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1. SUPPLEMENTARY NOTES 13. SPONSOAING MILITAAY ACTIVITY

Advanced Research Projects Agency and

0ffice of the Chief, Research and Develop-
ment

ERIULI

This report presents a summation of the Environmental Data Base Project which was
undertaken by the US Army Tropic Test Center (USATTC) in 1964, The objective of this
project was the gathering and storage of detailed, specific data on militarily signifi-
cant factors of a humid tropic environment.

Progress reports have been issued on a semiannual basis; they have covered the project
activities and methods of data collection and presented selected technical findings

f.'.
Subtasks during the project included collection of basic data on climate, soils and

‘JCollected data were assembled and arranged for computer storage and retrieval, Re-

hydrology, vegetation, microbiology and chemistry of the atmosphere, and macrofauna.

positories of data are USATTC; US Army Test and Evaluation Command, Management Sciences
and Data Systems Directorate, Aberdeen, Maryland; Earth Sciences Division, US Ammy
Natick Laboratories, Natick, Massachusetts; National Center for Atmospheric Research,
Atmospheric Chemical Laboratory, Boulder, Colorado; and National Weather Records Center
Asheville, North Carolina.
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ABSTRACT

This report presents a summation of the Environmental Data Base Project
which was undertaken by the US Army Tropic Test Center (USATTC) in 1964,
The objective of this project was the gathering and storage of detailed,
specific data on militarily significant factors of a humid tropic en-
vironnent,

Progress reports have been issued on a seiiannual basis; they have
covered the project activities and methods of data collection and pre-
sented selected technical findings and analyses of portions of the data,

Subtasks during the project included collection of basic data on
clirate, soils and hydroloyy, vegetation, microbiology and chemistry
of the atmosphere, and macrofauna. Collected data were assembled and
arranged for computer storage and retrieval. Repositories of data are
USATTC; US Army Test and Evaluation Command, Management Sciences and
Data Systems Directorate, Aberdeen, Maryland; Earth Sciences Division,
US Arny Natick Laboratories, MNatick, Massachusetts; National Center
for Atniospheric Research, Atmospheric Chemical Labhoratory, Boulder,
Colo;ado; and tiational Weather Records Center, Asheville, North
Carolina,
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This project was sponsored by the Office, Secretary of Defense,
Advanced Research Projects Agency (ARPA), Directorate of Remote
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of Research and neve{opment. Amy Research Office (ARO),

This study reported herein was conducted under the guidance and
with the direct particination of the Research Division of the
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were made by Dr, Leo Alpert, Chief of the Research Division during
the desion phase (1963-1965) of the project, and by Dr. Guy N,
Parmenter, Chief of the Research Division during the execution
phase (196.-1969). The Center's research personnel who provided
significant technical contributions to the project include
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PART I. INTRODUCTION

1. Background

This report presents a summation of the Environmental Data Base
Project, which was undertaken in 1964 when it became apparent that
the available basic information on militarily significant factors of
the humid tropical environment in general, and for the Canal Zone in
particular, was deficient,

Progress reports (references 1 to 5) have been issued on a
semiannual basis; they have covered project activities for the report-
ing periods and, in addition, have presented selected technical findings
and analvses of portions of the data. This final report contains a
resume of work acconplished. This report identifies the repositories
of data, tells what data have been collected, and identifies storage
fornat of the data.

The US Army has an overall requirement to operate in extreme envi-
ronients including the humid tropics; however, the data base extant in 1964
contained little useful environmental information that could be utilized
in nany Research, Development, Test, and Evaluation (RDTE) projects in
tropical areas. The Data Base Project was undertaken as a first step
tovard filling this gap. The project was desiqgned as an interdisciplinary
prograi of observations of the total environment, with closely coordinated
sampling schedules at both forested and open sites within a 1imited area;
i.e,, sites subject to nearlv identical weather factors. Advanced
instrumentation and technicues were developed and utilized, This
ohservational program was to be conducted at sites within the three
environmental extreries renresented in the Canal Zone environs,

Although the scone of the project was reduced during its execution,
a large amount of heretnfore unavailable knowledge has heen compiled,
The benefits derived from this data bank, which will accrue indefin-
itely, will be applicable to all RDTE activity in the humid tropic
regions of the world,

2. Objectives

The overall ohjective of the project was the establishment
of a storaqe of detailed, specific data on the environnental variables
that influence military activities in the humid tropics and designed
to enhance the capability of US and friendly armed forces to suc-
cessfully conduct operations in the humid tropics, The project was
designed to provide a repositorv of information and analyses derived



from observations of selected physical and biological conditions at

representative sites in the natural environrents of the Canal Zone,

A specific objective of the US Army Tropic Test Center was to obtain
detailed information concerning the environments in which its tests

are conducted, The information is directly apnlicahle to materials

deterioration studies,

3, Project Description

The project was subdivided into six major fields of investiga-
tion: (1) Climate, specifically the meteorological phenomena exhibited
fron the ground to an anproximate height of 50 meters; (2) Soils and
Hydrology, with emnhasis on data related to trafficability and
ground water fluctuation; (3) Vegetation, with enphasis on taxonomy,
canopy foliace, plant succession, and accurwlation of veqetative debris;
(4) "icrobiology, with marticular respect to nunbers and kinds of bac-
teria and fungi and their transportation and denosition; (5) Atmospheric
Chemistry, the chemical and physical contaminants and particulate matter
in the air; and (6) Macrofauna, generally limited to selected arthropoda.

Detailed plans providing quidance for the various aspects of each
project task were prepared as project rmemoranda. These remoranda pro-
vided detailed instructions for measuring and recording each parameter
and gave scheduling and frequency of measurements and maintenance of
instrumentation. Their relevance to the project decreased in the
latter stages of the project, particularly after installation cf the
automatic Meteorological Data Acquisition and Recording Systems (MDARS)
during 1968,

4. Observational Approach

The primary objective of this project was to investinate the
spatial and temporal variations of the most significant elements, from
a nilitary standpoint, of the physical and biological environments.
In order to demonstrate their interrelationships as well as their precise
quantitative values, "main" sites were estahlished where a broad range
of environmental elements were observed synclironously over relatively
Tonq time periods. Other "satellite" sites were established, where
phvsical and biological conditions varied from the main sites, and
where data were secured on selected environmental elements (principally
soils and rnieteorology) over shorter periods,

The main sites were paired, one located within a forest, typical of
its environmental regime; a second located in an open area, as close as
practicable to the forested site. The two main observation sites were
on the Pacific side of the Canal Zone (refer to part 11).



Some of the observations vere made by Trooic Test Certer person-
nel; however, the bulk of the routine measurements were carried out hy
contractual arrangement with private fims., A1l wor' on the observa-
tional proaram was monitored by proiect personnel of the Tronic Test
Center staff, and their quidance governed all stages of the program,
The freouency of ohservations varied according to the parameters
beina measured, ranging from continuous readinas cf some meteorological
equinpment to one-time ohservation of sore soil factors.



PART I1. OCSERVATION SITES

1. Site Locations

The two main observation sites were located on the Pacific side
of the Canal Zone, which is characterized by noderate precipitation
(an average annual rainfall of approximately 79 inchesg. with pro-
nounced wet and dry seasons, and semideciducus vegetation. The
two sites were on the Albrook Air Force Base and at Chiva Chiva (see
figure 11-1), The Chiva Chiva site was in an onen area of mowed grass-
land four kilometers (2 1/2 niles) fron the Albrook site; the latter
was located within a forest with a relativelv dense canopy of ahout 16-
to 26-rieters height and an understorv of shruts and vines with greatest
density at about 2-meters height,

Four satellite sites were utilized for obtservation of soils and
hydrologv. These were sites for uhich significant hodies of data had
been gathered before the institution of the Data Case Project.* Con-
sequently, it was considered desirahle to reactivate these sites since
they represented varving aspects of Canal Zone environnents, Meteorolo-
gical data vere gathered at the main sites, at the four soil satellite
sites, and at one additional site (Rion Hato),

2. Site Descriptions

a. Albrook Forest Site

This site was located on a low erosional terrace in the north-
eastern portion of the Albrook Air Force Base, immediately adjacent to
the Fort Clayton nilitary reservation, Elevations at the site range
frori 30 to 33 meters above sea level, The ground slopes annroximately
4 percent to the southeast. The surface is broken only by a one-half-
to two-meter-deep channel of an ephemeral stream running southerly
across the eastern side of the site, The regional topography is
characterized by rounded hills, with elevations up to 130 mcters,

The nearest lie about 400 meters to the east, and others 600 meters to
the northvest. The latter are part of a generally northeast - southwest
trending line, with slopes ranging from about 10 to 50 percent. The soil
is moderately well drained residual clay with a surface rich in organic
matter, The parent material is an agglomeratic tuff (a pvroclastic rock
with a fine-grained matrix of volcanic ash containing phenoclasts to 1
centireter in diameter),

*The prior work had been carried under the project, "Military Evaluation
of fieographic Areas (MEGA);" by the US Army Engineer Waterways Experiment
Station, Vicksburg, Mississippi, during the period of 1961-1063,
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The vegetation consists of many species of trees, shrubs, and vines.
The forest age is approximately 70 years since the last major disturbance,
The upper surface of the tree canopy occurred at approximately 26 meters
and grew to approximately 30 meters during the course of the project,

The forest extends for several kiloneters on all sides, except for an
area to the east where the large vegetation has been cleared.

A gravel road provides access to a paved highway 3 kilometers
distant. A walk-up tower, which was 46 meters high and fabricated
from aluminum tubing, was located at the center of the site.

Two generators of 30-kw capacity provided the power required to
operate the electrical instrumentation., They were located near the
tower within a wire-protected enclosure. A concrete, air-conditioned
building was positioned on the perimeter of the site for use by
observers; the building also housed the central cormponents of the data
acquisition and recording systers.

Fiaure I1-2 is a sketch of the towers at the two main sites, show-
ing the instrumentation array. Instrument locations were changed at
various times during the project., The locations indicated are those
which existed at the conclusion of the prograrn,

b. Chiva Chiva Open Site

The other main site was located in the northuestern
section of the Fort Clayton military reservation approximately four
kilometers west-northwest of the Alhrool forest site, The leration
was in an open, grass-covered area at anproximately 30 meters above
sea level., The clearing extends about one-half kilometer to the
northeast and in other directions for nearlv one kilorcter from the
center of the site, Beyond the cleared arca lies a forest similar to
that at the Albrook site, The site is gently sloping and has a
southwesterly aspect, A moderately well-drained clavey residual soil,
very sticky and plastic, comprises the surface rnantle. The parent
material, an agglomerate, is generallv similar to that at the forest
site,

A tower, identical in structure to that at Albrook, was centrally
positioned on the site, This tower carried a smaller number of
instruments than the one at the Albrook forest site. Two air-conditioned
vans were provided for the ohservers and the central ccmoonents of the
instrunent recording system, Commercial line power provided electricity
for the site. Due to the open nature of the site, biological ohservations
were not made as extensively as at the forested site.

c. Albrook Soil Satellite Site

The Albrook soil satellite site was located anproximately one-
half kilometer southwest of the Albrook main site, The soil is a

6
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well-drained clay, very sticky and plastic. The physical environment
and topographic setting is similar to that at the Albrook forest site,
A cased groundwater well, with a water level recorder, a hyarothermo-
graph, and two recording rain gages (one under an onening in the canopy
and another under tree cover) made up the installed equipment at that
site,

d. Fort Kobbe Soil Satellite Site I

The Fort Kohbe Soil Satellite Site I was situated at an elevation
of approximately 20 meters, The soil is a clay, very sticky and plastic,
The topography is nearly flat with slopes less than 2 percent, The
vegetation is secondarv growth, with trees reaching a maximum height of
about 9 meters. Two rain gaaes, in the onen and under a canony; a hygro-
thermoaraph; and a cased waterwell with a level recorder were installed
at the site,

e. Fort Kobbe Soil Satellite Site Il

An additional satellite site for securing soil data was set up in
1967 when observations were concluded at the Albrook forest site. Three
separate soil plots were located on terrain with varving slooe in
order to determine the effect of topogranhic position on the measured
soil parameters. Plot A, in the highest position, was located under a
sparse deciduous forest, with the top of the canony at about 15 meters,
Plot £, at a slightly lower position, was on the steepest seament of
the slope and covered by more widely snaced trees and shrubs, Plot C
was on grass-covered flat ground helow the slope and was frequently
under several centimeters of water during the rainy season. At plot A
the soil surface texture was silty clayv loam. At plots B and C the
soil surface texture was sandy clay loam. Internal drainaae of the
sofls was varied. Plot A was moderately well drained, Plot B well
drained, and Plot C poorly drained.

f. Fort Sherman Soil Satellite Site

This site was located within the Fort Sherman Armv Reservation on
the Atlantic side of the Canal Zone at an elevation of apnroximately
80 meters. The terrain was generally broken and was strongly sloping.
Soils were yellowish red to red clays, very sticky and plastic, and were ’
well drained. The site is covered by a mature forest with evergreen
broadleaf species predominating. The canory {is about 25 meters in
height. The meteorological equipment consisted of two rain gages, a
hyqrothermograph, and a cased waterwell with a level recorder,

g. Rio Hato Site

A limited number of metecorological measurements was made in a savannah-
type environment found at the Rio Hato Miiitary Training Reservation
located approximately 80 kilometers southwest of the two main sites.

