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

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

Subtasks during the project Included collection of basic data on climate, soils and 
hydrology, vegetation, microbiology and chemistry of the atmosphere, and macrofauna. 
Collected data were assembled and arranged for computer storage and retrieval. Re- 
positories of data are USATTC; US Army Test and Evaluation Command, Management Sciences 
and Data Systems Directorate, Aberdeen, Maryland; Earth Sciences Division, US Army 
Natlck Laboratories, Natlck, Massachusetts; National Center for Atmospheric Research, 
Atmospheric Chemical Laboratory, Boulder, Colorado; and National Weather Records Center 
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ABSTRACT 

This report presents a sumnatlon of the Envlronnental Data Base Project 
which was undertaken by the US Amy Tropic Test Center (USATTC) In 1964. 
The objective of this project was the gathering and storanc of detailed, 
specific data on militarily significant factors of a humid tropic en- 
vironment. 

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

Suhtasks during the project Included collection of basic data on 
climate, soils and hydrology, vegetation, microbiology and chemistry 
of the atmosphere, and macrbfauna. Collected data v/ere assembled and 
arranged for computer storage and retrieval. Repositories of data are 
USATTC; US Army Test and Evaluation Command, Management Sciences and 
Data Systems Directorate, Aberdeen, Maryland; Earth Sciences Division, 
US Amy Natick Laboratories, Matlck, Massachusetts; National Center 
for Atmospheric Research, Atmospheric Chemical Laboratory, Boulder, 
Colorado; and National Weather Records Center, Ashevillc, North 
Carolina. 
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FOREWORD 

This project was sponsored by the Office, Secretary of Defense, 
Advanced Research Projects Agency (ARPA), Directorate of Rennte 
Area Conflict, and bv the Departnont of Army, Office of the Chief 
of Research and Developnent, Army Research Office (ARO). 

This study reported herein was conducted under the guidance and 
with the direct partlclnatlon of the Research Division of the 
US Army Tropic Test Center. Major contributions to this project 
were made by Dr. Leo Alpert, Chief of the Research Division during 
the design phase (1963-1965) of the project, and by Dr. Guy N. 
Pamenter, Chief of the Research Division during the execution 
phase (1961.-1969). The Center's research personnel who provided 
significant technical contributions to the project Include 
Hr. Ricardo Ah Chu and Mr. Alfredo Gonzalez. 
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PART I. INTRODUCTION 

1. Background 

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

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

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

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

2. Objectives 

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



fron observations of selected physical and bioloqical conditions at 
representative sites in the natural environnonts of thp Canal Zone. 
A specific objective of the US Army Tropic Test Center was to obtain 
detailed information concerninq the environnents in which its tests 
are conducted. The information is directly apnlicahle to materials 
deterioration studies. 

3. Project Description 

Thr project was subdivided into six major fields of investiqa- 
tion: (1) Climate, specifically the meteorological phenomena exhibited 
fron the ground to an approximate height of 50 meters; (2) Soils and 
Hydrology, with emphasis on data related to trafficability and 
ground water fluctuation; (3) Vegetation, with emphasis on taxonomy, 
canopy foliage, plant succession, and accumulation of vegetative debris; 
(4) 'HcroMology, with narticular respect to nunhers and kinds of bac- 
teria and fungi and their transportation and deposition; (5) Atmospheric 
Chenistry, the chemical and physical contaminants and particulate matter 
in the air; and (6) Macrofauna, generally limited to selected arthropoda. 

Detailed plans providing guidance for the various aspects of each 
project task were prepared as project memoranda. These memoranda pro- 
vided detailed instructions for measuring and recording each parameter 
and gave scheduling and frequency of measurements and maintenance of 
instrumentation. Their relevance to the project decreased in the 
latter stages of the project, particularly after installation of the 
automatic Meteorological Data Acquisition and Recording Systems (MDARS) 
during 196B. 

4. Observational Approach 

The prinary objective of this project was to investigate the 
spatial and temporal variations of the most significant elements, from 
a nilitary standpoint, of the physical and biological environments. 
In order to demonstrate their interrelationships as well as their precise 
quantitative values, "main" sites v/erc established v/here a broad range 
of environmental elements were observed synchronously over relatively 
long time periods. Other "satellite" sites were established, where 
physical and biological conditions varied from the main sites, and 
where data v/ere secured on selected environmental elements (principally 
soils and meteorology) over shorter periods. 

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



Sone of the observations were made by Tronic Test Center person- 
nel; however, the bulk of the routine neasurencnts werp carried out hv 
contractual arrangement with private flms. All wori' on the observa- 
tional nroqran was monitored by proiect personnel of the Tronic Test 
Center staff, and their guidance governed all staoes of the program. 
The frenuency of observations varied according to the parameters 
being measured, ranging from continuous readinns cf some meteorological 
equinnrnt to one-time observation of sono soil factors. 

■ 



PART II. OCSFRVATION SITfS 

1. Site Locations 

The two main observation sites were located on the Pacific side 
of the Canal Zone, which Is characterized hy nodrrate precipitation 
(an average annual rainfall of approxlnately 70 Inches), with pro- < 
nnunced wet and dry seasons, and semdeciducus vegetation. The 
two sites were on the Albrook Air Torce Base and at Chlva Chlva (see 
figure II-l). The Chlva Chlva site was in an onen area of mowed grass- 
land four kilopieters (2 1/2 niles) fron the Alhrook site; the latter 
was located within a forest with a relatively dense canopy of ahout 16- 
to 26-r)eters height and an understory of shrubs and vines with greatest 
densit" at about 2-meters height. 

Four satellite sites were utilized for observation of soils and 
hydrology. These were sites for which significant bodies of data had 
been gathered before the institution of the Data tiase Project.* Con- 
sequently, It was considered desirable to reactivate these sites since 
they represented varying aspects of Canal Zone envlronnents. Meteorolo- 
gical data were gathered at the main sites, at the four soil satellite 
sites, and at one additional site (Rio llato). 

2. Site Descriptions 

a. Albrook Forest Site 

This site was located on a low erosional terrace In the north- 
eastern portion of the Albrook Air Force Base, Inricdiately adjacent to 
the Fort Clayton nilitary reservation. Elevations at the site range 
fron 30 to 33 neters above sea level. The ground slopes anoroxinately 
4 percent to the southeast. The surface Is broken only by a one-half- 
to two-meter-deep cfiannel of an ephemeral stream running southerly 
across the eastern side of the site. The regional topography is 
characterized by rounded hills, with elevations up to 130 meters. 
The nearest lie about 400 meters to the east, and others 600 meters to 
the northwest. The latter are part of a generally northeast - southwest 
trending line, with slopes ranging from about 10 to 50 percent. The soil 
Is moderately well drained residual clay with a surface rich in organic 
matter. The parent material Is an agglomeratlc tuff (a pvroclastic rock 
with a fine-grained matrix of volcanic ash containing phenoclasts to 1 
centimeter In diameter). 

*The prior work had been carried under the project, "Military Evaluation 
of Geographic Areas (MEGA);" by the US Amy Engineer Waterways Experiment 
Station, Vlcksburg, Mississippi, during the period of 1961-1063. 
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The vegetation consists of many species of trees, shrubs, and vines. 
The forest age Is approximately 70 years since the last major disturbance. 
The upper surface of the tree canopy occurred at approximately 26 meters 
and grew to approximately 30 meters during the course of the project. 
The forest extends for several kiloneters on all sides, except for an 
area to the east where the large vegetation has been cleared. 

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

Two generators of 3n-kw capacity provided the power reouired to 
operate the electrical Instrumentation. They were located near the 
tower within a wire-protected enclosure. A concrete, air-conditioned 
building was positioned on the perimeter of the site for use by 
observers; the building also housed the central components of the data 
acquisition and recording systems. 

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

b. Chiva Chiva Open Site 

The other main site was located in the northwestern 
section of the Fort Clayton military reservation approximately four 
kilometers west-northwest of the Alhrool forest site. The loration 
was in an open, grass-covered area at approxinately 30 meters above 
sea level. The clearing extends about one-half kilometer to the 
northeast and in other directions for nearly one kilonoter from the 
center of the site. Beyond the cleared area lies a forest similar to 
that at the Alhrool; site. The site is gently sloping and has a 
southwesterly aspect. A moderately well-drained clayey residual soil, 
very sticky and plastic, comprises the surface r.iantle. The parent 
material, an agglomerate, is generally similar to that at the forest 
site. 

A tower, identical in structure to that at Alhrool:, was centrally 
positioned on the site. This tower carried a smaller number of 
Instruments than the one at the Alhrook forest site. Two air-conditioned 
vans were provided for the observers and the central crmponents of the 
instrument recording system. Commercial line power provided electricity 
for the site. Due to the open nature of the site, biological observations 
wore not made as extensively as at the forested site. 

c. Albrook Soil Satellite Site 

The Albrook soil satellite site was located aooroxirately one- 
half kilometer southwest of the Albrook main site. The soil is a 
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well-drained clay, very sticky and plastic. The physical environment 
and topographic setting Is slfnilar to that at the Alhrook forest site. 
A cased groundwater well, with a water level recorder, a hytjrothermo- 
graph, and two recording rain gages (one under an opening in the canopy 
and another under tree cover) made up the Installed enuinment at that 
site. 

d. Fort Kobbe Soil Satellite Site I 

The Fort Kobbe Soil Satellite Site I was situated at an elevation 
of approximately 20 meters. The soil is a clay, very sticky and plastic. 
The topography is nearly flat with slopes less than 2 percrnt. The 
vegetation is secondary growth, with trees reachinq a naxinum height of 
ahout 5 meters. Two rain gages, in the open and under a canony; a hygro- 
thermograoh; and a cased waterwell with a level recorder were Installed 
at the site. 

e. Fort Kohbe Soil Satellite Site II 

An additional satellite site for securing soil data was set up in 
1967 when observations were concluded at the Alhrook forest site. Three 
senarate soil plots were located on terrain with varying slooe in 
order to determine the effect of tonogranhic position on the measured 
soil parameters. Plot A, in the highest position, was located under a 
sparse deciduous forest, with the top of the canony at about 15 meters. 
Plot H, at a slightly lower position, was on the steepest segment of 
the slope and covered by more widely snaced trees and shrubs. Plot C 
was on grass-covered flat ground below the slope and was frequently 
under several centimeters of water during the rainy season. At plot A 
the soil surface texture was sllty clay loan. At plots B and C the 
soil surface texture was sandy clay loam. Internal drainane of the 
soils was varied. Plot A was moderately well drained. Plot B well 
drained, and Plot C poorly drained. 

f. Fort Sherman Soil Satellite Site 

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

g. Rio Hato Site 

A limited number of meteorological measurements was made In a savannah« 
type environment found at the Rio Hato Ml'tltary Training Reservation 
located approximately BO kilometers southwest of the two main sites. 

8 



PART III. CLIMATE 

1. Introduction 

The cHnatoloqy sub-task of the Data Base Project was desiqned to 
provide detailed microneteoroloqical data to define a trooic en- 
vironment in general, and to describe the nicroclinatic repine in 
particular. The major continuous collections of climatic data 
in tropical regions throuahout the v/orld have been made bv 
governmental meteorological bureaus and by military aoencies. In 
most instances, hov/ever, these data are in the macro and meso scales 
rather than the micro scale. For exannle, in the Panama Canal Zone 
an extensive network of rainfall observations has been in operation 
for many years in sunport of the oneratinn o^ the Panama Canal. The 
US Air Weather Service and the US Army Meteorological Service have 
made standard surface weather and upner air radiosonde observations 
for many years in support of synoptic and aeronautical meteorology 
and ballistic requirements. 

The Data Case Project represents the first naior comprehensive 
data collection effort in support of micrometcorolonical determinations 
in a tronic environment. See table III-l for an indication of the 
anount of data collected. The several data analyses summarized in this 
section on climate demonstrate the usefulness of the collected data 
and the type of information that can be extracted. 

Meteorological measurements were made throuah both the vertical and 
horizontal planes at two main sites, Alhrook and Chiva Chiva. A limited 
number of measurements were made in the savannah-type environment found 
at thp Rio flato military training reservation. Some additional meteoro- 
lonical measurements were made at the soil satellite ol'servation sites. 
Refer to part II for descriptions of these sites. 

2. Instrumentation 

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

This correlation of measurements at the data base sites makes it 
possible to define the soatial and temporal variations of this particular 
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•MMd trorUil CM*«!* I" fMWCf«* t*ffff»t.     ?Hf ftf«UK* 0# 9M* 

lMtfV«*M«t«M «fid ^«»nr«! IMI« i« CMUi"«tf «• tu* «irwlf^i« ifml. 
•iMMt rmert« U%uMl vMlvr t*«» ^4U 9*** *rr*»ci. »t»»r V» t4* lr% 
111-? tt»r«v«* lll-S Inr furtftfr iw#»»fm»«p* «r l*t iM4t(V*iMtjiioA. 

In er0f»r U» dM<Mittrat« tN» drti»«nl««tlfM>« «#••€•* u« M 4i»rl«»tf 
frnri «iMlytft o' Ui» M»t**m1iwiiul eH*<r»*t«<MH «• Vw **•» *4*.r 

«ft UMIMI rMortt.   IH»* aKtwU *«»llfl»: 

..   PMIMMT. «M^l«.«! *U Ml «'•«•«'•" 

V«rf«nnu4l Htsort Itt. I/? C^UtfK «UttttU«! ciwdMnntio«« of 
nrtMw(0Q*C«1 Oat* «CCunyiUtfO If tMl l«(nt.    ^r«f** cfr^r» •»» 
two i»»M a« «all a« tfta two taavm« (or. «mi ratty) i«4t* rttoKt 
to W«II tcnmwtur» «no nM" raUtiva Hur»o»l* at Of r«v«it **■ -»u 
TM» rM»t»«i" rainfall tntal* arr alu» or*«nitoO for KM» min fitot* 

The Oavt on «tiled IN» Olwroal torvwrafurr oKllUtlen Mat 
1e«t tNn S*f In th* Al^ronl  frwt am lltUO.    All i#ro In fi* 
rainy iMiton, wit*» na*rly lialf ocevrrlno in ^rto^nr and Wwttr« 

Tim anmial varlatlnn e» wlnO inono rnr^flt lar<ir 4«ffamncn% 
Imtwfen thr ti« flt^t.    for *»ar*lf>, thf near wlnO torod at 4f 
notart over tna onan »Ita «ot IS »^* In 'ohrwarv iv, hit only J npn 
at the tana halont over the fnm«t ofTunO.   Tue nr»^ of w*^ diroction 
fr«nu»nfla» *h»*», « qre«ter OHnnrslon omr t^ *rrf%t |itr •• »♦• 
over the onen iltt,   (THo fnlliwUm ynar \»<v«   %u ilar «aWity varia- 
tion*.] 

h.   Olumal Tartwrature variation In Fomt ano Open Site« 

TMt ttudv, PUMUM< in Sonianfmal Raonrt 'ie. >, daali only tritn 17 
«i*v'. of Seotanl*r inet.   Savon of tnata Oav* wrro Orv a* hot** «tatlont, 
Mlilla the othor in two rain at noon at hnth tlat«ont.   *•• rotwltt tno»"» 
anonr other thln^t, that the h^hatt tanooratura on thn r««nv as M*II 
as on the dry day« occurred at both itation« at I?1*1, ann nnt, at ft 
tvnlcal for nott oartt of tie world, batuean lain and iw howrt. 
Tha reasoot for thl« ahnon<allty are dl«cuttad In Saniannwf* reoori 
nn. 3.   Neatwrenenu o' the dry teaton, not dUcuttad In !♦»• reoort, 
indicate that during the drv teatoo the hfohett delN ta^nratura doe« 
occur hetueen uoo «nd r^o hours. 

