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PRE FACE

Contract DA 49-092-ARO-33 was awarded to the Science
Services d&¢ision of Texas Instruments Incorporated on 6 February 1964.
The award was based on evaluation of a proposal subm'tted by Texas
Instruments in response to RFP No. ARO-RF--4 issued by the Army
Research Office on I October 1963. The basic objectives of the prograr.m
;nclude collection and evaluation of a bibliography, identification of authorities
and depositories, an inventory of rmaps and aerial photngraphs, an assessmrnt
of the state of knowledge, and the identification of research gaps and remedial

recommendations to fill identified gaps in knowledge of the humid tropic

envi ronm ent.

The contract provided for a multidisciplinary effort extending
over a 35-month period. Approximately 130 -nan -months of effort were
involved in fulfilling the objectives of the study. Administrative and mal-a-
gerial functions were perform-ed by Harvey Vogel, with technical responsibility
for the program assigned to Harvey Vogel and Jack R. Van Lopik. The pro-
gram was conducted on a taskr-force basis, and various individuals were
assigned responsibility for specific areas. The voiurmn and chapter heidings
of the program's reports provide a ccmvenient outline for indicating cortri-
butions of Texas Instruments prograrn personnel.

Volume I - KWIC INDEX - HUMID TROPIC H. Vogel
ENVIRONMENTAL LITERATURE D.J. Selis

B.A. Tessier*

Volumne II - COMPENDIUM AND APPENDICES

Chapter I - Introduction F, Betz
H. Vogel

Chapter i1 -- Physical Features F. Betz

Chapter lii - Plant and Animal Life H. Vogel
M.•, Wilson
1. E. Estee

Chapter IV - Weather and Climate H. Vogel
M.R. Wilson

-:; J. E. Estes

Service Bureau Corporation, Dallas, Texas

iii sonee services division



Chapter V-- Coastal Zones F. Betz

Chapter VI- Regional Studies H. Vogel

M.R. Wilson

Appendix A - Directory of Authorities H. Vogel

Appendix B - Directory of Principal Deposit- H. Vogel

ories
Appendix C -Index of Maps and Aerial Photo- H. Vogel

graphs D. J. Selis

S.A. Terry

Consulting services and manuscript review were provided to
the program by the following scientists. Their affiliations and areas of
specialization and program review tasks are indicated.

C. S. Alexander University of Illinois Coastal Zones

H. P. Bailey University of California, Weather and

Riverside Climate

C. F. Bennett Jr. University of California, Animal Life,
Los Angeles Physical Features,

Weather and

Climate,
Regional Studies,
Central America

R. N. Colwell University of California Plant Life,

Maps and Aerial
Photographs

P. Dansereau New York Botanical Plant Life
Garden

R. W. Fairbridge Columbia University Physical Features,
Coastal Zones

B. J. Gamier M-Gill University Physical Features,
Weather and

Climate,
Regional Studies,
Africa

P. Gourou Universitg de Bruxelles Physical Features,

Coastal Zones,
Regional Studies,
South Asia
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B. M New York Botanical Plant Life
" ~Garden

P. W. Richards University of North Wales Plant Life

R. W. Richardson San Diego State College, Regional Studies,
Latin America

R. J. Russell Louisiana State Coastal Zones

University

J. T. Stark Jackson, Tennessee Physical Features

H. O'R. Sternberg University of California Physical Features,
Regional Studies,
Latin America

J. Thorp Richmond, Indiana Physical Features

J. D. Weaver University of Puerto Rico, Physical Features
MaVaguez

Technical editing of this report was performed by M. R. Wilson,
and B. Littlejohn. Various technical drafting tasks were performed by D.A.
R1,tledge, N.A. Douglas and D. L. Ramsey.

The study was conducted under thl, cognizance of the Army
Research Office, Arlington, Virginia, and the Army Natick Laboratories,

Natick, Massachusetts. G. N. Parmenter (ARO), L. Alpert (ARO)

and I. V. Bennett (Natick) periodically reviewed p. ogram progress and
provided technical direction. W. M. Dallas (TI). R. Fink (ARO) and E.J.

Corbett (Natick) were contract officers for the prc'gram.
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CHAPTER I

INTRODUCTION

A. DEFINITION OF PROJECT

1. Scope

The Army Research Office defines this project as an inventory
of geographic research and evaluation of the state of knowledge of the humid-
tropical environment.

2. Purpose

The project has two indicated purposes: (1) to provide the
information needed for planning and management of future research programs
and other efforts that are designed to improve United States Army capabilities
in humid-tropical environments, and (2) to direct the attention of organizations
performing or supporting research and individual scientists to the significant
research problems and opportunities in the humid tropics.

3. Aims

The specific aims of the project are to provide (a) a compre-
hensive overview of the published literature on the environment of the humid
tropics; (2) listings of the major individual authorities on humid-tropical
problems, principal depositories of environmental information on the humid
tropics and all institutions primarily engaged in research on the humid

tropical environment; (3) identification of current environmental research
activities concerning the humid tropics; (4) critical evaluation of the state
of knowledge of different elements of the humid tropics; (5) identification of

the significant gaps in knowledge; (6) identification of the major barriers
to the advancement of knowledge; and (7) identification of the recommendations
to promote the advancement of knowledge of the humid-tropical environment.

4. Product

The investigations to accomplish the aims of the project have
resulted in five products presented in two volumes.

Volume 1 is the KWIC Index of Humid Tropic Environmental
Literature. This volume contains a bibliography of 14, 515 document.
Approximately 10 percent of the titles are accompanied by abstracts. The
indices list 58, 830 keywords and 9170 authors.

Volume 2 contains the discussion of current research
activities concerned with the natural environment of the humid tropics and

the gaps in information on different topics, the evaluation of the state of
knowledge and the re, mendations for its further improvement. This
volume also contains tj -ee appendices. The first lists and locates 1117

Iscionoe sovicos division
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major authorities on the various elements of humid-tropical environments.
The second lists and locates 333 depositories of materials dealing with the

humid tropics. They include libraries, herbaria, zoological collections,
and research institutes. The third is an inventory of thie coverage and
sources of aerial photographs and maps (topographic and planimetric,
geologic, soils and land capability, vegetation, land use, ecology and forest
inventory) of the humid tropics.

B. DEFINITION OF RESEARCH

In this Inventory, research stands for both basic and applied
research. The National Science Foundation l defines basic research as
"the search for and understa.nding of the laws of nature without regard
to the ultimate applications of the results" and applied research as research
"with practical objectives in mind."

P. Auger 2 , in his recent survey of the main current trends
in scientific research for UNESCO, observes that "At the present time,
this classification into two categcries has become somewhat inadequate
and it may be useful to distinguish two intermediate dividing lines between
pure science and pure technique, the first separating iundamental research
into free research and oriented research and the second, separating applied
research from development work. "

"Free fundamental research or pure research, " Auger notes,
"is generally the work of an individual, or, at all events, there is ore person
who plays the leading part in the progress of the experiments, in the theoret-
ical planning, in the determination of operations and standards. " A century
ago, the individual "pure" scientist was responsible for all aspects of
sciencific investigation. Progressively, the responsibility for systematic
accumulation of data has shifted from the individual scientist to the oriented
or applied research organization. The "free fundamental" researcher is
concerned more today with specialized studies of the interrelationships of
phenomena and conditions.

Following Auger, the present Inventory can be said to cover
primarily "oriented fundamental research," which includes the systematic
surveys of environmental features performed by scientific and technical
agencies, and "applied research," which represents investigations channeled
to defined objectives, such as the study of soil trafficability to determine
the suitability of areas for vehicular movement.

C. DEFINITION OF HUMID TROPICS

For the purposes of this project, the Army Research Office

specified that the boundaries of the humid tropics essentially would be those

drawn by A. S. Ki'chler on his map prepared for UNESCO in 1959 and

Ssolenoe sorvio" division
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published in the Geographical Review. 3 K;Ichler based his delimitation of
the humid tropics "on the relative absence of paucity of xeromorphic
features of the vegetation. " However, he noted that "Xeromorphy increases
gradually as the climate becomes more arid, and it is therefore not possible
to draw a precise line of demarcation between what is humid and what is
not humid. " At the same time, B. J. Garnier delimited the humid tropics on
the basis of climatic criteria for the Comn'i.sion on the Humid Tropics of
the International Geographical Union. F. R. I osberg, chairman of the
Advisory Committee on the UNESCO Humid Tropics Research Program,
observed that "As will readily be seen by examination of the (two) niaps,
the basic patterns of the boundaries are different, even though, in general,
the humid tropical areas are the same."

In the course of the program, various modifications of
K:ichler's definition of the humid tropics were made with the consent of the
Army Research Office (see Figure I and Political Subdivision Key).

In South America, very small areas of Argentina that fall
within T`chler's limits of the humid tropics were eliminated. A major
change was the omission of the Ethiopian upland, which is a non-contiguous
part of the humid tropics in Africa as defined by K1chler. It may be noted
that this area is not considered a part of the humid tropics by Gamier.
Since only small areas of Mali, Upper Volta, Somalia, Southwest Africa,
and Bechuanaland are included in Kichler's delimitation, they were all
excluded from consideration in this project.

Finally, the map by Kiichler does not take into account the
Pacific Islands northeast of Palau. From this region, the Army Research
Office chose to include only the Hawaiian Islands in the .,real scope of the
project.

D. PRESENT INTEREST IN THE HUMID TROPICS

Long a region of colonies of European nations, the humid
tropics have been in the process of acquiring political independence for
more than a century. With the recent creation of numerous autonomous
countries in Africa, Southern Asia and Oceania, the process has virtually
reached its completion.

As a group the humid-tropical countries, both new and old,
belong among the developing nations of the world. In the past, their
natural and human resources have been neglected or used without regard

to the stability and growth needed by independent countries.

The urgency of the demands from the humid-tropical

countries for assistance has enlisted vast support from intergovernmental,
governmental, and private organizations throughout the world. So far,
the support has served mainly to indicate the obstacles that must be over- I
come before the development of these countries can proceed.

3 Isoloo wervib division
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POLITICAL SUBDIVISION KEY

TO FIGURE 1, THE HUMID TROPICS

I Barbados 52 Madagascar

2 Bolivia 54 Mozambique

3 Brazil 55 Nigeria

4 British Guiana 56 Northerr Rhodesia

5 British Honduras 57 Nyasaland

6 Colombia 58 Portuguese Guinea

7 Costa Rica 59 Rio Mun-.

8 Cuba 60 Rwanda

9 Dominica Island 61 Senegal
i0 Dominican Republic 62 Sierra Leone

11 Ecuador 63 iSouthern) Rhodesia

12 El Salvado. 6; Sudan (Anglo-Egyptian)
13 French Guiana 66 Tanganyika
14 Guadeloupe Island 67 Togo

iS Guatemala 68 Uganda

16 Haiti 70 Zanzibar and Pemba Islands

17 Honduras
18 Jamaica
19 Margarita Island (Venezuela) 71 Andaman islands
20 Martinique 72 Burma

21 Mexico 73 Cambodia

22 Nicaragua 74 Ceylon

23 Panama 75 China (Communist)

24 Paraguay 76 China (Nationalist)

25 Peru 77 India
26 Puerto Rico 78 Laos

27 St. Lucia Island 79 Malaysia

28 St. Vincent Island 80 Nicobar Islands

29 Surinam 81 Pakistan (East)
30 Trinidad and Tobago 82 Thailand
31 Venezuela 83 Vietnam (Nort,)

32 West !ndies 84 Vietnam (South)

33 Angola 85 Australia

35 Burundi 36 Borneo
36 Cabinda (Angola) 87 Brunei

37 Cameroon 88 Fiji Islands
38 Central African Republic 89 Indonesia
39 Chad 90 New Caledonia
40 Comores Islands 91 New Guinea

41 Congo. French 92 New Hebrides

42 Congo, Belgian 93 North Borneo
43 Dahomev 94 Palau Islands

44 Fernando P6o 95 Papua
45 Gabon. 96 Philippines

46 Gambia 97 Rvukyu Islands1 ; 47 Ghana 98 Sarawak
48 Guinea 99 Solomon Islands

49 Ivory Coast 100 Timor
50 Kenya 113 Hawaii

51 Liberia

4 oince sorvimoes divisiorb
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The assessment of the present state of knowledge is one of
the first problems to be faced. The present project deals with this problem 4

in respect to the natural features, which include the basic physical resources
of the humid tropics. After examining various features separately, it was
observed that the state of knowledge is much the same for each type of
feature and all parts of the humid tropics. The common needs were fount to
be: more detailed information of the natural features; more well-trained
scientists and technologists in the humid tropics to work there regularly
on both research and development probJems; more centers for storage and
rapid retrieval of basic and interpretive data. The common prerequisites
for meeting these needs are financial resources, time, and uninterrupted
activity.

The humid tropics also have been the scene of most military
events, whether resulting from intergovernmental disputes or internal
national unrest since World War 1I. In these actions, unorthodox concepts
and procedures of warfare have been employed more extensively than in
the major wars of the past. The departures from usual practice of military
art appear to have been feasible largely because of characteristics of the
humid-tropi-al environments. It is apparent that a thorough knowledge of
these environments is a prerequisite to developing the capabilities of
military forces to operate in the humid tropics.

Much of the basic information on natural features oi the humid
tropics needed for military purposes is the same as that required to initiate
economic development. Military establishments can make use, therefore,
of the results of current research activity fcr non-military purposes, and
can share an interest in the determination of gaps in knowledge and ways of
closing them. It is to be assumed that their own contributions to increasing
knowledge of the humid tropics will become useful for a wide variety of
purposes.

E. CURRENT RESEARCH AND DEVELOPMENT ACTIVITIES

In records of current research and development programs in
the humid tropics, the financial and technical support of the United Nations
and its executing organizations is most conspicuous. Specifically, the United
Nations Special Fund, the Economic Commission for Asia and the Far East,
the Food and Agricultural Organization, and the World Meteorological Organ-
ization are major contributors of assistance.

Fundamental research is sponsored and coordinated by
UNESCO. Its Hu.nid Tropics Research Program has been in operation
since 1956; regrettably, because of a lack of funds, the future of this
program is in doubt. The International Hydrologic Decade, in which humid-
tropical countries will participate, is coordinated by UNESCO.

7 science services division



Research and development are further promoted by intergov-

ernmental bodies such as the Commission for Technical Cooperation South
of the Sahara and the Inter-American Committee for Agricultural Development.

A third category of supporting organizations is the foreign

governmental agency, which provides technical assistance. Representative

are the U.S. Geological Survey, the Office de la recherche scientifique et
technique outre-mer in France and the Road Research Laboratory of the
British Department of Scientific and Industrial Research.

Despite the importance of international and foreign aid to

scientific and technical research and development in the humid tropics,
national agencies should not be overlooked as supporters and participants.
Geologic, mining, soil, agricultural, land-use, forestry, meteorologic,
and hydrologic services function in most humid-tropical countries. The

established need for outside help and training programs indicates the limited
capabilities of these services generally, but some of them can show accom-
plishments that compare favorably with those of similar services anywhere.

Finally, the role of military organizations in sponsoring or

conducting research and development programs in the humid tropics is
well documented. Among the organizations prominently identified with
investigations of humid-tropical environments are the Advanced Research
Projects Agency, the U.S. Army Research Office, the U.S. Army Engineer
Waterways Experiment Station, the U. S. Army Natick Laboratories, the Office
of Naval Research, and the U.S. Air Force Office of Aerospace Research.
Although not included by definition in the areal scope of the present inventory,

special mention should be made of the major program of mapping, description,
and analysis of the geology, soils, vegetation, and hydrology of western
Pacific islands, which was conducted by the Military Geology Branch of the
U. S. Geological Survey for the Office of the Chief of Engineers during more
than a decade after World War 11. It should be noted that the American
military organizations support investigations by both American and foreign
scientists and engineers.

F. SCOPE OF THE INVENTORY

For the purposes of the inventory, the Arrzy Renearch Office
designated five topics, which form- the subjects of the chapters that follow
this Introduction. The topics are PHYSICAL FEATURES; PLANT AND
ANIMAL LIFE; WEATHER AND CLIMATE: COASTAL ZONES; and
TROPICAL REGIONS.

It is apparent that the topics are brc-ad in scope, and that two
kinds of topics are involved. The iirst three topics deal with features and

conditions throughout the humid tropics; the last two, a4e concerned with regions
within the humid tropics, which are characterized by all types of conditiaons

8 schme srmvloes 1vislbon



in the preceding group. Further, COASTAL ZONES is merely one of the
TROPICAL REGIONS, which deserves special attention because of its
military and civilian importance. Clean-cut division of the subject matter
of natural environment into mutually excl~sive topics is, of course, virtually
impossible because of ihe intiLate interreiationships of the environmental
factors.

In each chapter, the elements of each topic and the factors
composing each element, which are considered in this Inventory as initially
directed by the Army Research Office and later the Army Natick Laborazories,
are enumerated.

In keeping with the purposes of the project the primary
emphasis in selecting information and evaluating the state of knowledge has
been placed on the military aspects of the humid-tropical environments.
Relatively less emphasis is placed on the factors that are important for the
economic, political, and social development of the humid-tropical countries.
Accordingly, the examination of the different topics in this inventory does
not deal with the full range of investigations conducted by the various
sciences-especially geology, geomorphology, soil science, botany, hydrology,
and climatology-and technologies in the humnid tropics.

Information selection and evaluation during this program did
not extend to classified materials.

G. CHAPTER REFERENCES

I. National Science Foundation, 1965, Federal funds for research,
development, and other scientific activities: Surveys of Science
Resources Series, NSF 65-13, v. 12, Fiscal years 1963, 1964
and 1965, Govt. Prtg. Office, 244 p.

2. Auger, P., 1961, Current trends in scientific research: UNESCO,
New York and United Nations, Paris, 245 p.

3. Fosberg, F.R., B.J. Garnier and A.W. K•chler, 1961, Delimitation
of the humid tropics: Geographical Review, v. 51, n. 3, p. 333-347
plus pl. 3.
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CHAPTFR II
PHYSICAL FEATURES

A. INTRODUCTION

1. Topical E~lements and Factors

Physical features in this Inventory comprise the following
elements:

"* Surface Configuration: relief, landforms
"* Surface Materials: rock, soil
"* Drainage Features: lakes, streams, canals,

ditches, paddies, bodies of standing water

"* Groundwater: aquifers, springs,
artesian wells, other wells

The factors composing each element, which are considered
relevant to the purposes of the Inventory, are

"* Surface Configuration

(1) Measurements: relief (micro, macro), slope,

elevations, roughness
(2) Characteristics of landforms: types, patterns,

profiles, dimensions, origin and permanence
(3) Applications: engineering use,

cross-country movement

"* Surface Materials

(1) Measurements: distribution, thickness, volume
(2) Characteristics: grain size, density, permeability,

stab-lity, moisture content, organic content
(3) Suitability for engineering use: wearing course,

base course, subgrade, foundation, constructioiu
material

Dr. Hilgard O'R. Sternberg (Unive:sity of California), Prof. Benjamin J.
Garnier (McGill University), Dr. Pierre Gourou (University of Brussels),
Dr. John Stark (Jackson, Tennessee), Dr. James Thorp (Richmond, Indiana),
Dr. Rhodes W. Fairbridge (Columbia University), Dr. Charles F. Bennett Jr.
(University of California, Los Angeles), and Dr. John D. Weaver (University

of Puerto Rico), acting as consultants to Texas Instruments Incorporated
for this program, have critically reviev .d this chapter in its draft stages.
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* Drainage Features

(1) Measurements: width, depth, volume, velocity
(2) Physical characteristics: banks, bottom conditions,

channel form, tides, periodic variations
(3) Quality of water: turbidity, salinity, bacterial

pollution, organic and chemical content, odor,
temperature, potability

(4) Regulation and control: levees, dams, flooding
(5) Effects: obstacles to cross-country movement,

crossings

* Groundwater

(1) Measurements: volume, depth, yield,
hydrostatic pressure, permeability,
drawdown rate

(2) Physical characteristics: source,
position of water table, periodic variations

(3) Quality of water: see (3) above

2. Limitations on Scope of Coverage and Treatment

The topical elements are in the fields of interest of several
sciences. Surface configuration falls mainly in the provinces of geomorphology
and geology; surface materials come within the purview of soil science and
geology; and drainage features and groundwater are topics of hydrology and
geology. The practical uses of these elements are the concern of the
engineering field.

Specialists in these scientific and technical fields will recog-
nize that (1) the Inventory is limited mainly to those evidences of knowledge
developed by the different fields that are more or less directly related to the
elements and factors enumerated here, and (2) other topics investigated in
the humid tropics by these researchers in these fields are disregarded pur-
posely or only considered incidentally.

The specifications for the Inventory necessitated some arbi-
trary decisions with respect to classification of information and organization
of the discussion of its significance. For example, the material on surface
configuration and surface materials contained in Chapter V (Coastal Zones)
should be regarded as an integral part of this chapter. In the humid tropics,
vegetation is the primary indicator of soil and subsoil. Because soil and
vegetation investigations are often linked, additional information on soil
studies will be found in Chapter III (Plant and Animal Life). More information
on hydrologic investigation conducted in conjunction with meteorologic
research can be found in Chapter IV (Weather and Climate).
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3. Present Interest in Physical Features of the Humid Tropics

The influence of physical features on warfare has been recog-
nized throughout history in all regions. Most military actions during the past
decade have occurred in the humid tropics. Reference is made to events in
Cuba, the Dominican Republic, the former Belgian Congo, Vietnam, and New
Guinea - They alone suffice to motivate interest in the influence of Physical
Features on the conduct of military operations in the humid tropics. The
fact that these areas display a variety cf natural conditions should serve as
a reminder that similarity of climatic conditions, which is the chief basis for
defining the low-altitude humid tropics, does not exclude the possibility of
heterogeneity in the terrain assemblages.

The recent events in the humid tropics call attention to the
paucity of detailed information on the physical features of almost all parts
of the hu~mid tropics in the open literature and other generally accessible
sources. They also show the great importance of terrain information in
combatting guerrilla tactics.

The humid tropics contain a large proportion of the newly in-
dependent countries, all of them greatly concerned with attaining economic
and social stability. Most of the countries in the humid tropics have few
sources of revenue in developed industries. They are interested, therefore,
in systematic geologic, soils, and hydrologic surveys designed to disclose
hitherto unknown resources, to promote the efficient exploitation of these
resources, and to generally improve human activity and welfare in the humid
tropics.

The importance of paying prompt attention to the practical
study of physical features is suggested by E. B. Worthingtonl in the follow-
ing statement made in 1958: "Water is scanty in at least three-quarters of
Africa south of the Sahara and it would be no exaggeration to say that in
more than half the region is the principal factor limiting all forms of Laman
endeavor."

However, P. Gourou questions the accuracy of this state-
ment insofar as it applies to humid-tropical Africa and reaches a different
conclusion. Gourou considers the supply to be adequate but points out that

*Personal Communication, February 2, 1966.
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native Africans have neither conserved surface water nor sought ground-
water. Water shortages are, accordingly, largely due to human fault. By
contrast, Gourou notes. Indians have long known how to manage their water
resources and accommodate the needs of a vastly greater population. In
Africa, therefore, Gourou concludes, the primary need is the development
of capability in Africans to st Aiy the physical features of their continent and
make use of the knowledge.

4. Historical Notes on Development of Knowledge and Concepts

a. Rocks

The rock materials of the earth have been the principal object
of investigation by geologists for more than 1 50 years. Systematic de-
scription, classification and mapping of these materials represent major
functions of governmental geological surveys. Such agencies have functioned
for about a century in various European countries and the United States.
Elsewhere, as in the humid tropics, there are surveys in most countries,
most of which have come into existence in the present century. Exceptions
are the surveys of India and the East Indies (now Indonesia), which are more

than 100 years old. A significant part of the total research in the field of

geology has always been contributed by geologists in universities and
research institutes. Their work is now usually concerned more with the
origin of geologic features, dating of materials and chronology of events,

and development of classification systems than with systematic mapping.
Nevertheless, much of their research produces byproduct information on

the distribution and properties of the rock materials.

Until World War I, practical applications of geologic knowledge,
except in connection with mining, had been neglected. In that war the work

of British and German military geologistE on engineering problems of mili-
tary mining, construction of trenches, drainage, and procurement
of emergency water supplies was an impo>rtant demonstration of the useful-
ness of geology. Without the benefit of p.-evious experience, these geologists
were obliged to improvise the criteria fo: applying geologic data to military
problems. The success of military geology during the war led directly to
creation of a field of engineering geology for civilian purposes after the war.
The latter field has had a continuing responsibility for planned accumulation
of knowledge on the physical behavior of rock materials.

During World War II, military geology went on to become the

focal point of interdisciplinary study by geologists, soil scientists, botanists,
and hydrologists of environment in its relationship to military operational4 ! problems. In the humid tropics, American and Australian groups made ter-
rain investigations of the southwestern Pacific islands. A large number of
reports on geologic, geomorphic, and hydrologic conditions in Southeastern
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Asia were prepared for military use by the Strategic Branch of the Geological

Survey of India. A military geologic service functioned in the Netherlands
East Indies in the war period. In 1947, the Indonesian Topographical Ser-

vice formed a Geographical Institute to prepare military geographic and

geologic reports.

b. Soils

The pedologic concept of soils originated with V. V. Dokuchaiev
and his associates in Russia during the 1870's. Although it became known

outside of Russia in the next decades, the science of pedology was not firmly

established throughout the world until the late 1920' s.

The diversity of soil .categories that emerged through appli-

cation of the pedologic concept created a difficult problem of classification,
which has not been finally solved. Thus, the Soil Survey of the U. S.
Department of Agriculture2 issued seven "approximations" (revisions) of its

classification system between 190,l and 1960.

Pedology serves mainly the purposes of agriculture and land
use. From an engineering standpoint, a concept of soil that emphasizes

physical characteristics is more relevant than the pedologic concept. An

engineering classification system constructed by A. Casagrande in the 1 930's

has been developed further by the U.S. Army Corps of Engineers and U.S.

Bureau of Reclamation as the Unified Soil Classification System. 3

Besides being concerned with construction problems, mili-
tary engineers have also had to deal with problems of vehicle mobility in
different types of terrain. A large amount of laboratory and field research

on soil trafficability has been performed or supported by military engineer-
ing agencies. The U. S. Army Engineer Waterways Experiment Station

has not only conducted extensive programs in the United States but also,
in the humid tropics, has programs in Puerto Rico, Panama and Thailand.

The great majority of systematic soil surveys are motivated

by governmental interest in improving the agricultural economy of a country
and determining the land capability. Since World War Ii, many humid-

tropical countries have received financial and technical support from intf-r-
governmental and world organizations to conduct surveys. The history of
investigation of soils in this region predates this period of more organized
effort. Before World War I, work had been done in Asia, Africa and South
America, mainly by geologists and petrologists. By 1938, a bibliography of

more than 800 titles on soils of Central Africa alone, especially of the

Belgian Congo, could be published. In a recent study of worldwide tropical,

soils for engineering purposes, T. Liang4 examined more than 1Z00 titles,

which apparently represented only a sample of the existing literature.
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Among the soil scientists who have contributed notably to the
knowledge of soils of large areas are C. F. Marbut (Africa, South America),

G. Aubert and j. D'Hoore (Africa), E. C. J. Mohr (East Indies, Equatorial

Regions), R. L. Pendleton and F. J. Moorman (Southeastern Asia), H. H.
Bennett (Middle America), M. G. Cline (Hawaii), and P. Vageler and D. L.

Bramao (South America).

c. Landforms

Scientific interest in landforms and their development has

been shared by geologists and geographers. A relationship between rock

characteristics and surface configuration was recognized or sensed by the

early geologists in the latter part of the 18th century. James Hutton in his

"Theory of the Earth" (1785) discussed the denudation of the land surface

by the very slow, continued action of different subaerial processes. In

1834, Karl von Hoff published a long record of the changes of surface con-

figuration recorded in historical time and discussed their causes. His more
famous contemporary, Charles Lyell, advanced the principle of uniformity

to establish a basis for interpreting the origin of geologic features. This
principle has often been regarded as a natural law but today is treated com-

monly as a methodological precept.

Creation of a science of geomorphology in the late 19th
century is attributed to W. M, Davis, who conceived of cycles of erosion
to explain the progressive development of different landscapes. The Davisian
concept dominated geomorphologic thinking for about half a century but has
long been challenged by various other concepts which seek to deal more

acceptably with the peculiarities of landscapes in different environments.
Among these concepts, climatic geomorphology has gained widespread con-
sideration, although it, too, is challenged, especially by some geologists.

Specifically in the humid tropics, much of the geomorphic
research has been concentrated on coastal features, as in Oceania and the

Caribbean Islands (see Chapter V for a discussion). In 1958, F. Dixey
concluded the work conducted over 20 years of arranging the countless land-
forms of Central and Southern Africa (mostly in the humid tropics) in a

relatively simple system of aenudational cycles. In 1962, L. C. King, known
for studies in Africa and Eastern Brazil, completed a monograph on world-

wide morphology with particular attention to Africa.

SA An historical note on geomorphology would not be complete in

the present context without brief mention of the long-time interest of armies
in the influence cf landforms on military operations. In the early 19th
century, J. S. von Grouner, a German geologist and soldier, studied the
Alps for the purpose of defining and interpreting the geologic influences on
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the conduct of war in a mountainous region. His posthumously published
work (1826) was the first publication in the field of military geology.
Another landmark in the historical record was the activity of the noted geo-
morphologist D. W. Johnson as an adviser on terrain problems to the Allied
Headquarters in World War I. Johnson's work laid the foundation for mod-
ern terrain evaluation. Today, the interest is directed mainly to oth'er

regions and environments, such as the humid tropics and arid zones.

Quantification of geomorphic data has made noticeable pro-
gress since World War II. Tris development has been stimulated especially

by the demands of armies for more precise information on surface geometry
(relief, roughness, slope). Quantitative data are being used to characterize
landforms and determine terrain analogs.

d. Hydrologic Features

The modern science of hydrology came >ato existence in the
17th century, when measurements were made te show that the water in
streams and springs was derived from precipitation on the land. The con-
cept of the hydrologic cycle is said to have been correctly understood by
ancient civilizations.

Hydrology has been largely developed by other sciences.
Thus, the first measurements were made by physicists; the development
of the principles of hydraulics was the work of mathematicians; the be-
havior of subsurface water was studied by geologists. From a scientific
heritage, hydrology has turned in modern times almost entirely to a concern
with engineering applications, as in water-supply systems, stream regulation
and irrigation systems. The Ad Hoc Panel on Hydrology of the (U. S.)
Federal Council of Science and Technology 5 has commented that "the bulk of
hydrologic research is sufficient to produce only the empirical results needed
to solve a particular hydrologic problem. "

R. G. Kazmann in 1965 summarized the state of hydrology
as follows: "Hydrologists have not evolved a clear-cut science of hydrology,
nor have they come to any consensus on how to evaluate water-development
projects from the standpoint of hydrology. Moreoever, no procedure has
been proposed fir the evaluation, even systematic analysis, of the side

effects of hydrologic projects. " Hydrologic investigation of the humid

tropics shares the general difficulty in which hydrology finds itself.

5. Sources of Information*

New literature on physical features of the humid tropics is
listed in various worldwide and regional indices. Some of the more import-

ant and readily available guides in this group are enumerated and discussed
briefly in Table 1.

IFurther discussion of this topic is presented in Chapter V, Section A. 5.
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Table I

BIBLIOGRAPHIES AND ABSTRACTS OF PHYSICAL FEATURES INCLUDING
COVERAGE OF HUMID-TROPICAL LITERATURE

GEOLOGY (and generally with Hydrology)

Bibliography of Geology Exclusive of North America
Published by Geological Society of America since 1933 in annual
volumes, which appear irregularly. Brief annotations in English.

Bibliography of North American Geology
Published by U.S. Geological Survey since 1896. Annual volumes
appear irregularly; also issued in 10-year cumulations.

Abstracts of North American Geology
Published by U.S. Geological Survey, monthly from January 1966.
Informative abstracts in English.

Geoscience Abstracts
Published by American Geological Institute, monthly since 1959.
Informative abstracts in English.

Bulletin Signaletique: Section 11 - Sciences de la terre, I1.
Published monthly by the Centre de documentation of the Centre
national de la recherche scientifique in Paris. Brief annotations
in French.

Zentralblatt fti Geologie und Pallontologie
Published by E. Schweizerbart in Stuttgart, Germany, since 1830.
Appears in two parts: I. General, applied, and regional geology;
II. Historical geology and paleontology, in 6-7 issues per year.
Tnformative abstracts in German. Known formerly as Neues
"-ahrbuch, Referate.

Referativnyi Zhurnal: Geologiya
Published monthly by All-Union Institute of Scientific and Technical
Information (VINITI) in Moscow. Brief abstracts in Russian.

GEOMORPHOLOG1 AND GEOGRAPHY

Geographical Abstracts, A: Geomorphology
Published by Department of Geography, London School of Economics,
currently every other month. Informative abstracts in English.
Known from 1960 to 1965 as Geomorphological Abstracts.

18 soieno srvmies division



Table I (Contd.)

Current Geographical Publications
Published 10 times a year by American Geographical Society.
Titles only, classified geographically and by subject.

New Geographical Literature and Maps
Published by Royal Geographical Society twice a year. Titles only.

Acta Geographica, Supplement Bibliographique
Published 5-6 times annually by Societe de Geographie in Paris.
Informative abstracts in French.

Bibliographie Giographique Internationale
Prepared by International Geographical Union with UNESCO support,
published by Centr e national de la recherche scientifique. Brief
annotations in French.

Petermanns Geographische Mitteilungen
Periodical published by Justus Perthes Verlag and successors in
Gotha, Germany, since 1855. Includes extensive listings of titles
and contents of journals; also full abstracts of many titles in German.

Westcrmanns Geographische Bibliographie
Published since 1954 by G. Westermann Verlag in Braunschweig,
Germany. Titles only.

Referativnyi Zhurnal: Geografiya
Published monthly by All-Union Institute of Scientific and Technical
Information (VINITI) in Moscow. Brief abstracts in Russian.

SOIL SCIENCE

Bibliography of Soil Science, Fertilizers and General Agronomy
Prepared by Commonwealth Bureau of Soils, Rothamsted
Experimental Station, Harpenden, England, since 1931.
Issued every 3 yrs.

Soils and Fertilizers
Prepared by same organization as above, since 1938. Issued 6

times a year.
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Special continuing bibliographies of humid-tropical physical
features are not known to exist. Among occasional bibliographies of recent
date, which deal with a broad range of literature on the humid tropics, are
(1) the annotated bibliography prepared by T. L. Hills and published by the
Commission on the Humid Tropics of the International Geographical Union
in 1960 and (2) the bibliography and KWIC Index published in 1965 as Volume
I o( the present Inventory.

Extensive listings of titles, both old and new, are contained in
publications dealing with parts of the humid tropics. For example, the re-
views of natural resources of Africa published by UNESCO in 1963 include
long lists of titles on geology, geomorphology, soils, and hydrology. The
geologic bibliography has already been expanded in published supplements.
These reviews, as well as the review prepared by Worthington in 1958,
serve to provide a record of awareness of recent research. In general,
however, there is no systematic reporting of current research activity,

B. SURVEY OF CURRENT RESEARCH ACTIVITY

1. General Comments

Complete, meaningful identification of current research on
topics or geographic areas is a difficult, unsolved problem of the emerging
science of scientific information. Even in the United States, with well-
developed scientific communication networks, the problem of establishing
continuing current awareness of research activities and trends within the
country itself has not been conquered, despite direct efforts by the Govern-
ment to bring it under control. Comparable resources for collecting current-
awareness data, in the form of clearinghouses and information centers, do
not exist in the countries of the humid tropics. Therefore, research pro-
jects generated within these countries tend to become known only after the
publication of results. Projects conducted or supported by foreign or inter-
national organizations are not apt to be any better publicized while in prv-
gress. A noteworthy exception is provided by the U.S. Geological Survey,
which has for several years published an annual summary of current in-
vestigations in the United States and foreign territories. -Most disappoint-
ing is the reporting of activities by the United Nations and its executing
agencies because this group is the leading sponsor of investigations in the
humid tropics. Information on projects, proceedings of sponsored confer-
ences, and results of investigations are often long delayed in publication,
or not published at all, and if published are frequently difficult to obtain
because of small printings.

Relevant to these observations is the following statement by
the UNESCO Advisory Committee for Humid Tropics Research, made in1 December 1963: "Considering that publications on scientific work on the
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humid tropics, including reviews of research, have not received r.dequate
publicity and considering that there is a need for the dissemination of infor-
mation on such publications among scientific institutions in this area, the
Committee recommends that UNESCO should prepare a full list of all publi-
cations resulting in any way from the UNESCO Humid Tropics programme
and that this list, with full bibliographic details and information about where
these publications are available, should be given the widest publicity among
scientists and &cientific instituttions. `.8

2. World Organizations

The support of practical investigations in developing countries
motivates the United Nations Special Fund. In the period from May 1959 to
June 1964, it has contributed to 44 surveys of and 3 researz:h projects on
natural resources of humid-tropical countries. The 71 ain subjects and the
distribution of effort by countries are summaxized as follows:b

* Surveys

(1) Land use and water use

Latin America: Brazil, British Guiana, Ecuador, Haiti,
Venezuela

Oceania: Indonesia, Philippines, Solomon Islands

Africa: Congo (Brazzaville), Ghana, Kenya, Nigeria,
Tanzania, Togo, Uganda, Zambia

Asia: Burma, China, Malaysia, Pakistan

(2) Soil

Latin America: British Guiana, Colombia

Asia: Pakistan

(3) Mining

Latin America: Bolivia, Brazil, Briuish Guiana, Colomnbia,
Ecuador, Mexico, Nicq.ragua, Surinam

Africa: Ivory Coa-,,, Kenya, Malagasy, Nigeria, Senegal,
Tanzania, Togo, Uganda; Upper Volta

Oceania: Indone.sia, Philippines, Solonji.;i Islands
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(4) Ground

Latin Ari.erica: El Salvador, Jamaica

* Research Projects

(1) Mining

Latin America: Bolivia

(2) Groundwater

Asia: Thailand

In addition to sponsoring investigati. ns, the UN Speci;.l Fund
assists in the training of skilled manpower foe" development of resources., In
the period from 1959 to 1964, training was supported in the following fields
and countries:

"* Mining

Africa: Congo (Leopoldville)

Asia: India

"* Groundwater

Oceania: Philippines

The United Nations Water Resources Development Centre
presents biennial reports to the UN Economic and Social Council in which
current activities of UN organizations in the field of water resources are
enumerated. For the years 196Z and 1963,10 the latest for which a report
has been published, 158 instances of technical and financial assistance are
recorded. Many of them involve short-term assistance to humid-tropical
countries. Although this type of assistance is apt to be concerned with
specific problems, several major topics, which represent long-term prob-
lems, recur in the enumeration. They are: (1) general water-resources
development, (2) integrated river-basin development, (3) hydro-power
resources development,(4) water-supply problems (especially quality of

vwater), (51 watershed management, irrigation and drainage, (6) hydrologic
characteristics, and(7) desalination of sea and brackish waters.

