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FOREWORD

This summary report, the third of a series to be issued semiannually,
covers the progress and status of the Environmental Data Base for Regional
Studies in the Humid Tropics. The project is sponsored by the Office,
Secretary of Defense, Advanced Research Projects Agency (ARPA), Directo-
rate of Remote Area Conflict, and by the Department of Army, Office of
Chief of Research and Development, Army Research Office (ARO).

The study reported herein is being conducted under the guidance and
with the direct participation of the Research Division of the US Army
Tropic Test Center. The Commanding Officer during the report period was
Colonel Pedro R. FlorCruz. The Commanding Officer, at time of publication,
is Colonel John Zakel, Jr. The research program is carried out under the
supervision of Dr., Guy N. Parmenter, Chief of the Division. Staff members
of the Division have been responsible for the preparation of the individual
study papers comprising the body of this report, as noted herein. Compila-
tion and arrangement of the report has been done by Mr. Edward E. Garrett,
Physical Envirommental Scientist of the Division.

ii



Foreword . « « ¢ « « o &

Smmna.ry. o 6 5 5 o o o 8 o o o e o o o
Part I. INTRODUCTION . . ¢ o o o « o &
Background . « o ¢« « o o o o o o
Objectives .+ o ¢« o ¢ ¢ ¢ o o o ¢ &
Description of Proaect ¢ o 0 e o s
Part II: OBSERVATION SITES . « o o « -
Site Jocations. . « ¢« ¢« ¢ ¢ o o ¢ &
Site Descriptions . ¢« o« ¢ ¢ o o + &
Part I1I: PROJECT ACCOMPLISHMENTS . . .
General.......‘.....t
Dissemination of Data . « « ¢« & . &
Part IV: CLIMATE . . 4 ¢ ¢ ¢ o o o o @
Introduction . . « . ¢« ¢ ¢ ¢ o o &

Observations . o« o o o « o o o ¢ « ¢ o »
Instrumentation. . . « ¢ ¢« ¢ ¢ o ¢ ¢ ¢ o o o o o o o o o
Data Reduction and Storage « ¢ o o« ¢ o o ¢ o o 2 o o o »

Data Analysis

Diurnal Temperature Variation in Forest and Open Sites

. » * & e o ® o . o o

L]

-

TABLE OF CONTENTS

. o o - . e« e & o ® ¢ e o o

. e @ L] . a & 8 ® e e a
.

. . [ ) L4 * L * L] * [ ] L L] L ] L] L[]

. L] L) L] L ] ] [ 3 . L 4 L] L] . - -
L] * . Ll - - L] L] - - L [} L L]

. L] L] L] L] . - L] . > L] . . L L]

o 6 @ & ® e o o o o o & o & o ¢ o o e o -0

L 3 L ] L) L ] - . . - * . - L] L . -

Determination of Temperature at the Soil Surface. . . .

Part V:

Data Collection . o« ¢« o « o ¢ 6 o # o o o »

Anelysis of Data

Part VI: VEGMATION ® & e @& 6 & & ®» & 2 s & s

Forest Litter. . . « . . &

Pan Litter . « o ¢ ¢ ¢ ¢ o &«

Introdnction........‘..-....

o * L] * L4 .

Ground Litter « ¢ ¢« ¢ ¢ ¢ o ¢ ¢ o ¢ s o o

Part VII:

]
.
.
L]
.
.
L

MICROBIOLOGY AND CHEMISTRY OF ATMOSPHERE
Airborne and Surface Deposited Microorganisms

L) £ ] . L )

L

Sonsmmaolel..........'....
Introduction . « ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o o o 2 o o

L] [ L] - » - L] L

Microbial Inhabitants of Soil in a Tropical Semideciduous

Forest..-.................
Pmicmtemtter'.....oooovoo.o.oo.

REFEMCES e @& &+ & & & & & B . s &6 o & 5 ¢ ¢ s O 6 & » & s 2 2

APPENDICES:

A, Soil Profile Descriptions and Summary Tables of

Physical Characteristics

Soil Profile Descriptions . . .

Albrook Forest Site . . .
Chiva Chive Siteo * o * »
Albrook Satellite Site .
Fort Kobbe Satellite Site .

L]

Fort Sherman Satellite Site
Soil Properties Summary ('l‘rafficability Layers)
Soil Properties Summary (Genetic Layers). . . .

Moisture-Strength-Density Summary
Albrook Forest Site, Soil Plot No. 1

iid

L

L [ ) L ] L IR

L ] L] L ] * ] L

L] L] * L -

*« & o e ¢ o

e & e ® .90 ¢

L] L ] . -0 L ] ®

P ¢ o o ¢ o

. ® 8 »

Y . LI [ ] . L]

¢ & ® ¢ & w % & e & © & & © & o ® e @

s e @ e e @ ® & »

L] - * L] - e L] .



TABLE OF CONTENTS (cont'd)

Chiva Chiva Site, Soil Plot No. 1 . .

Albrock Satellite Site . . . . . . .

Fort Kobbe Satellite Site . . . . . .

Fort Sherman Satellite Site . . . . .

Soil Moisture Summary (per 3-inch layer)

Albrook Forest Site, Soil Plot No. 1 . . . . &

Chive Chiva Site, Soil Plot No. 1 . « o ¢« ¢ & &

B, Seed Stability and Germination, and Characteristics of
Some Seedlings of Tropical Forest Trees. . « « o o «

- . L] L]
L ] L] L] L 2
. L] . .
[ 3 . [ ] L ]
L ] L) L *

C. Vegetation Inventory, Albroock Forest Site. . . . . « .

D. Daily Occurrence of Coefficient of Haze. . « ¢« o & + &

Page
A-1

A-16
A-18
A-20

A-22
A-2k

B-1
c-1
D-1



II-1.
II-2.
II-3.
II-L.
II-5.
I1-6.
II-7.
II-8.
II-9.

ITI-1.
Iv-1.
Iv-2.
IV_3.
v-lL,
Iv-5.
-6,
IV"?o
-8,
IV‘90
IV-10.

IV“ ll'

v-L.
V-5.
V-6,
V-17.

v-8.

LIST OF FIGURES

Canal Zone and Vicinity (map) . . . . . + « o « . .
Albrook Forest, Westward from Tower at 30 Meters. .
Instrumentation Array on Observation Towers . . . .
Tower at Albrook Forest Site . . . . . . . . « . .
Installations at the Albrook Forest Site. . . .
Albrook Forest Site, Generalized Plot , ., . . .
Chiva Chiva Site, Generalized Plot. . . . . . .
Chiva Chiva Site, Observation Tower and Vans, .
Fort Kobbe Soil Satellite Site. . « . . . . &

Example of Tabulated Meteorological Data in Monthly
Microclimatic Summary . « + o ¢ o o« o ¢ ¢ o o o o

Views of Installed Instruments. . . . « ¢« ¢« & o « &
Infrared Thermometers . « o ¢ ¢ 4 & « « o o o o o o
Evaporation Measuring Instruments . . . . . . . . .
Some Components of Meteorological Data Acquisition..
and Recording Systellls o « + o « ¢ ¢ s ¢ o ¢ ¢« v o
Wind Sensors, Showing Internal Circuitry. . . . . .
Digital Registers . . . &+ ¢ v 4 o o ¢ o « o« o o o @
Block Diagram of Meteorological Data and Recording
Systems . . . . 4 4 b e e e e e e e e e e s e e
Smoothed Mean Temperatures. . . « « + ¢ o o o o + &«
Hourly Temperature Changes. . . o « ¢ o ¢ ¢ o ¢ o
Vertical Temperature Profiles, Mean of 10 days with
Rain at Noon. . . ¢ 4 s ¢ o o ¢ o ¢ o « o o s .
Coo;ggg Rates at 4 M above Ground during SepteMber
1 e e s e e e s e s s e e s o . .
Vertical Temperature Differences (F) between the
Levels Indicated at the Left Margin . . . . . . .
Reading of the Infrared Thermometer vs, Temperature

Layout of Sampling Plots at the Chiva Chiva and the
Albrook Forest Sites. + o« 4 v ¢ 4 v o ¢ s s o s

Monthly Variation of Natural Field Moisture Content
with Depth, Chiva Chiva Site . . + . ¢« &+ ¢ « & &

Monthly Variation of Natural Field Moisture Content
with Depth, Albroock Forest Site

Composite of All Soil Moisture Profiles, Chiva Chiva
and Albrook Forest Sites

Monthly Variation of Cone Index with Depth, Chiva
Chiva Site. . . « . ¢« « . . . . o e e e e

Monthly Variation of Cone Index w1th Depth, Albrook
Forest Site . . . . . « . . . o . . . e e e o o

Composite of All Cone Index Profiles, Chiva Chiva and

Albrook Forest Sites. . + &« v ¢ ¢ ¢ v o ¢ ¢ o o« &
Cone Index - Soil Moisture Relationship by 6-Inch
Layers, Chiva Chiva and Albrook Forest Sites, , .

E
W oW
[t}

10
12
13
15
18
22

23
2L

27
28
29
35
36
Lo
Ly
50

55
56
57
59
60
61
62
67



LIST OF FIGURES (cont'd)

Page

v-9. Comhbined Cone Index - Soil Moisture Relationship for

A1l Sites, O- to 6~ and 6- to 12-Inch Layers. . . . 68
V-10. Remolding Index - Soil Moisture Relationship for All

Sites, 6- to 12-Inch Ilayer . « « .« + ¢« « =« « . . . 69
V-11. Comblned Remolding Index - Soil Molsture Relationship

for All Sites, 6- to 12-Inch Layer . . . + o« « « . 70O
V-12, Combined Rating Cone Index - Soil Moisture Relationship

for All Sites, 6~ to 12-Inch Layer. . . . « . . . . T2
V-13. Dry Density - Soil Moisutre Relationship by 6-Inch

Layers,Chiva Chiva and Albrook Forest Sites . . . . 73
V-1%, Dry Density - Soil Moisture Relationship by 6-Inch

Layers,Albrook, Fort Kobbe, and Fort Sherman ,

Satellite SiteS . v o v « v v ¢ v o ¢ o o s 0o e 00 TH

VI-1. Ground Litter Samples, Albrock Forest Site: Moisture
Content, Ash Weight, Dry Weight . . . . . . . . . . 86
Vi-2. location of Trees with Trunk Diameter of 65 cm or
Greater: Albrook Forest Site . . . . . « « o« o . . 87
VI-3. Ground Litter, Albrook Forest Site: Whole Plot and
Zonal Litter Accumulation. . . . &+ o ¢ ¢ ¢ & o & Q0
VI-4. Annual Variation of Fungal and Bacterial Content of
Ground Litter. . &« ¢« v ¢ ¢ ¢ ¢ ¢ ¢ o ¢ o o o & o 93

VII-1. Relative Frequency of Bacteria and Fungi per Gram of

Soil over a One-Year Period. .". ¢« « « o « ¢« « « . 108
VII-2. Relative Frequency of Aerobic and Anaerobic Bacteria

per Gram of Soil over a One-Year Period. . . . ., . 109
VII-3. ©Percent Colonization of Buried Stems by Three Genera

of Fungi over a One-Year Period . . . . . « . . « 110
VII-L. ©Paper Tape Sampler, Silacagel Cartridge, and Vacuum

PUMP o ¢ ¢ ¢ 6 4 6 4 4 o s s e a0 0 e s s a s o o 11k
VII-5. Gelman Paper Densitometer. . . « . ¢« ¢« + s+ ¢ ¢ ¢ « « 115
VII-6., COH Units/1000 Linear Feet of Air Sampled at Chiva

ChiV&SitE......-...-...-.....]_'!_5

B-1 through B-11. Seedling Photographs . « . « « ¢« ¢« » . » B-10 through
B-20



I11-1,

Iv-lo
IV-Q.

Iv-3,
IV-'-F.
Iv-5 *
V‘lo
v—2.
V-3.
V—’h
VI.l.
VI"2.
VI-BO
VI‘J"‘.

VI-5.
Vi-6.
VI"'70
VII-l.

VII"'ZQ

VII-3 ®
VII-k,

VII-5.

m"6 .

é

LIST OF TABLES P
age
Elements Reported in Monthly Microclimatic Summary =, | .., 17

Iocation of Sensors and Frequency of Observations. . , . . . 20
Total Numbers of Meteorological Observations, Period
1 September 1966 through 28 Februaxry 1967 . . . . . . . . . 31
Mean Temperatures at Selected Hours in the Canal Zone
andovertheOpen Sea . . . . . . « . . ¢« 4 o ¢ o o o « o « 37
Mean Temperature Extremes during September 1966 39
Mean Temperatures (F) at Chiva Chiva on Seven Days without
RainutEitherSi-te....................h3

Soll Data Collection Schedule , , . . . . 53
Distribution of Individual Field Cone Index Reﬁ.ings by

Class Intervals at the Chiva Chiva Site, . , ., ., . . . . . 63
Distribution of Individual Fleld Cone Index Readings 'by

Class Intervals at the Albrook Forest Site , , , , , . . . 6k
Range of Cone INdiCeB. . . v ¢ v v v v 4 o o o o o o o « . . 65

Pan Litter Weight Before Drying. . . . . . e e e e e e ... T8
Dry Weight of Pan Idttex . . . . . ... .. .. .c.. .80
DryWeightomeitsandBeedsFoundMonthly,byPan .. .8
Ground Litter Semples: Albrook Forest Site Whole Plot

Sequen'bmsmling.o--....... n-ooa..o83
Comparison of Whole Plot with Zoned Litter Somples ,,,,, 88
Arthropods Found in 200-cm Plots of Albrock Forest

Ground Idtter. . . . . . . . . ¢ . . i 4 bt bt e e ...
Viable Fungi and Bacteria Recovered from Samples of

Albrook Forest Ground Idtter . . . . . . . . ..., .., .. 92

Quantitative Effects on Airborne and Surface-Deposited

Fungal Spores Related to 8ite, Height over Ground,

Time of Day, and Month. . . . . . . . e % o s 0 s o s & o 97
Quantitative Effects on Airborme and Surface-Deposited

Bacteris Related to Site, Height over Ground, Time

of Day, and Month. . . . . . . . . . . 0 0 0 s e e e ... 98
Relative Frequency of 15 Genera of Airborne Fungi

during a Six-Month Exemination Perlod. . . . . ... .. . 99
Relative Frequency of 15 Genera of Airborne Fungi

during Dayl and Dark Hours over a Six-Month

Perdod (1966). . « & v v ¢ v v v 6 v e e v v e e e s .. 101
Relative Frequency of 15 Genera of Airborne Fungi at

Cleared and Forested Sites during a Six-Month

Period (1966). « v & v v ¢ ¢ v v v v e et e e e e e .. 102
Relative Frequency of 15 Genera of Airborne Fungl

Found at Surface and 37 M above Ground during a

Six-Month Period (1966). . . . . . . . . . . .. . .. ..103

Germination and Storage of Tropical Forest Seeds  + + + . B-3.

vii



This report, the third in a series of semiammal progress reports of
the Envirommental Date Base Project, presents a resume of Project objec-
tives and methods and descriptions of the operational sites,

The Climate section (Part IV) shows the data collected and instru-
mentation used with a dgscription of smutomatic instrumentation plammed,
Analyses of dally tempersture varistions and a discussion of soll-surface
taperature determination are presented,

The Soils and Hydrology section (Part V) presents analyses of soil-
moisture profiles and soll-strength profiles and their interrelationships.
Detailed informetion on soil profiles and physical characteristics is
presented in an sppendix,

The Vegetation section (Part VI) presents analyses of forest litter
accumlation, Ihformation on seedling characteristics and seed germina~
tion, and a revised vegetation inventory and plot for the Albrook Forest
site are given in gppendices,

The section de with Miorobioclogy and Chemistry of the Atmosphere
contains pspers on: (a) airborne and surface deposited microorganisms;
(b) observations of microbial populations of the forest soil; and (c) a
discussion of stmospheric particulate matter,

viia



ENVIRONMENTAL DATA BASE FOR REGIONAL STUDIES IN THE HUMID TROPICS

PART I, INTRODUCTION

Background

This report, covering the period 1 September 1966 through 28 February
1967, is the third in a series of semiannhual reports on the progress of the
Envirommental Data Base for Regional Studies in the Humid Tropics (USATECOM
Project No. 9-h4-0013-01). It presents a review of project activities dur-
ing the reporting period along with selected technical data and analyses.
Additional technical information will be found in the periodic Data Summa-
ries to be issued under project auspices.

The project is sponsored jointly by the Advanced Research Projects
Agency, Office of the Secretary of Defense, and by the Army Research Office,
Office of the Chief of Research and Development, Hgs., Dept. of the Army.
Work is carried out by the US Army Tropic Test Center, US Army Test and
Evaluation Comnand, Army Materiel Cammand, with contracted support of
Weather Engineers of Panama, Corp. Additional scientific support was re-
ceived during the reporting period through co-operative arrangements with
the National Center for Atmospheric Research, and with several individual
scientists, '

The project is an interdisciplinary investigation of the humid tropi-
cal enviromments of the Canal Zone and the Rio Hato military training res-
ervation. These enviromments include a high rainfall region on the Carib-
bean slope of the Istlmms vwhere tropical evergreen broadleaf forest pre-
vail, a less wet region on the Pacific slope where tropical semideciduocus
forests predominate, and the still drier Rio Hato region where a typical
savanna association is found. The latter two areas are characterized by a
pronounced dry season (though the Caribbean, or Atlantic, site has a rela-
tively dry season, it is not so well markeds. These areas are analogous to
enviroments in regions of tropical monsoon and tropical saverma climates
(Koeppen Am and Aw) in southeast Asia and other parts of the tropics.

Objectives

The overall objective of the Data Base project is to provide in-
creased knowledge concerning the militarily significant envirommental fac-
tors of mmid tropical enviromments. The project is designed to provide a
bank of information and analyses derived from observations of selected phys-
ical and biological conditions at representative sites in the three natural
enviroments mentioned above. A specific objective of the US Army Tropic
Test Center is to obtain detalled information concerning the enviromments
in which its tests are conducted, which information will be of direct val-
ue in the planning and sccomplishment of tests as well as in the develop-
ment of tropical test techniques and methods. The project will establish,
at the sites chosen as represantative of the three gpecified envirommental



regimes, the spatial and temporal veriations of & number of natural condi-
tions that affect the durability and operability of materiel as well as
such factors as movement, communication, visibility, and the physical per-
formance of troops.

Description of Project

Tasks

The basic program for the Data Base project provides for investiga-
tions in the following fields: (1) Climate, specifically its microaspects,
or the meteorclogical phenomena manifested between the ground surface and
a height of approximately 50 meters; (2) Soils and hydrology, with emphasis
on factors related to soil trafficability and ground water; (3) Vegetation,
with emphasis currently being placed on taxonomy, foliasge canopy, and the
ground accumulation of forest debris (litter); (4) Microbiology, with em-
phasis on mumbers and kinds of bacteria and fungi and their transportation
and deposition; (5) Macrofauna, currently limited to selected arthropods;
and (6) Atmospheric chemistry, i.e., chemical and physical contaminants of
the air.

Detailed study plans providing guidance for various aspects of each
project task have been prepared in the form of Project Memoranda. These
memoranda are periodically reviewed and revised to accord with current
practice and to reflect experience gained in operation of the project.

Observational Approach

In order to obtain as miuch information as possible on the interrela-
tionships between various envirommental factors, investigations are carried
out simultanecusly at selected sites. Manpower limitations and the cost of
instrumentation have dictated that the full range of cbservations be limit-
ed to a few main observational sites. Two are in operation; three others
are planned. '"Main" sites are established where a broad range of environ-
mental elements will be observed over a relatively long period of time.
Additional "satellite" sites will be, and have been, established in the
same general area, at places with different physical and biological condi-
tions where restricted date are obsecrved,.

The project plan calls for establishing two main observational sites
in each of the two major envirommental types found in the Canal Zone. A
fifth site is planned for the Rio Hato military reservation where the third
principal locel variation of the tropical enviromment is found. The two
observational sites in the semideciduous forest environmment on the Pacific
side of the Canal Zone are now in operation. One is within the forest, the
other in a large clearing nearby. A similar pair of sites is planned for
the tropical evergreen broadleaf forest enviromment on the wetter Caribhean
side of the Canal Zone. The paired sites are necessary in order to fully
characterize conditions in each of the two enviromments., Both cleared land
and forest are extensive throughout the humid tropics and military



operations are not confined to one or the other, yet each imposes signifi-
cantly different .envirommental conditions affecting movement, visibility,
deterioration of materiel, etc,

Some of the observations are made by Tropic Test Center personnel;
however, most of the routine observations are made under contract by the
Weather Engineers of Panama Corp., following guidance provided in the
Project Memoranda. Project scientists on the Tropic Test Center staff -
monitor all work and provide additional guidance as necesgsary. The fre-
quency of observation varies with the nature of the parasmeter, ranging from
the continuous reading of some meteorological instruments to the one-time
observation of scme soil factors. The high frequency of many observations
requires manning of the main sites on a 24~hour basis.



PART II. OBSERVATION SITES

Site Locations
General

The selection of sites within the Canal Zone which are representative
of the generalization, "Humid Tropics", is complicated by the scarcity of
land that is not significantly subjected to influences stemming from cul-
tural or industrial activities and at the same time is available for con-
tinued use (for one to two years) by military agencies for research pur-
poses. The sites must be readily accessible to the personnel required for
performing the necessary observations and maintenance. Physical security
to preclude molestation must be provided for the costly instrumentation.
The requirement for electric power necessitates close access by road, or
nearness to power lines. Furthermore the sites should, as nearly as prac-
ticable, represent the extreme developments of the range of envirommental
variation that occur within the area. The variational range within the
isthmian region is, indeed, large for its comparatively small size, but is
not by any means inclusive of all variations for the world's humid tropics.
All of these considerations limit site selection and may force some compro-
mise to be made in their choice,

Established Sites

Two main observational sites have been established to date. These are
located on the Pacific side of the Canal Zone, which is characterized by
moderate precipitation (an average annual rainfall of approximately 70
inches) with a pronounced wet and dry season, and semideciduous forest veg~
etation. The two sites are located in the Albroock Forest and at Chiva
Chiva {see Figure II-1). The latter is in an open grass-covered area, four
kilometers (2-1/2 miles) from the former, which is located within a forest
with a relatively dense canopy about 10 meters thick and extending to about
27 meters above the ground and with an understory of shrubs and vines with
greatest density at about 2 meters height,

Three satellite sites are currently being utilized for observation of
s0ils and meteorological data. These are sites for which significant bodies
of data had heen gathered before the institutlion of the Data Base project,
and at which instrumentation was already installed. Consequently it was
considered desirable to maintain the sites under reduced observation sched-
ules. Their locations are described below.

Proposed Sites

The establishment of paired sites is planned for the Atlantic side of
the Canal Zone, where the significantly higher anmial rainfall (130 in.
average) with a less pronounced dry season produces vegetation with ever-
green characteristics and forests with higher and denser canopies than on
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the Pacific side. Two areas are under consideration: one in the vicinity
of Fort Sherman, (military grid PV 144324), and the other in the Coco Solo
Naval Ordnance Annex (military grid PV 245365).

The fifth main observational site has been planned for location on the
Rio Hato Military reservation (approximate grid location, NV 970283) about
80 kilometers southwest of the Albrook sites (see Figure II-1). This is
within a savanna (grassland) area with an annual rainfall of approximately
40 in. appreciably less than that at the Albrook area. Observations of
some climatic factors were started at a location near the proposed site in
1965. These include rainfall, temperature, relative mmidity, and wind
speed and direction.

Site Descriptions

Albrock Forest Site

This site is located in the northeastern portion of the Albrock Air
Force Base immediately adjacent to the Fort Clayton Military Reservation
(military grid PV 602964). Elevations at the site range from 30 to 33 me-
ters above sea level, (See Grid Orientor Map in Appendix C), The ground
slopes very gently, approximately 4%, to the southeast. The nearly-level
surface is broken only by a one~half to two-meter deep chammel of an
ephemeral stream running southerly across the eastern side of the test
site. This stream enters the Rioc Curundu which follows a southerly course,
natural here in the upper stretches but canalized several kilameters down-
stream. The regional topography is characterized by rounded hills, with
elevations up to 130 meters. The nearest lie about 40O meters to the east,
and others 600 meters to the NW, the latter being part of a generally NE-
SW trending line, with slopes ranging from about 10% to 50%. The site is
located on a low, erosional terrace. The soil is a residual clay oxisol
with a light-textured surface rich in organic matter. The parent material
is an agglomeratic tuff (a pyroclastic rock with a fine grained matrix of
volcanic ash with phenoclasts up to 1 cm in diameter). :

The vegetation consists of many species of trees, shrubs, and vines,
many of which are deciduous. The upper surface of the tree canopy occurs
at 26 to 28 meters. The forest extends for several kilameters on all
sides, except to the east of Rio Curundu where the large vegetation has
been cleared., A gravel road provides access to a paved highway three
kilometers distent. Figure II-2 is a view over the forest as seen from

30 meters above ground.

A walk-up tower, 46 meters high, fabricated from alumimm tubing, is
located at the center of the site. Figure II-3 is a diagrammatic sketch
of the towers showing the instrumentation array as generally followed at
both main sites. Figure II-k is a photographic view of the below-canopy
portion of the tower.



FIGURE II-2. ALBROOK FOREST, WESTWARD FROM TOWER AT 30 METERS

Two generators of 30 kw capacity provide the power required to operate
the electrical instrumentation (see Figure II-5). They are located at the
site entrance within a wire-protected enclosure, A concrete, air condi-
tioned building for use of the round-the-clock observers, and in which the
central components of the dats acquisition and recording systems are lo-
cated, is positioned on the perimeter of the site, (Figure II-5).

Figure II-6 shows the relative locations of the principal installa-
tions of the site, including the meteorological, soils, and biological in-
struments and devices. 7To minimize disturbance of the existing vegetation
and soll surfaces, wooden walk-ways have been installed.