(Teat contlnurd on oaoe 17) 
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TArLE II1-2.    INSTRUMEflT COPE 

(Used in Tables III-3 and III-4) 

01. Delfort hygrothemoqraph (chart recorder) 
02. Foxboro hygrothemogranh (chart recorder) » 
03. Sllnq psychrorieter (non-rrcordinn) 
'M. Liouid-in-glass ninimur.i themoneter (non-recording) 
Ofi. Moncyv/ell hyyrotherriograph w/soil tenneraturr pro^e (c^art recorder) 

Ofi. Taylor non-aspirated psychrorieter (non-recording) 
07. Ul.rrr instrument (non-recording) 
OR. Thnriistor psychrometer (non-recording, rennte reading) 
00. Platinum resistance hulh psychrorieter (punch tape recording) 
10. Dendix Psychron 

11. Delfort anemoneter w/Rustrak recorder 
12. Delfort hand-held v/ind set (non-recording) 
13. Recknan & l.'hitley RMQ-12 wind set (chart recording) 
14. Delfort Anenograph (chart recording) 
If). Cardion-Uest wind set (punch tape recording) 

Id. !1icrot>aroqraph (chart recording) 
17. liain gage ML-17 (dip stick) 
IC. Ueinhing R recording rain gage (chart recording) 
19. Clear-Vu rain gaqe (non-recording) 
20. Tipping bucket rain gage (chart and punch tape recording) 

21. Piche evaoorineter (non-recording) 
22. Standard evaporation pan (non-recording) 
23. 'let exchange radiometer (punch tape recording) 
24. Total hemispheric radiometer (punch tape rccordinc) 
25. Global pyranometer (punch tape recording) 

12 



TABLE II1-3.    INSTRUMENTATION AS OF 1 MAY 1^5 
(See table II-2 for instruncntation cod^) 

Forest Site Lcvol (npters) 

Sur 0.5 1.0 1£ 4,0 8.0 13.5 26.5* 28.5 46.0 
Drv Rulh Ter-r:(10)** 05 03 03 03 02  02  02 02 02 
Wet Bulb Tenp:(10)** 05 03 03 03 
Pras«; Mininum Tenn on 
Soil Surfacp Tern 05 
Relative Hunidity*** C C C C  02  02  02 02 02 
Wind Direction ]* 13 
Wind Speed 11 11 K ii ii n 11 13 
i.TTT Index 07 
Taronetric Pre«;<;urp 16 
Prpcinitation 18(3)** 

19(8)** 
NOT REPRODUCIBLE 17 

Sten flow ln(3)** 
Fvanoration 21 21  21 21 

Open Site Level (meters) 

Sur 0.5 1.0 2.0 4.0 8.0 13.5 26.5 28.5 4b.0 

Drv Bulb Tenn:(in)** 05 03 06 06 06  06  01 01 01 
llrt Bulb Ter;in:(10)** 05 03 06 06 06  06 
Grass Minimum Tenp 04 
Soil Surface Temn 05 
Relative Humiditv*** C C C c r  c  oi 01 01 
Wind Pirection 13 12 
Wind Speed 13 12 
WBfT Index 07 
Barometric Pressure 15 
Prpcinitation 17 
Evaporation 22 

* This was the canopy-top level at that tine. 
** There were several instruments at the sane level, as indicated in 

parentheses. 
*** C - Calculated from dry and wet bulb temperatures. 
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TARLE III-5. IflSTRUMPriT ACTIVITY   NOT REPRODUCIBLE 

The following is a chronological recapitulation of tho instru- 
ment activity throughout the project beginning 1 Mav l^fS (tahle III-3): 

July 1065 - Due to instrument shortage, the recording instruments were 
removed fron the 8.0- and 28.5-riPter levels at both sites. 

- Sling nsvchroneters were replaced with Bendix Psychrons. 
These "psychrons" were used at the levels having nn other 
tvpe of psvchroncter. 

Sent 1965 - The hynrothemngraph at the l.O-nPter level at the forest 
site v/as relocated to the R.O-neter level. 

Get 1965 - The Piche evanorincter and the wind set wero rernved from 
the 46.0-meter level at the forest site. 

- A standard evaporation pan was installed at eac^ site. 

Nov 1965 - Measurements of the grass minimum temperature were dis- 
continued at the forest site. It v/as impossible to maintain 
a grassy plot on the jungle floor. 

Dec 1965 - ft locally assembled wind set was installed at the 46.0-meter 
level at the open site. 

- Commercial line power v/as installed at the open :ite. 

Jan 1966 - All the Rustra^ recorders were removed from the onen site; 
wind data were telemetered to a selective switch meter 
located in the observer van. 

Feb 1966 - The Piche evaporimrter emnlaccd "under cover" at the forest 
site was removed. 

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

- Piche evannrimcters v/erc emplaced at the ?^.5-meter and 
46.0-meter levels at the forest site. 

Jul 1966 - New Belfort hygrothemogranhs were installed at the 1.0-, 
13.5-, and 26.5-ineter levels at the foreU site and at the 
1.0-meter level at the open site. 

Auq 1966 - Reconditioned r,M0-12 wind sets v/ere installed at the 4.0- 
and 46.0-meter levels at the forest site. 

15 



TABLE II1-5. (Cont.) 

- A tinning hucket ralngage with strin chart recorder was 
Installed at the 46.0-nieter level at the forest site. 

Oct 1966 - A reconditioned nMO-12 wind set was installed at the 
26.5-neter level at each site. » 

Nov 1966 - The fiMn-12 wind set at the 26.5-neter level at the forest 
site was damaged beyond repair by a power surqe of the 
generator. It was replaced with" a locally assembled wind 
set. 

Auq 1967 - Locallv constructed aspirated psychrometers renlaced the 
temperature sensors at the 13.5- and 46.0-mcter levels 
at the onen site. The new sensors utilized a thermistor 
bead and the data were telemetered to a selective switch 
meter located in the observer van. 

Sept 1967 - The Honeywell ML-499 hyqrothermoqranhs were removed from 
the 0.5-meter level at each site; the measurements are 
made with the Rendix psychron. 

- The new automatic Meteoroloqical Data Acnuisition and 
Recording Systems were received and installation began. 

- The stem flow observations were discontinued. 

Oct 1967 - The r,M0-12 wind sets began to deteriorate ranidlv; they 
were removed as they became inoperative. 

Dec 1967 - The installation of the MDARS was completed. The systems 
were in operation on a test basis. 

Jan 1968 - The MDARS were continued on test; many deficiencies were 
noted. 

Mar 1968 - The deficiencies in the MDARS were corrected throuoh efforts 
of an engineer from the manufacturer, Cardion Electronics, 
Inc. and the systems were declared operational. 

- As per prior planning, the instrumentation was arranged as 
shown in Table III-4. 

May 1968 - Many component breakdowns and snare part procurement 
delays rendered the MDARS at the open site inoperative until 
December 1968. Also after this time until the conclusion of 
the project, there were long periods of breakdown at Chiva 
Chiva. 
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The highest temoeratures neasured occur at 50 centinetcrs at 
the open site and Irwediately above the canopy at the forest site. 
The lowest temperatures, however, occur 2 to 4 meters ahove the 
ground at both places. At both stations, the tennpraturp change 
fron the ninimun to the maximum is a smooth rise from sunrise to 
noon. The temperature drop, however, is irregular and sometines 
interrupted by brief oeriods of rising tenneratures. 

The vertical temperature gradients (lapse rates) drawn for many 
hours of the rainy days show substantial difforences between the tv/o 
sites. The mean temperature stratification of the lowest layers at 
Chiva Chiva, Canal Zone, is comnarcc with corrcsoonding conditions at 
Seabrook, Hev Jersey. The differences are considerable and may cause 
different pronaaation characteristics of acoustic and electromagnetic 
signal?. 

Another connarison demonstrates that tre actual cool inn rates 
between 1900 and 0700 hours display fluctuations which cannot be 
explainoii with Net/ton's law of cooling. 

c. Dctemination of Tpnoerature of Soil Surface 

This study, contained in Semiannual Report No. 3, describes use and 
calihfcition of an infrareri thermometer to measure the temperature of 
the surface of the ground. Actual soil temperature measurenents were 
publishad in Semiannual ilcport. Mo. 5. 

d. Problem Areas in Meteorological Measurements 

The ncar.uroment of neteorological elements under humid tropic con- 
ditions involves many special prcMons. \  discussion of these problems 
and the attempts to overcome then, particularly with renard to the use 
of hair hygrometers, thermometerr,, anemoncters, cvaoorircters, and 
radiometers, is presented in Semiannual Report No. 4 and (with specific 
regard to evaporation mpasureiient) in Semiannual Report No. 5. [Problems 
associateu with the use of hair hygroneters wore later solved by the 
use of aspirated tele-psychroneters.] 

Semiannual Report No. 4 contains valuable guidance for a realistic 
evaluation of the observations of this project that nay assist in 
establishing more effective meteonTtgical data acquisition techniques 
in the humid tropics. 

e. Temneraturp and Humidity Frequencies 

Semiannual Report No. 4 also shows that air tennerature and relative 
hunidity have bimodal distributions during the dry season in and over 
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open terrain. Renerally each day has a daytime tcnperaturp and 
a ninhttime tenoerature v/ith only a brief "transition period between 
then. 

During the rainy season the unoer node of the air tcnncraturo disap- 
pears connletely, and so does the lower node of the relative humriity. 
Only a channe in the slope of the frenuoncv curve indicnter. that there is 
sonetines a real difference betv/een niqhttine and daytinp tonneratures. 
In many other cases, however, tenneratures during or after rain nay be 
lower than at ninht, and the irrenularity of rain spreads these low 
temperatures over all hours and overcones the peaking effect of oc- 
casional hiqh tenneratures. 

f. Wet Rulh Hlnhe Tennerature (Heat Stress) 

The ;jet Culh Glnhe Tenperaturr (UBHT) v/ar, desinned tn prodict the 
anount of human heat stress. It was neasured at hourly intervals 
at the open site and at the forest site. The paner, published in Seni- 
annua] I'.ooort No. 5, presents qraohs with the nontlilv mean values of the 
lliinT for each davtir-ie hour. From connarison of tfie forest data and 
observations of personnel, it was concluded that the Albrook WBRT data 
wore too low, which is explained through the discrenancy between the 
characteristics of the hunan body and the UDHT instrument. The human 
body always produces heat which, in a calm tropical forest, forms a shell 
of warn air around the body; whereas, the l/BOT does not produce heat but 
is subject only to external influences. 

Semiannual Report flo. 5 contains information on maximum values of 
the WLHT index, the frequency with which certain threshold values were 
exceeded, and other data sources in the Canal Zone. 

g, Clinatoloqical Aspects of fvaooration   N >! REPRODUCIBLE 

Seniannual Report f.'o. 6/7 sumarizes the evaporation neasurencnts 
made at different sites, different heights, and with different instru- 
ments. Connarisons were made with nonthly means, daily totals, and, 
for a short period of time, hourly measurements. 

h. Measurement of Evaporation 

The climatological evaluation of the data base measurements of 
evaporation, made on a routine basis, does not determine what the measure- 
ments reallv moan. This study, published in Semiannual Report No. b/7, 
focuses on the problem of interpreting measurements of evaporation. 
The usual instrument measures the conditions at its sensing element. 
But while most instruments allow unequivocal conclusions from the 
measurements as to the actual state of natural parameters, this is 
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not th(» case with evanorlneters. Very detailed exnoriments were 
made at Chiva Chiva comnaring the standard pan, Piche evanorineter, 
Livingstone atmometer, air temperature, water tenneraturc (of the 
evaporinoters and the pan), humidity of the air, and solar and sky 
radiation. The Smaller instruments were placed in sunshine, shade, 
and in a Stevenson screen. This studv concludes, in support of 
theory, that there is no purely nieteorolofjical paraneter "evaporation" 
or "potential evaporation," and therefore no single instrument can 
moasurc natural evaooration. The advantages and disadvantages of the 
different instrunonts are discussed, and it is stated that no evapor- 
inetcr will properly represent the actual evaporation fron a given 
surface. This paper concludes with a theoretical discussion of 
evaporation. 

The evaporation exneriments had three by-nroducts v/orth mention- 
ing. (1) It was shown that condensation can occur on a water surface, 
increasing in this way the amount of liquid water at the expense of 
tfic huniclitv of the air. (2) Solar and sky radiation data, obtained 
during the eiqht devs with the greatest radiation during the observa- 
tion period, showed a suprisingly large variation. (3) A curve of the 
nean daily variation of the absolute humidity (vapor pressure, dew 
point), at 41 en above ground at the peal; of the drv season, is pre- 
sented in Seniannual Report No. 6/7. 

4. Future Analyses and Reports 

Interested investigators are encouraged to use the nicroncteoro- 
logical data accumulated during this project. Dr. W, II. Portic, 
USATTC Research Meteorologist, has performed further analyses of these 
data which will be published as future technical reports. 
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PART IV.    SOILS AND HYDROLOGY 

1. Introduction 

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

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

2. Data Collected 

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

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

Location; Albrook AFE, Canal Zone; military grid coordinates 17P-PV- 
600 960 

Elevation; 30 meters above sea level 

Slope; 2 percent 

A]    0-5"   Very darl: grayish brown or dark grayish brown 
(10YR 3/2-4/2) clay loan; moderate medium sub- 
angular blocky structure; medium fine roots; few 
scattered worm casts; firm; sliqhtly acid; abrupt 
to clear wavy boundary. 

A-    5-14"  Very dark grayish brown or dark grayish brown 
* (10YR 3/2-4/2) clay; moderate medium subangular 

blocky structure; few fine roots; few medium pores; 
few worm casts; few fine Fe-Mn concretions; many 
small pressure faces; firm; slightly acid; clear 
wavy boundary. 

EJ.    14-20"  Very dark grayish brown (10YR 3/2) clav; comon 
medium faint yellowish brown (10YR 5/8) mottles; 
moderate medium subangular blocky structure; few 
fine Fe-Mn concretions; few medium pressure faces; 
firm; natural; clear wavy boundary. 

20-32"  Grayish brown (10YR 5/2) clay; few fine prominent 
red (2.5YR 4/8) mottles; moderate medium subangular 
blocky structure; non-indurated plinthite less than 
5 percent; indurated plinthite greater than 5 
percent; pressure faces; firm; neutral; clear wavy 
boundary. 

32-55+" Gray (10YR 5/1-6/1) clay; many medium prominent 
red (10R 4/8) mottles; moderate medium subangular 
blocky structure; non-indurated plinthite less than 
5 percent; Indurated plinthite greater than 5 
percent; pressure faces; firm; neutral. 

22 

Remarks: 

Profile described from pit. 
All colors for moist soils. 
pH determined by Hellige-Truog field kit, 
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FIGURE IV-1. SOIL PROFILE, ALBROOK FOREST SITE 
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TABLE IV-5. SOIL PROFILE DESCRIPTION, CHIVA CHIVA SITE 

Location; Fort Clayton Military Reservation, Canal Zone; military grid 
coordinates 17P-PV-562 979 

Elevation: 30 meters above sea level 

Slope: 3 percent 

Ai      0-5" 

Bi      5-11" 

B21t 

B22t 

11-18" 

18-55+' 

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

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

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

Light brownish gray (10YR 6/2-2.5Y 6/2) clay; 
many medium prominent red (10Y 4/6) and yellowish 
red (5YR 4/6) mottles; moderate medium subangular 
blocky structure; few medium pockets of Fe-Mn; 
5u percent of horizon composed of non-indurated 
plinthite; thin discontinuous clay films; friable; 
very strongly acid. 

Remarks: 

Profile described from pit. 
All colors for moist soils. 
pH determined by Hellige-Truog field kit. 
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FIGURE IV-2.    SOIL PROFILE, CHIVA CHIVA SITE 
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TABLE IV-6. SOIL PROFILE DESCRIPTION, FORT SHERMAN SITE 

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

Elevation: 80 meters above sea level 

Slope; 7 percent 

A1    0-4" 

B21   4-9H 

B9o   9-65+" 
L.L. 