The UN Economic Commission for Asia and the Far East
(ECAFE) has been concerned since 1951 with problems of flood control,
river basin development, and development of water resources. ECAFE has
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initiated preparation of a compendium on international rivers in Southern

Asia and the Far East for the purpose of identifying the possibilities of
development. Much of the information can be compiled from existing

sources, but some reconnaissance surveys and direct collection of data by
the riparian countries will undoubtedly be necessary.

This organization has paid particular attention to development
of the Mekong River basin. The UN Water Resources Development Centre
terms the project "the most important multi-purpose undertaking on an
international basis" in Asia. Besides the four riparian countries (Cambodia,

Laos, Thailand, and the Republic of Vietnam), 20 other countries across the
world, 12 UN agencies, 3 foundations, and private companies are cooperating

in the program of investigations and studies. As of January 1963, more than

$44, 000, 000 has been made available for use by the Mekong River
Committee. 10

In the area of soil investigations, the UN Food and Agriculture
Organization' (FAO) conducts and assists programs in many ccuntries. The

Inter-American Committee for Agricultural Development (CIDA) reports that
both FAO and the U. S. Department of Agriculture "are interested in the
preparation of a map of the great soil groups of Latin America. Soil
scientists from most (Latin American) countries are taking great interest
and collaborating in the prcject. A number of international meetings have
been held in which the status of soil classification in the various countries
was discussed." FAO sponsored the Conference on Soils and Fertilizers for
the Latin Americnn Region in 1960 and the I st Soil Conservation Seminar for
South and Central America in 1962. This organization has prepared a small-
scale soil map of Ecuador, is carrying out a reconnaissance soil survey of
the Llanos Orientales in Colombia, and cooperates actively with various
government agencies of Brazil in soil studies. In Africa, FAO is preparing
a general work on the ferrallitic and tropical black soils. A study of the
Anajor soils of Southeast Asia, dealing with morphology, chemistry, environ-
mental conditi'ns, occurrence, land use, and agricultural potential, was
completed foi FAO by R. Dudal and F. R. Moorman in 1962. Work on the
soils of Thailand and the Republic of Vietnam has continued.

Since 1956 UNESCO has concerned itself with (1) coordination
of research on scientific problems relating to the humid tropics and (2) inter-

national or regional measures to expand the research. An Advisory Com-
mittee for Humid Tropics Research has periodically examined proposals and
selected problems that will receive the attention of the Humid Tropics Re-

search Program. So far, the program has focused on soil, vegetatiol, and

water, and their interrelationships. In October 1961, the Advisory Com-
m.ttee'Il re-evaluated the scope of the program and sc'ected eight subjects
as suitable for long-term action. Four of them fall w thin the scope of the

present discussion of physical features. Three are mor:- specific problems:
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laterization; chemistry and biology of tropical soils; and delta areas. The

fourth, the general problem of principles and methodology of integrated re-
search in the humid tropics, involves careful consideration of the character-

istics of geologic, geornorphic, soils, and hydrologic research.

Some progress has been reported on consideration of the first

three problems:

(1) An extensive survey of research on laterites by R.,
Maignien was completed in 1964. The problems of intercontinental cor-

relation of lateritic soils have been under study by experts.

(2) In December 1962, within th-! framework of the program,

a Seminar on Anaiysis of Soils of the Humid Tropics was held in Caracas,
Venezuela, which considered such tupics as salinity of soils, soil colloids,
mechanism of soil genesis, soil classification, and organic matter in humid

tropical soils.

(3) Delta areas, the Advisory Committee concluded in its

October 1961 meeting, "are in many respects the most important regions

of the humid tropics since they are those of greater huma,. concentration.

The scientific problems of the deltas result from their geographical,
geological, hydrological, pedological,and biological characteristics and have

to be studied through an integrated approach. " In cooperation with ECAFE,
UNESCO sponsored the Regional Symposium on Flood Control, Reclamation,
Utilization and Development of Deltaic Areas, 13 which was held at Bangkok
in July 1963. This meeting permitted an exchange of expert opinions on
these areas of great importance in Southeast Asia and the phrasing of recom-

mendations for research. For some of the areas, so-called geomorphologic

maps have already been produced. In reality, they do little more than show
the distribution of landform and/or soil types.

UNESCO has also participated in the furtherance of hydrologic
investigations on a worldwide basis. Thus, in October 1962, it sponsored
jointly with the International Associ .ion of Scientific Hydrology a Symposium
on Continental Erosion held at Bari, Italy. Since 1962, UNESCO has co-
ordinated the implementation of the International Hydrologic Decade. The
numerous objectives, plans, and contemplated procedures of this maior
international program were elaborated by the Intergovernmental Meeting of
Experts 1 4 held in Paris in April 1964. The program was scheduled to begin

in 19 6 5.

The 53 member countries of the International Hydrologic
W Decade include the following 21 in the humid tropics:

Latin America: Brazil, Cuba, Ecuador, Peru, Venezuela
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Africa: Cameroon, Chad, Congo (Brazzaville), Dahomey, Gabon,
Ghana, Ivory Coast, Malagasy, Nigeria, Togo, Uganda

Asia: India, Pakistan, Thailand

Oceania: Australia, Philippines

Furthermore, UNESCO has encouraged research on the East
African Rift Zone on the recommendation of the Upper Mantle Committee of
the International Union of Geodesy and Geophysics. A grant from UNESCO
to the East African Committee on Cooperation in Geophysics made possible
the preparation of an extensive reportl 5 on the state of knowledge of the

geology and geopbysics of the Rift Zone. The report was presented to a
seminar, sponsored by UNESCO and the Upper Mantle Committee, of
interested scientists who met at Nairobi in April 1965, From this meeting
has come a detailed statement of plans for future research.

The Commis-ion on the Humid Tropics (T. L. Hills, chair-
man) of the International Geographical Union was established in 1956. Its

purposes are to "stimulate research in the geography of the humid tropics,
and especially into the nature oi the nuiniLi-tropical env.ronment; to serve as

a clearing-house of relevant information (publications, techniques, personnel
and research agencies); and to cooperate closely with UNESCO during the
Hydrologic Decade. "Il' The program has been concerned with the definition
and delimitation of the humid tropics, climatic factors, and ecological
boundaries. The special problems of rocks, soils, water, and landforms
appear to have had secondary importance so far but are certain to receive

attention when the details of the humid-tropical environment are studied.

3. Regional Organizations

The Commission for Technical Cooperation in Africa South of
the Sahara (CCTA), an organization of 22 African countries and Belgium,
Portugal, and the United Kingdom, and its Scientific Council (CSA) act to
further the application of science to solution of problems in Central and

Southern Africa. The CCTA convenes conferences, recommends measures
to be taken, and assists member countries in joint efforts to obtain assistance
from international organizations. In the field of geology, CCTA functions

through three Regional Geological Committees, composed of the heads of
governmental geological surveys in the regions.

A further important effort by CCTA was the sponsorship of an

Inter-African Conference on Hydr3logy 1 7 held at Nairobi in 196 . hL his
meeting considercd(1)the need for assessment of water resources prior to
and during the development of countries, (2) the hydrology of the principal
river basins, (3) the effects of land-use policies on water resource'i: and

25 *"*io0%. srwio. division

*1. -



(4) the cooperation between hydrology and other fields. A program of 65

technical papers on hydrometeorology, surface-water hydrology, catchment-
area experiments, and groundwater hydrology showed bpecial concern with
investigative methods and analysis of data.

The Association of African Geological Surveys comprises
governmental and mining-company geological surveys throughout Africa.

Functioning as a commission of the International Geological Congress, it
conducts important projects dealing with all of Africa, such as the compil-

ation of a geological map (1:5, 000,000), a structural map (1:10,000, 000)
and a stratigraphic lexicon, and the convening of symposia.

The Inter-American Committee for Agricultural Development

(CIDA) (members are the Organization of American States, Inter-American
Development Bank, UN Food and Agricultural Organization, UN Economic

Commission for Latin America, and Inter-American Institute of Agricultural
Sciences) has been conducting an Inventory of 'nformation Basic to the Plan-

ning of Agricultural Developme!nt in Latin America. A regional report, most
of the 19 country reports. and a bibliography of 5083 titles have been pub-
lished. 18 A series of atlases containing indices to several types of the map
coverage is being issued. 19

The reports contain information on the progress of topographic
mapping, geologic and geomorphic investigations, soil surveys, and hydro-

logic work, among other topics involved in the evaluation of the agricultural
potential. They identify the national organizations in these countries that

are responsible for the execution of surveys and the foreign and international
agencies that provide technical and financial assistance. In virtually all of

these countries, plans exist for the systematic mapping of the physical
features and the evaluation of their ixfluence on economic development. It

is evident from an examination of these reports that the progress of the pro-
grams has been generally slow. Detailed infarmation, which must be shown

on maps of largq to medium scales, is being amassed much more slowly
than the reconnaissance data, which can be and has been presented for most

countries in small-scale maps.

4. Foreign Organizations

Since the humid tropics have until recently been predominantly

colonial territories of European countries, surveys of natural resources and

other scientific investigations have been planned, directed, and staffed
mainly by Europeans.

The activities were organized in various ways, ranging from

central bodies with worldwide responsibility to local territorial agencies. In

Africa especially, the number of European organizations involved in geologic,

hydrologic, and soil work in recent decades is large.
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The recent discussions by Worthington and Dixey aindicate

that the current status of Belgian, British, and French organizations in the
rapidly charging political environment of Africa is not readily determinable.
It can be assumed that, in many countries, the organizations have been trans-
ferred to the control of new national governments, but it appears that some
advisory or cooperating functions are still exercised by European central
organizations. Thus, as late as 1963, despite independent surveys in the
new countries, the majority of the former French colonies "entrust their
geological work (mapping, geological syntheses, publication, hydro-geology,
general prospection) to the Bureau de recherches geologiques et minieres
(BRGM), ,,"Oa a French organization. The British Overseas Geological
Surveys, headquartered in London, perform geological work for the
British colonies and, b-, arrangement, provide basic analytical services
for geological surveys of former British territories.

Scientific aid to the developing countries has been rendered
by various French organizations, notably the Office de la recherche scientifique
et technique d' outre-mer (ORSTOM), which has provided the central direction
for scientific research in the French territories since 1953. "Its function is
to organize fundar-ent;0 research, while leaving the investigation of immedi-
ate problems to the research organs of the specialist government services,
and to create research centers in areas in which adequate provision has not
previously existed. ,,20a ORSTOM has conducted geologic, geophysical, pedo-
logic, and hydrologic projects. The soil investigations are concerned mainly
with classification and distribution of soils but also with the relation of soil
types to vegetation, climate, and land use. The geological surveys nave
emphasized exploration for mineral deposits. Geophysical surveys in vari-
ous regions have been directed toward aiding geologic and oceanographic
studies.

The Road Research Laboratory of the British Department of
Scientific and Industrial Research has conducted investigations of road and
airfield construction problems, construction materials, and soil traffic-
ability in British Honduras, Barbados, Jamaica, Leeward Islands, Wind-
ward Islands, British Guiana. former British colonies of Western and Eastern
Africa. Malaya, Bnrneo, and Fiji since World War II. This organization has
assisted local agencies in developing research programs and materials test-
ing laboratories. It has conducted broad studies on the formation, classi-
fication, and characteristics of tropical soils and special studies on tropical
black and red c'ays. Also regional surveys have been made of road-building
materials, in %-hich engineering geologic n-..±ps and morphologic maps with
data on level oi water table, steepness andI distribution of slopes, drainage
areas, and areas considered susceptible to erosion are included.

The U.S. Geological Survey ha¶ provided technical assistance
in geology, hydrology, and related sciences tc developing countries for more
than 20 years under the auspizcs of the U. S. Agency for International
Development (AID), formerly International Cooperation Administration;
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other American agencies; and international organizations. The countries in
the humid tropics tibat have benefitted frun this assistance are-,

Latin America: Bolivia, Brazil, Colombia, Costa Rica, Ecuador,

Panama, Peru

Africa: Congo, Dahomey, Ghana, Liberia, Nigeria, Sierra Leone

Asia- Ceylon, India, Pakistan

Oceania: Indonesia, Philippines, Republic of China, Thailand, Republic

of Vietnam

The main objectives of the programs conducted by the U. S. Geological Survey
have been: (I) appraisal of mineral and water resources and (Z) training
of earth scientists to staff national geological and hydrological services in the
developing countries. The record of publications based on the programs at-

tests to the wealth of scientific data they have yielded. The program is con-
tinuing.

5. Military Organizations

The Advanced Research Projects Agency (ARPA) of the U. S.
Department of Defense sponsored a long-term research project "with the
ultimate goal of providing the vehicle designer and ground mobility analyst
with quanitative information concerning the effects of the various features of

the physical environment on the movement of surface vehicles. '21 The pro-
ject, entitled Mobility Environment Research Study (MERS), dealt with the

enviionmental factors of Thailand, Originally Laos, Vietnam, Cambodia,

Malaya, and Burma were also to be included. The program was administered
by the U. S. Army Engineer Waterways Experiment Station and conducted
with the collaboration of several American technical governmental agencies.

"The program was concerned with delineating the problems to be investigated
ard surve.,ing the published and unpublished sources of information. The
scope of the mobility research went beyond the consideration of physical
features as defined in the present report, but a major part of the project
concerned problems of soil classification and quantitative measurement
of the surface and hydrologic geometry. Research on these problems will
have basic values, aside from the results applicable to military movement.

It should be anticipated that the data will also be applicable to noi-military
uses of the terrain.

One of the research objectives of the United States Air Force

Sis the study of environmental problems that can influence its technological
capabilities. 2? Terrain analysis is recognized as an important segment of

this area of research. The topics studies are "the crustal materials, surface
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morphology, and dynamic prccesses of remote and little exploited areas of
the earth. " The investigations are conducted or sponsored by the Office of
Aerospace Research and its subordinate units. For example, T. Liang 4

has initiated a program of research on tropical soils for the Air Force
Cambridge Research Laboratories with a critical examination ot their
characteristics and classification.

C. MAJOR PROBLEMS FOR CONTINUED AND FUTURE INVESTIGATION

1. Geology

Dixey 20anotes that at the end of World War I the geology of
the British territories in Africa was "virtually unknown. " The situation im-
proved noticeably only after World War II when concerted efforts were made
to strengthen geological surveys and accelerate mapping and mineral investi-
gations. Dixey concludes "that there would clearly be unwarranted optimism
in envisaging an early end to geological mapping and mineral exploration in
the continent of Africa. " While the conclusion is undoubtedly valid, note
should be taken of prog.7ess in some areas. Gourou* points out that the
geology of the former Belgian Congo is accurately mapped at the scale of
1:100,000 and of Madagascar at 1:200,000. In Asia, complete geologic map
coverage of Vietnam is available at the scale of 1:500, 000.

The Standing Committee on Geology and Geophysics of the
Pacific Science Associat,..--2 3 presented a series of reports to the 10th
Pacific Science Congress in 1961 on the progress of investigations in the
circum-Pacific region and adjoining areas of Southez tern Asia. In many
of the countries, reconnaissance surveys have had to suffice as a background
for planning mineral and petroleum exploration. However, as A. Alcaraz
noted in the Philippines, rapid surveys by airborne geophysical methods
have not provided the detail ultimately required. Further ground surveys
will be necessary. In Indonesia, only 4. 5 percent of area has been syste-

matically mapped and large areas are unknown geologically, according to
J. Kati'i. Of special importance in this tropical region is rock weathering,
a subject that has not received adequate attention. S. Buravas points to the
piecemeal development of mineral resources of Thailand and observes that,
to realize the full potential of the country, basic geologic data must be
collected regionally. Unlike most parts of the humid tropics, Hawaii is
judged by G. A. Macdonald to have adequate areal geolcgic maps for most
purposes in the next several decades. There is a need for detailed mapping
of small areas and careful study of the reefs and beaches.

2. Soil Science

The abundance of literature on soils of the humid tropics,
which has already been noted (see Section B. 2), is evidence of the attention

*Personal Communication, February IZ, 1966.
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given to the subject in regions grcat! concerned with agriculture and other
land use. Nevertheless, Fournier, 2 after reviewing the knowledge, the gap.
in resea-ch, and present research trends on soils in Africa, emphasized that
"The salient conclusion to be drawn . . . is that there exists an absolute need
for fundamental research."

As a background to and source of data required for research
on chemical composition, physiology and biology of soils, Fournier advises

continued efforts in inventorying and mapping soils. In respect to problems
for further investigation, he observes that too little is known about the follow-
ing in humid-tropical soils:

"* Trace elements

"* Limits between ferruginous soils, ferrisols, and ferrallitic
soils

"* Causes and characteristics of ferrallitization

"* Soils structure and the water balance

"* Maintenance of organic matter in soil

T. Liang4 found in his study of tropical soils throughout the
world widespread nonuniformity and confusion in existing systems of

tropical soils classification, a lack of strict definition ot nomenclature
and, reflecting diversity of interests among investigators who may be soil
scientists, geologists or engineers, differences in completeness and manner
of treatment of soil information.

R. W. Fairbridge notes, however, that throughout the humid
tropics "the paucity of local detail is offset by soil unification (unifying
effects of laterite and podsols). The soil is predictable on the basis of rain-
fall and seasonal climate characteristics, with appropriate modifications
for relief contrasts. * The unifying effects of the soils are reflected in
the character of the vegetation and physiography.

3. Geomorphology

The relationships between surface configuration, surface
"materials, and drain-, features havt- implications that are important to

engineering, agricultural, and other land use of terrain. The mapping of
surface configuration has proceeded at the same or possibly a more rapid

pace in countries that also support geologic and soil surveys. However,

Personal Communication, July 1, 1966.
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older topographic surveys tend to be deficient in accuracy and detail, and
therefore, re-mapping is required in many areas.

Based on extensive experience in tUe humid tropics, especially
in Brazil, H. O'R. Sternberg identities the following specifit problems of

geomorphology of the humid-tropical environment:"

(1) Explanation of geomorphic features in terms of the
climatic or zonal frame of reference. Sternberg comments: "The gradual
accumulation of observations in the tropics - especially after World War II
came to constitute a body of evidence in favor of a climatic, or zonal,
approach to landscapes. The possible significance of such specifically
tropical features as the thick mantle of rock, weathered in situ, came to be
realized. In the study of erosion surfaces, the universal application of the
peneplain concept gave way to a search for climatic-specific explanations, as,
for instance, in the case of certain erosion surfaces whose evolution appears
to have occurred independently of base level. "

(2) Explanation of tropical karst features (kegelkal:st).

Concerning the problem, Sternberg observes that "obsession with the
Davisian concept led students to mentally shoehorn forms produced (in the
tropics) into a cycle. it was not difficult to conjure up the hypothetical
intermediaLe forms necessary to establish a complete genetic sequence of
cycle. In this way, sinkholes, so-to-speak negative forms, were assigned to
the beginning of the series and kegelkarst, or positive forms, were assumed
to characterize the closing stages of the cycle. Climatological (i. e., zonal)
influences can hardly be disputed. However, studies such as those of
Verstappen in the Malay Archipelago, where positive and negative forms
were found intermingled, suggest that it would be far too much of a

simplification to merely distinguish between 'normal' (or temperate) and
'tropical' karst features."

(3) Research on the characteristics and evolution of the
meia-laranja (half-crange) landscapes, as exemplified in Brazil. Sternberg
notes several problems in these landscapes: (a) "the surface of the unweathered
rock covered by the material weathered in situ is not parallel to the subaerial
surface of the land; (b) the extent to which alteration in the plant cover affects
evolution of the half-oranges and the formation of 'stone-lines' is not yet
qute clear; (c) the long-term evolution of these landscapes with their 'seas
of hills' sculpted on weathered material" is not fully explained.

(4) Research on characteristics of plinthite and its
geomorphological role. Sternberg comments that it i-5 necessary to determine

the extent to which the ferruginous crusts really cover the plateaus and
tablelands in the tropics, since R. Feuer showed the crust in the Central

*Personal Communication, April 18, 1966.
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Plateau of Brazil to be a peripheral phenomenon. The degree of induration

and the exact nature, whether scoriaceous or conglomeratic, of the crust
require examination. The protection afforded by the crust in the formation
of an erosion surface and its dissection by linear erosion are other problems
to be examined.

(5) Explanation of tropical forms of solifluction and mass move-

ments, as, for example, the recent landslides in the area of Rio de Janeiro.

(6) Clarification of the climatic conditions for pediplanation.

(7) Research on cryptodecomposed rocks and geomorphic

evolution iti the humid tropics.

(8) Explanation of the massive production of kaolin in the

tropics and its geomorphological implications.

(9) Research on the geomorphological significance of seasonal

variations of moisture in various soil horizons and of the water table.

4. Hydrology

The Ad Hoc Committee on International Programs in Atmos-
pheric Sciences and Hydrology of the (U. S.) National Academy of Sciences -
National Research Council2 in 1963 enumerated and discussed the more

pressing problems that should be investigated in an international research
program. Those- topics that appear to be most relevant to the hydrologic
knowledge of the humid tropics are:

"* Features of the Hydrologic Cycle

(1) Interrelationships of land use and water yield
(2) Dynamics of water movement in soil-plant-atmosphere system

(3) Clarification of the energy-budget method of estimating

evaporation and transpiration
(4) Role of regolith in storage

"* Mechanisms of Transport by Water

(1) River and atmospheric transport of solutes
(2) Sediment transport on rivers of different sizes in different

-' terrains and reservoir sedimentation

(3) Basic characteristics of river mechanics (hydraulic geometry,
hydraulic roughness, characteristics of river-bed sediments)

(4) Circulation of water in lakes and reservoirs
(5) Littoral drift of sand

(6) "Rafting" by plants
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0 Paleohydrology

Reconstruction of past hydrologic regimens by C-14 dating

This list suggests the broad scope of research needs. but it
merely identifies some of the gaps that are recognized by experts. A much
longer listing, without discussion, is contained in the report on Scientific
Hydrology by the Ad Hoc Panel on Hydrology presented to the {U. S. ) Federal
Cour.cil for Science and Technology 5 in 1962.

The importance of adequate water supply is especially great
in island areas. G. A. Macdonald 2 3 considers the groundwater problems
to be of prime concern in- the development of the Hawaiian Islands. As
examples of specific problems, Macdonald cites: (1) determination of the
safe yield of aquifers in critical areas; (2) study of the principles of fresh
water-salt water relationships in the Ghyben-Herzberg lens; (3) quantitative
hydrology of all the islands; and (4) artificial recharge.

D. BARRIERS TO ADVANCEMENT OF KNOWLEDGE

The main obstacles to closing the gaps in knowledge of the
physical features are not inadequacies of the scientific fields involved or the
methods and techniques of research. Instead, they are the problems of
time, resources, communication, and transpc.rtation.

In the authoritative view of Dixey, 20a "Knowledge of the
geology of a region in sufficient detail to be of value for scientific or eco-
nomic purposes car. be acquired only by geological mapping, but this, even
with every modern aid, is often a slow and exacting process, in which any
one country requires a considerable staff of experienced geologists for
many years. In view, therefore, of the general slow opening up of Africa
until the last few years. it is not surprising that a considerable part of the
continent is still unknown or only slightly known geologically."

Another expert, J. Rodier20bhas ccmmented that "hydro-
logical knowledge of the equatorial regions (of Africa) is limited mainly
because of the recent date of exploration of these regions, the very great
difficulty experienced in recruiting observe-s and the poor communications."
In this statement, "communications" means transportation and specifically
the conveyance of equipment to the field and of observations to data-collecting
centers.

In a recent discussion of the activities of Peace Corps geologists
in Ghana, 0. Gates 2 5 noted that "it took them about six months to learn the
specialized technique of doing geology under tropical conditions. They had to
learn how to keep track of location in thick jungle, how to live with inaccur-
acies in topographic maps, where to find outcrops, how to identify deeply
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weathered rocks, how to handle work crews, how to negotiate with local chief
and district commissioners, where to obtain food, and how to set up comfort-
abl, camps." He adds that "the scarcity of good exposures of bedrock makes
field mapping slow, frustrating and too generalized to permit reasonably
confident and detailed geologic conclusions." Gates refers to the relatively
short life of jeeps ir this region and the expense and difficulty of obtaining
repairs, and, in reference to a mineral investigation program, the lack of an
access road and suitable drills.

In 1961, J. A. Katili23 informed the 10th Pacific Science
Congress that, despite good equipment, the advance of geologic knowledge in
Indonesia is impeded by the lack of funds to publish result.* of governmental
investigations, the refusal of competing oil companies to publish results cf
their investigations, and the difficulty researchers have in -jbtaining foreign
journals to keep abreast of geologic progress elsewhere. The problem of
concealment of knowledge, referred to by Katili, is one of unknown, but pre-
sumably large, magnitude in many areas. The problerr of poor communi-
cation is caused by difficulties of foreign currency exchange in Indonesia and,
no doubt, in other countries, too.

Note has been taken of inadequate dissemination of knowledge
caused by the apparent failure of UN organizations to publish results of
their scientific and technical activities and distribute them so that they will
be promptly and readily available (see Section B). The UN and its agencies
are not alone in permitting this breakdown in communications. Less easily
substantiated, but well recognized by scientific information expert:Z as a
cause of poor dissemination of knowledge, is the failure of scientists to
make adequate use of available liteiature. In short, whatever the causeE,
poor communication leads to stunting of scientific development and needless
duplication of effort.

In the 1953 Regional Conference on Mineral Resources
Development 26 held in Tokyo under ECAFE sponsorship, it was stated

by a Committee on Geological Surveys that "the geological surveys of most
countries of the region (Souther-. Asia and the Far East) were understaffed..
(and) that, with some exceptions, training facilities for geologists in the
region were inad -quate. " The shortage of trained scientists is a common
problem .n the developing countries, despi,e continuing training programs.

The )ack of finanial resources is the miost compelling barrier
to the aaancement of knowledge. Tre committee ,a geolcgical surveys,
reportirg to the ECAFE Regional Conference in 1953, felt that "because of
the high cost of systematic surveys,. .. it was primarily the responsibility
of governmerts to undertake this task. " The high priority placed on syste-
matic inventories of resources in the scientific investigations of the humid-
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tropical regions is well-established (see Section B). It is also clear from
the record that many governments of these regions are not able t.o meet the
expense of prolonged, intensive surveys. Massive aid from the more affluent
countries, international organizations and foundations has been necessary to
activate and sustain the development programs.

It is not surprising that the more purely scientific programs
tend to have les., certain support. Thus, the current sta.us of the UNESCO
Humid Tropics Research Program has become unclear. In i:&s December
1963 meeting, the Advisory Committee for the program, commenting on the
UNESCO Proposed Prcgram Budget for 1965-66, "noted the fact that the
Humid Tropics Research programme, as such, is eliminated from the new
(UNESCO) programme, although some provision seems to be made for most
of the principal c'ntinuing activities ... It notes, however, with considerable
concern that by combining the Humid Tropics programme with the Arid
Zone (Research) programme and other activities the funds available for
attention to humid tropics problems are considerably reduced, even though
they have previously been already inadequate to carry out an effective
programme. "8

E. AVAILABILITY OF DNTA

1. Authorities

Persons who :*ve conducted significant investigations of
some aspect(s) of physical features of the humid tropics, regardless of
their pr•sent locations, are considered authorities and sources of infor-
mation. They are listed in Appendix *. (Authorities).

2. DepusItories

Appendix B (Principal Depositories) of this cornipendium
should be cons,,lteo to determine the amourt, type and availabiity of humid-
tropical regional research materials located in depositories containing
holdings impcrtant in quantity, quality, or ia both respects.

3. Maps and Aerial Photographs

Appendix C (Inventory of Maps and Aerial Photographs) should
be consulted to decermine the amount, type, scale, regency, reliability,
areas of coverage, and the other pertinent data concerning map and air-photo
coverage of che humid tropics. Additional sources and indices are noted
there for more detailed information.
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4. Research Organizations

This Inventory is suppleme-•ted by a Directory of Institutes
Primarily Devoted to Humid Tropics Rescar-h, compiled by T. L. Hills

(McGill University, Montreal) for the International Geographical Ur on,
with the suppor. of the Army Research Office, and issued in 1965. ':he
Directory identifies organizations engaged in special investigations ::f

humid-tropical environment.

Appendix B (Principal Depositories) of the present volume
includes research institutions that are also important depositories.

5. Bibliography and KWIC Index

"Vulume I of this Inventory (KWIC Index - Humid Tropic
Environmental Literature), contains the bibliography that was collected at
domestic and foreign depositories. The bibliography has been indexed in
the KWIC (Keyword in Context) format to assist users in rapid searcling
of titles.

The volume contains five sections: A - Frequency of Stop
Words; B - Frequency of OK Words; C - Author Listing and Index; 3)-

Keyword l.istir.g and Index, E - Bibliographic Listing and Index. The iast
section (E) is arranged in geographic, subject and author order.

in the category of Physical Features, the Inventory contains

41 53 titles. Approximately half deal with surface configuration and -he re-

mainder are divided alrmost equally between titles on surface materials and

hydrology. Among the humid-tropical regions, Africa and Latin America

have received most atten.tion in the literature.

F. PRINCIPAL NEEDS FOR ADVANCING STATE OF KNOWLEDGE

The special needs in re5pect to physical features of the humid

tropics are common to all the sciences involved and the supporting tech-

nologie.s:

* Complete coverage of the humid tropics with standardized,

detailed data

a Development of criteria for application of data to different

practical (military, civilian) problems
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"* Development of tools and procc.dures for making standard-
ized measurements and interpretations.

"* Synthesis of data with other environmental information for
definition of regional environmental types and development

of analog patterns

"* Development of rapid data storage and retrieval systems
aimed at permitting special assemblages of d;-ta on demand

" Development of mechanisms for efficient, regular exchange
of information developed in humid tropics and elsewhere

G. RECOMMENDATIONS FOR ADVANCING THE STATE OF KNOWLEDGE

Some actions necessary to close the gaps in knowledge and
make information more readily available are being taken, as the review
of current programs has indicated (see Section 13). On the whole, it is

not the lack of programs that is so serious but the slow rate of progress
toward the ultimate goals. Thus, the recommendations that can be made
refer li'th to initiation of action and, where applicable, to continuation and
improvtrment of existing action.

(1) In the developing countries of the humid tropics, aid from
the United Nations and its agencies, intergovernmental organizations, and
foreign governments is instrumental in producing urgently needed data for
economic development and establishing national scientific and technical
services capable of acting independently in the future. Where programs
have not been started, they should be started promptly; where programs
are in progress, eve y effort should be made to accelerate them.

(2) The training of nationals of the humid-tropical countries to
assume the responsibility for scientific and technical investigations is not pro-
gressing with commendable speed. This weakness will probably persist until
general education becomes widespread and more trainees are available.
However, R. W. Fairbridge cautions against placing these nationals in

foreign universities in which the are not prepared to compete, partly
because of the language barrier. Instead, he recommends that these students
be given an opportunity first to become acclimated by attending schools with
special facilities for foreigners for a year or two.

Programs should be initiated or accelerated without delay.

*Personal Communication, July 1, 1966.
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(3) Inadequate dissemination of knowledge is an acute problem
in all parts of the world, but nowhere more than in the humid tropics. The
problems begin with the prolonged delays in publication of reports and maps.
More funding is necessary .o permit scientific agencies to make their find-
ings available as soon after they have been compiled as is possible. Rapid,
full interchange of information among researchers will require cooperation
of international organizations (especially scientific unions and societies) in
making use of and founding new clearinghouses.

(4) In his recommendations to UNESCO for advancement of geo-
logic knowledge of Africa, Dixey2 Oa comments on the need for improvement
of conditions of employment for geologists with government surveys and the
need for liaison between surveys and universities so as to secure assistance
on specialized problems from geologists in the latter institutions.

(5) Dixey emphasizes the need for initiating and expanding photo-
graphic and topographic surveys. Topographic base maps are indispensable
for geologic and soil surveys. Photographs are needed for photogrammetric
production of topographic maps and as a direct source of geologic, geo-
morphic, and soils data.

For the humid tropics, B. J. Garnier believes that the full
value of airphoto surveys has not been gained. In general, "the value of
airphotos as a means of establishing various physical characteristics is
well-known; so are their limitations. In the particular context of the humid
tropics, however, it should be realized that these photos, if they exist,
can be examined outside the area by experts in midlatitude institutions. Thus,
it may be possible to make up for (a) the iack of trained local personnel in
tropical lands and (b) the reluctance of midlatitude personnel to take on long-
term or permanent pcsts in the tropics where future conditions are uncertain.
Garnier feels that possibly "the best contribution which many nontropical
countries could make is by having their experts work on ddta which do not
require the interpreter's physical appearance in the tropics. Airphotos
would provide such data, allowing always for their limitations in a tropical
context." Garnier, therefore, recommends activation of an airphoto program
for the humid tropics.

R. W. Fairbridge calls attention to the need for remote
7 sensing, mreaking use of film/filter combinations, infrared and radar

imagery, with all systems combined in a single aircraft. Fairbridge
notes that multisensing is necessary, particulirly in the tropics, be-
cause of the prevalence of haze and clouds which limit surveys .n some
areas to a few weeks in a year.

i*Personal Communication, February 9, 1966

*Personal Communication, July 1, 1966
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(6) General development of these regions will be expedited by
removal of legal, taxation and communication barriers to the development
of already knowr mineral deposits for foreign trade. It will also be assisted
by the developm.ent of rock, soil, and mineral resources for local use in
building and agriculture.

The well-defined recommendations for the improvement of
hydrologic knowledge merit separate comment, although some coincide with
those relating to geology, geomorphology, and soil science.

The program recommended by the Intergovernmental Meeting
of Experts on Scientific Hydrology in 1964 for the International Hydrologic
Decade contains the following basic components:14

(1) Appraisal of the state of knowledge of the hydrology of the world
and identification of the principal gaps in that knowledge

(2) Standardization of instruments, observations, techniques, and
terminology for the collection, compilation, and reporting of
data

(3) Establishment of basic networks and improvement of existing
networks to provide fundamental data on hydrologic systems
ranging in size from small watersheds to the whole world

(4) Research on hydrologic systems in selected geologic, geographic,
topographic, and climatic environments, constituting "representa-
tive basins"

(5) Research cri specific hydrologic problems of such urgency and
special natiare as to require considerable international effort

(6) Theoretical and practical training in hydrology and related subjects

(7) Systematic exchanges of information

In addition, the following basic operations are considered
necessary to execute the program:

(1) Increase in network of observation stations (pluviometric, hydro-
metric, hydrogeologic, hydrometeorologic) and standardization
of measurements

(2) Designation of special Decade stations to obtain data of comparable

quality in each country

(3) Designation of representative b%3 ins to carry out studi'ýs aimed a!
obtaining a better understanding of the hydrclogic cycle
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(4) Selection of experimental basins in which natural conditions are
deliberately modified

(5) Designation of benchmark stations and basins - in which natural

hydrologic regimens are unchanged by man - to provide reference
data for interpreting long-term trends in the hydrologic cycle

The Experts on Scientific Hydrology provided explanations
of their recommendations and outlined in detail the individual topics to be

examined by the Decade program. Their expert opinion is reinforced by

the proposals submitted earlier by the Ad Hoc Committee on International
Programs in the Atmospheric Sciences and Hydrology of the (U. S. ) National
Academy of Sciences-National Research Council in 196324 and the Ad Hoc
Panel on Hydrology of the (U. S.) Federal Council for Science and Technology

in 19 62.

The Experts on Scientific Hydrology look to national commit-
tees in the member states, scientific organizations (such as the international
Association for Scientific Hydrology and the International Association of

Hydrogeologists), UN organizations (UNESCO, FAO, WMO, and others), and
a coordinating council drawn from member states of UNESCO to implement
and monitor the Decade program. The NAS-NRC Ad Hoc Committee (full
title above) discussed implementation of international programs in much the

same vein but mainly from the standpoint of encouragement and assistance

that should be provided by the United States.

The recommendations for advancement of scientific knowledge
of the humid tropics made by scientific and technical bodies do not refer to
military applications, but the accomplishment will be contributory to these
special purposes. It is necessary, however, for military research and
development agencies to extend their efforts in the direction Gf improving the

conversion of basic data to the needs of military operations if terrain intel-
ligence is to remain viable. It is less the function of military agencies to
gather the basic data than to assist the scientific and technical organizations

ii, the development of research tools and techniques. The interplay between
military and nonmilitary research objectives was established in World War

I and has reached a stage oi extensive overlap, as current research projects
sponsored by military organizations demonstrate.
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CH.A PTJ-'R III

PLANT AND ANIMAL LIFE*

A. INTRODUCTION

Approximately two-thirds of the world's plant species are
found in the humid tropical one-third of its land area, A considerable part
of the biological world of the tropics needs identification as an initial step
toward understanding this region. Scientists estimate that some 25, 000 plant

species in the Amazon Basin alone have yet to be discovered." Within this
same area, the plant ecology and geography remain in the stage ot observa-
tion under existing conditions. 1 The need for additional extensive and
descriptive as well as intensive and analytical efforts into the enornmous

quantity and diversity of plant and animal hiie of the humrid tropics cAn be
readily appreciated.

1. Systematic Field of Interest

Within the field of tropical plants and animals, this report
emphasizes the follc ing:

e Plants

Forest and shrub associations: distributioe patterns of
trees and associations, location, principal species,

density, height, diameter of trunk or stem, density of
"canopy, seasonality of foliage, color, albedo, forest
litter, root systems, fungi, plants with thorns or spines,
cutting edges, irritants, seasonal susceptibility to fire,

herbicides, defoliants

GrasseE: location, principal species, seasonal charac-
teristics, color, albedo, heights, density, seasonal
susceptibility te fire, plants with thorns or spines, cut-
ting edges, irritants, herbicides, defoliants

*Dr. Charles F. Bennett Jr. (UCLA), Dr. Robert N. Colwell (University of

California), Dr. Pierre Dansereau (N. Y. Botanical Garden), Dr. Bassett
Maguire (N.Y. Botanical Garden), and Dr. Paul W. Richards (Usiversity
of North Wales), acting as consultants to '"exas Instruments for this pro-
gram, have critically reviewed this chapter in its draft stages.