Chiva Chiva Open Site

This site is located in the northwestern section of the Fort Clayton
Army Reservation (at PV 562979) approximately four kilometers west-northwest
of the Albrook Forest Site. The location is in an open grass-covered area
at approximately 30 meters elevation. The clearing extends about one-half
kilometer to the northeast and in other directions for nearly one kilometer,
Beyond the cleared area, a forest, like that at the Albrook site, prevails.
The surface is nearly level, with a slight incline toward the southwest,
Clay, oxisolic, residual soils, very sticky and plastic, comprise the sur-
face mantle. The parent material, an agglomerate, is generally similar to
that at the forest site. A tower, identical in structure to that at
Albrook, is centrally positioned on the site. This tower carries a some-
what smaller number of instruments than the one at the Albrook Forest site
(see Figure IT-3)., Two air conditioned vans are provided for the observers
and the central components of instrumental recording systems. Electricity
is supplied to the site by commercisl line power. Figure II-7 is a plot of
the principal installations at the site. Figure II-8 shows views of the
tower and the vans at Chiva Chiva, Due to the open nature of the site,

7



AILBROOK FOREST SITE

CHIVA CHIVA OPEN SITE

46,0m, A,B,C,E,F,I 46,0m, A,B,I
IEGEND
A Wind set
B Temperature & Hu-
38,5m. ¥ midity Sensor
C Evaporimeter
D Temp., Sensor
E Rain Gage
F Exposure Frame
G Exposure Chamber
H Camera Mount
I Air Sampling Manie
fold Vent
28.5m, I 26.5m, I
26.5m. A,B,C 26,5m. A,B
18.5m, F,I 18.5m. I
13.5m. A,B,C +5m, A,B
11.,0m, F
8.0m. H
Teom, I Teome I
6.5m. H
5.5m. r’ G
h‘om.. A,B’n " h.% B
2.0m, A,B 2, A,B
1.0m. B,G 1.&'. B’
O,;t. B : 0@; B
T R e
FIGURE II-3, ‘ TON ARRAY

ON OBSERVATION TOWERS



FIGURE II-4, TOWER AT
ALBROOK FOREST SITE
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FIGURE II-5. INSTALIATIONS AT THE ALBROOK FOREST SITE
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FIGURE II-8. CHIVA CHIVA SITE, OBSERVATION TOWER AND VANS
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biological observations are not carried out as extensively as at the
Albrook site, As at Albrook, wooden walk-ways are provided to prevent dis-
turbance of natural conditions,

Albrock Satellite Site (Soil)

The Albrook soil satellite site is located aspproximately LOO meters
southwest of the Albrook Forest site at PV 600960, The soil is a well-
drained clay. The physical enviromment and topographic setting is similar
to that of the main Albrook site., A cased ground-water well, with a water-
level recorder, a hygrothermograph, and two recording rain gages (one in
the open and another under the canopy) comprise the permanently installed
equipment at this site,

Fort Kobbe Satellite Site (Soil)

The Fort Kobbe soil satellite site at PV 569848 (location shown on
Figure II-1) is at an elevation of approximately 20 meters, The scil is a
dark clay, very sticky and plastic, The topography is nearly flat, with
slopes less than 2%, The vegetation is of secondary growth, with trees
resching a maximmm height of about nine meters. Two rain gages, in the
cpen and under the canopy; a hygrothermograph; and a cased water-well with
a level recorder are installed at the site, Figure II-9 is a view of the
site,

Fort Sherman Satellite Site (Soil)

This site is located within the Fort Sherman Army Reservetion on the
Atlantic side of the Canal Zone at PV 117261 (see Figure II-1), at an ele-
vation of approximately 80 meters, The generally broken terrain slopes at
about 40%. Soils are reddish brown, oxisolic clays, very sticky and plas-
tic. The site is covered by a mature forest, with evergreen broadleaf spe-

cles predaminating, The same meteorclogical equipment is installed as at
the other satellite sites,

1k



YIGUKE II-9, FORT KOEBE SOIL SATELLITE SITE
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PART III, PROJECT ACCOMPLISHMENTS

General

During the reporting period observstions have continmued in the five
study areas comprising the project. Microclimatic observations continue
to provide the major bulk of the recorded data, and information concerning
macrofauna has not been developed to the level planned, Observations of
s0il and hydrology conditions are agpproaching completion for the sites
established on the Pacific side of the Canal Zone, though further analysis
of the data is still required, The biological staff has been reinforced
significantly, but the additions came at, or shortly after, the conclusion
of the report period. Results of the increased capability in this area
will be reflected in future reports of project progress.

Dlssemination of Data

Monthly Microclimatic Summary

The publication of a series of microclimatic abstracts for monthly
release is currently under way. These summaries will contain the basic
meteorological data compiled each month, - They are designed to provide
factual knowledge, as well as cognizance of the existence of the data, to
interested govermmental agencies., Extensive distribution will be made
(approximately 100 will be distributed initially), Additional copies will
be available at the Defense Documentation Center.,

This publication, entitled "Monthly Microclimatic Summary”, is being
printed as a pamphlet of approximately 30 pages. It consists of a brief
introduction followed by the tabulated data. Table III-1 is a listing of
the meteorological elements presented in the publication, Figure III-1 is
an example of one of the tabular forms incorporasted in the pamphlet.

16



TABIE III-1l, ELEMENTS REPORTED IN MONTHLY MICROCLIMATIC SUMMARY

Monthly Means of Air Temperature by Hour

Monthly Ranges of Air Temperature by Hour

Monthly Means of Relative Humidity by Hour

Monthly Ranges of Relative Humidity by Bour

Monthly Means of Soil Surface Temperature by Hour

Monthly Means of Wet Bulb Temperature by Hour

Monthly Means of Barametric Pressure by Hour

Monthly Means of Precipitation by Hour

Monthly Totals of Precipitation

Monthly Ranges of Soil Surface Temperature by Hour

Monthly Ranges of Wet Buld Temperature by Hour

Monthly Ranges of Barometric Pressure by Hour

Monthly Ranges of Precipitation by Hour

Monthly Means of Wind Speed by Hour

Monthly Ranges of Wind Speed by Hour

Relative Frequencies of Wind Directions (46 meters, Albrook)
Relative Frequencies of Wind Directions ( L meters, Albrook)

Relative Frequencies of Wind Directions (46 meters, Chiva Chiva)
Relative Frequencies of Wind Directions ( 4 meters, Chive Chiva)
Summery of Elements with Non=-Hourly Frequencies of Observation:

WBGT -~ (Albrook)

Eveporation - (Albrook)

Precipitation = ?Iatmal gage network, Albrook)
Precipitation - (Stem Flow, Albrook)

WBGT = (Chive Chiva)

Evaporation = (Chive Chiva)

Minimm Grass Temperature -(Chiva Chiva)

Maximm Temperature - smrook Satellite site)

Minimm Temperature - (Albrook Satellite site)

Meaximm Relative Humidity - éAlbrook Satellite site)
Minimum Relative Humidity - (Albrook Satellite site)
Precipitation - (Albrook Satellite site)

Maximm Tempersture - éFort Kobbe, Satellite site)
Minimum Temperature - (Fort Kobbe, Satellite site)
Meximun Relative Humidity = (Fort Kobbe, Satellite site)
Minimm Relative Humidity - (Fort Kobbe, Satellite site)
Precipitation - (Fort Kobbe, Satellite site)

Maximm Temperature - (Fort Sherman, Satellite site)
Minimm Temperature - (Fort Sherman, Satellite site)
Meximumn Relative Humidity - §Fort Sherman, Satellite site)
Minimm Relative Humidity - (Fort Sherman, Satellite site)
Precipitation = (Fort Sherman, Satellite site)
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PART IV, CLIMAIE*

Introduction

This subtask of the Date Base project is designed to determine the
microclimatic characteristics of the observation sites, with particular
reference to other enviromental studies being conducted concurrently.
Measurements of climatic elements are made through the vertical profiles by
exposing sensors at several selected levels on the L6-meter towers together
with an array placed at the ground level at the two main sites, Albrook
Forest and Chive Chivae (see Figures II-2, -5, and =6), All determinations
are made at scheduled time intervals, and like measurements are made simul-
taneously, at the forest and open sites, The simultaneity and contimuity
of measurements at the Data Base sites makes possible the definition in
precise terms of the areal and temporal variations of the humid tropical
climate as exhibited at the two sites,

Instruments used for data acquisition are selected on the basis of
ability to withstand the severe tropical enviromment while producing relig-
ble results. A oontinuing‘ training program is conducted to obtain maximm
efficiency fram the observers,

Observations

Meteorological cbservations of the following elements have been made:
Clouds, Dew, Evaporation, Humidity, Precipitation, Pressure, Speclel phe-
nomens, Stem flow, Temperature, Visibility, Wet-bulb-glcbe temperature,
Wind speed and Wind direction. Temperature, hmidity, and wind measure-
ments are taken at eight levels on the tower: 0,5, 2, I, 8 meters, and at
the levels of the base and top of the upper canopy, two meters above the
canopy, and the top of the tower (46 meters), Precipitation is measured
sbove the canopy and at the ground level at the forest site, The ground
level measurements include both direct canopy penetration and stem flow.
All other measurements, made at both sites, are made at the most advanta~
geous exposures, Measurements of radiation and sunshine which have not
been made to date, will begin with the installation of the Meteorological
Data Acquisition and Recording Systems (MDARS), described below.

The fulli range of climatic elements has been observed at the two main
sites, as nearl)y as possible, while only limited data were observed at the
Rio Hato savanns site, Temperatures, humidities, and rainfall were meas-
ured at the three satellite soil sites, The types and frequencies of
meteorological observations made at each site are sumarized in Table IV-1,

* These introductory and descriptive sections of Part IV have been
" prepared by Mr, Michael A, Fradel, Meteorological Technician,
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Instrumentation
Current Instrumentation

The instruments used for making the meteorological measurements ﬁvﬁ
been largely of standardized types: (see previous Semiannual Report,

pp. 17-19) standard rain gages for precipitation, various standard types of
hygro hs and psychrometers for temperatures and humidities (see
Figure IV-1), Belfort and GMQ/12 wind sets for winds, and a standard evapo-
ration pan. Although the hygrothermogrephs and the wind sets are adequate
instruments under normal conditions, their exposure to the tropical envi-
roment necessitates considerable maintenance effort in order to obtain da-
ta of maximm contimuity and accuracy. This applies to any instrument em-
ploying the strip chart recording technique, To counteract these deficien-
cies in instrumentation, the MDARS was specifically designed to operate in
the severe tropical enviromment., The strip chart recording technique has
been eliminated; tha active electronics are being placed in air-conditioned
buildings, to the greatest extent possible; and the sensors are of advanced
design to minimize effects of envirommental exposure, Consequently, a
higher degree of accuracy in the dsta can be attained and the maintenance
effort greatly reduced,

To further improve techniques and instrumentation, infrared thermome-
ters have been added to measure soil surface temperatures (Figure IV-2),
An experimental eveporimeter consisting of a Livingston atmometer and a
modified Piche evaporimeter (the edge of the disc has been sealed) was
placed next to the standard evaporation pan (see Figure IV-3) to establish
correlations between the various instruments. The rain gage network, for
the measurement of rain penetration through the canopy, will be increased
to improve the determination of the representative amount of rainfall reach-
ing the forest floor. A detailed discussion of the experiment with infrared
thermometers is presented in a following section. Results of the experi-
ment with the evaporimeters will be presented in future eeports.

Future Instrumentation

A contract was awarded on 21 December 1966 for the procurement of two
complete and separate units of an automatic meteorological data acquisition
and recording system (MDARS). Each system consists of meteorclogical sen-
sors mounted on the observation towers, a means for converting the sensor
output to measurable quantities, a measuring system, and a digital system
vwhich ultimately punches the quantitied parameter on paper tape in the form
of an eight«channel binary coded decimal code. To make their operation en-
tirely autamatic, timing and control devices will be incorporated in the
systems, A control panel will permit all functions of the system to be
controlled memally. Any sensory imput can be selected, disnlayed, and/or
recorded, individually.

* TReferences listed at the end of this report.
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Weighing and Recording Rain Gage Manual Clear-Vu Rain Gage at
at Chiva Chiva Site Albrook Forest Site

Honeywell-Brown and Bendix
~ Hygrothermographs and Bendix
Psychron at Chive Chiva Site

FIGURE IV-1l. VIEWS OF INSTALLED INSTRUMENTS



FIGURE IV-2, INFRARED THERMOMETERS



Livingston Atmometer and Modified Piche Evgporimeter

Standard ‘Evaporation Pan with the Piche Evaporimeter on the Left

FIGURE IV-3. EVAPORATION MEASURING INSTRUMENTS
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Each system provides five of each of the following sensors: wind
gpeed, wind direction, dry bulb and wet bulb temperatures. The systems
will employ circuitry of modular design so that additions may be made with
minimm modification. At the time of field installation the eddition of
the following sensors is planned: sunshine, rain gage (tipping bucket),
pyranometer, radiometer-net exchange, and radiameter-total hemispheric. A
tape reader and automatic typewriter combination will be included as part
of the system, which will serve the purpose of ronitoring data at the site,
as it is being received,

The systems are scheduled for delivery and installation in mid-1967,
Figure Iv-h.shows same of the components of the MDARS, Figure IV-5 gives a
view of the internal circuitry of the wind transmitters, Figure IV-6 pic-
tures some of the internal electronics of the digitel registers. Figure
IV-T is a block diagram of the MDARS,

Special Maintenance Problems

The maintenance and the calibration of instruments subjected to the
degradational effects of the humid tropic enviromment continues to be a
major problem in the operational contimuity of the Data Base project.

To prolong the time between failure and to increase the service life
of the recording-type instruments, all charts are exposed to the ambient
atmosphere prior to use, pens are cleaned weekly, hair elements (of the hy-
grothermographs) are replaced frequently -- often weekly, the entire assem-
bly is cleaned monthly, and the casings are repainted at least every six
months, Calibration checks have been lncreased to five times per dsy., The
wind measuring instruments require frequent overlaul. These instruments
are completely disassembled and thoroughly cleaned at least once each
month. The phenolic resin tube sockets supplied with the R~-12 wind sets
deteriorate rapidly in the tropicel enviromment; their replacement by ce-
rsmic sockets has prolonged the life of this camponent.

Another serious maintenance problem at the Albrook Forest site is
created by the use of fleld-type generators as a power source., Many cases
of generator failure have occurred in which the generator required field
maintenance. This necessitates removal of the malfunctioning generator
fram the operating site to the maintenance shop and the installation of a
replacenent, Since two on-site generators are necessary to afford a contin-
uous power supply (generators are alternated each 24 hours), the supply
problem alone has proven difficult, Moreover, the ready avallability of at
least two additional generators is desirable in the event, which has often
occurred, that both on~site generators become inoperative during the same
period, This problem could be avoided by utilizing a cammerciel power
line, However, the distance of the site fram the nearest transformer facil-
ity precludes installation of a separate power line to the site because of
fund limitations, A possible solution for the future would be the use of
a commercial unit rather than the govermment issued field-type generator.
This possibility is being investigated.
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RADIOMETER

PYRANOMETER

SUNSHINE SWITCH DIGITAL RECORDER SHIELDED TEMPERATURE
SENSORS

THE METEOROLOGICAL DATA

SOME COMPONENTS OF

ACQUISITION AND RECORDING SYSTEMS

-

FIGURE IV-k4



WIND SPEED TRANSMITTER

_FIGURE IV-5, WIND SENSORS, SHOWING INTERMAT, CIRCUTTRY

.




FIGURE IV-6. DIGITAL REGISTERS

FIGURB IV-6, DIGITAL REGISTERS
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Data Reduction and Storage

The data generated through the climate subtask represent the largest
single body of data within the project. Approximately 64,000 observations
are made each month, All of these observations, except wind direction and
surface cobservations (approximately 25,000), have been entered on punch
cards, Prior to entry on cards, the data are reduced to hourly values, as
gppropriate, from the data source forms; i.e., strip charts and log forms.
The raw data are screened, verified for accuracy and validity, and then
processed by a computer, The print-out exhibits the hourly values as well
as the daily and monthly means and extremes., Examples of the data source
forms .and the monthly summaries derived aix the camputer print-outs may
be seen in the previous Semianmusal Report\l), The print-outs are used by
the Tropic Test Center to make analyses of the various elements and corre-
lations with other factors being observed. All punch cards, raw data, and
data~source forms are stored in the Tropic Test Center Technical Library
Annex gt the Miraflores Laeboratory. These data may be made available to
any suthorized agencies for analysis, As an example of such usage, the US
Army Natick Leboratories i1s currently planning a rainfall study which will
utilize specific types of data to be selectively retrieved from the date
bank and presented on magnetic tape, Natick will be requested to provide
the Tropic Test Center a duplicate of this tape and the results of the
study.

The total number of individual meteorological observations recorded

and stored during the reporting period, 1 September 1966 through 28 Febru-
ary 1967, is summarized in Table IV-2,
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Data Analysis

Analyses of the meteorological data acquired under the project, as
well as of the methodology for its acquisition, are carried ocut, as time
permits, in order to increase the utility, significance, accuracy, and va-
1idity of the measurements, In line with this objective, the sections be-

low are presented,
Diurnal Temperature Variation in Forest and Open Sites*

Introduction

Microclimatic data will be summarized by monthly averages and totals,
as described on p. 16, for dissemination to interested agencies, The orig-
inal raw data will also be availsable to research workers, either in punch
card or tgpe form, The analysis presented here is an example of how the
original date can be spplied., Though temperature variations in the tropics
are less pronounced than at higher latitudes, definite variational patterns
do exist, and these are assumed to affect propagation of sound and radio
waves and the dispersion of microorganisms, gases, and other materials., In
this study two simple weather patterns, which occurred in September 1966,
have been singled out for analysis: days without rain at both the open and
forested sites; and days with rain at both sites, The analysis utilizes
the readings taken each hour, on the hour,

Analytical Method

There were seven days in September 1966 without any rain at Chiva
Chive and Albrock, and ten days with rain at noon at both stations., Aver-
ages of such small samples are usually somewhat lirregular because of inci-
dental variations and non-systematic observational errors. To smooth the
irregularities without eliminating significant detalls, the data were sub-
mitted to harmonic analysis, from which new sets of date were produced by
sumiing the first harmonics, Since the temperature pattern of days with
rain is rather complicated, the first eight harmonics were used for such
days, while only the first four harmonics make up the smoothed data for
the days without rain., In addition, the constituents of each harmonic
were smoothed vertically by plotting the values of the same harmonic as
obtained for each level on graph peper as a function of height over ground,
and by drawing a smooth curve in such a way that the differences between
the curve and the plotted values were reasonably small.

This procedure permits the computation of the temperatures for any de-
sired time of the day and for any level between 50 cm and 46 m., However,
with exception of the 8-meter level in Chive Chiva (for which no records
exist) the smoothed temperatures were computed only for the levels and the
times (full hours) for which actual observations exist, No smoothing has

¥ This section has been prepared by Dr. Wilfried H, Portig, Research
Meteorologist,
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been applied in those cases in which all thirty days in the month have
been considered,

Presentation

The entire bulk of data is presented in three different forms in
Figures IV-8, -9, and -10. Each figure shows height above ground as the
ordinate, which is plotted on & logarithmic scasle in order to better show
the relatively larger variations near the ground. While this seems to be
the best way to present the data for the Chiva Chiva open site, there are
unavoidable shortcomings with respect to the treetop level at the Albrock
Forest site (26.5 m). To a certain extent the deficiencies of presentation
at that level are justified by the fact that there are no other observa-
tions close to 26.5 m which might provide more details of the temperature
distribution near the upper surface of the canopy. A wavy line in the
Albrook graphs is to remind the reader that 26.5 m is just above the
general treetop level,

Figure IV-8 shows the smoothed mean temperature of the days without
rain at both stations (upper part of the figure), and those with rain a-
round noon at both stations (lower part). The diagrams on the left side
refer to Albrook Forest, those on the right to the Chiva Chiva open site.

Figure IV-9 has the same arrangement as FigurebIV-B. It shows the
changes of temperature from one hour to the next by means of isallotherms,
i.e.lines of equal temperature change.

Figure IV-10 is another presentation of the same data displayed in the
lower part of Figure IV-8, TFor selected hours the vertical distribution of
temperatures is shown in form of curves, For legibility, the figure is
broken down into the periods from midnight to noon, and from noon to mid-
night. The marginal curves of 2400 and 1200 appear in either part of the

figure.
Discussion

General. The simple basic concept of the diurnal temperature varia-
tion, "warm at noon, cool at night", is modified in several aspects. Three
parts of Figure IV-8 show that the highest temperatures occur approximately
at noon (astronamical noon occurs at 12:10 in September), i.e. two or three
hours earlier than seems to be normal in most of the world, This is the
consequence of two effects which are merely different expressions for the
same weather development, The first is the increase of cloudiness which
begins at sunrise for low clouds, and at an earlier hour for total cloudi-
ness, On those seven days without rain at both observation sites the total
cloudiness increased from 0,6 at O4OO hours to 0,9 at 1000 and from there,
after a slight dip to 0.8 at 1300, to 1,0 at 1700 hours, Such a strong
cloud development necessarily decreases the amount of effective soclar rsdi-
ation, The other factor that prevents further rise of temperature after
midday is the development and discharge of thunderstorms in the vicinity of,
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but not over, the observation sites, On several of the days when no rain
fell at the sites, the observer heard thunder, in one case even overhead.
(This was on 23 September.) Only a few drops fell at Chiva Chiva and none
at Albroock, but at both stations the temperature maximm at all levels
occurred at the time when the first thunder was heard, or earlier. The
temperature drop after the maximum was considereble, e.g,, at the 2-m lev-
el Chiva Chiva showed 90,6 F at 1100 hours, 83.1 F at 1200 and 80,6 F at
1300, The changes at the other levels were of the same order of magnitude,

As expected the highest temperatures occurred near the ground at Chiva
Chiva and near the treetops at Albrook. At both stations the lowest tem-
peratures (near 72 F) were recorded at low levels and the highest, 83 F,
just above the trees in Albrook, and 86 F in Chiva Chiva at the 50-cm lev-
el, the lowest for which observations are available,

The fact that the lowest temperature at Chiva Chiva did not occur at
the lowest level but at two meters above ground was unexpected. However,
this may be explained through the assumption that the nighttime cooling of
the air is not only accomplished through contact with the cool ground but
also through direct radiational loss of heat into space. This interpreta-
tion is supported by measurements made by Fl?rg,da State University over the
open Atlantic Ocean, as reported by Garstang!?)., It was found that the air
temperature over the open water responds immediately to sunrise and sunset
while the water temperature lags considerably. Thus, the air temperature
before sunrise was lower than the water temperature but passed quickly a~-
bove the latter after sunrise. The occurrence of asmple dew at the Data
Base observation sites provides some analogy with the conditions investi-
gated by Florida State (although dew does not display the sizeable convec-
tion that is typical for open water bodies ),

Table IV-3 compares some mean temperatures obtained in Chiva Chiva on
days without rain, with mean temperetures obtained aboard the research ves-
sel "Crawford" in August/September 1957 in the Atlantic off the Guiana
coast at a latitude approximating that of the Canal Zone,

TABLE IV-3, MEAN TEMPERATURES AT SELECTED HOURS
IN THE CANAL ZONE AND OVER THE OPEN SEA

e

Chiva Chiva Open Sea
Hour 0500 1000 0500 1000
2 meters 71.8 8,2 80.5 84,5 6 meters
1/2 meter 724 83.3 83.4 84,1 water
Difference -0.6 40,9 -2.9 +0,.k

P
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The solid lines of Figure IV-10 and the portions of Figure IV-8 gppli-
cable to Chiva Chive show that the described effect lasts until noon on
days with rain, and until 1000 hours on days without rain, Although the
magnitude of the described effect is small, it may assume considerable im-
portance because the sign of the vertical temperature gradient is opposite
4o the "normal" during substantial parts of the day.

The publications of Garstang(a) and Cacha.n(b) are the only ones known
to present temperature measurements from very low lewvels for average days.
Instead, most writers have concentrated on selected clear days even in re-
gions where such days occur with much lower frecuency than cloudy days.
From measurements taken on such clear days it hus been concluded that the
temperature of the very lowest layers of the atmosphere decresses substan=
tially with height during hours of incoming rediation (day), and increases
during the night when outgoing radiation prevails. During September 1966
this supposition has been contradicted at our stations:

64% of the time at Chiva Chiva on days without rain,
75% of the time in Albrook Forest on days without rain,
84% of the time at Chiva Chiva on days with rain, and -
92% of the time in Albrock Forest on days with rain

It can be expected that within the short dry season the conditions
would correspond better to the type of regime that is usually described.
This subject will be taken up again below,

Unfortunately no reliable temperature measurements are available at
heights below 50 cm or at the ground surface. Measurements of the soil
surface temperature are extremely difficult. It appears that such measure-
ments will be more relisble in future work of the Data Base Project.

Table IV-li presents information on average temperature extremes ob-
served at different levels at both sites. In this computation each day of
September 1966 has been considered; means of this type are not sufficiently
representative when they are based on only ten days or less. (The reader
should consider that the extremes derived from a smoothed mean function,
such as in Figure IV-1L, are not the same as mean extremes taken from the
daily curves before averaging,)

The hours at which the extremes were measured varied through any day-
time hour for the maximm, and any night hour for the minimm, Frequently
the temperature remained nearly constant for several hours. Usually the
rise (or decline) to the maximnm éor minjmnng was rather gradual, while the
drop (or rise) after the maximm (or minimum was abrupt., The pérj_od of
high temperatures was generally abruptly terminated by rain, either at the
station or nearby; and the period of low temperature was usually abruptly
terminated by the rising sun, even when the sun was hidden by clouds,

Iittle difference exists between the mean temperature
pen site and forest. At no level is the deviation from theminimamna;e-:};f .
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TABILE IV-4, MEAN TEMPERATURE EXTREMES DURING SEPTEMBER 1966

Albrook Chive Chiva Albrook Chiva Chiva

46 meters 8.8 84,7 Thal T3.4
26.5 86.1 85.6 T3e1 - T3.3
13.5 8k.2 85.8 73.3 T35

8 83.7 - T3.1 -

Y 83.4 87.0 73.1 T2.5

2 83.2 87.6 73.2 72.5

1 ’ 82.8 87.8 737 T2.7
0.50 81.7 87.k 73.8 73:1
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T3.2,' greater than 0,9 F,

‘Except for the lowest layer the temperature maxima at Chiva Chiva de-
creased with height. The absolute maximm was recorded at 1 meter above
ground {(94.2 F). 1In contrast to this, the maximm temperatures in the for-
est show a slight increase from the ground up to the crowns of the trees,
There it rises considerebly and has its highest value at 26,5 meters. Also
the absolute maximum (90.8 F) was recorded at that level, As expected the
mean maximm temperature decreases above the treetop level., Since the mean
minimm temperatures are almost equal at all levels, this variation of the
maximmm temperstures means that the temperature spread between minimum and
maximum temperatures is greatest in Chiva Chiva at the 2-m level (15.2 F)
from where it decreases upward and downward, At Albrook the meximum spread
is measured at the upper side of the canopy (13.0 F). At either station
the decrease of spread from the 1- to the 0,5 m level is surprisingly large.

It seems to be natural that at Chiva Chiva very high and very low tem-
peratures occurred on the same days, namely on days with reduced cloudiness
("radiation days"). Surprisingly this happened also in the forest., At 8
meters, for example, the lowest temperature was 69.8 F and occurred on 2
September. The temperature maximum on the same day at this level was
86.4 F, Only two other days of that month had higher temperatures (86.8 F
on both). This obvious reaction of inside-forest temperatures teo sky con~
ditions accords with the experience that the small variations of tempera-
ture traces occur at practically the same time at all levels, This shows
that short-time irregularities of the temperature above the canopy are
rapidly translated, though with reduced amplitudes, to lower layers.

ergture Variation with Time, Figure IV-9 presents the tempera~
ture changes from one hour to the next for the seven days without rain at
either station and for the ten days with rain at both sites, The general
situation is, of course, of temperatures rising from sunrise to noon, and
falling during the remainder of the day. The deviations from this simple
pattern are discussed in the following paragraphs.

Days without Rain at either Station. Typically, the open site
shows the greatest temperature change near the ground, the forest station
near the treetops. As discussed before, the open station does not exhibit
the fastest temperature rise directly at the ground, but some meters above,
At both stations the changes lag with height. The strongest rise occurs
first in the higher layers and spreads towards the ground; this is also true
for the temperature drop in the forest., In the open site the most pro-
nounced fall is first observed at the lowest layer and spreads upward. In
each case the lag is from one-half to one hour, There are indications that
the lagging is reversed at the very highest layer. This effect, however,

is not strong enough to be ascertained.