8



PART III, CLIMATE

1. Introduction

The climatology siub-task of the Data Base Project was designed to
provide detailed micrometecroloaical data to define a tropic en-
vironment in general, and to describe the microclimatic reaime in
particular. The major continuous collections of climatic data
in tropical regions throuahout the world have been made bv
governnental meteorological bureaus and by military anencies. In
most instances, however, these data are in the macro and meso scales
rather than the micro scale. For examnle, in the Panama Canal Zone
an extensive networt of rainfall ohservations has beer in operation
for manv vears in sunport of the oneration of the Panama Canal. The
US Air Heather Service and the US Armv Meteorological Service have
made standard surface weather and upner air radiosonde observations
for many years in sunport of svnoptic and aeronautical meteorology
and ballistic reacuirements,

The Data Case Project renresents the first major comprehensive
data collection effort in support of micrometeorological determinations
in a tronic environment, See table III-1 for an indication of the
arount of data collected, The several data analyses surmarized in this
section on climate demnnstrate the usefulness of the collected data
and the tvpe of information that can be extracted,

Heteorological measurements were made throuah both the vertical and
horizontal planes at two main sites, Albrook and Chiva Chiva, A 1imited
number of measurernients were made in the savannah-type environment found
at the Rio Hato military training reservation. Some additional meteoro-
logical measurements were made at the soil satellite ohservation sites.,
Refer to part II for descrintions of these sites,

2. Instrumentation

To ohtain the meteorolonical measurements throuah the vertical plane,
corresponding instruments were exposed at selected, equal levels on the
towers located at each main ohservation site, All measurements were
made on the same time schedule. Measurements through the horizontal
plane viere made simultaneously through a similar arrav of like
instruments at each main site; the only major difference was that a
greater number of precipitation gages were placed at the ground level at
the forest site, Temperature and humidity measurements made at Rio Hato
and the satellite soil sites were made at the standard instrument
shelter height (4 1/2 feet); the wind at the Rio Hato site was measured
at the 4-meter level,

This correlation of measurements at the data base sites makes it
nossihle to define the snatial and temnoral variations of this particular

9
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humid tropical climate in precise terms, The existence nf onen
and forested sites allov fsolatien of nicroneteeralnrical offecey
coused hy trenice! tatfon, DNetailed infemation cercerning
instrurentation and observations iy contaired in the arevicue senie
anud) renorts issued under the Nata Bace Prrvect, Pefer 1o t2° leg
1112 throuoh 1115 for further infarmatira or the ingtryrentation,

3. Data Amalvses Published in the “andaneual Feports

in order tn dmongtrate the deteminations which can te derived
fron analyses of the retecrnimaical ohservatiens af the Nata Sase
Prefect, several such analvges Mave been putlicked in the earlier
seriannud) reports, Erief ghatrocte follev:

a, Prelinimarv Meteerninnical Date NOT REPRODUCIBLE

Senfannua! Report flo, 1/2 certaing statistical cendentations of
metenrnloaical data accurulated tn that tire, firaphe comare the
tvn gites ag well as the tun seasnnc (drv and rainy) with regpect
te nean ternerature and nedn relative huridity at different heiarey,
The renthlv rainfall tatale are alse nrecented for both main gites,

The davs on which the diurral termerature oscillatien wag
less than 5°F in the Alhronl fereet are ligted, A1) were in the
rainy seacon, with pesrly half occurring in Octoter and tigrerter,

The arnual varfatien of wind speed reverle larae differences
hetueen the Yo sitee, For exarnle, the nean uind speed ot AF
reters over the onen site wis 15 Nt in Cebruadry 1%/, but anly 3 nph
¢t the sane height over the forrst areund, The arsr* of uind direction
frenuencies showe a qreater dispersion over the feregt site than
ov‘ler "]" onen site, (The falleuing year shoued st flar velrcity variae.
tinng,

b, Diurnal Tenperasture Variation in Farest ard Open Sites

This studv, publiched in Senfannual Reperrt ‘ie, 3, deals only with 17
dave of Senterder 1766, Jeven of these davs were drv 3t both stations,
while the other 1N had rain at nonn ot hoth stations, Tr rrgulty show,
snone other things, that the highest temnerature on the rainv as well
a3 on the dry davs occurred at both stetions at 129, and mnt, as s
tvnico! for most parts of the world, between 14M and 199" haurs,

The reasons for thic abnomality are discussed in Semfannup) Report
e, 3. Heasurements of the dry season, not discussed in that renort,
indicate that during the drv seasnn the hiohest dafly termerature does
occur hetween 1400 and 1500 hours,

ext con on Pane
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TABLE IT1I-2, INSTRUMENT CODE
(used in Tables 111-3 and I11-4)

01,

03,
na

nh.

06,
n7,
06,
09,
10,

n.
13.
1.

15,

16,

19,
20,
21,
22,
23,
2,

25,

Celfort hygrothermoaraph (chart recorder

Foxboro hvgrothermogranh (chart recorder

Sling psychroneter (non-recording)

Liquid=-in-glass minimur: thermorieter (non-recordina)

Honewwiel1l hyyrothermoqraph w/soil terinerature prohe (chart recorder)

Taylor non-aspirated psychroreter (non-recording)

YLGT instrument (non-recording)

Themistor psychrometer (non-recording, reriote reading)
Platinun resistance hulb psvchrorieter (punch tape recording)
Cendix Psychron

Celfort anemorieter w/Rustrak recorder

Belfort hand-held wind set (non-recording)

Recknan & Vhitlev CMO=-12 wind set (chart recording)
Belfort Anenograph (chart recording)

Cardion-lest wind set (punch tape recording)

“icrobaroqgraph (chart recording)

Rain gage ML-17 (dip stick)

\leighing & recording rain gace (chart recording)
Clear-Vu rain gage ?non-recording)

Tipping bucket rain gage (chart and punch tape recording)

Piche evaoorimeter (non-recording)

Standard evaporation pan (non-recording)

'let exchange radiometer (punch tape recording)
Total henispheric radiometer (punch tape recordinc)
Global pyranoreter (punch tape recording)
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TABLE I11-3. [INSTRUMENTATIOM AS OF 1 MAY 10€5
(See table II-2 for instrumentation cnde)

Forest Site Level (neters)

Sur n.51.,02,04,08,"13,5 26.5* 28,5 46,0
Drv Bulh Temn:(10)** N5 03 N3 03 02 02 02 nz 02
Wet Bulb Temn:(10)#** N5 03 N3 03
frass Minirum Temn 04
Soil Surface Temn N5
Relative Humidity*** c ¢ ¢ ¢ n2 n2 n2 02 2
ilind Direction 14 13
Wind Speed AR AR T I R b 1T 13
URPT Index 07
Farometric Pressure 16
Precinitation 18(3)** NOT REPRODUCIBLE 17
10(8)**
Ster' Mow 10(3)**
Fvannration 2 21 21 21
Npen Site Level (meters)
Sur 0.51.02,04.08.013.5 26,5 28.5 40,0
Drv Bulb Temp:(1n)** 05 03 06 06 06 N6 0 M 0
tet Bulb Tern: (10)** NS 03 06 N6 06 06
Grass Minimum Temp 04
Soil Surface Temn 05
Relative Humiditvre* c ¢ ¢ ¢ =« o m 0 0l
Wind Direction 13 12
Wind Speed 13 12
WBAT Index 07
Barometric Pressure 15
Precinitation 17
Evanoration 22

* This was the canopy-top level at that time,
** There were several instruments at the same level, as indicated in

parentheses.

#** C . Calculated from dry and wet bulb temperatures,
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TAPLE T11-5, [INSTRUMENT ACTIVITY NOT REPRODUCIBLE

The following is a chronological recapitulation of the instru-
ment activity throughout the project beginning 1 Mav 1965 (tahle I11-3):

July 1965 - Due to instrument shortaage, the recording instruments were
removed from the 8,0- and 28.5-rieter levels at hoth sites.

- Sling psvchrometers vere renlaced with Bendix Psychrons,
These "npsychrons" were used at the levels having ne other
tvpe of psvchrometer,

Sent 1965 = The hyarcthermnqraph at the 1,0-meoter level at the forest
site was relocated to the 8,0-meter level,

Oct 1965 - The Piche evanorimeter and the wind set were reroved from
the 46, ,0-meter level at the forest site,

- A standard evanporation pan was installed at each site,

Nov 1965 - Measurements of the grass minimum teriperature were dis-
continued at the forest site, It was impossible to maintain
a grassv plot on the jungle floor,

Dec 1965 = A locally assemhled wind set was installed at the 46,0-meter
level at the open site,

- Cormercial line power was installed at the open :ite.

Jan 1966 - A1l the Rustrak recorders were removed from the open site;
wind data were telenetered tn a selective switch meter
located in the otserver van,

Feb 1966 - The Piche evanorireter ennlaced "under cover" at the forest
site was removed,

Apr 1966 - The standard evaporation pan at the forest site was removed,
This type of evaporineter cannot be used efficiently in an
area of falling debris,

- Piche evanorimeters were emplaced at the ?A,5-meter and
46,0-meter levels at the forest site,

Jul 1966 - New Belfort hyqrothermogranhs were installed at the 1,0-,
13.5-, and 26.5-meter levels at the forest site and at the
1.0-meter level at the open site,

Auqg 1966 - Reconditioned ft0-12 wind sets were installed at the 4,0-
and 46,0-meter levels at the forest site.

15



TABLE I1l-5,

(Cont,)

Oct

tov

Auq

Sept

Oct

Dec

Jan

Mar

Hay

1966

1966

1067

1967

1967

1967

1968

1068

1968

A tipning bucket raingage with strin chart recorder was
installed at the 46.0-meter level at the forest site.

A reconditioned MQ-12 wind set was installed at the
26.5-meter level at each site,

The GMN-12 wind set at the 26,5-meter level at the forest
site was damaged beyond repair by a power surae of the
generator., It was renlaced with a locally assembled wind
set.

Locallv constructed aspirated psvchrometers renlaced the
temperature sensors at the 13,5- and 46,0-meter levels
at the open site. The new sensors utilized a themistor
bead and the data were telemetered to a selective switch
meter located in the observer van,

The Honeywell ML-499 hygrothermoqranhs were removed from
the N,5-meter level at each site; the measurements are
made with the Pendix psychron,

The new automatic Meteornlogical Data Acauisitien and
Recording Systems were received and installation began.

The stem flow observations were discontinued,

The M0-12 wind sets began to deteriorate ranidly; they
were removed as they became inonerative,

The installation of the MDARS was comnleted, The systems
were in operation on a test basis,

The MDARS were continued on test; many deficiencies were
noted,

The deficiencies in the MDARS were corrected throuah efforts
of an engineer from the manufacturer, Cardion Electronics,
Inc, and the svstems were declared oneratinnal,

As per prior planning, the instrumentation was arranged as
shown in Tahle I11-4,

Many component breakdowns and spare part procurement

delays rendered the MDARS at the open site inoperative until
December 1968, Also after this time until the conclusion of
the project, there were long periods of breakdown at Chiva
Chiva,
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The highest temperatures measured occur at 50 centimeters at
the open site and inmediately above the canopy at the forest site,
The lowest temperatures, however, occur 2 to 4 meters above the
ground at both places, At both stations, the terinerature change
from the ninimum to the maximum is a smooth rise from sunrise to
noon, The terperature drop, however, is irregular and sometimes
interrupted by brief periods of rising temperatures,

The vertical temperature gradients (lapse rates) drawn for many
hours of the rainy davs show substantial differences between the two
sites, The rnean terinerature stratification of the lowest lavers at
Chiva Chiva, Canal Zone, is comnared vith corresponding conditions at
Seabrook, lew Jersey, The differences are considerable and may cause
different pronacation characteristics of acoustic and electromagnetic
signals,

Another corirarison demnnstrates that trhe actual ceolina rates
betveen 1900 ard 0700 hours displav fluctuatiors which cannot be
explained with Nevton's law of cooling,

c. Determination of Terinerature of Soil Surface

This studv, contained in Semiannual Report MNo. 3, describes use and
calibration of an infrarec thermcmeter to ricasure the terperature of
the surface of the ground, Actual soil temnrerature neasurements were
publicshed in Semiannual ierort tlo. 5.