Yellowish red {5YR 4/6) sandy clay; weak fine 
subangular blocky structure; many fine and medium 
roots; very friable; very strongly acid; clear 
wavy boundary. 

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

Red (10R 4/8) clay; few fine prominent strong brown 
(7.SYR 5/6) mottles, medium moderate subangular 
blocky structure; few fine roots In upper part of 
horizon; many fine pressure faces; friable; very 
strongly acid. 

Remarks: 

Profile described from pit. 
All colors for moist soils. 
pH determined by Helllge-Truog field kit. 
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FORT SHERMAN SITE 

FIGURE IV.3. SOIL PROFILE, FORT SHERMAN 
SATELLITE SITE 
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PART V. VEGETATION 

The principal objective of the vegetation sub-task of the Environ- 
mental Data Base Project was to enumerate, Identify, and locate all 
plants one Inch In diameter and over, within a 3600-square-meter plot 
at the Albrook forest site. This task was undertaken In order to permit 
the accumulation of data on rate of growth, seasonal death and replace- 
ment, and general stocking and density of the vegetation stand. The 
first vegetation Inventory of the site was completed in June 1965, and 
was Included in Semiannual Report No. 1/2 as appendix I. The Inventory 
was updated in January 1967, and published as appendix C of Semiannual 
Report Ho. 3. The final comprehensive study of vegetation was completed 
In December 1969, and Is Included in appendix I of this report. 

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

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

1. Introduction 

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

2. Data Analysis 

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

3. Summaries of Previously Published Analyses 

a. Microorganisms on Leaf Surfaces 

Leaf surfaces seemed to be a most likely source of airborne microor- 
ganisms in the tropical forest atmosphere. Pady (reference 6) reported 
that most of the fungal spores in the atmosphere come from soil. Gregory 
(reference 7), on the other hand, contended that most atmospheric fungi 
are derived from the mlcropopulations on vegetation. The leaves of 20 of 
the more common forms of vegetation in this observational area were 
studied. The fungi: Homodendrum, Phoma, Triohoderma, Chaetomium, 
Muaor, StreptomuaeB, Aepergillua, Nigroepora, Penioillium, PeBtäloziat 
Stemphylliwn. Gliooladiwn,  and Fuearim were found most frequently. 
These were also the most common forms of fungi seen in samplings of air 
for the same area and time of year, except that a Monilia species not 
fotmd on vegetation was one of the predominant airborne forms. This list 
of Isolates from leaf surfaces Is almost Identical to the list of fungi 
recovered from air and soil In northern Nigeria by Dransfield (reference 
0). On the other hand the predominant types found by Pathak and Pady 
(reference 9) for the atmosphere in Kansas were seldom encountered 
in these samples. Altemaria,  found most frequently by Pathak and Pady, 
was not encountered at all in these samples. Cladoeporim,   the next 
most common type encountered in Kansas, was found in only a few samples. 
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Some general observations of leaf populations may be of more interest 
than a comparison of these results with those of other Investigators. 
Thirty-six separate types of fungi were Identified. Of the 36 types. 12 
were present on some leaves In both the dry and ralry seasons, 12 were 
present only In the rainy season, and 12 were present only In the dry season. 
This seems at first glance to be a normal and possibly expected distribution. 
Numbers of Identified types Inhabiting leaves of Individual plants during 
the rainy season never exceeded four.  The averaqc number of tynes of 
fungi per plant was 2.3. On the other hand, the number of types of fungi 
on Individual leaves In the dry season ranged between 3 and 12; the average 
number per plant was 9.5. Perhaps the most significant observation was 
the almost complete change of the fungi which could be cultivated from indi- 
vidual leaves between the rainy and the dry season. Eight of the 20 kinds 
of vegetation showed no seasonal carry-over. Ten plants maintained one 
type of fungus for both seasons. Overlapping involved only 4 of the 36 
forms of fungi. Hormodendnm was the persistent fungus In six Instances; 
Phoma  in four; Furariun once. Aapergillus  appeared in both cases of 
double overlapping; once each tine with Hormodendrm and Phori, 

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

b. Surface Deposited Microorganisms 

The environments of the humid tropics are optimum or near optinun 
for microbial life. Temperature is always warm, with prevailing levels 
varying only a few degrees from an average of 80 to 850F. Moisture 
is abundant and relative humidity is high. Dying vegetation continuously 
provides a supply of organic matter from which microorganisns derive 
energy. Leaves of living plants provide much of the surface upon which 
microbial forms grow as well as shade for protection against direct sun- 
light. In this optimum environment biotic activity is Intense; and 
microbial populations, particularly of degradatlve and parasitic genera, 
are generally more numerous than those found elsewhere. 

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

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

Gregory (reference 12) described the gravity Petrl dish method of 
collecting microorganisms.   Numbers of bacteria and fungi falling on 
surfaces were determined by exposing nutrient-free ayar plates to the 
atmosphere for one hour.    Plates were exposed at data base sites at 
approximately 0300, 0900, 1500, and 2100 hours once every seven days. 
Petrl plates containing non-nutrient agar were exposed Inside open-ended 
sterile fiber glass tubes 5 Inches In diameter and 16 inches long.    The 
tuLes served to shield the plates fror Insect and plant debris as well 
as rain.   Tube-plate sets were exposed in pairs, one tube being oriented 
north-south and the other east-west.   Over the period of observation, 
the numbers of nlcroorganlsms collected In the north-south and 1r. the 
east-west tubes were practically equal.    Based on this observation, the 
overall effect of wind direction was assumed to be negligible and the 
sets of tubes were regarded as duplicates.   After sampling, the plates 
were brought to the laboratory and overlaid with sterile nutrient- 
enriched pads.   Colonies of fungi and bacteria growing on plates forti- 
fied with Czapeck's and nutrient broth media, respectively, were 
counted and numbers deposited per lOO-square centimeter surface were 
calculated.   A paper by Hutton, et :.* (reference 13) was published on 
a portion of this work. 

c.   Distribution of Airborne 'Mcroorganisns 

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

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

Significant losses In viability often occur when sampling is conducted 
by direct filtration of air.   In temperate cllmater, nnximum numbers of 
viable organisms are obtained only when air being «ampled S bubbled 
through liquid, usually nutrient, media.    In this method, microorganisms 
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pass fron the air into the liquid and are later captured on filter menhranes 
by liquid filtration, or the inninqing fluid containino the trapped cells 
is diluted and plated on solid nutrient media. Reduced nunbers ohtained 
by direct sanolinq in tenperate reqinns are attributed to an adverse 
effect of prolonged contact of trapped nicroornanisns with the relatively 
d^y air being sanplcd. Presunably because of hicjher moisture content, 
tropical air passinn through membrane filters dnrs not causr detectable 
injury to the microotqam'sms already donosited on the filter. 

A special filtering device was designed which was described in Semi- 
annual Report fio. 1/2. •-".oduced air nrcr.surc, supplied by a piston pump, 
was available at all levels throuoh a pemancntly installed line which 
extended the length of the towers. Outlet valves, located at 6-netcr 
intervals, were closed except during sampling. 

The number of nicrcorganisns in and ahout a deciduous forest in the 
Canal Zone, and at a nearby cleared area were compared. The nunbers of 
bacteria and fungi per unit volume of air wore determined and the 
frequency of occurrence of the 15 predominant genera of funqi was 
observed. The variability due to seasons, time of day, and elevation 
above rround was reported. The air spora above the forest cannpv (4P 
meters; did not differ appreciably from that found at the same level in 
the cleared area. At both sites the nunbers of microornanisns were 
usually highest in the early norning hours; however, seasonal trends 
were not significant. Hutton, ct al  (reference 13) published a paper 
that covered data obtained between July 1%C and Deconher 1966. 

d. Microorganisms as Sources of atmospheric Contaminants 

Microbial activity may contribute neasurablv to the chemkal content of 
the atmosphere in tropical environments. Has chromatogranhy was pcrfonned 
to determine what is present in atmospheres in which nicroorganisns are 
growing profusely. 

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

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

'A marked variation was seen in the relationship between the 
airborne microorganisms found in and above vegetation in a seni- 
deciduous forest area at Fort Clayton, Canal Zone, and the 
extent of microbial contamination collecting on an exposed 
surface in this environment.    The form of variation between 
calculated and observed relative rates of deposition of air- 
borne forms on surfaces appear to be related to all the environ- 
mental  factors measured in simple terms of site, time, elevation, 
and season.    Specific elements other than those of climate, such 
as condensible organic volatiles and aerosols, apparently exert 
primary influences which interact to provide a proper milieu 
for a microbial community. 

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

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

e.    Microbial Inhabitants of Soil in a Tropical Semievergreen Forest 

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

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

The density of bacteria per gram of soil ^as relatively low throughout 
the examination period.   The occurrence of 10   to 106 total bacterial 
cells per gram of soil was recorded.   Peak populations of aerobic bacteria 
were found during the months of August and October.    There was a slight 
increase in the number of anaerobic bacteria during March and April. 
The relationship of aerobic and anaerobic bacteria to the wet and dry 
seasons requires further examination.   The predominant soil fungi 
encountered were In the genera Fuaarim, Peniaillium, and Triahodema. 
During the 10 months of sampling, these organisms were found in all 
samples.   High numbers were usually followed by a fairly rapid decline. 
These three genera did not appear to be drastically affected by seasonal 
trends, except in total number of organisms.    Twenty-four genera of 
fungi aside from the three most common were isolated and identified. 
These were, in order of most common to least common: 
Phoma, Ihjalopus, Streptomjaea, Aapergillua,  ^toaoniella, .'tyrotheoium, 
Staohybotrye, Altemarxa, Puthiun,  Xylaria,  Cwminghanella, CladoBporiwn, 
lliocladium, Saksenaea,  'lanilia, Curvularia, 'fuoor, Pyrenoahaeta, 
'ÜgroBpora,  Volutella,  Chaetomim, Hehrrlnthoeporium,  Sphaeromma,  and 
Ophioatom. 
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f. Microbiology of Rainwater 

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

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

The processing of the collected samples was performed by drawing the 
sample through a 0.45-micron pore sized membrane 'liter field monitor. 
After filtration, the volume of water was measured. The filter pad was 
infused with sterile nutrient broth, capped, and incubated at 280C for 
three days. The number of colonies which appeared were counted and the 
number recorded. Data were collected from 79 samples between 9 May 1966 
and 8 December 1966. 

g. Condensation Nuclei 

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

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

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

h. Particulate Matter-Paper Tape Sampler 

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

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

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

i. Concentration of firbon Dioxide in the Tropical Atmosphere 

This is a report of carbon dioxide (CC^) content of dtnosphere at two 
sites in the Canal Zone, one in a grass area near Miraflores Annex and 
the other at the Albrook forest site. Special attention was given to the 
marked short-timed fluctuations In the concentration of CO2 existing at 
both sites. These fluctuations took place below the 4-meter level at 
Albrook and below the 2.5-neter level at Miraflores. 

Measurements of CO? were made on a continuous basis by drawing 1.20 
liters per minute of air through a Beckman IR 215 Infrared CO2 Analyzer 
coupled with a potcntiometric recorder. All connections betv/een the 
sampling points and Instruments were made with natural gum tubing {^-inch 
inside diameter), and the analyzer section was calibrated twice a day 
with nitrogen and a CO2 secondary standard prepared in the laboratory. 

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

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

(1) Albrook Data - 0.3-Meter Level. The diurnal variation in CO? 
concentration approximated the following: Starting at midnight with I 
concentration of about 470 parts per million (ppm), the value rose to a 
maximum of SOOopm at 0700 hours, then fell sharply to minimum of 400ppm 
at about 1100 hours, varied only moderately until about 1700 to 1800 hours, 
then increased throughout the night hours. The short-term fluctuations 
during the 24-hour period were less frequent and of lower magnitude at 
night. 

(2) Miraflores Annex Data - 0.3-Meter Level. The diurnal pattern of 
variation In average CO2 concentration was very similar to that exhibited 
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at the Albrook forest site; i.e., the maximum concentration occurred 
shortly after sunrise, with a sharp drop in the early daytime hours and 
continuing at a low level in the afternoon, followed by a gradual increase 
during the night. The short-time fluctutations, on the other hand, were 
greater during the hours of darkness and shov/ed a decreased amplitude 
with time. 

(3) Albrook Data at Four Levels, (a) 0.3-meter level; The COp meas- 
urements at this level showed a high frequency of fluctuation with well 
defined peaks having a maximum value of 450ppm and a minimum of 365ppni. 
The hifjhest variation during a 50-second period was 80ppri in magnitude, 
though the average carbon dioxide concentration for the 10-ninute period 
was 410ppn. (b) 1.2-meter level: A high frequency of fluctuation with 
sharp peaks still prevailed at this level, but the magnitude of fluctu- 
ation had decreased by half. The fluctuation range was from 388 to 
360ppn. The highest variation in ppn during a 50-second reading was 
44ppn, and the average CO» concentration for the lO-minute sampling 
period was llOopm.    (c) 2.5-neter level: This level showed broadened 
pca^s with more plateaus. The fluctuation frequency was much lower, with 
a range of C(L concentration from 350 to 373ppr.i. The highest change 
during a 5n-second period was 25ppm, and the average CO2 concentration 
was 368prr;, over a 10-i inute period, (d) 4-meter level: This level 
shov/ed still fewer peaks and more plateaus, and the fluctuation was much 
less prominent. The highest change in concentration during a 50-second 
period was ITppm, and the average CO« concentr^tion for 10 minutes was 
365ppr. Above the 4-reter level CO., fluctuations were not detected. 

(4) Miraflores Annex Data at Three Levels. The COp fluctuations at 
Miraflores Annex also varied from level to level, and tnere was a marked 
decrease in the magnitude and frequency of the fluctuations between the 
0.3 and 2.5-meter levels. The maximum fluctuations encountered for a 50- 
second period were 60, 45, and lOppm for the 0.3-, 1.2-, and 2.5-meter 
levels respectively; also the average CO2 concentrations for the 10-minui.c 
period were 485, 470, and 446prn for the same levels respectively. No 
CO^ fluctuations were detected above the 2.5-meter level. 

j. Spore Trap Samples 

This subtask was established to determine content of spores, plant 
and insect parts, and chemical crystals In the humid tropical atmosphere 
by use of a Kramer-Collins spore sampler. The spore trap was run for a 
15-minute interval every hour at both sites. The trap consists of the fol- 
lowing conponents: vacuum pump, Intake tube, flow meter, timing mechanism, 
and a sta.idard 1- by 3-Inch microscope slide with a slide advancing mech- 
anism. Air to be sampled Is drawn Into the sampler, and the partioulate 
matter Is Impinged on the microscope slide at 2-millimeter Intervals. 
Air Is taken in at a flow rate of 0.8 cubic feet per minute. At this 
operational rate, air flow Is Isokinetic at a wind speed of approximately 
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two miles per hour. Under these conditions, efficiency Is nearly 
100 percent In collecting fungus spores, pollen grains, and other 
partlculate matter down to 3 microns In size. 