Days with Rain at Noon at Both Stations. The cooling produced by
the rain becomes more obvious in Figure IV-9 than in Figure IV-8 and rend-
ers the graph for Chiva Chiva difficult to interpret. Nevertheless, it can
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be seen that the soil tends to have a smoothing effect: neither the tem-
perature drop in the early afternoon nor the rise a few hours before are
as strong at the ground as they are a few meters above it. In contrast to
days without rain, the tempersture drop in the afternoon occurs in two
steps rather than gradually, the first of which is initiated by the rain,

the second by the approaching night,

Irregularity of Temperature Brop at Night. Newton's law of cool-
ing requires the undisturbed temperature drop to follow an exponential
curve, As & matter of fact, this has frequently been found to be the case
in dry conditions without, or with only a few, clouds., Conditions are not
that simple in the Canal Zone, The portions of Figure IV-9 referring to
nighttime conditions show deviations from Newton's law by the inclusion of
periods of warming and periods of diminished rate of cooling, or by having
the strongest cooling at the very end of the cooling period, Comparison of
the four graphs suggests that these deviations always occur at the same
times, Encouraged by this preliminary finding, and in order to work on a
broader statistical basis, the average of all 30 days was considered.

Figure IV-11 shows the average hourly cooling rate of the li-meter lev=
el for both sites, taken for all 30 days, as well as the theoretical rate
that corresponds to Newton's law, It is obvious that both the forest site
and the open site exhibit slower cooling rates at the same times, from 2100
to 2200 hours and from 0200 to 0300 hours, than would have been expected.
Between these periods the cooling rate at both locations is more than
Newton's law suggests(October and November show a very similar pattern).
The very lowest layer (not presented here) shows the same effect at both
stations approximately one hour later than does the l-meter level,

Attempts to correlate the irregularities of the cooling rate with the
periods of low or total cloudiness failed, While the total cloudiness de-
creases at an almost constant rate until O4OO hours, the low cloudiness re-
mains almost constant with slight variations that do not coincide with the
variations of the cooling rate. No attempts have been made to correlate
the cooling rate with the moisture of the air, dew formation, or wind.

Vv tion with He « The vertical veriation of air
temperatures is of great importance for propagation of sound and radio
waves, as well as for the transport of gages and particulate matter such as
liquid water, bacteria, spores, dust, etc, In macrameteorology the actual '
temperature variation with height 1s compared with the adiabatic lapse )
rate, which is 10 C per kilometer or 0,018 F per meter, . Since we deal with
heights of not more than 46 meters, the adiabatic temperature difference |
cannot be more than 0,8 F, Because we concentrate on narrower layers the
adisbatic lapse rate may be disregarded, With this simplification temper-'
ature decreases with height will denote super-adisbatic conditions, and
temperature increases (inversions), sub-adisbatic conditions,.

_ From the temperature distribution shown by Figure IV-8 discussed e~
bmm_-,' considersble divergence may be expected between the current
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measurements and the "textbook scheme". Figure IV-12 shows, in its upper
part, vertical temperature variations during 24 hours as they can be de-
rived from measurements made at the b?ratory of Climatology in Seabrook,
N. J. and quoted in Geiger's textbook‘3), They display temperature de-
creases with height during most of the daytime, and increases (inversions)
during the night.

The lower part of Figure IV-12 presents the corresponding dsta of
Chiva Chiva for "days with rain" and "days without rain" combined (almost
the same figure results from using all 30 days without smoothing). In the
uppermost layer, -8 meters, both parts of Figure IV-12 coincide reasonably
well, However, in the lowest layers they are substantially different.
Hence, 'the phenomena influenced by temperature stratification, such as
propagation of electro-magnetic waves, and transport of atmospheric contam-
inants, may show dQiurnal variations that are different from those that can
be derivea from "idealized" data published so far. Data for "undisturbed"
days, as those published for Seasbrook, can hardly be applied to the Canal
Zone, because undisturbed days are rare in the short dry season and non-
existent during the nine-month rainy season.

The dislocation of temperature extremes at the open site has the
strange consequence that the lapse rate of the lower layer has a double
diurnal wave, Table IV-5 (which partly overlaps with Table IV-3) shows the
temperatures at the 50-cm and 4-m levels of Chiva Chiva at the hours of ]
greatest elongation., Other layers, sites, or weather exhibit this effect
only in a lesser degree or not at all,

TABLE IV-5, MEAN TEMPERATURES (F) AT CHIVA CHIVA
ON SEVEN DAYS WITHOUT RAIN AT EITHER SITE

Hour 0000 0800 1300 1900 2000
4 meters 73.2 79.0 84.6 7.8 76,0
50 cm T37 T7.3 86.2 6.5 75.7
Difference =0,5 +1.7 -1.6 40,3 40,3

(4+)
In a study of a forest envirorment near Abidjan, Ivory Coast, Cachan

found such a double wave between the layers over and below the canapy, ie.,
between the 46- and 1l-m levels, In this respect there is no similarity
between Cachan's dasta and those of the Canal Zone, His well expressed
maxime of verticel temperature differences were found for the same hours
where the Albrook data have indistinct minima, Cachan's maxima rise 8 F
over the minima, the maxima in the Canal Zone only 1 F., At the present
stage of investigation no explanation for thi?hdiscrg_saancy can be given.
(Tt 1is not evident from Cachan's publications''ts 2» ©/ wnether this
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phenomenon occurs reguJ.a.rly or only under special conditions.)

Figure IV-10, derived from the lower part of Figure IV-8, compares the
vertical temperature stratification of both Canal Zone sites for the same
days and the same hours. At the time of the lowest temperature, 0600
hours,both stations show the same type of temperature stratification near
the ground, though expressed somewhat better at the open site than in the
forest. Before 0800 hours the temperature has risen much more rapidly in
the lower layers of the open site than in the forest, but at 46 meters the
temperatures at both sites are identical. At both stations the rate of tem-
perature rise at the lowest level is less than at same meters above, which
produces a shallow but well marked inversion., The forested site shows in
addition a second inversion through and above the treetops. Both inver-
sions are still present at 1200 hours, and, in the forest, until sunset,
This is true in spite of the fact that the temperatures are decreasing as
a consequence of the rain,

At 1400, and, not quite as well expressed, at 1600 hours, the tempera~-
tures for Chiva Chiva finally show a vertical distribution which corre-
sponds to what one might have expected: -straight cooling from the ground
to 46 meters,

Comparison of the curves for 1800, 2100, 0300, and 0600 hours at Chiva
Chive demonstrates how the middle layers cool off more rapidly than the
lowest or the highest layers. In this way an inversion develops that does
not begin at the ground as would be normal in a typical radiation regime,

The temperatures and their variations with time and height are gener-
ally less extreme than one could expect from measurements made at higher
latitudes., Apparently the long night and the high moisture content of the
air tend to equali%ﬁ the radiative and convective processes. It is regret-
able that Cachan's ) data are not summarized in the form of averages for
particular hours. It would be interesting to compare his data, obtained in
a typical monsoon climate in an old, dense forest with that of the current
study, obtained at the downstream end of a trade wind climate in a relative-

1y young _fores_t.
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Determination of Temperature at the Soil Surface¥

Introduction and Discussion of Problem

Soil surface temperatures are important for meny reasons. They affect
everything in contact with the ground as, for example, vehicle tires, per-
sonnel on foot, animals, and also the air with suspended microorganisms.
Seedlings pass through the soil surface; fruits, seeds, and spores fall on-
+to the ground. Little is known of the manner in which the temperature of
the soil surface furthers or impedes life and the propagation of life,
mainly because the temperatures are not well known. In addition to the
direct effects produced by contact with the soil, there are remote effects
through radiation from it.

For centuries one principle nas been used for measurement of tempera=-
tures. That is to equalize the temperature of a thermometer with that of
the body whose temperature is required, after which the former is read,

The difficulty of achieving the necessary equality of temperatures is

well known. and requires special, but not always adequate, provisions for
the purpose, For example, when measuring the temperature of air, the
thermometer must be ventilated, yet simultaneously protected against radia-
tion, even against that of the observer's own body.

The sensing part of a thermometer will adopt the temperature of a body
when it is completely submerged in it for enough time, It is not difficult
to measure the temperature within a body of soil. Because of the stable
thermal properties of soll, its inner temperature will not change rapidly,
and even if the thermometer is not in complete contact with the soil the
sensor will adopt the soil temperature with a high degree of accuracy.

The situation is, however, campletely different at the soil surface.
There the temperature is a compromise between the energy of incoming and
outgoing radiation, the heat capacity of the soil and of the overlying air,
the heat conduction (molecular as well as turbulent) of the air, and the
heat conduction of the soil. The temperature can further be substantially
modified through evaporation, dew formation, or precipitation.

The complex thermal conditions at the surface juxtaposed to stable
and inert conditions within the soil permit marked temperature differences
between the surface and the interior of the soil. Until now it has very
rarely been possible to measure them with the desirable accuracy. One may
conclude, from several sets of observations fram various sources, that
temperature changes of appraximately 6 € in the uppermost centimeter of
soil are not uncommon. This gradient éiminishes rapidily with depth, and
the same difference, 6 C, has been founa as a maximum between 5 and 20 cm
depth.

* This section has been prepared by Dr., Wilfried H, Portig, Research
Meteorologist.
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Method and Principles of Instrumentation

It is clear that, when the temperature changes on the order of megni-
tude of 0,6 C within one millimeter, the sensor of a thermometer must be
extremely thin., Furthermore it must respond to all types of conduction
and radiagtion in exactly the same way as the soil., It is doubtful that
such a thermometer exists. Since the problem of measuring the temperature
of the surface of the soil cannot be solved with traditional direct means,
indirect measurements seem to be more pramising. Hoffmann wrote in the
appendix of Geiger's book "Possibly the measurements of the soil surface
temperature will soon be basically improved through utilizing the radiation
emitted from the soil. Engineers already measure surface temperatures by

means of this principle”,

An infrared thermometer is an instrument for sensing certain radia-

tion emitted from the surface of any body, and experiments (described be-
low) seem to indicate that it will provide the meens of measuring the soil

surface temperature. The Research Division of the Tropic Test Center
pQSsesses two such instruments*, the operating principles of which are
discussed in the following.

The surface of any body emits electromagnetic radiation over s wide
spectrum. The amount of emitted energy depends on the surface temperature
to the fourth power and on the emissivity of the body. The spectral spread
depends on the temperature and on the emissivity which may change with tem-
perature and with wave length. The conditions in the receiver are corre-
spondingly complicated. Considering the multiple feedvack of the tempera-
ture, one cannot say, a priori, how the received energy may be interpreted
in terms of temperature.

Basically the instrument is entered only by radiation in the infrared
part of the spectrum, and this incoming radiation is internally compared
with a radiation source of constant temperature within the instrument. The
difference between the internal and external energy sources is indicated on
a dial in degrees of temperature, though the actual and indicated tempera-
tures are different, as shown below.

The fundamental gquestion was the unknown and possibly varying emissiv-
ity of the soil. Tue radiative energy entering the instrument is represent-
ed by the equation: E = e k TE ,» where e is the emissivity of the observed
surface, T is temperature (aboslute), and k is a constant, By definition,
€ may vary between O and 1; a body with emissivity e = 1, is called black.
It has been known that soils have emissivities close to unity, but just how
close was not known. The manufacturer stated that e is between 0.9 and 1,
This means that a soil sample of e = 0.9 and 300 abs., would give the same
instrument reading as a sample of e = 1 and 292 abs. This error would have

¥ Infrared Thermometer. IT-3E; manufactured by Barnes Engineering Co.,
Stamford, Conn.
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been too large. It was shown through a series of calibrations with diffexr-
ent kinds of soil that the error is actually much smsller, i.e., that the
emissivity in the used wave lengths and at realistic temperatures differ
very little. Details of the measurements are given below.

Another problem is the loss of energy between the emitting surface and
the sensor. This is of no concern when the distance is short but must be
considered when measurements over longer distances are planned,

The infrared instrument contains as stated above, a radiation source
which serves as a base line for the incoming radiation. The mechanism of
the instrument brings part of this radiation out of the instrument where it

can have two effects., First, it msy be reflected back into the instrument,
which is not capable of distinguishing between the radiation it is supposed
to measure and the additional reflected light. Second, the outgoing radia-
tion may heat up the tested surface precisely at the place where the meas-
urement is taken. The reflection effect can be almost completely eliminated
by avoiding a perpendicular orientation of the instrument to the tested
surface, This is not important as long as soil is measured, but in cases
of high reflectivity, as typical for metals or water, the axis of the in-
strument must not be perpendicular to the tested surface., In testing the
instrument on polished metal objects it was found that the temperature
reading increased by as much as 20 C, or more, precisely as the 90° orien-
tation was reached. The second effect, the heating of the tested surface
by the instrument, may be considered as negligible in most cases, since the
emitted energy is rather small so that no significant heating can occur s
and also the radiation from the instrument must hit the surface for some
time before it can accumilate to a measurable increment of temperature,
However, in cases of stationary installations, e.g. » for the permanent re-
cording of a surface temperature, the heating effect must be checked to a-
void modification of conditions under investigation.

Another effect that may reduce the usefulness of the infrared ther-
mometer is the temperature of the instrument. The reference radiation in-
side the instrument is produced by heating a "black body" to a certain tem-
perature at which it is maintained by a sensitive thermostat, This process
however, can work only &s long as the instrument as a whole is cooler than ’
the standard reference (approximately 60 C). Since the temperature of a
body exposed t: the tt;opﬁ;lr sun may become as high or higher than the ref-
erence temperature, the ared instrument must ]

e e T be appropriately shielded

Two disadvanteges of the instrument be of kinds
of application. First, the instrument ne‘::z a pmim;s)oc:rtzzce éﬁrsﬁtm-
ment works only with 110 volts AC. A new type just announced operates
with batteries. It is however, very difficult to use dry bati’;eries ina
bumid tropical enviromment satisfactorily, where high moisture and delayed
supply routes introduce problems. Second, the sensor and the indicator
portions of the instrument are comnected by a 20- conductor cable, which
offers considerable mechanical resistance to movement, cOnseque:’:tly two
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persons are required to handle the device, one for aiming and one for read:
ing. This difficulty is overcome in a stationary installation, as for the
Data Base project, where routine measurements of the soil surface tempera-
ture are made concomitant with the other measurements made at fixed inter-
vals and locations.

Calibration Measurements

Calibration of instruments is accomplished through comparison of the
reaction to the same measureable characteristics of two instruments, one
being investigated and the other Xnown to be accurate. In this case the
indication of the infrared thermometer must be compared with the actual tem-
perature of the soil surface. The problem is to know the latter. The up-
permost layer of the soil is known to change its temperature rapidly in
response to varying conditions. Therefore it was necessary to maintain the
soil samples under constant thermal conditions long enough for the internal
and external temperatures to equalize., When this was accomplished, the
internal temperature (now equal to-the surface temperature) could be
readily determined with a common mercury-in-glass thermometer. Because
the internal soil temperature changes very slowly, it was necessary to
spread the calibration measurements over several weeks,

Such measurements were carried out with different soil samples typical
for this part of Panama: naturasl bare soil, as found at the Chiva Chiva
site; the same soil with short grass; the same with moisture removed and
volume compressed; and red clay prepared in the same way. Surprisingly
and encouragingly, the infrared thermometer reacted in the same way to
all the samples. This meant that the emissivity of the samples was equal,
within the limits of accuracy with which the instrument cen be read. This
is also true for different degrees of wetness of the soil.

Measurements were made at three temperatures: in a normal storeroom
of 26-27 C and high relative humidity of the air, in a climatized store-
roam of 39-41 C with dry air, and in an oven at 52-54 C. The readings un-
der the first two conditions were simple and unambiguous. In the oven the
instrument readings were frequently unstable, and sometimes unexplained
large differences were observed between the oven and the soil temperatures.

Figure IV-13 shows all 28 calibration measurements. They can be ap-
proximated by a straight line (not shown in the figure) of the equation:
t =1,262 (s~ 39.2) + 35.7 with a rms error of + 0.73 where t = tempera-
ture in C, and s = indication of the infrared thermometer. The deviations
between the measurements and the straight line are not randomly distrib-
uted, but suggest a slight bending of the calibration curve. Trying a
second degree approximation, the method ot the least squares Yields the
Parabola:

t =461 + 1&.52‘/ 8- 7.2 with a rms error of + 0.66
and distribution of the errors seems to be random, The line in Figure
IV-13 is this parabola, by means of which each instrument reading can be

converted into temperature.
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Summary

It has been shown that, with some restrictions, the Barnes infrared
thermometer is an adequate instrument for measuring the soil surface tem-
perature on a routine basis. The scale printed on the instrument must,
however, be substantially modified in temperature ranges below 50 C, The
different soils tested yielded equal temperature readings within the range
of 25-54 C that was checked., Only dark soils (with and without grass), but
no beach sand, were examined. Because of the encouraging results soil-
surface temperatures are routinely measured with a Barnes infrared thermom-
eter at the Chiva Chiva open site. Figure IV-2 shows views of the sensor
and the indicator, respectively, together with the calibrated instrument
which is being used as a check on the other. The indications of the
"jdentical" instruments are substantially different {10 F) in lower temper-
ature ranges; the difference is time-constant and reproducible. Further
investigations are planned on the possibility of using the second instru-
ment on the upper part of the Albrook tower to measure the temperature of

the upper side of the forest canopy.
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PART V, SOILS AND HYDROLOGY*

Introduction

The soils and hydrology task of the Data Base Project encompasses four
integrated data-gathering phases connected with studies of soil traffica-
bility: (1) soil strength measurements, (2) soil sample measurements, (3)
soil temperature and moisture measurements, and (4) ground water level mea-
surements. Data are gathered at the Albrook Forest and Chiva Chiva main
sites and at the satellite sites located at Fort Kobbe, Fort Sherman, and
near the Albrook Forest site. Table V-1 summarizes the types of data col-
lected and their scheduling at the various sites.

The data presented in this section constitute a continua?i?n and an
expansion of those reported in the previous Semianmuial Report{l) getailed
information on the three satellite sites is presented for the first time.

The one-time determination of bulk density and water tension samples
was accomplished during this reporting period. Detailed descriptions of
the soil profile for the two main and three satellite sites were prepared,
and bulk samples for physical and chemical analysis were collected from
each genetic horizon as well as from each three-inch increment layer, down

to 18 inches.

Data Collection

Procedures and-operational techniques outlined in the previous report
have been followed in collecting the currently described information. The
soil strength data, as measured by cone index and remolding index, were
collected with the 0.5 and 0.2-square-inch cone penetrometers and remolding
equipment developed by the US Army Engineer Vaterways Experiment Station
(WES). When soil conditions permitted, soil moisture and density samples
were obtained with the trafficebility sampler. Otherwise, an Oakfi€ld
punch or soil auger was used to obtain moisture samples only. T?e San
Dimas sampler was employed for securing socil cores for bulk density and
water tension determinations at O and 0.06 atmospheres, Tension determina-
tions at 0.06 atmo ?eres were performed with the tension table developed
by Leamer and Shawig using double blotters as the porous medium and sub-
Jecting the samples to a constant tension of 60 om of water for a 2L-hour
period after being thoroughly saturated for 36 hours. Other tension deter-
minations were performed with the pressure membrane apparatus.

Bulk samples, to be used for physical and chemical analyses were col-

lected from pits approximately one meter long, one-half meter wide, and one
and one-half meters deep. The pits were dug to permit detailed description

* This section was prepared by Mr. Ricardo Ah Chu, Soils Scientist.
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of ‘the soil profile following gﬁocedures and techniques developed by the
US Department of Agriculture.( Each genetic horizon was described on
basis of the following characteristics: depth, color (Munsell numerical
notation), texture, structure, consistency at different moisture levels,
amount of roots, boundary and thickness of horizons, mottling conditions,
and other characteristics deemed significant in the characterization of the
horizon. After completion of the soil profile description a three or four
pound bulk sample of each horizon was collected. These samples were proc-
essed and used in physical and chemical analyses., Detailed descriptions

of soil profiles and summary tables of some of the physical characteristics
determined in the laboratory are shown in Appendix A,

The fiberglass units and the soil moisture meter developed by Coleman
and Hendrix 9§ are used to obtain soil moisture information in-situ. A
field calibration curve prepared for each unit is used to convert the read-
ings obtained with the meter into approximately equivalent values of soil
moisture content. BSoil temperature is determined by the use of telether~
mometer probes at the Chiva Chiva site. Since additional probes were not
available, the thermistors incorporated in the fiberglass units were uti-
lized for this purpose at the Albrook site. The results obtained with
these thermistors have not been satisfactory, however, and their use has
been discontinued.

Fluctuation of the groundwater level is measured manually at the main
environmental sites by inserting a graduated wooden rod in the cased well.
Water-level measurements at the three satellite sites are automatically
recorded.

Analysis of Data

Data obtained from each site are presented below, together with a
partial graphic analysis showing some of the relationships observed between
the various soil parameters. The collection of soil information from a
DPlot at each of the main sites similar to the one depicted in Figure V-1
has been completed and is available for statistical analysis. The data
reported here for the two main sites pertains to these plots. A new plot
has since been established at each main site and collection of the same
general type of information has continued. Moisture—strength—den§ity sum-
mary tables are contained in Appendix A for each site; the analysis that
follows is based on these data.

Soil Moisture Profiles

Chiva and Albrook sites are presented
These profiles are plotted down to
e shown by sampling date. Points on

Moisture profiles from the Chiva
in Figures V-2 and V-3 respectively.
18 inches at 3-inch increments and ar .
the profiles represent the average value derived from samples collected in

pPairs from three randomly chosen blocks (6 samples in all) wit?in the soil
Plot at each site. Moisture contents were determined by weighing the
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DEPTH BELOW GROUND SURFACE, inches
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May 65
FIELD MOISTURE CONTENT, percent dry weight

FIGURE V-2, MONTHLY VARIATION OF NATURAL FIEID MOISTURE CONTENT
WITH DEPTH, CHIVA CHIVA SITE.
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samples before and after oven-drying. The results are expressed as a per-
centage based on the oven-dried weight of the soil.

A composite of all the moisture profiles has been grouped in Figure
V-4 for overall comparison between the Chiva Chiva and Albrock sites.
Moisture contents, as expected, are highest at botn sites for the uppermost
layers where the general physical conditions of the soils are more condu-
cive to water retention during the wet season; bulk density, for example,
averaged 0,87 and 0.99 grams per cc for the 3- and 6-inch depths respective-
ly at lower depths it averaged as high as 1.17 grams per cc. Groundwater
appears to be influential on the moisture regime of the soil between the
9- and l1l2-inch depths at the two main sites and increasingly so with ad-
vancement of the wet season as suggested by the sudden change in direction
of the curves at this level. On the other hand, the groundwater level at
both sites fluctuated most frequently between 10 and 20 inch.depths during
the wettest portion of the,rainy season. (See Figures V-13 and V-1i of
previous Semianmual Repo::-’t:(l .) The curves for the driest months (Februar-
ys March, and April) show greater moisture differences between levels at
Chiva Chiva than at Albrook, where moisture remained relatively constant
from the L.5-inch depth downward, although moisture content at all depths
and at both sites decreased gradually as the dry season advanced. It is
interesting to note that moisture at the surface, i.e,,the O- to 3-inch
layer, at the forest site, usually remained higher throughout the dry sea-
son, except for two instances when it dropped below that of the deeper lay-
ers. The low rate of moisture loss at the O- to 3-inch layer where evapo-
rative mechanisms exert greater influence, suggests, in part at least, that
possibly the relative humidity within the soil about equalizes that of the
outside enviromment in such a way that no significant gradient between the
two exists. It is also possible that the rather thick mat of dry litter
over the ground exerts a shielding effect which greatly reduced the evapo-
ration of moisture from the soil surface. The litter study being conducted
under the Data Base Project may eventually clarify this question.

Soil Strength Profiles

Figures V-5 and V-6 present soil strength profiles for the Chiva Chiva
and Albrook Forest sites, respectively. The profiles are oqnstructed from
cone indices recorded by sampling date. The curves were derived from the
average of six samples, obtained in pairs from three ?andamly selected
blocks from the soil plot. Figure V-7 shows a composite of all the curves
for both sites. In general, all the curves show a normal strength profile
whereby soil strength augments with depth. Dry? wet, and intermediate
season conditions readily show up on the composite graphs. However, data

for the dry season from Chiva Chiva is not plotted because the firmness of

X < s i the instrument into
the soil during the dry season impeded penetration of
the ground, Tables V-2 and V-3 for the Chiva Chive and Albrook sites dis-

. . s 3 i 1, for each layer, for
Play distributions of cone indices by class interval, y 1
the period covered by the data. Table V-l presents the range of cone indi-

ces at the two sites for each of the layers measured by seasons.
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TABLE V-2, DISTRIBUTION OF INDIVIDUAL FIELD CONE INDEX READINGS
BY CLASS INTERVALS AT THE CHIVA CHIVA SITE¥*

Class Intervals in

Cone Index Units Sfe 3 6 9 12 15 18
0~ 24 10 - - - - - -
25 = kg 69 - - - - - -
50 - Th 67 - 1 - - - 1
75 - 99 33 L - - N - -

100 - 124 22 9 1 2 1 - -

125 - 1h9 16 48 13 - 1 - -

150 - 174 1k 70 37 1k - - -

175 - 199 14 3k L6 26 8 L 1

200 - 224 k1 o7 36 36 22 12 4

225 - 249 10 13 33 28 25 13 10

250 - 27k 16 2 21 32 27 23 18

275 - 299 8 3 12 20 23 14 10

300 - 32k 3 - 3 11 18 20 15

325 - 349 - 1 3 8 12 19 12

350 - 37h 1 1 1 8 2L 26 26

375 - 399 - - 4 5 13 20 22

4oo - 42k - L Y 9 18 21 3k

L2s - Lho 4 Y 5 3 18 13

450 - 474 y 2 - 12 12 9 18

475 - 499 - - 1 2 5 8 11

500 - 52k 1 - - 1 6 6 5

525 - 549 1 2 2 2 1 3 3

550 - 574 8 1 1 1 1 3 7

575 - 599 1 1 3 - 2 - 2

600 - 624 1 - 2 - - 2 4

625 - 649 2 1 - 1 - - o

650 - 67h 1 2 - - - ) 1

675 - 699 1 2 - - 1 _ >

700 - 72‘4' - - - - - - -

725 - 749 - - - 2 - - -

750 + 13 99 102 105 107 107 106

—

% Individual field cone indices were used in making the distributions,

contrasted to the use of average indices as shown on t
of the previous figures. he strength profiles




TABLE V-3, DISTRIBUTION OF INDIVIDUAL FIEID CONE INDEX READINGS
BY CIASS INTERVALS AT THE ALBROOK FOREST SITE¥*

=—
Class Interwvals in

Cone Index Units Sfe 3
0- 24 55 -
25 - k9 14k 23
50 = Th g 93
75 - 99 22 81

100 - 12k 25 26

125 - 149 7 14

150 - 174 8 15

175 - 199 b 11

200 - 224 1 22

225 - 249 1 13

250 - 274 1 8

275 - 299 - 2

300 - 324 2 1

325 - 349 - 1

350 - 374 - 1

375 - 399 - 1

400 - Lok - 2

425 - Lug - -

450 - L7k 1 1

475 - 499 - -

500 -~ 524 - -

525 - 549 - 5

550 - 57k - -

575 - 599 - -

600 - 624 - 1

625 - 649 - -

650 - 67k - -

675 - 699 - -

700 - 724 - -

725 - Tho - -

750 + - 2

o

n n o n
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g EER
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6 8 10

59 66 65

91 76 h
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16 14 18
6 6 7
8 2 3
6 3 L
6 i -
3 1 3
2 3 1
- 3 -
6 L 7
3 3 3

13 6 2
3 1 2
7 6 10
4 6 1

10 7 5
- 2 I

11 8 6
N 1 L
3 1k 9
- 1 3
2 10 k
3 3 3
3 9 2%
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VI 1LWANOW! oFt FUunHKFRRE EEnD FREOH

* Tndividusl field cone indices were used in making the distrivutions.

contrasted to the use of average indices as sh

profiles of the previous figures.
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Moisture Content-S5c0il Strength Relations

The natural field strength of soils is measured in terms of the soil
trafficability indices developed by WES: cone index, remolding index, and
rating cone index. The cone penetrometer is used to measure the shearing
resistance of the soil expressed as the cone index (CI). The gain or loss
of soil strength to be expected under traffic is measured with the remold-
ing equipment as described in Reference 10; the remolding index (RI) is
the ratio of the remolded soil strength to its original strength as meas-
ured with the cone penetrameter., The cone index readings of undisturbed
soil are multiplied by the remolding index to obtain the "rating cone in-
dex" (RCI) which is the strength rating of the soil under sustained traf-
fic. All the curves plotted in this section of the report have been drawn
in by eye, in order to emphasize the general trend. Therefore, they should
not be considered as the final best-fit curves.