**Maguire, Bassett, 1965: Personal Communication dated Oct. 5.

45 slcenoo sevices division

-It



L- -

Crops: location, principal species, heights, density,
seasonal aspects, harvesting, color, albedo, use of
irrigation, flooding, terracing, spraying, seasonal
susceptibility to fire

Utilization: suitability for food, construction material,
camouflage

Indicator significance

* Animals

Distribution: geographical distribution or range, specific
habitat, movements and migrations, numnbers, density

Significance: poisonous, disease vectors (vertebrate and
invertebrate) and reservoirs, food sources, destructive,
predatory, pests, parasites

Habits: method of locomotion, preferred time of activity,
life span, breeding, feeding, phenology

Countermeasures: ,ort--ol measures, repellants, antidotes,
disinfe station

2. Limitations

The major limitation to research on tropical plant and animal

life may be the wealth of tropical plant, animal taxa and life forms, which

imposes a tremendous obstacle to scientists attempting to gain a thorough

knowledge of them.

Studies of tropical plants and animals, for the most part, tend

to be: (1) studies focused on a single taxon at a specific level; (2) broad
studies with geographic scopes covering entire continents and taxonomic

* scopes covering classes, orders or even phyla.

While many 1;rbaria and zoological gardens in the midlati-

tudes have tropical collections, seldom can this kind of facility re-create the
true natural environmeni.. Complete understanding of the organisms can be

"achieved only by studies conducted on plants and animala in their native habi-
SI tat. This lack of field studies has limited !he progress of tropical ecological

research.
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3. Value of Research

a. Importance to the Militaryf

From the standpoint of high-level or tactical decisions
knowledge of the plants and animals of the humid tropics is important.

Surface plant cover significantly affects iailitary operations
in a variety of ways:

* Facilitates or impedes movement of personnel and
mechanized equipment

9 Accentuates or conceals evidence of military activity

* Governs ease with which clearings can be made for con-
struction of roads, airfields and military installation~s

0 Serves, on occasion, as a source of fuel, food or
construction materials

In addition, certain types of vegetation serve as indicator
species to soil type, drainage conditions or other factors of interest to the
military. An entire Appendix volume devoted to vegetation was prapared in
connection with the ground mobility studies performed in Thailand by the
U.S. Army Corps of Engineers.Z Factors considered included

"* Vehicular path length: duc to obstacles produced by
large plants or clumps uC amall plants, vehicles may
be forced to alter their course in order to proceed
toward their objective.

"* Frictional impedances: produced primarily by the effect
of large numbers of small plants acting as a unit; the
energy required to overcome such friction varies Aiith
the size, density and strength of the plants involved.

"* Vehicle damage: caused by buildup of crushed plants
between the inner surface of the vehicle'_ tracks and
the driving sprocket or idler, which can break the
tracks; also, thorny plants puncture pneumatic tires,
and broken plant parts block airflow to the radiator.
causing air-cooled engines to overheat.

"* Visibility: the speed at which vehicles can operate is
largely dependent upon visibility and the driver" 2
knowledge of the area.
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Camouflage, escape, evasion, and sometimes inoiv;dual or
unit survival may depend upon vegetation. The survival capability of sol-
diers is enhanced I-y knowledge of surface cover .rd ýf edible, medicinal
and poisonous fruits, plants and roots.

Research on tropical animals also provides input for another
critical element of the environment in the humid tropics. The Anopheles

mosquito and the tsetse fly are examples oi the many insect d!sease vectors
found in this area. Scrub typhus, a disease carried by mites which occur in
grassland areas, was a serious problem for military forces i, some areas
in the last World War. Recent miliLary operations in Malaya also have been
hampered by the occurrence of this disease. There are various other impor-
tant troloic:.l diseases such as leptospirosis and those due to parasitic worms
(hookworm, schistosomiasis, onchocerciasis, etc.). Research on tropical
insects has led to limitation and partial cont:ol of such diseases as yellow
fever, malaria and other zoonoses which once were severe problems to
tropical operation e.

Among the varieties of poisonous snakes found in the humid
tropics are the Australian death adder (Aconthophis spp.), tropical and
South African mambas or tree cobras (Dendroapis spp.), and the many
species of viperidae such as the bushmaster (Lacheses app.) which ranges
from tropical Brazil to Panama. Relative to other health hazards, however,
poisonous snakes are not cor.sidered a r.ore serious threat in the humid
tropics than in other parts of the world. While snakes are not aggressive
generally, their effect on morale may be of more than routine concern. The
Arctic, Desert, Tropical Information Center, Maxwell Air Force Base,
has produced guides to the distribution, identification and characteristics of
the poisonous snakes of mani areas of the world. 3

Studies of the habits of edible animals are needed in order to
$increase survival capabilities.

b. Importance to Civilians

Livin.g standards and economic status in the humid tropi:s are
•1 directly related to the extent of knowledge of natural resources and how they

may be exploited most advantageousiy. Forests, for example, occupy approx-
imately one-fourth of Africa's total land surface; yet, only one-third of
these accessible forests have been or are being worked. 4 Because of the
composition of the forests (many species. only a few of which have high
economic value), the yield per unit area is low. Also, large areis of forest
capable of producing large quantities of timber ire burned yearly in the

4 •process of shifting cultivation, which is a form of agriculture with relatively
* ,low productivity.
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Improvement in the field of agricultural production is of vital
concein in many tropical areas because the diets of tropical peoples tend to
be protein-deficient. Introduction of new and different species of cattle,
crops, timber, and grasses into several tropical areas has had limited suc-
cess, and efforts are being made in West Africa and Malaya to develop sea-
and fresh-water fisheries. Lack of application of proper techniques of ani-
mal husbandry and veterinary practices has led to failuire of development
schemes such as the Gambian egg scheme. The East African groundnut
experii tent failed because of the lack of a pilot experiment preceding the
large-scale operations (because of political pressure) and insufficient cli-
matic data. The failures of the Ford rubber estates on the Trapajos river,
an area of the Amazonia, occurred where climates are least favorable.

Human diets in most of the humid tropics can be improved sig-
nificantly by additional botanical and zoological research. Some staples such
as iice and bananas already have benefited by research programs, but there
is still much work to be done on maize, cassava and other staples, particu-
larly in the area of pest attacks, microbial diseases and parasites.

Except in a few areas, e. g., Java, Thailand, where the soils
and climates are unusually favorable, the subsistence crops in humid-tropical
countries are grown mainly or entirely on shifting systems of cultivation.
These, altheugh fairly satisfactory for small populaticns. usually are not
sufficiently I -roductive and cannot support dense populations. The need is to
devise high-yielding permanent agricultural systems which will not lead to
soil deterioration.

B. STATLS OF RESEARCH

1. History of t.ae Development

The modern scientific study of tropical vlants and animals
may be traced back to the 19th century. Charles Darwin (during the expedi-
tionary cruise of the HMS BEAGLE) and A.R. Wallace, working in the trop-
ics of Southeast Asia, gained insights which have strongly influenced subse-
quent biological studies. Darwin's evolutionary theories began with his
speculations Gn the nature of the fauna encountered in the Galapagos Islands;
Wallace's conclusior.s, based on work in South America (Rio Negro and Upper
Orinoco) and Malaya, were essentially identical. In July 1858, a joint
paper was delivered before the Linnean Society of London setting forth their
evolutionary hypothesis of natural selection. Later, each expanded further
on these tudies as Darwin wrote The Origin of Species by Means of Natural
Selection and Wallace wrote The Geographical Distribution of Animals.6"'
These scientists, by their work in the tropics, were able to lay down some of
the fundamental hypotheses which remain the keystone of modern evolutionary
theory.
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a. Plants

Plant geography originated with the travels and writings of
Aiexander von Humboldt whose essay on the geography of plants V.as based
on the concept of studying the distribution of organic life as related to
habitat. 7 He is credited with making the firsy contribution to what is now
termed synecology or study of biological communities. His application of
systematic classification and comparison of observed phenomena represents
the initial step from qualitative to quantitative description.

The idea of an inevitable sequence of communities leading to
a climax characteristic of the climatic conditions of the tropical region was
developed. A. F. W. Schimper divided vegetation into tropical, temperate
and arctic types by zones of latitude. 8 He then divided the formation types
in each zone of latituae and belt of altitude into climatic formations deter-
mined by precipitatioi and edaphic formations determined by the soil or its
moibture content. Schimper's work also represents one of the earliest
atten-mpts at vegetation cartography using a formation basis. Von Faber's
revision of Schimper in 1935 which attempted global classification,
recognized 15 formation-classes.

9

Later classifications were based on other criteria: Warming
based his primarily edaphic classification on water balance;10 F. E.
Clements made a great advance when he introduced the concept c-f the vege-
tation climax and emphapsized the importance of plant succession. Although
Clement' s ideas still are challenged, they form the basis for many acce-ted
ecological principles.

Other scientists rejected or modified these classifications
as they saw fit. Chipp and Tausleyll outlined concepts modified from those
of Clements which are widely used in tropical vegetation work. Tansley,
who for many years influenced ecological thought, mainly followed Clem-
ents but added a simplification of terms designed to relieve the problems of
recognizing and defining biotically controlled climaxes in different geographic
regions. 1 In 1939, Tansley joined with Watt and Richards to publish a
scheme for recording structure, life form and flora of tropical forest com-
munities as a basis for their classification. 13 Aubreville14 recognized six
main vegetation types in Africa and divided each into climatic, edaphic and

>2 degraded formations. 15

i IBeard's system of classification by physiognomic characters
k Aof the vegetation used extensively in New Guinea involved three leve's: flc-

ristic (or association) grouped into structural units (formatians) anti into
environmental units (formation series).1 6 The system pointed up (obvious
gaps in the communitie, recorded and facilitated description when a continu-

I ous series of vegetation types was encountered.
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Several floristic classifications have been attempted, dating
back to Schouw w'Ao selected 25 kingdoms and named them for the most
characteristic plhnts.1 7 Raunkiaer's floristic approach published in 1903
classified plants on a statistical basis according to the position of their
regenerating parts and initiated " e practice of grading actual plant com-
munities. 18 His leaf-size classes introduced in 1934 have been a much-
employed scale for grading plant communities under contrasting climates.
J. Braun-Blanquet developed a system which is based mainly on floristic I
composition and which pays little regard to physiognomy. 19 The Braun-
Blanquet system requires concentrated analysis to reveal the whole
structure of the vegetation and relationships between plarts of a community.

A more recent floristic classification is that of Good whose
objective may be stated as:

"to divide the land surfaces of the world into a conve-
nient but not too large number of regions, each of which may be
regarded as supporting a flora cf its own; that is to say, a flora
which is characteristic of the region. This essentially historical
and phylogenetic conception of the regions is of great importance
not only as a step toward the broade" understanding of plant geog-
raphy in general but also because it helps to lessen the problem
of treating, as equivalent, floras which are in fact very different
in nature, size znd richness." 2 0

Bratun-Blanquet employed a system of vegetation cartography
using detailed combinations of colors and symbols for designating vegetation
and environment factors. A highly developed vegetation cartographic sys-
tern also was employed by Gaussen in the French Mediterranean and tropical
Tahiti.2 1 It produces maps, which serve equally well as climatic or vege-
tation maps, but requires an immense amount of data for construction. Both
Kiichlerzfand Dansereau2 3 have devised systems of notational symbols to
record structural characteristics of the vegetation types portrayed on maps.

F K

M. Y. Nuttonson at the American Institute of Crop Ecology
has been producing agroclimatic analogs since 1935. Several of these stu-
dies have been conducted in the Southeast Asian tropics.

One of the most outstanding contemporary works on tropical
vegetation is Richards' ecological study, The Tropical Rain Forest. 24
H. Walter's standard German work on the vegetation of the tropics published
in 196264 is the successor to Schimper's Plant Geo&rapy. Other contempo-
rary scientists who have made significant contributions to the study of trop-
ical vegetation are F.R. Fosberg, C.G.G. J. van Steenis, B. Magaire, L.R.
Holdridge, S. Cain, G. Budowski, C. Troll, F. White, D. B. Fanshawe, atd
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II. A. Gleason. P. S. Ashton's Ecological Studies of the Mixed Dipterocarp
Forests of Brunei State2 5 and Schulz's study of the Surinam rain forest are
considered important contributions to the knowledge of mixed tropical forests.

While early works are stiong in description, more recent
works are largely quantitative. Several recent phases of the study of trop-
ical flora are (1) the descriptive phase which flourished as recently as the
early forties and (2) the mathematical phase which followed and persisted
until the mid-50's. Today, the two approaches to plant geography are the
floristic school which attempts to establish the areal extent of a particular
species' distribution and the ecological sc ool which studies the species'
distribution in relation to its environment.

So far, no entirely acceptable method rias been developed for
classifying vegetation on the basis of structural properties important in
military operations. Structural classifications must consider dimensional
characteristics such as height, ci own shape and sLem diameter; physical
properties such as woodiness, deciduousness and leaf characteristics; and
distribution such as spacing of stems and coverage of canopy. The most
advanced of the few classifications of this type is a modified version of a
system developed by Pierre Dansereau under contract with the U.S. Army
Engineer Waterways Experiment Station. 2 7 Dansereau's "Universal System
for Recording Vegetation" offers a method for depicting physical charac-
teristics of vegetation and site conditions in terms of simple concepts.

b. Animals

Scientific zoogeography may be said to date from the time of
the studies and writings of the Frenchman Buffon and the German E. A. W.
Zimmermann during the late 18th century.2 8 Through their works on the
distribution, description and classification of faunal associations, it became
possible to determine that various areas of the world were distinguished by
specific groups of animals. In 1778, J. C. Fabricius published his Philosophia
Entomologica in which he regionalized the world zoologically. Sclater's
work, On the General Geographical Distribution of the Members of the Class
Ayes, published in 1858, is a significant effort in this field. Sclater divided
the world into six major divisions - Palearctic, Nearctic Ethiopian, Indian
(later replaced by Oriental), Neotropical, and Australian. It is this set of
divisions which gained the greatest support anti, with minor modifications,
is used by the present generation of zoogeographers.

Until World War I, historical and regional studies dominated
zoogeography, but neither subdivision of the field distinguished itself. 8

Today, there are four a proaches to zoogeography: the regional, the his-
j -- torical, the ecological2 , and the cultural recently proposed by Bennett. 30
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Probably the most noteworthy zoogeographical books of recent years are
Darlington's Zoogeography, a work on global geographical distributions
primarily of vertebrates, and Hesse's Ecological Animal Geography. 32

Other contemporary scientists who have made significant contributians to
the study of tropical animal life are S.D. Ripley, J. Marshall, A. Wetmore,
T. Borgmeier, F. Bourliere, P. Slud, A. Keast, and E. Wilson.

2. Evaluatioi of the Development

Most of the data and theories of the botanical fieild refer to
nontropical regions and generally are not applicable to the tropical world
without modification. Yet, several of the major advancements in the field
have occurred as a result of actual field experience in the tropics. 3 1 For
example, it is very questionable that Schimper would have written his Plant
Geography8 had he never left Germany. Darwin's and Wallace's theories
of natural selection and evolution were influenced by visits to tropical areas.

Research in tropical zoogeography and zoology, similar to non-
tropical studies, tends ioward either broad or narrow extremes. Efforts
have been concentrated on the study of the entire animal life of a continent
or study of the taxonomy, morphology or distribution of a single genus or
species in a select area. The extreme taxonomic diversity of tropical
animals has led to major gaps of knowledge on tropical faunas. Ideally,
studies of entire animal environments of areas smaller than a continent but
larger than point locations should be produced.

Much of the res-arch on tropical plants and animals has been
associated with economic enterprises. Plantation crops and the vectors of
diseases have received a large share of the researchers' and scientists'
attention. While many zoologists and botanists have the techrical background
to conduct research in the tropics, funds and facilities are limited or
not available in many instances. Also, there are the difficulties met by the

ia botanists and zoologists who must deal with extremely large numbers of spe-

cies in the tropics. Darlington has emphasized the need for exposure to the
tropical world and its importance by stating : "Any young naturalist who
thinks he can understand the world and living things and evolution without
experiencing the tropics is, I think, deceiving himself - to his great
injury." 3 1 The Organization for Tropical Studies (1963) was established by
a group of American universities to introduce an increasing number of young
and active American scientiats to the biological problems of the tropics.
More programs are needed within the scientific community of nontropical
and humid tropical nations alike to encourage biologists to work in the trop-
ics.
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C. REVIEW OF CURRENT RESEARCH ACTIVITY AND TECHNIQUES

This review of current research on plants and animals of the
humid-tropical environment is based on the program's extensive literature
search and contributions of projezt consultants C. F. Bennett Jr., R. N.
Colwell, P. Dansereau, B. Maguire, and P. W. Richards.

1. Survey of Current U.S. -Spons(red Research

Institutions concerned with plant and animal research in the
humid tropics include: the Chicago Natural History Museum where the work
of the Botany department is concerned almost exclusively with the flora of
the Axnerican tropics (Costa Rica, El Salvador, Guatemala, Honduras,
Nicaragua, and Peru); the Milwaukee Public Museum, the work of which
involves ethnological studies in the rain forests of Guatemala; the University
of Florida where the tropical development program in.:ludes plant ecology
and forestry studies in Guatemala; and the Organization for Tropical Studies
maintained in Costa Rica by the universities of Miami, Michigan, Southern
California, and Washington. The University of Wisconsin's African Studies
Program includes the biological sciences.

From a survey of 200 institutions (to which 70 replied) report-
ing on exploratory work completed or planned during the period 1958-1969,
it appears that U. S.-sponsored plant research represents approximately 50-33
percent of tctal field work in the American tropics.

Tables 2 through 6 present current research activity being
sponsored by U.S. Government agencies. Insofar as possible, the informa-
tion has been organized to reflect selectively the humid tropiks areas from
which field data were or will be derived and the subject of the investigation.
The lists do not pretend to encompass every research project but are repre-
sentative of the emphasis being placed upon humid tropics environmental

4 research by this country today.

"Z. Survey of Other Current Research

The UNESCO Advisory Committee for Humid Tropics Research
organized and held a symposium at Dacca in 1964 concerning Scientific Prob-
lems of the Humid Tropical Zone Deltas ard Their Impl-zations. Sections III
and IV of the proceedings arc concerned with vegetation and biology. 34

Southern Asia was the main f'ocus of the meeting (e. g., the
reports by M. Ahmad on the vegetation of East Pakistan; B.A. Abeywickrama
on estuarine vegetation of Ceylon; M. Schmid on the vegetation of Southern
Indochina; animal pests and parasites of East Pakistan by H. K. Yosufzai;
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CURENTHUID ROPCSENVIRONMENTAL RESEARCH IN THE AMERICAS

(U. S. - Sponsored)

PLANTS PrniaInvsiao
Subject of Investigation Sos asd Address Arr4. of ln~wstigation

A~rouomic evaluation and disease .. E. Stokes. R~o Piedras. Puer-to

reaction studies of new sug-r.canes USDA Beltsville. Md. Rice

Development of aew varieties and L. F, Oregorv
improved cultural practices for USDA Ma.yaguez Puerto Rica

control of Fusarium root rot in
Vanilla

Evaluation of herbicides on tropical USDA H., J1. Cruzado Puerto RICO
plants Eý'd. Empt. Sta.

Mavnguez

Basic cytogenetic investigations of USDA K. F,: Senertz Puerto Rico
*ropical grass species F-4 ixpt. Sta.

Mavaguez

Silviculture of rcative fores-ts and USDA C. TP. BRIscoe Puerto !tsco and
plantations in Puerto Rico and the Rio Piediras Virgin Islands
Virgin Islands

Identification, classification and distribuition USDA E. L. Little Puerto Rice
of forest trees Washington. D. C-

Physiology and dissemination of the fungus, USDA L. Calpou.zoi Puerto Rico
Darluca tiluni. a parasite of rust disease Fed Expt. Sta..
fungi Mayaguezj

Role of plants and soil in shifting cultivation U. S. Dept. of Health. H. Popeince Guatemala
Education and Welfare Univ. of Florida

Gatncsvdlle. Fla.

Systems oi adaptation in a heterogeneous U. S. Dwept. of Health. R. Levins Puerto Rico

environment Education and Welfakre, Univ. of Puerto R~ico

Fun~ctionial analysis of planti communities NSF P Dansereau Putrto Rice and
.4. Y. Botanical Garden Tropicai Africa
B rors. N. Y. . 04 56

Nuclear radiation effects upon a tropical USAEC H. Odurn El Verde Field Sta.
rainforest environm ent Univ. of Puerto Rice Puerto Rico

Rao Piedras

Radiosensitivity of tropical plants of USAEC C. Cý M~j Central America t
economic importance Inter-American Instaituis

of Agricultural Sciences of

Tropical Cer..er of Resea.rch
and Graduiute Training

Costa Rica

Oaua f 1*84 Hlaticae, of Lata NSF Md. Fulford atin Ame~rica
America Univ of Cincinnati

Aeia aaca NSF Caroline K. Allen South America

taxonomy and geographical distribution X- 7. Botanical Gard"n
(Orinoco and Amtazon Basinsi and Coastal Brn Park. N,;ew York. N. Y,.
Guiana) -
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F-Table2 Cnd

Prn ipal .%stilg~tor

tUb act of Investigation sponur -n dresArea 01 ln0ezagaieion

Taxonomic study of the jitaneroagams of NSF J. Caaatrecas.&u South America
Colombia Smithsoinian Institution

Washington. I) C.

Study of the Alpine flora ot Mrxic o and NSF 3. It. Beiaman Mexico and

Guate-nala Ma, hag-an State Unj%. Guatemaca
F...at Lansicng. Mich

Comprehensive orchrd flora of Cojombia NSF L. A. Ga ray Colombia -- f
and Ecuador botanical Museum Ecuador

Harvard Univ.

Cambridge. Mass.

Revisioni of Junqzrux for the ~'X stern VSF M. T. Hall Mexico and

Hemisphere Univ. of Oklahoma Guatemab.
Research Institute
Norman. Olida.

Botanical field work in Central America NSF L. 0. Williams Central America
Chicago Natural History Museum (Honduras. El
Chicago S. Ill. Salvador. Nicaragwt.

Costa Rica)

Savanna- Bush environment. ONR T . L. Hills British Guiana
(The savanna ecosystem) McGill Univ.

Mont real. Que..* Can.

Amnerican M 1niscase. Flora Mesi~o It, K. MVaiigh MeiiK. nnc TroPical
Urai%, of Michigan Arnerica

Ann Arbor. Mich.

aruesnaianesi. 31mamise!!se X!ZLd"!00 Sl L. B. Smith Tropical America

vagIezraceaa. Flora -. tpical A ViicA Smiinsonuan Instizution
W4"sitttton. D. C.

51 3. 3. Wcrdack Tropical America

Ue!Lstmnae. Flora S.6t America -th -niagi Institution

Wmatthiaigiom. D). C.

Grasses Sl T Sachentrom Tiopical America
Smaiacmwnn Institutio'n
Wzh~ngtt.n. D. C.

Flora Bolivia U.i. C. Fc,.tvr Boll% ia

Gea) ilerbariom

Har A rd Untia..
Cambr.dgv. Mass.A 4 Flora Lesser Antilles NSF R. A. Howard -4eft Indies
Harvard Herbaria
Hariard Univ
Cambridge. Mass.

4Ara:rat NSF B. Hartm~an Tropical America
Cornell Univ.
Ithatak. N. Y.

LLzs1aamZ 1SF H. S. Irvin Trop~ci! America
Floria bra-ail X. V. Blotanical Garden

New York City. N. Y.

Cra&a1j NSF G. T. Prance Tropical America

Flora Arnaconian Basin N. Y. B-otanical Garden
New Yorkc Ca-v. N. Y.

rj rga Moaiocoats NSF T. Koyama American Tropics

Netopc N. V. Botanic-al GardenNeotrpicsNe-& York City. N. Y.
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Table 2 (Contd)

Principal Iniestigatur
Subject of Investigation Sponsor .mnd Address Area of Investitalionj-

EuniobirecNSF E. Jablonbits American Trop.ý

Gotea yiawNSF B Maguire American Tropics

Rafateac... Thowacea N. Y. Botanical GardenN,-w ork ity.N. Y
Hevea USDA R. E. Schulte* South Americs

Cambridge. M.ss-

Flowering plants 1. K. Langman Meux~co f
Univ-. of Pennisylvania
Phiiladelphia. ft.

A
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Table 3

CURRENT HUMID TROPICS ENVIRONMENTAL RESEARCH IN THE AMERICAS

(U. S. -Sponsored)

ANIMALS

Subject of Investigation Sans nd Addreo- Are.. o2 Im-A tiiatio.

Trcpical Research Univ. uf Florida El Salvador

Perioic Petio oletosf thira ea fU.i S.; SA rC C. C. Rithi Cuentro AmRic
-f te Topicl RsearntPertomeRic n FiedStat.eo

schilosadais ansol, n %rie MedcalLab U.S.cublicuHalt Scenso

Hisoplsmois n te mercanTroics MidleAmeicaResar~ k R.oLicayloCtr oPanamarc

U.~Cot S.Aicadca

A omparaphyine stanamfate balnc i. NS . Bentw ett PuartaRm cI51 Elethrodctli Ros Anieles.Clf
Caerizabi etles of thdierAcranian frugionC NSFE P. C. D.rlngoJ Cental America

andsothen ouh AInatear-Amrd ca psttut o

-~ vew ~ Souh Amrica pmdri. f thoNSFcalD Ceoter Sout Amerrc

and Granciato Cralif.n

Systematic* and devtrlutions of oth Mide SF C. J. Doiisln MSouch Ameic
American treed frogs (Hyl. dayKand.Univ.tralFlorida

t-Int~.. rrrdelGiesvile. Fla.sa

TAonomparandv dstriudofwtion aari NSF H .HawoodPu Cetra Rmic
ohe baerto and a frogsa bfetles genus Y Univ. o uroRc

Carbi Cbeetlesa on Chen4utralinrgo SP.JDalgtnrSuh America
and soternicouhAeiaHrrdUn

Ps-vew lfScoruth rea ofFlrda anxdeso h N4SF V. CDato R -oth WSoth Imndissan

Sythem atic and cbies u - Unm oidl Ne W.E tlmexicOiaan
American Nyliý fri-glk Albuquerq%; . N.n s CetalA42v*

58~~arne Nasasnesrimdvso



4

Table 3 (Coutd)

Subject of Investigjtion Sponso mdd Address %r .. t Iý ..Rt.•t' I
Frogs of Western Brazil and NSF D. M. Comhran Brazt: and Colombia I

Colombia U S National Museum I
Washington. D. C.

The Drosophilidae (fruit flies) of NSF A. S. Hunter Colombia I
Colombia Unisersidad d8- los Anges

&Vgot. Colombia

Comparative rates of evolution of NSF R. ki. Parker Tropica; Collections at

Molluscan faunas; completion of Umi. of California Univ. of

study of Senthic fauna of the San )3ego. La Jolla. Calif. Copenhagen. Denmark

continental slope Zoologiske Museum

Systematics of the fresh-water NSF H. W. Harry Puerto Rico

mollusks of Puerto Rico Rict Univ

Houstun. Tex.

OonOidaeC (Araneae) of the West Indies NSF A M. Chickering West Indies and
andera America PIarvard Univ. Central America

Cambridge., Mass.

Taxonomy and distribution of AsF J. M. Legler Central America

turtles in Central America Univ. of Utah

Salt Lake City. Utah n.

Checklist of recent mammals of NSF P. Hershkovitz South America
South America Chicago Natura

History Museum
Chicago. 111.

Neotropic&Il mammalogical and ento- Dept. of the Arm-n R G. Van Gelaer Usuguay. East..;. I
mological investigations in relation USAMRDC Amer Museum of N.toIl! Bolivia, Northern
to arthropod-borne diseases -.1 Booiv Argentina hr

New York. Y.

Study of the mammalian ectoparasites Dept of the Army F. S. Truxal Costa Rica
and their hosts in Costi Rica USAMRDC L"s Angeles County

Museum
Les Angcles. Calif. I

Biting insects of Northern South Dept. of the Army R.ý L. Wenzel South America
America and Pantrs USAMRDC Chicago Natural History and Panama I

Museum

Chicago. Ill.

White-winged dove - its natural history Dept of the Interior G. B. Saunders Mexico. Guts, nala
and management Wildlife Resear.h Patuxent Wildlife znd El Sa'%ador

Reserach Center

Gainesville Field Sta.

Gainesville. Fla.

Golden Nematode (Heterodera rosto- USDA 3.E. Wille Peru. Ecuador. |
chei......s Welenwebe Estaci& Experimental Colombia. Bolivia

Agr~cola jLa Molina, Lima. Peru I
Environmental factorr influencitg USDA C.E. Chavez Peru

parasites and parasitir diseases of UC. of San MarcoPe
ruminants in Peru Lima

Catalog of insects living on plants in USDA A. G. d'Arango e Silva Brazil
Brazil and of the parasites and Ministeri da Agricuhura
predators of the insects Rio de Janeiro

., *
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iutics 60it wt At41t nofSa uk

of cattle in ~tv."ca1 at d subtrapic.aSai~u'

areasInth¶_______

DiaoOg?.. acw mtrhoill .1 control U50A R. G. Dahms M~gr
dfborerl,.4kn *g.ft Beltsville. Md. o-lR10

Evo of Art:~tojod-btone U.sc S* . Dwpt of Hiia'-h. P. Ga.tsnd' poan

Taxwommltudy ofVv- Guzz bat., . S. Dept. k'A W.B.Da t Si#).r Mx~

genus Tadanda Vd--,aitm anld Wilfaire Trx~t! A J6 M UnsGst.I&A
Cý!tl'gv Station.. 7ea. South America

A-tropv'd-bornrtn- r :slar S. D-',4. of lik-alot1. E de Rcodan -he C.-nrara America

Ld.-flj'!rt ; ofkui~ U. S. Dept 't. A. 1riý E l S41%ador
Ir El Sald'.r E,!utation anod W.-. re Sca. Oi Medt.u.-

S&.n Sa4or

Mosquitcw.i. of Mi.ddle Amria. S. Dept. 0 flIe..ifr. 1. N, So.kin Central America.
Edot ~tai a.!-. W-Ia.r Vwv,.. of C~isiornia rtc.WsIni.

Lot Ang~ele. Cali~f. South America

"4lr:rAd-tatwn effC410 On the biology U- S Det.f M,3tk UC.Goea. venezusila
at Rbadaits Education ar.4 Wclvc stiluto Vetwmoano dv

raraeas. Vnerxeurla

$Chagas, disfcabr in Costa Rica U. S. Dept. oi Ifealhb J. C, S~artzwelder Costa Ric~a
2 Ldmsat:.rn and Wplfarc L-auousauta State Univ..

Baton- Roug~e, i~tuelana

1*ý-thAmncn igatrvU, S. Dept. -Health. H.Ltinppm

binrdsi PaCnam Euato..4Wlr FlordStat Uni.uv.~t~l

I-Vrslgatsný -" theOA01a andU. S Dept af~aCth. H. F Schtat~n Putex.-4
coto tsisoet~sFdao n efr u t ioFed3&
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Table 4

CURRENT hUMID TROPICS ENVIRONMENTAL RESEARCH IN AFRICA
(U. S. -Sponsored)

PLANTS

Sub)ect if l.•¢tii~zi.tn Sponsor ..,id Add r. Art., ..I- en t 3. 121t i

Deeotpm.-t 4n, uts if imprt-ed Dept, of State G. F. Spraguc, Air., -
ý'.sr•ii -j: the rrajor cereal AID U. S. D.ep ot Agriulture j
crops of Airit.ý t rtgrotal W4.h~ngton. D. C.
centers ;.)r reearch)

Bo•os"te.natwis of the genus Cynodo. NSF J..M.J. de Wet AfricaOklahom State Univ.
Stdilwate r. Okla.

ANIMALS

Principal rnestigator
Subject of Investigation Sponsor and Address Area of In- estagatlicw

Correlation of lariae and adults of NSF I IL. Ne.ll Africa

terrestrial Parasitengona Unsi. of Californ;ia

Riverride. Calif

Behavior of Loxodonta africana NSF " Buss Uganda

Washington Strte Unav.
es Pullman. Wast. -

Rcvisson of bats of the Sudan and NSF K. F. Koopmnan Africa (Sudan)
surround:ng areas Am. Museun of

Natural History
New York. N. Y.

Visceral laishmaidais is exioriageaei NSF L. A. Stauber Africa ZKenya and

animals 8-.gers-the State Unti. Sudan)

New Brunswick. N. 3.

Origin ard evaluation of temperature NSF R. b. Cowles South Africa
control in terrestrial vertebrates Usiv. of California

Los Angeles. Calif. -
Trematodes of fishes NSF H. W. Master South Africa and I

Univ. of Nebraska Australia

Lincoln. Nebraska

Temperature regulation and U. S. Dept. of C. P. Lyman Africa
water metabolism of lEast Health. Education Harvard Univ.
African Ungulates and Welfare Cambridge, Mass.

A beb, vioral study of lemur NSF Alison Bishop Africa-
in the field N. Y. Zoologica: Society

New York. N. Y

Maintenance and development of U. S. Deet. of Health. H. Vagtborg Darajani. Ken~a
a baboon colony for research Education and Welfare Southwest Foundation for
purposes Research and Education

San Antonio. Tex.

Re earch on primates of Fast Africa U. S. Dept. of Health. L. S. D. Leakey Last Africa
Education and Welftr- Tagoni Primate

Research Cemter

Li.nuru. Kenya
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Table 4 (Contd)

Sujc fInetgto Print ip...l neV.iilgi~tt
Subset:ýnso oflvs~anAnid Addrest. Area o.f tn~r%.iigati.n_

Field studies .4 African primates U S. Dept c.l Helath, . C. Tappen Nigeria
EducAtion ArK Welr Tulane Unx

Neus Orleans, Li.

jField and Laboratory studies of initer- U. S. Dept. of Health. D. 34. Levine a Liberia
I ~mediate host snails of billargiesis Education and Weifire Airier Founidatiton for

(scMh ..iatso siel in Liberia Tropical Medlicine. Inc.

Kala-asar rnvestigaticrns U. S. Dept. .,l Health, B.M0c11lan Southern Sudan
E~ducation and Welfare Uris of SydneyJynv

Sterility method for tsetse fly control Dept. of State E_ F. Kruphnt' Rhodesia.
or erdadcation AID USDA

Washington. 0. C.

¶Ep~demt'-l.,gy of kala-axa ONR L. W,~ Cuate Sudan

Bernice P. Bishop Mus4eum
Honolulu. Hawaii

Traansmission studies of U. S. Dept. of the Naivý J. Hf. Bever, Sudan
m.doboonsus 12aindf) species U. S_ Naval Medical

Research Unit 43
Navy No. 440

cIo Flee! P.O.
New York. NY.

Binnomice of Pllebotomua flies U. S. Dept. of the Navy 3. H. Boyers Sudan

Navy No.54

It New York. X. Y.

Ticks tliadioWeal of Cefteal Atri..e. Dept. of the Army G. Anastos Congo (B.)
their distribaion and biblegy USAURDC Ui.o Mrln

College Park. Md.
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Table 5

CURRENT HUMID TROPICS E-NVIRONMENTAL RESEARCH IN
SOUTH ASIA AND OCEANIA

(U. S. - Sponsored)

PLANTSj
Prin~cipalli1-tIao

Subject of Investigation sponsor and Addris% Arv. oi Idiisai-at~oai

Ecological divervity ot temperate and NSF 3. "4. Cunnell North hicecnsland
tropical comm~inities Unn of California

Santa Barbara. Calit.

Flora of Formosa (Taiwan) XSF liut-Lin Li Formosa
Univ. of Pennsyl..ana
Philadelphia. Pa.

Taxonotnical. Anatomical NSF A. J., Kosterman Peuitjang Island
plant sociological .- A Herbarium Dogoriense (SW Java)
ecological studies of Bogor. Indonesia
the flora of Indonesia

Monographic studies of the NSF Richard P. Korf Indi~a, IrACnesia
Diocomcetes Cornell Uni%, Pakistan.

(local floristic studies) Ithaca. N. Y. Philippines
Taiwan

Biosysternatics of the ger.ae N1SF J. M. J. de Wet India. Philippines.
yndnOklahoma State Univ. Australia

Stillwater. Olila.

Use Of alnins In. Vegetative USDA K. K. Nanda India

reprodu..tion of forest plants Forest Research Inst.

Dehra Dsun

Survey of natural enemies USDA V. P. Rao Indiaof witchweed and of water Bangalore Sta
hyacinth and other weeds Bangalore
Affecting waterways in India

Response of various maize USDA G. W. Baird India
gerniplawm sources to Indian Agricultural
different agronomic Research lust.
practice New Delh,

Vegetation mapping A. W,~ Ku~hler )lawala
Univ. of Kansas
Lawrence. K~an.
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+ ITable 6

CURRENT HUMID TROPICS ENVIRONMENTAL RESEARCH

IN SOUTH ASIA AND OCEANIA

j I
j I I(U.S. - Sponsored)

¶ ANIMALS
= • Print tpa! Ini csiat --~t-~

j Subect of investigation S!onsor .and Address Area of Invest•i.gtion

behiavior and eololy of the Red Jungle NSF N. E. Collias SE A.,a and India
Univ. of Calihformna

Fowl (Oslus gallue) Los Angeles. Calif.

Biological exploration of New Guinea NSF H. M. Van Deusen New Guinea (Rawlinson

(collection of mammals. ectoparasites. Amer., Museum of Range. Saruwaged

plants. amphibians. reptiies. insects. Natural Historý Range and Cromwell

and .resh-water fash) New York City. N.Y. Mountains)

Zoogeographic studies of New Gainei NSF J. L. Gressit: New Guinea

intects. particularly the beetle Bernice P. Bishop Musetim

family Chrysormelidar Honolulu. Hawaii

A behavioral study of lemur in the field NSF Alison Bishop Malagasy Republic

N. Y. Zoological Socie.v

Nea York City. N, Y.

Ecology, behavior and breeding of tree NSF W. W. Homells Malaya

shrews Harvard Univ
Cambridge. Mass.

Comparative morphology and phylogeny NSF J. E. Canright Malaysian Region

fa the Anoenaease and related lndsa.ia Univ.

ranalean families Bloomington. Ind.

Ternites of Burma and revision of the genus NSF K. Krishna Burma

Capritermes Amer. Museum of

Natural History1 |New York. N. Y.