¢. Problen Areas in !leteorological 'leasurerents

The neasurcrnient of meteoroloaical elements under hunid tropic con-
ditions involves many special protlems, A discussion of these problems
and the atterints to overcorie ther, particularly with reocard to the use
of hair hverometers, thermoneters, anemormecters, evaporireters, and
radiorieters, is presented in Semiannual Report 'o. 4 and (with specific
regard tn evanoration measurenent) in Semiannual Report Mo, 5. EProblems
associateu with the use of hair hyarometers were later solved by the
use of aspirated tele-psychrometers., ]

Ser'iannual Report 'lo., 4 contains valuable guidance for a realistic
cvaluation of the ohservations of this prcject that ray assist in
estatlishing more effective meteoro?agical data acquisition techniques
in the humid tropics,

e, Temperature and Humidity Frequencies

Sentiannual Report No, 4 also shows that air terinerature and relative
humidity have binodal distributions during the dry season in anc over
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open terrain. Generally each day has a davtine temperature and
a ninhttime temperature with only a brief transition period heti:een
then,

During the rainv season the upoer mode of the air temnerature disap-
pears comnletely, and so does the lower riode of the relative humidity,
Onlv a change in the slope of the freauencv curve indicates that there is
sonetines a real difference between nighttine and daytirme terineratures.,
In riany other cases, hevever, temperatures during or after rain mav be
Tower than at niqght, and the irrecularity of rain spreads these low
temperatures over all hours and overcones the peaking effect of oc-
casional hiah terineratures.

f. Yet Bulb Rlnbe Tennerature (!leat Stress)

The et Bulh Globe Temperature (UBAT) war desioned tn predict the
anount of human heat stress. It was neasured at hourly intervals
at the oren site and at the forest site. The paner, published in Semi-
annual heport Ho. 5, presents aranhs with the monthlv mean values of the
LORT for each davtire hour, From comparison of the forest data and
ohservations of personnel, it was concluded that the Albrook VBGT data
were too low, which is explained through the discrenancy between the
characteristics of the hunan body and the \BGT instrurnient., The human
body alvavs nroduces heat which, in a calm tropical forest, forms a shell
of warm air around the body; whereas, the \BGT does not produce heat but
is subject only to external influences.

Semiannual Peport No. 5 contains information on maxirum values of
the WLAT index, the frequency with which certain threshold values were
exceeded, and other data sources in the Canal Zone,

9. Clinatological Aspects of [vaporation N>T REPRODUCIBLE

Seniannual Report Mo, 6/7 summarizes the evanoration measurerments
made at different sites, different heights, and with different instru-
rnents, Conparisons vere made with nonthly neans, dailyv totals, and,
for a short period of time, hourly measurements.

h. lleasurement of Evaporation

The climatological evaluation of the data base measurenents of
evaporation, made on a routine basis, does not determine what the measure-
inents reallv mean, This study, published in Semiannuai Report Mo. b/7,
focuses on the prohlen of interpreting measurements of evaporation,

The usual instrument neasures the conditions at its sensing element.
But while most instruments allow unequivocal conclusions from the
neasurements as to the actual state of natural parameteirs, this is

18



not the case with evaporimeters, Very detailed experiments were

made at Chiva Chiva comparing the standard pan, Piche evanorimeter,
Livingstone atmometer, air temperature, water temperature (of the
evaporineters and the pan), humidity of the air, and solar and sky
radiation, The smaller instruments vere placed in sunshine, shade,
and in a Stevenson screen, This studv concludes, in suprort of
theory, that there is no purely meteorological parameter "evanoration®
or "potential evaporation," and therefore no single instrument can
measure natural evaporation, The advantages and disadvantages of the
different instruments are discussed, and it is stated that no evapor-
ineter will properly represent the actual evaporation from a given
surface, This paper concludes with a theoretical discussion of
evaporation,

The evaporation exneriments had three bv-products worth mentijon-
ing. (1) It was shoun that condensation can occur on a water surface,
increasing in this way the amount of liquid water at the expense of
the huniditv of the air. (2) Solar and sky radiation data, obtained
during the eight davs with the greatest radiation during the observa-
tion period, showed a suprisingly large variation. (3) A curve of the
riean dailv variation of the ahsolute huniditv (vapor pressure, dew
point), at 41cn above ground at the peal: of the drv season, is pre-
sented in Semiannual Report Mo, 6/7,

4, Tuture Analyses and Reports

Interested investigators are encouraged to use the micrometeoro-
logical data accumulated during this project. Dr. W, H, Portic,

USATTC Research Meteorologist, has performed further analyses of these

data which will be published as future technical reports.
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PART IV, SOILS AND HYDROLOGY

1. Introduction

The soils and hydrology task of the Data Base Project focused on
four primary types of data: (a) soil strength measurements, (b) soil
sample measurements, (c) soil temperature measurements, and (d) ground-
water-level measurements. Soil and hydrological measurements were taken
at the two main sites and four satellite sites., Refer to part II for
site descrintions,

A1l measurements were made using standard equipment, instruments,
and methods., Soil strength measurements were made with trafficability
equipment consisting of the cone penetrometer, remolding equinment,
and San Dimas equipment, Standard laboratory methods, and equipment
such as the liquid 1imit apparatus, moisture tension tahle, and
pressure membrane extractor, were used for determining soil sample
parameters, Soil temperature measurements vere taken by emplaced
telethermometer probes and the soil moisture meter with fiber glass
units. Manual measurements and automatic water-level recorders were
used to determine the ground-water level,

2. Data Collected

Table IV-1 shows the soil and hydrological factors as measured at
various sites during the Data Base Project. Table IV-2 presents time
periods during which the measurements were obtained, Table IY-3 shows
the analyses, comparisons, and relationships of data which have been
determined and presented in previous project reports,

Detailed soil profile descriptions of the Albrook, Chiva Chiva, and
Fort Sherman sites are presented in tables IV-4, IV-5, and IV-6, The
soil profile descriptions presented here were prepared in order to
provide more detailed information on these sites than had previously
been given, These profile descriptions cover the same soils
described previously in Semiannual Report No. 3, but extend to a
greater depth and utilize a revised approach in descriptive terminology.
The procedure used was presented in Semiannual Report tio. 5. Soil
profile sketches for these three sites are appended to the descriptions
as figures IV-1, IV-2, and IV-3,
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TABLE Iv-4, SOIL PROFILE DESCRIPTION, ALPROOK FOPEST SITE

Location: Albrook AFE, Canal Zone; military grid coordinates 17P-PV-

600 960

Elevation: 30 meters above sea level

Slope: 2 percent

Very dark grayish brown or dark grayish brown
(10YR 3/2-4/2{ clay loam; wmoderate medium sub-
angular blocky structure; medium fine roots; few
scattered worm casts; firm; sliahtly acid; abrupt
to clear wavy boundarv,

Very dark grayish brown or dark grayish brown

(YOYR 3/2-4/2) clay; moderate medium subangular
blocky structure; few fine roots; few medium pores;
few worm casts; few fine Fe-Mn concretions; many
small pressure faces; firm; slightly acid; clear
wavy boundary.

Very dark grayish brown (10YR 3/2) clayv; cormon
medium faint yellowish brown (10YR 5/8) mottles;
moderate medium subangular blocky structure; few
fine Fe-Mn concretions; few medium pressure faces;
firm; natural; clear wavy boundary,

Grayish brown (10YR 5/2) clay; few fine prominent
red (2.5YR 4/8) mottles; moderate medium subangular
blocky structure; non-indurated plinthite less than
5 percent; indurated plinthite greater than 5
percent; pressure faces; firm; neutral; clear wavy
boundary.

Gray (10YR 5/1-6/1) clay; many medium prominent

red (10R 4/8) mottles; moderate medium subangular
blocky structure; non-indurated plinthite less than
5 percent; indurated plinthite greater than 5
percent; pressure faces; firm; neutral.

N 0-5"

A2 5-14"

B] 14.20"

822 20-32"

By 32-55+"
Remarks:

Profile described from pit.
A1l colors for moist soils,
pH determined by Hellige-Truog field kit.
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»

SOIL PROFILE

FIGURE IV-1.
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TABLE IV-5, SOIL PROFILE DESCRIPTION, CHIVA CHIVA SITE
Location: Fort Clayton Military Reservation, Canal Zone; military grid

Elevation:

Slope: 3 percent

A7

B21t

Ba2t

0-5“

5-1"

11-18"

18-55+"

coordinates 17P-PV-562 979

30 meters above sea level

Dark yellowish brown (10YR 4/4) sandy clay loam;
weak fine subangular blocky structure; many fine
roots; many fine pores; few fine Fe-Mn concretions;
friable; strongly acid; clear wavy boundary.

Yellowish brown (10YR 5/4) clay; weak fine sub-
angular blocky structure; few fine roots; few fine
Fe-Mn concretions; friable; very strongly acid;
clear wavy boundary.

Yellowish brown (10YR 5/4) clay; weak medium sub-
angular blocky structure; more than 5 percent
non-indurated plinthite; few fine pores; thin
discontinuous clay films; friable; very strongly
acid; clear wavy boundary.

Light brownish gray (10YR 6/2-2.5Y 6/2) clay;
many medium prominent red (10Y 4/6) and yellowish
red (5YR 4/6) mottles; moderate medium subangular
blocky structure; few medium pockets of Fe-Mn;

50 percent of horizon composed of non-indurated
ptinthite; thin discontinuous clay films; friable;
very strongly acid.

Remarks:

Profile described from pit.
A1l colors for moist soils.
pH determined by Hellige-Truog field kit.
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TABLE IV-6, SOIL PROFILE DESCRIPTIOM, FORT SHEPMAN SITE

Location: Fort Sherman Military Reservation, Canal Zone; military grid
coordinates 17P-PA-117 261

Elevation: 80 meters ahove sea level
Slope: 7 percent

Ay 0-4" Yellowish red (5YR 4/6) sandy clay; weak fine
subangular blocky structure; many fine and medium
roots; very friable; very strongly acid; clear
wavy boundary,

4-9" Dark red (2,5YR 3/6) or red (2.5YR 4/6) clay
loam; weak medium subangular blocky structure;
few fine and medium roots; few medium pores; very
friable; very strongly acid; clear wavy boundary,

B

BZ” 9-65+" Red (10R 4/8) clay; few fine prominent strong brown

(7.5YR 5/6) mottles, medium moderate subangular
blocky structure; few fine roots in upper part of
horizon; many fine pressure faces; friable; very
strongly acid,

Remarks:
Profile described from pit,

A1l colors for moist soils,
pH determined by Hellige-Truog field kit.

30



FORT SHERMAN SITE

7 pcapem  SANDY CLAY
A1g o
< S 2% CLAY LOAM
B2t 3 .
Boo CLAY
65+

FIGURE 1v-3, SOIL PROFILE, FORT SHERMAN
SATELLITE SITE

k)|



PART V. VEGETATION

The principal objective of the vegetation sub-task of the Environ-
mental Data Base Project was to enumerate, identify, and locate all
plants one inch in diameter and over, within a 3600-square-meter plot
at the Albrook forest site. This task was undertaken in order to permit
the accumulation of data on rate of growth, seasonal death and replace-
ment, and general stocking and density of the vegetation stand. The
first vegetation inventory of the site was completed in June 1965, and
was included in Semiannual Report Ho, 1/2 as appendix I, The inventory
was updated in January 1967, and published as appendix C of Semiannual
Report Ho. 3. The final comprehensive study of vegetation was completed
in December 1969, and is included in appendix 1 of this report.

As an aid to the identification of the plants, a herbarium was
started in 1965, At the end of the project, some 3500 species of plants
had been collected, mounted on herharium sheets, and filed. This reposi-
tory, the largest of its kind in Central America, has been transferred to
the Panama Canal Company, which has furnished space to house it and a
curator for its care, The herbarium is now open to the public,

Several studies of the amount, distribution, and caloric composition
of litter on the forest floor were made, The first of these, a study of
composition and quantity of litter fall during one year, was published in
Semiannual Report No. 1/2., A subsequent study of rate of deterioration
of forest litter, completed in May 1967, was reported in Semiannual
Report lo. 3. Semiannual Report No. 5 contained the vinal litter-fall
analysis, which examined the rate of accumulation of litter from the
three most coimon canopy tree species. The floristics of the Albrook
forest site were studied in detail, and reported on in Semiannual Report
No. 3. Further study of the role of certain tree species as indicators
of the age of the forest resulted in a paper which appeared in Semi-
annual Report No. 4,
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PART VI. MICROBIOLOGY AND CHEMISTRY OF THE ATMOSPHERE

1. Introduction

The microbiological and chemical tasks of the Environmental Datc
Base Project have included several lines of investigation, dealing with
microorganisms deposited on various surfaces or transported by various
means, and with the chemical as well as particulate contamination of the
atmosphere, Principal investigations vere carried out at the Albrook
and Chiva Chiva sites, and supplementary investigations were conducted
at many localities throughout the Canal Zone and within the Republic
of Panama,

2. Data Analysis

The investigations performed under this task have been described, and
selected analytical discussions have been presented in the previously
published semiannual reports of the Data Base Project. They are listed
in paragraph 3, Other analyses of the data collected during the project
have been prepared by Tropic Test Center scientists and by, or in col-
laboration with, outside specialists (references 13 through 16), The
atmospheric chemistry section of the flational Center for Atmospheric
Research is also publishing the results of an air sampling program,
partially conducted at the data base sites (reference 19),

3. Summaries of Previously Published Analyses

a. Microorganisms on Leaf Surfaces

Leaf surfaces seemed to be a most likely source of airborne microor-
ganisms in the tropical forest atmosphere. Pady (reference 6) reported
that most of the fungal spores in the atmosphere come from soil. Gregory
(reference 7), on the other hand, contended that most atmospheric fungi
are derived from the micropopulations on vegetation. The leaves of 20 of
the more commor forms of vegetation in this observational area were
studied. The fungi: Hormodendrwn, Phoma, Trichoderma, Chaetomium,
Mucor, Streptomuces, Aspergillua, Nigrospora, Pemicillium, Pestalosia,
Stemphyllium, Glioeladium, and Fusariwm were found most frequently,