Moisture Content vs., Cone Index. Figure V-8 shows the cone index
and moisture content data by 6-inch incremental layers for the two main
sites, It is observed that lower soil strength is found at Albrook; the
range of the most frequently occurring cone indices for each 3-inch incre-
mental layer for the wet and dry seasons was pointed out previously in
Table V-4, The graphs also show the greater strength exhibited by the
soils with increasing depth. In general, the spread .of the data about the
trend line is less for the O- to 6-inch layer, and the widest spread occurs
in the 12- to 18-inch layer. The wider spread observed in the data at
greater depths can be attributed in part to instrument and/or operator de-
ficiencies., Figure V-9 combines cone index and soil moisture data for the
O« to 6~inch and 6~ to 12-inch layers from the three satellite sites with
those of the two main sites. The deviation of the Fort Sherman site data
on the Atlantic side from those plotted for the sites on the Pacific side
is clearly shown by these curves, however soil strength at the Fort Sherman
site follows the same trend as at the other sites, but at higher soil mois-
ture values. It is interesting to note the remarkable uniformity of the
cone index and soil moisture data obtained for all the sites on the Pacif-
ic side of the Canel Zone where the data from the four sites plotted along
the same general curve for both the 0- to 6- and 6- to 12-inch layers.

Moisture Content vs. Remolding Index. Figure V-10 graphically
shows the apparent relationship between remolding index and moisture con-
tent for the 6- to 12-inch layer for the sites. Remolding tests were re-
stricted to the 6- to 12-inch layer since that is considered the most cr%t-
ical for soil trafficability considerations., Figure V‘}l shows a more sig-
nificant plot of the data in which the relationship derlveq for each of the
sites has been combined into a single composite grapp. ?hls graph dgmon-
strates the inconsistent relationship between remolding index and moisture
content, which does not follow any constant trend. A slight response of
remolded scil strength to moisture content at the two mgln'31tes appears
on the drier side of the graph. The significance of'thls is n?t.g?eat
since remolding of the soil at low moisture content is got a 11m1t1§g fac-
tor for soil trafficability. On the other hand, the soils at all sites
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gained strength after remolding more often than not. The highest gains
and losses in strength are exhibited by the soils at the two Albrook sites.
In general however, remolding index values are close to unity.

Moisture Content vs, Rating Cone Index, Figure V-12 is a compos-
jte of all the rating cone indices computed for the 6- to 12-inch layer
for the two main sites and the three satellite sites, using individual re-
molding index values as determined in the field. Except for the data from
the Fort Sherman satellite site which exhibits a reduction in strength
after remclding, the remaining data plot along the same general cone index
- soil moisture relation established in Figure V-9. The apparent loss of
strength of the soils at the Fort Sherman site is on the order of magni-
tude of LO percent of the original strength. However when an average re-
molding index value is used, there appears to be no remolding effects of
any of the five sites, the average value for each site having been detexr-
mined by adding all individual field values and dividing by their total
number. Figure V=12 shows the results obtained., If one compares this
latter figure with Figure V-10, it is clearly seen that the data contained
in both figures are scattered around the same point about the general trend
line., This result is to be expected since apparently most of the remold-
ing indices used to campute the rating cone indices did not vary signifi-
cantly with remolding or with changes in soil moisture at any of the sites.

Moisture Concent - Dry Density Relations

Because of the limited data on hand at the time the previous report(l)
was prepared, it was stated that the dry density of the soil appeared to be
practically unaffected by changes in moisture content within the range
studied. Further analysis has revealed the contrary to be true. Relation-
ships between moisture content (percent dry weight) and dry density (pounds
per cubic foot) are presented in Figure V-13 for the Chive Chiva and
Albrock Forest main sites, combined in 6-inch incremental layers. Figure
V-1k shows the same relationships at the three satellite sites, for the O-
to 6- and 6~ to 12-inch layers only. All the data plotted for the five
siteg tend to produce a hyperbolic curve in which dry density increases
from the dry-end portion of the graph to a maximum moisture content. at
which point further increments of moisture cause a lowering of the éry
density of the soil. This behavior is consistent with that generally ob-
tained from compacted soils in the laboratory in the determination of the
maximum density and optimm moisture content, Obvicusly, dry density is
least at the O- to 6-inch layer where physical conditions are favorable to
granulation and soil porosity. Reduction in pore space due to compaction
effects exerted by overlying layers is reflected in higher densities at the
lower depths., However, densities obtained from soil samples collected at
Chiva Chiva showed higher results for the 6- to 12-inch layer than tho
obtained for the 12- to 18-inch layer. This apparent anQ;ZE b die
in part to slight variations in mineralogical composition ang ::1£ eal gif;
ferences between the two layers. It was noted, for example, that :i the
12- to 18-inch layer ferruginous concretions were present iﬁ eater
tity than in the upper layers, At Albrook, on the other handfrdry R
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densities do tend to increase with depth. However, the differences ob-
served between the 6- to 12- and 12- to 18-inch layers, are slight and in
most instances, particularly between about 37 percent and 45 percent
natural field moisture content, density data obtained for the two lower-
most layers tend to converge. Soils at the three satellite sites follow
the same general trend and behavior as described for the Albrook Forest

site .
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PART VI, VEGETATION

Progress was made on the vegetation task of the Data Base project dur-
ing the current reporting periocd despite the fact that the Tropic Test Cen-
ter staff position reserved for a botanist was vacant. This position was
filled in May 1967, and research results are expected to be significantly
sugmented during the next reporting period.

Further analysis has been carried out on the forest litter study which
was discussed in the previous project report. Data collected through
December 1966 are utilized in the present report.

A brief study on seedlings as well as seed germination and storage was
carried out in conjunction with the plant collection activities. Results
of this limited study are presented in Appendix B,

The vegetation inventory of the Albrock Forest Site has been updated
and revised in format to facilltate machine storage of data. The new
inventory is presented in Appendix C,

Forest Litter¥*

Introduction

‘ The forest litter investigaetions of the Data Base project provide in-
\formation concerning the composition and the quantity of litter fall within
several humid tropic forests, Forest litter is defined as the recently
fallen, non-decomposed ground accumilation under a forest canopy of leaves,
/Iseeds, fruits, insect and animal forms, and debris such as animal and bird
droppings, sap, and other particulate material. The type, amount, and time
of fall of litter in the forest influences ground cover, microbial and in-
sect activity, chemical and particulate matter in the atmosphefe, and the
conduct of exposure tests in the study of materials deterioration. Obser-
vation of contemination, infestation, and damege to fallen leaves and‘flow-
ers reveals intensity of activity of macro and microfauna, The duretion of
leaf, flower, and fruit fall can provide a supplementary observation of
Phenological events usually measured visually and photographically.

Litter samples were collected both in litter pans and directly from
the ground. That which fell into the pans provided a basis for measuring
rates of litter accumulation; while collections of accumulated litter de-
rosits from the ground provided a measure of the amount of litter on the
forest floor throughout the sampling period. Weights of the pan litter
samples and their componemts (leaves, seeds, fruits, insect and animal
forms, and various other kinds of debris) were determined. The ground

* This section was prepared by Dr, Robert S. Hutton, Biologiesl
Scientist
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litter was processed to determine weights, moisture content, and microbial
and arthropod content.

The previous Semiannual Report(l) contained a preliminary report of
observations on forest litter., Data presented here are from an expanded
investigation started at the beginning of the report period.

Pan Litter

This report on pan litter contains data collected in two tropical for-
est types. The forest types examined were at the Albrook Forest site, a
semideciduous tropical forest, and a site near Fort Sherman (see map,
Figure II-1), a more nearly evergreen tropical forest. Data covered in-
clude only three months (Oct-Dec, 66) for the Albrock site and two months
(Nov, Dec 66) for the Fort Sherman site. A later report will contain date
on litter collected in the remainder of the period as well as information
on mineral content of the litter and mineral loss of decaying leaves.

Data Collection Methods

Pan litter collection was greatly expanded in October 1966, Freguency
of collection was the same - once each week at each site - but the number
of samples was increased. Thirty screen-wire traps or pans, one meter
square, were placed at each site in randomized locations under the canopy
compared to only five pans at the Albrook forest site in the previous peri-
od. After collection, the litter from each pan was weighed, then dried at
100-110 C for 24 hours and re-weighed, Both weights were recorded, The
dry litter was sorted and the weight of leaves, fruits and seeds, branches,
and debris recordec:rgeparatelyé As species were not known at separation,
each species and p was denoted by a number. Iater will -
tified and named. * these be iden

Results

Weights of pan litter before drying are given in Table VI-1. Total
dry weights of various components of the litter collected at each gite are
shown in Table VI-2, Dry weights of the fruits and seeds collected in each
pan at the two sites are shown in Table VI-3. Because the data cover such
short periods, only the most general sort of conclusions can be drawn from
them, leaf fall, as well as total litter fall, wes, as expected, greater
in the Albrock forest where trees are deciduous. Both total litt’;er and
leaf fall at Fort Sherman were highly veriable as compared with Albrock
The coefficient of variation for differences between pans at Sherman is.

almost double the figure obtained at Albrook., Fruit
St i igible. and geed fall at Fort

Ground Litter

Data Collection Methods
Investigations of litter on the Albrook forest floor continued using
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TABLE VI-l. PAN LITTER WEIGHT BEFORE DRYING
(in grams)

ALBROOK FOREST SITE

PAN No. 1 2 3 4 5 6
LEAF WEIGHT 63.60 98.75 63.15 61.60 72.80 106.75
TOTAL WEIGHT 183.05 246.80 91.75 96.40 84.70 167.15

PAN No. 7 8 9 10 11 12
LEAF WEIGHT 71.20 59.85 62.75 115.73 61.61 94.05
TOTAL WEIGHT 190.85 68.75 70.95 131.18 104.86 136.30

PAN No. 13 14 15 16 17 18
LEAF WEIGHT 35.05 82.30 78.00 55.15 40.35 60.60
TOTAL WEIGHT 45.80 122.85 116.95 117.20 57.80 90.85

PAN No. 19 20 21 22 23 24
LEAF WEIGHT 76.95 94.05 42.45 146.55 81.25 133.70
TOTAL WEIGHT 102.25 118.15 54.60 154.95 127.20 134.90

PAN No. 25 26 27 28 29 30
LEAF WEIGHT 70.20 82.63 91.50 84.55 82.65 40.80
TOTAL WEIGHT 83.20 292.98 133.80 118.55 121.80 64.65
ALL PANS
GRAND STANDARD COEFFICIENT
TOTAL MEAN DEVIATION OF VARIATION
LEAF WEIGHT 2310.57 77.02 26 .33
TOTAL WEIGHT 3631.22 121.04 54 +45



TABLE VI-1l. PAN LITTER WEIGHT BEFORE DRYING (Cont'd)
(in grams)

FORT SHERMAN SITE

PAN No. 31 32 33 34 35 36
LEAF WEIGHT 44.30 66.45 37.10 44.40 40.10 49.85
TOTAL WEIGHT 94.65 86.80 38.90 85.60 70.05 56.35
PAN No. 37 38 39 40 a1 42
LEAF WEIGHT 59.15 207.25 22.40 58.30 31.00  16.45

TOTAL WEIGHT 63.40 215.85 29.05 113.60 35.25 17.80

PAN No. 43 44 45 46 47 48
LEAF WEIGHT 45.45 25.90 28.45 15.80 9.85 26.15
TOTAL WEIGHT 53.95 40.60 92.60 16.55 12.40 59.60

PAN No. 49 50 51 52 53 54
LEAF WEIGHT 24.30 14.75 42.00 42.00 63.00 38.20
TOTAL WEIGHT 55.85 20.95 174.75 61.60 127.50 51.65

PAN No. 55 56 57 58 59 60
LEAF WEIGHT 46.30 39.50 28.00 40.55 28.65 41.40
TOTAL WEIGHT 86.45 85.80 49.00 53.55 105.95 54.65

ALL PANS
GRAND STANDARD COEFFICIENT
TOTAL MEAN DEVIATION OF VARIATION
LEAF WEIGHT 1277.00 42.57 33.6 .79
TOTAL WEIGHT 2110.70 70.36 44 .63




TABLE VI-2. DRY WEIGHT OF PAN LITTER
(in grams)

ALBROOK FOREST SITE
FRUITS ,

MONTH LEAVES AND SEEDS  BRANCHES DEBRIS TOTAL
OCT. 332.59 4.50 45.55 68. 80 451.44
NOV. 1,109.63 6.95 405.60 228.00 1,750.18
DEC. 868.35 2.20 142.25 192.90 1,205.70
TOTAL 2,310.57 13.65 593.40 489.70 3,407.32

FORT SHERMAN SITE
FRUITS

MONTH LEAVES AND SEEDS BRANCHES DEBRIS TOTAL
NOV. 439.50 0.35 44.95 280.20 765.00
DEC. 837.50 0 46.80 236.15 1,345.70
TOTAL 1,277.00 0.35 91.75 516.35 2,110.70
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the same methods described in the previous report. Litter was collected
every two weeks from ten randomly chosen plots of 200 square cm each. The
plots were newly selected each time, independently of the plots previously
used. All the litter at each plot was picked up and immediately sealed in
a plastic bag toprevent moisture loss and escape of arthropods. A sepa-
rate collection was made at each plot for microbial analysis, in which a
very small amount of litter was aseptically collected to form one compos-
ite sample for the entire site aresa,

Anslytical Methods

The wet weight of each individual bulk collection was determined, af-
ter which the collected material was placed in a Berlese funnel for L8
hours to remove the arthropods, After the arthropods had been separated,
the litter was dried at 50 C for 24 hours and weighed. This weight was
recorded as dry weight of the litter. Finally, collections were heated at
450 C for 24 hours and the residual ash weighed and stored for possible
radiation analysis. The aseptically collected material for microbial anal-
ysis was blended, then plated on nutrient agar and on carrot agar. One-ml
aliquots of each dilution of the sample were added to tubes of the melted
agars and then transferred to petri plates and incubated for five days at
28 C. Bacterial colonies grow on the mutrient agar, while carrot agar
encourages the growth of fungi.

Results

Gravimetric Characteristics of Ground Litter. In order to cover a
period of sufficient length to be useful, data from November 1965 through
December 1966 are included in this section. Table VI-U4 contains data on
wet, dry, and ash weights, as well as the moisture and ash percentages for
all the samples collected for the period. In this presentation of the da-
ta, the collections from the first five and the second five of the ten 200-
square.cm plots were combined to form two samples. Standard deviations
were calculated for the six samples obtained in each three collecting pe-

riods,

Figure VI-1 plots the mean values and standard deviations for each
recorded value for dry and ash weights as well as the Yalues foz.r moisture
percentage in the collected litter. The litter dry weight remained con-
stant from November through March and increased significantly gbout mid-
April to the middle of June. The time of increase coincides with the start
of the rainy season., Ash weight decreased signiflcaz}tly fram November
through March, and then increased sharply during April and May. Litter
moisture decreased to a minimum in the February-March period and then rose
to a fairly constant value approaching 65 percent for the remainder of the

time of observation.

tions indicate a
Differences between samples for all of the observa

distinct lack of homogeneity in the occurrence ?f ground litter at -l';he
Albrock site. Inspection of the area to determine whether this variability
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was random or whether it might be explained on the basis of some charac-

teristic of the site led to the observation that the site can reasonably

be divided into three subordinate zones as shown in Figure VI-2, based on
the distribution of the larger trees.

ZONE 2

FIGURE VI-2, LOCATION OF TREES WITH TRUNK DIAMETER
OF 65 (M OR GREATER, ALBROOK FOREST SITE

With only one exception, all trees of 65-cm trunk diameter and over
are located in Zone 1. Zone 2, by contrast, is relatively distant from
any large trees, so shading and rooting influences are reduced., Zone 3
lies under the crowns of the large trees and is close enough to be influ-
enced by their shade and the presence of large roots,

Data presented in Table VI-5 and Figure VI-3 are t
ples taken from the whole plot against samples fromca:gch ofh:htig;i:esm-
zones, For comparative purposes, and to minimize the effect of the varia~
tions occurring with smaller samples, litter sample collections from three
sequential collection dates have been aggregated from weight determinations
of the wet and dry litter and ash residue, Except for a short interval |

-early in the rainy season, there is a tendency for and
be higher in Zone 1 than in either Zones 2 or 3, dry ash weights to

However, in only a few instances (those marke
Table VI-5) are the differences greater than one sge;id::dage:is:gi:k vnlmue
obtained for the whole plot values of the samples, The tendency for wet
dry, and ash weight values to be relatively low for Zone 1 d:ng the ’
May-June early ralny season period and relatively high for all the rest of
the year may be significant. Increased moisture conducted down large tree
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trunks and the increased soil-root activity which should characterize Zone
1 could account for an accelerated decomposition of litter in that area.

Arthropods in Ground Litter. The total number of arthropods in each

collection of ground litter is recorded, Collections have been retained
for future classification by an entomologist. The enumerations of the |
arthropods collected is less than 25 percent complete; however, at least
two of each of the ten collections for each period have been examined.

The values given for each collection period in Table VI-6 are the means of
2 to 8 subsamples fram 200-square-cm areas. Subsamples selected for pre-
liminary examination were taken randomly from the 30 subsamples collected
in each of the periods indicated.

TABLE VI-6. NUMBER OF ARTHROPODS FOUND IN 200-CMZ PLOTS
OF ALBROOK FOREST GROUND LITTER

Collection Date - 1966 Sub-Sample Values Mean
7 Jan - 20 Jan - U4 Fedb 81 50 90 87 7
18 Feb - L4 Mar - 21 Mar 7L 77 72 185 101
1 Apr - 15 Apr - 29 Apr 56 56 56
13 May - 27 May - 10 Jun 64 78 71
24 Jun -~ 9 Jul - 22 Jul 61 89 117 133 262 181 140
5 Aug - 19 Aug - 2 Sep 352 93 55 66 110 130 134
16 Sep - 30 Sep -~ 15 Oct 211 87 55 102 192 210 b2

29 Oct - 26 Nov - 10 Dec - 24 Dec 79 43 65 51 67 35 157 98 h

Maximum veriability between subsamples sppears in the periods June
through October., This is also the time in which maximm numbers of ar-
thropods are present., As noted above this period is also characterized
by meximum dry weight of ground litter and high moisture content.

All of the subsamples collected in the January-February interval were
counted. Examination of these data by "zone" (see Figure VI-2) did not
indicate any relationship between zone and the number of arthropods pres-
ent., During these periods of collectlion the whole-plot mean for arthro-
pods/200 square cm was 77 + 25. Arthropods found in the collections for
Zones 1, 2, and 3 were 79, 86, and 69 respectively. Even the number 86
is not indicative of a significant zone difference, because one sample
which contained 250 very small ants was entirely responsible for the
variation from the mean.

Obs ti n d Litter. Table VI-7 lists
nmumbers of bacteria and fungl found in the composite samples of ground
litter for each of the collecting periods, Numbers vary so greatly that
few, if any, seasonal trends can be observed,
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TABLE VI-7. VIABLE FUNGI AND BACTERIA RECOVERED
FROM SAMPLES OF ALBROOK FOREST GROUND LITTER

p—n— — "
Collection Date Bacteria Fungi
6 5
14 Dec 65 121 x 10 /gram 500 x 10 /gram
23 Dec 9 " 1 3"" 17" "
7 Jan 66 300 " ¢ %0 v
20 Jan 80 * " ---
i Feb los * " - - -
18 Feb 3 * " a " v
l‘_ Mar 12 " ”n 3 1t n
21 Ma.r 718', L] 1" g 1" "
5 Apr 5 i n " "t
19 Apr h'go " 141 7,4 L 1
29 A‘pr 101 1 " 92 1 1"
13 M&V hs 1"t " 30 :: ::
27 May 125 " 1" 12 ) ;
10 Jun 158 "0 53 ) |
2l+ Jun 239 . 'll 68 11 1
lu Jul 76 iy 1 ‘ 19 " "
22 Jul 5 00 3T,
5 A'Ug 179 ' 1t 18 n 11
19 Aug 21 L, 0 ..
Sep l%o ‘: 1" 25 1) 1"
19 Sep 670 :r " 27 " 1t
3 oct 57 " 5 S
20 Oct 510 | 0
23 Nov o "o" ko no"
2 Dec k30 2 .
27 Dec 80 65 .

The mean values of each three weeks of collection were plotted in an
attempt to determine whether there are seasonal trends (Figure IV-k.)
Peaks of both microbial and fungal content in samples are indicated. How-
ever, in all instances where values result in peaks on the curve, the
variation between samples is such that the values and thelr standard

deviations are almost equal.

ta it is evident that the investigation has
not bggntgzr;a::.:cggsx;?e g:ocedures for future work should involve more
samples, or larger samples - or both. Since the interesf, in microbial con-
tent of litter is related to decomposition rate of the litter, future work
might well take the form of observing effects of microorganisms present,
Perhaps this could be accomplished by determining rates of dﬁ::mosition
or heat evolution in composts of large samples of collected er main-

tained under standard conditions.
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PART VII., MICROBIOLOGY AND CHEMISTRY OF THE ATMOSPHERE

During the reporting period observations were made on the following:
deposition of microorganisms on prepared surfaces, distribution of air-
borne microorganisms, microorganisms in soils, particulate matter in the
atmosphere, atmospheric chemistry, and the microbiology of rainwater, Rou-
tine observations were made in most of these lines of investigation., Ob-
servations of condensation nuclei which were carried out in a limited man-
ner in the preceding period, were discontimied due to equipment troubles.

The reports on airborne and surface microorganisms and on microorgan-
isms in soils which follow were derived from papers given at the 1967 meet-
ings of the Society for Industrial Microbiology by the principal authors,
This is the fixri time that results of the microorganisms in soils work
have been given in the semiannual reports, Atmospheric chemistry and the
microbiology of rainwater work will be described in later semlannual re-
ports when data for sufficiently long periods are available for meaningful

analyses,

Airborne and Surface Deposited Microorganisms¥

Introduction

Observations of both the distribution of airborne microorganisms and
the deposition of microorganisms on prepared surfaces contimued during the
reporting period. The study presented here is based on data collected at
the Albrook end Chiva Chiva sites during the period of July 1966 through
December 1966, and concerns relationships between microorganisms found in
air and those which were collected on exposed surfaces., The study attempts
to answer the following basic questions: (a) how many and what kind of
living microbial forms inhsbit the two enviromments? (b) how do seasonal
and diurnal factors, and height above ground affect the mmbers and kinds
of microbial forms? and {(c) is there a direct relationship between the
airborne population and the extent of microbial contamination on exposed

surfaces?

The emviromments of the humid tropics are optimum or near optimm for
nicrobial life, Temperature is always warm, never cold, with prevailing
levels varying only a few degrees from an average of 80 to 85 F. Moisture
is sbundant and reletive mmidity is high, Dying plants contimuously
provide a supply of organic matter from which microorganisms derive energy.
leaves of living plants provide much of the surface upon which microbial
forms grow as well as shade for protection against direct sunlight. In
this nearly ideal enviromment biotic activity is intense; and microbial
populations, particularly of degradative and parasitic species, are higher
than those found elsewhere in the world.

* This section was prepared by Dr. Robert S. Ihlt::n, Bilological
Scientist, and Mr, George Gauger, Microbiologist.
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Gregory(ll) wrote that "data from...surface traps have been interpret-
ed on the taclt assumption that the relation between the number of particles
suspended in the air flowing over the surface and the number deposited on
the surface is known", He found in wind tunnel experiments, however, that
spore concentration is only one factor in determining deposition, and that
particle size, wind speed, and the dimensions and orientation of the trap
surface can exert an overriding effect on deposition, Since exposed sur-
faces in the tropical enviromment are subject to infestation and subsequent
deterioration by microbial forms, the envirommental factors which influence
the manner in which contamination takes place could have prattical impor-
tance, For example, substantial monetary losses have resulted and are
contimiing to result from biodeterioration of military materiel in bhumid
tropical enviromments,

Data Collection Methods

Methods used were described in previous reports; briefly, they were as
follows, Airborne microorganisms were collected by direct alr filtration
on type HA, 47 mm,, gridded, Millipore membrane filters, After sampling,
the filters were placed on plates of sterile carrot agar and incubated at
room temperature., Numbers of microorganisms were recorded at the time of
eppearance of maximum numbers of colonies, usually 72 hours. Fungi to be
identified were 1isolated at the time that numbers of colonies were counted,
Colonies exhibiting characteristics of fungi were transferred to other ster-
ile plates containing Czapek's or Saborsud's sgar where they were allowed
to grow to maturity, The direct air filtration method was selected after
comparison of this method with the generally more favored ?et?Od of liquid
scrubbing using the Rosebury-Henderson cegpillary impinger 12), Dpirect fil-
tration ylelded consistently higher mumbers of microorganisms per unit vol-
ume of air sampled, Differences between samples taken at the same time
were also less when sampling was accomplished by direct filtration. No at-
tempt was made to determine why this method yielded higher numbers of viable
microorganisms,

The per-unit-volume mumbers of bacteria and fungi in the atmosphere
were determined each six hours of the day for the first five working days
(Monday through Friday) of each month, The period of sampling was five
minmutes., For technical and meteorological reasons, sampling could not be
carried out at exactly the same time each day, however, times of seampling
varied only slightly from 0300, 0900, 1500, and 2100 and were assumed to be
representative of the 0-6, 6-12, 12-18, and 18-2l4 hour periods each day,

Mumbers of bacteria and fungi falling on surfaces were determined by
exposing n;rtdri:nct-ﬁee agar plates to(the stmosphere for one hour, Plates
were exposed each quarter of the day roximat 00, 0900, 1500, 2100
each Thursday of every week, Data colg.ppct on 'beegléyn oii J{ﬂy 1%6 ind’ e?tE )
tended through December 1966. Gregory (13) described the gravity Petri
dish method of collecting microorganisms., Petri plates containing non-nu-
trient agar were exposed inside openended sterile fiberglass tubes five
inches in diameter and sixteen inches long. The tubes served to shield the
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plates from insect and plant debris as well as rain, Tube-plate sets were
exposed in pairs, one tube being oriented north-south, the other east-west,
Over the period of observation, the mmbers of both bacteris and fungi col-
lected in the N-S and in the E-W 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 sam-
pling, the plates were brought to the laboratory and overlaid with sterile
nutrient-containing pads. Funhgi ‘and bacteria growing on plates fortified
with Czgpek's and nutrient broth respectively were counted and numbers de-
posited per 100-square cm surface were calculated,

Results

Observations were made in terms of the influence of site, height above
ground, time of day, and month. The main effects produced by these factors
on the number of fungal spores found in the air are summarized in Table
VII-1, Significant differences were determined for airborne spores of fun-
gl associated with site, height, time of day (hours), and month of year,
Similar significance was associated with time of day and month of year for
fungal spores deposited on surfaces, A quotient was derived by dividing
deposited spores by airborne spores, In the overall sampling, the quotient
0.32 indicates a relative rate of fungal spore deposition per unit of time
(1 hour). Site and height showed minor effect on this relationship. On
the other hand, this quotient varied substantially with time of day and
month of year., Relatively more spores were deposited during the afternoon
hours and in the months of July and October, Conversely, fewer spores were
deposited in the early morning hours and during the months of November and
December.