Four samplers were used. Samples were taken at the 1-meter and 46- 
meter levels at both the Chlva Chlva site and the Albrook forest site. 
Samples were taken each working day, except when technical problems 
prevented, at each level and site from 30 August 1967 until 15 Septemher 
1968. Optical density of representative slides was recorded using a 
modified Model 14000 Gelman Oensltoneter. No further analysis of these 
slides was performed. 
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PART VII. MACROFAUNA 

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

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

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

The count of Insects taken from the black light traps has been trans- 
cribed onto IBM punch cards and is stored at the National Center for 
Atmospheric Research, Boulder, Colorado, and at the Tropic Test Center. 
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PART VIII. DATA ORGANIZATION AND STORAfiE 

1. General 

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

2. Code Format 

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

Format of Identifier 

Column Significance 

1 Site (Table V1II-1) 
2 Last Digit of Year (e.g., 6 for 1966) 
3, 4, 5            Julian Calendar Date 
6, 7 Element (Table VIII-l) 
8 Level or Special Code (Table VII1-2) 

Table VI11-1 shows the code assignment of all environmental elements 
measured under the Data Base Project. Table VI11-2 shows the height (or 
level) and some special codes. 
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Dry Bulb Temperature (01, Ü1) 
Wet Bulb Temperature (04, 84) 
Grass Mlnimun Temperature (02) 
Ground Surface Temperature (03) 
Relative Humidity 
Wind Direction 
Wind Speed 
Barometric Pressure 
Recording Rain Gaqcs 
Evaporation 
Clear-Vu Rain Gages 
Vapor Pressure 
Saturation Deficit 
Met Exchange Radiation (ÜC) 
Total Hemispheric Radiation (87) 
Global Radiation (8C) 

(05, 85) 
(06, 83) 
(07. 82) 
(09) 

k\ 
(13) 
69, 79) 
(70, 80) 

3. Avail ability 

The available meteorological data for the above list of elements 
are stored on the magnetic media in this sequence. For elcnent codes 
In parentheses, see table VIII-1. 

The magnetic disks, punch cards (or tape), original recorder charts, 
and all other forms of "raw" data are stored at the US Army Tropic Test 
Center, Fort Clayton, Canal Zone. Duplicate magnetic tapes are on 
deposit at the HQ, US Army Test and Evaluation Connand, Aberdeen Proving 
Ground, Maryland, and with the Earth Sciences Division, US Army Natlck 
Laboratories, Natlck, Massachusetts. Other depositories of the Information 
will be the National Center for Atmospheric Research, Boulder, Colorado 
(biological and air chemical data with correlated meteorological data) and 
the National Weather Records Center, Ashevllle, North Carolina 
(meteorological data). 

Qualified organizations or Individuals may secure access to the data 
on official request to the primary repository'at the US Army Natlck 
Laboratories. 
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TABLE VIIM.    DATA BASE SITE AND ELEMENT CODES 
(Column 1, and 6 and 7 of the Identifier) 

LTOTIÖN CODg ELCHCNT         '■ ■ — TOPT 

Al brook Forest 1 Airborne Microorganisms 31 
Chlva Chlva 2 Leaf Deposition 32 
Coco Solo Forest 3 Rain Water Sample 33 
Coco Solo Open 4 Spore Sample 34 
Rio Mato 5 35 - 39 llnasslgned . 

WES (Albrool) 6 Pan Litter 4U 
WES (Fort Kobbe) 7 Ground Litter 41 
WES (Fort Sherman) a Litter Decomposition 42 

Litter Accumulation 43 
ELEMENT CODE Insects 44 

Insects Nitrogen 45 
(emperature. Dry Bulb 01 46 - 49 Unasslgned - 
Temperature, (Vass Minimum 02 Soil Data (see table IV-1 for dotall s) 
Temnerature, Surface 03 Cone Index 50 
Twiperature, Wet Bulb 04 Remolding Index 51 
ilc^tive Humidity 05 Rating Index 52 
Wind Direction 06 Moisture Content 53 
Wind Speed 07 Density 54 
Temperature, Wet Bulb Globe 08 Soil Temperature Plot A 55 
Barometric Pressure 09 Soil Temperature Plot B 56 
Precipitation 10 Soil Temperature Plot C 57 
Stem Flow li Soil Moisture Plot A 58 
Evaporation 12 Soil Moisture Plot B 59 
Clear-Vu Rain Gage 13 Soil Moisture Plot C 60 
WES Maximum Temperature Hd Water Table Level 61 
WES Minimum Temperature 15 62 • 68 Unasslgned . 

WES Maximum Relative Humidity 1C Vapor Pressure (from 01 S 04) 69 
WES Minimum Relative Humidity 17 Saturation Deficit (from 01 ft 04) 70 
WES Rain Gage No. 1, Open Area 18 71 - 78 Unasslgned . 
WES Rain Gage No. 2, Under Canopy 19 Vapor Pressure (from 81 ft 84) 79b 
Syringe Sample (Gas Chromatrograph)20 Saturation Deficit (from 81 ft 84) 80* 
Gas Sample, Short Term 21 Temperature, Dry Bulb B^a,c 
Gas Sample, Long Term 22 Wind Speed 82a 
Gas Sannle, Cumulative 23 Wind Direction 83a 
Carbon Dioxide 24 Temperature, Wet Bulb 84a,c 
Paniculate Sannle (less than 

one hour) 
Relative Humidity 85a ,c 

25 Solar and Sky Radiation 
High Volume Samole 26 net txchange 86a 
Tape Sample, Sequential 27 Total Hani spheric 87 
Tape Sample, Cumulative 28 Global 88 
Special Sample 29 89 - 99 Unasslgned • 
Surface Deposition 30 

a • Added Level Code 
b - Sane Level Code as for 05 and 85 
e • Applies to the 22.0 and 39.0 meter levels only 
d • Data obtained from Waterways Experiment Station MEGA Project 
WES • US ny Waterways Experiment Station, Vlcksburj, Mississippi, made some of 
these measurements. 
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TABLE Vin-2. DATA BASE SITE AMD ELEMENT CODES 

(Colunn 8 of the Identifier) 

Code • To*er Level (Elenents 01. 04. 05. 06. 07. 87. 88) 

1 
2 
: 
3 
3 
4 
5 
C 
7 
fl 
9 
(Blank) 

46.0 Mttert 
32.0 Meters       after February 1968) 
28.5 Meters       through February 1068) 
30.0 Meters       after February 1968) 
26.5 Meters       through February 1968) 
13.5 Meters 
6.0 Meters 
4.0 Meters 
2.0 Meters 
1.0 Meters 
0.5 Meters 

Ground Surface 

Tower Level (Elenents 78 through 86J 

1 
4 
5 

39.0 Meters 
22.0 Meters 
10.0 Meters 

WOGT     (Element 08) 

1 
2 
3 
4 

Index 
Dry Culb Tmnerature 
Utt Bulb Temperature 
Black Globe Temperature 

Precipitation (Elements 10 and 13) 

Number of the rain gagr on the ground 
Chlva Chlva only) 

Top of Albrook Tower (Element 10) 
Number of the rain gage on the ground 
Number of the rain gage on the ground 
ü*£*r of W»« r4<n 9** on the ground 
Number of the rain gage on the ground 
Number of the rain gage on the ground 
Number of the rain gage on the ground 
*«6er of the rain gage on the ground 
timber of the rain gage on the ground 
*«btr of the rain gage on the ground 

(this code for 

ement 13) 
ements 10 
ements 10 
ements 10 
ements 10 
ements 10 
•ments 10 
ements 10 
ement 10) 

and 13 
and 13 
and 13 
and 13 
and 13 
Mid 13 
and 13 



TABLE VI11-2. (Cont.) 

Stew Flow  (Element 11) 

1 Ltroe tree 
2 Sflwill tree 
3 Medlun tree 

Evaporation (Elenent 12) 

Blank Chlva Chlva* Plchc at surface 
1 Chlva Chlva, Pan at surface 
2 Ali.rooi, Piche at 4C.0 rieters 
3 Alhrook, Plchc at 2C.S rieters 
4 ;,li rod , Piche at 13.5 i«ters 
5 /MhrtxA, Plchc at Surface, uncovered 
6 Alhrook, Pan at Surface, covered 
7 Al brook, Plchc at Surftet, covered 

Layer Depth (Llcnent SO) 

1 0-3 Inches 
2 3-6 Inches 
3 0-6 Inches 
4 6-9 Inches 
5 9-12 Inches 
6 9-12 Inches 
7 12-IS  Inches 
8 IS-18  Inches 
9 12-18  Inches 

Depth (ETenants S5 through ^0) 

1 4 Centlrieters 
2 11 Centiliters 
3 19 Centlneters 
4 27 Centimeters 
5 34 Centlneters 
6 42 Centlneters 
7 SO Centlneters 
8 100 Centlneters 

* The significance of these "Code" numbers depends on the elwont coded 
In columns 6 and 7 of the Identifier, as Indicated In parentheses. 

NOTE: Further details for chemical and biological data codlnn format 
can be found In the paper to Ite published by the national Center for 
Atmospheric Research dealing with Cheiiilcal and Blolonical liata 
(Data Base Program), prepared by Mr. J. C. Pate. 
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APPENDIX I. VEGETATION INVENTORY 

This inventory of shrubs and trees within • 3600-square-neter plot, 
divided Into thirty-six lO-neter-square plots, at the Al brook forest 
site Is based on surveys performed In December 1966 and November 19C9. 
Location of trees and shrubs, diameter at 120 centimeters above the around 
[diameter at breast height (DBH)], height to first branch, and overall 
height are all listed numerical1v under appropriate tabular headings. 
Trees are also grouped numerically» by reference to nunhered drawings 
(figure A-7), Into seven representative Shanes. The change of format 
enables accumulation of more Infomatlon and will pemlt machine 
analyses of accumulated data to reveal occurrence of growth, emergence 
of new specimens, and other changes which take place with the passage 
of time. 

figure A-l of the Inventory Is a topographic man of the 60*neter-snuare 
grid of the observational area. Comers of the thirty-six Ifl-neter-snuare 
plots within the area have letter-number designations to locate the 
position and orientation of the plot within the grid. Letters and numbers 
indicate north-south and east-west locations, respectively. 

Table A-1 contains names of the more common species of plants found 
in the area. Approximate top and Intermediate coverage are indicated 
In fi'jures A-2 throuoh A-6. Cadi of the 36 plots of the venetation 
inventory (table A.2) contains Information about one lO-ncter-souare 
plot. Each plot Is numbered to permit Its Identification within the grid 
area, for example the last plot, n7n6F7F6, represents the upper left 
hand plot In the grid, tlunhers In the left hand (X Y) colum of each 
plot give the location of each specimen within the plot. That is. In 
plot ri7r.6F7F6 the number 0 1 In the X & Y column locates a Jojrcjrt.x 
tree was located between zero and one meter right of the Y line and 
between one and two meters above the X line. 

The description of the Ctorovia tree above Is continued In succeed- 
ing columns of the referenced table. Shape III Is In reference to the 
seven representative drawings found In figure A-7. OTM Indicates 
diameter at breast height (120 centimeters above ground). Meldt to 
first branch and height overall are given In meters. 

The Inventory Is Intended to serve several purposes: (a) copies 
arc available for observers and visitors for use as rrnuired; (b) a 
master copy will be maintained to record notes concerning phennlonical 
events and corrections that are found necessary; and (c) copies will be 
provided any Investigator wishing to use the site to record location 
of points of Interest and points that are not to be disturbed by other 
investigators. 

50 



«•It >m 4« 

B 

7 6 

-t- lndicai«t Location 0<   PtOI Cornor» 

NumtMr» Noar indicalad P<oi Corner» Otnoi« Height Aoov« Mtan Saa Laval in Faat 

FIGURE   A-l   ALBROOK  FOREST  SITE GRID ORlCNTOR SHOWING   GROUND 

CONTOUR.   ELEVATION   AND GRID  LOCATIONS 

5' 



/ 

■' 

X 

r«> to **•>% ^ 

O "M3.c Jirs OBH in cm «ft of Jtm« »964 

_ -   iMfccattft O'O« COrncrft 

FIGURE   A-2   TOP   STORv   COvCRAOE   ' *0o.i- .• ".■■<% 



110 Mtlcr« 

QJ Ind.cale» DBH m cm at ot Jun« 1965 

("d.f d'es plot corners 

FIGURE  A-3  INTERMEDIATE  STORY COVERAGE  SW QUADRANT 

'beiow 27 mele'»' 
53 



o IfltfiCMM OSH in cm •• of  Jun« «96» 

-4-    mttcaiM  location ol plot COrnor« 

HOU«l A-4  INTERMEDIATE   8TO»»V COVERAGE   NE QUADRANT 

<»oiow 27molor*l 
»4 



^ 

Ir- 

h—10 Meters —*\ 
^»Indicates DBH In Cm As Of June 196S 

-«-Indicates Location Of Plot Corners 

FIGURE  A.ft INTERMEDIATE   8TORV COVCRAOE    SE QUADRANT 

*0tio«r   2' mtltf*' 
N 



.   •   . 

•   v^*'-; • • • 

-  .^|\    •••3:::::x: • • • 

.-•...•-•'•■•/-. 

.^^••:;- ■•■•.:-- 

c •"«•CMt» MM «CM «to* Jwn* 19*5 

•"d-CAIM IOC«!«« <>• t^o'   CO*"*'» 

»H.oMt   A-e   •.•( MMCOi*Tl   STORV COVCRAGl    NW Ou*0RANI 

M 



i 

1 
FIGURE A-7.  REPRESEMTAT1VE SHAPES OF TRf.M OCCVRRI!« 

IN ALBROOK FOREST 

S7 



FIGURE A-7.  REPRESDfTAIlVE SHAPES OP TUBS OCCURRING 
IN ALBIOOK FOREST (COflt.) 
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TABLE A-l. COMMON SPECIES OF PLANTS FOUND AT ALDROOK FOREST SITE 
IN JUNE 1965 

Anacardium txceUun (Bert. ♦ Balb.) Skeels. (Anacardlaceae) 
Allhertla «dulls (L. Rich) A. Rich (Rubl^ceae) 
Andlra enermls H.B.K. (Fabaceae) 
Annona (1) hayessll Suff. (Annonaceae) 
Annona (2) purpurea Hoc. ♦ Sessl (Annonaceae) 
Aphelandra deppeana Schlecht. * Cham (Acanthaceae) 
Bactrls halanoldea (Oerst.) Wndl. (Phoenlcaceae) 
Banara gulanensls Aubl. (Flacortlaceae) 
Belotla pananensis Pittler (Tlllaceae) 
Bursera slmaruba Sarg. (Burseraccae) 
Cavanlllesla platanlfolla H.B.K. (Combacaceae) 
Cecropia (1) longlpes Pittler ? (Moraceae) 
Cecropla (2) obtuslfolia Bertol. (Moraceae) 
Cecropia (3) peltata L. (Moraceae) 
Chrysophyllun calnlto L. (Sapotaceae) 
Conostegla speclosa (Melastonaceae) 
Copalfera pananensis (Brltton) Standley 
Cordla alllodora (Ruiz ♦ Pan) Roem ♦ Schult (Doraglnaceae) 
Costus vllloslsslmus Jacq. (Costaceae) 
Croton pananensis (Klotzsch) Muell. Arg (Eunhorblaceae) 
Cupanla clnerea Poepp ♦ Endll. (Saplndaceae) 
Gcnlpa caruta var amerlcana (Rublaceae) 
Guazur.ia ulmlfolia Lam. (Stercullaceae) 
Hcllconla platystochys Baker. (Musaceae) 
Hellcteres Quazumlfolla H.B.K. (Stercullaceae) 
Hirtella (1) racemosa L. (Rosaceae) 
Hlrtella (2) trlandra Swartz. (Rosaceae) 
Inga (1) hayessll Bents. (Mlmosaceae) 
Inga (2) oerstedlana Willd. (Mlmosaceae) 
Laclstema aggregatum (Berg.) Rusby (Laclstemaceae) 
Lagoensla punlclfolla DC. (Lythraceae) 
Luehea seemanll Trlana ♦ Planch. (Tlllaceae) 
Mlconla (1) argentea (Swartz) Don. (Melastonaceae) 
Mlconla (2) Impetrolarls (Swartz) DC. (Melastonaceae) 
Nectandra sp. (Lauraceae) 
Pallcourea gulanensls Aubl. (Rublaceae) 
Piper (1) aduncum L. (Plperaceae) 
Piper (2) retlculatun L. (Plperaceae) 
Phoebe costarlcana Mez ♦ Pittler (Lauraceae) 
Plttonlotls trlchantha Grlseb (Rublaceae) 
Posequerla latlfolia (Rudge) Roem ♦ Schult. (Rublaceae) 
Rourea glibra H.B.K. (Connaraceae) 
Sloanea sp. (Eleocarpaceae) 
Spondlas mombln L. (Anacardlaceae) 
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TABLE A-1. (Cont.) 