Taxonomy. geographical distribution, ecology. NSF A. E. Emerson New Guinea. Borneo.
social behavior, and evolution of termites Univ. of Chicago Malaya, and

(involves collection for American Mustum Chicago. IIl Ethiopia

of Natural History. New York City)

Alphetd shrimp fauna of Thailand NSF A. H. Banner Thailand

Univ of Hawaii

jl Honolulu. Hawaii

Acarine. a parasitic disease of U. S. Dept. of Health. S. Singh liina

, -. hone- bees Education and Welfare Governmeist Agriculture"College
I�LAhinans -Punjab

Survey for natural enemies of U1 S. Dept. of Health. V, F. Rat, India

"" Chermnes spp. attacking silver Education and Welfare Commonscalth Inst. of

fir and spruce in the Himalayas Biological Control
Bangalore

M Control of th eoc *t rlsoceros U. S. Dept. of Health. C Rurian India
9 beetle. Dy)astiae ,caredbesi Education and Welfare Central Coconut Res. Sia

oryetes mossce roe Kerala
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Table 6 (Contd)

Pr III $pa)l "q ,.t.g.•t.i r
Subject -f ltestigation Spuor And Addres. Area -,A lneictt.Rtm

Genera' medical research (inter- U. S. De.:A. of Health. D.. Ii. ,x Calcutta. India

national Center for "esearch and Education and Welfare Johns Hopkins Utniv.

training: Bh:timore. Md.

cholera, liver disease, small

mammals and birds. filartasis

and hookx'orm %irology)

Immunological study of South Asian U. b. Dept. of li.-alth. S, A. Minton Jr. South Asia
an. ke venoms Education and Welfare Indiana Univ. Foundation

Bloomington. Ind.

Parasites of Philippine food fishes U. S. Dept. of Health. C. C. Velasquez Philippines
Educattun and Welfare Univ. of Philippines

Diliman. Quezo,. City I
Siphona0pera of Taiwan U. S. Dept. of Health. E. W. Jameson Jr. Taiwan

Education and Welfare Univ. of California

Davis, Calif.

Vertjcal distribution of mammals U. S. Dept. of Health. R, L. Rudd Malay& 4

in Malayan forest Education and Welfare Univ. of California
Davs.. Calif.

Systematic studies of the malaria U. S. Dept. of Health, D. E. Eyles and Malaya and Other

parasites of monkeys and apes of McWilson Warren Asian Areas

Malaya and nearby territories

Adaptability of cattle and buffalo U. S. Dept. of Health. P. Battacharya India
for dary• production Education and Welfare Indian 'Veterinary

Res. Inst.
Itatnager

Parasites, predators and pathr.; ". U. S. Dept. of Health. V. P. Rao India
of sugarcane borers Education and Welfare Commonwealth Inst. of

Biological Contro'

Bangalore

Parasites. rredators and pathogens of the V.. P. Rao India

European corn borer (!yrausta nubitlis) Commonwealth Inst. of I
and Helioth .a spp. U. S. Dept, of -ealth. Biological Control

Education and Welfare Bangalore

Biology, ecology and natural control of USDA Vie. Shi-Tao Tamaan

of insect pests attacking trees of National Taiwan Uni',.

genus Pinus introduced from USA Taipei

Transequatorial migration (bird ONR A. Marshall Southern Australia

migration) Monash Univ. t
Clayton, Victoria

Changes in lilocos (physical and biotic ONR W.L. Thomas nlocos Nrte.
environmental characteristic) Univ. of California Northwest Luzon

Riverside. Calif. :

Larval trombiculid mites (chiggers) Dept. of the Army Reri. Calif.

frmMaa&an ore SARCG. W, Wharton Malava and Borneo
fromn Malaya and Borneo USAMRDC Univ. of Maryland-

College Park. Me,I

Studies of life cycle, pathology and Dept. of the Army College aaik. T l-

UARCSuvaira Vajrasilaira Thailand
clinical aspects of the hepatic USAMRDC Bangkok School of
trematrode Opisthorchis viverrini Tropical Medicine

Univ. of Med. Sci.
Bangkok D

I
, _ ,, a ,,.. . .... ..
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Table 6 (Contd.)

S u b je c _o f ln i c st -.g a ti o n S p o n s o r In m ,l tA r a . i i a . i . t

SchistosOrmiasla in Thailand. study of Dept. of the Arml Mongkol Krautrachue Thailaud
etiololty, epidemiology and the USAMitDC Bangkok School of
life cycle Tropical Medicine

Urni% of Med. St..
BAngkok

Radio tracking techniques for use on Dept. of the Army 0. C. Sanderson Mala~a
rats (tracking watits to study trans. USAMRDCI ~of leptosparosis and scrubh typhus

Classification and distribution~ )f Dept. of the Army Tnd~ aasrton Taln
USAMRDC School of Public Health
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and papers on fish fauna, fish and fisheries, and shipworms of the Sunder-
bans by M. R. Qureshi, N. Ahmad and M. L. Roonwal), but other tropical
areas were discussed. Some of the areas of interest as indicated by pre-
sentations of international experts of tropical plant and animal life include:
J.M. Pires, Amazonian estuaries; F.R. Fosberg, vegetation as a gtological
agent in tropi-al deltas; V.J. Chapman, mangrove establishment; and H.
Caspers, the biology of estuaries.

Fosberg's concluding remarks to the Dacca symposium
stressed operation of the humid tropics program within the broad field of an
interdisciplinary approach to understanding the humid-tropical ecosystem.

a. Central and South America

Organizations sponsoring or engaged in plant and animal
research in Mexico include the National Autonomous University of Mexico,
the National Herbarium and the Escuela Nacional de Agricultura de Chapingo.
At the National Institute of Forestry Research. emphasis is placed on ecol-
ogy, silviculture and the specific study of Swietenia macrophylla, Cedrela

mexicana, and Achras zapot

Extensive work on the rain-forest area is conducted at the
Smithsonian Institution's Canal Zone Biological Area, Barro Colorado Island,
Agricultural research is performed at the Escuela Agricc.a Panamericana,
Honduras, and at the Inter-American Institute of Agricultural Sciences of
the OAS, Turrialba, Costa Rica. The Tropical Science Center, San Juse, I
Costa Rica, is a nongovernmental organization conducting research on plant
life. Research on natural history and natural resources is conducted at the I
Tropical Institute of Scientific Research, San Salvador. I

Facilities at the University College of the West Indies include I
herbaria, libraries and a professional staff involved in studies of tropical I E

ecology, plant physiology, mycology, and plant pathology. At the Common-
wealth Institute of Biological Control, Curepe, emphasis has been on Apoidea
field studies. The Be~lairs Research Institute of McGill University, Bar-
bados, has a continuing research program in tropical biology and marine
science. All aspects of forestry are studied by the Foresi Department of
Kiugston, Jamaica. The Institute of Jamaica, Science Museum, is engaged
in taxonomic and ecological studies of Jamaican plants and animtaIs. -

West Indian crops and weeds are subjects of research at the
Imperial College of the West Indies. Neotropical biology, biological control
of pests, and field studies on Apoidea are also emphasized. Directing the I
work of graduate students engaged in biological and ecological studies of I
several weed species is J. W. Purseglove, president of the Association for vIi-
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Tropical Biology (ATB) which headquarters at the University of the West
Indies. This association, international in scope, emphasizes neotropical
biology. The ATB, in collaboration with the National Research Council of
Brazil, held an International Symposium on the Biota of the Amazon Basin
in June 196b at BelIm, Pare.

ATB's official publication is also the official oritan for the
Organization for Flora Neotropica, a group formed to prepare and publibh
floras in monograph form for all plants of the wesLern hemisphere tropics.
UNESCO sponsored the organization of Flora Neotropica, which is based at
The New York Botanical Garden and is administered by Bassett Maguire. It
is envisioned that the "coordinated efforts of tLe world's leading institutions
and the work of generations of their staffs" will be required to complete the
flora (an estimated 200, 000 species). 3 3

Emphasis is placed on sugarcane breeding and cylogenetic
research at substations of the British West Indies Central Sugar Cane Breed-
ing Station located in the Dominican Republic, Trinidad and British Guiana.

Research at the School of Tropical Medicine, San Juan, Puerto
Rico, includes plants having antibiotic and other medicinal properties. The
University of Puerto Rico, Mayaguez, has continuing research programs in
marine biology. Included are systematics and ecology of marine algae of the
Caribbean; coral reef ecology; systematics of marine copepods; biology of
West Indian topshell; and classification of fishes, opisthobranches and
other mollusks.

The Institute of Caribbean Science, University ol Puerto Rico,
Mayaguez, publishes an annual report on the status of zoological research in
the Caribbean area. Table 7 lists current projects of biologists of the area. 3 5

Table 8 lists botanical research in progress in and concerning Central and
South America.

Biological and other scientific research is conducted at the
Charles Darwin Research Station, Galapagos Islands.. In British Guiana,
botanical and zoological work has been performed in recent years by scien-
tists from Oxford, Cambridge and other universities abroad (also see Table
2). The Royal Ontario Museum and the Royal Botanic Gardens, Kew, are
engaged in similar work in the Guianas. The Department of Forestry and
Agriculture and the Botanic Garden at Georgetown have research facilities.
and a university located there is being organized. Investigations on plant
physiology, plant breeding, soils, etc., are being performed by Booker
Bros.
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Table?7

CURRENT ZOOLOGICAL RESEARCH IN THE CARIBBEAN ZONE 3 5

lnet..:, nstitut un

Stibiect andAdd ,s Art-.,

Origin and distribution of Cuban fauna, C. 0. Agua-so t-..dtro Cuba- .,rd Purt-ro Rateo
systematics and ecology of Antillean Univ. P. R.,
terrestrial mollusks Mavag~v.

Biology of pelagic fishes G. W. bank Puerto Rico.
Inst. oif Ma~rine Biology Virgin Islands And
Una%,. P. R. Hispaniola
Mayaguez

Marine free-living copepods T. K. S. Bjornberg Brazil
Instituto Oceantografico
Sao Paulo

Ichthyological research 14. BOVeseman Brokopotido.
(local fauna. hydrobiolog-cal and Rijksm'useumn van Natuurlijke (Surinam) and
botanical investigations) Historic. Raamsteeg. Barrage Lake

Leiden. Netherlands

Biology of mullets (Mugil lisa A. F. Bottema Netherlands Antilles

Caribbean Marine Biological Inst.

Curacao

Taxonomy and ecogeography 0. Candelas Puerto RICO
of littoral s..-d coral-reef Univ. P. R.

invertebrates Rro Piedras

macro-intvertebrates Univ. P. Rt.
Rio Piedras

Parasites of reptiles of Puerto Rico F. Cofresi-S?';.PeroRc
Univ. P. ft.PuroRc

Mayaguez

Behavioral reactions of fregs 0, Colon de Aponte Puerto Rico
(Eleutherodactylus) to dessication and Univ. P. R.

environmental gradients; oi moisture Rio Piedras

Physiological studies of Schistosorna Rt. Cordova-Mi~rquez Puerto Rico I
mansoni jPlatyhelminthes) Rniv. P.edra

Taxonomsic studies of sea anemones D. D. Corr4Fa Curacao and Sao Paulo

(COelentrata) Univ. Sio Paulo State. Brazil

Inshore ecology F.Carebbea argnBooia nt Netherlasnds AntillesI

Curacao. N. A.

Biogeography of plants and animals L. Croizat Venezuela j
Caratcas '

Endocrinology of Ucta raPax A. M. L.. van Drift Netherlands Antilles -_

Caribbean Marine Biological Inst.
Cu~racao. N. A.

Genetics of Drosoz10Aila A. M. Diaz-Collazo Pue rto Race ~~
Univ. P. ft.

Reptiles of Trinidad J., Duston West Inies
Arima. Tritaadad
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Table 7 (Contd)

* l~~nvestigaitor Insitution~ii

Sbetand Addrres. Are..

Snake* of Caribbean Islands M. 6. Emalv$ Caribbean Islands
Utti College of the West Indieb
Trinidad

blue marlin gonads; sea birds D. S. Erdman Puerto Rico
Lajas. P. ft.

Taxonomy of neotropical G. 8. Fairchiid Panama

Balboa Heights. Canal Zone

Taxonomy of Jamaican robber- T. H. Farr Jamaica

flies (Divtera. Asilidae) Inst. of Jamaica
- Kingston. Jamaica. W.L

Avifauna of Trinidad and Tobago Rt. ?. French Trinidad and
Pointe A. Pierre TobAgo. W. 1.

Trinidad

Behavioral studies of rhesus monkeys G. F. Fisler Puerto Rico
Univ P. R.

Rio Piedraz

Molluscicides and insect imnmunolo-gy I. Fox Purri.. it~

Una%. P,~ R.
San Juan

Bacteriat studiet of amphibians and M uinCsaRc
reptiles (in collaboration with LSU-ICMRT
Organizationi for Tropical Studies) San Jose:

Trematoda of Puerto Rico J. Garcia-Diaz Puert, Rico

Utivi. P. Rt.
R'~ Piedras

Jamaican Coleviiera: Ceaiyia:E, F. Gilmour Caribbean
Caribbean Cerambycidar Doncaster, Eng

Ampliibia of Venezuela R. Gines Venezuela

Caracas

I - £~~~~~Eology of Poritiec reefcommunityP.W lnPuro ic

(include; -buth plant and animal Inst of Marine Biology
studies) Ui.It

4 Mayaguez

Biological stadies of Ascridia nigra. .Gobd aac

ecological studies of Jamaican Univ. W, .
Ascidiais Jiac

Fauqa of Surinamn D. C. Geijske- Surinam

Pa ramaribo. 4urinam

Biological studies of frogs. H. F., Headwole Puerto Rico
Elsiitierodactylus; arbioreal snaiis Univ. of P R,~

Rt'o Piedras

Fauna of Netherl-ands Antilles P. W, Hurnmelinck N4etherlands Antilles
Zoologisch 1,boraloriurm

3?Mammals of Surinam (handbook):A..HsonSrnma-
smal roent ofSuriam ideti-Rijksniiaeumn van Natuiilijke Historie N'etherlatdii Ant-Iles

ficiation key); bats of Netherlands Leiden. Netherlands

Antilles (checklist)

Vertebrates of Nicaragua Jz. latger Nicaragua
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Table 7 (Contd)

Inrs•ti$aljtur ins~titullon -

Subject and Addrv- Arr.s

Behalioral studies -f rhe-us monkeys. C.D. Kofurd |lumaCo.

ecology of bats National lrit of ticalth Pargtera. P HI

Ply.a de Humd, au. P .

Ecology of tropical sea urchin 3. B. Lrwab West Indies
Diadem& antillac•um B0I1airs Researt h Inst.

Barbados. W. I.

Fish ecology R.- H.. McConnell Bratish Guiana
British Mus. um

London. Eng.

Taxonomic and zoogeographic C. E. Machado-Allison Venezuela
stu~lest •Univ. Central de Venezuela

Nrteriblida.. vicida• a• d Caracas

Taxonomy of N pical lridae. J. Maldonado Capriles Puerto Rico

Redsvilae Jniv. P. R.
Mayaguez

Systematic&. zoogeography and G. Marcuzzi South America and

ecology of Tenebrionid ISetles Inst. of Zoology. West Indies

Univ. of Padova

Italy

Taxonomy of Cariobean insects L. Martorell Puerto Rico
Agr. Expe. Sta.

Univ. P. R.
I(o Piedras

Ecology and taxonomy of dung E. G. Matthews Netherlands

beetles (Coleoptet-a) of subfanily Cmv. P. f. Antilles

Scarabseinag RIo Piedras

Biological studies ot Mesocoelium D. F, Mettnck Jamaica

sp. Helminths of Jamaican birds Univ. W. i.

amd amphibians Kingston

Ciantharoidea (Coleoptera) G. W. Miskimen Puerto Rico
Fed. Expe. Sta.
Mayaguez. R.

Behavior of birds and primates M. H. Moynioan Canal Zne
Canal Zowne Biological Area

Balboa
-S•

Taxonomv, and ecology in small J. Oýast. vrenw la
tammal2 P•docnsenis e.-Univ. Central Ve•iezuela

mammal PodonenusC..ra, as

Physiological studies 4ýf Perto E. Ortiz Puerto Rico

Rican vertebrates Unt%. P. R.
Rtto Pstdtas

Mosquito papjulation studiei W. A. Page West lindles
Univ. W. I.

Jamtaica

Zoogeography and ta-0 -7 of J. Racems Venezuela

neotropical Odonata Univ. Central de Vcnez•=la .

Caracas

Taxonomy of the Sour.i American J. A. RAmoS Puerto Rico

Homoptera aachenorhyncha Umv. P. R.
Mayaguez
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Table 7 (Contd)

Investigator !n,.titiliJO

and .Address

biology of West Inctilan H. A. Randall West Indies
topsb~l~l lCittoriiam piica) Unv. P. R,

Guidebook to fishes of Puerto Ric.) J. E. Randall Puerto Rico and
and Virgin Islands Univ. P.RI. Virgin Islands

Mayaguez

Taxonomy of genus Anteiapus in 3. A. Raiveru Puerto RICO
South America. Elegtberudacivlus. Univ. P.. R.
E. cooki; and new species of MayagoVA

llomioujierms of Puerto Rico F. J. Rolle Puerto Rico
later-American Univ
San Gerr"I'D

Flapidae of the New World; taxonomy 3.ý Rose Venezuela

and zoogeography of Venezuelan Univ. Central Venezuela
snakes; also Lepitotypbhopdat. Caracas
caeciltans and Podocnetnis expansa

Biologicail studies of mongoose. G. A. Seaman V.-rgin lsi..tds
lHerpestes jaancus auropunctatus Christiznsted

Virgin Islands

Genetics of Mullprian wrirnetic P. Md. ýýbeppx rd Trinidad and

butterflies Liverpool. Eng. Surindirn

Taxonomy ol amphibians. genus H. Solaino d. Ch-an inrtw.
Le~oact~usCaracags

Biological rh~thnis. chickens A. SollbK-rger Pur rt. R .C
Univ, P. R.

[ Sap J, ar.

Sysitematits of W.I. Pycnogunida; 3. H Stock West Indies
4 ecology. svittemnatics and zoography Zoolog-tal Museunl

of W, 1, c rustacra Amsterdam. Netherlands

Distribution of amphibians. repiles 3. R. T.,m~iittolmlf and- framm~ils in C*olombia Univ. d, 1.- Ande..

Behavior and ecology of scorp-mns F. T.~rr.-. Puerto Rico, .iad

Univ. P. R_ PAnamt

Taxonomy of ilihAta living on echinode rm,.. S. Vrdaiwta-M,,r"-' Caritbhq..n
tparticularly the Itenera Echinonetra Univ. Central Vc-nezuc-..

and DMacema Carwcas

behavior of rhesus mnonkeyr J. G. Vand.ntwrgh Islands neaer Paragurra.
*.$a. P. R. Puett Rc

Taxonomy. distribution and ecology of P4. 3 V.-lez Puerto Rico
Diplop!id Chptloada. Antillean Untn. P. R.

yria;= Ito Piedras

SCytology and chromnosomal X. Virkki Caribbean
evolution of beetles AericulturAl Etipt. Sla.

4.niv P. R.
Rto Piedras
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Table 7 (Contd)

|nvcll.•o f ii~tlu| ,i
Subject .spd Addr--..- An..

Ornithological Investagatiors K. H4. Voous Nethertanda.

Zoologasch Museum
Am-~sterdam. Netherlands

Biology of Donax denticulatus Linme B. Wade JaMnAIC4

Univ. W. I.
Jamaica

Ecology and physiology of Fissurella J. Ward Bdrbados
Bellairs Res. Inst.
Barbados. W. I.

Migration and movementofPuerto J. B. McCandless Puerto Rw.. .

Rican birds by banding Mayaguez. P. R.
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Table 8

CURRENT BOTANICAL RESEARCH IN' CENTRAL
AND SOUTH AMERICA

XcelogicI.Aa swlT o ee.tc"A u~-1

sopriom vv~at- J. P. Su-.tnui'

- fl. Iar..

tfaiei.cvy and clas'icaticnm of nr.Lr4i .8a.v-li C.,Mr..i Arnc-,#.a
&~.tx~La~z nter-Awnerica±. Inut. -f

I G. R. Pr--cter
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cooperation with the State University of Utrecht (3. Lanjouw and F. Jonker,

investigators) has contributed to ecological and vegetation research in the
tropical Americas. Ecological studies of the rain forest in Northern Surinam
by J. P. Schulz are important. Some botanical research is performed at the
French Institute of Tropical America, French Guiana.

Botanical research is emphasized at the Instituto Botanico in
Venezuela and at the universites at Caracas and Merida. Bogota and
Medellin botanists who are engaged in Colombia's floras are listed in Table 2.

In Argentina, taxonomic and ecological investigations on main-
mals are being made by scientists from Instituto Miguel Lillo in Tucunan,
Museo Nacional ir Buenos Aires and Instituto de Biologia in Mendoza.

Brazilian floristic and ecological studies are emphasized at
the Rio de Janeire, botanical garden. An active zoological department is
maintained at the Universidade de Brasilia, Sao Paulo. Agricultural and
botanical institutes at Curitiba (Parana), Belo Horizonte (Minas Gerais),
Belem (Pard) and Manaus (Amazonas) are engaged in research and field
activity. At the Instituto Agronomico do Norte, Belerm, particular emphasis
is given to ecology and applied agriculture and extensive work has involved
Brahmin cattle and Indian water buffalo. Genetic research on Brazilian
rubber varieties and other tropical plant species has been emphasized, and
the institute maintains a network of experimental stations with headquarters
in Para.

A broad study program involving collection of mosquito spe- j
cimens is active at the Be!'!4 m Virus Laboratory. Afranio do Amaral of the i
Instituto Butantan of Sao Paulo has performed recent research on venomous
animals and zootoxicoses. The Departamento de Zoologia, Sio Paulo, is
engaged in nammalogical investigations in Southern Brazil. I

The most detailed inventories of the Amazonian forest are
those being made under the auspices of FAO0, particula.rly the work reported

by D. Heinsdijk and A. de Miranda Bastos. 3 6 The Museu Nacional, Rio de
Janeiro, has supported taxonomic projects in the Xingu and other parts of
Brazil. W. Egler, G. Black, R.L. Fores, and W.A. Ducke have been con-
ducting field research and taxonomic studies in the Amazon Basin. A flora p

for Rio Grande do Sul is being prepared by R. Reitz and L. B. Smith, and a I
new "Flora Brasilica," begun by Hoehne, is being continued by A.R. Teixeira,
Sao Paulo.

*e.g., FAO reports 601, 949, 969, 992 (1947-1958); 1284 (1960); 1337 I I
(1961); and 1483 (1962).
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!. b. Africa

e aBotanical research in Africa south of the Sahara has experi-

i enc-d a recent notable expansion. Koechlin4 reports a steadily increasing
sciesitific interest under the sponsorship of such agencies as Office de la
recherche scientifique et technique d'outre-mer (ORSTOM) in France, Bel-
gium's Institut National pour 1' Etude agronomique du Congo, the Centro de
Botanica da Junta de Investigar.es de Ultramar in Portugal, and the Minis-
try of Overseas Development (British). Such international organizations as
United Nations Educational Scientific and Cultural Organization (UNESCO),
Commission for Technical Co-operation for Africa (CCTA), Scientific Coun-
cil for Africa (CSA), Association pour 1' tude taxonomnique de la flore
d'Afrique tropicale (AETFAT), and the Food and Agriculture Organization

t of the United Nations (FAO) have contributed to the increased emphasis on
cooperative effort among African scientists. Table 9 lists African institu-
tions and areas of plant and animal research.

Complete modern floras are available for only parts of Africa.
A revised, second edition of The Flora of West Tropical Africa (Mauritania
to the Western Cameroons) by Hutchinson and Dalziel will be published soon.
The Belgians are preparing a flora of the former Belgian Congo and Rwanda-

- • Burundi. The Royal Botanic Gardens, Kew, is preparing a Flora Zambesiaca
y -and a Flora of Tropical East Africa, parts of which have been published.

Floras are available for a few other areas such as the Sudan but, generally,
"tropical Africa has rather inadequate modern floras. F. White has been
investigating the forest floras of Northern Rhodesia, and M. Cole recently

V - studied the savannas of that area. Uganda is the only nation in East Africa
receiving a detailed vegetation survey although one of Southern Kenya was
made in 1961. R. Germain recently completed a study of savannas in the
former Belgiav Congo, and G. Hedberg has made a fine study of African
high-mountain plant life in relation to its environment.

S~Maintained since 1953 at AETFAT is an index to publications

on taxonomy in Africa south of the Sahara. In 1960, E. M. van Zinderen
Bakker prepared a digest on the palynologicat research program of various

14i African laboratories. CCTA/CSA maintains a current record on vegetation
mapping programs.

Khalil reports th•t research in "animal ecology . . . is far
behind plant ecology" today in Africa.3 7 Some recent studies have been per-
formed on the peculiar faunas of the savanna forests. Detailed studies of
Noirfalise in the National Park of Garamba and those by Curry-Lindahl in
the Eastern Congo deserve mention. The work of G. Williamson and W.J.A.
Payne in animal husbandry is notable, as are the research efforts of A.J.
Marshall and M. C. Williams on the migratory habits of birds.
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Table 9

I It
Subject. And Addre..4 Are..

ZolgclsuisA. ude Barros Mathadt, Luanda
ZooloicalMuseum of Dw-Ao

Dundo, Lu:anda

Medicinal plants Pasteur Intit c, C..meroon Cameroon
E .P. 838
V sounde'

Botanjii., research, flora Section of Forestry Res~earch (.amerton

B. P. 194

Yaounde'

Inventory and parasitological stud-es Pasteur infit, of Bangui Central Africa

Of rodents and other small mammals; B. F. 923

snake identafication Bangui. Central African Reotublic

Investigations into natural and artificial Forest Res. Inst. West Africa
regeneration, tropical rain forest P. 0. Box 41

Kumasi, Ghana J

Bush lallows. nutrient cycle in the Urniv. of Ghana Ghana

forest; ecology of forest arei.; LA-gon-Accra
marine algae ecology. biomnetric
anid cytotaxonomac studies of
indigenous plants; d~ac riltive
studies of flora

Mediciftal plants Dept. of Agriculture Guinea
Seredou near Macenta. Guinea

Dotiany, plant physiology last. of Teaching and Tropical Res. Ivory Coast
B. P. ZO20
Abidjan S

Ecology of principal forest species; Ivory Coast Tropical Forest Ivory Coast
biology Tech. Centre

B.P. 4340. Abidjan
B.P. S96. Boualct

Marine biology; d-ep-water fauna Oceanography Reas, Center Gulf oi Guinea
13. P, 35S
Abidjan a

Ecological analysis of plants and Animals. Tr<.pical tcolog% Lab. IVr'% Coast
savanna environment of L~arnto

Tiass~le

Taxonomy Of natural grasses Dp.o giutr e~
Grasslaanls Res. Sta.
P. 0. Box 450t
Kitale

Silviculture. pathology and entomology; East African Common Services Kenya
insect pests ani parasites Organitation, Forest Dept.

P, 0 Box W092l7. Nairobi
P. 0. Box 21., Kikuyu

Game research in tropical forests Royal College East Africa
Unm%. of Last Africa
Nairobi. Ken,a

Tsetse fly Veterinar) Res. Lab. East AfincaL A
Kabete
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t iTable 9 (Contd)

II
Subject dtd Address A re..

SSystematic and ecological study of fauna., Scientific Res. Inst., of Madagascar Madagascar (and
vegetation stages; specimen collection B P. 434 Neighboring Islands)

I Tanina rive

Migratory locust International Organization Against Africa
the African Migratory Locust

Kara-Macina. Malt

Plant ecology and silviculture Federal Dept of Forest Reb Nigeria
P. M. B 5054
lbadan. Nigeria

Photojeographical and ecological investigations Inst. of Central African Studies Republic of the Cong9
of tropical forest and savanna Sta. Centrale

B.P. 181

Brazzaville

Monc-graphs of flora and fauna Senegal Res. and Documentation Center Republic of the Congo

B.P. 382
St. Louits

Vegetation sur ei DOspi. of Agri ultuir. Ugjatio"

Kavindd R.-s. St.
P, 0. Box 2465
Kampala

Vegetation maps Dep.. of Lands and Sure"& Uganda

P 0. Box 361

Kampala

Arthropod vectors East African Virb Re,.. Inst. Kenya. Uganda and

P. 0. Box 4Q Tanganyika

Entebbe. Ugind.a

Ecological and entomological studies Forest Dept Uganda
7 P. O Box 31

Entt bLw. Uganda

Fresh-%ater biologj Malrrere College Uganda

Univ. of East Africa
j Dept of Zoolog%

P.O. Box 26Z
" Kampala

Systematic and ecological studies of flora Belgian Royal Inst of the. Africa
and fauna Natural Sci.

31 rue Vantier

Bruxelles 4, Belgium

Tropical zoology and botany Inst. for Scientifii Rets. Central Africa

in Central Africa

I rue Defacqz

Bruxelles. Belgium

SSystematic study of vegetation National Inst, for the Agronomic Congo

Study of the Congo
I rue D.facqz

Bruxe!lIs, Belgium
Substa.: Yangambi

Province Oriental•. Congo
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Numerous ecological estuary studies have oeen performed in
Africa. Ecological studies on marginal lagoons of Western Nigeria by J. E.
Webb and M. B. Hill have contributed to the understanding of biotic factors

influencing animal distribution in these areas.

A voluminous ecological study of the Parc National de la
Kagera (R',unda-Burundi) by G. Troupin of the University of Liege will soon
be published. D. Muller and J. Nielsen have engaged in an important pioneer
study of biological productivity in the Ivory Coast rain forest. R. Paulian

has performed important work in animal ecology in the Ivory Coast forest.

There has been only fragmentary research on the invertebrate
faunas of Africa- insects and ticks being an exception. Some recent works
have been by Luc and de Guiran (1960) on nematodes and by Crowley and
Pain (1959) on mollusca. A permanent Inter-African Bureau of Tsetse and
Trypanosomiasis (BPITT) publishes reviews of all research conducted in
African territories on invertebrates.

P. J. Darlington Jr. has done considerable work on cold-
blooded vertebrates in Southern Africa; A. H. Booth' s extensive works on
African primates and R. Paulian' s zoogeographical work on Madagascar and
neighboring islands are noteworthy research efforts in this area.

Entomoiogical studies have been extensive, especially where

they relate to African host plants of high economic value. For example, an
international program of research on desert locust control financed by a

special fund of the United Nations and systematic studies of the ecology of
locust reproductive zones by FAO and UNESCO are supplementing regional
research. Termites 39 and the tsetse fly also have come under extensive
scrutiny. K. Hocking of the Colonial Insecticides Research Unit is per-

forming extensive studies of chemical control of the tsetse fly. H. C. M.

Parr is engaged in biting-fly research at the Department of Agriculture,
Entebbe, Uganda, and the Kawanda Research Station has performed vege-

tation surveys. At Entebbe, ecological and entomological studies by the
Forestry Department are in progress. The WHO Regional Office of Africa
has been'active in assisting local health departments in their work on peat
control, particularly of those which are vectors of hurrar, disease., In the
area of parasites and predators of insect pests, the work of Ossowski on

biological control of the bagworm Katochalia ýunodi should be mentioned-
Meriting attention is the work of Risbec on Chalcid parasites cornmon oa

Psudococcus bingervillensis and P. njalensis. Jepson reports thiat "'the
extension and coordination of this work, perhaps around a nucieus established

by the Commonwealth Institute oi Biological Control, wouid be a project
well worthy of international support through FAO. ,,40
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Work in progress on aquatic animals at South African
universities in Cape Town and Grahamstown is reported by the Council for
Scientific and Industrial Research (CSIR) in bibliographies published
periodically. 41 Postel reports that the South African survey of the
pilchard (Sardinops oceilata) is a model work after which similar pro-
grams should be patterned on other popular edible species of fish. 42 The
work includes a methodical examination of the environment by M. E. L
Buys; a bromatological inventory by C. S. de V. Nepgen; a brief
ecological description by A E. F. Heydor, mentioning the water
indicators; D. H. Davies' study of growth, behavior and reproduction,

and analysis of stocks and census and estimate of the significance of
predatory animals; and C, G. du Pleissis' historical review of fisheries
development. It is Postel's opinion that South African marine biology is
well-organized and that the intrastructure fo- future programs is already in
existence. Preliminary plans call for IBP full-scale ecological studies at
the University of Elizabethville (Upper Congo Basin), Jinja, Khartoum,
Aswan, and Alexandria (Nile system).

c. South Asia and Oceania

Some progress in Pacific Taxa mapping has been made under
the direction of C. G. G.J. van Steenis. He anticipates that m ore than 150
maps will be included in the proposed Pacific Plant Areas. Mrs. J. J. van
Steenis-Kruseman gathered material for the first volume which will be
entitled Bibliography of Published Maps of Pacific Taxa and contain 26 maps;
inclusion of 50 maps is anticipated for a second volume. A grant from the
Korthals Fund (Royal Netherlands Academy of Sciences) has been invaluable
to the compilation of the second volume, but funds are being sought for map
production for some areas. When completed, this work will provide an
important tool for Pacific vegetation and fioristic research.

Other bibliographies in preparation include: Botanical
Bibliography for Australasia prepared by R. D. Hoogland of the Common-
wealth Scientific and Industrial Research Organization, Canberra, Australia;
E. H. Walker' s botanical bibliography of Okinawa and Southern Ryukyus to
be included in the Flora of Okinawa and the Southern Ryukyus.

Mona Lisa Steiner, aided by a UNESCO grant, has compiled
a list of common names of Pacific plants to be published under the title
Compilation of Common Names of Pacific Foodplants. 44 Correlation of
scientific names with vernacular terms attacks the problems of communi-
cation barriers; the undertaking of similar compilation3 on timber trees of

the Pacific is anticipated for Steiner's work in this area.

Eventually, Flora Malesiana being prepared by van S.eenis

will be a cornplete flora (by many contributors) of the Malesian region. Some

publication has already appeared, but other work awaits additional funds

for publication.
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At the 10th Pacific Science Congress, Yen reported an in-
crease in genetic plant research in South Asia and Oceania areas, particularly
India' s work on economic plants an_ the emphasis placed on nz:tural floras
by Australia. 45 Other plant research of importance is listed in Table 10.

Table 10

PLANT RESEARCH IN SOUTH ASIA AND OCEANIA

Subject Principal Investigator Area

Forests E. Stebbing India

Vegetation J. Vidal Laos

Vegetation map J. Wyatt-Smith Malaysia
Forestry Dept.,
Univ. of Ibadan
Ibadan, Nigeria

Vegetation survey T. Kaikira Thailand

Ecological studies P. Ashton Bruiei
in mixed diptero- Forestry Dept.
carp forest Kuching, Sarawak

A Central Card-index for zoological specimens of South Asia
was begun in 1962 at the Zoological Survey of India, Calcutta, under the
direction o. M. L. Roonwal. This project has had financial assistance from
UNESCO and is under the direct management of K. C. Jayaramakrishnan.
Data from repositories in India and other South Asian countries are to be
accumulated for this index.

The Colombo National Museum, Ceylon, has a continuing
collection program of vertebrate and insect specimens, zoological surveys,
and an annual publication, Spolia zeylanica.

Szent-Ivany (1963) reported an expansion of entomological
research in Hawaii. A. L. Rand' s and D S. Rabor' s avifaunal studies in
the Philippines are noteworthy. Systematic studies of various species in
the islands have been performed by A. C. Alcala, R. B. Gonzales, F.
Salomonsen, K. C. Parkes, and D. --imadon. A. C. Alcala also has done
considerable work on Philippine amphibians and reptiles; some of this work
has been performed in collaboration with W. C. Brown. Rabor's additional
research projects in progress include studies on the altitudinal distribution
of Philippine birds and the biology, ecology, systematics, and distribution
of Philippine birds and mammals. Rabor and Rand are collaborating on
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studies o.! the avifauna of Luzon Ieland; Alcala' s project, Herpetology of
Negros Island, will encompass the life history and ecological studies of the
amphibians and reptiles.

Fishes, containing taxonomic information on all species of
Australian fish, has been compiled by the CSIRO Division of Fisheries and
Oceanography at Cronulla.

Table II lists some zoological investigations in progress.

Table I I

ZOOLOGICAL INVESTIGATIONS IN TROPICAL AUSTRALIA 4 6

Subject Principal Investigator A rea

Grapsid crabs (taxo- B. Campbell Queensland,
nomic) Australia

Venom and/or venom R. Endean Australia
apparatus of various
cone shells and
poisonous fish

Taxonomic and bio- A. K. Lee Queensland,
logical studies Australia
of amphibians

Evolutionary and popu- W. B. Mather and Australia
lation genetics of D. Angus
Drosophila in tropical
Australasia

Queensland mysids (taxo- Dinah Ogg Australia
nomic)

Queensland mereid worms Eleanor Russell Australia

Queensland shipworms Myra Smith Australia

Ecology of intertidal W. Stephenson Australia
environments on
coral bays

3. Research of Significant Growth Potential

Flora Neotropica directed by Bassett Maguire is a significant
k5• endeavor. This project,under the sponsorship of UNESCO and directed by

The Association for Tropical Biology Inc. , has received funding from the
United Nations Special Fund. It represents a cooperative effort of the
scientific community in the United States and Latin America.
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F. R Fosberg heads the Pacific Vegetation Project operating
under the auspices of the United States Geological Survey. This project
promises to provide an updated flora of the coral atolls and of other island
areas.

The Humid Tropics Commission of UNESCO is planning a
major symposium on the Ecology of the Savanna/Forest Boundary and
scheduling it for 1968.

At the UNESCO Toulouse Conference concerning cartographical
representation of vegetation, at which participants also discussed the merits
of the many different systems of classification, an international program of
vegetation mapping was instituted and is being carried out at the Institut
francais de Pondichery under the direction of H. Gaussen. Since 1961

several "international maps of vegetation and environmental conditions at a
scale of 1:1,000,000 and accompanying texts have been produced. ,,4 7

An International Biological Program (IBP) proposed by the
International Council of Scientific Unions (ICSU) was formally organized in
July 1964 in Paris, and several affiliated nations have formed their own
national committees for its implementation. IBP objectives are the en-
couragement of worldwide ecological studies iavolving every field of biological
science and the acquisition of worldwide data that are reasonably comparable
regardless of the area from which derived. Emphasis will be placed on the
composition, structure and function of ecosystems, with biotic factors re-
corded on a quantitative basis using a punch-card system. Vegetation will
be described by grouping plant formations into categories according to
system size, character of the plants present, and ecosystem dynamics.
Humans, avifauna, mammals, reptiles, amphibia, invertebrates, and soil
fauna will be indicated as being present, abundant, or markedly affecting
environment. The IBP-proposed punch-card system was used successfully
for biological surveys in Britain, particularly for preparation of the Atlas
of the British Flora. 48 IBP requirements include training facilities,
processing centers for handling data, biological sample analysis, and new
sources of funds for the less developed countries.

In February 1965, the U.S. National Committee for the
International Biological Program (USNCIBP) published the preliminary
framework 13r U. S. participation. Objectives include "encouragement and
training abroad, especially in Latin America," and studies that concentrate
on the ecosystem function.