Similar effects were observed with bacterial cells in the air and
those deposited on surfaces (see Table VII-2). Substential differences
were found for bacterial cells associated with height over ground, time of
day (hours), and month of year. The mmbers of bacterial cells deposited
on surfaces as well as those found in the air also varied with height, time
of day, and month of day, Site gppeared to have little effect on the air-
borne and deposited bacterial cells, The relative rate of deposition for
bacterial cells is 0.76, more than twice that derived for fungal spores,
Relatively greater mmbers of bacterial cells were deposited from noon to
midnight and during the months of August and October, while fewer numbers
were deposited from midnight to sunrise and in the months of November and

December,

emined to determine their influence on the oc-

during the
currence and distrib@®ion of fungi. Fungi were most mmerous

month of July, decreased sbruptly in August, increased, somewhat irregular-
1y, during the following months (Table VII-3). Representatives of each ge-

: + the six-month period. Representatives
ms differed individually throughou pe ;

Cephalo=-
of the genera Fusarium, Gliocladium, Penicillium,
EJM? and Oidium coéxprised nearly 850 percent of The 1solates found in

the alre

These effects were re-ex
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TABLE VII-l. QUANTITATIVE EFFECTS ON AIRBORNE AND
SURFACE-DEPOSITED FUNGAL SPORES REIATED TO SITE,
HEIGHT OVER GROUND, TIME OF DAY, AND MONTH.

]

—_—

ey

Ratio:
Mean Numbers in Mean Numbers Falling Deposited/
e of Sample 100 L of Air gn 100 CM2 in 1 Hr, _ Airborne
ALL SAMPLES 84 27 32
SITE ¥
Forested 79 27 .34
Clear 0 27 «30
HEIGHT OVER GROUND *%
Surface 92 27 «29
3Tm 76 27 .36
TIME, HOURS ¥ *¥
0=6 140 31 .22
6=12 80 25 .31
12-18 42 23 .55
18-2h4 76 26 J3h
MONTH (1966) *¥ *%
July 73 31 L2
September M 32 3k
October 73 Ly 61
November 3 11 .15
December 130 11 .10

NOTE: Values below asterisks differ from mean of

the 1% level (*), or the 5% level (%),

all samples at



TABLE VII-2, QUANTITATIVE EFFECTS ON ATRBORNE AND
SURFACE~DEPOSTTED BACTERIA REIATED TO SITE,
HEIGHT OVER GROUND, TIME OF DAY, AND MONTH.

Ratilo:
Mean Numbers in Mean Numberg Deposited Deposited/
Type of Sample 100 I of Air on a 100 in 1 Hr, Airborne
ALL SAMPLES 25 19 o 76
SITE
Forested 25 19 .76
Clear 25 19 <76
HEIGHT OVER GROUND ** *
Surface 28 20 T
TIME, HOURS *x o
0-6 46 23 «50
6-12 o1 16 .76
12-18 16 21 1.31
18-24 16 15 93
MONTH (1966) * xx
August 22 39 1.77
September 22 éz 'Q
October 26 8 *
Novenber 2l 7 ‘2%
December 30 .

NOTE: Values below asterisks differ 'from mean of all sam;:les at
the 1% level (*), or the 5% level (**).



TABLE VII-3. REIATIVE FREQUENCY OF 15 GENERA
OF AIRBORNE FUNGI DURING A SIX~MONTH
EXAMINATION PERIOD,

ORGANISM JULY _AUG SEPT OCT NOV DEC TOTAL
Fusarium 32 39 82 L1 100 97 391
Gliocladium 17 1 22 19 59 68 196
Penicillium 60 16 38 33 25 23 195
Hormodendrum 76 2 21 7 3 58 167
Cephalosporium Ly 22 23 15 6 45 155
Oidium ks 2 23 36 5 19 1k9
Streptomyces 0 1 30 31 34 0 %
Aspergillus 37 16 2 12 L L ™
Spicaria 27 13 8 L 5 0 57
Curvuleria 5 10 14 12 10 2 53
Trichoderma 11 2 0 8 L 18 43
Rhinotrichum 1 2 2 12 6 8 31
Nigrospora 0 o] L 1 3 1 g
Monilie 2 0 0 0 0 0 2
Verticillium 1 2 1 0 1 G 5

TOTAL 358 157 270 231 265 343




More fungi were found in the dark enviromment than in daylight (Table
VII-k). Representatives of the genera Fusarium, Gliocladium, and Tricho-
derma, in particular, were more mmerous during the hours of darkness., The
dark=-spored forms representing the genera Curvularia and Nigrospora appear-
ed more abundantly in daylight hours,

Fungl isolated from the cleared and from the forested (shaded) sites
paralleled the pattern observed for the daylight and derk conditions, in
many instances., Isolates of Fusarium, Gliocladium, and Trichoderma were
more abundant in the forested site than the cleared site (Table Vii-5).
Again, Curvularia spp. and Nigrospora sp. were encountered more frequently
in the cleared site, which is more comparsble to daylight, than in the for-
ested site, which compares favorably to darkness,

Unexpectedly there was little effect in the numbers of fungal isolates
associasted with height above ground level (Table VII-6), The sbundance of
Fusarium spp. at the surface more than accounted for the total difference
observed between the surface and 37 meters, Another unusual observation
was that Nigrospora sp, was found only at the 37-meter level and was never
detected at the surface., Additional differences were expected to account
for the significance associated with heights in the first analysis (Table
VII-1l). In all other cases sufficient differences were expressed to add to
the validity of the significance attributed to sites, time of day, and

month,

Summary

The important finding is that the different conditions of time and
position existing at the two locations produced significant variations un
the microbial populations, Tables VII-1 and -2 show that the numbers of
both fungi and bacteria within the air and deposited on surfaces varied
substantially from place to place, hour to hour, month to month and, even
with difference in height sbove ground, These results become even more in-
teresting if it is recognized that those relationships were significant in
spite of substantial variation between parallel samples. Comtimued inspec-
tion of the data projects the supposition that the basic variables which
influence the presence of microbial forms in the enviromment are not ade-
quately defined in simple terms of site, time, height over ground, and sea~
son, Instead, the data tend to confirm Gregory's contention that specific
elements of the miercmeteorological enviromment such as temperature, wind
speed, relative and absolute midity, as well as light, may, in combination
exert overriding Imfdtiences, Furthermore there is some evidence, in the
form of the varistion between calculated relative rates of deposition of
airborne forms on surfaces, that rates of deposition also are related to
these envirommental factors, Data on most of the envirommental factors were
collected in parallel with the sampling of microorganisms and an attempt

will be made to determine their influences.
vely, the results of observations on representatives of
Sener'f.at:‘n mc:;l.eec::l . in air (Tadbles VII-3 throvgh -6) confirm the
100
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TABLE VII-l4, REIATIVE FREQUENCY OF 15 GENERA OF
ATIRBORNE FUNGI DURING DAYLIGHT AND DARK HOURS
OVER A SIX-MONTH PERIOD (1966)

ORGANISM DAYLIGHT DARK TOTAL
Fusarium 123 268 391
Gliocladium 55 141 196
Penicillium | 103 92 195
Hormodendrum 84 83 167
Cephalosporium 82 73 155
Oidium 77 72 149
Streptomyces 37 59 %
Aspergillus 39 36 75
Spicaria 22 35 o7
Curvularia L7 6 53
Trichoderma 6 37 43
Rhinotrichum 19 12 31
Nigrospora 9 0 9
Verticillium 3 2 5
Monilia 1 1 1

TOTAL 707 917

101



TABLE VII-5, RELATIVE FREQUENCY OF 15 GENERA OF
AIRBORNE FUNGI AT CLEARED AND FORESTED SITES
DURING A SIX~-MONTH PERIOD (1966)

ORGANISM CLEARED FORESTED TOTAL
Fusarium 184 207 391
Gliocladium ™ 122 196
Penicillium 85 110 195
Hormodendxrum 91 76 167
Cephalosporium 68 87 155
Oidium 66 83 1k9
Streptomyces 62 34 %
Aspergillus 28 b7 75
Spicaria 3L 23 57
Curvularia 37 16 53
Trichoderma 9 34 13
Rhinotrichum 25 6 31
Nigrospora 9 0 3
Verticillium 3 2 ?
Monilia 2 ° 2

OTAL, TTT 847
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TABLE VII-6. REIATIVE FREQUENCY OF 15 GENERA OF AIRBORNE
FUNGI FOUND AT SURFACE AND 37 M ABOVE GROUND
DURING A SIX-MONTH PERIOD (1966)

ORGANISM SURFACE 37 METERS TOTAL
Fusarium 236 155 391
Gliocladium 97 99 196
Penicillium 98 /O 195
Hormodendrum 80 87 167
Cephalosporium T7 78 155
Oidium (£ 78 149
Streptomyces 50 L6 9%
Aspergillus 37 38 75
Spicaria 21 36 57
Curvuleria 25 28 53
Trichoderma, e8 15 43
Rhinotrichum 10 o1 31
Nigrospora 0 9 9
Verticillium L 1 5
Monilia | 2 0 5

TOTAL 836 788
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observations on the effects just descrived., Examination of the effects of
time, light, location, and height on each of the genera of fungi revealed
that not all individuals react to these variables in the same way. For
example, some fungi appear more abundantly in the light, while others were
more prevalent in the dark, The wltimate desire to define the tropical
microbial enviromment will require studies of interactions between elements
of the enviromment and each microbial form within the milieu of the dynamic
state of the microbial commnity,

Even at the present time, patterns of occurrence of microorganisms are
beginning to emerge, The two most common forms in the soil, namely
Fusarimm gpp. and Penicillium spp, are listed first and third respectively,
1n oraer ol frequency of appearance in air,* On the other hand,
Gliocladium spp., which rated second in order of frequency of appearance
In air, was relatively infrequent in samples of soil, while Trichoderma
Sppe, the third most numerous soil form, eppeared in the growp seen least
frequently in the air, The maximm rate of fungus deposition for October
(Table VII-1) coincides with the highest incidence of soil fungi observed.

* See section '
Soil in the Cenal Zome", which follows.



Microbial Inhabitants of Scil in a Tropical Semideciduous Forest*

Introduction

Soil is an ever-changing site of biological activity which influences
the plant and animal populations that it supports as well as providing a
primary reservoir for microorganisms. Determinations of numbers per gram
of soil, as well as the isolation and description of microorganisms that
are associated with soil, are quite common., An understanding of the actual
activities of these organisms in the soil environment requires further
experimentation and evealuation.

An organism becomes ecologically important when it is metabolically
active, capable of colonizing the availablie substrates, and present in
sufficient munbers to materially alter the enviromment. Soil fungi have
been, in recent years, studied more extensively than other types of mi-
crobes, Within microbial populations, fungi are generally accompanied by
other organisms which also contribute to the oversgll aspect of the micro-
habitat. The existence of a specific organism in a given locality, e.g.,
a warm, humid enviromment, usually develops through the ability of that
organism to grow and multiply on the available substrates or to be transe-
mitted to the loeality from elsewhere, Information included herein is
primarily involved with the microorganisms that grow and multiply on the
organic substrates of the soil in the Canal Zone,

Previous Investigations

A few investigations of tﬁ? soil fungi of Panama and the Canal Zone
have been conducted, Farrow(l isolated 135 species representing 73
genera from soil samples obtained from six major areas in the Canal Zone
and Costa Rica. Goos 15) isolated and identified 47 species of fungi
representing 33 genera from soils and banana root samples obtained from
Costa Rica and Panama. In most instances direct plating of soils onto
agar surfaces, or dilution plate techniques were employed., These tech-
niques do not allow for accuracy in determination of population changes.,

Nume investigators(Sadasivan (16): waiker(17). (18),
Sta_ffeldtﬁgi; and Calderon and Stafi‘eldt(éo‘g) h;,;e em;’,lggzge%he tz’-ap
burial technique to determine the general successiop of aifferent types of
fungi that will colonize the buried traps. Garrett ﬂf stated that once
an organic segment is added to the soil it is invaded by those species
that are both "eligible" and in the immediate vicinity at the moment the

* This section was prepared by Dr, Eugene E. Staffeldt, professor of
Biology, New Mexico State University, who serves as a consultant for
the Envirormental Data Base project. Work reported was carried out
at New Mexico State University by Dr. Staffeldt and student assistants

and was based on a period of sampl (1 1 s
covered by this semianmal report,ing 95-1966) prior to the period
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substrate becomes available for colonization. He also reported that the
successful saprophytic organisms possess (a) riégid growth rate of hyphae
and germination of spores, (b) broad enzyme-producing systems, {c) abili-
ty to produce toxins and/or (d) tolerance of toxins produced by other mi-
croorgenisms, The composition of a micro-commnity at a given time would
be dependent upon the many physical, chemical and biclogical aspects of the
soil habitsat,

Data Collection and Analysis

Soil samples were obtained on a monuniyipasis, from May 1965 through
April 1966, from Tropic Test Center personnel, These samples were collect-
ed during the third week of each month from a 25 X U5-foot plot at the
Albrook Forest site, that had previously been sectioned for sampling on a
randomized basis, A cylinder of soil, 2& indhes In dismeter and 1 4inch
thick was removed and represented the O- to 3=, 3~ to 6-, 6- to 12-, 12-
to 15-, 15- to 18~-inch layers. Three complete cores were removed each
month, Following removal each cylinder was individually wrapped in alumi-
mm foll and sealed in paraffin before shipping, Upon arrival in the
United Stateg, the soil samples were placed in a refrigerator until the
experimentation commenced,

The O- to 3- and 3- to 6-inch samples of each soil core were opened,
and the central areas of each were aseptically moved to a sterile, covered
dish and thoroughly mixed. This soil was then placed as a layer over the
bottom of a sterile petri dish, Sterile, unbroken alfalfa straws were
placed on the soil surface, and additional soil was added to completely
bury the stems, Three straws were removed from each sample after 2, L, 8,
16, and 32 days of burial, Following removal, each stem was washed in tap
water, rinsed five times in sterile distilled waler and placed between
sterile paper towels that absorbed the excess water. The ends of each
stem were aseptically removed, and the remainder was cut into three equal
segments, These pieces were then placed on the surface of carrot agar
contained in petri dishes. Fungal growth from the plant stems and repro-
duction occurring on the stems were observed and recorded over a three-week
period. Transfers were made to sgar slants for identifications of some

organisms and verifications of others,

In addition to the sbove, individual samples of soil were employed in
dilution studies, Standard bacteriological dilution techniques were uti-
lized, Nutrient agar was used for the emmerstion of aeroblc bacteria
while Brewer's anserobic agar, Czapek's agar and Sabouraud®s agar were
employed to determine quantities of anaerobic bacteria, fungi, and yeasts
and similar forms, respectively. Adequate controls were maintained, All
Plates were mainteined st embient temperature, approximately 30 C. The
Plates containing Brewer's agar were placed in vacuum chambers ,bevacuated
and a nitrogen atmosphere was introduced., Colony counts were obtained from
the plates at 2l-hour intervals for three days. A plate was considered val-
id vhen it contained more than 30 and less than 300 <:tt’lc>1'lie‘2°;1-1 Ldﬂ;leﬁge the
counts on the valid plates had to be substantiated by the other ons

1106



employed, Three replications of each soil sample were included in these
studies,

Results

Soil dilution studies were conducted to obtain a comparison of the
relative abundance of the various types of organisms that could be en-
counntered, The relative density of bacteria per gram of soil exceeded
that of the fungi throughout the 12-month examination period (Figure VII-1).
Mg jor peaks were observed for bacteria during the months of August and
October while a third, and lower, peak was expressed in the month of
April, Fungi were generally fewer in number than bacteria, and the only
predominant peak occurred during the month of October. ILow fungal counts
were mede during May, November, December, Jamuary, and April, A more
critical examination of the bacterial densities revealed that the high
numbers of bacteria in August and April were primarily anaerobic forms
vhile those in October were aerobic forms (Figure VII-2). Both aerobic
and anaercbic bacteria were apparent throughout the wet season (approx-
imately 80 inches of rainfall during the months of May through December)
and the dry season (almost no measursble rainfall during the months of
January through April),

The activities of fungi were more closely examined as they colonized
buried, sterile, plant stems and grew out of these after 2, L4, 8, 16, and
32 days burial. Monthly totals of three of the most prevalent genera of
fungi invading and growing from straws are sumarized in Figure VII-3,.
Fusarium spp. s&ppeared most frequently and were found on 80 percent or
more of the stems during every month but February., Representatives of
this genus were observed more consistently than any of the other fungi re-
corded, On the other hand Fusgrium spp. were not observed regularly or
abundantly in soil dilution studies, Similsrly, Penicillium 8pp. were ob-
served less frequently than Trichoderma spp.. During nine months of the
year these organisms (Penicillium) were found on 50 percent or more of the
stems and were most abundant in February. The pattern of appearance sug-
gested a bimonthly increase of these organisms, Penicilliwm spp. were not
as sbundant as either Fusarium spp. or Irichoderms spp, in the stem burial
study but accounted for almost 100 percent of the organisms observed dure
ing October in the soil dilution experiment, Trichoderma Spp. produced
the most erratic expression of the three geners of organisms observed
Representatives of this genus were found on 50 percent or more of the.gtm
during six months of the examination period, During two momths of the year
these organisms were not observed on any of the stems,

Appearances of each of the above anisms were examined
basis of the five stem removals dnringozg,ch month, Thr;e were nooncoxis-
tent colonization patterns expressed that would indicate that these organ-
isms occur early and slowly disappear or that they colonize the stem after
the establishment of another organism, The occurrence of Fusarium
usually varied between 80 and 100 percemt with the exception found i?tp )
February., During this month 83 percent of the stems Possessed colonies of
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these organisms after two days, and no Fusarium colonies were found after
L, 8, 16, and 32 days. Variations between the end of one month and the be-
ginning of the next month were usually never greater than the variations
that occurred between examinstion days within the month, Greater varia~
tions were found in the colonization and expression patterns of Penicillium
spp. and Trichoderma spp., Total suppression of Penicillium spp. occurred
during the month of June, During ten months of the year these organisms
were found on 100 percent of the stems on one of the examination dates of
that month, This expression of high mmbers was usually followed by a
fairly repid decline., In this respect, Trichoderma spp. were more consis-
tent, These organisms were found either relatively abundantly or few in
numbers throughout the month, These three genera of organisms did not ap-
pear to be drastically affected by readily epparent seasonal trends,

Other fungi colonized the buried stems but their colonization and ap-
pearance patterns have not been evaluated to date, The most common, to
least common, fungi include representatives of the geners Phoma, Hyalopus,
Streptomyces, Aspergillus, Masoniella, Myrothecium, Stachybotrys,
Alternaris, Pythium, Xylaria, Cunninghamella, Hormodendrum, Gliocladium,
Saksensea, Monilia, Curvularia, Mucor, Pyrenochaeta, Nigrospora, Volutella,
Chaetomium, Helminthosporium, Sphaeronema, and Ophiostoma.

Bacteria were found growing in small colonies from the straws, but
did not influence the growth and reproduction of the fungi. Nematodes were
not observed on any of the plated stems,

Many interesting facts developed during jhe course of this investiga~
tion, The density of bacteria per gram of s0ll was relatively low
throughout the 12-month exemination period, This was emphasized by the
occurrence of 10* to lO6 total bacterial cells per gram of soil c?gsred to
the 107 cells per grem of agricultural soil as reported by Burges(Z22),
Brock (23 reported that a single species becomes ecologically important
only when the population density reaches 10° cells per ml. Assuming this
statement to be correct, the bacteria could have influenced this tropical
soil microenviromment only during August and October, 1965, if the majority
of the bacteria represented a single specles, Additional dilution plates
have been examined for the period August 1966 - 1967, and all but two
months yleld bacterial densities of less than 10° cells per gram of soil,
Presently the handling and shipping techniques are being investigated to
insure that population densities are not being reduced dquring these proce-
dures. If data reported herein contimue to be collected and reveal similar
bacterial soil concentrations it might be assumed that bacteria are less
important than previously suspected in tropical soil enviromments,

Another aspect that requires additional investigation is the relative-
1y high mmber of eserobic bacteria that appeared in October, within the
prolonged rainy season, Also, the increase in mmber of anaercbic bacteria
dnﬂ.gg March and April, the end of the dry season, requires further exanmi-
nation,



In this semideciduous forest the most extensive amount of litter fall
occurs during the dry season (Jamuary through Aprj.l). This increased ad-
dition of organic substrate did not change the soil microbial densities
as had been expected in the dilution plate techniques, During the straw
burial study, however, the soil samples collected in April produced the
greatest variety and nmumber of organisms.

The high fungal population expressed on dilution plates during the
month of October were identified as Penicillium spp.. This organism grew
equally well under aerobic and anaerobic conditions. In addition to grow-
ing in a nitrogen atmosphere which was passed through three bottles of
pyrogallic acid, this organism grew well when the anaerobic containers
were evacuated and maintained at -24 psi,

Three genera of fungl were most prevalent during the stem burial
studies, Fusarium spp. were observed on 85 percent of the stems while
Penicillium spp. and Trichoderma spp. were found on 67 and L9 percent of
the traps, respectively Tg?se soil inhabitants could be referred to as
dominant organisms ( Brock( L.?ore easily than they could be referred to
as primary invaders (Garre‘tt e The colonization patterns established
within individual monthly examinations were not sufficiently consistent
to enable one to predict the relative mumbers of a specific organism.
There was indication that possibly the metabolic wastes inhibited the
further activity of certain organisms, Representatives of the other 24
genera of fungl were less prevalent and were considered as assocliated or
incidental fungi. Within these organisms it was ea.sie:f 83 detect primary
and secondary types as well as late colonizers, stated that an
analysis of a large system is difficult and oftten baffling, and this in-
vestigation was no exception, Many small, simple experiments defining one
varisble will have to be conducted before an understanding of the gross
changes can be reached,



Particulate Matter*

Introduction

Air contamination has long been recognized as a significant cause of
damage to materiel in urban areas, Stern (k) emphasizes the effect of
airborne particulate matter in deterioration caused by exposure to polluted
atmospheres, He points out that deposited particulate matter markedly ac-
celerates the corrosion of metals, and he estimates that corrosion and de-
terioration attributable to air pollution involve yearly costs of more than
a billion dollars. The majority of reports citing deterioration of mate-
rials caused by alr pollutants deal with observations made in and around
cities. Deterioration of material in tropical regions, on the other hand,
is seldom assoclated with contaminated atmosphere., Instead, reports on
tropical deteriorstion cite effects of moisture, high temperature, and mi-
croblal action as the main factors responsible for deterioration and corro-
sion, 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 pallutants because of general lack of major urban influence and
the fact that it is washed frequently by torrential rains,

The previous -Semlannual Report (1) contains results of air sampling for
detection of particulates too small to reflect white light, This work was
done because we too assumed that the major source of atmospheric pollution
in the tropics would be from the gradual condensation of large molecules of
plant volatiles to form freezing nuclei, with the subsequent agglomeration
of these to form larger particles, Results reported in the above cited re-
port (Condensation Muclei and Particulate Mstter) confirmed the existence
of a high concentration of particulate matter in the submicron region, and
also revealed the presence of a high concentration of large particulates.

No new work on sampling for sub-micron size particulate matter is to
be reported here, Instead this report is limited to a presentation of data
from extended and continuous observalbtions of larger atmospheric particles,
Investigation of particles large enough to be seen should include microscop-
ic examination to determine structure and composition, For example, partic-
ulates may be fibrous; and they may consist of minerals, industrial wastes,
or biological substances, Particulates should also be subjected to chemi-
cal analysis, if appropriate, Neither manpower nor equipment was available
for microscopic examination or chemical anelysis duwring this pericd, In-
stead air was sampled approximately every two hours to determine the amount
of contaminant present and the samples collected were retained for eventual
future chemical analysis,

Data Collection and M ical Methods

A modified Gelman paper tape sampler, shown in Figure VII-U was

* This section has been prepared by Mr. George W, Gauger, Microbiologlst,
and Dr, Robert S, Hutton, Blological Scientist,

13



FIGURE VII-4, PAPER TAPE SAMPLER, SILICAGEL CARTRIDGE, AND VACUUM PUMP

located 46 meters above ground on the tower at the Chiva Chiva open site,
Air wes sampled continuously., Each sample of air collected over a two
hour period was drawn by reduced pressure through s Whatman # 41 filter
paper, The removal of particulates was not camplete, but about 90 percent
of the particles one micron or larger were deposited on the paper., The
filter paper strip is fed automatically from the tgpe dispenser through
the sampling head and along the tape guide and wound on a take-up spool
for analysis and storage. At the end of each 2li-hour period the filter
pasper strip is dated and returned to the laboratory for optical density
measurements, The measurements are made with the Gelman Paper Densito-
meter shown in Figure VII-5, Its function is to measure the difference in
light transmittal through the paper tape between a clean and sampled spot.
This is done by placing a light source on one side of the pgper tape and
measuring the current generated by a photoelectric cell mounted on the
other side of the tgpe, The amount of light transmitted through the paper
strip is proportional to the concentration of particulate deposits and
correspondingly affects the output of the photoelectric cell. The sampled
Paper tape is inserted into the densitometer and the optical density read-
ings are recorded, Optical density readings are read arbitrarily as COH
units (Coefficient of Haze).