These were aiso the most common forms of fungi seen in samplings of air
for the same area and time of year, except that a Monilia species not
found on vegetation was one of the predominant airborne forms. This list
of isolates from leaf surfaces is almost identical to the list of fungi
recovered from air and soil in northern Nigeria by Dransfield (reference
8). On the other hand the predominant types found by Pathak and Pady
(reference 9) for the atmosphere in Kansas were seldom encountered

in these samples. Altemmaria, found most frequently by Pathak and Pady,
was not encountered at all in these samples. Cladosporiwm, the next
most common type encountered in Kansas, was found in only a few samples,
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Some general observations of leaf populations may be of more interest
than a comparison of these results with those of other investigators.
Thirty-six separate types of fungi were identified, Of the 36 types, 12
were present on some leaves in both the dry and rainy seasons, 12 were
present only in the rainy season, and 12 were present only in the dry season.
This seenis at first glance to be a normal and possibly expected distribution,
Numbers of identified types inhahiting leaves of individual plants during
the rainy season never exceeded four., The average numter of tynes of
fungi per plant was 2.3, On the other hand, the number of types of fungi
on individual leaves in the dry season ranged between 3 and 12; the average
number per plant was 9.5. Perhaps the most significant observation was
the alrost comnlete change of the fungi which could be cultivated from indi-
vidual leaves between the rainy and the dry season. Eight of the 20 kinds
of vegetation showed no seasonal carry-over. Ten plants maintained one
type of fungus for both seasons. Overlapping involved only 4 of the 36
forms of fungi. lHormodendrum was the persistent funqus in six instances;
Phoma in four; Fusarium Once. Aspergilius appeared in both cases of
double overlapping; once each time with Hormodendrum and Phor:a,

A better understanding of the variability in number of airborne
microorganisms, assuming that they are derived from vegetation, will
require observations on leaf temperature, leaf wetness, and determination
of the effects of air movement within the forest canopy. Possibly other,
as yet unknown, elements of the environment will also be involved,

b. Surface Deposited Microorganisns

The environments of the humid tropics are optimum or near optimum
for microbial 1ife, Temperature is always warm, with prevailing levels
varying only a few degrees from an average of 80 to 85°F, Moisture
is abundant and relative humidity is high. Dying vegetation continuously
provides a supply of organic matter from which microoraanisiis derive
energy. Leaves of living plants provide much of the surface upon which
microbial forms grow as well as shade for protection against direct sun-
light. In this optimum environment biotic activity is intense; and
microhial populations, particularly of degradative and parasitic genera,
are generally more numerous than those found elsewhere,

Since exposed surfaces in the tropical environment are subjected to
infestation and subsequent deterjoration by microbial forms, the environ-
mental factors that influence the manner in which contamination takes
place could have practical importance. For example, substantial monetary
losses have resulted and are continuing to result from bio-deterioration
of military materiel in humid tropical environments,

Surfaces initially free of microorganisms become heavily contaminated
when they are exposed to the tropical atmosphere., The nature and extent
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of contamination have generally been observed to vary with region, se-son,
and other characteristics of the environment.

Gregory (reference 12) described the gravity Petri dish method of
collecting microorganisms, tiumbers of bacteria and fungi falling on
surfaces were determined ty exposing nutrient-free agar plates to the
atmosphere for one hour. Plates were exposed at data base sites at
approximately 0300, 0900, 1500, and 2100 hours once everv seven days.
Petri plates containing non-nutrient agar were exposed inside open-ended
sterile fiber glass tubes 5 inches in diameter and 16 inches long. The
tutes served to shield the plates from insect and plant debris as well
as rain. Tube-plate sets were exposed in pairs, one tube being oriented
north-south and the other east-west. Over the period of observation,
the numbers of microorqanisms collected in the north-south and ir the
east-west tubes were practically equal. Based on this observation, the
overall effect of wind direction was assumed to be negligible and the
sets of tubes were regarded as duplicates. After sampling, the plates
were brought to the laboratory and overlaid with sterile nutrient-
enriched pads. Colonies of fungi and bacteria growing on plates forti-
fied with Czapeck's and nutrient broth media, respectively, were
counted and numbers deposited per 100-square centimeter surface were
calculated. A paper by Hutton, et 2l (reference 13) was published on
2 portion of this work.

c. Distribution of Airborne '‘icroorganisms

Air samples were taken at the Albrook forest and the Chiva Chiva sites
for analysis of content of 1iving bacteria and fungi. Data collection was
started on an experimental basis in tiovember 1965, but continuous sempling
was not established until 'larch 1966. Samples were taken at ground level,
15, 21, and 46 meters at 0300, 0900, 1500, and 2100 hours daily. Sampling
was conducted during the first five working days of each month. Samples
were analyzed to determine the seasonal and diurnal variations occurring
at different heights.

Du Buy, et al (reference 10) conducted a study cf nine methods for
samplin? airborne microorganisms and stated that the devices could be
classified into two categories: i{mpinger devices and atomizer devices.
This Center tried several variations of these methods. Significantly,
early trials showed that capture of microorganisms on a dry sterile
membrane filter from air drawn directly through the filter gave the
highest number of organisms and the most consistent results. This is in
contrast to results from sampling in more temperate climates.

Significant losses in viability often occur when sampling 1s conducted
by direct filtration of air. In temperate climates, maximum numbers of
viable organisms are obtained only when air being ;ampled 1s bubbled
through 1iquid, usually nutrient, media. In this method, microorganisms
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pass from the air into the liquid and are later cantured on filter menbranes
by liquid filtration, or the imninaing fluid containina the trapped cells

is diluted and plated on solid nutrient media. Reduced numbers obtained

by direct sampling in temperate regions are attributed to an adverse

effect of prolonged contact of trapped microoraanisms with the relatively
dry air being sanpled. Presuriably because of higher moisture content,
tropical air passina through membrane filters does not cause detectable
injury to the microorqanisins alreadv deposited on the filter,

A special filtering device was designed vhich was described in Semi-
annual Peport No. 1/2. Faduced air pressure, supnlied by a piston purip,
was available at all levels throuch a permanently installed line which
extended the lenath of the towers. Outlet valves, located at 6-neter
intervals, vere closed except during sampling,

The number of nicroorganisms in and about a deciducus forest in the
Canal 7one, and at a nearhv cleared area were corpared, The numbers of
bacteria and fungi per unit volunc of air were determined and the
freauency of occurrence of the 15 predominant genera of fungi was
observed, The variatility due to seasons, time of day, and elevation
ahove cround vias reported. The air spura above the forest cannpv (46
mctersf did not differ appreciatly from that found at the same level in
the cleared area. At hoth sites the nuibers of microoreanisis were
usuallyv highest in the early norning hours; hovever, seasonal trends
were not significant. Hutton, et al (reference 13) puhlished a paper
that covered data obtained between July 196€ and Decenmbter 1966,

d. Microorganisms as Sources of ftrmospheric Contaminants

Microhial activitv may contribute rneasurahlv to the chermical content of
the atmosphere in tropical envirorrients., fas chromatogranhy was performed
to determine what is present in atmospheres in which nicroorganisns are
growing profusely,

It was revealed in early investigations that surfaces of materials
exposed in the tropical environment tend to acquire a heavy layer of con-
tanination of foreign matter and microorganisms, This contanination
occurs so rapidly that the property of being hioloaically inert, soretimes
attributed to inorganic rnaterials and the less reactive plastics, can
be questioned. Inabilities to correlate the results from exposure tests
in real and simulated (chamber) tropical environments have been reported.
These inabilities may be associated with the fact that, in a simulated
tropical environment, contamination of surfaces is not normally heavy
and debris accumulate slowly, if at all, These facts provide a rationale
for a re-examination of the tropical environment in order to characterize
its unique elements or features, and/or to describe and detect quanti-
tatively the factors responsible for the corrosive and deqradative
reactions ohserved to occur,
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Concentrations of volatile organic substances derived from microor-
ganisms growing in association with plants were first reported in Panama
by Hutton and Rasmussen (reference 11).

Microorganisms as sources of atmospheric contamination and as factors
in establishing microbial populations on biologically inert surfaces are
summarized in a paper published by Rasmussen, Hutton, and Garner
(reference 16). The following is extracted from a summary written by the
three scientists:

‘A marked variation was seen in the relationship between the
airborne microorganisms found in and above vegetation in a seni-
deciduous forest area at Fort Clayton, Canal Zone, and the
extent of microbial contamination collecting on an exposed

. surface in this environment. The form of variation between
calculated and obscrved relative rates of deposition of air-
borne forms on surfaces appear to be related to all the environ-
mental factors measured in simple terms of site, time, elevation,
and scason. Specific elements other than those of climate, such
as condensible organic volatiles and acrosols, apparently exert
primary influences which interact to provide a proper milieu
for a microbial conmunity.

"Patterns of organic volatiles were obtained for almost all
biological surfaces. The contamination of a clean surface pre-
dictably altered the pattern of volatiles coming from that
surface. Comparison of the data obtained from controlled atmos-
pheres in small chambers (with and without microorganisms) with
atmosphere heneath the tropical forest canopy suggests that
nicrobiology and chemistry of forest atmospheres is influenced
by the heavy canopies of leaves (surfaces).

“This interaction of surface, micro-organisms, condensible
volatile cnemicals, aerocolloidal matter, and diffusophoresis
was studied to explore and define the effect of trace levels
of chemicals in the atmosphere on micro-organism growth. The
role of these naturally occurring organic volatiles in bio-
logical systems is not well defined; but experinental results
strongly suggest a fate associated with entrainment with water
vapor, condensation and absorption on inert or viable surfaces,
and their metabolisn by micro-organisms. These phenomena may
exert a primary ecological influence in establishing a micro-
bial population through the build-up of organic layers by
condensation of water vapor and diffusophoretic enrichment of
the condensate with organic volatile material found in the
atmosphere.
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"Tests comparing microbial growth on agar plates or inert
metal surfaces, with and without the addition of volatile
chemicals condensed from the atmosphere and temperature
cycling, showed growth stimulation by the chemicals condensed
from the air. Results suggest the adjuvant properties of the
cold trap products, and also a possible chemical-miciobe re-
lation which is not observed by the methods normally used.
Possibly a new approach for studying microbial ecology exists
in the study of these interacting phenomena."

e. 'icrobial Inhabitants of Soil in a Tropicai Semievergreen Forest

Results of this study, prepared by Dr. Eugene E. Staffeldt, who served
as a consultant to the Data Base Project and is a professor of Biology at
‘lew liexico State University, were originally presented in Semiannual Report
‘io. 3. Information included in this report is primarily involved with the
microorganisms that grow in the organic substrates of the soil at several
sites in the Canal Zone.

Soil core samples were obtained on a monthly basis from HMay 1965
through April 1966 by Tropic Test Center personnel. These were kept
refrigerated until analyzed. Standard bacteriological techniques to
determine qualitative and quantitative data on both aerobic and anaerobic
microbial populations were employed in analyses of samples.

The density of bacteria per gram of soil yas re]gtive]y low throughout
the examination period. The occurrence of 10" to 10° total hacterial
cells per gram of soil was recorded. Peak populations of aerobic bacteria
were found during the months of August and Cctober. There was a slight
increase in the number of anaerobic bacteria during March and April.

The relationship of aerobic and anaerobic bacteria to the wet and dry
seasons requires further examination. The nredominant soil fungi
encountered were in the genera Fusariwn, Penictilliwm, and Trichoderra.
During the 10 months of sampling, these organisms were found in all
samples. High numbers were usually followed by a fairly rapid decline.
These three genera did not appear to be drastically affected by seasonal
trends, except in total number of organisms. Twenty-four genera of
fungi aside from the three most common were isolated and identified.
These were, in order of most cormon to least common:

Phoma, Hyalopue, Streptomuces, Aspergillus, Masoniella, ‘fyrotheciwm,
Stachybotrye, Altermaria, Puthiwm, Xylaria, Cunninghamella, Cladosporium,
Slioeladium, Saksenaea, 'fonilia, Cwrvularia, ‘fucor, Pyremochaeta,
‘ligrogpora, Volutella, Chaetomium, Helminthosporium, Sphaeronema, and
Ophiostom.
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f. Microbiology of Rainwater

Airborne microorganisms may be deposited on surfaces directly or they
may be washed out of the air by rain. The observations on the microbial
content of rainwater described herein were made as a part of the broader
investigations of air and surface microbial populations in a tropical
region. This investigation was designed to determine the number of bac-
teria and fungi per 100 milliliters of rainwater samples collected at
selected sites in the Canal Zone.

Rainwater samples were collected in sterile beakers placed 1 meter
above the ground in an area open to the sky, well away from buildings,
at Miraflores Annex. Samples were collected every 15 minutes during
heavy rain, though the collection of a usable sample required 30 to 60
minutes when rains were light., Each sample was analyzed separately.