Tabebuia pentaphylla (L.) Hemsl. (Blgnoniaceae) 
Tallsla nervosa Radlk. (Saoindaceae) 
Trema nlcrantha (L.) Blume (Ulmaceae) 
Xylopia frutescens Aubl. (Annonaceae) 
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TABLE  A-2.    VEGETATION INVENTORY AT ALBROOK  FOREST SITE 

Plot   I1 

DBH3 Heigh t 
B2 Bl (cm) 1st Branch (m) 
A2 Al 1 Jan 1 Dec (m) 1 Jan 1 Dec 
X Y Species' Shape2 1967 1969 1967 1967 1969 Remarks 

0 0 Andira I 4.6 5.8 2.5 4.2 4.9 
3 6 4.0 2.8 3.0 Dead 
5 2 Piper II 3.2 3.0 0.8 3.9 4.7 Two 
5 2 Piper III 2.2 2.3 1.8 3.3 3.7 Stems 
5 4 Ann on a III 2.6 4.3 3.3 3.9 4.5 
5 8 I.uehea I 147.5 147.5 14.0 28.5 29.0 
t 3 Copaifera T 3.0 3.8 3.0 3.9 4.5 
7 4 I 3.0 3.0 0.8 3.6 3.9 
8 5 Cavanillesia III 3.0 2.5 3.6 4.2 Tut Off 
8 6 I 2.4 2.5 1.5 3.0 3.6 
8 7 I 2.8 2.6 1.8 3.6 3.9 
8 7 Ardesia I 2.3 2.4 1.5 3.9 4.5 Replace 

lJlot  2i 

B3 B2 
A3 A2 
X Y 

8 I 3.0 1.5 3.3 Dead 
4 Miconia I 2.2 2.3 6.0 9.0 4.0 
4 Black Palm VII 5.0 5.0 3.3 4.5 4.9 
4 Black Palm VII 4.4 4.4 1.2 3.6 3.9 
4 Black Palm VII 3.1 3.0 
4 Black Palm VII 3.5 3.3 
4 Black Palm VII 4.0 3.7 
4 Black Palm VII 3.2 3.0 
5 Black Palm VII 3.1 3.1 3.9 4.5 4.«J 
1 Spondlas I 32.5 27.2 9.5 22.0 23.0 Two 
1 Spondlas I 35.1 31.2 9.5 22.0 23.0 Stems 
4 Black Palm VII 3.7 4.0 
4 Black Palm VII 3.7 3.7 0.1 3.3 3.5 
4 Black Palm VII 3.7 3.8 1.5 3.9 4.4 

8 0 I 7.8 8.1 3.9 6.6 7.0 
8 6 Hirtella II 3.0 3.0 0.3 4.5 5.8 
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TABLE A-2. VEGETATION INVENTORY AT AI JROOK PORES' r SITE ( Cont.) 

Plot 32 

DBH*5 Height 
B4 B3 (cm) 1st Branch (m) 
A4 A3 1 Jan 1 Dec («) 1 Jan 1 Dec 
X Y Species* Shape2 1967 1969 1967 1967 1969 Remarks 

0 8 Luehea 26.8 29.2 6.0 13.5 14.0 Dying 
1 4 Annona III A.9 4.3 4.5 6.0 6.2 
1 9 Andira III 9.9 9.9 6.0 8.4 8.9 
2 3 Hellconia 3.4 3.4 1.5 3.9 4.5 
2 6 Luehea 74.3 83.1 12.0 26.0 26.0 
2 6 III 2.8 3.0 4.8 Missing 
2 6 Ardesla II 2.1 2.5 Sprout 
4 6 Anacardium 5.2 6.4 2.8 4.8 5.8 
5 5 II 2.3 5.0 
7 9 Piper 3.3 4.6 
8 2 II 2.6 3.1 
9 2 Anacardium 45.8 51.6 3.3 28.0 28.5 

Plot  4J 

Ii5 B4 
A5 A4 
X Y 

0 4 I 2.7 0.8 3.3 Missing 
0 A 4.4 1.2 1.2 Dead 
0 8 2.4 1.2 4.5 Missing 
n 8 9.2 0.8 6.6 Missing 

1 3.1 1.8 3.6 Missing 
2 3.1 3.6 1.5 3.0 3.4 
2 IV 2.1 0.3 2.5 Missing 
3 IV 3.0 0.5 1.8 Missing 
0 Heliconia 4.2 4.2 2.0 5.4 5.6 
0 Hellconia 4.2 4.2 3.0 5.2 5.6 
0 IV 4.5 4.8 3.0 5.4 5.8 Dying 
1 Heliconia 3.2 3.2 1.9 4.5 4.7 
1 Hellconia 3.4 3.5 3.3 5.0 5.0 
6 Hellconia 2.2 2.6 0.3 3.3 3.5 
3 Piper 2.4 3.1 
4 Lafoensia III 10.5 11.7 10.0 12.0 13.0 
7 Hirtella II 2.8 4.0 
9 II 4.0 4.0 1.5 1.7 2.0 
8 Spondias 33.3 25.6 12.0 24.5 25.0 

8 1 2.5 0.5 2.8 Dead 
9 5 Flacourtiaceae III 4.8 5.3 4.8 5.4 5.8 
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TABLE A-2.     VEGETATION INVENTORY AT ALBROOK FOREST SITE  (Cont.) 

Plot 51 

DBH-5 Height 
B6 B5 (cm) 1st Branch (m) 
A6 A5 1 Jan 1 Dec im) 1 Jan 1 Dec 
X Y Species^ Shape2 1967 1969 1967 1967 

6.9 

1969 

7.3 

Remarks 

0 2 Andira 10.5 10.4 2.8 
0 5 3.4 2.5 1.0 2.5 2.8 
0 9 Annona 25.0 26.9 5.7 16.0 17.0 
1 2 1.8 3.3 Missing 
2 1 3.6 3.6 Dead 
2 4 VII 3.7 2.0 3.0 Misslnp 
2 9 21.0 23.1 4.8 14.5 15.0 
i 3 Black Palm 3.7 3.7 3.0 4.2 3.5 
1 3 Black Palm 3.A 3.4 3.6 4.5 4.5 
3 4 Black Palm 3.4 3.4 3.6 5.1 5.4 
3 5 Black Palm 3.7 3.7 3.0 4.2 4.3 
< 5 Black Palm 3.1 3.1 1.0 2.9 3.1 
i 5 Black Palm 2.7 2.7 1.8 3.0 3.1 
1 5 Black Palm 3.4 4.0 
) 7 Lafoensia 8.2 8.4 3.6 5.4 5.9 
M ■4 Black Palm 3.7 3.8 2.5 3.9 3.9 
/ 
-4 -* Black Palm 3.1 3.1 3.0 5.4 5.7 
-• -4 Black Palm 2.5 2.6 2.5 3.9 4.0 
M 

/ Black Palm 3.1 3.7 
/ 4 Black Palm 2.5 2.6 2.5 3.9 4.0 
U 4 Black Palm 3.1 3.7 

* 8 Posequeria 3.0 4.3 1.2 3.9 4.2 
6 4 3.0 3.6 1.8 3.3 3.5 
6 3 3.0 2.6 0.8 2.8 3.0 
8 0 Anacardlum 2.1 2.0 
8 9 Anacardium 5.1 5.3 0.8 4.5 5.1 
9 2 Croton 1.8 2.2 0.8 2.8 3.1 
9 8 II 9.1 6.3 

Plot 6i 

B7  B6 
A7 A6 
X  Y 

0   1 Ardesla 
0  8 Heliconia 
0  8 Heliconia 
0  8 Heliconia 
0  8 Heliconia 
0  8 Heliconia 
0  9 Cecropla 

II 2.1 1.5 
3.2        3.2 3.0 4.5        4.7 

III 

4.2 4.2 2.8 4.2 4.5 
4.0 4.1 2.5 4.8 5.0 
4.0 4.0 2.8 5.1 5.6 
4.2 4.2 1.8 4.5 4.9 
7.5 18.5 8.0 19.0 19.5 
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TABLE A-2.  VEGETATION INVENTORY AT ALBROOK FOREST SITE (Cont.) 

Plot 6 (Continued) 
DBH-5 Heigh t 

B7 B6 (cm) 1st Branch (m) 
A7 A6 a 1 Jan 1 Dec On) 1 Jan 1 Dec 
X Y Species' Shape ' 1967 1969 1967 1967 1969 Remarks 

8 II 2.3 3.0 5.6 Replacec 
8 II 4.0 2.5 3.0 5.1 5.1 
8 Heliconla V 4.4 4.0 0.8 4.8 4.9 
3 Croton II 4.2 4.8 3.3 3.7 
7 Croton I 4.2 1.2 3.4 Dead 
1 .Inga III 4.0 4.9 3.9 5.1 5.3 Dead 
9 Piper I 2.7 0.8 3.3 Missing 
1 Black Palm VII 2.7 3.0 5.4 6.9 7.0 
] Black Palm VII 3.1 3.2 3.6 5.7 5.9 
2 Black Palm VII 3.4 3.4 3.0 4,5 4.7 
2 Black Palm VII 2.5 2.5 2.5 Dead 
2 Black Palm VII 2.5 4.0 
2 Black Palm VII 2.6 4.0 
7 Anacardlum I 25.0 26.2 2.7 18.0 10.0 

6 1 Black Palm VII 3.7 3.8 3.0 4.5 4.7 
6 1 Black Palm VII 3.4 3.4 0.8 2.8 3.3 
6 2 Black Palm VII 3.7 3.6 3.6 5.4 5.7 
6 2 Black Palm VII 2.7 2.7 4.8 5.4 5.8 
6 2 Black Palm VII 3.7 3.7 3.0 4.8 5.0 
6 2 Black Palm VII 2.8 4.1 
6 2 Black Palm VII 3.0 5.0 
6 2 Black Palm VII 2.7 3.9 
6 3 Copalfera III 5.0 5.3 3.3 3.9 4.4 

Plot 7 

C.2 Cl . 
R2 Bl 
X Y 

0 1 Luehea I 22.0 13.9 5.4 
0 1 2.6 1.5 Dead 

0 1 I 2.4 3.8 1.2 3.6 
0 7 Missing 
1 3 Spondlas I 39.2 42.2 10.5 25.0 
1 5 Talisia III 4.8 5.3 4.8 6.0 
3 1 Piper I 2.3 3.1 
3 8 2.4 2.4 0.8 2.5 
4 0 Anacardlum I 23.0 24.9 6.9 15.0 



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

Plot V (Continued) 
DBH-5 Height 

C2 Cl (cm) 1st Branch (m) 
B2 Bl 1 Jan 1 Dec (m) 1 Jan . I Dec 
X Y Species^ Shape2 1967 1969 1967 1967  ] L969 Remarks 

4 3 III 5.2 2.6 4.2 6.0 4.0 
A A Lacistema I 3.4 4.7 2.0 4.2 
5 0 II 2.2 2.4 0.8 2.8 
5 6 Black Palm VII 3.7 3.7 2.8 4.2 
5 6 Piper II 2.4 0.8 1.8 2.4 Replace 

ment 
6 0 Mlconia IV 0.5 3.8 Missing 
7 1 Lafoensla I 3.4 2.5 1.2 3.6 
7 3 II 2.4 2.4 1.8 3.6 
7 3 II 2.4 2.4 1.5 3.6 
7 8 I 2.6 1.6 3.6 MliBlng 
7 9 Ruhiaceae I 2.8 3.3 0.8 5.1 5.5 
7 9 I 0.5 4.5 Vissing 
8 0 IV 2.4 3.9 
8 0 Mlconia I 2.9 4.1 
8 2 Fla^ourtiaceae I 4.8 3.1 1.5 4.5 
8 Chopped 
8 Black Palm VII 5.6 4.2 1.8 3.9 4.4 
8 Black Palm VII 5.0 4.0 1.8 5.1 5.4 
8 Black Palm VII 4.1 
a Black Palm VII 3.9 

Plot  8 7 

C3 C2 
B3 B2 
A Y 

Chrysophyllum I 2.4 3.4 0 1 
0 3 II 2.8 2.8 0.8 4.2 2.5 Replace- 

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

ment 
8 Xylopia III 18.5 22.1 14.0 18.5 19.0 
6 Black Palm VII 3.1 3.2 3.9 5.4 5.8 
7 Black Palm VII 4.4 4.6 3.3 4.5 4.9 
2 Black Palm VII 3.7 3.7 3.6 4.2 4.5 
3 Black Palm VII 4.4 4.6 3.6 4.8 5.0 
3 Black Palm VII 2.5 2.6 4.5 3.6 3.8 
3 Black Palm VII 2.5 2.5 1.5 3.6 3.9 
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TABLE A-2. VEGETATION INVENTOOT AT ALBROOK FOREST SITE ( Cont.) 

Plot 8J (Continued) 
DBHJ Heigh t 

C3 C2 (cm) 1st Branch (m) 
B3 B2 ■ 1 Jan 1 Dec («n) 1 Jan 1 Dec 
X Y Species * Shape^ 1967 1969 1967 1967 1969  Remarks 

4 4 Black Palm VII 3.7 3.9 3.9 4.8 5.1 
4 4 Black Palm VII 4.4 4.6 1.5 3.6 3.9 
4 5 Black Palm VII 2.4 4.5 Dead 
4 6 Black Palm VII 3.1 3.4 4.2 6.0 6.1 
4 7 Black Palm VII 4.4 3.0 3.0 Dead 
4 7 Black Palm VII 3.7 4.0 4.2 5.4 5.5 
4 7 Black Palm VII 2.5 2.9 1.2 3.0 3.3 
4 8 Black Palm VII 2.5 2.7 1.2 3.3 3.5 
5 1 Miconia I 3.0 3.0 3.3 5.4 5.9 
5 3 Black Palm VII 3.7 4.0 3.9 5.7 5.8 
5 3 Black Palm VII 3.7 3.9 4.2 6.0 6.3 
5 4 Black Palm VII 3.1 3.3 4.5 4.8 5.1 
5 6 Black Palm VII 3.7 3.9 4.5 5.4 5.7 
5 7 Black Palm VII 3.1 3.5 4.2 4.8 5.2 
5 7 Black Palm VII 3.1 3.2 1.8 4.5 4.9 
6 4 Black Palm VII 3.7 4.0 2.8 3.6 4.0 
6 4 Black Palm VII 3.1 3.4 4.5 5.1 5.3 
6 4 Black Palm VII 3.7 5.1 5.1 Dead 
6 5 Black Palm VII 3.1 3.3 4.2 6.0 6.4 
6 6 Luehea I 10.3 33.8 6.0 24.0 25.0 
6 6 Black Palm VII 3.1 3.4 3.9 4.5 4.7 
6 6 Black Palm VII 3.7 3.7 4.5 6.0 6.4 
6 6 Black Palm VII 3.7 3.8 3.6 4.2 4.6 
6 6 Black Palm VII 3.1 3.3 3.6 4.5 4.8 
6 7 Black Palm VII 3.7 4.0 3.3 4.: 4.7 
1 1 Piper I 2.4 4.7 
5 1 Annona I 2.4 6.1 
6 6 Black Palm VII 3.2 4.0 
6 6 Black Palm VII 3.3 4.1 
6 6 Black Palm VII 3.0 4.3 
6 7 Black Palm VII 2.9 4.0 
6 7 Black Palm VII 2.6 3.9 
6 7 Black Palm VII 3.0 4.2 
6 7 Black Pain VII 3.4 5.0 
6 7 Black Palm VII 3.3 4.9 
6 7 Black Palm VII 2.5 2.5 0.8 3.0 3.4 
7 3 Anacardiun I 61.0 100.3 12.0 34.0 34.5 
9 7 II 3.6 3.3 2.5 2.9 
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TABLE A-2. VEGETATION INVENTORY AT ALBROOK FORbST SITE (Cont.) 