One or more centers of intensive study are to be selected on
each major continent. The IBP Committee of the Royal Society of England
has selected two such centers in the tropics: the savanna of East Africa and
the wet tropics of West Africa. The Amazon region has been considered as
a desirable site for intensive study in tropical America. 50
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4. Research Gaps

"Among the major gaps in our knowledge of neotropical plant
life," writes W. L. Stern, "are the origin, relationships, migrations, and
present geographical distribution of flora. "51 Stern also stressed the need
for moic paleobotanical collecting, including palynological data, and more
accurate dating of the geological strata concerned. The importance (and
lack) of voucher herbarium specimens was emphasized. Recommendations
from the Neotropical Botany Conference held at Fairchild Tropical Garden,
Miami, Florida, May 5-7, 1960, indicated a consensus by participants on
the following needs: ".... repositories (collections and botanical gardens) of
dried, fluid-preserved and living plants suitable for studies (should be)
expanded... and new ones situated in the neotropics sheuld be established. "52

Other major gaps needing attention include growth processes
in wild plants or their organs, periodic responses (reproductive and ana-
tomical), photosynthetic yield in low and high humidities, physiology uf
epiphytes and lianas, chromosome counts on tropical plants, fundamental
work on micro-organisms, fundamental cytogenetic studies, coordinated
programs for systematic inventory of plants and animals, and organized
studies of land and marine biota by geographic distribution.

Many authorities indicate need for basic ecological studies of
both plants and animals of the humid tropics, and it is agreed that taxonomic
work in all of the humid tropic areas is a prerequisite. The work of syste-
matists and biogeographers is imperative for a full study of ecological
systems. Study of natural plant communities and wildlife preservation
appears to be of great concern to humid tropics experts. "The tropics,"
states P. W. Richards, "still need more description, not just analysis. "*

Tropical biota, inadequately studied, are rapidly disappearing so long-
term studies in one place are needed.

No significant publications on the plants of Burundi, Cabinda,
Chad, Comores Islands, Dahomey, Nicobar Islands, Palau Islands, or Timor
were found. In the following countries, there were no significant or recent
publications on the animal life: Barbados, Borneo, Dominica (Islands),
Dominican Republic, Margarita Island, Martinique, St. Lucia Island, St.
Vincent Island, Burundi, Cabinda, Central African Republic, Chad, Comores
Islands, Congo (French), Ecuador, Dahomey, Fernando P65, Gabon Republic,
Gambia, French Guinea, Paraguay, Peru, Portuguese Guinea, Rwanda,
Senegal, Sierra Leone, Tanganyika, Togo, Zanzibar and Pemba Jslands,
Andaman Islands. Communist China, Nationalist China, Laos, Nicobar
Island-, Brunei, and Palau Islands.

*Oral communication to H. Vogel, project manager, July 28, 1965.

L I
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Although there have been specialized vegetation studies by
aerial photographic means in some areas, vegetation mapping has serious
gaps (Appendix C). Standardization in methods of correlating photographic
information with ground studies, however, is necessary for specialized
vegetation maps on an ecological basis.

5. Problems of a Barrier Nature

Financing to further research on plant and animal life in all
the humid tropics creates a problem. One of the great barriers is the lack
of facilities for long-term investigations (5 years or more). This is one
reason why there is so little information on (e. g.) the growth rate of slow-
rowing trees, changes in vegetation as a result of man' s activities, and

i,•any other subjects.

A major problem is the poor communication between tropical
ar. extratropical biologists. Scientists of the midlatitudes are unable to
apply completely their terminology and methodology to the problems of the
humwd tropics. A standard nomenclature and method of characterization
must be agreed upon to effect the desired cooperation between scientists of
all participating countries. At the Yangambi Symposium (1956), a small
group (British, French, Belgian, Portuguese, South African) reached agree-
ment on the nomenclature of the chief types of tropical African vegetation.
Probably, the same thing could be done for the New World tropics and for
all of the tropics. Generally, botanical texts used in the midlatitudes do not
prepare the student for experiments in the humid tropics environment. A,'o,
there are few field manuals for plant identifications and few areas in the
tropics where the researcher can get a guide to plants of the local area.

The political climate found in many developing nations is a
serious barrier to the conduct of research. Biological problems, however,
are too urgent to wait for gradual development of organizations and personnel
capable of tackling them in the "emergent" countries.

Another problem is lack of dissemination of past research
results. Valuable information is unavailable to present investigators, but
the problem would be avoided in the future if research funds were granted
with a stipulation that results be published; however, such a stipulation is
not generally acceptable to the scientific community.

6. Major Controversies

Today, there is a significant difference of opinion between
vegetation specialists concerning the classification of surface plant cover.
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It has been suggested by P. W. Richards that ecology of the tropcs is
"biased by concepts and ideas appropriate mainly to the study of vegetation
in temperate climates and in areas where a very large proportion of the land
has long been modified by agriculture and other more or less intensive
forms of land usage. ,,53 At the 1954 International Botanical Congress in
Paris, a lively controversy developed about whether plant associations, as
understood in temperate countries, exist in the tropical rain forest. Advo-
cates of systems developed by Braun-Blanquet, Bray and Curtis, Schulz,
Fosberg, Kachler, Tansley, Beard, Champion, van Steenis, Holdridge,
and others have not been able to agree on a set method of categorizing data.
To dissolve differences and select a workable classification agreeable to
the field were major objectives of the UNESCO conference on world classi-
fication of vegetation held in Paris in May 1965. A trial experiment of the
IBP Pro Forma for Site Surveys (MK. I11) may prove to be an initial step
for uniform data recording which may eventually lead to solution of this
controversial point. 'rhe IBP experiments are being reported to E. H.
Per ring. The Nature Conservancy, Monks Wood Experimental Station,
Ab')ots Ripton, Huntingdonshi re, England.

7. Review of Field and Laboratory Techniques

Relatively new methods such as airborne electromagnetic
remote sensing techniques are being applied to supplement standard air-
photo methods. 54 IBP is attempting to develop new procedures to identify
surficial plant cover in the field and especially to eliminate the need for
submission of fertile specimens to select herbaria which are usually far
removed in distance and time from the field. 55 Automatic data processing
equipment is being applied to the compilation of bibliographies, to the stor-
age and ;-etrieval of information available at research centers, and to a
worldwide system of vegetation classification.

While some new procedures require relatively expensive,
sophisticated equipment, P. B. Tomlinson, speaking in Trinidad at the 1962
Conference on Neotropical Botany, stated: "I do sincerely hope that botanists
wor•ing in remote, underdeveloped areas will not immediately jump to the
conc.lusion that they must have expensive items of equipment such as electron
microscopes just because they happen to be fashionable.

D. AVAILABILITY OF DATA

Sources of information consist of depositories, authorities
and research organizations.
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1. Authorities

Individuals who have conducted significant research in the
tropics and who have been or are in residence in a tropical area are con-
sidered as authorities. They constitute a personal type of information source
and are listed in a matrix and direcLory (Appendix A, Authorities) of
this compendium.

2. Depositories

Appendix B (Principal Depositories) of this compendium

should be consulted to determine amount, type and availability of humid
tropical biological and zoological research materials located at depositories

containing extraordinary holdings, either quantitatively, qualitatively, or both.

3. Research Organizations

Organizations, agencies and institutions engaged in specialized
research investigations of humid tropical plants and animals may be found in
the separate volume entitled A Directory of Institutions Primarily Devoted

to Hamid Tropical Research. This directory was published in October 1965
by McGill University for the U.S. Army Research Office and the IGU.
Highly specialized holding by organizations acting as both depository and
research institutions may also be found in Appendix B of this compendium.

The lack of uniformity of data collection in the fields of
plants and animals, as well as the absence of a widely accepted classification

scheme for these data, has not permitted the use of EAM format for data

storage and retrieval. The IBP is making rapid strides to correct this

situation on a global basis.

4. KWIC (Keyword in Context) Index

Volume I of this inventory, KWIC Index-Humid Tropic Environ-
mental Literature, contains the bibliography collected at domestic and foreign
depositories. Materials were derived primarily from the literature of the

geographic, earth, atmospheric, and biological sciences.

Plant and animal life literature was classified into the follow-
ing categories based on p-ogram specifications:

o Vegetation, General
- forests and other woody vegetation
- grasslands
- crops
- food plants
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* Fauna, General
- disease carriers

- food sources
- pests (including all insects)
- parasites

- poisonous animals
- predatory animals

* Combined Subject Codes
- climate and vegetation
- climate, soils and vegetation
- soils and vegetation
- flora and fauna

In Section E of Volume I, these topics may be consulted via

their code numbers for each area.

E. ASSESSMENT OF THE STATE OF KNOWLEDGE

The cooperation of experts with personal experience in the
humid tropics has been sought for this Inventory; they have been asked to
review the findings and offer opinions on the state of knowledge of humid
tropical plant and animal life generally and in the 108 regional and political
units (mainly entire countries) identified for the purposes of the Inventory.

It has been determined that the experts regard the general
state of kmowledge to range between fair and poor, with tropical plant life
not being as far advanced as tropical animal life. Their consensus is that
regionally, the plant and animal life of Central America and the Caribbean
are best known. They agree that the plant life of Brunei, Ceylon, Uganda,
Ivory Coast, Mexico, and the Congo (B) and the animal life of East Africa,
Oceania, Congo (B), Ivory Coast, Liberia, Malagasy, Rhodesia, Ceylon,
India, and Malaysia have been well-studied.

Analysis of opinions shows that none of the experts claim to
have intimate knowledge of plant and animal life throughout the humid
tropics and, therefore, in keeping with accepted scientific ethics, regard
themselves qualified to rate only those areas they they have studied directly
or in connection with their tropical investigations.

The In' entory shows a preponderance of literature on plant
and animal life of Central America, South America, and the -ribbean. It
appears, as the experts have indicated, that these are areas better known
than those of other parts of the humid tropics. However, the state of
knowledge of some of the other regions may be better than the Inventory
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shows or the experts can certify. American participation in biologic research
in the humid tropical portions of the western hemisphere accounts for greater
familiarity with research there than in other regions and for greater avail-
ability of the published results. Information on non-U. S. research activity
decreases with increase in the amount published in foreign journals and books,
despite the growth of international abstracting services intended to over-
come this obstacle.

It is noted also that local experts differ with those consulted
for this project. For example, the high rating given to knowledge of the
animal life of Rhodesia must be balanced against the opinion of scientists
working continuously in that region, who enumerate countless gaps in knowledge.
Similar observations were made on the opinions of American observers and
local experts regarding knowledge of the plant life of Southeast Asia. In
general, knowledge of plant and animal life of the humid tropics is not con-
side_-ed adequate.

1. Colwell' s Analysis of Information Adequacy (Plants)

Professor R. N. Colwell, University of California, has sub-
mitted the following analysis of the adequacy of information available on
vegetation of the humid tropics:

"Military commanders need timely, accurate, eetailed
information as to the type of vegetation that is present in each
part of an area within which they plan to conduct military oper-
ations. Vegetation maps presently available for humid tropical
areas - however detailed and accurate they may be - usually are
of only limited value to the military commander for two reasons:
(1) the vegetation classes shown on the maps are not the ones
which will best satisfy the military commander' s needs, and
(2) in the humid tropics, vegetation can grow more rapidly than
anywhere else in the world, often causing major changes in
vegetation types to occur in short periods of time and thereby
inducing early obsolescence of the maps. Usually, vegetational
data of the type and recency that will suit the military com-
mander' s needs must be obtained through the interpretation of
recently flown aerial photographs. Therefore, it is pertinent
to ask: 'To what extent can the militarily significant vegetation
types of the humid tropics be identified on aerial photographs
flown to the proper specifications?'

"For one portion of the humid tropics, namely the
tropical Pacific area, an authoritative answer to this question
can be given as a result of military operations conducted there
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during World War II. The answer, in brief, is as follows:

The militarily significant wildland vegetation types of the
tropical Pacific area can be consistently identified on aerial
photographs. Vegetational information presently available

for that portion of the humid tropics is quite adequate. These
statements are not based on mere conjecture; they are both
battlefield-tested and classroom -tested. Some amplification
is needed, however, before we can determine the applicability
of these statements to vegetation of the humid tropics as

a whole.

"In the early stages of World War II, several groups

sought to determine what were the militarily significant
wildland vegetation types of the tropical Pacific arca. These

groups included the Allied Geographical Section, Southwest
Pacific area; the U.S. Navy Photographic Interpretation Center;

and the Military Geology Branch of the U.S. Geological Survey.

"They recognized that vegetation can directly affect
the conduct of military operations in four major ways: (1) it
may facilitate or impede the movement of personnel and

mechanized equipment; ýZ) it may accentuate or conceal evi-
dence of military activity; (3) it may govern the ease with which

clearings can be made for the construction of roads, airfields
and other military facilities; and (4) it may serve as a. source of

fuel, food or construction materials. In addition, they recog-
nized that vegetation may be an important indicator of soil type,
soil moisture and other factors which also affect the conduct of

military operations. Changes since World War I1 in types of
military equipment and in methods of fighting wars in the humid
tropics have done virtually nothing to invalidate these basic

premises.

"After many months of concerted effort by these groups,

(based on World War HI type operations). it was generally

agreed that there are 12 and only 12 wildland vegetation

types in the tropical Pacific area that are of major

military significance. These are: (1) mangrove, (2) nipa palm,

(3) sago palm, (4) swamp forest, (5) moss forest, (6) rain forest
with undergrowth, (7) rain forest without undergrowth,

(8) casuarina, (9) wild cane, (10) tall grass, (II) short grass,
~ f and (12) savanna. Virtually all wildland vegetation found in the

tropical Pacific falls in one or another of these types.

"Realizing that the mapping of vegetation types in areas
of contemplated military activity ordinarily would have to be

accomplished through the interpretation of aerial photographs,
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these investigative groups determbied the aerial photog.-phicý
recognition featurte-s of cac-h of the 12 types. The recognition
features were then set forth in the form of either ' photointer-
pretation key-,' or other reference material. The most
extensively used cf these reference maierials was a 'dichotomous'
(2-branchedl photointo rprtetation key that was published, together
with numerous photographic illustrations, in a manual entitled
Pacific Landforms and Vegetation (U.S. Navy P"hoto Interpre-
tation Report No. 57

"The accuracy with which photointerprete rs equipped
with suitable reI,-rence niaterials could identify the 12
vegetation types waa teited quite thoroughly, both during and
after World War 11. 53 (A report on one such series of tests
appears in Photogranimetric Engineering, 1,958). The~se tests
showed that most photointerpreters, after a suitable period of
training, could consistently identify the 12 vegetation types.
Since a statement of the miflitary significance of each type (in
terms of the four previously listed c-riteria) constituted part c.f
each student' s reference material, he was also able to predict
in considerable detail the conditions which military units would
encounter when operating in each area.

"Additionally, certain military commanders o)ýe rating
in the tropical Pacific area were asked, at the end of World War
11, to assess the adequacy of the vegetational information withn
wh ich they had been provided. Among those expressing opinions
were Adm. Frederick 3. Turner (who, as commander of
Amphibious For-ces Pacific Fleet for approx~m-ately I years,
was in charge of all amphibious assaul.t landings from Tarawa
throug'. Okina- a) and Geri. Simon B. Buckner, wbho was in
charge of all forces, both Army and Mariin., that participated
in the Okinawa campaign. A typical response was tl,:a of Adm.
Turner who stated: 'Aerial photointerpretation was our most
important, source of information in the Pacific during World
War H1. Its importance cannot be overemphasized. '5S Both
he ±-nd Gen. Buckner, as wvell as several other military comn-
mai'ders, specifically mentioned the high degree of accuracy
and great value olf the vegetation analyses made by photointer-
preters in the tropical Pacific during World War 11.

"11n the light of what has just bee~i stated with refer-
ence to the tropical Pacifi-c area, and giving due consideration
to the status of vegetational inf:,rmaticun --Isewhere in the hturnid.
tropics, the following defiritive staternen~a can be mad?:
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"(1) In one portion of the humid tropics, namely

the tropical Pacific area, the presently avail-
able information on vegetation is quite ade-
quate from the military standpoint.

"(Z) In all other portions of the humid tropics, much
vegetational research must be performed before

a comparable degree of adequacy can be
achieved.

"(3) Ih any given portion of the humid tropics, a
logical first phase of this research should

seek to determine what are the militarily sig-
nificant vegetation types in the area.

"(4) Since the mapping of vegetation types in areas
of contemplated military activity ordinarily
must be accomplished through the interpretation
of aerial photographs, a second phase of this
research should seek to discover the consistently
identifiable aerial -photo -recognition features of

each type.

"(5) A third phase of this research should result in

the compilation of reference materials which
will aid photointerpreters in identifying the
vegetation types. One product of this research

should be a, systematic statement (e. g. , in the
form of a dichotomous key) of the photo-recog-
nition features for each vegetation type, sup-
plemented with numerous photographic illus-
trations.

"(6) A final ,hase of this research should entail the
making of operational tests of two types:
(a) tests designed to determine the vegetational
classification from the standpoint of various
military commanders -(specifically, when a
potential area of milutary operations is sub-
divided in accordance with the classification
system, is each subdivision a truly significant

Z. entity as judged by the previously mentioned

military criteria?); and (b) tests designed to
determine the adequacy of the reference materials
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from the standpoint of the photointerpreters
who must use them. An important aspect of
this final research phase will, of course, be

the making of any modifications which the
operational tests of type (a) and (b) above show
to be necessary. "*

2. Bennett's Analysis of Information Adequacy (Animals)

"Animal geography is a broad and wonderful subject wl.ich

almost defies any atterm~pt to define its limits and contents. Obviously the
subject has something to do with the study of the geographical distribution of

animals but problems arise when one attempts to list or identify the many
facets which relate to the basi-. aspects of the disciplinary area. The basic
facts of where individual vertebrate taxa occur on this earth are now pretty
well known. A few non-vertebrate taxa are also fairly well known as to gross
geographic distriblitions, but in general our knowledge here is far from

adequate. (It is estimated, for example, that a very large number of insects

are still awaiting discovery and identification). Animal geography may

therefore be said to be largely the study of the geographic distribution of
vertebrates. But even in the case of the vertebrates, our knowledge of

distribution often is at a rather gross level. For example, we know the
gross latitudinal distribution of the bat genus Desmodus (true vampires) but
we as yet have very poor ideas as to the exact niche or ecological distribution
of this interesting chiropteran. I happened to pick on a bat but this comment
might be extended to a very large array of vertebrate taxa. Also, we have very
limited ideas or information regarding the autecology and synecology of the
tropical vertebrates. Which is to say that many if not most of our ideas
regarding why or why not any particular vertebrate taxon disperses are based
upon untested assumptions. There has been very little attempt to develop what
might be called experimental animal geography in an effort to test some of the
more cherished ideas widely held about animal dispersal now and in the past.

"Unfortunately, zoologists do not (the task would be impossible)
write things like the complete fauna of Oz. (Botanists do write floras on entire
political states or large regions and include therein all the known plant taxa, or
at least all the known members of the higher orders.) So one cannot look for the
best overall treatment of animal life of a region expecting completeness. It is
obvious that an assessment of the literature regarding the fauna of a particular
region cannot be made on an across-the-board basis. It is necessary to decide
on some one (or a few) facet(s) of the gigantic field and then evaluate the
literature in those terms. " **

* Colwell, Robert N., 1965: Personal Communication dated October 8.

*Bennett. C. F., 1966: Personal Communication dated March 27.
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3. Richards' Analysis of Information Adequacy (Plants and Animals)

Adequacy from the purely sclentific viewpoint has been
expressed by Professor P. W. Richards, University of North Wales:

"....it is sometimes said that the biological sciences fall into two groups:
Tho-e concerned with the ways in which living crganisms differ from one
another and those concerned with the ways in which they resemble one
another... in the tropics, it is the first group of biologies which are most in
need of attention." Richards further states:

"The ecosystems of the tropics are very complex and
it is not surprising that we know very little about them as sys-
tems in which energy and mineral matter circulate. We know
enough to say that they appear to differ considerably from most
temperate ecosystems and that if we understood them better we
should be further towards solving such pressing practical prob-
lems as devising really permanent and satisfactory agricultural

systems for the humid tropics---we need to know more about
the natural ecosystems of the tropics.

"What then are the fields for tropical biology that claim

immediate attention? In the first place the study of the plants
and animals themselves. All such work must begin with names
and classification, which is the task of the taxonomist. It is
difficult to generalize about the present state of the taxonomy

of trcpical animals and plants because the position is so dif-

ferent in different groups and in different parts of the tropics...
Plant taxonomy in the tropics as a whole is probably rather
more advanced than animal taxonomy partly because the number

of species to be dealt with is smaller, but because it is often
possible to give a name to most of the (higher) plants one finds,

one should not assume that the taxor--nist' s task is completed...

"Knowledge of the biology.., of a large number of
plant and animal species is required if we are to understand
the problems of evolution in the tropics.., we need not only the

"kind of general biological information.., but also cyto-genetical
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information which at present is available for very few tropical
species.., until something is known about the nature, rate and
direction of evolutionary processes in the tropical rain forest,

in which many plant and animal lineages are believed to have
originated, our picture of organic evolution on a world scale
is bound to be misleading. To fill this gap requires the cooper-
ation of taxonomists, cytologists, geneticists and ecologists.
When we turn from the study of individual species and the
evolutionary problems arising from it, to the study of plants
and animals in relation to the tropical environment, that is to
study of tropical ecosystems as going concerns, we enter a
field which is so extensive and as yet so inadequately explored
that it is difficult to know what can be usefully said about it in
such a short article...

"The amount of work which has been done on different
branches of tropical biology has depended, not on the intrinsic
scientifi- interest or long-term importance of particular fields

or problems, but on whether they seemed to have a bearing on
some question of urgent economic importance... the history of

science shows that the direct pursuit of practical objectives
is not always the most successful way of solving practical
problems; it is hardly necessary to repeat here examples of
scientific researches undermaken for no reason other than
intellectual curiosity and scientific interest which have pro-
duced results of enormous material benefit to mankind... If
more man power and money is to be allotted to tropical biology
than in the past, a sizable part of the effort should be devoted
to... fundamental biological problems. "59

F. REVIEW OF PRINCIPAL DEFICIENCIES

Primary contributing factors to the overall deficiency of
tropical biological and zoological research include the lack of:

"* Field staticns or simple field laboratories with small
permanent staffs located in the tropics

"* Data centcr z. ce,,Lral locations for collecclon and

dissemination of information

"* Preservation of native environments suitable for
field studies

"* Standard methods, techniques and nomenclature where
controversies over these factors inhibit cooperative
effort
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A training facility to develop tropical specialists

Textbooks which include informath.rn concerning humidtropic phenomena

e Nature guides for identification of plants and animals

An example of the above deficiencies may be seen in the United
States where there is no single college or university offering a major in
tropical forestry.

G. DESIRABLE OBJECTIVES

Opinions of the various authorities were considered in a sum-
mation of recommendations of the Neotropical Botany Conference held in July
1962 at The Imperial College of Tropical Agriculture, Trinidad. These recom-
mendations included the following:

"I. That encouragement, guidance and support be given
to the preparation of monographic and revisionary studies on
both generic and familial levels and to publication thereon.

"2. That encouragement, guidance and support be given
to preparation of floras of local, national, and natural physio-
graphic or phytogeographic areas, and to publication thereon.

"3. That encouragement, guidance and support be given
to the development of simultaneous and -oordinated programmes
to effect systematic inventory of natural plant resources and
vegetation by field exploration, especially giving attention to
proper geographic distribution of such activity.

"4. That encouragement, guidance and .oupport be given
to the maintenance and preservation of existing herbaria having
an interest in or dealing with neotropicaJ. floras, and their
records and supporting libraries, "5

The majority -)f those convened at Trinidad were plant taxo-
nomists and therefore the recommendations stress needs for taxonomic 60
"research. Other biological work, of course, has further requirements.

P. W. Richards places a considerable emphasis on well
equipped field laboratories and conservation of nature reserves. 61

The Kandy Symposium emphasized library and bibliographic
faciities, nature reserves, botanical institutions, mapping, cytological

surveys of flora, a i overall classification of tropical vegetation on a
structural basis, t,,xonomic studies of tropical floras, and glossaries of

ecological terms. 62
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A sampling of the opinions of the scientific community indi-
cate the following are desirable objectives:

"* Conservation of natural areas and maintenance of
natural environments, their plant cover and animal
life; development of a plan of availability of these

areas and environments for investigators interested
in field studies (i. e. , Barro Colorado Island)

"* Facilitating of information exchange between major
restrch centers and the support of regional scientific

information centers (e. g., Pacific Scientific Information

Center, B. P. Bishop Museum, Honolulu, Hawaii)

"* Addition of an education or training component to
biological research projects now being carried cut in
the tropics to develop trained manpower

"* Improvement of existing research facilities in the
tropics (e. g. , U. S. Army Tropic Test Command Center)

"* Sponsoring of conferences and small working parties

for actively working scientists who need to meet and
discuss well-defined problems

"* Application of some coordinating plan should be applied
to research and development activities of the U. S.
government (all agealcies) to prevent duplication of

effort

"* Development of more regional floras such as Flora

Neotropica and Flora Malesiana

"• Making of a worldwide map inventory and development
of a program to fill in gaps where necessary to mak,
vegetation maps available for the humid tropic areas

"* Standardization of nomenrla+ure on vegetation types,
etc. should be attempted to permit agreement on terms
and ccncepts applied to the scientific disciplines

"* Produt ,ion of textbooks which treat the plants and
animals of the tropics from a tropical viewpoint instead
of a midlatitude viewpoint
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H. RECOMMENDATIONS FOR ACHIEVING OBJECTIVES

In general the most practical method of achieving the objec-

tives cited in the preceding section and of raising the level of research on
tropical plants and animals is to continue and expand certain existing faci-

lities and programs.

P. C. Ritterbush and W. W. Warner of the Smithsonian

Institution in their "Recommendation for a National Program" support the

following scheme for the new world tropics:

"Recommendations

:'I. Wild areas of meaningful size must be established to preserve

rep -sentative communities of organisms under conditions suitable for

study throughout the future. In many cases national park status will

be required for effective protection.

" 2. The exchange of informaticn about research plans and institu-
tional development should be stepped up. The Smithsonian Institute

should prepare a revised list of investigators and institutions foi,

pub).ication by the Association of Tropical Biology. Information about

proposed expeditions should be freely circulated to enable scientists
to arrange for the collection of materials or to request permission to

accompany parties to areas of interest. It is expected that information
about study facilities may lead more workers to undertake investi-

gations in the tropics for the first time. Eiforts should be made to

break through barriers insulating applied from basic research and

vice versa. Anthropology and ancillary sciences of man should be
included.

"3. Efforts should be made to add an education or training com-

ponent to much biological research in the tropics: to establish
student positions at research facilities and vacancies for students

in field parties. Only in this way can serious shortages in trained
manpower be overcome.

"4. There should be restraii.t in setting up nev research centers,
especially in environments where these .'ready e cist or for functions

already assumed by others, so that the existing network of institutions

may be better developed. All organizations supporting br performing

,search in the tropics should provide small equipment, library, or

facility grants to host institutions chosen by their grantees or personnel.

"5. Support should be made available for small problem-oriented

conferences enabling biologists more effect.rely to focus their plans.
-* These should in the main be held at tropical research centers, as one

means of recognizing their work, publicizing their objectives and

facilities, exposing biologists to tropical environments, and stirnu-

lating the host institution.
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"6. Where positions for basic research scientists do not yet
exist in host countries these should be financed by outside agencies,
perhaps for a renewable term of years, but always in cooperation
with a host institution. The ultimate intention of such sponsorship
would be to develop staffs capable of operating university depart-
ments of larger research organizations than exist at present.

"7. Assistance should be given for the development of ten regional
libraries and biological data centers in Latin America at a suitable
number of central locations where strong institutions already exist.
These will be a means of institutional development and information
exchange. A possible list of centers follows:

(1) Amazonian Brazil Belom, Brazil
(Z) Peru iquitos
(3) Colombia and Ecuador Bogota or Cali
(4) Venezuela Caracas
(5) Panama Panama City
(6) El Salvador, Costa Rica,

Honduras, Nicaragua, San Jos4, Costa Rica
Guatemala

(7) Mexico Mexico City
(8) Western Caribb--n Kingston, Jamaica
(9) Southern Caribbean St. Augustine, Trinidad

(10) Northern Caribbean Puerto Rico

"In each case a suitable nucleus exists, where inexpensive
catalogue and reprint exchange a-rangements could make tangible
contributiors to research. "

The following recommendations refer both to general and

specific objectives:

e Recommendation No. I

Effort should be concentrated on regional floras such as
Flora Neotropica and Flora Malesiana, especially for Africa and South

Asia.
* Recommendation No. 2

The U.S. Army Tropic Test Command Center is recommended
as a possible mechanism to facilitate an increased research effort specifically

oriented to the analysis of the effects of various biological parameters on
military operations, equipment and personnel. Specifically, field research and

testing facilities need to be increased. This expansion would permit an increased

number of research projects, including those of an experimental nature to be carried

99 science sorvices division

-A



out under the dive,'se ecological conditions that are present in this rela-

tively small area. These steps woild speed the development of new
techniques, designs and specification for equipment to be employed in humid
tropical areas in order to further this region' s biological investigations.

* Recommendation No. 3

Symposia on tropical biological sciences, similar to those
sponsored by UNESCO at Kandy and Dacca or the Neotropical Botany Confer-
ence sponsored by the Association for Tropical Biology, Trinidad, should be
supported to bring together research specialists for communication of ideas,
theories, techniques, and problems.

* Recommendation No. 4

The following research projects should be given priority for
future support since they constitute urgent and basic needs. Support should
be -,n a long-range basis (5-10 years).

* Studies directed toward the determination of the most
acceptable method for the classification of vegetation
types

e Research on the nitrogen cycle and nitrogen fixation
as applied to tropical plants

* An appraisal of the significance of tropical floras and

faunas in the evolution of the plant and animal life on
the earth.

* Establishment of an Institute for Research on Tropical
Drug Plants

* Research directed toward the upgrading of various
breeds of domesticated animals

* An inquiry into the effects of near-ground, micro-
climatological factors on tropical floras and faunas

* Research to determine the significance of natural
barriers, i. e., mountain ranges, lakes, etc. , on the

distribution of various plant and animal species

a Study of the factors which determine tropical ecological
succession
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" Development of keys permitting field identification
of species types, eliminating the need for fertile
specimen sample submission to distant herbaria

"* An evaluation of capabilities of remote sensing tech-
niques when applied to the description and evaluation
of tropical ecology

"* Researc'h on the military significance of various
ecological sites encountered in the tropics

"* An appraisal of the impact of man' s activity (e. g.
burning) on tropical flora

"* An investigation into the salt tolerance of plants that
grow in tropical deltas or that might be grown there

"* Immediate, detailed floristic and vegetational surveys
s ould be made of all tropical delta areas that still
retain natural vegetation, since such vegetation is

disappearing or changing rapidly

"* Establishment of tropical delta reserve or refuge
areas to provide natural unexploited areas for future
study of animals

o Recommendation No. 5

Reference to the body of this report will show that the areas
for which data are particularly scarce, of limited areal coverage and/or
lacking in qualitative substance are those listed below. It is recommended
that these areas be given special attention in any research planning.

Area Vegetation Studies

Caribbean Islands (especially Barbados, Dominica, Dominican
Republic, Jamaica, Margarita, Martinique, St. Lucia and St.
Vincent Islands)

Ceatral America (especially British Honduras and Panama)

Bolivia, Ecuador, Paraguay, and Peru

Amazon Basin and French Guiana

West Africa (especially Dahomey, Fernando P~o, Gambia, Fr.

Guinea, Liberia, Portuguese Guinea, Senegal, Sierra Leone,
and Togo)
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Central Africa (especially Angola, Burundi, Cabinda, Central

African Republic, Chad, Fr. Congo, Gabon, and Rwanda) and
the islands of Zanzibar, Pemba and the Comores

South Asia (especially Cambodia, Laos, E. Pakistan, Taiwan,
North and South Vietnam, and the Andaman and Nicobar Islands

Oceania (especially Borneo, Brunei, New Caledonia, New
Hebrides, North Borneo, Palau, Papua, Ryukyu Islands, Sarawak,
Solornon Islands and Timor)

Area Animal Life Studies

Caribbean Islands (especially Barbados, Cuba, Dominica,
Guadeloupe, Hispaniola, Jamaica, Margarita, Martinique,
Puerto Rico, Trinidad, and Tobago)

Central Ameri,-a (especially British Honduras, El Salvador,
Nicaragua, and Panama)

Bolivia, Colombia, Paraguay, and Peru

East Africa (especially Tanganyika, Mozambique, Comores,
Sudan, Zanzibar, and Pemba Islands)

West Africa (especially Cabinda, Dahomey, Fernando P633,
Gambia, Fr. Guinea, Ivory Coast, Liberia, Port. Guinea, Rio
Muni, Senegal, Sierra Leone, and Togo)

Central Africa (especially Burundi, Central African Republic,
Chad, Gabon, Rwanda, and Southern Rhodesia)

South Asia (especially the Andaman Islands, Cambodia, Laos,
Nicobar Islands, E. Pakistan, North and South Vietnam

Oceania (especially Brunei, Fiji, New Caledonia, New Hebrides,
North Borneo, Palau, Papua, Ryukyu, Sarawak, Solomon
Islands, and Timor)
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CHAPTER IV

WLkTHER AND CLIMATE*

A. INTRODUCTION

Within the atmospheric sciences, research in tropical weather
and climates has been relegated to a relatively minor role. Meteorological
data and processing facilities are limited in many humid tropic countries,
with available data subject to error and in many cases incomplete. These
conditions accompanied by an acute shortage of funds have hindered a
thorough research effort.

Much of the early work of collecting data and analyzing results
was in connection with the colonization activities of England, France, Germany,
Belgium, Portugal, and the Netherlands and is reflected in established n.eteo-
rological facilities and documented data extending back many years. The
majority of these facilities were established around centers of transportation,
agriculture and industry.

During and since World War II, renewed interest in the humid
tropics has resulted in some basic and applied research, establishment of new
meteorological stations ana the processing of available data into depositories
of sponsoring nations. Largely, this has been an uncoordinated effort insti-
gated by the immediate necessities of transportation, industry and military
operations. Research has been sporadic, and observing facilities have been
established with ir.adequate instrumentation, personnel and communications.

During the !a- t 10 years, the excellent work of the World
Meteorological Organization and committees of the United Nations, as well
as coordinated research sponsored by extratropical nations such as the U1iited
States and Great Britain, has been reflected in increased regional planning,
standardization of equipment and procedures, and monetary assistance. Within
the humid tropics, the East African Meteorological Service, the Meteorologi-
cal Service of India and the Malayan Meteorological Service, to name a few,
have contributed to this renewed interest in solving the problems of metee-
rology in the tropics.

*Dr. Harry P. Bailey (University of California, Riverside), Dr. Charles F.

Bennett Jr. (University of California, Los Angeles) and Prof. Benjamin J.
Garnier (McGii! University), acting as consultants to Texas Instruments for
thir program, have critically reviewed this chapter in its draft stages.
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1. Tonical Fields and Elements

The follovking fields and elements of '-eather and climate were

selected by the Army Research Office for consideration in this inventory:

"* Availability and Adequacy of Weather and

Climatic Data

"* Climatic Regions and Types

"* Tropical Storms

"* Microclimatology

"* Mesometeorology (subjects between 2 and 400 mi in dia)

"* Solar Radiation and Upper-Level Circulation

Factors composing each element, which are considered rele-

vant to the purposes of the inventory, are

* Availabilit; and Adequacy of Weather and Climatic Data

(1) Current status and listing of weather services
(2) Extent of weather networks: surface and upper air

(3) Quality of services
(4) Tropical karecasting techniques
(5) Tropical meteorology

* Climatic Regions and Types

(1) Degree cf detail and adequacy of present identificati ons

(2) Availability of climatic data
(3) Techniques used in classifications

* Tropical Storms

(1) Tropical cyclones, hurricanes and typhoons, data on:

- distribution and occurrence

"- dynamics
- effects
- forecasting

(2) Thunderstorms and lesser storms
kI

* Mic roclimatology

Within various tropical regional types, the measurement of
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(1) Dew
(2) Air movement

(3) Precipitation
(4) Temperatures

(5) Illumination
(6) Solar radiation, etc.

2. Limitations

The topical elements of weather and climate are in the iields of

interest of several sciences. Weather falls mainly in the provinces of meteo-

rology and atmospheric physics, and climatology comes within the disciplines

of geography and meteorology.

Knowledge of WEATHER and CLIMATE as defined iii this

Inventory does not exhaust the full scope of these scientific and technical
fields. Thus, specialists in any of them will recognize that (1) the Inventory

is limited to those elements and factors enumerated here and that (2) other

areas of investigation in these fields in the humid tropics are disregarded

intentionally or considered incidentally.

The specifications for the inventory have necessitated some

arbitrary decisions with respect to classification of information and discus-

sion of its significance. For example, information on meteorologic investi-

gations in conjunction with hydrologic research can be found in the chapter on

PHYSICAL FEATURES.

3. Value of Research

Weather and climate are the two most signiicant environmental

iactors affecting man's activity. They influence his clothing, housing, food,

work, transportation, and communication. Knowledge of climatic conditions

of an area allows man to design or adapt his activicies to meet weather

extremes.

a. Value to the Military

Knowledge of local weather is vital to the planning of military

operations since they are particularly suscepI.,-le to the weather effects.

Moderate and heavy rains reduce the effectiveness of infantry, ground vehi-

cles and airborne equipment. Floods increase military engineering problems.
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Fog and blowing dust or sand hinder mobility and curtail local surveillance
and reconnaissance capabilities of field units and airborne operations.
Se- ere storms are often disastrous to amphibious operations. For exam-
ple, on the average, 20 typhoons a 'ear affect the Philippine Islands; these
commonly occur between August and November. Knowledge o' the nature and

occurrence of these phenomena is essential in planning operations.

Logistical planning such as selecting clothing, storage
methods, equipment design, transportation, communications, and housing
must take climatic phenomena into account or face a decline in operacional

effectiveness of both men and materials. High relative humidity can be dam-
aging to delicate electronic equipment so these devices must be protected.
Organic materials are subject to swelling and attack by microorganisms in
hot, moist climate3. Storage or operation of machinery in areas of heavy

rainfall can be a severe problem.

Forecasts of atmospheric phenomena are of great importance
to the military commander in the field. The existence of good climatological
histories and an understanding of the cause and effect of atmospheric phe-
nomena in a particular area will aid forecasting.

b. Value to Civ'lian Affairs

Weather and climatic information is utilized in the design
and construction of facilities, transportation networks and industrial com-
plexes. Ut.iization of rainfall records in tropical areas where the rainfall
may vary markedly from country to country, or between windward and lee-
ward sides of mountains, can expedite selection of the best location for mul-
tipurpose hydroelectric projects. Roads can be designed and built to with-
stand the torrential downpours occurring in tropical areas if there are avail-
able data on precipitation characteristics. Industrial complexes require
weather information in order to design systems for disposing of atmospheric
wastes and to reduce or eliminate air pollution problems.