The processing of the collected samples was performed by drawing the
sample through a 0.45-micron pore sized membrane “.1ter field monitor.
After filtration, the volume of water was measured. The filter pad was
infused with sterile nutrient broth, capped, and incubated at 28°C for
three days. The number of colonies which appeared were counted and the
number recorded. Data were collected from 79 samples between 9 May 1966
and 8 December 1966.

g. Condensation Nuclei

Several brief observations of very small particles in the atmosphere
were made from air samples collected at two locations in the Canal Zone
during July 1966. A condensation nuclei detector was used to determine
relative concentrations of the submicroscopic liquid and solid airborne
particles which form condensation nuclei. The particulates and nuclei are
significant factors in cloud and precipitation formation and for air con-
tamination; they contribute to the accumulation of surface films on
exposed items.

Limited observations employing the condensation nuclei detector were
made; however, difficulties encountered in operation were considerable.
At first the detector was placed in an air-conditioned environment and
air was drawn into the machine from outside the enclosure. Condensate
from the sampled air quickly upset the steady-state operation of the
machine and results were not reliable. Operation of the machine in the
ambient atmosphere was impossible because both the electronic and op-
tical components failed after short periods of operation.

Limited data were obtained at the Miraflores Annex and the Albrook
forest site using the detector. The data obtained are shown in figures
VII-5 and VII-6, respectively, of Semiannual Report No. 1/2. The
Miraflores Annex is in a flat grassy area which is burned annually.
During the rainy season, the grass (Panicum Maximum) reaches its
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maximum height of 51 inches. The annex is situated near the Panama Canal
and a 25,000-kilowatt steam-generated power plant. The peaks of the curves
which appear in the figure probably reflect the presence of a high content
of particulate and chemical matter attributable to the passage of shins
through the Canal and the operation of the power plant. The numbers of
condensate nuclei obtained under the canopy at the Albrook forest site were
5 to 50 times smaller than those found at the Miraflores Annex. Incidences
of high readings occurred consistently before or during periods when rain
fell.

h. Particulate Matter-Paper Tape Sampler

Air contamination has long been recognized as a significant cause of
damage to materiel in urban areas. Stern (reference 18) emphasized the
effect of airborne particulate matter in deterioration caused by exposure
to polluted atmospheres. He indicated that deposited particulate matter
markedly accelerates the corrosion of metals. The majority of reports
citing deterioration of materiels caused by air pollutants deals with
observations made in and around cities. The deterioration of materiel in
tronical regions, on the other hand, is seldom associated with contaminated
atmosphere., Instead, reports on tropical deterioration cite effects of
moisture, high temperature, and microbioiogical action as the main factors
responsible for deterioration and corrosion. There is a paucity of reports
on the particulate content of tropical atmospheres, but air in such regions
is usually assumed to be relatively free from pollutants because of general
lack of major urban influence and the fact that it is washed frequently by
torrential rains.

This section is limited to a presentation of data from extended and
continuous observations of large (greater than 40 microns) atmospheric
particles. Investigations of particles large enough to be seen should
include microscopic examination to determine structure, size, and comno-
sition. For example, particulates may be fibrous; and they mav consist of
minerals, industrial wastes, or biological substances. Particulates should
also be subjected to chemical analysis, if appropriate. Neither manpower
nor equipment was available for microscopic examination or chemical
analysis. Instead, air was sampled approximately everv two hours and the
amount of contaminant oresent was determined.

A modified Gelman paper tape sampler was used. The sampler was modi-
fied by inserting a cilica cartridge between the vacuum source and under
the jaw of the filter head. Air was samoled continuouslv. Each sample
of air collected over a two-hour period was drawn by reduced pressure
through a Whatman #41 filter paper. The filter paper strip was fed auto-
matically from the tape dispenser through the sampling head, along the
tape guide, and taken up on a storage spool. At the end of each 24-hour
sampling period the exposed filter paper strip was removed and dated, and
the sampler was put back into operation. Optical density measurements
were made with the Gelman paper tape densitometer, and the readings were
converted to coefficient of haze (COH) units. The air sampler was located
46 meters above ground on the tower at the Chiva Chiva oren site and samples
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were taken from 1 April 1966 until 28 September 1967. On 28 Sentember
the sampler was roved to the 2-meter level at the Albrook forest site
Data were collected at that site until 3 May 1968,

i. Concentration of Carbon Dioxide in the Tropical Atmosphere

This is a report of carbon dioxide (CO,) content of atmosphere at two
sites in the Canal Zone, one in a grass area near Miraflores Annex and
the other at the Albrook forest site., Special attention was given to the
marked short-timed fluctuations in the concentration of CO; existing at
both sites. These fluctuations took place below the 4-meter level at
Albrook and below the 2.5-neter level at Miraflores.,

Measurements of C0, were made on a continuous basis by drawing 1,20
liters per minute of air through a Beckman IR 215 Infrared COp Analyzer
coupled with a potentiometric recorder. All connections between the
sampling points and instruments vere made with natural gum tubing (3-inch
inside diameter), and the analyzer section was calibrated twice a day
with nitrogen and a COZ secondarv standard prepared in the laboratory.

The Albrook forest data were ohtained by sampling under the canopy at
four different levels (0.3, 1.2, 2.5, and 4 meters) approximately 10
meters from the tower at the Albrook forest site. This area was surrounded
bv high trees and had a considerable amount of litter at ground level.
The Miraflores Annex data were ohtained by samnling at three different
levels (0.3, 1.2, and 2.5 meters) in a grass-covered (2.5 rieters tall)
field adjoining Miraflores Annex,

Two types of data were obtained at each site: (a) Sampling on a con-
tinuous basis at the 0.3-rieter level to obtain from the recorded output
weekly averages of hourly carbon dioxide concentrations, This level was
chosen because the CO, fluctuations were more frequent at this height.
(b) Sampling for peribds of 10 minutes at each consecutive level and
recording the measurements by hand at 10-second intervals, This was done
to ohtain more accurate information on the CO, fluctuations present at
the different levels during a specified nerios of time. To allow con-
tinuous sampling from one level to the other, an array of simple and
econonical valves was designed in a control panel, which provided accu-
rate measurements without equilibration time loss.

(1) Albrook Data - 0,3-Meter Level. The diurnal variation in CO
concentration approximated the followin?: Starting at midnight with i
concentration of about 470 parts per million (ppm), the value rose to a
maximum of 500opm at 0700 hours, then fell sharply to minimum of 400ppm
at about 1100 hours, varied only moderately until about 1700 to 1800 hours,
then increased throughout the night hours. The short-term fluctuations
during the 24-hour period were less frequent and of lower magnitude at
night.

(2) Miraflores Annex Data - 0.3-Meter Level. The diurnal pattern of
variation in average CO concentration was very similar to that exhibited
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at the Albrook forest site; i.e,, the maximum concentration occurred
shortly after sunrise, with a sharp drop in the early daytime hours and
continuing at a low level in the afternoon, followed by a gradual increase
during the night, The short-time fluctutations, on the other hand, were
greater during the hours of darkness and showed a decreased amplitude

with time,

(3) Albrook Data at Four Levels. (a) 0.3-meter level: The C0, meas-
urerients at this level showed a high frequency of fluctuation with well
defined peaks having a maximum value of 450ppm and a minimum of 36S5ppm,
The highest variation during a 50-second oeriod was 80ppm in magnitude,
though the average carbon dioxide concentration for the 10-minute period
was 410ppm, (b) 1.2-meter level: A high frequency of fluctuation with
sharp peaks still prevailed at this level, but the ragnitude of fluctu-
ation had decreased by half. The fluctuation range was from 388 to
360ppn. The highest variation in ppn during a 50-second reading was
44ppn, and the average C0, concentration for the 10-minute sampling
period was 370ppm. (c) 2.5-meter level: This level showed broadened
peals with more plateaus. The fluctuation frequency was much lower, with
a range of CO, concentration from 350 to 373ppri. The highest change
during a 50-sacond period was 25ppm, and the average C0p concentration
was 368ppm, over a 10-rinute period, (d) 4-meter level: This level
shoved still fewer peaks and more plateaus, and the fluctuation was much
less prominent, The highest change in concentration during a 50-second
period was 12ppm, and the average CO, concentration for 10 ninutes was
365ppn, Above the 4-reter level €0, fluctuations were not detected,

(4) Miraflores Annex Nata at Three Levels, The C0, fluctuations at
Miraflores Annex also varied from level to level, and tgere was a marked
decrease in the magnitude and frequency of the fluctuations between the
0.3 and 2.5-meter levels, The maximum fluctuations enrcuntered for a 590-
second period were 60, 45, and 10ppm for the 0.3-, 1,2-, and 2,5-neter
levels respectively; also the average C0, concentrations for the 10-minuie
period were 485, 470, and 446prn for the same levels respectively., No
COZ fluctuations were detected above the 2,5-meter level,

j. Spore Trap Samples

This subtask was established to determine content of spores, plant
and insect parts, and chemical crystals in the humid tropical atmosphere
by use of a Kramer-Collins spore sampler. The spore trap was run for a
15-minute interval every hour at both sites. The trap consists of the fol-
lowing components: vacuum pump, intake tube, flow meter, timing mechanism,
and a staadard 1- by 3-inch microscope slide with a slide advancing mech-
anisn, Air to be sampled is drawn into the sampler, and the particulate
matter is impinged on the microscope slide at 2-millimeter intervals,
Afir is taken in at a flow rate of 0.8 cubic feet per minute. At this
operational rate, air flow is isokinetic at a wind speed of approximately
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two miles per hour., Under these conditions, efficiency is nearly
100 percent in collecting fungus spores, pollen grains, and other
particulate matter down to 3 microns in size,

Four samplers were used, Samples were taken at the l-meter and 46-
meter levels at both the Chiva Chiva site and the Albrook forest site,
Samples were taken each working day, except when technical problems
prevented, at each level and site from 30 August 1967 until 15 Septemher
1968, Optical density of representative slides was recorded using a
modified Model 14000 Gelman Densitometer., HNo further analysis of these
slides was performed.
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PART VII. MACROFAUNA

The sub-task involving investigation of the macrofauna was restricted
to superficial examination of those organisms which could be expected to
contribute to the reduction and decay of vegetation. These were defined
as the arthropoda occurring in the litter layer. Collections of litter
were made at monthly intervals at the Albrook forest site, and the samples
subjected to Berlaze funnel extractions, These organisms were counted
but identifications were not accomplished.

As an adjunct to the Environmental Data Base Project, Dr. Robert T,
Allen, entomologist at the University of Arkansas, made a detailed study
of the Coleoptera (beetles) collected at the Alhrook forest site., Or,
Allen provided counts, by family, of insects collected by use of black
light traps, as reported previously in Semiannual Reports 4 and 6/7,
Drs, Allen and R,S, Hutton based a paper on data from this project
(reference 17),

The 1itter extraction samples taken monthly at the Albrook forest site
are stored at this Center. Counts of organisms occurring in these samples
with a superficial breakdown into types are available,

The count of insects taken from the black light traps has been trans-

cribed onto IBM punch cards and is stored at the National Center for
Atmospheric Research, Boulder, Colorado, and at the Tropic Test Center.
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PART VIII, DATA ORGANIZATION AND STORAGE

1. General

A1) data collected, measured, and recorded under the Environmental
Data Base Project have been stored on magnetic disks and tapes, with
the exception of data pertaining to vegetation and the insect collection
progran, Data pertaining to the insect collection program were not
placed on magnetic media; however, they were stored on punch cards and
may be retrieved, The data collected on vegetation were not considered
to be subject to numerical manipulation to extent that they could be so
indexed, The output of the project studies on this task is contained
in the semiannual project reports in the form of the vegetation
inventories and the individual analytical studies and papers,

2. Code Format

Each message on the punch cards and, correspondingly, on the magnetic
disks and tapes consists of an eight-digit identifier plus the measure-
ments., The cards contain from 1 to 24 measurements, according to the
element, For quarter-hourly measurements, the contents of four consecu-
tive cards appear on the disk (or tape) under the same “"identifier." The
identifier is formatted as follows:

Format of ldentifier

Column Significance

Site (Table VIII-1)
Last Digit of Year (e.g., 6 for 1966)
0 4, 5 Julian Calendar Date
7 Element (Table VIII-1)
Level or Special Code (Table VIII-2)

OO W) —

Table VIIi-1 shows the code assignment of all environmental elements
measured under the Data Base Project. Tahle VIII-2 shows the heiaght (or
level) and some special codes.
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Dry Bulb Temperature (01, 01)
Wlet Bulb Temperature (04, 84)
Grass Mininum Temperature (02)
Ground Surface Temperature (03)
Relative Humidity (05, 85
Hind Direction (06, 83
Wind Speed (07, 82)
Barometric Pressure (09)
Recording Pain Gaqges }g

Evaporation

Clear-Vu Rain Gages (13)
Vapor Pressure }69. 79
Saturation Deficit 70, 80

Net Exchange Radiation (86)
Total Hemispheric Radiation (87)
Global Radiation (82)

3. Availability

The availahle rieteorological data for the above 1ist of elenents
are stored on the magnetic media in this sequence. For elenent codes
in parentheses, see table VIII-1,

The magnetic disks, punch cards (or tape), original recorder charts,
and all other forms of "raw" data are stored at the US Amy Tropic Test
Center, Fort Clayton, Canal Zone. ODuplicate magnetic tapes are on
deposit at the HQ, US Army Test and Evaluation Command, Aberdeen Proving
Ground, Maryland, and with the Earth Sciences Division, US Army Hatick
Laboratories, Natick, Massachusetts. Other depositories of the information
will be the National Center for Atmospheric Research, Boulder, Colorado
(binlogical and afr chemical data with correlated meteorological data) and
the National Weather Records Center, Asheville, Horth Carolina
(meteorological data).