Results and Conclusions

The data obtained beginning 1 April 1966 are graphically represented
in Figure VII-6 which demonstrates that the highest mumber of COH units are
recorded for the latter part of the dry season months, while a decreased
number of COH units is recorded for samples taken during the wet season
and early dry season months, The mean, maximm, and minimm COH units,
with date and hour of occurrence, are recorded in Appendix D.
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FIGURE VII-5, GEIMAN PAPER DENSITOMETER

The values in the greph (Figure VII-6) below as well as those shown
in the appendix are given as COH units per 1000 linear feet, This is an
accepted standard; "linear feet" refers to a cylindrical column of air
corresponding to the size of spot resulting from passage of the air through

the paper tape,
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Data obtalned to date indicate that the highest COH values were re-
corded between 1400 and 1800 hours near the end of the dry season.
Undoubtedly much of the increase in airborne particulate matter found at
this time is from the extensive burning which goes on during this season,
and unfortunately these data do little more than provide an index to the
time of burning of grass and shrubs, This information may be useful in
determining meteorological conditions which might favor or prevent the
incidence of forest fires, The overloading of samples with smoke parti-
cles, however, completely precludes examination of the tapes for the pres-
ence of particulates originating from other sources. During times when
particulate samplings are not influenced by smoke, the times for maximm
and minimm values vary widely., Interpretation of the data will require
both chemical analysis of the samples and correlation of maximm and
minimmm values in sampling with prevailing meteorological conditions,
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SOIL PROFILE DESCRIPTIONS AND SUMMARY TABLES
OF PHYSICAL CHARACTERISTICS



S0T11, PROFIIE DESCRIPTION
(Al1brock Forest Site)

1, Location: Albrock Air Force Base, Dump road, spproximate grid
coordinates 17P-PV 602 964,

2. Profile Description:

Aoo

Ao

Loose dry leaves, 3 to 5 centimeters thick,

Partly decomposed forest litter from deciduous trees.
1 to 2 centimeters thick.

0 to 4 centimeters, very dark brown (10YR 2/2, moist)
light clay with a fine to medium strong granular or
fine weak subangular blocky structure; slightly hard
when dry, friable when moist, sticky and slightly
plastic when wet; roots plentiful; moderate to fairly
high organic matter content; moderately permeable when
undisturbed. 2 to 8 tentimeters thick; gradual smooth
lower boundary;

4 to 30 centimeters, very dark gray (10YR 3/1, moist)
to very dark brown (10YR 2/2, moist) clay with a medium
strong subangular blocky structure; hard when dry;
slightly friable to firm when moist, sticky and plastic
when wet; roots mumerocus to abundant; 20 to 30 centi-
meters thick; sbrupt wavy lower boundary;

30 to 35 centimeters, very dark grayish brown (10YR 3/2,
moist) to very dark brown (10YR 2/2, moist) clay with
cormon, fine, and distinct yellowish brown and yellowish
red (1OYR 5/6 and 5YR 4/6) mottles with a structure,
consistency, and root content similar to the horizon
gbove., 5 to 8 centimeters thick; abrupt smooth to wavy

lower boundary;

35 to W47 cemtimeters, very dark grayish brown (10YR 3/2,
moist) clay with a coarse strong subangular blocky struc-
ture, with many concretions of limonite and hematite and
with mottles similar to the A3 horizon above; slightly
hard when dry, friable to slightly firm when moist,
sticky and plastic when wet; roots mmerous; 10 to 25
centimeters thick; gradual wavy lower boundary;

47 to 57 centimeters, very dark grayish brown (10YR 3/2,
moist) cley similar in all respect to horizon Bp,above,
except for the more prominent mottling and concretions.
8 to 20 centimeters thick; gradual wavy lower boundary;
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Albroock Forest Profile (Cont'd)

57+ centimeters, very dark grayish brown matrix (10YR
3/2, moist) clay prominently mottled with many medium to
coarse reddish and yellowish brown mottles, black,
purple, yellowish brown and reddish brown ferrogionous
concretions 5 to 10 millimeters in diameter; massive
structure; hard when dry, friable when moist, very
sticky and plastic vwhen wet; roots few;

At 3 meters soil is heavily gleyed, olive-bluish-gray
Colors.
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DESCRIPTION
(Chive Chiva Site)

1. Location: Fort Clayton Army Reservation, Chiva Chiva anrtenna
field, spproximate grid coordinates 17P-PV- 562 979,

2. ProfileDescription:

Ao

Ay

or

B2

B3

Loose and partly decamposed organic matter. 0,5 centi-
meters thick,

0 to 3.5 centimeters, dark brown (10YR 3/3, moist) silty
clay loam to silty clay with many fine ferroginuous
concretions and with a fine to medium strong subangular
blocky structure; very hard ehen dry, firm when moiis,
sticky and slightly plastic when wet; roots plentiful.
Thin, generally not more than 5 centimeters thick;
abrupt smooth lower boundary;

3.5 to 11.5 centimeters, brown to dark brown (7.5YR 4/h,
moist) silty clay with mmerous reddish and yellowish
ferroginous concretions and with a medium to coarse
strong subangular blocky or fine moderate prismatic
structure; very hard when dry, firm to slightly friable
when moist, sticky and plastic when wet; roots plentiuul;
5 to 12 centimeters thick; abrupt wavy lower boundary;

11.5 to 40,0 centimeters, dark brown (10YR 3/3, moist)
to dark yellowish brown (10YR 3/4, moist) clay with
numerous fine and coarse iron concretions (red, yellow,
black) same peds 3 or L4 millimeters in dismeter, and
with a coarse to very coarse strong blocky or medium
moderate to strong prismatic structure; slightly hard
when dry, frisble to slightly firm when moist, sticky
and plastic when wet; roots/abundant; 15 to 30 centi-
meters thick; abrupt wavy lower boundary;

40,0 to 46.0 centimeters, dark yellowish brown (1OYR
L/4, moist) clay with concretions similar to horizon
above and with a medium strong subangular blocky
structure; slightly hard when ary, friable to slightly
firm when moist, sticky and plastic when wet; roots few,
3 to 10 centimeters thick; gradnal wavy lower boundary;

46,0 to 53.0 centimeters, same as the B3 horizon except
mmerous, fine, clear yellowish (10YR 5/6) mottles and
increasing amount of fine to medium reddish hematitic
concretions, Gradual wavy lower boundary;
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Chive Chiva Profile (Cont'd)

53.0 to 64.0 centimeters, dark grayish brown (1OYR L/2,
moist) clay with common fine distinct yellowish brown
mottles and mmerous medium to coarse ferromagnesian
concretions; medium moderate subangular blocky structure
slightly hard when dry, slightly friable when moist,
sticky and plastic when wet; roots few to absent;

64,0 to 100,0+ centimeters, grayish brown matrix (10YR
5/2, moist) clay with many medium distinct yellowish
brown mottles and mumerous concretions coarser than
those contained in the Cj horizon. above, massive struc-
ture; slightly hard when dry, frisble when moist,
sticky and plastic when wet; roots plactically absent;
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SOIL PROFLIE DESCRIPTION
(Albrook Satellite Site)

l. Iocation: Albrook Air Force Base, Dump road, approximate grid
coordinates 17P-RV- 600 960,

2. Profile Description:

Aoo

Ao

Loose leaves, 3 to 5 centimeters thick,

Partly decomposed forest litter from deciduous trees.
1 to 2 centimeters thick.

0 to 2.5 centimeters, dark brown (7.5YR 3/2, moist) silty
clay to clay with a medium strong subangular blocky
structure; slightly hard when dry, friaeble to slightly
firm when moist, slightly sticky and slightly plastic
when wet; roots plentiful; moderate to fairly high
organic matter content; moderately permeable when un-
disturbed. 1 to 6 centimeters thick; abrupt wavy lower

boundary; ,

2.5 to 7.5 centimeters, dark brown (7.5YR 3/2, moist)
clay with a medium strong subangular blocky structure;
hard when dry, slightly friable to firm when moist,
sticky and slightly plastic when wet; roots nmumerocus;
5 to 10 centimeters thick; abrupt wavy lower boundary;

7.5 to 12,0 centimeters, dark reddish brown (5YR 3/3,
moist) clay with a medium strong subangular blocky struc-
ture; hard to very hard when dry, slightly friable to
firm when moist, sticky and plastic when wet; roots
mmerous; 3 to 12 centimeters thick; clear wavy lower

boundary;

12.0 to 19.0 centimeters, dark reddish brown (S5YR 3/k,
moist) clay with a medium strong subangular blocky struc-
ture; hard to very hard when dry, firm when moist, sticky
and plastic when wet; roots numerous; 7 to 15 centimeters
thick; gradual smooth lower boundary;

19.0 to 27.0 centimeters, dark reddish brown (5YR 3/k,
moist) clay with a medium to coarse strong subangular
blocky structure; hard when dry, friable to slightly firm
vhen moist, sticky and plastic when wet; roots mumerous;
9 to 25 centimeters thick; gradual smooth lower boundary;



Boo

Albrock Satellite Profile (Cont'd)

27.0 to 52.0 centimeters, dark reddish brown (5YR 3/,
moist) clay with few fine faint reddish and yellowish
red mottles and with a medium moderate subangular blocky
structure; hard when dry, friable when moist, very
sticky and plastic when wet; roots numerous; 10 to 20
centimeters thick; gradual wavy lower boundary;

52,0 to 133.0, dark grayish brown (10YR 4/2, moist) clay
with common fine distinct reddish brown mottles and with
a massive structure; hard when dry, very frisble when
moist, very sticky and plastic when wet; roots few;

133.0 to 200.0+ centimeters, same as above except
slightly redder and with many medium and coarse
prominent mottles of red, reddish brown, yellowish brown,
and grayish brown.

A-6



SOIL, PROFILE DESCRIPTION
(Fort Kobbe Satellite Site)

1. Location: Fort Kobbe Military Reservation, K1 road, approximate
grid coordinates 17P-PV- 569 848.

2. Profile Description:

Aoo

Ao

Ay

Boy

Loose leaves, 2.5 to 3.0 centimeters thick.

Partly decamposed forest litter. Very thin, 3 to 5
millimeters thick.

0 to 12 centimeters, very dark brown (10YR 2/2, moist, to
black (10YR 2/1, moist) clay with a coarse to very coarse
strong subangular blocky or medium moderate prismatic
structure; very hard when dry; very firm when moist, very
sticky and very plastic when wet; roots plentiful; 10 to
16 centimeters thick; abrupt wavy lower boundary;

12 to 24 centimeters, black (10YR 2/1, moist) clay with a
coarse to very coarse strong subangular blocky or medium
moderate prismatic structure; very hard when dry; firm
when moist, very sticky and very plastic when wet; roots
ebundant; 15 to 25 centimeters thick; clear wavy to
irregular lower boundary;

24 to 4O centimeters, very dark gray (10YR 3.1, moist)
clay with common fine distinct reddish brown and yellowish
brown mottles together with many iron concretions 3 to 5
millimeters in diameter; very coarse strong blocky or
medium strong prismatic structure; hard to very hard when
dry, firm to slightly friaeble when moist, sticky and
plastic when wet; roots numerous; 15 to 30 centimeters

thick; gradual wavy to irregular lower boundary;

Lo to 56 centimeters, similar to the B horizon above
except common fine faint reddish and yellowish brown
mottles and few small concretions; roots few; 7 to 30
centimeters thick; clear wavy to irregular lower boundary;

56 to 60+ centimeters, dark yellowish brown (10YR 3/k,
moist) clay with few fine faint yellowish and grayish
brown mottles and concretions; massive structure; hard
when dry, firm to very slightly friable when moist,sticky
and plastic when wet; roots few;
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1.

2.

SOIL PROFILE DESCRIPTION
(Fort Sherman Satellite Site)

Location: Fort Sherman Military Reservation, S1 Road, approxi-
mate grid coordinates 17P-PA- 117 261.

Profile Description:

Aoo
Ao

13

Loose leaves, 3 to 4 centimeters thick.

Partly decamposed forest litter. 1 to 1.5 centimeters
thick,

0 to 4.5 centimeters, dark reddish brown (5YR 3/L, moist)
silty clay to clay with a medium moderate granular to

fine weak subangular blocky structure; slightly hard when
dry, very friable when moist, slightly sticky and slight-
ly plastic when wet; roots plentiful; very permeable when
undisturbed; 2 to 10 centimeters thick; abrupt wavy lower

boundarys;

4.5 to 8.0 centimeters, similar to horizon A ebove
except yellowish red (5YR U/6, moist). 2 to & centimeters
thick; clear wavy lower boundary;

8.0 to 14.0 centimeters, yellowish red (5YR 4/8, moist)
silty clay with a medium moderate granular to fine weak
subangular blocky structure; slightly hard when dry;
frisble when molst, sticky and plastic when wet; roots
abundant; 5 to 12 centimeters thick; clear wavy lower

boundary;

14.0 to 21.0 centimeters, yellowish red (5YR 4/6, moist)
light clay with a medium strong subangular blocky struc-
ture; hard when dry, friable to slightly firm when moist,
slighty plastic and sticky when wet; roots numerous; 4 to
10 centimeters thick; clear wavy lower boundary;

21.0 to 26,0 centimeters, red (2.5YR 4/8, moist) silty
clay with a medium strong subangular blocky structure;
hard when dry, friable to slightly firm when moist,
sticky and slightly plastic when wet; roots mumerous; 5 t0
12 centimeters thick; clear wavy lower boundary;

26.0 to 4.0 centimeters, same as horizon B,jabove except
red (2.5YR 4/6, moist)roots few; gradual wavy lower
boundary;

Lh.0 to 100,.0+ centimeters, same as horizon Bop above
except red (2.5YR 5/8, moist);
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Soil Properties Summary
(Genetic Layers)

U.S. Department
of Agriculture Mechanical Analysis

Textural Percent

Site Horizon Classification Gravel Sand Silt Clay
A1l Clay 0 13 29 58

Al? Clay 0 18 20 62

Albrook Forest A3 Clay 0 Iy 25 L
Bol Clay 0 6 18 76

Bo2 Clay 0 3 16 81

BC Clay 0 2 19 79

Al Silty Clay Loam 0 10 50 ko

to Silty Clay

AB or B} Silty Clay 0 1k 41 45

Chiva Chive Bp Clay 0 17 31 52
B3 Clay 0 13 21 66

BC Clay 0 12 21 67

o Clay 0 26 16 58

A1l Silty Clay 0 L 4o 56

to Clay

Al2 Clay 0 7 33 60

A3 Clay 0 L 32 64

Alvroock By Clay 0 L 30 66
Satellite B2l Clay 0 5 25 T0
Bpo Clay 0 5 28 67

BC Clay 0 N 26 70

c Clay 0 3 23 ™

A1l Clay 0 L 36 60

Ft, Kobbe A12 Clay 0 6 30 6L
Satellite Bo1 Clay 0 13 30 57
Boo Clay 0 2 13 8s

o Clay 0 .6, 20 h

A1y Silty Clay 0 i ko U6

to Clay

Al2 Clay 0 13 34 53

Ft. Sherman A13 Silty Clay 0 5 k2 53
Satellite A3 Clay 0 2 32 66
By Silty Clay 0 3 k1 56

Boo Silty Clay 0 3 ) 55

Bp3 Silty Clay 0 3 W s
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Moisture-Strength-Density Sumary

Albrook Satellite Site (cont'd)
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Albrook Forest Site, Soil Plot No, 1

Soil Moisture S
(per three-inch layer)

Date T
B 0-3 36 &Lgle 9-12 12-15 _ 15-18
9 Feb 65 33.3 30.1 29.7 31.0 31.1 31.5
16 Feb 65 30.9 29,2 27.7 27.7 28.1 26.0
23 Feb 65 32,k 30,7 29.8 29.6 29.9 29.9
2 Mar 65 31.1 29.3 28.4 28.3 29,2 29.2
9 Mar 65 28.9 27.9 27.3 27.7 28,1 27.9
16 Mar 65 27.8 27.2 26.3 26.8 27.1 26.8
23 Mar 65 29.7 28.4 27.2 27.8 27.7 27.4
30 Mar 65 27.4 28.2 27.k 27.5 28.6 27.8
6 Apr 65 26.5 26.0 2509 2600 %03 %06
13 Apr 65 26.9 2.2 25.8 26.4 26.6 26.7
20 Apr 65 26,2 25.9 26,0 26,4 26,4 26,3
L Mﬂy 65 27.0 2509 26.0 26.6 26.5 26.1&
11 May 65 b1k 36.0 32.5 30.8 29.2 30.0
18 May 65 k7.2 40,3 39.0 39.4 38.2 36.5
1 Jun 65 7.1 k1,1 39.L 38.9 39.3 39.1
8 Jun 65 52.4 43.2 40,5 40.3 40.8 1,1
22 Jun 65 50:1 43.9 ko, Lok 39.0 37.9
29 Jun 65 h9.1 m"o3 3905 3907 h'093 ’-I-O.l
6 Jul 65 53.0 1.8 39.8 4o.3 ho,2 39.9
13 Jul 65 47.9 4o,7 39.0 38.6 39.1 36.7
20 Jul 65 53.1 k3.3 40,6 4o.1 39.6 38.7
27 Jul 65 5645 Ik, 9 41.6 Lo,7 k2.0 b1,7
3 Aug 65 52,2 43.6 41,0 .0 b1,7 1.6
10 Aug 65 53.1 43,2 41,0 Lho,7 40,8 43,3
17 Aug 65 52.3 k2.1 39.2 k1.0 43.3 40,6
2k Aug 65 53.1 k2,9 b1,2 k2,0 k2,8 k2,9
31 Aug 65 60.8 4,5 k2.3 k2.6 45,0 45.8
1k Sep 65 58.1 45.7 k2,9 uh,9 46.0 48.9
21 SG'P 65 5809 te hl.g u2.3 h3.l h3.
28 Sep 65 61.8 46.3 L43.8 Il L 45.3 43,1
5 Oct 65 55.8 43,6 k1.3 42,6 43,9 bk ,2
12 Oct 65 61.3 46.9 k5.2 43.6 b7.7 47,4
19 Oct 65 62.0 47.3 k5,2 49,9 7.1 47.2
26 Oct 65 64.1 46.2 h1.2 40,9 k3.6 44,6
2 Nov 65 59.7 i 2 h1,2 41,3 41,1 38.3
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Albrook Forest Site, Soil Plot No, 1 (Cont'd)

Soil Moisture S
(per three-inch layer)

Date
0-3 36 6-9 9-12 12-15 15-18

9 Nov 65 61.9 k6.9 k3.2 43.8 47.3 50.6
16 Nov 65 57.0 43.8 42,9 4,0 43,3 k2,1
23 Nov 65 59.5 46.8 43,7 u3.7 45.6 46,3
29 Nov 65 67.3 45,8 k1.5 41,9 k6.1 4.8

7 Dec 65 64,6 k6,5 43.5 43,5 45,0 46.3
1’4‘ Dec 65 6"".7 %05 !.’30 h308 h‘608 !"90
22 Dec 65 66.3 45,5 42,6 42,9 41,7 45,5
27 Dec 65 55.5 43,6 Lo L 41,2 h1,7 41,1
11 Jan 66 57.7 Yy .7 41.6 4.1 1.7 4.9
18 Jan 66 55-8 ‘usoa II-O.O 3809 39-8 39.5
25 Jan 66 46,3 39.6 37.4 41k 38.4 37.9

8 Feb 66 k7.5 31.8 30.1 30,5 316 30,5
21 Feb 66 31.6 39.9 30.6 28.7 30.8 29.8

A-23



Boil Moisture
r three-inch layer)

Chiva Chiva Bite, Soil Plot No. 1

Layer

FBBEaBRE onBEE ~BEE S8 Kon BERw BEE L BX
RSt KRR P A LT

AARARATAL A AR ARAIAR AR A AT AN AR AR AR A At AR Ay

03 36 &9 o917

E

17.8 18.7 18.8 18.9
19,1 19.% 19.1 19.9
18,0 17.7 17.7 19.1
18.3 18.7 18,k 19.1
17.3 18.9 18.8 20,1
17.1 18.2 18.5 19.8
16,2 18,2 17.k4 17.5
16.9 18.6 18.3 19.4
1%.8 16,7 16.4 17.2
15.2 16.9 17.6 18.8
15.2 17.1 17.3 18.3
ik,1 16.k4 16.7 18.k
k.8 16.9 17.0 19.2
18.5 18,7 18.1 19.h4
38.3 34.5 31.1 30,6
36.3 30.7 30,1 30.3
38.3 33.7 31.8 32.9
39.6 35.7 33.1 32,7
41,9 35.1 31.7 31.7
37.5 35.6 30.6 30.7
ke, 35.3 31.0 3.1
ll~2. 3"‘06 31.h 32.8
k4.0 33.k 30.9 ° 3.h
3h.0 30.8 30.2 30.7
k3.5 34.9 31.6 31.8
k.7 36.5 32.7 32,2
4S.3 33.6 3045 1.1
h8.h 37.2 33.2 33.9
hstu 3306 3109 3106
k7.9 37.2 34.3 32.6
6.9 35.8 32.3 32.5
45,8 37.2 33,0 33.1
50.3 35.6 31.2 34,0
;iog gglu 3"-.0 ho.s

. o7 33.5 32.7
LR 341 31.6 32.4
5h,7 39.1 33.1 34,0
51.3 37.1 32,0 33.6
3&5.1 3“'. 31.6 3"..3
51.6 3k, 33.0 32,k
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Soil Moisture S
(per three-inch layer)
Chiva Chiva Site, Soil Plot No, 1 SCont'dz

Date Layer :
0-3 3-6 6-9 O-12 12-15 15-18
10 Nov 65 55.1 Lo.6 34,7 36.3 41,0 51.8
17 Nov 65 51,0 38.2 35.0 33.7 35.4 36.6
21& Nov 65 55.6 l"503 l"309 145.0 %oh ""5.
1l Dec 65 530"" 3803 35-3 3""01 3609 5]-'3
8 Dec 65 53.9 39.2 34,6 33.6 33.8 35.9
15 Dec 65 51.7 37.3 33.1 32.9 35.7 36.7
22 Dec 65 52,2 38.3 32.6 32,6 3k.1 L2.6
28 Dec 65 39.9 30,8 28,7 29,0 31.8 31.7
5 Jan 66 40.0 3h4.7 31.6 33.0 33.2 33.1
12 Jan 66 u5.9 34.8 30.3 30.1 30.9 31.k
19 Jan 66 39,0 30.4 27.3 27.8 28.8 34,2
26 Jan 66 35.7 29,1 26.3 26.6 28.8 28.9
9 Feb 66 24,8 19.1 21.1 25.8 22.5 22.5
23 Feb 66 21.7 21,2 20,2 19.9 22,0 22.9
9 Mar 66 20k 19.8 19.7 204 23.3 23.8
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- APPENDIX B -

SEED STABILITY AND GERMINATION, AND CHARACTERISTICS OF SOME
SEEDLINGS OF TROPICAL FOREST TREES



Seed Stabllity and Germination, and Characteristics of Some
Seedlings of Tropical Forest Trees®*

Introduction

A limited study of seeds and seedlings was made to establish facts a=
bout seed stability and seedling characteristics for some of the most fre-
quently encountered tree species in the Canal Zone, The ripe seeds of
some tropical forest trees fall on moist earth or into forest litter and
germinagte almost immediately, Other seeds appear to remain t indef-
initely, even in moist soil or wet forest litter, Salisbury'?’’)reported
a highly varlable tendency for seeds to germinate immediately after fall~
ing,

Methods of Study

The collectors of vegetation specimens for the Troplic Test Center Da~
ta Base herbarium made collections of ripe seeds or fruits, as they were
found, The seeds and fruits were p. inrpaper bags mumbered to corre-
spond with the parent plant. Some specimens of each specie of seed were
planted in paper cups filled with vermiculite, Developing seedlings were
allowed to grow until growth ceased, at which time the seedlings were
pressed, dried, and mounted for retention in the herbarium, Other speci~
mens were placed in storage for subsequent examination.

Results

Ripe seeds from 221 species of trees and shrubs were collected,
Ninety, or 41 percent, of the collected seeds germinated and produced
seedlings of some size, Seeds which failed to germinate usually rotted
after standing for eight to ten weeks in the moist vermiculite, Planted
seeds which remained hard and bright for ten weeks were scored and further
tested for ability to germinate, Scoring alweys resulted in swelling and
repid decay of the seed, In no instance did scoring produce germination,

In addition to germination tests the collected seeds were stored for
six months snd cbserved for stability of the seed during a storage period,
Of the 90 seed species which germinated, 38, (42 percent) remained hard
and bright after storage. On the other hand only 36 of 131 seeds (27 per-
cent), of the species which failed to germinate remained hard and bright
af'ter storage. merqnaindaroftheseedshadcmpletelvdeeayedatber

8ix months,

) the seed
able B X 1ist: by family, of the species included in
eemigationnte:t: Thei:n‘i;ber of specimens whose seeds were successfully

ared by Dre Robexrt Hutton, Bioclogist, and

* This section has e of Elinor V. Hitton is acknowledged.

Dr. Edwin Tyson, The assistance

Bl



germinated and/or stored for six months without deterioration, as well as
the number of individuals of each species observed is indicated,
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The difficulty in identifying s and in relating them to mature
trees has been recognized, Richards cites "very striking differences
in the form and structure of the leaves (and often their arrangement) be-
tween young and mature individuals of tree”, Seedlings developing from
collected seeds for the current study differed greatly from the mature
forms in both structure and arrangement, Figures B-1 through B-15, which
show paired photographs of seedlings and the herbarium specimens of mature
plants, are provided to illustrate these differences.

Obsexrvations

The work reported here answers few, if any, questions about forest
ecology. On the other hand, some of the problems and difficulties associ-
ated with work in the troplical forest are made apparent, For example:

a. Progressive changes in leaf form and plant structure as plants
age, preclude the development and use of any known form of dichotomous key
based on vegetative characteristics of individuals,

b, Without prior observations to establish the relationships between
seeds, seedlings, and mature trees, any attempt to observe processes of
forest succession would be almost impossible,

ce Times of germination and rates of growth of seedlings maintained
under artificial conditions do not parallel the behavior of seeds and
seedlings in the natural enviromment.

Much more should be known about the behavior of tree seeds in tropical
forest enviromments, These sttempts to grow seedlings in pots indicate
strongly that seed germination is influenced by interactions between the
seed and the forest environment, Adequate knowledge of factors important
in tropical forest ecology should include known facts on the effect of
light, heat, moisture, acidity, and reaction to microorgenisms, Larger
animal forms may elso play a pert in seed behavior as well as dispersal.
Bird or other animal passege may influence both germination and dispersal,
Insect "damage" could cause an otherwise dormant seed to germinate., A
mumber of these factors are more or less influenced by human activity,

Continued work might well have long-range importance to the military,
The defoliation of forested areas will greatly disturb normal processes of
forest succession because growth requiring sbundamt 1ight will be abnormsl-
1y encoursged. The effects of fire will have direct bearing on seed
germination as well as an indirect influence through forest floor and

canopy changes.
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Photographed & wonths 10 days
after planting

US ARMY TROPIC TEST CENTER
Fort Clayton, Canal Zone

COUNTRY: PANAMA PROVINCE:  VERAGUAS
MYRSINACEAE
Ardisia.

Canazas, in brush forest.
12* tall, 3" dbh, fruit black.

Coll. Edwin L. Tyson.
Det.
To. 3605

ETC-RE Label 1
1 Apr 67

Seedling Photo: E. Hutton.

FIGURE B-1, SPECIMEN NO. 3605
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Photegraphed 4 months 11 days
after planting

US ARMY TROPIC TEST CENTER
Fort Clayton, Canal Zone

COUNTRY: PANAMA PROVINCE: VERAGUAS

MYRTACEAE
Psidium guajava L.