Agricultural development also benefits from climatic studies
and research. One study of the rainfall of Java lists 40 distinct types of
rainfall based on amount and annual distribution. I In this locale, where even
a short period of drought at a critical time will result in crop failure, detailed
climatic data can aid the local agronomist in selection of crops and cultivation
methods. Other significant problems, the solution of which may be assisted
by atmospheric rese.,rch, include local needs for amenities and comfort pro-
vided by airconditioning systems, reduction of property losses in times of
flooding or hurr-'cane destruction and loss of life in severe storms or during

"1 periods of drought.

S112 science serv.zes division



B. STATUS AND SIGNIFICANCE OF RESEARCH

Meteorological and climatological research in the humid
tropics has undergone a period of renewed interest and activity in the last
15 years. The history and evaluation of this development ca- be considered
from the standpoint of both military and nonmilitary significance and poten-
tial applications.

1. Historical Notes on Development of Knowledge

Research on weather and climate of the humid tropics falls
far short of research in other geographic regions, particularly the midlati-
tudes, despite the recognized interaction of tropical weather with weather of
the rest of the world. This condition is the result of social, economic and
political factors shaping world history and economic development.

The earliest recorded tropical atmospheric investigations
occurred during the 17th and 18Lh centuries and was related to certain Portu-
guese, Dutch, French, and English shipping lanes along the coasts of the
humid tropics. Of particular importance to pioneer research on the humid
tropics were the atmospheric circulation studies of George Hadley in the early
18th century and the Asian and Latin American meteorological work of Alex-

ander von Humboldt in the early 19th century.2 During his field studies in
the tropical mountains, von Humboldt devised methods of measuring the tem-
perature at diflerent elevations and, for the first time, used isotherms to
show temperature differences on a map. Von Humboldt emphasized climate
as directly perceived by man's senses and initially stressed the therrmal
connotation of the phrase "tropical climates."

In 1887, Julius Hann, the founder of 20th century climatology,
in noting the then current ermphasis upon the importance of the thermal aspects
of tropical climates, stressed the importance of the study of "distribution of
the total intensity of solar radiation. 3

K6ppen's climatic classifications influenced regional studies
for a time. Some critics, as represented by Thornthwaite, have discouraged

use of the classifications while others, e.g., Blumenstock, have supported
their use. These classifications in themselves have been of minimal research
value, but the regional climatologic contributions of K. Sapper, R. DeCourcy

Ward and C. F. Brooks to K5ppen-Geiger's Handbuch der Klimatologie 5 are
important.

C. W. Thornthwaite's theories of evapotranspiration ana cli-
matic classifications have influenced African and Indian climatic studies and
are being used for regional climetic studies and mapping in Mexico.
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H. von Wissmann has defined the beundary of tropical climates
with the 13. 5"C isotherm of the coldest month and by the front limit. 6 This
well-proved opinion of delimitation continues the work of earlier classifiers
who have defined the boundary between tropical and extratropical climates in
terms of either the mean annual temperature or the mean temperature of the
coldest month. For example, the following boundaries areý based on mean
annual temperature: 20 0 C (68°F), de Candolle; 23CC (73.4"F), Ravenstein;
20"C (68cF), de Martonne; 20 0 C (68 0 F); 21. 10 C (70°F), Miller; and
23. 7-C (74. 7F), Thornthwaite. On the basis of '-oldest-month mean tempera-
ture, the tropical boundary was set at 200C (680F) by Phillipson, at 2110C
(69.8-F) by Gorzynski and, of course. at 18 C (64.4`F) by Koppen.6

Wilhelm Lauer's tropical climatic studies have advanced the
theory of wet and dry ratios for del:mitmng maior vegetation regions in trop-
ical areas.7 Lauer's results, based on the comparison of about 4000 climato-
logical stations with their vegetation types, are estabiished by calculating the
duration of humid and arid climatic conditions. This seems to be the decisive
factor for plant life in the different climatic vegetation belts between the trop-
ical rain forests and tropical desert.

Classifications of climates on a~a ecological basis by C. Troll, 8

and D. I. Blumenstock's4 theories of distribution and classification of tropical
climates are sign:ficant modern advances in the understanding of the climate
of the humid tropics.

Visher's pioneering investigations in tropical cyclones of the
Pacific during the 20's,9 studies by H. Regula in Africa,10 and Dunn's investi-
gations of cyclogenesis in the tropical Atlantic1 I led to the concept of easterly
waves developed by Riehl in 1945. 12 During the 30's, significant atmospheric
research was performed by Depperman in the Philippines. 13 In 1932, Brooks
and Mirrlees published a significant study dealing with atmospheric circulation
over trop.-al Africa. 14 The pioneer Atlas of the Oceans issued ty the U. S.
Weather Bureau in 1938 allowed W.C. Jacobs, following the methods of H.
Sverdrup, to estimate evaporaton from most of the surface of the oceans.

C. E. Palmer's evaluation of the field of tropical meteorology
appearing in the Compendium of Meteorology 1950 and Riehl's Tropical
Meteorology15 are works which resul'ed from United States Government
support. Both are widely accepted as significarnt. The Army Signal Corps,
USAF Air Weather Service, Geophysics Research Directorate of Air Force
Cambridge Research Laboratory, the U.S. Navy's Fleet Weather Facilities
and Office of Naval Research, as well as groups within the United States
Weather Bureau, were among the supporting agencies. 16

The study of regional weather and climate on a global basis

was undeveloped in the United States prior to World War II. During the
war, this country's military activities in the Asian and African campaigns
and in the South Pacific pointed up the lack of atmospheric research. The

s
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Naval Air Pilot Studies performed by the U.,S.: Weather Bureau for the U.S.

Navy Hydrographic Office during the war are examples of the ,work produced.

Followir. the "war, various agencies of the U. S. Department
of Defense promoted interest in tropical meteorology by granting research
funds to u:.•iversitie5 and othaer institaitions. 17 The concern of€ the military

for an incr~±ased knowledge of weather and climnate in the humid tropics
resulted in a continuing demand for atmospheric research. The extensive
meteorological services required for the Korean war and more recently the
Vietnam conflict are examples of the type of support required to accomplish
military objectives. Current activity in tihe Panama Canal Zone Environ-
mental Test Center and the Asian climatic studies of the USAF Air Weather
Service are significant developments.

The National Science Foundation also supports tropical meteo-
rology as a major research area. Funds allocated by this agency during the
International Geophysical Year (1956-57) permitted sufficient obser-•tions
in the region of the humid tropics to allow a synoptic analysis of the area.

International symposia, many of which have been an outgrowth
of U. S Government support to tropical meteorological research, have
examined the status of research or, we;.ther and climate in the humid tropics,
both from an international and a regional viewpoint. The World Meteorological
Organization (WMO) has sponsored four seminars devoted to tropical meteo-
rology and tropical cyclones since 1956, financed by EPTA, the United Nations
Expanded Program of Technical Assistance. In 1960, the MUNITALP Founda-
tion of New York sponsored a conference on tropical meteorology in Nairobi,
the results of which were edited and published by D.G. Bargman in 1963.19

W. H. Portig, reporting on the results of the Asbury Park symposium in 196Z,
declared that tropica•. meteorology was a "stepchild" of the atmospheric sci-
ences. 2 0 In 1964, G. J. F. MacDonald, chairman of the Panel on Weather

and Climate Modification (National Academy of Sciences, Committee on
Atmospheric Sciences), reported: "The tropics have been grossly neglected
in rneteorologicat research despite the central importance of the tropical
ocea-:' and tropical convection in driving the global general circulati'on. ''• l

The advent of the more sophisticated atmospheric measuring
devices such as satellites, remote unmanned wveather stations, constant-
level balloons and radar and the develooment of new, improved long-distance
communications have enabled world meteorological planners to reconsider
the possibility of a global weather system. In 1961, the United Nations
approved a 4-point resolution which had been presented to the body by Presi-
dent Kennedy a short time previously. One of the approved points called for
an international cooperative effort in weather forecasting and atmospheri•.
research. Specifically, the resolution requested the World Meteorological
Organization ('VMO), in collaboration with the United Nations Educational
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Scientific and Cultuiral Orvanization (UNESCO) and the Tnternatinnal Council
t of Scientific Unions (ICSU), to draw up proposals for appropriate organiza-

tional and financial arrangements to achieve effective and fruitful coopera-
tinn. In response to the UN resolution, the National Academy of Sciences
developed an international program wiich represents the views of American
scientists and is intendea to provide advice to the appropriate U.S. Govern
ment agencies and serve as a basis for discussion with an international forum
of interested scientists.

2. Evaluation of the Development

Development of tropical atmospherics as L research discipline
has been hindered by a general lack of interest in and methodology for the
investigation of environmental conditions in the low latitudes. Observational
practices, as well as codes and nomenclatures in use today in tropical areas,
are extensions of methods developed in extratropical areas of the world. For
example, descriptions of certain tropical phenomena such as clouds lose their
identity altogether if coded by descriptors developed for midlatitude phenomena.
In many instances, this has seriously hindered the efforts of researchers.
These general problems and especialhl the problem of cloud coding have
been recognized. J.S. Malkus Simpson nd H. Riehl devised a "Tropical
Whole Sky Coae" in 1958 to identify undisturbed trade-wind skies, weak or
trade-wind t,4pe disturbances and strong disturbances with 16 category codes
and five variation categories to modify the basic specifications. This scheme
needs continued tropical usc, refinement and either acceptance or irejection in
lieu of a better system.22

A lack of well-trained meteorologists and climatologists who
have field experience in the tropics is another factor which has hindered
research. New theories and terminology, new coding systems, better
instrumentation and calibration, more adequate training of regional meteoro-
logists, and better data-gathering communications networks and storage facili-
ties are required before the degree of adequacy exhibited by midlatitude meteo-
ralogy and climatology can be achieved.

C. REVIEW OF CURRENT ACTIVITY AND TECHNIQUES

1. Introduction

This review considers (1) current tropical research activity
being performed in the United States or sponsored by U.S. agencies and (2)
reports on the regions composing the area of the humid tropics, i. e., Latin
America, South Asia and O)ceania, and Africa. Discussed are major contro-
versies, neglected areas of research and problems of a barrier nature.

f a
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A review of field and laboratory techniat'ei- used in troDi'al
meteorology and climatology show them to be generally e:.tensions of tech-
niqnes developed for midlatitude meteorology. Aiso, techniques and instru-
mentation for the measurement of standard meteorological parameters are
essentially the same in the tropics as in midlatitude areas. This chapter
summarizes deficiencies and recommendations for improvements which have
been noted by major autherities.

2. Current Research Activity

a. U.S.-Sponsored

1) Hurricane Research

There has been emphasis on hurricane and tropical storm
research since establishment of the National Hurricane Research Project
in 1955. Current work urnder its director, R. C. Gentry, is devoted largeiy
to development of quantitative descriptions, investigation of tie dynamics and
energy transformations of various types of tropical storms and development
of numerical models of tropical disturbanc:s for use on electronic comput-
ers. The Caribbean, Gulf of Mexico and adjacent areas of the Atlantic
have been the primary geographic areas of interest. Because of the adverse
effect of hurricanes on U.S. economy and on the inhabitants in these areas,
the emphasis placed here by U.S. Government support is obvious.

Work on the National Hurricane Research Project is centered
at the University of Miami, Coral Gables, Florida, where a 5-story comput-
ing center haq been constructed for use by the National Hurricane Research
Center, the U. S. Weather Bureau and weather units of the Navy and Air
Force.

The Weather Bureau receives and analyzes weather data from the
following sources: radar having a range of 250 to 300 nmi; reconnaissance
aircraft having a range of 2500 to 3000 mi; satellite systems; and both sur-
face and upper-air data from most of the northern hemisphere. At best.
weather satellites, while offering a new tool for collecting data on tropicai
storms, are supplemental and insufficient when used alone. Lack of data
from developing storm situations in the tropical areas prohibits full pre-
diction and explanation of the birth of tropical storms.

The following are important topics dealing with analysis of data
collected by the National Hurricane Research Laboratory; they were first
discussed at an Advanced Science Seminar on Hurricanes held July 6 to Aug-
ust 14, 1964, in Miami:

* Theoretical Approach to Hurricane Development
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* Modificati~zn Zxm-rimients on Co.-iective Clouds

and Hurricanes

*Climatology of Hurricane Motion, Formation and

Hu.rricane Forecasting

*Study of Hurricane Rainbanrls

Th-2 fcOliowing topics which were covered at the Fourth Technical
Conference on Hurricanc., and Tropical Meteorology ttt Miami, Florida (No-.em-
her 2Z-Z4, 196-3) are clues: to current interest in the field:

"* Hurricane Structure

"* Storm Surgfes and Oc er.%-Hurricane interaction

"* Dynamics of Tropical 3-It-torology

"* Forecasting Hurricane Motion. and Economic

Aspects of the Hurricane Problem

"* -Tropical Circulations

"* Theoretical Models of Tropical Cirzulations

"* Theoretical Models of Circulations in Hurricanes

"* Case Studies (A Tropical Cyclones

"* General Discussion on

- determ-nination of wind with airborne doppler radar
- use of NDABUS infrared daLa ir tropical analysis
- relati.;on of tropical and mridlatitude circulations in

biennial wind oscillation
-forecasting of hurricane mc~tion by cliniatological

statistical technique
-kinetic energy transfer and conversion on a global

scale between the equator and 40ON
-simple method of reducing station pressure to sea

level
-mechanism of warm core wave in ea-terlies
- mechanism of cold core wave in easterlies
-climatological st udy of storms and depressions

in the Indian seas
-onset of Asiatic summer monsoons over Soutb -ast Asia

Statistical and dynzamic mnethods of forecasting the movement
of tropical cyclones ha'.e been deveioped and are being evaluated at the
National Hur'ricane Center.
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Other work on the problems of tropical storms includes pro-

grams being conducted by Woods Hole Oceanographic institution (Woods Hole,

Massachueetts), Travelers Weather Research Center (Hartford, Connecticut),
National Cen'ter for Atmospheric Research (Boulder, Colorado), Meteorolo-

gical Satellite Laboratory of the Weather Bureau, Florida State University

(Tallahassee, Florida), University of Chicago, Colorado State University

(Ft. Collins, Colorado), University of Miami (Coral Gables, Florida), Massa-

(husetts Institute of Technology (Cambridge, Massachusetts), University of

California at Los Angeles, New York University, University of Wisconsin

(Madison, Wisconsin), and University of Oklahoma (Norman, Oklahoma).

3) Other U.S. Research in Tropical Meteoroicgy and Climatology

a) The following topics %,hich were covered at the 1965 Army
Conference on Tropical Meteorology, the fourth consecutive
annual review of tropizal research sponsored by the U.S.
Army Electronics Laboratories, held at Miami Beach,
Florida (6-7 May 1965) ind:cate recent results and future
research plans in the field. Z3

"* Tropical Regional Research

- East African lake levels
- warm core cyclones during the Southeast Asia Summer

Monsoon
- meteorological program for the. new inter-oceanic canal

fea sibility study

"* Tropical Mesometeorology

- extremely heavy and prolonged periods of hourly rairfall,
tornadoes, funnel clouds, water spouts, and hail in South

Africa
- tropical rainfall patterns and associated mesoscale

syste.ns
- relation of subtropical high movements to rainfall in the

Armeri-can tropics

"* Tropical Convection and Precipitation

- rainfall meso-scale patterns in El Salvador
- climatic and synoptic influences on diurnal radiation of

rainfall on the Windwards Islands

- low latitude hailstorms
- diurnal and semi-diurnal variations of sensible and latent

heat exchange, cloudiness and precipitation over the
western tropical Atlantic

- rainfall frequency of the area 0-30N, 50-100 0 W.
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* Dynamics, Thermodynamics, and Physical Meteoroiogy

- structure of rainfall in Entebbe. Uganda
- kinematics and dynamics cf tropical precipitation
- low level gravity waves in off-shore vwinds
- tropospheric wave motions in equatorial latitt,des
- system of 2-dimensional mesoscale ana ;-'is and fore-

casting with friction and moisture

e Tropical Analysis and Forecasting

- development of a tropical analysis center at Miami
- automatic satellite picture transmission
- precipitation probability estimates

b) Instability Patterns in the Tropics

H. Hiser of the University ol Miami is studying the mesoscale
and other instability patterns in the tropics. Special emphasis is being given
to waves in the casterlies affecting Southern Florida and adjacent waters. In
the work, precipitation echo motions are being compared with observations of
win~ds aloft in order to determine parameters to be used in predicting transla-
tional motion of the precipitaL'on cells and thus permit accurate weather fore-
casts.

c) Tropical Precipitating Clouds

E. Kessler III, Travelers Research Center, is conducting an
essentially mathematical treatment of the problem. Continuity equations for
precipitation, cloud and vapor and the steady-state vertical distribution of
cloud in a precipitation-free compressible atmosphere have been derived
from this study. The chief purpose is to increase the understanding of the
role of cloud conversion, accretion, evaporation, and entrainment processes
in shaping water vapor distribution, cloud and precipitation associated with
tropical circulations. Two important 3utgrowths of this investigation are
reasons for the persistence of cirrus clouds in the tropics and a series of
new-found possibilities of more efficient cdoud modification.

d) Observation and Study of Tropical Atmospheric Systems

N. E. LaSeur, Florida State University, is studying the rela-
tive contributions of synoptic disturbances and local effects to island rainfall
patterns by wind structure investigations over Barbados, West Indies. A
Woods Hole Oceanographic Institution ship provided measurements 300 mi east
of Barbados and on the ;sland itself. An extension of this work will involve

111 studies of the distribution of meteorological parameters in individual hurricanes.
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E. B. Krauss of Woods Hole Oceanographic Institution is
involved in an as-,ociated study of local convection on islands and the Inter-
actions of underling sea or land su facc as factors in determining vertical
heat flux and momentum. Objectives of this project were design of an ocean
buoy and instrumentation. Also studied were the friction Affects over land
and water to assess their influence on the development of atmospheric circ :-
lation. As arn extension of this work, instrumented buoys and aircraft will I-e
used to collect dita ior studies on air-surface interactions and vertical hea%
flux.

3. S. Malkus Simpson of the U.S. Weather Bureau [now operat-
ing under Environmental Science Services Administration (ESSA)J conducted an
extensive observation program in cooperation with Woods Hole Oceanographic
Institution to study the possibilitieE of cloud structure and pattern prediction.

E. Kessler and associates, Travelers Research Center, studied
the kinematics of tropical precipitation on the scale of convective clouds to
determine the effects of motion in moisture distribution, cloud formation and
precipitation.

W. K. Henry and J. F. Griffiths of Texas A&M University,
using the contingency table as a tooi, have been engaged in studies ieading to
identification nf the activity of mesoscale systems in daily rainfall amounts.
3. E. Cook of Texas A&M University has completed a thesis on "An Investiga-
tion of the Oceanic Effects on the Climate of Pacific Equatorial South America."

At the University of Miami, 3. C. Millas is engaged in climato-
logical studies of Cariobean area cyclones and translations of articles written
in Spanish relative to hurricane forecasting and research. The work of R.
Endlich of Stanford Research Institute involves adaptation of midlatitude
methods to analysis and forecasting for tropical conditions.

e) Upper-Air Tropical Research

T. J. Keneshea, M. E. Gardner and W. Pfister have analyzed
ionospheric winds and turbulence over Puerto Rico using correlation analysis-I.
This document is available fro-. the Defense Documentation Center, Rpt. No.
AFCRL 65-273.

Various aspects of monsoon circulation over Southeast Asia are

being studied by H. F. Riehl, Colorado State University. His studies, if suc-
cessful in providing a framework in which mesoscale phenomena may be
understood, may close a significant gap in tropical synoptic meteorology. This
work also involves the location of bad weather areas in Southeast Asia and
their frequency and succession.
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Litton Systems Incorporated used meteorological data frnom

Africa and the Indian Ocean area to study stratospheric structure and strato-
spheric and tropospheric circulations in the tropics to verify the presence of

a biennial cycle and provide the basis for iniproved forecasting of upper

winds, Balloons are to be supplied to rad osonde stations around the peri-

phery of the Indian Ocean to secure better data for extension of this work.

A program of field measurements in moist tropical climate is
being conducted for tropical thermal attenuation studies at the Institute of

Marine Sciences, University of Miami. The primary objective of this work
is to determine the effects of tropical environment on light transmission prop-

erties of the atmosphere.

R. J. Reed of the taiversity of Washington developed a provi-
sional model for further studiP, cl the dynamics and structure of the stable

26-month oscillation in his work on middle tropical stratosphere. D. 0.
Staley, University of Arizona, is engaged in similar studies.

T. Fujita and J. Brown of the University of Chicago are using
TIROS pictures for mesoscale circulation studies. Photographs, 8-ai to 12-LI

infrared radiation, taken over Central ;.merica, are combined with others
taken with a normal camera for studying vertical wind shear. E. S. Merritt

of Aracon Geophysics Company is conducting easterly wave studies based on
TIROS data and time sections of conventional surface and upper-air observa-
tions.

R. C. Behn and R.A. Duffee of Battelle Memorial Institute have

studied the Aructure of the atmosphere in and above tropical forests. Prior

microclimatic research performed for Battelle's Remote Area Conflict Infor-

mation Center (RACIC) by ARPA's request was reported in August 1965.

A contribution to fundamental meteorological research has been

made by NASA's meteorological satellite NIMBUS I in mapping large-scale wea-

ther systems from orbital altitudes. The NIMBUS program's original objective,

which was to develop a second-generation operational weather satellite to follow

TIROS, has been changed to pure research.

The National Center for Atmospheric Research is contributing

to tropical meteorology research by making its facilities available to membcc

universities. Both Krauss and Riehl, who are engaged in tropical storm

research, have acted as visiting scientists at the center.

4) U.S. Support of Tropical Meteorological and Climatological

Research Outside the U.S.

k. The Meteorological Institute of the Technische Hochschule,

Karlsruhe, Germany, is performing studies using data and observations made
in Central Africa and East Africa. This work considers cloud structures,
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R. C. Behn and R.A. Duffee of Battelle Memorial Institute have

studied the Atructure of the atmosphere in and above tropical forests. Prior

microclimatic research performed for Battelle's Remote Area Conflict Infor-

mation Center (RACIC) by ARPA's request was reported in August 1965.

A contribution to fundamental meteorological research has been

made by NASA's meteorological satellite NIMBUS I in mapping large-scale wea-

ther systems from orbital altitudes. The NIMBUS program's original objective,
which was to develop a second-generation operational weather satellite to follow

TIROS, has been changed to pure research.

The National Center for Atmospheric Research is contributing

to tropical meteorology research by making its facilities available to member

universities. Both Krauss and Riehl, who are engaged in tropical storm

research, have acted as visiting scientists at the center.

4) U. S. Support of Tropical Meteorological and Climatological

Research Outside the U.S.

The Meteorological Institute of the Technische Hochschule,
7I! Karlsruhe, Germany, is performing studies using data and observations made

Sin Central Africa and East Africa. This work considers cloud structures,
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rain and formation of precipitation. H. Flohn and W. Eickermann of the Meteo-

rological Institute of the University of Bonn, Germany, are studying water vapor

characteristics in the tropical rain belt of North Africa. H. Flohn also is

engaged in equatorial meteorological studies involving the tropical easterly

jet over Southern Asia, Northern Africa, Peru, and Ecuador. The United

States Department of Defense is sponsoring all of these projects.

In cooperation with the Netherlands Organization for the Advance-

ment of Pure Research (ZWO), National Aeronautics and Space Administration

(NASA) is launching four sounding rockets which release sodium vapor for

experiments to measure winds in the equatorial upper atmosphere. The first

of these launchings was made at Coronie, Surinam (Dutch Guiana) in June

1964. NASA provides the sounding rockets and launcher, and ZWO supplies

the sodiur- v"apor, high-speed cameras for photographing the sodium vapor

clouds, and *!.r launch facilities.

In the Panama Canal Zone, Weather Engineers of Panama,

under contract with the U. S. Army Tropic Test Center, is collecting micro-

climatic data at several sites. This work is part of a detailed environmental

investigation sponsored by Ehe Army Research Office and the Advanced Research

Projectfs Agency. Instrumented towers have been erected at both forested

and open sites. Meteorological data are being collected also by the U.S.

Army Meteorological Team stationed in the Canal Zone.

The National Weather Satellite Center, Washington, D.C.,

programmed two satellites to make extensive photographic records of the

clouds in the Indian Ocean area during the expedition of 1961-1965. The U.S.

Weather Bureau and Woods Hole Oceanographic Institution cooperated in acti-

vities conducted during the International Indian Ocean Expedition (HlOE). The

Weather Bureau assigned to the International Meteorological Center at Colaba

Observatory, Bombay, India, two full-time meteorologists, five professional

assistants and an IBM 1620 computer. Research aircraft equipped with spe-

cial meteorological sensors and recorders operated out of Bombay in the

investigation of tropical cyclones in the Arabian Sea and the Bay of Bengal
(1963-1965). U.S. aircraft operated by Woods Ho)le Oceanographic Institu-
tion concentrated on the Arabian Sea monsoon region.

NASA is engaged in a cooperative program with India's National
Commission for Space Research. Experiments will involve the technologies
of aeronomy, ionospheric physics and magnetics. Sounding rockets will be
launched from the Thumba Equatorial Rocket Launching Station (TERLS) near
Trivandrum.

The Hawaii Institute of Geophysics has conducted an exercise

to determine the amount of data routinely available for the tropics and the

adequacy of the data for performing a reasonable globai analysis at standard

pressure levels. Member countries of the WMO having meteorological opera-
tions in the tropics have been asked to mail a copy of the daily output of their

analysis centers for December 10, 1963, and Jaruary 10, 1964. The U.S.
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Navy Weather Service and the J. S. Air Force Air Weather ervice also were
asked to contribute. Data from 64 analysis centers representing 44 countries
were analyzed. Sufficient data existed for a reliable analysis of the large-
scale global circulation of the tropical troposphere twice a day, but the com-
munications necessary to gather themt were not available.

Project Stormfury, an interagency cooperative effort between
the U.S. Navy and Weather Bureau, ir effect since 1962, explores the struc-
ture and dynamics of hurricanes through a series of field experiments for the
purpose of achieving a better understanding, improving prediction and inquir-
ing into the feasibility of modifying some aspects of these destructive storms.

The Japanese Government, the University of Hawaii and the
National Science Foundation sponsored an extensive field program in Hawaii
to determine chemical composition, drop-size destruction, electrical charges

in raindrops, updraft speeds in clouds, and the change in these variables as
functions of height, cloud age, wind destruction, environmental temperatures,
and moisture lapse rates.

Professor Herbert Riehl, Colorado State University, Ft. Col-
lins, under contract to the U. S. Army Electronics Command, has been investi-
gating various aspects of the monsoon circulation over Southeast Asia. Riehl's
research has examined the onset time of the monsoon and its variability within
the season, the correlatica of the synoptic and meso-structure of cloud systems
as revealed over land by satellite and conventional data, the investigation of the
synoptic time sequence of the winds during the monsoon season, and the location
of principal bad weather areas and their frequency and succession.

The Foreign Area Section of the Office of Climatology, U. S.
Weather Bureau (ESSA), maintains a climatologist in Hawaii who is responsi-

ble for climatological matters in the Pacific Ocean Trust Territories. A

territorial climatologist stationed at San Juan is responsible for Puerto Rico,

the Virgin Islands and, to some extent, the entire Caribbean area. In addition,

reference manuals containing data for specific locations including parts of the

humid tropics are published in punch-card form by the U. S. Weather Bureau.

The First Weather Wing of the US.kF Air Weather Service
recently published a series of climatic studies for its area of responsibility
which includes a portion of the humid tropics. These studies provide an excel-
lent compilation for a limited number cf meteorological parameters from data

sources mentioned in this chapter. Some of the more pertinent studies are:

* Special Study 105-3, "Climate Data Summaries for Selected

Asian and Pacific Stations"

o Special Study 105-4, "Climate of North Vietnam"

* Special Study 105-5, "Climate of Malaysia"

* Special Study 105-6, -Climatic Atlas of Lidochina"
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* Special Study 105-8, "Far East Climatic Briefs"

* Special Study !05-9, "Climate of Republic of Vietnam"

"* Special Study 105/11 (1-2) "January-December Climate
of Southeast Asia"

"* Series of 20 "Persistency Summary Studies for Vietnam"

The persistency summaries mentioned above atter-ipt to answer

the following two questions: Given a certain weather condition, how many hours
will it last? Will the same condition recur on one or more succeeding days at

the same hour?

5) U.S. Interest in Tropical Metorologica. and Ciimatological
Research on an International Scale

U.S. participation in the International Indian Ocean Expedition
(HOE) was planned by the National Academy of Sciences Committee on Atmo-
spheric Sciences. C.S. Ramage of the University of Hawaii spent 20 months
in the Indian Ocean area as scientific director of the HOE meteorology program
which was established at Bombay in 1963. The program collected :neteoro-
logical data from every possible source. All weather parameters over land
and sea and in the upper atmosphere were collected and stored on microcard.
The data were reduced and displayed on charts and were subject to daily
analysis. The staff conducted daily discussions of developing problems, the
data analysis and its dynamics. Basic objectives of the activities at Colaba
Observatory, Bombay, were to develop forecasting techniques for the area and
to describe basic atmospheric processes to fit into a model. C.R. V. Raman
reports that one of the most significant results of the research of HIOE's
meteorology program has been to dispel the notion that a single meeting line
of air from both hemispheres (intertropical convergence zone) exists az a sin-
gle front migrating with the sun and carrying weather with it but, in reality, is
an independent dual series of lows or two distinct troughs, one in each hemi-
sphere, which migrate with the sun. The existence of double troughs is indi-

cated by the evidence of cloud cover, moisture and rainfall, distribution. 2 4

The International Geographical Union formed a special

commission on the humid tropics. B. J. Garnier, a member of this corn -
mission, has bnen engaged since 1957 in a continuing program for delimitation
of the humid tropics. In association with F.R. Fosberg and A.W. Kuchler,

Garnier is engaged in the following work as reported by Hills. 25

"a) Testing conditions established for humid tropicality

by undertaking air mass and other analysis outside West
Africa, with the object to see whether the average tern-i-

perature and humidity values e3tablished in West Africa
when unmodified mT air dominates an area for 5 days or A

longer are similar in other parts of the world

"b) Examination of the validity of the periods of duration
for temperature and humidity conditions suggested in
the above reference as suitable limits for the humid tropics
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"c) Refining the position of the boundaries of the humid
tropics outside West Africa by examination of local data

"d) Studies of the climate of different parts of the humid
tropics with a view to finding out the character of conditions
not adequately expressed by the factors chosen to show the
limits of the area, e.g., typical day-to-day wcather con-
ditions, temperature regimes, water balance studies, sun-
shine, and radiation character. "

Gamier currently is conducting research on: the weather
conditions in Nigeria with particular reference to (1) their detailed nature as
typifying the conditions of different seasons, (Z) their ecological significance
and (3) their significance for understanding the physiclogical climatology of the
area; and the water resources of West Africa, investigated from the climate
(water balance) viewpoint. As part of the latter study (still in a formative
state), he plans to measure runoff in various West African River basins prior
to making an overall climatic appraisal of the available vater in the catchment
basins of West Africa. By 1968, the results of Garnier's study and other trop-
ical weather and climate research by geographers (U. S. and international) are
to be ret.j)rted.

b. Latir. America

Culd air invasions to latitudes as low as 140 N have been the
subject of study by I. H. Lessman of the National Meteorological Service,
El Salvador. C. F. Bennett has been conducting microclimatic studies in
Barro Colorado Island in the Canal Zone. Some of his data will be published
in 1966. In Costa Rica, efforts are being made to undertake synoptic analyses
for that area. Lessman reported that research efforts and research publi-
cations were limited throughout Central America. Data are available for
research involving the origin of temporals, rainfall variations and the inter-
tropical convergence zone. Facilities of the Institute of Tropical Scientific
Investigation of the University of El Salvador, including board and lodging,
are free to foreign research personnel. 3 4

Other current work in Latin America includes

Climatology; Instituto de Meteorologia Nautica Mexico
Atmospheric Escuela Nautica Mercante Fernando
Studies Siliceo

Veracruz, Mexico

Climatology; Ing. Juan Mas Sinta Mexico
Applied Regional Direccion de Geografia y Meteorologi'a
Climatic Stadies; Avenida del Observatorio 192
Evapotranspiration; Tacubaya, Mexico, D.F.
Pacific and

Caribbean Hurricanes
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Tropical Convergence; J.M. dos Santos Brazil

Easterly Waves; Polar R. C. Ferreira, M. Sampaio
and Continental Humid J. F. Garcia, L. R. Ratisbona

Air Masses; Mapping of Serviro de Meteorologia do

Agroclimatic Districts Ministe'rio da Agricultura
of Brazil Centro de Pesquisa,

Rio de Janeiro, Brazil

Tropical Meteorology C. Troll Northeast
Meteorologisches Institut Brazil
Rheinische Friedrich- Wilhelm-
Universitit Bonn

Franziskanerstrasse 2
53 Bonn, Germany

c. Africa

H. 0. Walker, in discussing current research activity in
Africa for UNESCO, has stated: 2 7

"There are very few research institutes or universities in
Africa with departments devoted to meteorology or climatology.
Climatology appears in the list of studies of many geographical
departments in institutions of higher learning, but this is scarcely
enough. Research in meteorology is usually a function of sta-
meteorological services in Africa. The inclusion of this amongst
the attributes of the service is most desirable since it links within

application of the data. Unfortunately, shortage of manpower and

other resources have all too frequently led to a concentration on a

operational requirements and most research has been carried ou,
either on a part-time basis or at times which other members of

civil services would reasonably consider leisure hours. Under
conditions such as these, experimental research and research on a
large scale in fundamental meteorology are extremely difficult.

Hence, the tendency has been for research to concentrate on
analytical work over a limited area. As examples, Grandidier's
work on the monsoon in former French Equatorial Africa and i
Eldridge's work on the disturbance lines of West Africa may be

quoted. If the writer's experience is any guide, much research
work in Africa that has been started has not been finalized either
because of lack of time on the part of the research worker or

because he has left the continent to return to the problems of the

22
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t metropoitan country to which he belongs, it is even more ceriain

that many investigations which have been completed are only

available in manuscript or in a few typewritten copies. The sparsity

of aerological observations in Africa is another grave handicap to

research in meteorology."

Research by South Africans has been accomplished for some

areas in tropical Africa. In Johannesburg, S. P. Jackson, University of

Witwatersrand, has prepared a climatological atlas for the entire continent

of Africa under the auspices of the Commission for Technical Co-operation

in Africa. Z8 Ramanasarivo of the Service me'teorologique, Tananarive, has

been concerned with the correlation of polar air cells with the weather in the

Western Indian Ocean, tropical cyclones and the application of climatology

to hydrology.

The East African Meteorological Service director, B. W.
Thompson, reports that the investigation of East African weather systems is
of high priority. The East African Forestry Research Organization (EAFRO)

is conducting research on atmospheric moisture.

Other significant work includes

Mete orologico A. S. de Souza Mozambique
Observatdrio Astrondmico e
Meteorolo'gico Campos

Rodrigues
Lourenco Marques, C.P. 256

Mozambique

Climatology Institut des parcs nationaux Congc

du Congo et du Rwanda - Burundi
1 rue Defacqz, Bruxelles, Belgium

Radiation Balance; J. vanMieghem, F. Bultot Congo

Synoptic Study of Institut royal me'te'orologique
Energy Balance Centre de la me'te'orologie
Factors; Hydro- tropicale et de la climatologie

meteorology; Climato- Avenue Circulaire 3

logical Atlas of Congo Uccle-Bruxelles 18, Belgium
Basin; Bioclimates;
Climatic Variations

Tropical Meteorology; C. Troll East Africa

Water Vapor; Heat Meteorologisches Institut

Transport and Diver- Rheinische Friedrich- Wilhelm
gence; Regional Universitit Bonn

Circulation Anomalies Franziskanerstrasse 2
53 Bonn, Germany
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Resistance of Materials R. Geigy Taaganyika

to Influences of Tropi- Institut tropical suisse

call Climate Socinstrasse 57
Basle, Switzerland

Meteorology S. J. de Almeida Tropical Rain

Jo2'o Capelo Meteorolo- Forest and
gical and Magnetic Observatory Savanna in

Luanda, C.P. 1Z88, Angola Angola

Recent studies in the climatology and m-, 'Nrology of Africa by

M.F. Faha, A.H. Bunting, P.A. Onesta, Hi. Walker, 1. r. North, P. Nisme,

and D. J. Bargman are listed in the published literature appearing in Volume I.

(Note code numbers 0003-080, 090 of Section E.)

d. South Asia ..•d Oceania

The Malayan Meteorological Service has conducted studies on

development of horizontal divergence and vorticity in the low latitude a'mo-

sphere, equatorial convergence lines of the Malayan-East Indies area and

properties of the upper air over Singapore.

Tropical summer convective cells have been the subject of

research by H. Mitra, S.M. Kulshrestha and P.S. Jain of the India Mete-

orologicil Department, New Delhi, India. Their investigations, which include

the use of radar, cover various characteristics of echo cells such as cell

diameters, cell spacing, their distributions, variation with the progress of

the season, interrelationship, and height-diameter relationship. Also at the

India Meteorological Department, a synoptic study of premonsoon squall lines

in Northeast India and East Pakistan is being conducted by D. V. Subramanian

and A. K. Banerji employing radar techniques. At Poona University, Poona,

India, radiometeorological thunderstorms in the tropics are being stucied

by M. W. Chiplonakar, R. N. Karekar and P. R. Marwadi.

S. Raghavan of the India Meteorological Department, working

on problems cf thunderstorm propagation studies, has discovered that anom-

alous echoes observed on a 3-cm radar beam at Madras, India, in the rear

nf thunderstorms cannot be satisfactorily explained by processes suggested by

previous authorities on the subject. 26

Recently, an Institute of Tropical Meteorology was established

at Poona, India. Equipment and personnel of the International Meteorological

Center, Bombay, have been transferred to Poona. P.R. Krishna Rao has

overall responsibility for this research facility which will be involved in

research on the problems of tropical and subtropical meteorology including

monsoons and their forecasting, forecasting and warnings for tropical cyclones,

medium-range forecasting for the benefit of agriculture and other allied fields, I
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Sfhoud forecasting, an.d dcvehpinpu techniqu, . for sturfacc and upper at;nosphi-rv
uhsezvatt, ns. A UN Spei'al Fund grant has been ,nadt- for i.etkc:.roloicai
uquipment, cloud and storm s.uiies equtprnent, an IBM 1620 c-iputrand
othcr equipment. TI'is inst-tut-t is ,ntenaed to serve as an unttrrationai center
lot research in tropical fl-:,-c-troogy.