Qralified organizations or individuals mav secure access to the data

on official request to the primary repository at the US Army Natick
Laboratories.
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TABLE VIiI-1,

DATA BASE SITE AND ELEMENT CONES
(Column 1, and 6 and 7 of the ldentifier)

(ATTOH 00— ECERENT 1104
Albrook Forest 1 Airborne Microorganisms 3
Chiva Chiva 2 Leaf Deposition 32
Coco Solo Forest 3 Rain Water Sample 33
Coco Solo Open 4 Spore Sample 34
Rio Hato 5 35 - 39 linassigned .
WES (Albrootk:) 6 Pan Litter 40
dES (Fort Kobbe) 7 Ground Litter 4
WES (Fort Sherman) 8 Litter Decomposition 42
Litter Accumulation 43
ELEMENT CODE  Insects 44
— Insects Nitrogen 45
iemperature, Dry Bulb 01 46 - 49 Unassigned -
Temperature, Grass Minimum 02  Soil Data (see tahle IV-1 for dntails)
Temperature, Surface 03 one Index 50
Teperature, Wet Bulb 04 Remolding Index 51
nelative Humidity 05 Rating Index 52
Wind Direction 06 Moisture Content 53
Wind Speed 07 Density 54
Temperature, Wet Bulb Globe 08 Soil Temperature Plot A 55
Barometric Pressure 09 Soil Temperature Plot B 56
Precipitation 10 Soil Temperature Plot C 57
Stem Flow 11 Soil Moisture Plot A 58
Evaporation 12 Soil Moisturc Plot B 59
Clear-Vu Rain Gage 13 Soil Moisture Plot C 60
WES Maximum Temperature 144 Water Table Level 61
WES Minimum Temperature 15 62 - 68 Unassigned -
WES Maxirum Relative Humidity 16 Vapor Pressure (from 01 § 04) 69
WES Minimum Relative Humidity 17 Saturation Deficit (from 01 & 04) 70
WES Rain Gage No. 1, Open Area 18 71 - 78 Unassigned .
WES Rain Gage No., 2, Under Canopy 19  Vapor Pressure (fron 81 & 84) 79
Syringe Sample (Gas Chromatrograph)20  Saturation Deficit (from 81 & 84) 80b
Gas Sample, Short Term 21 Temperature, Dry Bulb 8la,c
Gas Sarple, Lono Term 22 Wind Speed 82a
Gas Sannle, Cumulative 23 Wind Direction 83a
Carbon Dioxide 24 Temperature, Wet Bulb 84a,c
Particulate Sample (less than Relative Humidity 85a,c
one hour 25 Solar and Sky Radiation
High Volume Samole 26  Net Exchange 86a
Tape Sample, Sequential 27 Total Hemispheric 87
Tape Sample, Cumulative 28  Global 88
Special Sample 29 89 - 99 Unassigned -
Surface Deposition 30

a - Added Level Code

b - Same Level Code as for 05 and 85
c - Applies to the 22,0 and 39.0 meter levels only

d - Data obtained from Waterways Experiment Station MEGA Project
WES - US /.-y Waterways Experiment Station, Vicksbury, Mississippi, made some of

these measurements.,
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TABLE VII1-2, DATA BASE SITE AND ELEMENT CONES
(Colunn 8 of the ldentifier)

Code * Tover Level (Elements 01, 04, 05, 06, 07, 87, 88)

] 46,0 Meters

2 32,0 Meters (after February 1968)

4 28,5 MHeters (through rebruar{ 1968)
3 30,0 !teters (after February 1968)

3 26,5 Meters (through February 1968)
4 13.5 Meters

5 6.0 Neters
¢
7
8
9
(

4,0 Meters
2.0 Meters
1.0 teters
0.5 Meters
8lank) fround Surface

Tower Level ‘tlemnts 18 through 86!

39,0 leters
22,0 Meters
10.0 teters

weat _(Element 08)

[P

Index

Dry Culb Temperature
Wet Buldb T rature
Black Globe Temperature

Precipitation ‘tlmnts 10 and 13)

BHWA) =

lumber of the rain gage on the ground (this code for
Chiva Chiva only)

Top of Albrook Tower (Element 10)

Number of the rain gage on the ground (Element 13)

Number of the rain gage on the ground (Elements 10 and 13
Number of the rain gage on the ground ([lements 10 and 13
Number of the rain gage on the ground (Elements 10 and 13
Number of the rain gage on the ground (Elements 10 and 13
Number of the rain gage on the ground (Elements 10 and 13
Number of the rain gage on the ground (Elements 10 and 13
Number of the rain gage on the ground (Elements 10 and 13)
Number of the rain gage on the ground (Element 10)

OB NYNRNEBWN ==
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TABLE VIII-2, (Cont.)

Stem Flow Element 11

1 Large tree
2 Small tree
3 lledium tree
Evaporation (Element 12)
Blank Chiva Chiva, Piche at surface
] Chiva Chiva, Pan at surface
2 Albrool., Piche at 40,0 neters
3 Mhrook, Piche at 26.5 neters
4 Mbrook, Piche at 13,5 neters
5 AMhrook, Piche at Surface, uncovered
6 Albrook, Pan at Surface, covered
7 AMbhrook, Piche at Surface, covered
Layer Depth (tlerent 50)
] 03 Inches
2 3-6 Inches
3 N-6 Inches
4 6-9 Inches
5 9-12 Inches
6 9-12 Inches
7 12-15 Inches
8 15-18 Inches
9 12-18 Inches
Depth (Elenents 55 through 60)
] 4 Centineters
2 n Centincters
3 19 Centimeters
4 27 Centimeters
) 34 Centincters
6 4?2 Centineters
7 50 Centiueters
tH 100 Centineters

* The significance of these “Code” numbers depends on the elerent coded
in columns 6 and 7 of the identifier, as indicated in parentheses,

NOTC: Further details for chemicel and biological data codino format
can he found in the paper to be published by the llatinnal Center for
Atmospheric Research dealing with Chemical and Biolonical Data

(Data Base Program), prepared by MNr. J, ©, Pate,
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APPENDIX I, VEGETATION INVENTORY

This inventory of shrubs and trees within a 3600-square-meter plot,
divided into thirty-six 10-meter-square plots, at the Albrook forest
site s based on surveys performed in December 1966 and November 1969,
Location of trees and shrubs, diameter at 120 centimeters above the ground
(diameter at breast height (DBH)], height to first branch, and overal)
height are all listed numerically under anpropriate tabular headings.
Trees are also grouped numerically, by reference to nunhered drawings
(figure A-7), into seven representative shanes. The change of format
enables accumulation of more information and will permit machine
analyses of accumulated data to reveal occurrence of growth, emergence
o: n:w specimens, and other changes which take place with the passage
of tine,

Figure A-1 of the inventory {is a topographic man of the 60-meter-square
grid of the observational arca, Corners of the thirty-six 10-meter-gsnuare
plots within the area have letter-nunher designations to locate the
position and orientation of the plot within the grid, Letters and numbers
indicate north-south and east-west locations, respectively,

Tahle A-1 contains names of the more common species of plants found
in the area. Approximate top and intermediate coverage are indicated
in figures A-2 through A<6, C[ach of the 36 plots of the veactation
fnventory (tahle A-2) containg information about one 10-meter-square
plot. Each plot is nurbered to pemit its {dentification within the grid
arca, For exsample the last plot, G7G6F7F6, represents the upner left
hand plot in the grid, liunhers in the left hand (X Y) colurn of each
plot give the location of each specimen within the plot, That {5, in
plot (i7G6F7F6 the number O 1 in the X & Y column locates a Ceercrin
tree was located between 2ero and one meter right of the Y line and
between one and two meters above the X line,

The description of the Ce tree above {s continued in succeed-
ing columng of the referenced table. Shape Il s in reference to the
seven representative drawings found in figure A-7, DfH {indicates
dianeter at breast height (120 centimeters atove ground), Il'ejolt to
first branch and height overall are given in meters,

The inventory is intended to serve several purposes: (a) copfes
arc avaflable for observers and visitors for use as reauired; (b) a
master copy will be maintained to record notes concerning phennloanical
events and corrections that are found necessary; and (c) copies will be
provided any investigator wishing to use the site to record location
of points of interest and points that are not to be disturhed by other
investigators.,
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A ' /: . / .“05 4,_?’“ 0.1. Iln
7 8 & a 3 2

o= 10 Meters =
=4~ Indicates Location Ot Piot Corners

Numbers Near Indicated Piot Corners Denote Meght Above Mean Sea Level In Feet

FIGURE A-1 ALBROOK FOREST SITE GRID ORIENTOR SHOWING GROUND
CONTOUR. ELEVATION. AND GRID LOCATIONS
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fommm—— 10 Meters S
O Indicates OBH in cm as of June 1965

+ Indicates plot corners
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FIGURE A-7. REPRESENTATIVE SHAPES OF TREES OCCURRING
IN ALBROOK FOREST
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PIGURE A-7. REPRESENTATIVE SHAPES OF TREES OCCURRING
IN ALBROOK POREST (Comt.)



TABLE A-1, COMMON SPECIES OF PLANTS FOUND AT ALBRONK FOREST SITE
IN JUNE 1965

Anacardium excelsum (Bert, + Balb,) Skeels, (Anacardiaceae)
Alibertia edulis (L. Rich) A, Rich (Rubiaceae)
Andira enemmis H.B.K, (Fabaceae)

Annona (1) hayessii Suff. (Annonaceae)

Annona (2) purpurea Moc, + Sessi (Annonaceae)
Aphelandra deppeana Schlecht, + Cham (Acanthaceae)
Bactris halanoidea (Oerst.) Wndl. (Phoenicaceae)
Banara guianensis Aubl, (Flacortiaceae)

Belotia panamensis Pittier (Tiliaceae)

Bursera simaruba Sarg. (Burseraceae)

Cavanillesia platanifolia H.B.K, (Combacaceae)
Cecropia (1) Yongipes Pittier ? (Moraceae)

Cecropia (2) obtusifolia Bertol. (Moraceae)

Cecropia (3) peltata L, (Moraceae)

Chrysophyllum cainito L. (Sapotaceae)

Conostegia speciosa (Melastomaceae)

Copaifera panamensis (Britton) Standley

Cordia alliodora (Ruiz + Pan) Roem + Schult (Coraginaceae)
Costus villosissimus Jacq. (Costaceae)

Croton panamensis (Klotzsch) Muell. Arg (Euphorbiaceae)
Cupania cinerea Poepp + Endll, (Sapindaceaeg

Genipa caruta var americana (Rubiaceae)

Guazuria ulmifolia Lam, (Sterculiaceae)

Heliconia platystochys Baker, (Musaceae)

Helicteres guazumifolia H,B.K, (Sterculfaceae)
Hirtella (l? racemosa L. (Rosaceae)

Hirtella (2) triandra Swartz, (Rosaceae)

Inga 21; hayessii Bents, (Mimosaceae)

Inga (2) oerstediana Willd, (Mimosaceae)

Lacistema aggregatum (Berg.) Rusby (Lacistemaceae)
Lagoensia punicifolia DC, (Lythraceae)

Luehea seemanii Triana + Planch, (Til{iaceae)

Miconia (1) argentea (Swartz) Don. (Melastomaceae)
Miconia (2) impetrolaris (Swartz) DC. (Melastomaceae)
Nectandra sp. (Lauraceae)

Palicourea guianensis Aubl. (Rubiaceae)

Piper (1) aduncum L., (Piperaceae)

Piper (2) reticulatum L, (Piperaceae)

Phoebe costaricana Mez + Pittier (Lauraceae)
Pittoniotis trichantha Griseb (Rubiaceae)

Posequeria latifolia (Rudge) Roem + Schult. (Rubiaceae)
Rourea glibra H.B.K, (Connaraceae)

Sloanea sp. (Eleocarpaceae)

Spondias mombin L, (Anacardiaceae)
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TABLE A-1. (Cont.)