Canazas.
20' tall, 6" dbh, fruit yellow.

Coll. Edwin L, Tyson.
Det. J.D. Dwyer.
Fo. 3630

ETC-RE label 1
1 Apxr 67

Seedling Photo: E. Hutton.

FICURE B-2, SPECIMEN NO, 3630
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Photographed
after planting

COUNTRY:

Coll.
Det.

No.

4 wmonths 12 days

US ARMY TROPIC TEST CENTER
Fort Clayton, Canal Zone

PANAMA PROVINCE: CANAL ZONE
LYTHRACEAE
Adenaria floribunda HBK.

Road from Fort Sherman to Fort San Lorenzo,
8' tall, flowers white, primary succession.

Edwin L. Tyson & Kurt E. Blum. (Shrub.

J.D. Dwyer, 1966.
3751

Seedling Photo: E. Hutton.

ETC-RE Label 1

1 Apr 67

FIGURE B-3
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Photographed & months 11 days
-after planting :

US ARMY TROPIC TEST CENTER
Fort Clayton, Canal Zone

COUNTRY: PANAMA PROVINCE: CANAL ZONE

PIPERACEAE
Piper

Fort Clayton, old hospital area.
10' tall, many stemmed, plant bell=-shaped.

Coll. Edwin L. Tyson & Kurt E. Blum,

Seedling Photo: E. Hutton.
¥o. 3890

ETC-RE Label 1
X Apr 67

FIGURE B-l4
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Photographed 3 months 29 days
after planting

US ARMY TROPIC TEST CENTER
Fort Cleyton, Canal Zone

COUNTRY: PANAMA PROVINCE: CANAL ZONE
PIPERACEAE
Piper.

12 miles S. Colon on Rio Providencia.
8' tall, forest shade.

Coll. Edwin L. Tyson & Kurt E. Blum.

Det.

Seedling Photo: E, Hufton.
No. 3953

ETC-RE Label 1
1 Apr 67

FIRURE B-5
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Phetographed 4 menths 5 days
after planting

US ARMY TROPIC TEST CENTER
Fort Clayton, Canal Zone

COUNTRY: PANAMA PROVINCE: CANAL ZONE

ARACEAE

12 miles S. Colon on Rio Providencia.
3' tall, deep shade, fr, orange.

Coll. Edwin L. Tyson & Kurt E. Blum.
Det.

3954 Seedling Photo: E. Hutton.
No. - g

FIUEE B-6

B-15
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Photographed 3 months 28 days
after Planting

US ARMY TROPIC TEST CENTER
Fort Clayton, Canal Zone

COUNTRY: PANAMA PROVINCE: panama
CLUSIACEAE
Clusia,
One mile S. El Valle, 2500' elevation.
15' tall, 3" dbh, fruit red-brown, sap milky.

Coll. Edwin L. Tyson, F.R. Fosberg et al,
Det.
No. 3964

ETC~RE label 1
1 Apr 67

Seedling Photo: E. Hutton.

FIGURE B-T
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Photographed 3 months 16 days
after planting

US ARMY TROPIC TEST CENTER
Fort Clayton, Canal Zone

COUNTRY: PANAMA PROVINCE: CANAL ZONE

MORACEAE
Ficus obtusifolia HBK,

Curundu near gate to Panama City.
60' tall, 20" dbh. Tree spreading from low

Coll. Edwin L. Tyson. (1imbs.
Det. Seedling Photo: E. Hutton.
No. 4018

ETC~RE label 1

1 Apr 67

FIGURE B-8
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Photographed 1 month 26 days
after planting

US ARMY TROPIC TEST CENTER
Fort Clayton, Canal Zone

COUNTRY: PANAMA PROVINCE: VERAGUAS
SAPINDACEAE
4Allophylus Occidentalis (Sw.) Radkl.

5 miles E, Santiago,
Shrub 10° tall, fruit orange.

Coll. Edwin L. Tyson, C. Kupfer & H. Smith,
Det.
Fo. 4283

ETC-.RE Label 1
1 Apr 67

Seedling Photo: E, Hutton.

FIGURE B-9
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Photographed 1 month 26 days
after planting

US ARMY TROPIC TEST CENTER
Fort Clayton, Canal Zone

COUNTRY: PANAMA PROVINCE: CANAL ZONE

BIGNONIACEAE
Tabebula.

Tree 35' tall; inflorescence yellow flowers
with corolla yellow at base dull carmine red at

apex, fruits brown; Curundu Survival School

Coll. Edwin L. Tyson, J.D. Dwyer.
Det.
No. Lh56

ETC-RE Label 1
1 Apr 67

Seedling Photo:

FIGURE B-10

B-19
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Photegraphed. 1 month 26 days
after planting

US ARMY TROPIC TEST CENTER
Fort Clayton. Canal Zone

COUNTRY: PANAMA PROVINCE: TANAL ZONE
ARACEAE

2' tall, Fruits bright red.
12 miles S, Colon.

Coll. Edwin I. Tyson, J.D. Dwyer & Kurt E. Blum.
Det.

No. 4486

ETC-RE Label 1
1 Apr 67

Seedling Photo: E., Hutton.

FIGURE B-11
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- APPENDIX C -

VEGETATION INVENTCRY*

An inventory of live shrubs and trees present in the Albrook Forest
Observational Site (17PPV 602964) was prepared in June 1965, The inven-
tory showed grephically the location of trees and shrubs within a square
divided into 36 10-by lO-meter plots, The inventory was repeated in June
1966 and the revised tabulations were published as an appendix to Semi-
anmual Report # 1 and 2, Envirommental Data Base for Regional Studies in
the Humid Tropies, dated October 1966,

The format of this second revision of the inventory which was com-
pleted in Jamary 1967 was changed and all entries consist of numbers ar-
ranged in tabular form. ILocation of trees and shrubs, girth at 120 om, a-
bove ground, height to first branch, and overall height are all listed
mmerically under appropriate tabular beadings, Trees are also grouped
mmerically, by reference tc mmbered drawings, into seven representative
shapes, The change of format of the inventory emables accumlation of
more information with equal or less effort and will permit machine analyses
of accumilated data to reveal the occurrence of growth, emergence of new
specimens, and other changes which teke place with passage of time,

The first page of the inventory is a topographic map of the 60-by 60-
meter grid of the observational area, Corners of the 36 10-by 10-meter
plots within the area have letter-mmber designations to locate the posi-
tion and orientation of the plot within the grid., Letters and mmbers
indicate north-south and east-west locations respectively.

Pages immediately following the map contain names of the more common
species of trees found in the area. The approximate coverage of the high
and middle canopies is indicated in the diagrams which follow the 1ist of
names, Each of the 36 tables wiich follow the diagrams contain information
about one 10-by 10-meter plot., Each table is mmbered to permit its iden-
tification within the grid ares, For example, the first table G7('36F7§6
represents the upper left hand plot in the grid, Numbers in the "X-¥" col-
wm are keyed according to the scheme shown here (in which two trees from

the first teble, GTGEFTF6, are plotted).

ia tree sbove is continued in succeeding

umns ferenced table, Shape IIT is in reference to the seven
?;lthmugli; %)r:epresentative drswings found at the back of the inventory.

DBH CM indicates diameter in centimeters at breast height (120 cm, above

ground); height to first branch and height oversll ere given in meters,

Blanks were left in the tables for entry of informastion vhich can be

The description of the Cecrop

Prepared bert S. Hutton; Biological Sciemtist, Topographic
’ map canogz l;rk;ti;es, and list of trees are from second edition of
Veg;tation Inventory prepared by Hutton and Tyson,
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obtained from the earlier inventory.
The Iocator is intended to serve several purposes:

ae. Coples are available for observers or visitors for use as

required,

be A master copy will be maintained to record notes concerning
phenological events and corrections that are found necessary. TFurther
revisions will be made as the need arises but will not necessarily be at
regular intervals,

ce Coples will be provided to any investigator wishing to use the
site to record location of points of interest and points that are not to
be disturbed by other investigators,

Users are requested to furnish significant observations., Observations

will be placed on the master copy as soon as received and will be included
in revisions,
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Iist of Trees and Small Trees over One Inch in Diameter,

Anacardium excelsum (Bert. + Balb.) Sheels. (Anacardiaceae)
Alibertia edulis (L. Rich) A. Rich (Rubiaceae)

Andira enermis H.B.K. (Fabaceae)

Annona (1) hayessii Suff. (Ammonaceae)

Amnona (2) purpurea Moc. + Sessi (Annonaceae)
Aphelandra deppeana Schlecht. + Cham (Acanthaceae)
Bactris balanoidea (Oerst.) Wndl. (Phoenicaceae)
Banara guisnensis Aubl. (Flacortiaceae

Belotia panamensis Pittier (Tiliaceae)

Bursera simarube Sarg. (Burseraceae)

Cavanillesia platanifolia H.B.K. (Bombacaceae)
Cecropia (1) longipes 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 (Boraginaceae)
Costus villosissimus Jacq. (Costaceae)

Croton panamensis (Klotzsch) Muell. Arg (Euphorbiaceae)
Q"Pma cinerea Foepp + Endll. (Sapindaceae)

drgﬁfa &tahglmmguceu)

Guazuma ulmifolis Lam. (Sterculiaceae)

Heliconia platystochys Baker. (Musacesae)

e -



Helicteres guazumifolia H.B.K. (Sterculiaceas)
Hirtella (1) racemosa L. (Rosaceae)

Hirtella (2) triandra Swartz. (Rosaceae)

Inga (1) hayessii Bents. (Mimosaceae)

Inge (2) ocerstediana Willd. (Mimosacese)
Lacistema aggregatum (Berg.) Rusby (Lacistemaceae)
Lafoensia punicifolia DQ. (Iythraceae)

Luehea seemanii Triana + flanch. (Tiliaceae)
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)

Tabebuia péntaphylla (L.) Hemsl. (Bignoniaceae)
Talisia nervosa Radlk. (Sapindacese)

Trems micrentha (L.) Blume (Ulmaceae)

Xylopia frutescens Aubl. (Annonaceae)

C-5_



Identifying Numbers of Tagged Shrubs.

Alivertia edulis (L. Ridh.) A. Rich (Rabiaceae)

1785, 1789-1791, 1797-1800, 1882, 1884-B, 1885, 1887-1888, 1890-1892,
1894, 1898-1903, 1906-1907, 1912, 1914, 1921-1922, 1929, 1935, 2513.

Ardesia siebertii ILundel (Myrsinaceae)
1904
Conostegia speciosa Naud. (Melostomaceae)
1784, 1895
Hirtella racemosa Lam. (Amygdalaceae=Rosaceae)
1915, 2515, 2518
Ouratea wrightii (Van Tiegh.) Riley (Ochnaceae)
187k
Palicourea guianensis Aubl. (Rubiaceae)
1782, 1788, 1795, 1876, 1883, 1884, 1889, 1905, 1909-1511, 1930
Piper (1) adunctum L. (Piperaceae)
2512
Piper (2) nov. sp. (Piperaceae)
1920, 1933
Psychotria (1) cuspidata Bredem (Rubiaceae)

1786-1787, 1793, 1796, 1802, 1877-1879, 1919, 1922- )
1931, 193 9, 1919, 1922-B, 1923, 1925-1928,

Psychotria (2) horizontalis Swartz (Rubiaceae)
1780, 1801
Psychotria (3) undata Benth. (Rubiaceae)

1783, 1792, 1875, 1881, 1886, 1893, 1913, 1916-1918, 251k, 2516

c-§
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G7 G6 DBH FIRST BRANCH HEIGHT
CM
F7 Fé6 SPECIES SHAPE REMARKS
l1Jun 1 Jan 4 Jun 1 Jan 1 Jan

X Y 1966 1967 1967 1967 1967

0 1 Cecropia IIT  18.8 20 - 12.5 16.

0 3 Belotia ITI 3.3 5.5 - 2.8 6

1 Croton Chopped
Dead

2 II 3.3 Dead

2 3 Chopped
Dead

3 3 v 3.5 3.7 - 2.0 L.,z

3 7 I L.6 4.8 - 2.5 3.6

L 2 Croton v 2.54 2.7 - 1.2 4.5

5 7 Anacardium I L k.0 - 8 20

9 4 Phoebe III 3.8 LY - 3.9 5.4

9 L Phoebe I 38.8 L1.6 - 2.9 22

C=12



G6 G5 DBH FIRST BRANCH HEIGHT

cM M M
F6 F5 SPECIES SHAPE
1Jun 1Jden L Jun 1 Jan b Jun 1 Jan

X Y 1066 1967 1967 1967 1967 1967
o 8 Tabebuia I L.8 5.0 - 2.5 - 3.9
1 9"  Guazuma v 18,3  19.0 - 8 - 16.5
3 7 Anacardium I 7.6 8.k - 3 - 6.9
5 2 Annona I 24,5 27.2 - 5.4 - 20.5
6 2 Anacardium I 17.5 17.5 - 3.6 - 15
5 7 Sapindaceae I 9.5 3.5 - 3.6 - 9
6 8 Anacardium I 6.0k 6.3 - 3 - 6.6
8 5 I & 4 - 1.5 - 2.7

1 Luehea I 12.2  12.3 - 3.9 - 11
9 8 Anacardium I 88.3 8.7 - 10 - 33.5

Cc-13



FIRST BRANCH HEIGHT
CM M M

DBH

G5 G4

Jan
1967

"
e

L Jun
1967

SPECIES SHAPE

75 F4

1Jan 4 Jun 1 Jan
1967 1967 1967

1 Jun
1966

Missing

Dead
Dead
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G5 Gk DBH FIRST BRANCH HEIGHT

CM M M

F5 Fh SPECIES SHAPE REMARKS

l1Jun lJan & Jun 1 Jan b Jun 1 Jan
X Y 1966 1967 1967 1967 1967 1967
T 7 v L3 4.6 - 2.1 - 4.5
7T 7 * v L L - 2.1 - 4.5
7 8 v k.2 4.2 - 1.9 - k.5
7 8 v &k L - 2.0 - L.8
7 8 v L N - 2.1 - L.5
T 9 v 3.7 3.7 - 2.0 - k.5
9 1  Pittonoitis I k.7 17 - 2.0 - 7.6

C-15
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HEIGHT
1l Jan
1967 1967

4k Jun

1967

FIRST BRANCH
1 Jan
1967

DBM
cCM
1Jan 4 Jun
1966 1967

1l Jun

SHAPE

SPECIES

@3 G2
F3 F2
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G2 G1.

F2 F1

X Y

@ » 9 = E— M

n

M oW 3 W om0 N N M

SPECIES

Miconia

Miconia
Posequeria

Chrysopamilum

Annons,

SHAPE

H H M

ITI1

III

III

DBH
CM

1Jun 1 Jan
1966 1967
M 2.0
M 2.3
M 2.6

L6.9 50.3
3.5 3.6
M
M 2.0
7.1 7.8
4.8 5.0
2.5 3

5.1 8.4

29.9  29.9

a8

4 Juh
1967

FIRST BRANCH

1l Jan

1967

1.2

1.5

.8
13

5.1

.8
4.8
2.8
1.8
3.6

HEIGHT

1l Jan
1967

3.9

3.6

a3

6.3
Missing
or chopped

3.3

7.6

k.5

L.5

15



F7 F6
E7 B

X

o

VW W O 1w W Ww

Y

RN
R

® O v 3

(@]

o =N W Y o N 3 W

SPECIES

Nectanda
Anacardium
Hirtella

Croton

Rubiaceae
Sapindaceae
Posequeria
Anacardium
Pittoniotis

Pittoniotis

Cecropia

DBH FIRST BRANCH HEIGHT
CM M M
SHAPE REMARKS
1Jun 1Jan L Jun 1 Jan b Jun 1 Jan
1966 1967 1967 1967 1967 1967

IT M L.k - .9 - .9 Chopped
I 2.8 2.8 - 1.2 - 3.9 or missing
I 3.8 L.k - 2.0 - 5.4
I Dead
v 3.5 4.1 - .5 - 3.6
v M 4.5 - 1.2 - 2.0
III M 2.3 - 2.5 - 3
III 5.3 6.2 - 3.9 - 6.4
I 27.%  28.5 - 2.5 - 20
IIT 3.5 5.0 - 2.0 - 4.5
I k48 5 - 2.0 - 3.3
I 1.3 1.7 - 1.7 - 10
I 4.3 5.3 - 1.7 - 3.9
I 8.5 9.6 - 1.9 - 9
TIT  2h.h o 2h.h - 23 - 32
v M 2.5 - .8 - 2.5

c-19



F6 F5 DBH FIRST BRANCH HEIGHT

CM M M

B ES5 SPECIES SHAPE REMARKS

lJun 1Jan 4 Jun 1 Jan Y Jun 1 Jan
X Y 1966 1967 1967 1967 1967 1967
17 Andira IT 4.6 k.9 - .5 - 7.6
1 7 II 7.8 8.2 - 5 - 7.6
17 IT 5.8 6.3 - .5 - 7.6
2 3 M 2.6 - 1.2 - 1.2
2 7 Andira IT 2.5 3.0 - .5 - 7.6
2 7 II 3.8 b1 - .5 - 7.6
35 III Was dying
35 'S M 3.4 - .8 - 3.6
3 0 Belotia III 2.5 L.7 - 4,2 - 6
4y 6 I M 2.k - 1.5 - 2.5
6 3 Copaifera III 4.1 b7 - 5.4 - 6.9
6 5 v 2.8 2.8 - .7 - )
6 6 I M 2.k - .8 - 3.3
7 2 Spondias I 3.0 3.6 - 2.8 - 4.8
7T 5 v M 2.8 - 2.0 - 3
75 v M L - 2.0 - 3.9
7 5 v M N - 2.8 - 6
7 5 v M 4.0 - 2.8 - 5.4
8 5 I M 3.0 - 1.2 - 3
g9 8 Nectandra II L.2 L.2 - - 3.9
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F5 Fi DBH FIRST BRANCH HEIGHT

cM M M
E5 Eb SPECIES SHAPE

1Jun 1Jen L4 Jun 1 Jan L Jun 1 Jan
X ¥ 1966 1967 1967 1967 1967 1967
1 6 Iuemea II 4,6 5.4 - 1.8 - 2,8
1 6 II 305 h¢6 - 2.8 - )4.8
2 8  Ficus I 6.0 6.3 - 2.8 - 4.5
L 6 Pasequeria I 5.1 5.4 - 1.8 - L.s5
6 3 Anscardium I 16.2 17.5 - k.5 - 19
6 6 Inga I 22,4 22,4 - 2.8 - 13.5
8 9 1 M 15.1 - 1.8 - 11

c-21



Fh F3 DBH FIRST BRANCH HEIGHT

CM M M

Eh E3 SPECIES SHAPE

1Jun l1lJan L4 Jun 1 Jan 4 Jun 1 Jan
X Y 1966 1967 1967 1967 1967 1967
1 0k III M 2.6 - .8 - 3
2 0 VII M 1.8 - .8 - 2.8
2 0 vII M 1.8 - .8 - 3.6
3 6 Flacourtiaceae I 5.6 6.3 - 1.8 - 6.9
6 9  Cecropia III 2.5 3.7 - 6 - 6
8 2 I1I * 2.0 - 1.5 - 2.5
8 3 Cordia IIT 10.1 12.k - 6.5 - 12.5
8 6 I M 2.k - 1.5 - 4.5
9 8 T M 3 - 1.9 - 6
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F3 F2 DBH FIRST BRANCH HETGHT

CM M M ,
E3 B2 SPECTIES SHAPE REMARKS
lJun 1Jan L Jun 1 Jan k Jun 1 Jan
X Y 1966 1967 1967 1967 1967 1967
0 5 ILuehea I 6.8 7 - 2.5 - 7.6
1 3  Anacardium v 8.0 8.4 - 1.9 - 6.5
2 ’ 5  Anacardium I 6.6 9.k - 2.0 - 6
2 5  Anacardium I 9.3 1.3 - 2.8 - 5.5
T VI M L.y - 1.8 - 3.3
VI M 3.7 - 1.5 - 2.8
Vo M 3.7 - .8 - 2.5
5 6  Cecropie III 22.6  22.6 - 20 - 25
5 9 vz 3.8 b.b - 3.3 - 5.4
6 0 Spondias I 2.5 25 - 3.9 - 14,5
& L I M 3.0 - 1.3 - 3
6 5 I M 3.6 - 1.8 - 3.3
6 9 vz k3 bL - .8 - 3.9
7 0  Anacardium I 1.3 1.3 - 3.9 - 16.5
9 7 I 19.3 19.6 - n - 5.1



F2 F1 DB H FIRST BRANCH HEIGHT

CM M M
= SPRCTES S l1Jun lJan L4 Jun 1 Jan 4L Jun X Jan RARKS
X Y 1966 1967 1967 1967 1967 1967
1 8  Iuehea III Dead
2 1 I 2.2 2.2 - 1.5 - 3.9
L s v M 2.2 - 3 - 3.6
5 5 VII 5.1  %5.10 - .9 - 2.8
5 5 VII M 1.4 - 2.8 - 3.6
5 1 Anacardium I 6.6 6.6 - 3.3 - 6.6
5 6 VII M 1.0 - 2.0 - 3.6
6 1 I M L.L - 1.2 - L.2
7 6  Piper oI 2.8 3.0 - 3.3 - 5.4
8 1 Alivertia II L. 5 - - 6
8 7 Chrysophylum I 4.6 4.8 - 3 - 6

Ca24



ET B6 DBH FIRST BRANCH HEIGHT

D7 D6 SPECIES SHAPE o " " REMARKS
1lJuw 1Jan L Jun 1 Jan L Jun 1 Jan

X ¥ 1967 1967 1967 1967 1967 1967

1 0  Belotia III 3.5 L9 - 4,5 - 6.5

15 vV 3.5 3.6 - 1.8 - 3.5

15 V 3.5 L - 2.0 - 3.5

15 V  Dead 3.6 - 3.3 - 3.3 Dead

15 vV 3.1 3.1 - 1.8 - 3.6

16 vV 2.3 2.3 - 1.5 - 2.7

2 5 V  Dead 3.4 - 1.8 - 3 Dead

2 6 v 3.7 3.7 - 2.0 - 4.2

2 6 V Dead 3.4 - 2.0 - 2.0 Dead

31 Belotia III 4.6 6.7 - 3 - 8.4

3 2 I M 2 - 1.5 - L2

37 Cavenillesia VI 66.3 70.1 - 18 - 2l

37 Cecropia I 7.6 10.1 - 10 - 15

L V Dead 3.6 - 1.5 - 3.3 Dead

by v ka2 - 1.2 - 1.2

by v 3.2 3.2 - 1.5 - 3.3

5 0 Belot.a I1I 4,1 5.7 - 3.5 - 7.2

5 3  Cecropia III 5.1 9.5 - L - 14,5

5 3  Belotia III 2.5 3.2 - k.5 - 6.0

6 4  Croton oI 2.1 3 - 2.0 - 5.6

8 8 Annona T 12.3 12.3 - L.L - 16.5

38 M Missing



B ES5
D6 D5

O OO O WY BN

£ o W 0 v W oo o

SPECIES

Annonaceae

Inga
Ings
Luehea

SHAPE

Vi

(S T I — B B - Y

DBH FIRST BRANCH
cM M
lJun 2Jan L Jun 1 Jan
1966 1967 1967 1967
M 3.6 - o5
12,1 12.1 - 8
M 3.0 - 1
M 3.0 - 1
19 19 - 8
16 6.1 - 3.5
5.1 7 - 1

C-26

HEIGHT
M
4 Jun 1 Jen
1967 1967
- 2
- 16.5
- 3.5
- 3.5
- 12
- 13
- 5.5

Dead



ES5 E4
D5 Dh

O @ 3 O O OV O WU WU WUt WU WU WU W O

n MO O VI D

~N VM 3 Fow W e w W n

SPECIES

Posequeria

Hirtella

Spondias

SHAPE

VII
Vit
VII
v
Vil
VII
VII
VIiI
VII
VII

VII

IIx

D BH FIRST BRANCH HEIGHT
CM M
1Jun 1Jan b Jun 1 Jan L Jun 1 Jan
1966 1967 1967 1967 1967 1967
2.5 5.6 - 1.3 - k.5
M 7.8 - 1 - 4.5
Dead 9.7 - 2 - 2.5
M 2.0 - 1 - 2.5
M 3.7 - 1 - 3
3.0 3.1 - 1 - 2.5
M 3.1 - 3.5 - .5
3.7 3.7 - 3.5 Co- 5
5 5 - 4.3 - 1
L.b L L - 1.3 - 2.5
M 4 - 4,5 - 6
2.7 2.7 - 1 - 2
M 2.8 - 2.5 - L5
3.7 3.7 - 3.5 - 5.5
M 2.5 - 1 - 2
2.8 - 1 - 3
2.2 2.2 - 2 - 3.5
2.5 25 - n - 15

c-27
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E4 E3
DLk D3

XY

[
S R LIRS S R e ¢ B

[ A NEE ] E V]

SPECIES

Anacardium

Annonsa
Annona

Alibvertia

Palicouresa

Posequeria
Pelicourea
Annona

Anacardium

DBH
CM
SHAPE
1Jun 1 Jan
1966 1967
III M 2
IIT M 2.6
I 93.2 98.0
II M 2
IiI M b
W  15.7 7.7
v 9.3 9.3
ITI * 3.7
v M 2.3
I * 2.8
I M 2.5
Y * 1.8
I 3.0 3.4
I 3.0 3.1

c-28

FIRST BRANCH

L Jun
1967

1 Jan
1967

3.7
4.3

3.5
L.o

2.5

HEIGHT

M

L Jun
1967

1 Jan
1967
3.5

Lo

30
3
4.5
T
5.3
5.0
2.5

2.5

2.5
k.5

REMARKS

Dead or
Chopped



E3 E2
D3 D2

X

@O o =N ~N O o O v O O O OO0t U WU Y WU WO

Y

SPECIES

Inga

Annone

Iaehea

Lafoensia

SHAPE

I

I
VIT
VIL
VII
VII
VIL
VII
VIT
VII
VII
VII
VIiI
VII
VII
ViI
II
VII
VII
III
I

DBH
CM
1 Jun 1 Jan
1966 1967
17.8 21.0
19.0  19.0
M 3.4
3 3.7
2.8 3.7
Y h
3.8 L
3.5 L
M 3.7
3.0 3.1
3.3 3.7
3.3 3.4
3.3 3.7
3.1 3.1
b.L L.L
3.5 3.7
4.6 5.5
5 5
3.0 3.1
42,9  43.2
7.4 8.4

FIRST BRANCH

4 Jun
1967

G-29

1 Jan
1967

5.4
4.5
3.6
6.4

.9

o\ [s )N | o W
. L]
-

£ O =W

13

HEIGHT

1l Jan
1967

1k

16
L2
7.2
4.5
5.4
6
3.6
5.4
7.6
6.6
6.9
7.2
6.9
6
6.9
6
3.6

23
36

Not Inside



D7 D6
C7 06

X

oo B o« B L e Y V) B e - Y Y T Y

Y

=\ o W w [ 2N = W

[0 ) SR ¢ AN \M)