Other work in South Asia and Oceania includes

ClIIIIatology Hglgh Ferguson India
Tocklai Experimnental Station

P.O. Omnnamara, Distr,.ct
Sibsagar, Assam, India

Ra.iall Forecasttng; Ir. R. Geonarso Indonesia,
Clim-atic Variations Lembaga Meteorologi dan especially

Ceofisik Djaian Geredja Tava
inggris 3
Djak. rta, Lndonesia

Forecasting; S. N. Na'i I East
Jet Streams; Pakis-an MeLeorological S,-rvice Pakistan
Circulation Studies; Central Stcretariat
Cycloni. Storms; Frere Road
AgromeLeorology Karachi. Pakistan

East Asia and West R. L. Krntapar East Asia
Pacific Air Streams; Phllippine Weather Bureau and West
Typhoons; Atmo'-pheric Research Unit Pacific
Synoptic Indicators P. 0. Box 2Z77

Mani! t, Philippines

Evapotranspiration; Burma Meteorological Department Burma
Climatological Map 619 Merchant Street
Revision; Rangoon, Burma
Solar Radiation

Cyclones; W.J. Gibbs North
"Cxinatological Surveyre; Commonwealth Bureau of Queensland
Rainfall Varzations; Meteorology Northern
Agrometeorology Box !Z89K, GPO Territory

Melbourne. Australia
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3. Research of Significant Growth Potential

Among the many research activities underway or those about
to be undertaken, a few exhibit more growth potential than others. These
have been categorized into the following groups:

"* Projects dealing with moisture transportation and
evaporation fP omn open water surfaces in the
tropics

"* Projects dealing with the interaction between low
and high latitude circulations of the atmosphere.
(The first type of research problem is fairly easy
to study, while the second type is much more
complex and difficult; nevertheless, research activity
along both of these lines is not only significant but
clearly has great future potential.)

"* Water balance studies

"* Statistical studies for analysis of regions. (The
principal problem to be solved is the spatial
characteristics resulting from manifold rather
than unitary controls. When it is possible to
combine several climatic characteristics in a
complex variable such as a "weather type,"
increased comprehension of region-wide char-
acteristics- now confined to single-station data-
will result.)

4. Neglected Areas of Research

Tropical meteorulogy and climatology in themselves might be
ciassifed as neglected areas of research within the total field of meteorology
and climatology. One recent survey showed that research on cloud and
precipitation physics, turbulence and diffusion, climatology, micrometeorology,
and the upper atmosphere accounted for 45.6 percent of the total research budget
at -2 universities and institutions, while tropical meteorology accounted
for only 2. 5 percent. 17 This is less than half of those funds devoted to
polar meteorologic research. The figures for U.S. Government research
support indicate a similar lack of emphasis on tropical meteorologic research.
Only 1. 8 percent of the total funds is available to tropical research. If one
then notes the emphasis placed on hurricane studies, one can see why the
general field might be considered to constitute a research gap.

ti
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Basic research is needed in many areas of the field of
tropical meteorology and climatology before meaningful studies of more
complex problems can be attempted. In recent symposia on tropical meteor-
ology, participants discussed neglected research problems at length. The

following is a list of some of the problems mentioned:

"* Development of comprehensive synoptic models

of tropical weather-producing systems such as
the intertropical convergence zone, high tropo-
spheric vortices, the easterly wave, etc.

"* Structure and motion of the intertropical con-
v.-rgence zone

* Steering mechanism of easterly waves and their
precipitation patterns, areas of maximum weather

potential and speed of movement

"* Interrelationships between upper airflow and
surface rainfall in the tropics

"* Cold-air outbreaks- low-latitude penetration
extent and associated weather phenomena in

the humid tropics

"* Upper tropospheric vortices a.id their relation-
ships with surface w-ather, cloids and easterly
waves

"* Low-latitude jet streams, their associated

turbulence and clouds and their possible
relationship with localized heavy rains

"* Relation between sea surface temperatures and

cloudiness, shower frequency and cyclogenesis
in the tropics

"* Recognition of significant tropical weather types
and their temporal and spatial distributions

"* Relative importance of horizontal aivection and
vertical flux of water vapor in determining total

moisture content of the air in the tropics

. Diurnal changes in low-level winds and temperature,
along with clouds and rainfall, over both land and

water in the tropics
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a Tntprartions hetween h.misoheres during

different seasons, with particular attention
to the resulting weather effects

"* Interaction between high- and low-latitude
perturbations

"* The incidence of hot and cold spells and
their relation to altitude, latitude, cloud
cover, humidity, and wind

"* Frictional stress and its relation to vigor and
scale of tropical al;mospheric convection (and
all other vertical momentum)

"* Investigation of climatic distributions as they
are related to wind directions at their gradient
level

" Development of a systerm to express numerically
geographic areas instead of points in tropical
climatology

5. Problems Limiting Research

a. Data Availability

Professor H. P. Bailey, University of California, Rivcrside,
has the- following to say regarding the state of climatic data:

"Knowledge of weather and climate is gathered, transmitted,
analyzed, and learned in numericai form to a greater degree than is
true of most other aspects of the physical envi-ronment. Furthermore,
it is also true of most aspects of atmospheric behavior that the data
fall under, or are approximated by, the Gaussian distribution curve.
Thus, the arithmetic mean is a useful indicator of central tendency;
also, in the humid-tropical environment, means are stabilized by per-
iods of record short in comparison to those required in higher lati-
tudes. It follows that the predictive value of the climatic record, in
whatever form it is presented - means, frequencies or extremes -

is optimal in the humid-tropical environment.

"The most important advance in climatology in the last 30 years
has been the development of electronic summarizing equipment, which
allows the recall and ordering of daily or even hourly weather data
according to the needs of specific inquiries. A large amount of experi-
ence in military needs relative to the weather factor in planning,
equipment, strategic and eveni tactical operations has shown that such
needs are best satisfied by:
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i) Specifying the problem

"2) Interpreting that problem in terms

of the weather factors involved

"3) Determining the frequency and severity of
those weatber factors by summarization of
weather records by electronic equipment
from a suitable run of daily observations

"4) Making a decision based upon such specific information
rather • ±an relying upon generalities derived without refer-
ence to the military needs under examination

"Thus, it follows that the most important aspects of the state of
knowledge relative to the weather and climate factors in military
planning are related to (1) the existence of weather records in the
areas of concern, (Z) the conversion of those records to punched
cards, magnetic tapes or other forms of electrical storage, and (3)
the facilities to process such encoded information. This knowledge
is 'live,' flexible and subject to enrichment and collation in contrast
to published sources of climatic information which are 'dead,' inflex-
ible and beyond recall.

"It is of the greatest importance, therefore, to determine the
status of original records, the degree to which they have been encoded
for electronic processing equipment, and the programs that have been
developed for their interpretation. The facilities of the National Wea-

ther Records Center at Ashville, North Carolina, are the center of
such information. However, a considerable lead time, as well as
essential funding, is needed when deficiencies are discovered in any
part of the chain described La the preceding paragraphs. For a proper,
useful and complete estimation of the state of knowledge of weather
and climate of the humid tropics, it is thus necessary to think not only
in terms of the inventory of weather records but the actual state of
facilities and personnel needed to process such records for repeated,
carefully specified, properly interpreted climatic analyses. The
required 'state of knowledge' thus has an important operational dimen-
sion as well as a library dimension."*

The density of the data-collecting network is far below the
desired level in many nations in the tropics. Raw data for mete(_-ological

and climatological studies are available today at most national weather head-
quarters in the tropics, but many of the data are unreliable. Data are avail-
able only at numerous individual centers rather than at a central bank. The
expense in time ard money of gathering the local data in the proper form for
the researchers' specific needs is frequently a formidab'e barrier.

*Bailey, H.P., 1966: Personal Correspondence dated 11 February.
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The inadequacy of the observing network in the humid tropics

is shown in Table 12. The total number of weather stations in a country, as
well as the area of the country, is presented in order to give an indication of
density. CounLries with the least density of operating weather stations are
shown at the beginning; those with the greatest density, at the end. Also, the
data for several extratropical countries are included for purposes of com-

parison. If these established and functioning observing networks are used as
a guide, absolute minimum coverage is not available in the humid tropics

except for those countries listed in the tab]e as following Kenya. Distri-
bution and type (surfacý or upper air) of existing weather stations throughout
the various regions is a critical problem not treated here but which must be
evaluated prior to locating any new facilities. Weather station locations tend
to be concentrated around centers of population, industry and transportation,
which may or may not satisfy the requirements of needed meteorological
and climatological research.
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Table 12

WEATHER STATIONS OPERATING IN THE HUMID TROPICS

No. of Area of Country Density

Count ry Sv•tions (sq mi) Factor

Liberia 1 43,000 1

Chad 16 495,800 3

Angola 18 481,351 4

Costa Rica 1 19,960 5

Sudan 53 967,500 5

Venezuela 19 352,051 5

Guatemala 2 42,032 5

Brazil 182 3,286,342 5

Peru 32 506,058 6

Bolivia 27 424,060 6

British Guiana 5 82,990 6

Upper Volta 7 105,839 7

Laos 7 91,000 7

Nigeria 28 367,341 8

N. Rhodesia 23 288, 130 8

Congo 81 1,037,381 8

Ivory Coast 11 124,503 9

Nicaragua 5 57, 128 9

Colombia 41 439,716 9

Indonesia and Maltysia 66 626,573 In

French Guiana 4 34,740 ii

SM -zambique 34 297,846 11

*From H. 0. Pub. No. 119, "Weather Station Index, U, S. Naval

Oceanographic Office, USGPO, Washington, D.C.
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Table 12 (Contd.)

No. of Area of Country Density

Coutry Stations (sq mi) Factor

Rhodesia 16 150,333 11

Malagasy 27 227,800 12

Paraguay 21 157,006 13

Ecuador 14 104,479 13

Gabon 14 103, 100 14

Panama 4 28,745 14

S. Vietnam 10 65,948 15

Cameroon 32 183,333 17

Cambodia 10 54,000 18

Honduras 9 43,232 21

Togo 5 22,200 22

Rwanda 3)
?0,915 24

Burundi 2

Kenya, Tanzania, Uganda 55 224,600 24

Puerto Rico, Virgin Islands 9 3,566 25

Pakistan 98 364,737 27

India 362 1,259,991 28

Haiti 3 10,692 28

Thailand 56 198,500 29

Surinam 16 55, 145 29

Malaysia 15 51,000 29

Central African Republic 79 238,224 33

British Honduras 3 8,863 34

El Salvador 3 8,257 36

Solomon Islands 6 15,820 38

Dominican Republic 8 18,810 43

Philippines 57 115,000 49

11 I
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"Table 12 (Contd.)

No. of Area of Count-y Density
Count ry Stations (sq mi) Factor

Cuba 24 44,205 54

West New Guinea 54 94,430 57

Ceylon 20 25,332 79

New Hebrides Islands 5 5,700 88

Jamaica 6 4,408 136

Fiji Islands 15 7,055 213

Taiwan 36 13,885 259

Martinique and Vicinity 2 425 472

St. Lucia Island, 5 383 1299
St. Vincent Island

Information for several extratropical countries is provided below
for comparative purposes:

United Sta''es 1, 125 3,675,633 31
(Continental)

Norway 86 125,064 69

Sweden 189 173,622 10i

France 156 -!2,822 7 3

West Germany 220 95,9Z3 229

Italy 152 116,303 131

TOTAL STATIONS 1,691

TOTAL LAND AREA 12,451,400

Note: Australia, Mexico and China (Peoples Republic of)

are not included because of incomplete stations and
area determination.
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b. Coding, Description, Models

The lack of a special coding and descriptor language for

tropical weather phmnomena is a serious handicap to research. Raghavan reports:

"Gaps exist in detailed cloud information, net radiation

data and evaporation data. Without these, we can hardly establish which pro-

cesses are operative, much less understand them. We also lack adequale

synoptic models based on careful observation and physical reasoning. " 26

c. Instrumentation

The lack of adequate instrumentation, calibration procedures
alnd training of personnel contributes to the inaccuracies of data. A much
higher accuracy of measurement is required in the humid tropics.

An additional probIem for research deals with the evaluation
of radiosonde data. A thorough discussion of the problem is contained in a
speech given by Koteswaram, Indian Meteorological Service, at a conference
on Tropical Meteorology at Asbury Park, New Jersey, May 10-11, 1962. 27

His remarks indicated that some solution must be found to the problem oi

evaluating radiosonde data discrepancies before any significant progress can

be made in tropical meteorology. Proper calibration of the instrument prior
to release and a carefully monitored run will do much to alleviate the dis-

crepancies. It is doubtful that the monies presently available to the tropical
areas can provide a new instrument with more sensitive sensors, but the

project is worth considering because of the minimum variations in the pressure

temperature and humidity of the upper atmosphere.

d. Personnel and Equipment

The understaffed, underequipped, poorly organized state of
many tropical national meteorological services is a deterrent to good results
in analysis, forecasting, climatological studies, and research. When queried
on the major problems facing the investigation of tropical meteorology, Pro-

fessor R.A. Bryson, University of Wisconsin, Center for Climatic Research,
gave the opinion that "qualification ,! personnel and methodology" are major
factors of a barrier nature. He stated:

"There are too -ew people working in the field, the data are

generally not for the important parameters and the data are not

collected in a form to reflect the sensitive factors. For example,
the difference between light rain or none and heavy rain is often

due to slight differen.-ci in initial stability. The only sufficiently
sensitive indicator of these subtle differences is the clouds them-

selves; yet the cloud form is not accurately reported, is coded into

very gross groups.... .

*Bryson, R.A., 1966: Personal Cox respondence dated 29 March.
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Acquisition of weather and climatic information has dete-
riorated in the Caribbean area in the past few years due, in part, to lack
of equipment and personnel. For example, many noted atmospheric

scientists have migrated from Cuba. In addition. upper-air soundings are
no longer taken above Cuba because the U.S. Department of State has halted
the U.S. Weather Bureau's shipment of radiosonde units, balloons and

helium for these measurements. Formerly, this equipment was available
from the Weather Bureau at no cost. Upper-air data from Havana and Camaguey

were probably of greater advantage to U.S. meteorologists than to Cuba. In
this area and in others, there is a distinct need for an increase in station
density in order to increase data inputs. Ship stations or automatic self-

monitoring station.s are essential to data collection in or near hostile areas.

The Radar Meteorological Laboratory at the University of

Miami, Coral Gables, Florida, needs additional and better equipment for
its radar program to get areal patterns of "point" weather data. Such
requirements include a video tape :--corder to study the quantitative pattern
of turbulence and an S-band radar with 20-ft reflector to permit narrow
beam (10 cm wv) of 10 beamwidth to eliminate atmospheric attenuation.

e. Financing

Lack of funds and their unequal distribution are among signifi-

cant problems deterring an adequate meteorological operation. Careful

planning in the distribution and application of monies by WMO or other quali-
fied international organizations can provide for a scheduled closing of the gap
in making data of the tropics available, distributing it and providing the per-

sonnel and equipment to process it.

Many promising research ideas may have been allow-,ed to

stagnate because funds were unavailable. Bryson, who has the largest
graduate meteorology program in the U.S. , was asked wh,' so few students
at the University of Wisconsin are concerned with the tropical portion of the

troposphere. "The data, " he replied, "are too difficult to get and to'
expensive from Asheville (The National Weather Records Center) in dddition

to the cost of field operation. It*

f. Problems of the Environment

Where funds are available, the researcher cannot under-

estimate the difficulties involved in carrying out research programs under

"j itropical conditions. Portig reported that a disregard for the difficulties

inm ved in tropical working conditions caused the failure of the German IGY

expedition. 30 On this subject, Crow reports: "Among the many partially

independent out closely interrelated factors involved, -n~ost of which are out

of control of the researcher, are transportation difficulties, unreliable

power sources, lack of suitably trained assistants, enhanced corrosion, and

the overall lethargy which affects personnel in tropical regions.1"30

*

Op. cit., p. 137
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According to Bargman and Johnson, the efforts required to
obtain reasonabie results- even with nonelectronic equipment- are approxi-
mately three times as great in the tropics as they are in midlatitudes. While
this opinion' was based on experience at African locations, meteorologists who
have workeu in Latin America- such as Crow, Lessman and Portig- consider
the figure an understatement , with even such a factor as pilferage playing
a major role in these areas. 3 0

6. Major Controversies

Major theoretical controversi::s appear to be absent from the
fields of tropical meteorology and climatology, but there are some minor areas
of disagreement. In some instances, the disagreement may stem not from a

?articular research problem but from the methods by which it was approached.
For example, Weickmann, in the production of atmospheric charts, reduced
data from the 850-mb level to sea level. 30 Bargman failed "to find any
physical significance in the reduction from the general 850-mb level over
continental Africa and over the higher parts of continental Asia to sea level
in the production of these charts." He added that he found the correlation of
the 850-mb level over the continent with sea level over the ocean "physically
distressing. "

Other differences of opinion occur on the value of data derived
from equipment now in use in the tropics. For example, Lally states that
"the radiosonde is the single most important meteorological instrument, ,,31

but a recent study indicates that "radiosonde ascents in the Caribbean do not
satisfy the requirements of the forecaster nor of the research worker. "30

R. H. Simpson of the U.S. Weather Bureau (Meteorological Research),
Washington, D. C., raises the pessimistic possibility that radiosonde obser-
vations aie not being correctly interpreted. 3 0 Other differences of opinion
exist on such subjects as the genesis of hurricanes 22 and the structure of
the intertropical convergence zone (ITC).

The differences of opinions referred to above cannot be con-
sidered major controversies. Differences of interpretation often occur
because of the inadequacy of data, and scientists are unwilling or unable
to take a firm theoretical stand.

Today's most significant theoretical controversy in tropical
meteorology concerns easterly waves. Questions related to easterly waves
have been abundant in current lit( rature. Several types of disturbances
within the tropics produce the same surface expression but are quite different
aloft. The ability of these systems to penetrate into the upper atmosphere and
their expression aloft are important to their ability to sustain themselves.

1,
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U Other points of controversy include the number of type-. of easterly waves,
their characteristics and whether certain types are confined to specific
geographic areas. Pacific meteorologists say that easterly waves never
deepen: into hurricanes and that they are completely independent of each other.
Others such as J. C. Sadler of USAFCRL have even questioned the existence
of the easterly wave as a self-sustaining sys em. 30

Bryson reports that " . . . practically all research papers on
the subject (of easterly waves) limit their concern to 'the 10 strongest of the
sedson' or $only those which generated tropical storms.' This is like trying
to describe the embryo by iooking only at adults . . . "*

Atlantic meteorologists contend that certain types of easterly
waves deepen into hurricanes. R. H. Simpson thought that Sadler had been
misquoted and that the easterly wave definitely did exist. This statemcm
was then rebutted by several tropical meteorologists. 34t 35, 36 Merritt has
partially settled the controversy in favor of Simpson. 33 It is known that

certain types of easterly waves extend into the upper levels of the atmosphere
and t*.at they are self-sustaining. 37 However, still unanswered are other
questions: how many types of easterly waves exist?. . .are certain types found
only in specific geographic areas and why?... why do some extend aloft and
not others? These questions and the overall easterly wave problem are yet
to be resolved.

At present, there is controversy in tropical Africa as to the
best method of calculating and measuring potential evapotranspiration, be it
the radiation-income method, the aerodynamic approach or a combination
of both. A discussion of these problems may be found in a report given by
J.S.G. McCulloch at the Inter-African Conference on Hydrology at Nairobi
(CCTA, 1961).

"Many controversies," reports Bryson, "stem from the size

of the tropics and the local viewpoint of the investigator. For example, to go
back to pre-WWII days, the Japanese said there were 'fronts' in typhoons, and
the Philippinos said there were not. The Japanese used their ship and small
island observations and the Philippinos used mountainous island observations.

Even if there were 'fronts' over the sea, they couldn't have been seen over
the rough islands."

7. Field and Laboratory Techniques

Methods for observing and measuring tropical meteorological

phenomena are essentially the same as those employed in extratropical areas.

Although equipment rn.ay vary from station to station, country to country, etc.,

the variation is not critical u.nless the international technical specifications

for this equipment have been ignored.

Op. cit., p. 137
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Rocket probes, radar and meteorological satellites are helping
to expand knowledge of weather phenomena. Rocket probes and radar, while
adding valuable information on particular areas within and especially on the
periphery of the humid tropics, are not widely used in tropical areas due to
lack of local funds and technical capabilities. Data derived from meteoro-
logical satellites do no, receive wide dissemination in the tropics and, at
present, are not available to aid forecasting izi a greater portion of the area.

Proper measurement of meteorological phenomena requires
training and constant checking of procedures. Instrumentation requires
periodic calibration and servicing. The minimal meteorologically significant
variations in meteorological parameters require close adherence to these

requirements. 32 A difference in calibration technique by two observers may
amount to as much as three to five times the variation which actually exists
between two stations- or even at the same station during two separate
recording periods. The coding of meteorological data is another serious
problem which is illustrated as follows:

"The synoptic code assigns two figures CL = 3 and CL = 9

to cumulonimbus (Cb). Neither figure specifies whether
there is just one Cb or many Cb's all over the sky, whether
it is (they are) isolated or accompanied by cumulus, strato-
cumulus, stratus or cirrus as the plain language specifi-
cations say (U.S. Weather Bureau, 1955). The difference
between the number 3 and the number 9 refers only to the

fibrosity of the Cb's top. i38

Since Cb clouds are more common in lower latitudes than in high latitudes,
the information given by the synoptic codes is insufficient. Lack of essential
features and inadequate description greatly reduce the value of the obser-
vation to the forecaster. At a recent conference on tropical meteorology,
Dunn (U.S. Weather Bureau) stated: "I challenge anyone to take the plotted
land observations from Central and South America and the Caribbean and
consistently and accurately locate the ITC (intertropical convergence zone).
The cloud and weather code simply don't tell us w1',t the sky looks like. "' I

i

-tt
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B~ryson feels that thc structure of the 'LTC could be established with a co-
ordinated aircratt obse-vation prograrn. Hei- agrees with Dunn that
calculations from -widelv 5 attered statndard statiott cbservat4.ons will never
establish ITC structure.

1Hgh-lautitude analysis techniqueF aliso have been adapted from
other areas for tropicaý use. The i-i~larIc miethod wxas borrowed frcryi mid-
latitude meteorology and .s wi-dely used in the trovics. The stream-line
tec~hnin-ue which is also being use-d- in trne tropics gives better delfinitions of
tropical wcather but, to be done correctly, is ti&me -consuming. I,'~baric
analysis is difficult -in mrany areas -uf the tropics due to s-mall pressure
variations between staticonsi the incu~vof -_irfacc air pressure measure-
ments and the lack of a standard technique for reducing upper air pressures
to the suirface.

Communications systzins for data collection, within. a region
and for exchange between regions are inadequate. Whereas the r.Aative

importan-ce of long-range forecasting has been as great as in m-oa t. extra-
tropical areas, this probl-mr of long-range forccasting becomes increasingly
criticalI as more indlistrial and aeronaviticai agricultural development takes
place. Data frorn the tropical areas are e~xtremelly important to anyj global
weather analysis and forecasting systeln. At present, there is an insufficient
exchan~se of information between regions or from the tropics to niidlatitude
areas tco allow accurate long-range forecasts. When one cor..pares the systemn
of conirruni cations in the northern hErnisphiere with the accuracy achieved in
long -range weather prediction, one begins to realite the %1a~tr.CE of the
problem.

D, AVAILABIIATY OF DATA

Information concerning the weather and climate of the humid
tropics comes in various forms and from many types of sources including
depositoriee, research Linstitutions, conference reports, and authoritative
pe rgonn el.1

i. Amrourit and Type Available

In comnpariz~ofi with atmospheric research. of other areas of
th e world, hlumid tropicpl coverage may be descrithetd at, lrimied. Weather

&;:d ~ and climatic studies on the humid- tropka- zrý- abo--ut liali the numnber of polar
studie s.

Op. cit., p. 137
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Research material has been encountered in several foreign
languages. Usually, important published reports, books or articles have been
reviewed and abstracted in U.S. professional journals such as Meteorological
and Geoastrophysicai Abstracts, a monthly publication of the American Meteoro-
logical Society. Climatological information has been found either in the form
of actual studies iss;,.-d by the meteorological services of the various coun-
tries or in reference bibliographies such as the U.S. Weather Bureau's
Annotated Bibliography of Climate and Annotated Bibliography of Climatic
Maps. Appendix B (Principal Depositories) of this compendium should be
consulted to determine the amount, type and availability of weather climatic
research materials located at depositories containing outstanding holdings,
either quantitatively, qualitatively, or both.

2. Spt.ci.-l Information Sources

Sources of information in addition to depositories consist of
national and international research institutions, agencies, organizations, and
authoritative personnel who have done significant research in the local a -ea.

a. Institutions and Agencies

Organizations, agencies and research institutions engaged in
specialized investigations of humid-tropical weather and climate may be iound
in a separate report entitled A Directory of Institutions Primarily Devoted to
Humid Tropic Research which was published in October 1965 by McGill Uni-
versity for the U. S. Army Research Office and the IGU. 39

High' / specialized holdings by organizations that act as
aepositories of weather and climate materials may be found in Appendix B
of this compendium.

Special agencies containing data in an EAM format for storage
and rapid information retrieval do not specialize in humid tropic areas. The
National Weather Records Center and the Data Control Division, Climatic
Center of the Air WeatherService. both located at Asheville, N. Carolina, and
the Meteorological Office, Bracknell, U. K.., contain essentially domestic data
but do have materials on punch cards, microcards, microfilm, etc., con-
cerning the tropics. An inventory of the surface and upper air data available
at these two U. S. depositories is avrailable from the U.S. Weather Bureau
(ESSA). Their holdings consist of uniform summaries of surface and upper
level weather observations.

A catalog of all NIMBUS radiometer observations is available
from the Goddard Space Flight Center, Greenbelt, Maryland.
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A comprehensive annotated bibliography on ciimate is contained

in "An Annotated Bibliography of Climatic Maps" and "An Annotated Biblio-

graphy on the Climate" published by the Foreign Section of the Office of Clima-

tology, U.S. Weather Bureau. These record all known published information.

Useful studies and summaries in clouds, evaporation, precipitation, pressure,

humidity, temperature, and wind are carefully referenced and indexed and

sources are given. A listing of these bibliographies with identification numbers

is given in Table 13.

b. Authorities

Authorities who may be considered as information sources of an

interview nature are listed in both a matrix and directory in Appendix A

(Authorities) of this compendium. They have been selected primarily

on the basis of their research and/or residence in the local humid tropical

areas.

3. KWIC (Keyword in Context) Index

Volume I of this inventory, KWIC Index - Humid Tropic Envi-

ronmental Literature (AD-625-426), contains the bibliography that was col-

lected at domestic and foreign depositories. Documents of military

significance and scientific value are indicated. Materials were derived

primarily from the literature of the geographic, earth, atmospheric,

and biological sciences.

The literature was classified into the following categories

based on program specifications:

0 Weather, General

- precipitation
- cyclones
- hurricanes
- typhoons
- storms (inciuding mons cons)
- micrometeorology

- temperature
- wind
-solar radiation

"a Climate, General

- climatic regions, classification
L - - climat'c regions, delimitation

-weather services

N r - upper-air information

These topics may be consulted via their code numbers for each

area required in Section E of Volume I.
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Table 13

BIBLIOGRAPHY FOR CLIMATIC STUDIES
(U. S. Weather Bureau)

Publication No. Country Research Completed

WB/BC-1 "Brit. East Africa (also #7) 1955

WB/BC-2 *Cabinda

WB/r3C-3 *Cameroons

WB/BC-4 *French Equatorial Africa

WB/BC-5 *Peru

WB/BC-6 *'Rio Muni and Galf of Guinea Is.

WB/BC-7 '*Brit. East Africa II (also #1)

WB!BC-8 *::Angola 1956

WB/BC.-11 :*Belgian Congo

WB/BC-13 *Colombia

WB/BC-14 '*Costa Rica

WB/BC-15 -:-Ecuador (also #24)

WB/BC-16 *Guatemala

WB/BC-17 *Honduras

WB/BC-19 *Federation of Rhodesia and Nyasaland

In manuscript form and on microfilm (MF)

Note: Intermediate numbers are assigned to non Humid Tropic areas
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Table 13 (Contd.)

Publication No. Country Research Completed

WB/BC-20 ::*Panama (revised by #75) 1956 (coitd)

WB/BC-21 -*Salvador

WB/BC-22 ":Venezuela (also #27)

WB/BC-24 :*Ecuador U1 (also #15)

WB/BC-26 :::Panama II (revised by #75)

WB/BC-27 :-Venezuela 11 (also #22)

WB/BC-29 -:Guianas (Brit., French, Dutch) 1957

WB/BC-30 *Indochina (also #38)

WB/BC-36 Cuba 1958

WB/BC-38 Indochina II (also #30) (not on MF)

WB/BC-44 *Australia (not on MF) 1960

* WB/BC-47 South Pacific Islands

WB/BC-48 Brit. Honduras (revised by #52) 1961

WB/BC-51 So. Indian Ocean Is. (revised by #70)

( •In manuscript form and on microfilm (MF)

Revised means brought up to date
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Table 13 (Contd.)

Publication No. Country Research Completed

WB/BC-52 Brit. Honduras (revised) 1962

WB/BC-54 China (Formosa)

WB/BC-55 Macao

WB,'BC-56 Hong Kong

WB/BC-62 The Dominican Republic

WB/BC-63 Nicaragua

WB/BC-64 British Borneo

WB/BC-70 Indian Ocean Islands (revised) 1963

WB/BC-74 Bolivia

WB/BC-75 Panama and Canal Zone (revised)

WB/BC-79 French West Indies 1964

WB/BC-80 Sudan

WB/BC-86 Macao (revised) 1965

WB/BC-87 South China

WB/BC-88 North Vietnam

WB/BC-90 Republic of Vietnam 1966

Revised mf•ans brought up to date
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Table 13 (Contd.)

BIBLIOGRAPHY OF CLIMATIC MAPS

Publication No. Country Research C-,',npleted

WB/BM-6 'Mexico (revised by #59) 195 8

WB/BM-7 *Southwest Pacific Ocean

WB/BM-8 Western Pacific Ocean

WB/BM-I Pakistan (revised by P45) 1959

WB !BM-16 Australia 1960

WB/BM-18 Indochina (to be revised)

WB/BM-23 Formosa, Hong Kong and Macao (see #41)

WB/BM-24 Nigeria and Brit. Cameroons

WB/BM-27 Cuba 1961

WB/BM-30 China (mainland)

WB/BM-38 Colombia 1962

WB/BM-39 Indonesia

WB/BM-40 Fed. of Rhodesia and Nyasaland

WB/BM-41 China (Formosa), Hong Kong and Macao II (see #23)

WB/BM-43 Sudan

WB/BM-44 Tanganyika
"WB/BM-45 Pakistan (revised by #7i.1

WB/BM-46 Nicaragua

<I *In manuscript form

Revised means brought up to date
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Table 13 (Contd.)

Publication No. Country Research Completed

WB/BM-47 Bolivia

WB/BM-50 Angola

WB/BM-56 Mozambique 1963

WB/BM-59 Mexico (revised)

WB/BM-60 Burma

WB/BM-65 India 1964

WB/BM-70 Paraguay 1965

WB/ BM-71 Pakistan (revised)

WB/BM-72 Ceylon

Revised means brought up to date

[Burma, India (revised) in press]
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I t
4. Additional Information Sources

a Barbados

The Bellairs Research Institute of McGill Univeristy
conducted a project on the Waterford area for a period of 1O
years. The results were published in August 1960.

- Bolivia

The Bolivian Meteorological Service publishes an
annual "Bulletin of Statistics" containing data on standard

meteorological parameters.

* Brazil

Brazil's Department of Water and Electrical Energy

has collected precipitation data for some 200 stations. The

Brazilian Meteorological Service has published the "Atlas

Climatologico do Brasil" consisting of several large volumes

of statistical data.

* Martinique

The National Institude of Statistics of France has

published a climatological study with data in "Annuaire de

la Martinique" (1952-1956), and J. Cherbonnier published

a paper in 1963 entitled "Essai de classification des Differents

Climats de la Martinique d'apres les Me4hodes de Thornthwaite"

available through the National Meteorological Service of France.

* Central African Republic

The French Equato-'ial African Service Me'teorologique

published in 1954 the "Resume Mensual de Temps en A. E. F."
which is a good summary of meteorological statistics.

* Fernando P45-

The Great Britain Meteorological Service has published

a regional reference entitled "Weather on the West Coast of

Tropical Africa from 20 0 N to ZOOS including the Atlantic toZ5 W."

a Ghana

The Ghana Meteorological Service publishes "Monthly
, Weather Report and Annual Summary of Observations."

9 Ivory Coast

The French West Africa Service Mete'orologique has
Y t published "Co"te d'Ivoire Resume de Temps' for the period

1953-1954.
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e Nigeria

The British West Africa Meteorological Service has
published "Preliminary Notes on Rainfall of Nigeria (1956)"
which contains charts and tables for 100 stations.

* Portuguese Guinea

The Lisbon Servicio Meteorologica has published
rainfall data in "Annuario Climatologico de Pcrtugal,
Part II" for the period 1947-1954.

o Sierra Leone

The Sierra Leone Meteorological Service has
published "Statistics Illustrating the Climate of Sierra Leone."

E. ASSESSMENT OF TH-.E STATE OF KNOWLEDGE

This Inventory has sought the cooperation of experts with per-
sonal experience in the humid tropics to review the findings and offer opinions
on the state of knowledge of humid-tropical weather and climate in general
and in the 108 regional and political units (mainly entire countries) identified
for the purposes of the Inventory.

It has been determined that the experts regard the general state
of knowledge to range between fair and poor, with tropical climatology not as
far advanced as tropical meteorology. Their consensus is that regionally the
weather.and climate of the Caribbean and Hawaii are best known. They agree
that the weather of West Africa, East Africa, Mexico, and Congo (B), and the
climate of Southeast Asia, Mexico, India, and the Philippines have been well
stuO.ed.

The analysis of opinions shows that none of the experts claims
to have an intimate knowledge of weather and climate throughout the humid
tropics and, therefore, in keeping with accepted scientific ethics, each regards
himself qualified to rate only those areas that he has studied directly or in con-
nection with his topical investigations.

The Inventory shows a preponderance of literature on weather
and climate of the Caribbean, tropical Pacific, India, and the humid tropics
in general. It appears, as the experts have indicated, that these areas are
better known than other areas of the humid tropics. However, the state of
knowledge of some of the other regions may be better than the Inventory shows
or the experts can certify. American participation in atmospheric research
in the humid-tropical portions of the Western Hemisphere accounts for greater
familiarity with research there than in other regions and for greater avail-
ability of published results. Information on non-U. S. research activity decreases
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with the increase in amount that is published in foreign journals and books,
despite the growth oi internatio:aal abstracting services intended to overcome
this obstacle.

It is noted also that local experts differ with those consulted for
this project. For exaniple., the high rating given to knowledge of the weather
and climate of LJdia must be balanced against the opinion of scientists working
continuously in that region who enumerate countless gaps in knowledge. Simi-
lar observations were made on the opinions of American observers and local
experts regarding the knowledge of the weather and climate of Hawaii. In gen-
eral, the weather and climate of the humid tropics are not considered to be
adequately known.

H. P. Bailev has the following to say regarding the state of
knowledge of the weather and climate of thie humid tropics:

"The humid tropics are by definition warm and wet places overall.
However, much more variability of both temperature and rainfall
occurs, both in time and space, than is obvious. Unlike midlatitude
localities, tempertture is controlled more by cloudiness than season,
and the direction oi air flow is controlled more by friction than by
regional pressure gradients, because of the necessarily weak Coriolis
influence. The latter fact prevents the assumption that air will move
as it should, according to pressure gradients, and requires direct
observation of wind direction and wind speed at all levels. This
increased requiremrent for wind observation is contradicted by the fact
that wind-observing networks in the humid tropics are poor, thus
reducing the basis oi successful weather forecasting. Station records
are poor in all respects throughout a large part of tropical Africa and
South America, thus reducing the basis for climatic studies as well.

"A fact of large importance in the study of any aspect of the humid
tropics is the hugeness of the area concerned. About 40% of the earth's
surface lies between the Tropic of Cancer and Tropic of Capricorn, and
almost half oi tnat large zone qualifies as being humid as well as trop-
ical. As in the midlatitudes, character is given to the weather of the
tropics by irregularities in the form of disturbances, some represent-
ing a large degree of organization of the atmosphere around centers or
troughs of low pressure, often sensed more accurately aloft than at
the surface. Unfortunately, the ultimate cause of such disturbances
has as yet not been assigned, and so we do not know whether tropical
cyciones, easterly waves, and the like are spontaneously generated
from external sources such as the sun or cosmos, or represent reac-
tions within the earth-ocean, -atmosphere system. At present we must
depend upon early reports of weather disturbances after they have
formed, rather than true prediction of their generation.
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"A general statement about the status of know!edge of tropical wea-
ther would then necessarily admit that it is poor, in view of the lack
of basic knowledge concerning the causes of trop-cal disturbances, and
the sketchy network of observing stations typical of all ocean areas,
and large parts of South America and Africa. In any given area, first
action toward improving forecast services should include study of the
existing weather network, with the object of supplementation if such
proves advisable.

"In the case of climatic studies, an immediate return does not
occur from enhanced observational networks. First concern should be
exerted toward locating all records of synoptic stations (those that
report weather for the daily weather map), and converting them to the
form of punched cards, or other storage suitable for tabulation by
machine.

"Obviously in the case of both forecast and climatic services, it
is vital that personnel be trained and available for the two related but
essentially distinct specializations. It follows that the best estimate of
the status of knowledge concerning the weather and climate of the
humid tropics involves the capabilities for weather forecasting, and
wveather record analysis. The status is thus one more of operational
capability than one of assessing the static content of book and periodical.

"I believe that the preceding statements are appropriate to the
category of weather and climate, perhaps more so than any other
aspect of the tropical region for the reason that numerical treatment
is so important in atmospheric science. It should also be pointed out
that where conceptual structures are important in thinking, those
structures apply to the atmosphere in a more general framework than
provided by political boundaries. The country breakdown which is so
necessary in bibliographic analysis is therefore less appropriate in
the realm of understandings of the humid-tropical cli-mate. As weather
services are organized by country, nevertheless, it is essential to
recognize the country unit as being the basic source of weather records.'*

*Bailey, Harry P., 1966: Personal Correspondence datted 14 Niarch,.
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F. REVIEW OF PRINCIPAL DEFICIENCIES

Tropicd1 weather phenomena are slightz'd in research projects

being conductt-d at .nstitut:ons throughout the nontropical world. At those

institutions condaL( t,t-li, r-s,,arch on tropical rnctvorological and climatological

phenomena, there is (dfinte emphasis on hurricane/typhoon research.