Tabebuia pentaphylla (L.) Hemsl. (Bignoniaceae)
Talisia nervosa Radlk, (Sarindaceae)
Trema nicrantha (L.) Blume (Ulmaceae)
Xylopia frutescens Aubl, (Annonaceae)
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TABLE A-2. VEGETATION INVENTORY AT ALBROOK FOREST SITE
Plot 17
E— DBHS Height
B2 Bl (cm) 1st Branch (m)
A2 Al 1 Jan 1 Dec (m) 1 Jan 1 Dec
X Y species? Shape? 1967 1969 1967 1967 1969  Remarks
0 0 Andira I 4,6 5.8 2.5 4.2 4,9
3 6 4.0 2.8 3.0 Dead
5 2 Piper 11 3.2 3.0 0.8 3.9 4,7 Two
5 2 Piper 111 2.2 2.3 1.8 3.3 3.7 Stems
5 4 Annona 111 2.6 4.3 3.3 3.9 4.5
5 8 L.uehea I 147.5 147.5 14.0 28.5 29.0
7 3 Copaifera I 3.0 3.8 3.0 3.9 4.5
7 4 1 3.0 3.0 0.8 3.6 3.9
8 5 Cavanillesia III 3.0 2.5 3.6 4,2 Cut Off
8 6 I 2.4 2.5 1.5 3.0 3.6
8 7 1 2.8 2.6 1.8 3.6 3.9
8 7 Ardesia I 2.3 2.4 1.5 3.9 4.5 Replaced
Plot 2°
B3 B2
A3 A2
X Y
3 8 I 3.0 1.5 3.3 Dead
4 4 Miconia I 2.2 2.3 6.0 9.0 4,0
5 4 Black Palm VII 5.0 5.0 3.3 4,5 4.9
S 4 Black Palm VII 4.4 4.4 1.2 3.6 3.9
5 4 Black Palm VII 3.1 3.0
5 4 Black Palm VIl 3.5 3.3
5 4 Black Palm VII 4,0 3.7
5 4 Black Palm VII 3.2 3.0
5 5 Black Palm V11 3.1 3.1 3.9 4.5 4.8
6 1 Spondias I 32.5 27.2 9.5 22.0 - 23.0 Two
6 1 Spondias I 35.1 31.2 9.5 22.0 23.0 Stems
6 4 Black Palm VIl 3.7 4.0
6 4 Black Palm VIl 3.7 3.7 0.8 3.3 3.5
6 4 Black Palm Vil 3.7 3.8 1.5 3.9 4.4
8 0 I 7.8 8.1 3.9 6.6 7.0
8 6 Hirtella I1 3.0 3.0 0.3 4,5 5.8



VEGETATION INVENTORY AT ALBROOK FOREST SITE (Cont.)

TABLE A-2.
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Remarks

(m)
1 Dec
1969

1 Jan

Height
1967

1967

1st Branch
(m)

(cm)
1 Dec
1969

1 Jan
1967

puuS

VEGETATION INVENTORY AT ALBROOK FOREST SITFE (Cont.)
Shapgg

TABLE A-2.
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TABLE A-2. VEGETATION INVENTORY AT ALBROOK FOREST SITE (Cont.)

Plot 61 (Continued)

DBHS Height
B7 B6 (cm) 1st Branch (m)
A7 A6 , 1 Jan 1 Dec (m) 1 Jan 1 Dec
X Y Species‘ Shape”’ 1967 1969 1967 1967 1969 Remarks
1 8 11 2.3 3.0 5.6 Replaced
1 8 11 4.0 2.5 3.0 5.1 5.1
1 8 Heliconia \Y 4.4 4.0 0.8 4,8 4.9
2 3 Croton II 4.2 4.8 3.3 3.7
2 7 Croton I 4,2 1.2 3.4 Dead
3 1 Inga 111 4.0 4.9 3.9 5.1 5.3 Dead
3 9 Piper I 2.7 0.8 3.3 Missing
5 1 Black Palm VII 2.7 3.0 5.4 6.9 7.0
5 1 Black Palm VII 3.1 3.2 3.6 5.7 5.9
5 2 Black Palm VII 3.4 3.4 3.0 4,5 4,7
5 2 Black Palm VII 2.5 2.5 2.5 Dead
5 2 Black Palm VII 2.5 4.0
5 2 Black Palm VII 2.6 4.0
5 7 Anacardium I 25.0 26.2 2.7 18.0 19.0
h 1 Black Palm VII 3.7 3.8 3.0 4.5 4,7
b 1 Black Palm VII 3.4 3.4 0.8 2.8 3.3
6 2 Black Palm VII 3.7 3.6 3.6 5.4 5.7
6 2 Black Palm VII 2.7 2.7 4,8 5.4 5.8
6 2 Black Palm VII 3.7 3.7 3.0 4,8 5.0
6 2 Black Palm VII 2.8 4.1
6 2 Black Palm VIl 3.0 5.0
6 2 Black Palm VII 2.7 3.9
6 3 Copaifera 111 5.0 5.3 3.3 3.9 4.4
Plot 71
c2 Cl
B2 Bl
X Y
o 1 Luehea 1 22.0 13.9 5.4
0 1 2.6 1.5 Dead
0 1 1 2.4 3.8 1.2 3.6
0 7 Missing
1 3 Spondias I 39.2  42.2 10.5 25.0
1 5 Talisia 111 4.8 5.3 4.8 6.0
3 1 Piper I 2.3 3.1
3 8 2.4 2.4 0.8 2.5
4 0 Anacardium 1 23.0  24.9 6.9 15.0



TABLE A-2. VEGETATION INVENTORY AT ALBROOK FOREST SITE (Cont.)

Plot 71 (Cont inued)

DBHS Height

c2 cl (cm) 1st Branch (m)

B2 Bl 1 Jan 1 Dec (m) 1 Jan 1 Dec

X Y Species‘ Shape2 1967 1969 1967 1967 1969  Remarks

4 3 111 5.2 2.6 4.2 6.0 4.0

4 4 Lacistema 1 3.4 4,7 2.0 4.2

5 0 11 2.2 2.4 0.8 2.8

5 6 Black Palm VII 3.7 3.7 2.8 4,2

5 6 Piper 11 2.4 0.8 1.8 2.4 Replace-
ment

6 O Miconia v 0.5 3.8 Missing

7 1 Lafoensia I 3.4 2.5 1.2 3.6

7 3 11 2.4 2.4 1.8 3.6

7 3 II 2.4 2.4 1.5 3.6

7 8 1 2.6 1.6 3.6 Missing

7 9 Rubiaceae I 2.8 3.3 0.8 5.1 5.5

7 9 I 0.5 4.5 Missing

8 0 v 2.4 3.9

8§ 0 Miconia I 2.9 4.1

8 2 Flacourtiaceae I 4,8 3.1 1.5 4.5

8 5 Chopped

8 7 Black Palm VII 5.6 4.2 1.8 3.9 4.4

8 7 Black Palm VII 5.0 4,0 1.8 5.1 5.4

8 7 Black Palm VII 4.1

8 7 Black Palm VIl 3.9

Plot 8!

C3 cC2

B3 B2

R Y

0o 1 Chrysophyllum 1 2.4 3.4

0 3 II 2.8 2.8 0.8 4.2 2.5 Replace-
ment

0 5 Heliconia ' 3.0 3.0 2.8 5.4 4.5 Replace-
ment

2 8 Xylopia 111 18.5 22.1 14.0 18.5 19.0

3 6 Black Palm VIl 3.1 3.2 3.9 5.4 5.8

3 7 Black Palm VII 4.4 4.6 3.3 4.5 4.9

4 2 Black Palm V1l 3.7 3.7 3.6 4.2 4.5

4 3 Black Palm VIl 4.4 4.6 3.6 4.8 5.0

A | Black Palm VIl 2.5 2.6 4.5 3.6 3.8

4 3 Black Palm VII 2.5 2.5 1.5 3.6 3.9



TABLE A-2. VEGETATION INVENTORY AT ALBROOK FOREST SITE (Cont.)

Plot 81 (Continued)
DBHS Height

c3 c2 (cm) 1st Branch (m)
B3 B2 1 Jan 1 Dec (m) 1 Jan 1 Dec
X Y Species‘ Shape2 1967 1969 1967 1967 1969 Remarks
4 4 Black Palm VIl 3.7 3.9 3.9 4.8 5.1
4 4 Black Palm VIl 4.4 4.6 1.5 3.6 3.9
4 S5 Black Palm VII 2.4 4.5 Dead
4 6 Black Palm VIiI 3.1 3.4 4,2 6.0 6.1
4 7 Black Palm VIl 4.4 3.0 3.0 Dead
4 7 Black Palm VII 3.7 4.0 4,2 5.4 5.5
4 7 Black Palm VII 2.5 7.9 1.2 3.0 3.3
4 8 Black Palm VII 2.5 2.7 1,2 3.3 3.5
5 1 Miconia I 3.0 3.0 3.3 5.4 5.9
5 3 Black Palm VII 3.7 4.0 3.9 5.7 5.8
5 3 Black Palm VIl 3.7 3.9 4,2 6.0 6.3
S 4 Black Palm VIiI 3.1 3.3 4.5 4.8 5.1
s 6 Black Palm VII 3.7 3.9 4.5 5.4 5.7
5 7 Black Palm VII 3.1 3.5 4,2 4.8 5.2
5 7 Black Palm VIiI 3.1 3.2 1.8 4.5 4.9
6 &4 Black Palm Vil 3.7 4.0 2.8 3.6 4.0
6 4 Black Palm VII 3.1 3.4 4.5 5.1 5.3
6 4 Black Palm VII 3.7 5.1 5.1 Dead
6 S Black Palm VII 3.1 3.3 4,2 6.0 6.4
6 6 Luehea I 10.3 33.8 6.0 24,0 25.0
6 6 Black Palm VII 3.1 3.4 3.9 4.5 4.7
6 6 Black Palm VIl 3.7 3.7 4.5 6.0 6.4
6 6 Black Palm VIl 3.7 3.8 3.6 4.2 4.6
6 6 Black Palm Vi1 3.1 3.3 3.6 4.5 4.8
6 7 Black Palm VI1I 3.7 4.0 3.3 4,2 4.7
1 1 Piper I 2.4 4,7
5 1 Annona I 2.4 6.1
6 6 Black Palm V11 3.2 4.0
6 6 Black Palm VII 3.3 4.1
6 6 Black Palm V11 3.0 4.3
6 7 Black Palm VIl 2.9 4,0
6 7 Black Palm VIl 2.6 3.9
6 7 Black Palm VIl 3.0 4.2
6 7 Black Palm \'28¢ 3.4 5.0
6 7 Black Palm VIl 3.3 4,9
6 7 Black Palm VIl 2.5 2.5 0.8 3.0 3.4
7 3 Anacardium 1 61.0 100.3 12.0 34.0 34.5
9 7 11 3.6 3.3 2.5 2.9

66



Remarks
3.0 Replace-
ment

1969

Height
(m)
1 Jan 1 Dec
2.8

1967

2.0

1967

1st Branch
(m)

pBHS
(cm)
1 Jan 1 Dec
1969
2.4

1967

Shlpe2
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VEGETATION INVENTORY AT ALBROOK FOREST SITE (Cont.)

TABLE A-2,
Sgecies‘
Hirtella

.Y
2
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TABLE A-2. VEGETATION INVENTORY AT ALBROOK FOREST SITE (Cont.)

Plot 117 3
DBH Height
C6 CS (cm) 1st Branch (m)
B6 BS 1 Jan 1 Dec (m) 1 Jan 1 Dec
X_Y _ spectest Shape? 1967 1969 1967 1967 1969  Remarks
0 6 Nectandra 11 3.1 2.6 3.6 4.0
0 9 1 5.8 6.4 3.0 5.4 5.7
3 3 Posequeria 19 ¢ 3.0 3.0 2.8 3.2
3 7 Rubiaceae I 19.0 22,3 4,5 13.5 14.0
4 8 11 2.4 3.9
5 1 Inga 1 4.2 3.8 1.2 2.8 3.3 Dying
5 1 Piper 1 2.2 3.0
6 9 111 12,4 12,7 7.0 12.5 13,2
b 5 Costus VIl 2.1 2.1
8 5§ Costus VII 2.3 3.2
Plot 127
C?7 cé6
B7 Bé6
X Y
0 4 Miconia 1 23.2 1.5 20.0 Missing
1 5 Costus I11 4,2 2.5 3.6 Missing
2 2 Hirtella 1 4.5 2.5 1.5 3.0 3.5
2 6 Costus III 4.0 2.5 2.5 3.3 3.5
2 6 3.4 Dead
3 2 111 2.7 2.7 3.3 4,2 4.5
3 4 Posequeria Chopped
Dead
4 3 1 4,2 3.9 0.8 3.3 3.5
4 7 Belotia 111 5.7 12.0 Dead
5 7 Trema 111 6.5 3.3 Dead
5 7 Costus 111 2.6 4.1
5 7 Costus I11 2.4 3.9
5 7 Costus II11 2.6 4.2
5 7 Costus 111 2.0 3.6
S 8 Miconia 111 2.8 3.0 2.8 4.5 5.0
5 8 Belotia 111 8.6 12,2 6.5 10.5 11.0
5 8 Croton I11 2.7 3.9 4.8 Dead
5 9 Belotia 111 3.2 8.5 11.5 Missing
6 2 Butletl 111 1‘03 1507 600 8-0 8-8
6 2 Bursera I11 12.5 13,2 6.0 10.0 11,2
7 8 Belotia 111 6.2 7.6 9.0 10.0 1.8
7 9 Belotia 111 9.0 11.4 7.0 13.0 13.7
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VEGETATION INVENTORY AT ALBROOK FOREST SITE (Cont.)