Plot 9 2 

DBH"5 Height 
C4 C3 (cm) Ist Branch (m ) 
B4 B3 1 Jan 1 Dec (m) 1 Jan 1 Dec 
X Y Species * Shape2 1967 1969 1967 1967 1969 Remarks 

0 2 Hirtella 11 2.4 2.0 2.8 3.0 Replace- 
ment 

0 3 Chrysophyllum 2.6 3.8 1.9 3.6 4.1 
1 4 Anacardium 8.5 10.2 3.3 6.6 7.5 
2 3 Inga 22.0 24.4 6.0 22.0 23.0 
3 0 III 2.7 2.7 1.8 2.8 3.0 
3 7 Rubiaceae 3.4 5.3 0.7 4.2 4.7 
4 3 II 2.8 2.7 0.7 2.5 3.0 
5 6 Lafoensla 5.2 6.1 2.5 7.6 8.7 
6 2 Anacardium 6.8 7.4 2.8 5.4 6.1 
6 9 Anacardium 12.7 14.0 3.0 12.5 13.3 
7 8 Luehea 68.3 77.5 14.0 28.0 29.0 
8 2 2.3 3.1 
8 5 Palicourea III 3.0 3.0 2.5 5.4 5.9 
8 5 Palicourea III 2.5 5.6 

Plot 10i 

C5 C4 
B5 B4 
X  Y 

0  1 Lafoensla [     25.4 27.7 6.4 15.5 17.0 
0  1 Andira [      4.4 4.6 2.5 5.1 6.0 
1  8 2.2 4.0 
2  5 [     3.0 2.8 1.2 2.3 2.6 
3  9 Luehea [     17.1 11.9 2.8 7.6 9.6 
4  1 Randla [     3.0 3.0 0.8 4.2 4.8 
4  1 Hlrtella I C     3.0 2.5 0.2 5.1 4.2 
5  2 Alibertla [     1.8 2.1 0.7 3.3 3.0 
6  0 [     3.0 2.8 2.0 4.5 5.0 
7  4 Piper 2.1 4.1 
7  7 Posequeria i; 3.4 3.1 0.3 5.1 6.5 
8  1 Piper 2.1 4.2 
8  4 VI] [     3.1 0.7 2.8 Dead 
8  4 VI] t     2.5 2.5 2.8 Dead 
9  6 Black Palm VI] [     2.4 2.5 2.0 3.h 3.6 
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TABU A-2.  VEGETATION INVENTORY AT ALBHOOK FOREST SITE (font.) 

Plot ll2 

C6 C5 
B6 B5 
X Species * 

0 
0 

Nectandr* 

Posequerla 
Rubiaceae 

fy 

Inga 
Piper 

6 Costus 
8 Costus 

DBH" Heigh t 
(csO Ist Branch (m) 

Shape2 
1 Jan 1 Dec (a) 1 Jan 1 Dec 
1967 1969 1967 1967 1969 Remarks 

II 3.1 3.6 4.0 
I 5.8 3.0 5.4 5.7 

II 3.0 2.8 3.2 
I 19.0 22.3 4.5 13.5 14.0 

11 3.9 
I 
I 

4.2 1.2 2.8 3.3 
3.0 

Dying 

III 12.4 12.'7 7.0 12.5 13.2 
VII 2.1 
VII 3.2 

Plot 12J 

r? C6 
'5 7 
X 

B6 
Y 

Miconia 
Costus 
Hirtella 

I 
III 

I 

23.2 
4.2 
4.5 2.5 

1.5 
2.5 
1.5 

20.0 
3.6 
3.0 3.5 

0 
1 
2 

4 
5 
2 

Missing 
Missing 

6 
6 
2 
4 

Costus 

Posequerla 

III 

III 

4.0 
3.4 
2.7 

2.5 

2.7 

2.5 

3.3 

3.3 

4.2 

3.5 

4.5 
Dead 

Chopped 

3 
7 
7 
7 
7 
7 
7 
8 

Dead 

Belotla 
Trema 
Costus 
Costus 
Costus 
Costus 
Mlconla 

I 
III 
III 
III 
III 
III 
III 
III 

4.2 
5.7 
6.5 

3.9 

2.6 
2.4 
2.6 
2.0 
3.0 

0.8 

2.8 

3.3 
12.0 
3.3 

4.5 

3.5 

4.1 
3.9 
4.2 
3.6 
5.0 
11.0 

8.8 
11.2 
) .8 
13.7 

Dead 
Dead 

8 
8 
9 
2 

Belotla 
Croton 
Belotla 
Bursera 

III 
III 
III 
III 14.'3 

12.2 

15.7 

6.5 
3.9 
8.5 
6.0 

10.5 
4.8 

11.5 
8.0 

Dead 
Missing 

2 
8 
9 

Bursera 
Belotla 
Belotla 

III 
III 
III 

12.5 

9.0 

13.2 
7.6 

11.4 

6.0 
9.0 
7.0 

10.0 
10.0 
13.0 

68 



TABLE A-2. VEGETATION INVEHTOW AT Al BROOK P0RES1 f SITE (Cc mt.) 

Plot 12; (Continued) 
DBHJ Height 

C7 C6 (cm) 1st Branch (m) 
B7 B6 1 Jan 1 Dec (m) 1 Jan 1 Dec 
X  Y SDCCICS' Shap«-' 1967  1969 1967 1067  1969  Ren.irlc8 

8  5 Costut III 2.4 2.5 1.2 1.9 2.2 
8  5 Cos tut III 2.0 2.3 2.8 3.3 3.9 
8  3 Cottut III 2.0 2.1 3.0 3.6 3.8 
8  6 III 2.5 2.8 1.2 3.6 3.9 
9       5 Heliconla V 2.6 3.9 
9  J Helicon*« V 2.8 4.0 
«>  5 Heliconla V 2.4 3.«> 
9  9 Annona II 3.4 4.0 0.2 5.1 7.0 

Plot  13: 

02 :>i 
: Cl 

X 

0 Annwna II 4   2.5 4.2 5.1 
0 Anacardiun IV 19 4  20.3 3.9 14.0 15.0 
0 Anacardium III 12 5  13.9 7.0 14.n U.9 
1 VII 0.8 3.6 

Pain VII 7   3.9 1.2 3.6 3.9 
P.ilm VII 5   2.7 0.8 2.0 3.0 
Paltn VIT 7   3.8 4.2 6.0 6.5 
Pain VII 2   3.4 6.0 6.4 6.7 

III 15 .9  16.0 1.8 11.5 12.0 
Oenocarpus VII 6   3.8 7.2 8.4 8.9 
froton IV 2   3.2 0.3 4.5 4.9 
Posequcria III 6   8.6 4.5 6.6 7.0 
Palm VII 7   3.7 4.2 S.7 5.8 
Palm VII 7   3.8 1.8 4.2 4.7 
Palm VII 7   3.8 1.5 3.0 3.9 
Palm VII 7   4.0 1.2 3.0 3.? 
Palm VII 4   4.5 5.7 8.2 8.4 
Palm VII 7   3.9 3.6 4.5 4.7 

I 4   2.5 0.8 3.6 3.9 
I 4   2.6 0.5 4.2 5.0 

III 6   2.9 0.8 1.2 2.0 
I 6   4.6 1.8 4.5 4.9 

8 VII 7   3.9 4.2 5.4 5.6 
9 Black Palm VII 7   3.7 4.5 6.0 6.3 
0 I 0   2.4 0.8 3.6 3.8 

6V 

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

Plot 13J (Continued) 
DBH3 Height 

D2 Dl (cm) 1st Branch (tr ) 
C2 Cl * 

Shape2 
1 Jan 1 Dec (m) 1 Jan 1 Dec 

X Y Species* 1967  1969 1967 1967 1969 Remarks 

6 8 Luehea IV 36.5 40.3 6.6 16.0 16.5 Chopped 
6 9 Black Palm VII 3.7 3.9 1.8 3.6 3.9 
7 2 IV 2.8 3.6 Missing 
7 5 Allbertia III 1.8 2.1 3.0 A.2 Chopped 
7 5 Palicouria I 2.6 2.6 0.5 3.9 A.2 
7 5 Missing 

8 1 Pittoniotis I 2.8 2.9 0.3 A.5 A.8 
8 2 Anacardium I 2.4 2.5 0.8 3.6 A.2 
8 6 '■'conia I 3.6 3.7 3.6 A.5 A.7 
8 7 Miconla I 2.S 3.0 1.8 5.A 5.7 
a 7 Psychotria IV 1.1 3.7 3.0 3.6 5.7 
9 0 i 3..* 3.A 2.8 3.9 A.2 
9 1 in 1.8 2.0 0.3 3.9 A.3 
9 3 Pittoniotis IV 3.A 3.5 3.0 6.0 6.0 

Plot lA' 

D3 D2 
C3 C2 
X Y 

7 Psychotria Dead 

0 VII 5.0 3.6 5.1 Missing 
0 VII 2.5 1.2 3.3 Missing 
0 Apocynaceae I A. 5 A.6 1.5 A.2 A.7 Chopped 
2 Palm VII 2.8 2.8 0.3 0.8 1.0 Chopped 
0 Palm VII 2.5 2.7 0.3 3.6 A.O 
0 Palm VII 3.1 3.1 3.6 A.2 A.5 
0 Palm VII 2.5 2.6 3.6 A.2 A.7 
0 Palm VII 2.5 2.6 1.2 3.3 3.7 
6 Allbertia II 2.0 2.3 0.8 2.8 3.2 Dying 
8 VII A.A A.6 3.9 5.7 6.0 
8 VII 3.7 3.8 3.6 A.5 A.7 
8 VII 5.0 5.0 4.5 6.A 6.8 
8 VII 3.1 3.8 3.6 A.5 A.7 
8 VII 5.0 5.0 A.5 6.A 6.8 
8 VII 3.1 3.3 6.0 7.6 7.9 
9 Flacourtiaceae III A.8 5.2 A.5 6.0 6.5 
5 Allbertia I 2.2 2.5 1.2 3.6 A.l Dying 
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TABLE A-2. VT :GETATION INVENTOR Y AT AL BROOK FOREST ' SITE (Cc int.) 

Plot U1 (Continued) 
DBH-3 Height 

D3 D2 (cm) Ist Branch (m) 
C3 C2 1 Jan 1 Dec (m) 1 Jan 1 Dec 
X Y Species' Shape2 1967 1969 1967 1967  1969  Remarks 

4 8 Palm VII 3.7 4.0 5.4 7.6 7.7 
4 8 Palm VII 3.1 3.3 1.2 3.0 3.5 
U 8 Palm VII 3.7 3.7 5.4 6.9 7.1 
A 8 Palm VII 3.1 3.2 3.9 4.5 4.8 
5 6 Black Palm VII 2.5 2.9 3.9 4.5 4.7 
5 Black Pa'm VII 3.7 4.0 3.9 5.4 5.5 
6 IV 2.0 2.4 0.8 4.2 4.7 
6 I 2.2 2.4 1.2 3.6 3.7 
6 Hirtella II 2.2 2.5 0.3 1.5 2.5 
6 Black Palm VII 1.2 2.0 0.3 2.8 3.0 
6 Black Palm VII 3.7 4.0 3.6 4.2 4.3 
6 6 Black Palm VII 3.1 3.3 3.9 4.5 4.7 
6 6 Black Palm VII 2.5 2.8 5.4 6.6 6.9 
6 6 Black Palm VII 2.5 2.9 2.5 3.6 3.8 
7 3 IV 2.2 2.6 1.5 3.9 4.0 
7 5 Black Palm VII 1.2 2.1 4.2 6.0 0.2 
7 5 Black Palm VII 5.0 5.1 4.5 6.0 6.3 
7 5 Black Palm VII 2.5 3.0 1.2 4.2 4.5 
7 6 Black Palm VII 4.4 4.6 4.5 5.1 5.5 
8 C Pittoniotis I 3.4 3.5 1.8 4.2 4.7 
8 1 I 2.1 2.1 1.9 3.9 4.2 
8 1 I 2.4 2.4 1.5 3.9 4.3 
8 7 Palm VII 2.5 2.6 0.3 2.8 3.0 
8 8 Palm VII 3.7 4.0 4.2 6.0 6.3 

Plot 15 

D4 D3 
C4 C3 
X Y 

0 0 Lauraceae IV 3.1 3.1 0.8 3.9 4.2 
0 3 Alibertia I 2.4 2.5 1.2 3.9 4.5 
3 7 Chrysophyllum I 3.0 3.0 1.5 4.2 4.8 
3 8 Spondias I 64.8 69.3 14.0 26.5 27.0 

3 8 Palm VII 3.4 3.5 4.2 5.4 6.0 
3 8 Palm VII 4.4 4.6 2.8 4.5 5.3 
3 9 Flacourtiaceae I 2.6 2.6 2.5 3.9 4.2 
6 0 Copaifera I 8.0 8.4 4.5 6.9 8.0 
8 2 Ann on a I 3.4 4.0 2.5 4.2 4.2 
8 8 Palm VII 2.5 3.0 3.0 4.0 
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TABLE A-2. VEGETATION INVENTORY AT ALBROOK FOREST SITE (Cont.) 

Plot 151 (Continued) 
DBHJ Height 

D4 D3 (cm) 1st Branch (m) 
C4 C3 1 Jan 1 Dec (m) 1 Jan 1 Dec 
X  Y Species4 Shape2 1967  1969 1967 1967  1969 Remarks 

8  8 Palm VII 3.1 2.5 2.5 Dead 
8  8 Palm VII 3.7 3.3 4.5 Dead 
8  8 Palm VII 3.1 2.? 3.6 Dead 
9  4 I 3.0   3.2 2.8 4.8   5.8 

Plot 161 

05 D4 
C5 C4 
X  Y 

1  1 Croton 2.9 3.0 2.0 3.3 
1  4 Palicourea [     3.0 3.1 1.2 4.5 4.8 
2  3 Cordia III 1     10.9 11.2 10.0 14.0 15.1 
2  6 Alibertia [     2.6 2.6 1.8 3.3 3.5 
3  3 t     2.7 2.8 1.2 3.3 3.4 
3  4 Ardesla t     3.0 2.9 0.8 1.9 2.0 
5  S Palm vi; [     3.7 3.7 1.8 4.2 4.5 
5  7 Alibertia [     2.8 3.0 1.5 2.8 3.8 
6  6 Palm VI] [     3.4 3.4 1.8 3.6 3.9 
6  6 Palm VI] [     3.7 3.7 0.8 2.8 3.0 
7  0 Phoebe [    35.1 35.6 11.5 26.0 27.0 
7  6 Anacardium [     19.0 30.4 6.0 20.1 21.5 
8  6 Inga [     9.9 10.1 6.0 12.0 11.0 Dying 
8  6 Inga I             8.2 8.2 6.0 10.0 1.9 Chopped 
9  2 Chrysophyllum I     6.8 6.9 3.3 6.9 8.1 

Plot 17 

D6 D5 
C6 C5 
X Y 

0 
0 
0 
1 

0 
6 
6 
6 

Copeifere I 5.8 2.8 6.0 Hissing 
I 13.6 15.2 7.0 10.0 10.0 Three 
I 2.4 2.4 3.3 5.7 2.3 Stems 
I 13.5 14.0 8.0 11.0 11.2 
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TABU A-2. VEGETATIOH INVEHTORY AT ALBROGK FOREST SITE ( Cont.) 

