominal per diem for the participant while the home-institution

“continues to pay his salary and costs of continued effort relating bé the

research outside of Puerto Rico.




k5

9) PREMISES, FACILITIES, EQUIPMENT, AND MATERIALS
TO BE FURNISHED BY CONTRACTOR

The mein facility, the forest area apnd the El Verde field station,
including s house for vigiting persomnel are furnished through a 5 year
interagency agreement between the U.8. Department of Agriculture adminis-
tering the Iuquillo forest area and the Atomic Ehergy Cdmmission. Another
residence house, Clenaga Alte houge, 5 miles from the El vér&e station and
also on Rt. 186 is avallable by an interagency agreement between FRENC and
U.S. Dept. of Agriculture., The Institute of Tropicsl Forestry furnishee
a room in Rio Pledras and losn of some specialized equipment. Some

utilities of Forestry Building are paild by PRNC.

A lsboratory building, 800 square feet, at El Verde; an office and
two l&boratory rooms in the Biomedical Building at Rio Piedras; and
considerable.équipment previously bought on this project are furnished
according to the provisions of the general operating contract between AEC

and the University of Puerto Rico for the Puerio Rico Nuclear Center.




10) BUDGET

Salaries (Ttemized in Appendix A)
-Travel

Materiel and Suppliles

Sexrvices

Overhead (65% of Salaries)

Total Operating cost

‘Bquipment (Itemlized in Appendix B)

Total Project Cost

FY-68

98,000
5,000
10,000
11,000
60,000
184,00

12,000

196,000

FY-69

100,600
6,000
12,900
14,000
60,000
193,000

10,000

203,000




Appendix A

- Salexy Budget

1) Selaries
Jerry R. Kline, Chief Scientist I
$1,250/mo, full time

Carl F. bedan, Asgoclate Scilentist I
$016.66/mo, full time

George E. Drewry, Assoclate Scientist I
$791.66/mo, full time

Henri W. Watson, Res. Associete I
$566.66/mo, full time

Nelson Mercado Burgos, Res. Asgist, 1T
$416.66/mo, full time

Atomic Absorbtion Analyst, Full time

Charles R. Venstor, Res. Asgist, I
$175.00/mo. 50% time, graduated student

Ale%o Estrada Plnto, Res. Assist. I
302.50/mo, full time

Elpidia River Santlago, Res., Assist. I
$302.50/mo, full time

Hilde Rosa Escobales, Res. Assist. I
$230.00/mo, full time

Jeime Rulz Reyes, Res. Assist. I.
$250.00/mo, Full time

Gilbertoc Cintrén Molerc, Res,., Technicien
$1.75/hr. Approx. $140.00/mo, Grad.

Abel Heossy, Ree. Technician
$300.00/mo, full time

Ans Josefine Correa Lépez, Adm. Secretary II
$302.50/mo, full time

47

Anmal

15,000

11,000
9,500
6,800

5,000

5,300
2,100
3,630
3,630
2,760
3,000
1,680
3,600

3,630




Molsés Parrilla Rosario, Maint. Foreman
$300.00/mo, full time

Jusn Martinez Maisonet, Field Worker
$208.33/mo, full time

Doroteo Martinez Garcia, Field Worker
$208.33/mo, full time
Total Salaries
Fringe Benefite-(9.3%)

Lump sum for railses, and suwmer assistant

Total

3,600

2,500

2,500

85,230
7,870
L, 900

98,000
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Appendix B
Equipment
{ Digital Voltmeter 4,000
-\ 4 Amplifier 800
1 3 Fover Supplies 450
f, Ebp‘iliy Pyranometerr o 1,500
: (‘i,ooo
Rustrak Event Recorder 120
YSI SI Tempersture Indi_g‘ﬁoz:_____ e 200
WW i = (.. 250
Laboratory Sheker ” 350
Combustion Furnace - < 650
Hollow Cathode lemps (5) 4 650
Conductivity Cells (5) & 53D
Twenty five liter Dewers for liquid N (2) 250
Two tier Ball Mi111 300
("Wiley _Clztting ML T ‘ 300
Barnstead Still for distilled water /20(5j
Total 12,000
T Ty
j e f’!
| E5/ !
g3
; .1 9 !

kg




12) AUTHENTICATION

Signature

Signature

Title

Slgneture

Titie

Signature

Title

Title
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