SPECIES

Nectandra
Hirtella

Anacardium

Nectandra

Hirtella
Conostegia

Belotia

Belotisa
Conostegia
Croton

Andira

III

III

DBH FIRST BRANCH
cCM M
1Jun 1Jan L Jun . 1 Jan
1966 1967 1967 1967
2.6 2.6 -
3.k 3.4 -
20.4  20.8 - 8.5
M 1.8 -
k.1 4.8 - 3.6
2.5 3.0 -
2.8 3 - 2.8
10.1  10.1 - 6
M 1.8 - 3.3
14,2 18.9 - 6.3
* 1.8 - R
8.8 9.4 - 4.5
2.5 3.2 - 2.8

630

HEIGHT

1l Jan
1967

3.6
3.9
10
2.8
5.k

3.9

4,2

12

1.8

6.9
3.6

Dead or

Dead or



1967

HEIGHT
1l Jan

1967

4 Jun

1967

DBH FIRST BRANCH
cM M
1Jan L Jun 1 Jan
1967 1967

1966

SPECIES SHAPE
1 Jun

2 E
D2 D1
Iy

Missing
Missing

Chopped
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SPECIES

Copaifera

Anscardium

Sapindaceae

Spondias

Ficus

DBH FIRST BRANCH
CM M
SHAPE
1Jun l1Jan L4 Jun 1 Jan
1966 1967 1967 1967
IIT 5.5 5.8 - 2.8
I 13.1 13.1 - 7
Iz M 2.4 - 3.3
I 13.4 13.5 - 8
I 21.7 23.2 - 3.6
I 1k.7 15.1 - 7
III 6.0 6.0 - 5.4
I 12.1 12.1 - 6
I 6Lk 71.3 - 6.4

c-32

HEIGHT

M

4 Jun

1967

1l Jan

1967

10

5.7

12.5

12.5

9.5
2.5



D5 Dh

C5 Ch
X Y
11
1%
2'3
2 6
33
Il
5 5
57
6 6
6 6
7 0
7 6
8 6
8 6
9 2

SPECIES

Croton
Palicourea
Cordia

Alibertia

Ardesia

Alibertia

Phoebe
Anacsrdium
Inga

Inga
Chrysophyllum

SHAPE

ITI

]

VII

o]

VI

]

H O OMH M

DBH
CM
1Jun 1Jan 4 Jun
1966 1967 1967
* 3.0 -
10.9  10.9 -

* 2.6 -

* 2,7 -
2.5 3.0 -
3.7 3.7 -

* 2.8 -

M 3.h -
3.7 3.7 -

3k.5 351 -
19.0  19.0 -
9.8 9.9 -
7.6 8.2 -
6.6 6.8 -

c-33

FIRST BRANCH

1l Jan
1967

1.2
10
1.8
1.2
.8
1.8
1.5
1.8
.8
1.5

3.3

HEIGHT

M

L Jun
1967

1 Jan
1967

4.5
1k
3.3
3.3
1.8
L2
2.8
3.6
2.8
26.0
20.5
12
10

6.9

REMARKS

Dead or



D4 D3
ck c3

O O W O 0 o O O W W W W w

Y

O W 0 O OO 3 W
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SPECIES

Lauraceae
Alibertia
Chrusophyllum

Spondias

Anacardium
Copaifera

Annona

SHAPE

H o oH H 2

VII
VI
I
I

I

I
Vi
Vil
VI
v
I

DBH FIRST BRANCH
CM M
1Jun 1Jan L4 Jun 1 Jan
1966 1967 1967 1967
3.1 - .8
* 2.4 - 1.2
2.8 3.0 - 1.5
M 6438 - 1k
3.0 3.4 - 4.2
L.y L.k - 2.8
* 2.6 - 2.5
12.3 12.9 - 4.2
7.6 8.0 - 4.5
3.0 3.k - 2.5
2.5 2.5 - 3
3.1 3.1 - 2.5
3.5 3.7 - 3.3
M 3.1 - 2.8
3 3 - 2.8

c-3h

HEIGHT

M

bk Jun
1967

1l Jan
1967
3.9
3.9
b2

26.5
5.4
k.5
3.9
4.2
6.9
4.2
3
2.5
k.5
3.6
4.8



FIRST BRANCH

DBH
CM

D3 D2

SPECIES SHAPE

C3 c2

L Jun 1 Jen 4 Jun 1 Jan
1967 1967 1967 1967

1 Jan
1967

1 Jun
1966

X XY

Dead or
Chopped

Psychotria
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1
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FIRST BRANCH HEIGHT
CM M M

DBH

D2 D1

SPECIES SHAPE

ce2 C1

1l Jan
1967

L Jun
1967

1Jan L4 Jun 1 Jen
1967 1967 1967

1l Jun
1966

Missing
chopped
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CT C6

BT B6 SPECIES

»
Lo

Miconiea
Costus

Costus

v O

Hirtellas

N T RS T

n

Posequerisa

Belotia
Trema
Belotia

Croton

Belotia

N O oo o O -3 ~ W &= M

Bursersa

Bursersa

Belotis
Costus
Costus

Costus

o W O O N ~N OOV WM WV N U FE WwWoWw

[/ )TN, Y BN Vo R o c B

Annona

0
ho]

SHAPE

III

I1I

III

III
III

III

IIx

III
III
III
III

IIT
III

III

DBH
CM
1Jun 1 Jan
1966 1967
3.5 23.2
4.2 4.2
4.0 4.0
3.3 k.5
M 2.7
L2 k.2
5.5 8.6
2.7 2.7
2.8 2.8
2.5 3.2
12.9  1k.3
12.5  12.5
M 6.2
4.8 9
2.k 2.4
M 2.0
M 2.0
2.5 2.5
3.0 3.k

FIRST BRANCH

L Jun
1967

c-37

M

1l Jan
1967
1.5
2.5
2.5

105

3.3

6.5
3.9
2.8
8.5

HEIGHT

M

L4 Jun
1967

1l Jan
1967
20
3.6
3.3

4.2

3.3

10.5
4.8
1{-.5

11.5

10

10

13
1.9
3.3

3.6

5.1

Dead or
Chopped

Chopped
Dea.d."

Dead-

Dead
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SPECIES

Nectandra

Posequeria

Rubiaceae

Inga

SHAPE

H n H n H

DBH
CM
1Jun 1 Jan
1966 1967
3.0 3.1
M 5.8
2.5 3
17.5 19
L. L.2
M 2.4

C-38

FIRST BRANCH

1 Jan
1967

L.5

1.2

HEIGHT

1 Jan
1967
3.6
5.4
2.8

13.5
2.8

12.5



c5 ch DBH FIRST BRANCH HEIGHT

BS Bh4 SPECIES SHAPE oM " " REMARKS
lJwm 1Jan L4 Jun 1 Jan L Jun 1 Jan

XY 1966 1967 1967 1967 1967 1967

11 I 25.4 - 6.k - 15.5

11 III 3.8 L.L - 2.5 - 5.1

2 ‘5 I M 3.0 - 1.2 - 2.3

3 9 Luehesa I 1.0 17.1 - 2.8 - 7.6

h o1 Rendia I 2.8 3.0 - .8 - k.2

L 1  Hirtella IT 2.5 3.0 - .2 - 5.1

5 2  Alibertia I * 1.8 - .7 - 3.3

6 O  Rendia I 2.8 3.0 - 2.0 C - k.5

7 7 Posequeria Iz 2.5 3.h - .3 - 5.1

8 L VII 2.8 3.1 - .7 - 2.8

8 L VII Dead

9 6 III M 2.h - 2.0 - 3.6

Cc-32
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SPECIES

Anacardium

Inga

Lafoensia

Rubiacesae

Anacardium
Anacardium
Luehea

Palicourea

SHAPE

III

H

H

III

HHHHH

H

III

DBH
cCM
l1Jun 1 Jan
1966 1967
2.5 2.6
M 2.1
8.3 8.5
22,0 22.0
M 2.7
5.1 5.2
3.3 3.k
M 2.8
6.3 6.8
M 12.7
67.3 68.3
2.5 3.0

c-io

FIRST BRANCH HEIGHT
M M
L Jun 1 Jan L Jun 1 Jan
1967 1967 1967 1967
- 1.9 - 3.6
- 2.0 - 2.8
- 3.3 - 6.6
- 6 - 22
- 1.8 - 2.8
- 2.5 - 7.6
- .7 - b2
- Kd - 2.5
- 2.8 - 5.4
- 3 - 12.5
- 1k - 28
- 2.5 - 5.4

REMARKS



FIRST BRANCH HEIGHT

DBH

C3 C2

M

M

CM

SHAPE

SPECIES

B3 B2

1l Jan
1967

L Jun
1967

1Jan 4 Jun 1 Jan
1967 1967

1967

1 Jun
1966

gl
"

Missing
Dead or
dying
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FIRST BRANCH HEIGHT
CM M M

DBH

c2 C1

SPECIES SHAPE

B2 Bl

1l Jan
1967

L Jun
1967

1Jan 4 Jun 1 Jan
1967 1967 1967

1l Jun
1966

Dead or
broken
Missing

5.4
3.6

oA

1.2

22.0
2.4
2

8

Inehea
Rourea
Spondias

N ,

Talisia
Vine
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FIRST BRANCH HEIGHT
CM M M

DBH

BT B6
AT A6

SHAPE

SPECIES

1 Jan
1967

1 Jan ik Jun
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1 Jan L4 Jun

1l Jun
1966
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B6 BS

A6 A5 SPECIES SHAPE
XY

0 2 Andira I
0 5 I
0 9 Annona I
1 2 v
2 1

2 4 VII
2 8 I
33 VII
3 3 VII
3 L4 VII
3 5 VII
3 5 ViI
3 5 vii
3 7 Lafoensia III
L 4 VII
L L VII
L 4 VII
L 8 Posequeria I
6 &4 I
6 5 I
8 3 Anscardium 1
9 2 Croton I
9 8

DBH FIRST BRANCH
cM M
1Jun 1Jan 4 Jun 1 Jan
1966 1967 1967 1967
10.3  10.5 - 2.8
M 3.4 - 1
25 25 - 5.7
M 1.8 -
3.7 3.7 - 2.0
21 21 - 48
3.3 3.7 - 3
3.4 3.k - 3.6
3.k 3.4 - 3.6
3.7 3.7 - 3
3.1 3.1 - 1
2.7 2.7 - 1.8
7.1 8.2 - 3.6
3.0 3.7 - 2.5
3.1 3.1 - 3
2.5 2.5 - 2.5
3.0 3.0 - 1.2
2.8 3 - 1.8
3.0 3 - .8
4.8 5.1 - .8
1.8 1.8 - .8

C-lhy

HEIGHT

M

L Jun
1967

1 Jan
1967

6.9

2.5
16

3.3

4.5
4.2
k.5
5.1

4,2
2.9

5.4
3.9
5.4
3.9
3.9
3.3
2.8
4.5

2.8

REMARKS

Dead

Does not
exist



BS Bb4
AS AL

H M O

S

N

O N 0o F W

o

w ® K W O B O

SPECIES SHAPE

EH<<<EQH<<HH

H

Lafoensia

Spondias I
Flacourtiaceae IIT

DBH FIRST BRANCH
CM M
1Jun 1Jan 4 Jun 1 Jen
1966 1967 1967 1967
M 2.7 - .8
M 2.k - 1.2
M 9.2 - .8
3.5 L.5 - 3
3.1 3.1 - 1.8
M 3.1 - 1.5
M 2.1 - 3
M 3.0 - .5
4,1 4.2 - 2.0
4,1 4,2 - 3
3.2 3.2 - 1.9
3.4 3.4 - 3.3
I 2.2 - .3
10.1  10.5 - 10
M 4.0 - 1.5
M 2.5 - 5
33.3  33.3 - 12
4.6 4.8 - 4.8

C-b5

HEIGHT

M

L Jun
1967

1

1 Jan
1967

3.3

L5
6.6
5.4
3.6
3
2.5
1.8
5.4k
5.1
L5
6
3.3
12
1.7
2.8
2k.5
5.4

REMARKS

Dead



B4 B3 DBH FIRST BRANCH HEIGHT

cCM M M
Ah A3 SPECIES SHAPE _
1Jun 1Jan L4 Jun 1 Jan 4 Jun 21 Jan
X Y 1966 1967 1967 1967 1967 1967
o 7 Luehea I 26.8 26.8 - 6 - 13.5
14 Annona 11T 2.5 k.9 - 4.5 - 6
19 I1T 9.6 9.9 - 6 - 8.4
2 3 I M 3.4 - 1.5 - 3.9
2 6 Inehes I T71.0 Th.3 - 12 - 26
2 6 I11 M 2.8 - 3 - 4.8
kb 6 Anacardium I L.6 5.2 - 2.8 - L.8
9 2 Anacardium I .9 45.8 - 3.3 - 28

c-46



B3 B2

A3 A2

>
ot

)M

@ o O O O N T WU oW1 W

FOF B O U, o o

o

SPECIES

Miconia or

Spondias

Spondias

Hirteélla

SHAPE

Iuehea I
I

VII

VII

VIT

VII

VII

DBH
CM

1l Jun 1l Jan

1966

M

5
3.5
3.1
26.1
29.9
3.5
3.7
5.1

2.5

1967

2.2

5
bk

3.1
32.5
35.1

3.7

3.7

7.8

3

c-h7

FIRST BRANCH

1 Jan
1967

3.3
1.2
3.9
9.5
9.5

1.5

3.9

1l Jan
1967

k.5
3.6
k.5
22
22
3.3
3.9
6.6
b.5

Dead



B2 Bl DBH FIRST BRANCH HEIGHT

CM M M

A2 A1 SPECIES SHAPE , REMARKS
1Jun 1Jan 4 Jun 1 Jan h Jun 1 Jan

XX 1966 1967 1967 1967 1967 1967

0 0 Andirs, I L.3 L.6 - 2.5 - 4,2

3 6 Dead

5 2 Piper II 3.2 3.2 - .8 - 3.9

5 2 IIT 2.2 2.2 - 1.8 - 3.3

5 L4 Annona III 2.3 2.6 - 3.3 - 3.9

5 8 Inehea I 125. 125. - 1k - 28.5

7 3 Copaifera I 2.5 3 - 3 - 3.9

7 L I * 3 - 8 - 3.6

8 5 "Quipo" III M 3.0 - 3.6 - 4.2

Cavanillesia

8 7 I M 2.4 - 1.5 - 3

9 6 I 2.8 2.8 - 1.8 - 3.6

9 7 I M b - 15 - 3.9

C-48



DRAWINGS REPRESENTING SHAPES OF TREES IN ALBROOK FOREST.
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DRAWINGS REPRESENTING SHAPES OF TREES IN ALBROOK FOREST,

C=50



- APPENDIX D -

DATILY OCCURRENCE OF. COEFFICIENT OF HAZE



Time of Occurrence of Minimum, Maximum, and Daily Means of the Coefficient
of Haze (COH) Units per 1000 Linear Feet at Chiva Chiva

Note: '"Hour" refers to start of one-hour periods during which
the indicated value was obtained

Date Minimum - Hour Maximum - Hour Mean
1966
Apr.
1 0.637 1615 2.688 2115 1.259
2 0.708 1915 1.698 0515 1.270
L 0.208 2100 1.610 1400 0.518
5 0,134 1800 0.7T74 1400 0.370
6 0.128 0200 0.642 0000 0.313
1 0.170 0900 1.768 1700 0.666
12 0.283 0800 1,270 1600 0.65k4
13 0.255 0300 3.260 1600 0.817
14 0.142 0900 1.270 0600 0.488
15 0.156 1021 0,920 1321 0,401
18 0.212 1925 0.534 1525 0.357
19 0.212 0525 0.424 0625 0.339
20 0.254 1720 0.707 1120 0.h55
21 0,255 2345 0.920 1345 0.496
22 0.184 o845 0.538 06Ls5 0.3h1
23 0,054 1705 0.357 1305 0.151
2L 0.018 1105 0.178 1705 0.087
25 0.036 0500 0.071 0700 0.056
28 0.022 2035 0.536 1235 0.169
29 0.128 0035 0.228 0135 0.146
Ma% 0.032 2215 0,139 1215 0.083
L 0.086 0015 0.500 o415 0.2k1
5 0.018 1150 0.139 1950 0.073
6 0.071 0350 0.182 1255 0.106
7 0.050 1055 0.171 1255 0.096
8 0,028 1055 0.136 0255 0.076
9 0,007 1045 0.107 0855 0,066
10 0.05k4 1hks 0.203 1645 0.133
11 0.107  OOu5 0.350  Ohkks 0.210
12 0.032 1500 0.21h4 1100 0.073
13 0.0 0300 0.071 1700 0.035
1k 0.0 0100 0.071 0300 0.0k1
15 0.007 0700 0,064 2300 0.042
16 0.018 2300 0.089 0300 0.052
17 0.028 0100 0.132 0700 0.094

D-3



_Date Minipmum - Hour Maximum - Hour Mean
May
19 0.054 1250 0.178 1850 0.120
20 0.018 0650 0.118 0050 0.060
21 0.0 0900 0,064 0100 0,028
22 0.0 1500 0.107 0100 0.046
23 0.0 1700 0.125 1900 0.057
2h 0.086 0100 0.216 1300 0.139
25 0.054 12k45 0.286 0000 0.127
26 0,036 olhs 0.11h 2045 0.071
27 0.075 o645 0.125 1700 0.100
28 0.050 0700 0.128 0100 0.074
29 0.028 0500 0.125 2300 0.058
30 0.036 2100 0.171 1300 0.120
31 0.028 1645 0.221 0100 0.088
Jun.
1 0.004 1640 0.157 o845 0.073
2 0.032 ooko 0.21h4 0840 0.086
3 0.028 0240 0.182 2040 0.101
L 0.032 0840 0.064 1840 0.04k
5 0,018 1040 0.128 1640 0.051
6 0.0 00ko 0.175 1555 0,049
T 0.004 0155 0.143 2300 0,063
8 0.0 0500 0.164 1100 0.069
9 0.039 1648 0.114 0635 0.053
23 0.021 1600 0.086 1800 0,059
) 0.0 0200 0.064 0800 0,029
25 0,004 0700 0.0 0300 0.0L46
26 0.0 0300 0.077 1700 0.028
27 0.0 1800 0.167 2400 0,068
28 0.043 0200 0.21h 2000 0.128
29 0.0 1700 0.257 0200 0.09%
30 0.004 0300 0.205 1350 0,093
Jul.
1 0.0 0750 0.120 0550 0.042
2 0.0 1200 0.077 1000 0.024
3 0.0 0200 0,103 1200 0.028
L 0.0 1000 0.056 1200 0.020
5 0.0 1200 0.086 1615 0,037
6 0.0 0015 0.077 0815 0.02k4
7 0.0 0400 0.026 0200 0,005
13 0.032 1940 0.072 2340 0.053
ik 0.0 0940 0.072 1540 0.026
15 0.0 - 0400 0.040 0800 0.020
19 0.0 2135 0.108 1535 0.059

Db.2



Minimum - Hour Maximm -~ Hour

0,0 0635 0.056 0135
0.063 2043 0.065 2243
0.035 1243 0.112 1800
0.019 0800 0.068 0200
0.040 1550 0.068 1950
0.016 1350 0.072 1150
0,023 1940 0,088 1740
0.01k4 0540 0.121 1940
0.0 1550 0.093 1340
0.0 1950 0.072 0350
0.009 0150 0.088 1550
0.0 2150 0.07h 0150
0,00k 1350 0.063 1150
0.01h4 0310 0.140 1420
0.0 ok2s 0.091 1225
0.051 0835 0.280 1235
0,014 0900 0.112 1300
0.040 1100 0.126 1900
0.021 15u5 0.09% 0100
0.005 2137 0.112 o1hs
0.016 1337 0.121 1137
0,002 1615 0.058 2215
0.016 1015 0.133 1215
0.0 1515 0,086 0315
0,019 0115 0.133 2315
0.021 2350 0.123 1115
0.005 1530 0.112 1150
0.0 0930 0.0%1 1735
0.0 0935 0.098 1335
0.002 1730 0.202 2330
0.0 1930 0.107 1730
0.0 0130 0.096 1930
0.0 1530 0.070 0530
0.0 0330 0.107 1130
0.0 "1130 0.077 0130
0.002 1015 0.186 1618
0.026 0418 0.121 0618
0.016 1700 0.058 2300
0.006 2100 0.097 1300
0,010  17ko0 ~0.085 2140
0,004 0140 0.116  1ko5
0.0 0805 0,107 1620
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Date Minimum - Hour Maximum - Hour Mean
Sep,
1 0.017 0020 0.107 1020 0.071
2 0.019 1812 0.116 1218 0.056
3 0.0 0800 0.078 0200 0.034
Iy 0.0 okoo 0.078 2200 0.036
5 0.019 1630 0,107 2030 0.057
6 0.025 o430 0.097 0030 0,063
7 0.025 2035 0.175 0807 0.070
8 0.0 0035 0.068 0235 0.029
9 0,016 0630 0.146 1430 0.063
10 0.010 1835 0.107 0235 0.056
11 0.016 1635 0.097 1235 o,o0lh2
12 0.027 o35 0,06k 1500 0.0k2
13 0,019 0900 0,116 1944 0,064
14 0.027 13hk 0.146 2137 0,068
15 0.043 2337 0.194 0137 0.087
16 0,010 2155 0.142 1555 0.06k4
17 0.006 1755 0.077 0155 0.039
18 0.0 0755 0.057 0355 0,024
19 0.020 0155 0.193 1130 0.056
20 0.030 1330 0.118 0730 0.075
21 0.0 1815 0.142 ok15 0.076
22 0,045 0815 0.071 0015 0.059
23 0.017 1945 0.172 2345 0.079
24 0.029 1545 0.105 o345 0,072
25 0.027 1545 0.153 1145 0,063
26 0.0 1145 0.09% 1545 0,048
27 0.0 o945 0,038 0345 0,024
28 0.084 2110 0.213 1710 0.123
29 0.020 0010 0.123 2110 0.072
30 0.04k4 15910 0.148 1755 0.086
Oct.
1 0.033 0755 0.123 1800 0.060
2 0.0 olkoo 0.190 2200 0.066
3 0.008 1000 0.107 2230 0.059
L 0,008 0230 0.090 0030 0.056
5 0.031 0300 0.056 0500 0.041
6 0,016 1000 0.082 0700 0,052
7 0.038 1130 0.072 1920 0,052
8 0.036 0520 0.067 0320 0.04k
9 0,0 1720 0.052 0320 0.024
10 0.025 1830 0.167 1630 0,058
11 0.0 1030 0.085 2155 0.052
12 0.028 0555 0.156 1555 0.072
13 0.045 0955 0.483 1555 0.139
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26 0.0 1225 0.031 2025 0.017
27 0.0 1225 0.071 1725 0.029
28 0.0 1h25 0.057 0025 0.023
29 0.0 0715 ‘0.068 1315 0,022
30 0.0 151k 0.041 0515 0.019
Dec.
1 0.003 1228 0,085 2028 0.04k
2 0.0 1836 0.036 0828 0,017
3 0.0 1036 0.034 0836 0.018
N 0.0 2036 0,07k 0236 0.029
5 0.006 0236 0,106 0636 0.038
6 0.0 0836 0.128 1436 0.0l
7 0.0 1236 0.045 o436 0.018
8 0.001 0035 0,082 1435 0,040
9 0.0 1645 0,106 0635 0.038
10 0.0 1245 0,082 o245 0.036
1n 0.0 1lks 0,047 2245 0.017
12 0.003 o6lL5 0,056 1540 0.021
13 0.0 0950 0.052 0350 0.020
ik 0.0 0950 0.036 2035 0.019
15 0.003 0835 0.023 0235 0.012
16 0.0 ol35 0.050 0835 0.018
17 0.0 o35 0.023 0235 0.013
18 0.0 0835 0,028 0235 0.010
19 0.0 1045 0.031 2245 0.016
20 0.0 1245 0.040 ooks 0.020
21 0.0 0430 0.033 1830 0.015
22 0.017 0030 0.036 1030 0.024
23 0.0 1630 0.037 0030 0.018
24 0.0 1230 0,024 0830 0.012
25 0.0 0030 0,021 2230 0,009
26 0.0 1230 0.043 1430 0,025
27 0.0 1434 0,04 0634 0.016
28 0.0 003k 0.017 2230 0.008
29 0.0 1230 0.036 1030 0.018
30 0.0 1030 0,028 0830 0.010
31 0.0 0830 0,028 0630 0.013
1967
Jan.
1 0.026 o430 0.057 1030 0.042
2 0.03h4 0030 0,085 2230 0.059
3 0.0u8 1635 0,081 ok30 0,065
A 0.028 1435 0.071L 0035 0.051
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Date Minimum - Hour Maxium ~ Hour Mean
Jan.
5 0.011 1234 0.031 0034 0.023
6 0.0 1243 0.040 o843 0.017
7 0.0 1617 0.031 2017 0.015
8 0.006 1217 0.037 0817 0.015
9 0.0 1620 0.017 0817 0,010
10 0.0 1220 0.036 2017 0.014
n 0.0 1418 0,054 2138 0.022
12 0.0 0338 0.038 2045 0.017
13 0,0 1616 0.028 2016 0.013
14 0.0 ok16 0.026 1416 0.013
15 0.004 0016 0.028 2016 0.015
16 0.0 1720 0.050 0016 0.015
17 0.0 0320 0.021 1320 0.007
18 0.0 1020 0.094 2214 0.028
19 0.068 1620 0.111 101k 0.094
20 0.043 0620 0.099 0820 0.057
21 0.01k4 0814 0.052 221k 0.025
22 0.01k 181k 0.040 081k 0.025
23 0.0 1hak 0,028 o214 0.013
24 0.0 1615 0.045 2215 0.022
25 0,010 0015 0.048 2219 0.027
26 0.007 1526 0.037 1019 0.026
27 0.023 0126 0.045 1126 0.029
3 0.0 1135 0.040 2135 0.010
Fedb,
1 0.0 1620 0.023 2220 0.013
2 0.0 1807 0.055 1607 0.032
3 0,018 1610 0.067 2210 0.039
4 0.012 1210 0.053 0010 0.028
5 0.016 1810 0.053 0210 0.033
6 0.0 1210 0.0k 0810 0.017
7 0.0 1550 0.053 0826 0.022
8 0.0 1150 0.084 2200 0.033
9 0.0 1400 0.077 0200 0.038
10 0.0 1722 0.056 2322 0,028
11 0.019 1522 0.070 0722 0.037
12 0.00k 2322 0,049 0122 0.029
13 0.0 1615 0.023 1322 0.018
1% 0.0 1546 0.049 1415 0.020
15 0.0 2154 0.053 0346 0.027
16 0.009 1617 0,028 1354 0.019
17 0.016 1815 0,049 2215 0,029
18 0.0 1615 0,056 0615 0.029
19 0.007 1015 0.035 0815 0.021
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-8

iR, Miniwom - Hour _ _ Maximm - Hour Mean
Feb,

20 0.0 1526 0.053 2126 0.027
21 0.026 0126 o.oth 2214 0.038
22 0,0 1h1k 0.067 181k 0.039
23 0.0 661k 0.0k 081k 0.030
ok 0.018 1316 0.055 Q116 0.035
25 0,007 1557 0,049 07;" 0,025
26 0.068% 0357 0,113 43 0.055
27 0.014 1633 0,132 1357 0.072
28 0.018 0433 0,067 216 0.037
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