Plot IT1 (Continued) 
DBH«5 Height 

D6 OS (en) let Branch (n^ 1 
C6 CS I Jan 1 Dec (•) 1 Jan 1 Dec 
X  Y Species * Shaped 1967 1969 1967 1967 1969  Remarks 

s    s Anacardlum 23.2 26.7 3.6 12.5 14.0 
7  1 Sapindaceae 15.1 15.3 7.0 12.5 12.8 
7  7 III 6.0 5.4 6.0 7.0 
8  0 Spondiai 12.1 12.7 6.0 9.5 11.8 
8  S Ficus 71.3 127.0 6.4 26.5 28.0 

Plot Ift"1 

D7 06 
C7 C6 
X  Y 

1  3 Nectardra II 2.6 
1  4 Hlrtella II 3.4 3.5 
1  9 Anacardlum I 20.8 23.6 
3  0 II 1.8 2.0 
3  3 Nectandra I 4.8 
3  3 I 5.6 

4  0 Hlrtella II 3.0 3.0 
4  S Conostegla II 3.0 3.2 
5  1 Belotla III 10.1 12.5 
5  2 Nlconla I 1.8 
5  6 Belotla III 18.9 21.1 
5  6 Conostegla I 1.8 
7  0 Croton I 5.6 

8  3 Andira I 9.4 10.1 
8  3 I 3.2 3.3 

3.6 Missing 
3.9 4.2 

8.5 10.0 15.0 
2.8 3.5 

3.6 5.4 Missing 
2.8 4.5 Dead or 

Dying 
3.9 4.5 

2.8 4.2 4.8 
6.0 12.0 14.5 
3.3 6.0 4.0 
6.3 12.0 15.5 
0.4 1.8 Chopped 
1.8 2.0 Dead or 

Dying 
4.5 6.9 10.5 
2.8 3.6 3.8 

Plot 19' 

E2 El 
D2 Dl 
X T 

0 1 Palm 
0 8 Anacardl 

III 2.5 5.4 5.6 
32.1  43.9 4.5 18.0 
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TABU A-2. VEGETATION INVEHTOW AT ALBIDQK TOUST SITE (Cont.) 

Plot 19J (Continued) 
DBH3 Height 

E2 El (en) let Branch (n ) 
D2 Dl 

Shape 
1 Jan 1 Dec (*) 1 Jan 1 Dec 

Species' 1967 1969 1967 1967 1969 Remarks 

Pain VII 3.1 
Pain VII 4.5 6.0 6.2 
Palm VII 4.2 4.1 
Pala VII 3.0 
Pain VII 0.5 1.8 2.3 
Chrysophyllum I 0.8 3.9 

1.5 
4.3 

Dead 
Palm VII 4.2 6.0 6.3 
Palm VII 5.1 5.1 5.8 
Palm VII 1.5 2.0 Dead 
Palm VII 5.7 5.7 5.7 
Palm VII 1.8 3.6 4.0 
Palm VII 4.2 
Palm VII 4.2 4.5 4.9 
Palm VII 5.4 Dead 
Palm VII 4.2 6.0 6.3 
Palm VII 6.0 7.6 7.9 
Palm VII 0.7 3.6 3.8 
Palm VII 3.9 6.0 6.4 
Palm VII 5.1 6.0 6.5 
Palm VII 0.5 3.6 3.9 
Allbert.'* I 0.5 3.6 3.9 
Palm VII 1.7 3.6 4.0 

Missing 
Palm VII 1.5 2.3 
Palm VII 0.8 1.8 2.5 
Pain VII 0.5 1.8 2.5 
Pain VII 0.7 1.8 2.4 
Pain VII 3.9 4.5 5.0 
Pain VII 4.2 5.7 5.9 
Pain VII 6.0 8.2 8.4 
Gcnlpa III u!] 16.5 4.2 17.5 17.5 
Pain VII 2.8 4.2 4.8 

IV 0.3 1.8 2.2 
Rubiaceae IV 0.4 4.2 4.5 

I 1.2 6.0 6.3 
I 1.2 1.5 Dying 

Chopped 
III 21.0 22.3 13.0 17.5 17.8 
III 22.0 23.8 12.0 21.5 22.9 Stene 

Annona I 1.8 2.0 0.5 0.8 1.5 



TABU A-2.    VEGETATIOH MVENTOIT AT ALB1DOR POMST SITE (Cont.) 

Plot 203 

DM* Heigh t 
E3 1 n (cm) lac Branch (n) 
D3 I )2 1 Jan 1 Dae (n) 1 Jan 1 Dae 
X 1 r  Sp«ciM * Shapa^ 1967 1969 1967 1967 1969  Remarks 

0 Ing« I 21.0 5.4 14.0 16.5 
I ( >    Annona I 19.0 4.5 16.0 20.0 
c l    Palm VII 3.4 3.6 4.2 
* 
J            4 I        Pal* VII 3.7 6.4 7.2 
J               i 1          Palm VII 3.7 3.9 4.5 
J                i !    Pala VII «.0 3.6 5.4 
J              4 !   Pala VII 4.0 4.5 6.0 
r      * 
J            4 !    Pal« VII 4.0 1.2 3.6 
6  1 I    Pain VII 3.7 3.9 5.4 
D     4 !    Palm VII. 3.1 6.0 7.6 
6     4 !    Palm VII 3.7 5.4 6.6 

)    Palm VII 3.4 6.0 6.9 
)   Palm VII 3.7 6.0 7.2 
>    Palm VII 3.1 5.7 6.9 
)    Palm VII 4.4 4.8 6.0 
J   Palm VII 3.7 6.0 6.9 

II 5.5 4.5 6.0 
6 i Palm VII 5.0 1.2 3.6 
^  # 

Palm VII 3.1 4.5 6.0 
)   Luchaa III 43.2 13.0 23.0 35.0 

8  ( i          Lafocnala I 78.4 11.0 36.0 37.3 
9  ( >    Potequarla I 6.0 

Plot 21i 

E4 E3 
D4 D3 
X  Y 

0  2 III 2.0 3.0 3.5 Hlaalni 
0  3 III 2.6 3.7 40.0 Cut 
0  9 Anacardlvs 98.0 96.5 4.3 30.0 32.0 
0  9 2.0 3.0 Hlaalnt 

III 4.0 3.5 4.5 4.9 
Annona 17.7 19.9 4.0 7.0 10.9 
Annona 3.0 5.5 5.8 

1.0 2.5 3.0 
Allbartla III 2.5 5.0 5.2 
Pallcourca 1.0 3.0 3.0 

1.0 3.0 3.0 
Poaaquarla 7.0 



TABLE A-2. 

Plot 213 (Continued) 

VEGETATION IHVWUKT AT ALBIOOK FOREST SITE (Cont.) 

E4 E3 
D4 D3 
X Y 

7 6 
8 1 
9 3 

Sp«cl««* ihgggj 

DBH0 

(cm) 
I Jan 1 Dec 
1967  1969 

1st Branch 
(■) 
1967 

Height 
(•) 

1 Jan    1 Dae 
1967      1961      Remarks 

Pallcourea 
Annona 
Anacardlm 

IV 
I 
I 

1.8 
3.4 
3.1 

2.0 
3.8 
3.2 

1.0 
3.0 
1.0 

2.5 
4.5 
3.0 

2.8 
4.9 
3.9 

Plot 22 
i 

F5 U 
D5 D4 
X Y 

0 8 Posequeria : 5.6   5.9     1 4.5 4.7 
i 4.0 Replaced 

9.7           2 2.5 Dead 
IV 2.0   2.2      1 2.5 

Palm VII 3.7   3.8     1 3.0 
Palm VII 3.1   3.3     1 2.5 
Palm VII 5.0   5.0     4 1.0 
Palm VII 4.4   4.6     1 2.5 
Palm VII 4.0   4.3     4 6.0 
Palm VII 2.7   2.8     1 2.0 
Palm VII 2.8   2.9     2 4.5 
Palm VII 3.7   3.7     3 5.5 
Palm VII 2.5   2.7     1 2.0 
Alibcrtla I 2.8   2.8     1 .0 3.0 

8 Hlrtalla I 2.2   2.4     2 .0 3.5 
9 Spondlaa III 25.0  26.0    11 .0 15.0 16.0 Dead 

Plot 23J 

E6 E5 
D6 D5 
X Y 

0 II 3.6 3.6 0.5 2.0 2.6 
VII 

Annonaceae 12.1 13.0 8.0 16.5 16.7 
Haliconia 3.0 3.0 1.0 3.5 4.1 
Hallconla 3.0 3.0 1.0 3.5 4.2 
Inge 19.0 19.4 8.0 12.0 12.8 
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TABU A-2. VEGETATION INVENTORY AT ALBROOK FOREST SITE (Cont.) 

Plot 233 (Continued) 

E6 
D6 
X 

E5 
D5 
Y Sptcl««1 sh§ea; 

DBH0 

(c.) 
1 Jan 1 Dec 
1967  1969 

Height 
let Branch     (m) 

(m)      1 Jan 1 Dec 
1967     1967  1969  Remarks 

6 
9 

Inge 
Luehea 

16.1 
7.0 

16.9 
6.8 

3.5 
1.0 

13.0 
5.5 

13.4 
7.0 

Plot 24 

E7 E6 
D7 D6 
X Y 

1  0 Belotia III 6.4 4.5 6.5 6.8 
Heliconla 3.6 1.8 3.5 3.9 
Heliconla 4.0 2.0 3.5 3.8 
Heliconla 3.3 3.3 Dead 
Heliconla 3.2 1.8 3.6 3.9 
Heliconla 2.5 1.5 2.7 3.0 
Heliconla 1.8 3.0 Dead 
Heliconla 2.0 4.2 Dead 
Heliconla 2.0 2.0 Dead 
Belotia III 7.7 3.0 8.4 8.7 

7.7 3.0 8.4 8.7 
Cavanillesia VI 70.1 76.2 18.0 24.0 25.0 
Cecropia 10.1 16.7 10.0 15.0 16.3 
Heliconla 1.5 3.3 Dead 
Heliconla 3.4 1.2 3.2 3.7 
Heliconla 3.2 1.5 3.3 3.8 
Belotia III 6.6 3.5 7.2 8.0 
Cecropia III 12.4 14.0 14.5 15.0 
Belotia III 3.5 4.5 6.0 7.1 
C rot on III 3.0 3.0 2.0 5.6 6.0 
Annona 22.3 23.8 4.4 16.5 17.0 Dying 

3  8 Missing 

Plot 25 

F2 Fl 
E2 El 
X Y 

Luehea III 25.6 
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TABLE A-2. VEGETATIGR INVENTORY AT ALBIOOK FOREST SITE (Cont.) 

Plot 25J (Continued) 
DBH5 Height 

F2 Fl (cm) let Branch (•) 
E2 El M 

1 Jan 1 Dec (•) 1 Jan 1 Dec 

X Y Species* Shape2 1967 1969 1967 1967  1969 Remarks 

I 2.2 1.5 3.9   4.2 
IV 2.2 0.3 3.6   3.9 

Palm VII 1.0 0.9 2.8   3.2 
Palm VII 1.4 2.8 3.6   3.8 
Anacardlun I 6.6 3.3 6.6   7.0 
Palm VII 1.0 2.0 3.6   3.9 

I 4.4 1.2 4.2   4.7 
Piper III 3.0 3.3 5.4   5.7 

8 Allbertla II 5.0 6.0   6.6 
8 Chrysophylum I 4.8 3.0 6.0   6.4 
7 0 Palm VII No Stem 

Plot 26 

F3 F2 
E3 E2 
X Y 

0  ! >    Luehea I 7.0 7.3 2.5 
)    Anacardlum IV 8.4 8.9 1.9 
>   Anacardlum I 9.4 2.0 
>    Anacardlum I 21.3 22.8 2.8 
)    Palm VII 4.4 4.4 1.8 
)         Palm VII 3.7 3.8 1.5 
»   Palm VII 3.7 3.7 0.8 
>   Cecropla III 22.6 24.4 20.0 
»   Palm VII 4.4 4.4 3.3 
)    Spondlas I 25.0 26.4 3.9 

I 3.0 1.3 
I 3.6 1.8 

1   Palm VII 4.4 3.1 0.8 
)   Anacardlum I 21.3 22.6 3.9 

I 19.6 20.3 11.0 

7 
6 
6 
5 
3 
2 
2 

25 
5 

14 
3 
3 
3 

16 
15 

7.2 
6.5 

6.0 
3.5 
2.8 
2.5 

27.0 
5.5 

16.2 

3.3 
18.0 
15.4 

Dead 
Chopped 

Dying 
Dead 
Dead 
Replaced 



TABLE A-2. VEGETATION 11 HVENTOKY AT ALB ROOK FOREST SITE (C ont.) 

Plot 271 ■ 

DBH0 Height 
F'4 F3 (cm) lac Branch (m ) 
E4 E3 jt 1 Jan 1 Dec (m) 1 Jan 1 Dec 
X Y Species4 Shape2 1967 1969 1967 1967 1969 Remarks 

1 4 III 2.6 2.7 0.8 3.0 3.6 
2 0 VII 1.8 0.8 2.8 Dead 
2 0 VII 1.8 0.8 3.6 Chopped 
3 6 Flacourtlaceae 6.3 8.1 1.8 6.9 7.0 
8 2 III 2.0 1.5 2.5 Dead 
8 3 Cordia III 12.4 14.9 6.5 12.5 12.8 
8 6 2.4 1.5 4.5 Dead 
9 8 3.0 4.4 1.9 6.0 6.1 
1 1 Ardesia 2.2 3.2 
2 3 2.5 4.0 
6 0 Ardesia 2.0 2.6 
9 7 Miconla 2.6 4.2 
9 7 Piper 2.4 3.2 
5 5 Heliconia 3.3 3.9 
9 1 Piper 2.8 4.1 

Plot 28-' 

F5 F4 
E5 E4 
X  Y 

1  6 Luehea II 5.4 5.6 1.8 2.8 4.0 Cwo Stems 
1  6 Luehea 11 4.6 4.7 2.8 4.8 5.1 
2  8 Pious 6.3 6.8 2.8 4.5 4.9 
4  7 Posequeria 5.4 5.9 1.8 4.5 4.7 
6  3 Anacardium 17.5 18.5 4.5 19.0 16.0 Leaning 
6  6 Inga 22.4 24.0 2.8 13.5 19.0 
8  9 15.1 1.8 11.0 Dead 
9  9 Annona 16.4 9.0 
8  2 2.6 5.6 
9  2 2.4 2.5 
9  4 Ardesia 2.5 4.0 
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TABU A-2. BROOK IDRESl * SITE (( :ont.) 