TABLE A-2.
Species‘

Y
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VEGETATION INVENTORY AT ALBROOK FOREST SITE (Cont.)
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TABLE A-2. VEGETATION INMVENTORY AT ALBROOK FOREST SITE (Comt.)
Plot 17 (Continued)

paus Height

Dé DS (cm) 1st Branch (m)

cé CS 1 Jan 1 Dec (m) 1 Jan 1 Dec

XY Species ¢ Shape? 1967 1969 1967 1967 1969 Remarks

5 5 Anacardium 1 23.2  26.7 3.6 12.5 14.0

7 1 Sapindaceae 1 15.1 15.3 7.0 12.5 12.8

7 1 III 6.0 5.4 6.0 7.0

8§ O Spondias I 12.1 12.7 6.0 9.5 11.8

8 $ Ficus 1 71.3 127.0 6.4 26.5 28.0

Plot 187

D7 D6

C?7 C6

A ¢

1 3 Nectandra 11 2.6 3.6 Missing

1 4 Hirtella II 3.4 3.5 3.9 4.2

1 9 Anacardiunm 1 20.8 23.6 8.5 10.0 15.0

3 0 I1 1.8 2.0 2.8 3.5

3 3 Nectandra 1 4.8 3.6 5.4 Missing

3 3 I 5.6 2.8 4.5 Dead or
Dying

6 0 Hirtella 11 3.0 3.0 3.9 4.5

4 5 Conostegia 11 3.0 3.2 2.8 4.2 4.8

s 1 Belotia I11 10.1 12.5 6.0 12.0 14.5

5 2 Miconia 1 1.8 3.3 6.0 4.0

S 6 Belotia III 18.9 21.1 6.3 12.0 15.5

5 6 Conostegia 1 1.8 0.4 1.8 Chopped

7 0 Croton 1 5.6 1.8 2.0 Dead or
Dying

8 3 Andira ¢ 9.4 10.1 4.5 6.9 10.5

8 13 1 3.2 3.3 2.8 3.6 3.8

Plot 197

E2 El

D2 D1

X Y

o 1 Pala Il 2.5 5.4 5.6 Replaced

0 8 Anacardium 32.1 43.9 4.5 18.0

13
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VEGETATION INVENTORY AT ALBROOK PFOREST SITE (Cont.)
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VEGETATION INVENTORY AT ALBROOK POREST SITE (Cont.)

Specic.‘

TABLE A-2.
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TABLE A-2. VEGETATION INVENTOKRY AT ALBROOK FOREST SITE (Cont.)

Plot 237 (Continued)

pauS Height
E6 ES (cm) 1st Branch (m)
D6 DS 1 Jan 1 Dec (m) 1 Jan 1 Dec
X Y Specieo‘ Shapez 1967 1969 1967 1967 1969 Remarks
6 5 Inga I 16.1 16.9 3.5 13.0 13.4
9 4 Luehea 1 7.0 6.8 1.0 5.5 7.0
Plot 247
E7 E6
D7 D6
X Y
1 0 Belotia 111 4.9 6.4 4.5 6.5 6.8
1 5 Heliconia v 3.6 3.6 1.8 3.5 3.9
1 5 Heliconia v 4.0 4.0 2.0 3.5 3.8
1 S Heliconia v 3.6 3.3 3.3 Dead
1 S Heliconia \' 3.1 3.2 1.8 3.6 3.9
1 6 Heliconia v 2.3 2.5 1.5 2.7 3.0
2 5 Heliconia v 3.4 1.8 3.0 Dead
2 6 Heliconia v 3.7 2.0 4.2 Dead
2 6 Heliconia \' 3.4 2.0 2.0 Dead
3 1 Belotia 111 6.7 7.7 3.0 8.4 8.7
3 2 1 6.7 7.7 3.0 8.4 8.7
3 7 Cavanillesia Vi 70.1 76.2 18.0 24.0 25.0
3 7 Cecropia I 10.1 16.7 10.0 15.0 16.3
& 4 Heliconia v 3.6 1.5 3.3 Dead
4 4 Heliconia v 3.3 3.4 1.2 3.2 3.7
4 4 Heliconia v 3.2 3.2 1.5 3.3 3.8
5 0 Belotia II1 5.7 6.6 3.5 7.2 8.0
5 3 Cecropia 111 9.5 12.4 14.0 14.5 15.0
5 3 Belotia I11 3.2 3.5 4.5 6.0 7.1
6 4 Croton I11 3.0 3.0 2.0 5.6 6.0
8 8 Annona 1 22.3 23.8 4.4 16.5 17.0 Dying
3 8 Missing
Plot 257
F2 F1
E2 El
X Y
1 8 Luehea 111 25.6 8.0 12.0 Dead
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TABLE A-2. VEGETATION INVENTORY AT ALBROOK POREST SITE (Cont.)

Plot 30 (Continued) 3
DBH Height

F7 Fé6 (cm) 1st Branch (m)
E7 Eé6 1Jan 1 Dec (m) 1 Jan 1 Dec
X_ Y _ species? Shape? 1967 1969 1967 1967 1969  Remarks
9 7 Cecropia 111 24.4 26.0 23.0 32.0 32.8
9 8 1v 2.5 2.5 0.8 2.5 2.8
pde 317
G2 Gl
F2 Fl
X Y
0o 9 Piper 1 2.0 2.2 1.2 3.0 3.5
1 2 1 2.3 3.2 1.5 3.9 4.1
2 1 Chrysophyllum 1 2.6 3.0 0.8 3.6 5.9
2 4 1 50.3 54.8 13.0 23.0 23.0
2 7 Miconia 111 3.6 3.8 5.1 6.3 6.9
2 7 Missing
2 9 1 2.0 2.1 0.8 3.3 3.8
4 8 Miconia 1 7.8 7.8 4.8 7.6 7.9
7 3 Posequeria 111 5.0 4.9 2.8 4.5 4.8
7 7 Chrysophyllum 1 3.0 3.3 1.8 4.5 4.9
8 3 Solanum 111 8.4 10.1 3.6 6.0 9.0
8 5 Annona 1 29.9 31.4 8.0 15.0 16.0
0 5 Hirtella 11 2.0 4.1
3 4 Chrysophyllum 1 2.5 5.1
3 5 Hirtella 11 1.8 4.2
8 3 11 S.1 6.1
7 6 Chrysophyllum 1 3.0 8.2
8 8 1 2.4 5.0
Plot 327
G3 G2
F3 F2
X Y
0 o Helicteres 11 3.0 3.0 2.5 3.2
0 5 1v 3.6 3.7 0.8 2.3 3.1
o 7 Flacourtiaceae 111 2.2 2.4 1.8 2.8 4.2
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TABLE A-2. VEGETATION INVENTORY AT ALBROOK POREST SITE (Cont.)

Plot 357 (Continued)

pauS Hedght

c6 GCS (cm) 1st Branch (m)
e rs 1 Jan 1 Dec (m) 1l Jan 1 Dec
X Y Specin‘ Shape? 1967 1969 1967 1967 1969 Remarks
1 9 Guazuma v 19.0 12.7 8.0 16.5 17.0
3 7 Anacardium 1 8.4 9.6 3.0 6.9 7.2
S 2 Annona 1 27.2 28.8 5.4 20.5 22.0
6 2 Anacardium 1 17.5 20.9 3.6 15.0 16.0
6 7 Sapindaceae 1 9.5 10.2 3.6 9.0 10.1
6 8 1 6.3 7.8 3.0 6.6 7.5
9 1 Luehea 1 12.3 13,9 3.0 11.0 12.1
9 5 1 37.3 20.5 Replaced
9 8 Anacardium 1 86.7 94.2 10.0 3.5 3.5
Plot 36!
G?7 G6
F?7 F6
X Y

1 Cecropia 111 20.0 32.7 12,5 16.0 16.5
0o 3 Belotia 111 5.5 10.7 .8 6.0 7.2
1 3 Croton Chopped
2 1 11 3.3 0.8 0.8 Dead
2 3 Chopped
3 3 Heliconia v 3.7 3.9 2.0 4.2 4.5
3 3 Heliconis v 3.7 4.1 2.0 4.2 4.3
3 7 I ‘.0 501 2.5 30‘ ‘.2
4 2 Croton 1V 2.7 1.2 ‘.5 Dead
s 7 Anacardium 1 53.3 8.0 20.0 21.5
9 4 Phoebe 111 .4 b. 4 3.9 S.4 ‘o‘
9 &4 Phoebe 1 £1.6 42,9 2.9 22.0 22.5

1. Plots are numbered in order from right to left ascending (see figure A-1).
2. Shape (of the seven represeatative shapes showa in figure A-7) vhich msost
closely reseadled the inveatoried plamt.

3. Diamster st breast height.

4. A blask iasdicates that the plant species could aet be jdentified.



9.

10,

n.

12,

APPENDIX 11, REFERENCES

US Ammy Tropic Test Center, é‘giamual ReErt Nos, 1 and 2! Environ.
ntal Data for Regional S es In ropics, For

E!ayﬁ. !%na'l Zone (1950).

US Army Tropic Test Center, fannual Report No. 3, Environmenta)

Data Base for Regional Studies In the Flunig Yropics, fort Clayton,

CanaT Zone (1!37’.

US Amy Tropic Test Center, Semiannual Report No, 4, Environmental
Data Base for Regional Studies in the Humid Tropics, Fort Clayton,
CanaT Zone !1!585.

US Ammy Tropic Test Center, Semiannual Report No. 5, Environmental
Data Base for Regional Studies in the llumia Tropics. Fort Clayton,
Canal Zone !1555;

US Amy Tropic Test Center, Semiannual Report Nos. 6 and 7, Environ-
mental Data Base for Regional Studies in %He Rumid Tropics, fort

Clayton, Canal Zone (1969).

Pady, S.M., "Quantitative Studies of Fungus Spores in the A{r",
Mycologia 49, 339 (1957).

Gregory, P.H., The Microbiol of the Atmosphere, Leonard Hill
(Books) Ltd, London (1957).

Oransfield, M., “The Fungal Afr-Spora at Samaru", Horthern Nigeria
Trans, B, Mycol. Soc. 49 (1) 121 (1966).

Pathak, V.K., and Pady, S.M., “Numbers and Viability of Certain
Afrborne Fungus Spores*, Mycologia 57, 382 (1965).

du Buy, H.G., Hollaender, Alexander, and Lackey, Mary D., A
C rative Study of 1ing Devices for Air-Borne Mic nigms,

PP emen . n as Lovernmen rinting ce
Washington, DC (1945), :

Hutton, R.S., and Rasmussen, R.A., "Microbiological and Chemical
Observations in a Tropical Forest", Ch, 8, Ecology of the Tropical
Forest, Ed. H.T. Odum (in press).

Gregory, P.H, TP Nicrobiglqﬁ of the AE!%" Plant Science
Monographs , 95. nterscience sher, 11961).



13.

4,

15,

16.

17.

18.

19,

Hutton, R.S., Staffeldt, E.E., and Calderon, 0.H., "Aerial Spora
and Surface Deposition of Microorganisms in a Deciduous Forest in

the Canal Zone", Vol. 9, Ch. 28, Devel nts in Industrial Micro-
iology, American Institute of 8101og1cai §cicnces. Easﬁington.‘ﬁt

Calderon, 0.H., Hutton, R.S., and Staffeldt, E.E., "Deposition of
Microorganisms on Missiles and Related Equipment Exposed to
Tropical Environments”, Developments in Industrial Microbiology,
Vol. 9, Ch. 29, (1968).

Staffeldt, E. E., Calderon, 0.H., and Hutton, R.S., "Microbial
Inhabitants of a Tropical Deciduous Forest Soil in the Canal Zone",
Developments in Industrial Microbiology, Vol. 9, Ch. 27, (1968).

Rasmussen, R.A., Hutton, R.S., and Garner, R.J., "Factors in Estab-
1ishing Microbial Populations on Biologically Inert Surfaces",

Proceedings of the 1st International Bjodeterioration Symposjum,
Southampton, England, pp. 79-98, (1968).

Allen, R.T., and Hutton, R.S., "A New Species of Telegeusidae (leng)
from Panama (Coleoptera: Cantharoidea", Coleopterists' Bulletin,
Vol. 23, Dec. 1969.

Stern, A.C., Air Pollution, Vol. 1, Academic Press, New York,
p. 215, (19627.

Pate, John B., Hutton, Robert S., Gonzales, Alfredo, and Lodge,
James P. Jr. "Chemical (Atmospheric) and Biological Measurements
in Panama" NCAR Technical Note » Boulder, Colorado, to be
published 1971,

87



APPENDIX IIl. GLOSSARY

ARPA = Advanced Research Projects Agency

°C = degrees centigrade

cm = centimeter(s)

COH = coefficient of haze

€02 = carbon dioxide

DBH = diameter at breast height

E = east

Fe = jron

°F = degrees Fahrenheit

km = kilometer

m = meter

max = maximum

mb = milibar(s)

MDARS = Meteorological Data Acquisition and Recording Systems
Min = minimum

mm = millimeter(s)

Mn =  manganese

mph = miles per hour

N = north

NE = northeast

No. =  number

NW = northwest

OCRD = Office of Chief of Research and Development
ppm = parts per million

RDTE = Research, Development, Test, and Evaluation
S = south

SE = goutheast

Sur = surface

Sq = square

S = gouthwest

USATTC = United States Army Tropic Test Center
Var = variable

W = west

WES = US Army Waterways Experiment Station
% = percent

" = jinch(es)
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