Plot 29J • 
DBH* Height 

n  n f«) let Branch (») 
E6 ES 1 Jan 1 Dec (>) 1 Jan 1 Dec 

X  Y Species' Shape3 1967 1969 1967 1967 1969 Remarks 

0  7 Cecropla III 24.4 36.4 23.0 32.C 32.1 
1  7 Andira II 4.9 5.1 0.5 7.6 8.0 Four 
1  7 Andira II 8.2 8.2 0.5 7.6 8.0 Stems 
1  7 Andira II 6.3 6.5 0.5 7.6 8.0 
2  7 Andira II 3.0 3.1 0.5 7.6 8.0 
2  7 II 2.6 0.5 4.2 Replaced 
3  5 III 5.2 2.0 3.0 Dead 
3  5 IV 3.4 0.8 3.6 Dead 
3  0 Belotla III 4.7 9.5 4.2 6.0 11.2 
4  6 Piper 2.4 2.5 1.5 2.5 4.9 
6  3 Copaifera III 4.7 5.3 5.4 6.9 7.0 
6  5 IV 2.8 3.0 0.7 4.2 4.9 
6  6 2.4 2.5 0.8 3.3 3.8 
7  2 Spondias 3.6 3.6 2.8 4.8 5.0 
7  5 Hellconla V 2.8 3.0 2.0 3.0 3.5 
7  5 Hellconla V 4.1 4.1 2.0 3.9 4.3 
7  5 Hellconla V 4.4 4.4 2.8 6.0 6.3 
8  5 Hellconla V 4.0 4.1 2.8 5.4 5.9 
8  5 Hellconla V 3.0 3.2 1.2 3.0 3.4 
9  8 Nectandra II 4.2 4.2 3.9 4.2 
2  1 Piper I 2.5 5.0 

Plot 30- 

F7 F6 
E7 E6 
X Y 

0 II 0.9 0.9 
0 Nectandra 2.8 1.2 3.9 

Anacardlum 5.3 2.0 5.4 
Hlrtella 1.5 2.5 
Croton IV 4.1 0.5 3.6 

0 Hellconla 1.2 2.0 
0 Hellconla 2.5 3.0 
0 Rublaceae III 6.2 3.9 6.4 
3 Saplndaceaa 28.5 30.2 2.5 20.0 2o!o 
6 Posequerla III 5.0 2.0 4.5 
2 Anacardlum 5.1 2.0 3.3 
i Plttonlotls 1.7 3.9 
3 11.1 1.9 9.0 9.8 

Chopped 

Dead 

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

Plot 303  (Continued) 

Spociti^ 

F7 F6 
E7 E6 
X Y 

9 7 
9 8 

Shapo^ 

DBH" 
(a) 

1 J«    1 Dnc 
1967      1969 

lat Branch 
(■) 
1967 

Height 
(m) 

1 Jan    1 Dec 
1967      1969 Remarks 

Cecropla III 
IV 

24.4 
2.5 

26.0 
2.S 

23.0 
0.8 

32.0 
2.5 

32.8 
2.8 

P»t 31J 

G2 Gl 
F2 Fl 
X 

0 Piper 2.0 2.2 1.2 3.0 3.5 
1 2.3 3.2 1.5 3.9 4.1 
2 Chrysophyllum 2.6 3.0 0.8 3.6 5.9 
2 50.3 54.8 13.0 23.0 23.0 
2 Mlconia III 3.6 3.8 5.1 6.3 6.9 
2 

2 2.0 2.1 0.8 3.3 3.8 
4 Miconia 7.8 7.8 4.8 7.6 7.9 
7 Poaequeria III 5.0 4.9 2.8 4.5 4.8 
7 Chrysophyllum 3.0 3.3 1.8 4.5 4.9 
8 Solanum III 8.4 10.1 3.6 6.0 9.0 
8 Annona 29.9 31.4 8.0 15.0 16.0 
0 Hirtella II 2.0 4.1 
3 Chrysophyllum 2.5 5.1 
3 Hirtella 11 1.8 4.2 
8 II 5.1 6.1 
7 Chrysophyllum 3.0 8.2 
8 8 2.4 5.0 

Missing 

Plot 32 

G3 G2 
F3 F2 
X Y 

0 0 Hellcterea II 3.0 3.0 2.5 3.2 
0 5 IV 3.6 3.7 0.8 2.3 3.1 
0 7 Flacourtiaceae III 2.2 2.4 1.8 2.8 4.2 
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TABLE A-2. VEGETATION INVEHTOK AT ALBROOK FOREST SITE (Cont.) 

Plot 32J (Continued) 

G3 G2 
F3 F2 
X  Y    Sncim** 

0 
1 
1 
2 
2 
3 
3 
3 
4 
A 
4 

6 

5 
5 
5 
5 
5 
6 
6 
6 
7 
8 
7 
7 
8 
8 
9 

9 
1 
7 
5 
9 
1 
2 
2 
1 
1 
2 
2 
9 

0 
0 
0 
1 
7 
0 
0 

0 
8 
9 
9 
0 
9 
9 

Cecropla 
Palicourea 
Annonaceae 
Piper 
Posequerla 
Palm 
Palm 
Palm 
Palm 
Palm 
Palm 
Mlconla 

Palm 
Palm 
Palm 
Palm 
Hlrtella 
Palm 
Palm 
Hlrtella 

Annona 
Mlconla 
Psychotrla 

Piper 
Hlrtella 

Shape^ 

I 
III 

I 
III 

I 
II 

VII 
VII 
VII 
VII 
VII 
VII 
II 
II 

VII 
VII 
VII 
VII 
II 

VII 
VII 
II 

VII 
I 
I 

IV 
vii • 
III 

I 

(c.) 
1 Jan 1 Dec 
1967  1969 

4.0 
15.1 
9.5 

4.6 
5.0 
4.7 
3.4 
3.7 
3.7 
4.7 
3.7 
2.7 
5.0 
4.4 
3.4 
2.1 
2.8 
3.7 
4.4 
4.0 
4.4 

22.2 
1.9 
2.5 
4.4 
2.6 
2.2 

5.1 
15.2 

7.6 
2.5 
5.1 
5.0 
4.8 
3.6 
3.9 
3.7 
4.8 
4.2 
2.7 
5.1 
4.4 
3.6 
2.2 
2.9 
3.7 
4.5 
4.0 

25.4 
2.1 
2.6 

3.3 
2.5 

let Branch 
(m) 
1967 

0.7 
13.5 
1.2 
5.0 
1.2 
1.8 
1.2 
3.6 
5.1 
2.5 
0.8 
1.8 
0.3 

1.2 
2.8 
4.5 
1.8 
1.8 
4.5 
6.0 

4.2 
6.0 
1.2 
1.8 
1.5 
1.8 
1.5 

Height 
(m) 

1 Jan 1 Dec 
1967  1969 

6.0 
18.5 
6.0 

3.0 
2.8 
5.4 
6.0 
5.4 
3.3 
4.2 
4.2 
2.5 
3.6 
3.6 
4.5 
2.7 
3.9 
6.0 
7.6 
3.6 
6.0 

10.0 
4.2 
3.6 
3.0 
3.6 
2.8 

6.3 
19.0 

6.5 
4.1 
3.2 
3.0 
5.4 
6.3 
5.7 
3.7 
4.5 
6.0 
2.9 
4.0 
4.0 
4.7 
2.9 
4.0 
6.5 
7.9 
4.1 

11.2 
4.5 
3.9 

5.9 
3.1 

Remarks 

Missing 
Replaced 
Replaced 

Dead 

Dead 

Plot 33^ 

G4 G3 
F4 F3 
X Y 

7 Piper 
8 Hellconia 
9 Hellconia 
9 Hellconia 
2 Hellconia 

III 
V 
V 
V 
V 

4.7 
2.5 
4.6 2.5 3.6 

5.0 
3.9 

4.7 4.7 2.1 4.8 5.3 4.2 4.3 
4.1 

1.8 5.1 5.4 
5.0 

Replaced 
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TABLE A-2. VEGETATION 1 [MVEMTOR y AT AL BROOK FOREST SITE ( Cont.) 

Plot 33^ (Continued) » 
mw Height 

G4 G3 (cm) Ist Branch (m ) 
F4 F3 1 Jan i Dec (m) 1 Jan 1 Dec 
X Y Species' Shape2 1967 1969 1967 1967 1969 Remarks 

2 8 Croton III 4.8 5.1 5.7 6.9 7.0 
2 7 Hellconia V 4.1 4.2 2.0 5.4 5.7 
3 2 Piper III 3.3 6.5 
3 4 III 2.5 1.2 2.8 MlssinR 
3 6 Flacourtiaceae III 6.2 8.4 3.6 6.6 6.9 
4 5 riellconla V 4.7 1.5 5.4 Dead 
h 6 Hellconia V 3.1 2.5 2.2 Dead 
4 6 Hellconia V 3.0 1.8 3.3 Dead 
4 8 Flo us III 4.5 5.0 iA 4.5 5.2 
5 0 Flacourtiaceae IV 3.2 3.3 1.2 4.5 4.9 
5 0 Banara I 5.1 5.1 5.4 5.9 
5 Cordla III 3.2 4.4 1.8 4.8 5.3 
5 Hellconia V 4.0 4.0 1.8 3.9 4.0 
5 Hellconia V 2.4 2.6 1.5 3.6 3.9 
5 Hellconia V 4.5 4.5 3.0 5.7 5.8 
5 Hellconia V 3.7 3.9 2.0 3.9 4.2 
5 Hellconia V 3.3 3.4 2.8 4.5 4.9 
5 II 4.2 7.3 
5 9 Hellconia V 3.0 3.3 2.1 5.1 5.4 
5 9 Hellconia V 4.0 4.2 2.1 5.1 5.4 
6 0 III 3.7 3.9 4.5 4.5 4.9 
7 0, Cecropla III 4.4 8.0 
7 4 Ardesla I 6.0 6.0 0.9 2.5 4.6 Chopped but 

Living 
7 9 Mlconla I 3.4 5.8 3.0 6.4 7.0 
8 2 I 2.5 1.2 2.5 Dead 
8 8 Cordla I 5.6 8.4 2.5 4.2 10.5 
9 8 II 2.0 2.4 0.8 3.6 3.9 

Plot 34-' 

05 G4 
F5 F4 
X  Y 

I      5 Inga 
1  7 
1  7 
1  8 Palm 
1  8 Pain 
1  8 Pain 

1 11.9 
VII 3.2 
VII 3.2 
VII 3.7 3.8 
VII 4.4 4.4 
VII 3.4 3.6 
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3.6 6.9 Dead 
3.6 4.5 Missing 
3.0 5.7 Missing 
3.6 4.5 5.1 
3.9 6.0 6.4 
4.5 5.7 6.2 
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TABLE A-2.    VEGETATKH mVBITÜW AT AUKXX FOtEST SITE (ConC.) 

Hot 34    (Continued) 
DM* Height 

G5 G4 (cm) lac Branch (■: 1 
F5 F4 

Sp€Cl««# Shape2 
1 Jan 1 Dec (m) 1 Jan 1 Dec 

X  T 1967 1969 1967 1967 1969 Remarks 

1  9 Palm VII 3.1 3.3 4.8 6.0 6.3 ■ 

2  0 1 5.0 6.3 5.4 6.4 7.0 
2  7 Pala VII 3.1 3.4 1.5 2.8 3.2 
2  7 Palm VII 3.7 3.9 4.3 0.5 4.9 
2  8 Palm VII 3.1 3.4 4.5 5.7 5.9 
2  8 Palm VII 3.4 3.5 4.8 6.0 6.4 
2  8 Palm VII 3.7 3.7 4.8 6.0 f.5 
2  8 Palm VII 3.7 3.9 3.3 4.8 5.3 
2  9 Palm VII 3.1 3.4 4.5 5.7 6.0 
3  2 Pittonlotls I 5.6 5.6 1.8 4.8 5.4 
3  7 Palm VII 3.7 3.8 1.2 3.0 3.4 
3  8 Palm VII 3.7 3.9 0.8 2.8 3.5 
3  8 Palm VII 3.7 3.9 4.8 6.0 6.3 
3  8 Palm VII 4.0 4.2 2.8 4.5 4.8 

Palm VII 2.7 3.0 4.2 5.7 5.9 
Palm VII 3.7 3.8 4.5 5.4 5.9 
Palm VII 4.7 4.7 5.4 6.4 6.3 
Palm VII 3.7 4.0 1.8 3.6 4.1 

IV 2.4 0.8 2.0 Dead 
Cupanla III 4.1 2.5 4.5 Dead 
Posequerla IV 3.5 3.4 0.4 2.8 3.2 Bent 
Hallconla V 4.0 4.0 1.5 3.9 4.5 
Hellconla V 3.0 1.8 1.8 Dead 
Heliconla V 3.4 3.4 1.8 4.2 4.7 
Hellconla V 2.5 3.0 1.2 2.0 2.8 
Hallconla V Missing 

Hellconla V 3.2 3.5 1.5 1.5 2.4 
Hellconla V 4.0 4.1 2.1 4.5 5.0 
Hellconla V 4.6 4.5 2.1 4.5 4.9 
Hellconla V 4.0 4.1 2.1 4.5 5.0 
Hellconla V 4.2 1.9 4.5 Dead 
Hellconla V 4.0 2.0 4.8 Dead 

7  8 Hellconla V 4.0 2.1 4.5 Dead 
7  9 Hellconla V 3.7 2.0 4.5 Dead 

Plot 35 

G6 G5 
F6 F5 
X Y 

Tabcbula 5.0 5.6 
84 

2.5 3.9 4.9 



TABU A-2. VEGETATK» IHVEIITO« AT ALBBOOK FOBEST S1TL (Coat.) 

Plot 351 (Contlaucd) 
DBH3 Haltfit 

C6 GS (c.) Ist Branch w 
n F5 

Spccl«« 
1 Jan 1 Dec m 1 Jan 1 Dac 

X T Sh«p«2 1967 1969 1967 1967 1969      Ranarka 

Guazua« IV 19.0 12.7 8.0 16.5 17.0 
Anacardlua 8.4 9.6 3.0 6.9 7.2 
Annona 27.2 28.8 5.4 20.5 22.0 
Anacardlua 17.5 20.9 3.6 15.0 16.0 
Saplndaceae 9.5 10.2 3.6 9.0 10.1 

6.3 7.8 3.0 6.6 7.5 
Luch«a 12.3 13.9 3.0 11.0 12.1 

37.3 20.5    Baplaca« 
Anacardlum 86.7 94.2 10.0 33.5 33,5 

Plot 362 

G7 06 
• 

F7 F6 
X Y 

Cacropla III 20.0 32.7 12.5 16.0 16.5 
Belotla III 5.5 10.7 3.8 6.0 7.2 
Crotan Choppad 

II 3.3 0.8 0.8 Dead 
Choppad 

Hallconla V 3.7 3.9 £ « U 4.2 4.5 
Hallconla V 3.7 4.1 2aU 4.2 4.3 

I 4.8 5.1 * • 9 3.6 4.2 
Croton IV 2.7 X* z 4.5 Da ad 
AnacardluB I 53.3 D »U 20.0 21.5 
Phoaba III 4.4 4.4 J •W 5.4 6.4 
Phoabc I 41.6 42.9 m • jr 22.0 22.5 

1.    Plots ara awfearad la ordar froa rl^it to laft aacaadlai (aaa flgura A-l). 
t.    Shapa (of tha aavaa rapraaaatatlva ahapaa ahaaa la flguta A-7) ^Idh 
cloaaly raaa*lad tha lavaatoriad plant. 
3.    Dlaaatar at braaat haitfit. 
d.   A hiaak iadtcataa chat tha plaat apacias could aat ha idaatifiad. 
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APPENDIX III.    GLOSSARY 

ARPA  • • Advanced Research Projects Agency 
•c • degrees centigrade 
cm    > • centlmeter(s) 
COH • coefficient of haze 
CO2   • ■ carbon dioxide 

OBH   < • diameter at breast height 
E     • • east 
Fe • Iron 
0F • decrees Fahrenheit 

■ kilometer kn 
m     > • meter 
max   * « maximum 
mb    • ■ mlllbar(s) 
MDARS  ' ' Meteorological Data Acquisition and Recording Systems 
Mln   • > minimum 
mm    • 1 mnilmeter(s) 
Mn > manganese 
mnh   > » miles per hour 
N • north 
NE • northeast 
No. number 
NW     • • northwest 
OCRD  • ' Office of Chief of Research and Development 
ppm   • 1 parts per mil lion 
RDTE • Research, Development, Test, and Evaluation 
S ' south 
SE > southeast 
Sur 1 surface 
Sq • square 
SW ■ southwest 
USATTC • • United States Army Tropic Test Center 
Var > variable 
W 1 west 
WES ' US Army Waterways Experiment Station 
% ' percent 
11     . 1 inch(es) 
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