Investigations reveal the following to be primary factor.s
contributing to the o, erall deficiency of tropical meteorological and
climatological research:

"* Lack of adequate funds

"* A paucity of researchers who have lived

in the tropics

"* Inadequacy of the observat--onal network
relative to the requirements for inalysis,
forecasting, climatological studies, and

research

"* Lack of data

"* Inadequate coding and de!ciiption of
tropical weather phenomena

"* Lack of standardization of equipment,
symbols and procedures and inadequate
calibration, checking and maintenance
of instrumentation

Steps must be taken to alleviate these deficiencies before

tropical atmospheric research can progress toward a state of development
comparable to that exhibited today by midlatitude and polar meteorology
and climatology.

G. DESIRABLE OBJECTIVES

Alleviating the deficiencies just discussed requires an
integrated program for upgrading the basic level of tropical atmospheric
research. The broader understanding of the total tropical environment
which could result is of utmost significance, militarily and otherwise.

Projects leading to realization of such an objective are
rimportant to the regions involved and should contribute to the development

of their natural environmental potential. This is an objective in which the
Sniti:d States might well be interested in view of its declared intent to
assist the developing nations.
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As long as the scientific community must ccpe with regional
deficiencies in its efforts to further research on meteorology ;.nd clima-
tology, the advancement of the atmospheric sciences is seriously hindered.
Commenting on the proalems, P.D. Thompson, president of the American
Meteorological Society, recently said:

"No higher degree of theoretical perfection will be
significant or applicable withoat more complete description.
In short, the time has come to strive for adequate obser-
vations over the entire northern hemisphere, if not over
the whole globe, including the most remote and inaccessible
regions. "40

Determination of what constitutes the most feasible methods
for upgrading the basic research level of tropical meteorology and climatology
has been the subject for consideration by many authorities. Several methods
advanced by W.H. Portig are as follows:*

"* Establish international schools to upgrade
the quality and quantity of local tropical
meteorologists, climatologists and observers

". Make available research grants for the study

o: broad general problems and specific topics
of theoretical and practical importance

"* Establish an international weather record
center to provide a central research and storage
facility for meteorological and climatological data

"* Adopt worldwide standards for equipment,
symbols, procedures, and methods of
coding and recording meteorological data

"* Rapidly develop institutes of tropical
studies in universities so that the interest
generated in those institutes will increase
support for research in tropical atmospherics

*Portig, Wilfred H., 1965: Personal Correspondence dated 3 March.
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Establishment of international schools to upgrade the quality
and quantity of tiopical forecasters, observers and researchers will, in
turn, increase the amount and reliability of available data. These data will
then provide a basis for breadth and depth studies of tropical meteorology
and climatology. Such a program also will supply researchers who are native
to the tropics and understand its complexities. Thus, the burden of a
n-idlatitude background and its inherent limitations, in terms of applicability
to the tropics, will be avoided, granting researchers greater freedom to
generate new concepts and theories concerning the nature and significance of
tropical atmospheric phenomena.

By funding specific projects and general research programs,
the basic level of tropical weather research can be expanded significantly.
At the outset, these programs should concern themselves with the overall
picture, permitting researchers to obtain a sharp view of specific areas
requiring urgent or concentrated study. Feasibility studies maist naturally
precede projects requiring international cooperation for observation networks,
data processing and storage, solution of coding problems, and the like.

Establishment of an international weather record center(s)
should be expedited. A center of this type should be supported by regional
centers on a continental scale. The tropical weather facility of Poona in
India is an example of a facility which could be expanded to act as a central
research and record facility for the humid-tropical portion of Asia and possibly
Oceania as well. The weather reseaich facility at the University of Hawaii
could act as the regional center for the tropical Pacific. There had been some
mention of plans to establish an African Weather Institute at Nairobi. 31

rropical Central and South America comprise an area where
there has been little research. This area could be served best by a regional
research and data storage facility established in Central America. These
facilities should be the coordinating center for establishing regional weather
networks, supervising training of researchers and observers, initiating
specific projects and, in general, providing overall adm:.nistration and support
for programs within their regions and integration of local programs. Recom-
mendations for basic intercontinental research objectives would be provided
by the international center.

In any program of this type, effective internationz-1 cooperation
is the key factor. As P. D. Thompson states, "in my view, we (the United
States) and all nations are now confronted with practical and scientific pro-
blems whose answers depend on the creation of new modes of international
cooperation and on more comprehensive and quantitative intranational eval-

M i uation of costs, resources and economic returns. "40 The administration of
this system should rest with an international organization. The World
Meteorological Organization appears to be ideally suited for this task. The
WMO has been operating in its present form since 1951. Prior to 1951, it
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was known as thQ, International Meteorological Organization, the creation of
which dates back to 1853. 41 The objective of this organization closely approx-
inates the reasons for establishing international and regional centers for
advancement of the fields of tropical meteorology and climatology. They are:

"(a) To facilitate worldwide cooperation in the establishment
of networks of stations for the making of meteorological observations
or other geophysical observations related to meteorology and to pro-
mote the establishrr.ent and maintenance of meteorological centers
charged with the provision of meteorological services

"(b) To promote the establishment and maintenance of systems
for the rapid exchange of meteorological information

"(c) To promote standardization of meteorological observations
and to ;nsure the uniform publication of observations and statistics

"(d) fo further the application of meteorology to aviation,
shipping, agriculture, and other human activities

"(e) To encourage research and training in meteorology

and to assist in coordinating the international aspects of such
research and training . . .,"26

If this organization has been in existence for so long a period of
time, why then do we have this problem? Why has not this organization estab-
lished an international center and initiated procedures to standardize meteoro-
logical observations? As Reichelderfer explains:

"In the. early 1950's when the balancing of budgets was a
frequent and popular subject, the deputy Finance Minister of one of the
most progressive and cooperative of WMO members remarked apropos
the financial accounts of WMO, as compared with a few of the larger
specialized agencies of UN that, if the others produced as mucl, per
dollar spent and were as accountable in their budgeting as WMO, the
activities of UN would indeed be economical and efficient. WMO began
in 1951 with a 4-year budgetary limit of $1,273,000, only about $300,000
per year for its entire establishment and its operations. The United
States has each year advocated and been ready to contribute its share
of a considerably larger budget. But the large majorty of members
stood for minimum budgets, cheir views conditioned largely by
the rigid instructions of their respective finance ministers, by
the very meager appropriations allowed them for their domestic
meteorological actiVities, and by the further curtailment of funds
for their own domestic services in those cases where their contri-

bution to WMO on a pro rata s'ale was required by their govern-
ments to be taken out of their o vn meager appropriation." 43
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This lack of funds has been the major cause for the limited result produced by

the WMO. Given the funds, this organization would be the best qualified to

assist in establishing and monitoring a woridwide network of meteorological
observation stations, regional data processing and storage centers, and

research centers.

With the establishment of a global network under the guidance
of a single organization, the adoption of standard practices and equipment
would be greatly facilitated. Training programs and rigid specifications soon

would produce data in t form which could be utilized with a minimum of effort
by researchers in any location on the earth.

As further indication of interest in a global weather system,

R. M. White, chief of the U.S. Weather Bureau,:' in a recent address to the
American Geophysical Union stated 13

"to meet the shortcoming of the current international

meteorological system aad to provide an improved base for
realizing the full scope of the World Weather System, it would be

possible at an early 6ate on the basis of proven and available
technology

"11. To achieve a significant improvement in the global
observation system to provide better and more

complete data for meteorological analysis and fore-
casting

"2. To achieve a meaningful realloation of weather

analysis forecasting and data processing functions [in order!
to make more efficient and more widespread use
of available technology and resources to provide

basic meteorological products and, where appropriate,

user service

"3. To provide an international communication capability
adequate to achieve timely exchanges of raw data and
timely dissemination of basic meteorological products.

"Proven equipment and techniques such as global cloud cover

satellite systems, mobile ship surface and upper-air observing systems,

world and regional data processing centers, and a worldwide data
communications system could be implemented at an early date.

Research and development effort could focus on such new elements
as synchronous meteorological satellites, constant-density balloons,

V automatic meteorological ocean buoys, infrared spectrometers,

FK broadcast communication satelltes andother teclnological possibilities...pe

Now administrator, Environmental Scieace Services Administration,

Washington. D.C.
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The actionis recommended by United Nations urganizations,
the National Acaderriv of 3c;venca and R. M. White point toward analysis on a
macro- or worldwide scale. However, the assistance to understanding and
analyzing the tropical areas would be immense in increased observations from
space and inacc'essible ocean and land areas and the availability of data and
worldwide analyses fromn estabilshed centers throughout the globe.

11. RECOMMENDATIONS FOR ADVANCING STATE OF KNOWLEDGE

Based on its program investigations, Texas Instruments
recommends that the following action be taken ,o expand and support the existing
programs listed below as thc most feasible method of obtaining the desired
objective and of upgradung the basic research level in tropical meteorology ar.d
climatology.

9 Recommendation I

One of the foremost probler.as in large areas of the humid tropics
is the lack of meteorological observations to support adequate chart analysis,
forecasting and climatologicai!rneteorological research. Because this is an
important area and will require extensive study and committee effort at several
national and international levels, it is recommended that action be taken to
implement the following recommendations at the earliest possible time. Steps
should be taken by the United States, in concrt with other nations, to explore
the international institutional mechanisms that may be apprcpriate to foster
international cooperation and cope with the problems which may be anticipated
in the field of tropical weather and climate.

The United Nations and its specialized agencies le. g. the
World Meteorological Organization) are suggested as a possible intergov ern-
rriercal frazm-ework t- assist in the establishment within the hun'id tropit u•

e An adequate data collection network of zarface
and upper-air observing stations with sufficient
density to support mesoscale analysis, forecasting
and climatological/meteorological research

* An adequate communications system to support the
above network ard, with slifficient relay and editing
facilities, to permit inter- an-.d intraregion dissermi-
nation of data
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The International Council of Scientific Unions and its associated
unions (e. g. the International Union of Geodesy and Geophysics) could be a
suitable non-governmental framework for the mechanisms of accurate, timely
and representative observations .ghich are the basis of any analysis, fore-
casting, climatological study, and research effort. To achieve this requires

"* Establishment of surface and upp,-r-air measure-

ment statioas to fill the gaps now existing in the
humid tropics

" Standardization of equipment specifications and
in the measuring of all meteorological parameters

"* Development of descriptive codes for tropical
weather phenomena

"* Implementation of rigid checking, calibration
and maintenance procedure for all meteorological

instrumentation

"* Establishment of inter- and intraregion landline
or radio comrn anications connecting surface
observing stat ons, upper-air observing stations

and forecasting -enters with provisions for editing
and relaying data between regions

"* Establishment of data storage and processing

center(s) placed strategically within the humid
tropics area and equipped with high-speed
computers equal to the comutation tasks

"* Training facilities for alt grades of observers
(instructional material in native language)

" Establishment of satellite readout facilities for
processing and transmitting data to forecasting
and d~za storage centers

" Storage and processing center(s) centrally

located for access to global communications

systems and liaison with extratropical centers
and equipped with computers equal to the

computation tasks

* Training facilities to assure that personnel are
schooled in the proper procedtures for instru-

m -,-t operation, calibration and maintenance
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e Recommendation 2

If an interim measure pending implementation of Recommenda-
tion I is wF.rranted, the Foreign Areas Section of the U.S. Weather Bureau,
ESSA, is suggested as a group to be provided funds to accomplish a more
detailed evaluation, collection and storage of climatological studies from
countries within the humid tropics. Special attention should be given to
acquisition of data falling within militarily significant meteorological para-
meters and regions of interest.

* Recommendation 3

The review of available research studies- from the recent
through the proposed- has shown a wide range of approaches to defining the
physics of the atmosphere ;:- the humid tropics. Certain of these approaches
discussed in numerous conferences and showing a high interest factor on the
part of scientists working on projects in the area are presented below.
These projects should be given priority as urgent and basic needs to
developing a meteorological capability in the humid tropics.

"* Study of coding and nomenclature for uniquely

tropical atmospheric phenomena

"* Development of synoptic models and analysis
of easterly waves, tropical waves, equatorial
waves, disturbance lines, surges, shear lines,
and the intertropical convergence zone for the

different regions

"* Climatic appraisal of the water resources of the
tropics using the principles and methods of the
water balance approach

"* Pevelopment of an easy, rapid method of
applying streamlined analysis, possibly an
automated system, to tropical studies

"* Investigation of the significance of tropical
winds as potentially the single most important

factor in tropicvd atmospheric studies

"* Analysis of the climate near the ground

"• Microclimatic investigations in a wide variety
of lowland humid tropic environments

" Comlete detailed vertical analyses on L .th wind-
ward and leeward sides of mountains since upland
humid tropical climates are totally lacki.ig in
atmospheric research
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t Studies of the microineteorologic changes
associated with vegetation removal and other

cultural disttrbances in the humid tropics

* Investigation of the causes, frequency and
global atmospheric implications of the large

number of hurricanes that develop in the
Pacific west of Panama, move poleward and

then dissipate

"* Thorough investigation of the aature of tropical

systems, their differentiation and characteristic

manifestations in different seasons

"* Investigation of the significance of synoptic

patterns with a view to long-range forecasting

in the tropics

"* Research on the ineaning of climate in a tropical

context and reevaluation of existing climatic studies
to ascertain climatically significant parameters,

especially by comparison with what are assumed

to be important parameters in midlatitude regions

" Study of the frequency, distribution and intensity

of tropical rainfalls in various tropical environ-

ments, treating each occurrence of rain individually

and not as a monthly or periodic accumulation

"* Study of lon.-term monthly averages of rainfall.

rain frequency, temperature, cloudiness, surface

winds, and changes in ocean temperature

* Recommendation 4

Areas for which data a -e particularly scarce are listed

on the next page; it is recommended tnat these areas be given special

attention in any planning of basic meteorological and climatological research:
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Area Weather Studies Area Climate Studies

Central America, especially Middle America, especially between
Nicaragua Mexico and Costa Rica

Caribbean Islands, exclusive of Caribbean Islands, exclusive of Cuba
Puerto Rico and Haiti

Brazil, especially the Amazon Basin Brazil, especially the Amazon Basin

Guiana s Guianas

Ecuador, Bolivia and Paraguay Bolivia, Paraguay, Peru, and
Ecuador

West Africa, exclusive of Nigeria West Africa, exclusive of Nigeria
and Ghana

Western Equatorial Africa, Rio Equatorial Africa, exclusive of
Muni, Northern Congo, and Cameroon, Congo (B), and
Rwanda, Burundi Angola

Zambia and Southern Rhodesia, East Africa from Uganda to Rhodesia,
Nyasaland, and Kenya exclusive of Mozambique

Ceylon, Pakistan, Burma, Thailand, Laos, Cambodia, North and South
Laos, Cambodia, South Vietnam, Vietnam, Malaysia, Ceylon, and
Malaysia, and Taiwan Pakistan

All of Oceania except the Philippine All of Oceania, exclusive ol Timor
Islands, Flji, Indonesia, and
Borneo
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CHAPTER V

COASTAL ZONES*

A. INTRODUCTION

I. Topicat Features, Elements and Factors

The following physical and cultural features and elements
of the coastal zone were selected by the Army Research Office for con-
sideration in this Inventory:

* Physical Features

(1) Coastal plains, terraces, elevated reefs, cliffs, caves

(2) Beaches, dunes, beach ridges, marshes, swamps

(3) Shorelines, estuaries, deltas, mudflats, platforms

(4) Barrier islands, coral reefs, submarine bars, lagoons

(5) Nearshore slopes, bottom conditions, water depths,
waves, currents

(6) Ocean currents, tides, swells, tsunamis

a Cultural Features

(1) Port and harbor facilities

(Z) Engineering s.ructures for protection of coasts

(3) Aids to navigation

Concerning the physical features, the Inventory records
evidence of information on composition, characteristics, dimensions, origin,
past and present processes of formation and alteration, and classification
systems. In regard to cultural features, data on characteristics and
relationships to the physical features are considered significant.

2. Limitations on Scope of Coverage

The range of physical features of the coastal zone corres-
ponds to that prescribed for Chapter II, which deals with physical features

*Dr. Richard J. Russell (Louisiana State University), Dr. Charles S.

Alexander (Illinois University), Dr. Rhodes W. Fairbridge (Columbia
University), and Dr. Pierre Gourou (University of Brussels), acting as
consultants to Texas Instruments for this program, have critically reviewed
this chapter in its draft stages.
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"of the humid tropics as a whole. The range corm•prises the geomorphological,
geological, pedological, and hydrological phenomena. Botanical, zoological
and meteorological phenomena of the humid tropics are treated separately
in Chapters III and IV by specification of the sponsor of the Inventory.

Reference should be made to the three cited chapters for additional infor-
mation on the character and development of coastal areas.

3. Present Interest in the Coastal Zone

The UNESCO Advisory Committee for Humid Tropics Research
(F. R. Fosberg, chairman) stated in 1961 that delta areas "are in many
respects the most important regions of the humid tropics since they are

those of greater human concentration." l The most prominent development

of deltas in the humid tropics is in Southern Asia. Environmental problems
seriously affect the suitability of these areas for human habitation and
utilization. The urgency of the problems is recognized by gov'ernments of
the countries immediately concerned, world organizations, and other bodies
that are prosecuting research programs in the delta areas.

Activities of the inhabitants of island regions of the humid
tropics -notably Oceania, the Hawaiian Islands and the West Indies -are
linked closely to the coastal environment. In all of these regions, the lack
of complete, exact information on the physical features and resources of the

coastal zone is, in varying degrees, an obstacle to economic de,.elopment.

Only in humid tropical Africa have the coasts been relatively
unimportant in the settlement and development of countries to the present
time. The African coasts bave few good natural harbors and possess

generally unhealthy and uncomfortable conditions for human habitation and
activity.

The present-day military importance of the humid tropics is

demonstrated by the abundance of recent military events that have occurred
there. * The special military significance of the coastal zone became common

knowledge through the examples of amphibious landings during World War Il.

Modern seaborne invasion requires detailed knowledge of the

coast for use in operational and engineering planning. Such questions as the
behavior of landing craft and amphibious or other vehicles on the beach,

"problems of constructing roads across the beach, resistance of the coastal
zone to bombardment, ane the availability of sites for harbors are answered
with intelligence on the natural features of the sea approach and shore and of

the man-made structures, especially defenses and obstacles.

The general subject is discus.3ed in Chapter il, Section A, Subsection 3.

170 science services division



4. Historical Notes on Development of Knowledge

In his monograph on coasts of the world, H. Valentin 2 states
that the subject of coastal geomorphology was formally introduced in 1866
by 0. Peschel who, for the first time, explained and compared coastal
features. In 1894, in his famous work on morphology of the earth's surface,
A. Penck presented m- ... odologic bases for the study of coastal morphology.

The first decades of the 20th century saw the dominance of
American concepts in the field of geomorphology, developed largely by the
deductive methods of William Morris Davis and Douglas Johnson. Foreign
investigators, by contrast, approached the explanation of coastal geo-
morphology by inductive reasoning. On the whole, the experimental and

quantitative procedures adopted by investigators in the United States and
elsewhere in recent decades have supported the methodological approach
of the foreign geomorphologists.

American interest in the morphology of coasts was accompanied
by interest in the processes of denudation and sedimentation acting in the
coastal zone. Foreign investigators turned their attention to the study of
changes of sea level and movements of the shoreline and features associated
with them; however, for the past 30 yezrs, these have occupied an important

place in coastal research throughout the world.

The origin and distribution of coral reefs are among the
problems which have received special attention in the humid tropis. As
long ago as 1778, Reinhold Forster, a member cf Capt. Cook's expedition,
concluded that the formation of coral reefs was limited to seas of warm
climates and offered an explanation for the form of atolls. Although corals
are not limited to tropical waters, reefs are primarily features of humid
tropical coasts. Countless investigators from the fields of zoology,
paleontology and geology have studied these features during the past century;
in recent times, expeditions from the United States, France, Great Britain,
and Denmark have worked on reefs in numerous areas. The American
research, which has been especially intensive, has occurred mainly in
Micronesia, an area not included in the definition of humid tropics employed
here.

In the last decade, considerable interest has been directed
to the problem of beach rock-sandy beach material cemented with calcium
carbonate which is found at the water table in tropical and subtropical coastal
areas. The origin of beach rock, however, remains a subject of debate.

A continuing topic of investigation of coasts throughout the
world is the determination of types and the establishment of classification
systems. More than 30 classificationE suggested since 1822 have been
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identified. Part of the problem, which obviously has not been solved, is
caused by disagreements over definitions of such basic terms as coast,
beach, shore, and shoreline. Most classificationrs are genetic in con:ept
but fail because, as E.C. F. Rird observes, 3 "The difficulty is that a
genetic classification can only be applied satisfactorily when the mode of
origin of coastal landforms is known; the attempt to use particular types or
asstctattons ot landforzns as indicators of particular modes of origin has fre-
quently led to errors that have been revealed by subsequent coastal research."

J. T. McGill has stated that "Sparsity of information on the
coasts of the world is a formidable obstacle to the successful application of
any classificatinn, but particularly so for purely genetic schemes. Nearly
all coasts are complex in their geomorphic history and thus in the character
and associatior s of their present features. They represent thl. result of the
combined action of many different agents and processes-marine and
terrestrial, inorganic an4 organic-all of which have been highly variable in
their effects in tir.ne and space..."

Various partially genetic or totally nongenetic classifications
have been proposed to overcome the difficulty of using purely genetic
classifications for descriptive purposes. In 1866, Richthofen included
configuration as an element in his classification of shorelines. A. Penck, in
1894, distinguished coastal types on the basis of configuration, vertical profile,
composition, and rock structure. W. C. Putnam 5 and J. T. McGill6
placed emphasis on descriptive terminology in their "semi-genetic"

classification of coastal iandforms. A classification of shorelines devised
by C.S. Alexander in 1962 considers only vertical profile and outline. 7
Although earth scientists generally regard nongenetic classifications as
scientifically unsuitable, descriptive classifications have distinct value for
military and other applied purposes.

Early investigators of coasts took a broad interest in all the
features of this environment. In tracing the history of coastal research,
Valentin comments on the trend away from comprehensive study by physical
geographers in the early 20th century to studies of particular elements of
the coast by specialists in various environmental fields. Only in recent time
has the 4-ntire coastal environment, represented as the zone of interaction
between land, sea and atmospheric elements, been recognized as the subject
of coastal geomorphology.

Systematic investigation of estuaries, harbors, ship channels,
and coastal waters has long been the function of official agencies. Two
organizations, the U.S. Hydrographic Office and the Royal Navy Hydrographic
Office, prepare separate series of publications which cover all parts of the
world, region by region. The former produces "Sailing Directions" and
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the latter 'Pilots." Although the information i-- both is similar, it differs
in scope and content for some regions.

Oceanography merges investigation of the open oceans with
that of the coastal waters. Such problems as the processes of sedimentation
in the nearshore, the morphology of the shelf and the effects of changes of

sea level have a bearing on the understanding of the coastal zone.

The study of oceans has gained momentum since the end of
World War 1. Echo sounding was introduced by Marti in 1919. Geophysical
methods now permit the determination of geological data to depths well
beneath the ocean floor. Since World War II, advances have been made in
techniques for observation of features of the bottom by bathyscaphe and
photography.

Oceanography is recognized as an interdisciplinary science
dealing with ar. e~nvironment, rather than an autonomous field. Today,

oceanographic institutes dealing with one or more of the following subjects-
marine geology, geomorphology, biology, meteorology, and hydrology-
exist in several countries and conduct investigations in oceans around the
world.

5. Sources of Information

Two international organizations have established bodies to
encourage research activity in coastal geomorphology, geography and geology.
These bodies are: the Commission on Coastal Geomorphology (Prof. A. Schou,
Copenhagen, chairman) of the International Geographical Union (IGU); the
Commission for the Study and Correlation of Erosion Levels and Surfaces on
Atlantic Coasts (F. Ruellan, Rennes, chairman), also of the IGU; and
the Commission on Shorelines (Prof. R.W. Fairbridge, New York, chairman)
of the International Association for Quaternary Research (INQUA).

Each of these commissions meets to exchange iniormation
among members and discuss research with others, compiles rosters of

specialists and summarizes information on research.

The Commission on Coastal Ceomorphology has issued
several bibliographies covering publications from 1955 to the present. For
the Commission on Shorelines, H. G. Richards and R. W. Fairbridge have

compiled a bibliography of Quateinary shorelines for the period from 1945 to
1965.8
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The Commission for .. ,e Study and Correlation of Erosion

Levels and Surfaces on Atlantic Coasts prepared an extensive report for the
18th International Geographical Congress in 1956. Included were parts

dealing with results of research on coasts of Western Africa and Eastern

South America.

Since 1950, nine international Conferences on Coastal
Eugineering have been sponsored by the Council on Wave Research (known
since 1964 as the Coastal Engineering Research Council) which was affiliated

originally with the Engineezing Fouadation and is now attached to the American

Society of Civil Engineers. The purpose of the meetings is to bring together
scientists and engineers with different specialties to exchanL- information on
research and delineate fruitful areas for further research. in• Proceedings

of these conferences show that attention is given to basic research on waves,
tides, currents, winds, and coastal sedimentation and to the applied proolems

of coastal engineering. In recent conferences, research on hinid tropical
coasts has been i'eported. India, Ceylon, Mexico, British Honduras, and
Venezuela are represented in this research.

The International Geographical Ur.,on's Commission on the

Humid Tropics (Prof. T. L. Hills, Montreal, chairman) has a general
responsibility for humid tropics research wb~ch includes attention to coastal

areas. In 1960, this commission issued a bibliography and, in 1965, a
directory of research institutions dealing with the hurrid tropics. A

bibliography of coastal geomorphology prepared in 1960 by J. T. McGill 9

and the bibliography and KWIC index issued in 1965 as part of the present
Inventory are among other o::casional special bibliographies useful for the
purpose of surveying the amount and scope of research on humid-tropical

coastb.

Two other recent valuable bibliographies are attached to
scientific publications. The first accompanies H. Valentin's monograph

on worldwide coasts which was published in 1952.2 The second accompanies
H. G. Gierloff-Ernden's study of features of tropical low coasts which was

published in 1959. 10

Bibliographic and abstract serials provide the best regular

sources of information on recent, and to some extent, current research on
humid tropical coasts. The most important of these publications are:
in English--ribliograpphy of Geozgv Exclusive of North 'imerica; Geosciences
Abstracts; Geographical Abstracts, A. Geomorpholo5y; Bibliography of

North American Geology; in German - Zentraibiatt far G'oologie nd
Palgontologie; in French-Bulletin Signaletique; and in Fussian-Referativnyi
Zhurnal.

Further information on these publications appears in Chapter II, Section A. 5.
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B. SURVEY OF CURRENT RESEARCH ACTIVITY

1. General Comments

In 1961, the Committee on Geography (R.J. Russell, chair-

man) of the (U.S.) National Academy of Sciences-National Research
Council stated that "Critical as coastal areas are, they have not been
studied sufficiently to raise the level of understanding to even the minimum
demanded for the public welfare, for proper economic and cultural
development, and for military use." II

The amount of activity in research o;-n humid-tropical coasts
can be judged, in part, from a review of significant worldwide research on
coastal topics by A. Guilcher. 1? For 1956 to 1964, Guilch-tr cites only 25
titles of resulting literature dealing wholly or partly -ith the humid tropics.
The present Inventory indicates that the gross output is not appreciably larger.

Activity in coastal research on the humid tropic- is con-
centrated in programs supported by world organizations and government
agencies of non-humid-tropical countries, which are involved in giving
technical and financial assistance to the developing nations. Actual per-

formance of investigation6 is mainly a function of researchers based in the
non-humid-trop; cai countries.

2. Research by >-vestigators Based in Humid-Tropical Countries

The coastal research role of scientific and technical agencies
of humid- ropical countries is confined largely to work coni.ected with
systematic surveys of natural features, especially resources. Regional
organizations in the humid tropics -such as the Commission for Technical
Cooperation in Africa South of the Sahara (CCTA) and the Inter-American
Comrmttee for Agriculturai Development (CIDA)-are instrumental in
stimulating m,-ore research by scientists in national agencies and universities.

The followirg are among examples of investigation of humid
tropical coasts in recent years by scientists based in the humid tropics:

"• V.'A. Zans and T. F. Goreau (University College, West
Indies) did intensive research on raised and modern coral
reefs of Jamaica.

"* M. Diaz Marta (University of Vera Cruz) studied the
coastal dunes at Vera Cruz, Mexico, in 1957.
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" J. D. da Silveira completed a study of the coastal morphology
of Brazil in 1964.

"* G. Soares de Carvalho reported his observations on the
coastal Quaternary of Angola in 1958.

"* P. LeBourdiec studied evolution of the long, straight
beaches and lagoons of the Ivory Coast in 1958.

"* From India come reports of research by M. Manohar
(Birla Inst. of Technology) in 1958 on sediment movement
along southern ports,by M.G. Hirandandani in 1960 on the use
of radioactive tracers for the study of sedirrent movement
off Bombay harbor, by S.P. Chatterjee (University of
Calcutta) in 1961 on fluctuation of shorelines, and by M.
Subba Rao (University of Anhdra) in 1964 on continental
shelf sediments of the eastern coast.

" The coastal features and sedimentation processes on the
eastern coast of Malaysia were subjects of research by
J. 3. Nossin (University of Singapore), 1961-1964.*

"* In South Vietnam E. Saurin (University of Saigon), ",.963,
performed carbon-14 dating of marine terraces.

"* T. L. Hsu published a study of the coastal geornorphology of
Taiwan in 1962.

" Coral reefs on the southern shore of Hainan Island
were studied by A.J. Chai and S. W. Li in 1964.

"* W. L. Tschang reported on beach rock at Hong Kong in 1962.

"* In 1965, E.C.F. Bird (Australian National University)
prepared a study of coastal landforms of Australia,

including those of the northern humid tropical sector.

Information on the affiliation of investigators refers to the time during
which the work was performed. In some cases, the investigator has
subsequently changed location or the institution is now known by a different

'I name.
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3. Research by and with Investigators from Non-Humid-Tropical
Countries*

a. Denmark

A Danish expedition has conducted research on the coral reefs
of Northwest New Guinea, New Britain, New Ireland, and smaller islands
of the Bismarck Archipelago, on which S. Christian~en (University of
Copenhagen) reported in 1963.

b. France

French investigators have been especially active in the study
of areal geomorphic problems of the coasts of Africa ..nd Brazil for more
than a decade. J. Tricart (University of Strasbourg) has concentrated on the
coasts of former French West Africa, Liberia and the Ivory Coast as well as
the coast of Eastern Brazil. A. Guilcher (Sorbonne), R. Battistini and
L. Berthois have performed investigations in French West Africa and
Dahomey but are associated particularly with studies of the coasts of
Malagasy. F. Ruellan (University of Rennes) also is known for investigations

in Eastern Brazil.

Research on sedimentation in deltas and changes of sea level
has oeen performed by Tricart in the Senegal delta. On Malagasy, Guilcher
has studied the Mahavavy delta; Battistin;, the Sampirano delta. French

work in the Konkoure delta of Guinea also is reported by Guilcher.

Coral reefs of Malagasy are a special subject of investigation
by Guilcher, Battistini and Berthois. French expeditions to the Comoro

Islands, New Caledonia and the Loyalty Islands (1959-1962) were concerned
with the study of barrier reefs and lagoon sediments.

Guilcher authored a volume on coastal and submarine
morphology which was published in 1954 (English translation, 1958). It
deals especially with the state of knowledge and problems of humid-tropical
coasts.

Possibly the most comprehensive coastal study in the humid
tropics in recent time was performed by H. G. Gierloff Emden (University
of Hamburg). Results of his project were a monograph on the morphologic

The information is presented under the countries arranged alphabetically
rather than by order of importance of different research projects.
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and oceanographic features of the coast of El Salvador (1959), a detailed
review of knowledge on flat coasts, and several other papers.

H. Valf ntin (Free University, Berlin), known for his mono-

graph on worldwide coasts and one of the significant modern genetic
classifications of coasts, conducted investigations on the coast of Cape
York Peninsula, Northern Australia (1959-1961)

c. Great Britain

Recent British activity in the study of humid-tropical coasts
has focused on problems in Western Africa and the Caribbean. J. R. L.
Allen (University of Reading) has made intensive studies of the beaches
and nearshore features of Nigeria and (with J. V. Wells) has investigated
the coral banks and subsidence in the Niger delta. J. E. Webb (University
College, Ibadan) has worked on problems of beach erosion in Nigeria.
In neighboring Ghana, ecological studies by A. S. Boughey have dealt with
problems of shore development and changes. Also in Ghana, raised beaches
and modern beach erosion have been topics of ctudy by M. M. Anderson
(University College) and W. D. Bruckner.

Cambridge University expeditions to British Honduras

(1962-1963) were concerned with coral reefs in the adjacent Caribbean.
D. R. Stoddart reported the results of the study of these features and the

effects of a hurricane on the reefs in 1961.

d. Netherlands

Researchers from Dutch universities have worked mainly
on the coasts of Nort-ern South America and Indonesia in the past decade.

J.I.S. Zonneveld, D.C. Geyskes, A. Brouwer, H. Dost,
and P.H. de Buisonje conducted detailed investigations of coastal features

and processes in Surinam, Curacao, Arub?, and Bonaire. The Royal
Dutch Shell Oil Company sponsored the Orinoco Shelf Expedition, which
made investigations of the Orinoco estuary, around Trinidad, and in the

Gulf of Paria. T. H. van Andel, H. Postma, B. W. Koldewijn, and
D.J.G. Nota published studies of the shelf and the hydrographic data
resulting from the expedition. Van Andel and J. Laborel reported on the

evidence of a recent high sea-level stand near Recife, Brazil (1964).

In Indonesia, H. T. Verstappen followed earlier studies in

the Gulf ci Djakarta with investigations of the geomorphology of the Aroe

Islands and the reef covering much of Moena.
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e. United States

Since !956, Louisiana State University's Coastal Studies
Institute (R.J. Russell, director) has conducted research programs in foreign
areas, mainly on the humid tropics. This organization is supported in its
programs b-, the Office of Naval Research.

Initial investigations were made in 1956 by J.P. Morgan and
W.G. McIntire in the Garnges-Brahmaputra delta.

A major program for several years has been concerned with
the origin, growth and morphology of beach rock. Investigations have been
made by R.J. Russell, W.G. McLntire and others in Puerto Rico, the
Lesser Antilles. the Hawaiian Islands, Fiji, parts of Australia, and
Mauritius. *- Russell also has studied the recession of tropical cliffy
coasts and their eustatic changes of sea level.

In 1959, the Institute began a program to investigate the long
barrier island complex of the southeru:i,.ost coast of Brazil in cooperation
with the University of Rio Grar.de do Scl (P.J. V. Delaney, chief investigator).

A study of the beach ridge at Tabasco, Mexico, was completed
by N.P. Psuty in 1965.

In addition to the Coastal Studies Institute, various individuals
and groups have worked on humid tropical coastal problems lately:

The problem of eustatic changes of sea level in the Pacific
region, was reviewedi by H. L. Stearns in 196i. In reference to the probl.!m
everywhere, R.W. I'tirbridge (Columbia University) summarized radio-
carbon dates from world shoreline information in 1961. In Puerto Rico,
C.A. Kaye (U.S. Geological Survey) made an intensive study of ccasta)
features and Quaternary shoreline changes (1959). H.G. Richards (A'.ademy
of Natural Sciences, Philadelphia) and W. Broecker (Columbia Unive:sity)
examined apparent sea-level changes of the Caribbean coast of Colo'nbia in
1963.

Regional studies of coastal features and processes have been
made of the PacifiP- coast of Colombiaby R.C. West (Louisiana State
Universityf.. in 1955-1956, of the Guianas by J.H. Vann (Loui'iiana State

*• The function of the Office of Naval Research in support of coastal studies
is discussed further in Section B, Subsection 4b.

• Mauritius is not included, in the humid tropics as define,i for this Inventory.
•- Research supported by the Office of Naval Research.
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University )P in 1959, of several Latin American coutcies by J. J. Parsons
(University of California, Berkeley)', of the Virgin Islands and Isla Mona
by J. D. Weaver (University of Puerto Ricc), of Trinidad by W.W. Speth
(University of California)* in 1962, of Tanzania by C.S. Alexander
(University of Illinois):* in 1962, and of the Hawaiian Islands by R.A. Moberley
Jr. and associates (Hawaiian Institute of Geophysics) in 1963.

Shelf conditions and bottom sediments off the Amazon estuary
were studied by F. Ottmann (U.S. Geological Survey) in 1959. K.O. Emery
(Scripps Institution of Oceanography) and H. Niino performed research on
sediments of the shallow parts of the East and South China Seas in 1961. The
Congo submarine canyons were the subject of studies by B. Heezen and
others (Columbia University) in 1964.

Port studies have been made itn Africa by W. A. Hance and
I. S. Van Dongen (Columbia University) since 1956. So far reports have
appeared on ports of Angola. former Belgian Congo. Malagasy, Mozambique,
and Tanzania. S.C. Rothwell (University of Miami)* made studies of ports
of ';outhern Brazil in 1960.

4. Sponsors of Research

a. World Organizations**

UNESCO has supported a humid tropics research program
since 1956. In October 1961, the Advisory Committee for Humid Tropics
Research reviewed the program's scope and selected eight subjects
suitable for long-term action. As stated previously, one of them was delta
areas, which the Committee rated as the most important '-gions of the
humid tropics in many respects.

Action on investigation of the problems of flood control,
reclamnzion and land use in delta areas has been stimulated further by the

UN F.=onomic Commission for Asia and the Far East (ECAFE). One of its
projects, the development of the Mekong River Basin, is supported
fiiizriially and technically by governments and organizations of various
parts of the world. ECAFE cooperated with UNESCO in sponsoring a meeting
of scientific experts in Bangkok in July 1963; it yielded discussions of the
wvays of studying delta problems.

The Food and Agricultural Organization (FAO), which

supports surveys of surface materials for estimations of land use, has
sponsored a study of the coastal plain of the Guianas (1962-1964)

"1 Research supported by the Office of Naval Research.
** Also see discussions of world organizations in Chapter 1I, Section B,

Subsection 2.
@-1
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by R. Brinkmann and L. J. Pons.

b. Military Organizations

Since 1950, the Geography Branch of the (U.S.) Office of
Naval Research has had a program on coastal geography, the purposes
of which are to stimulate interest in the coastal zone and support more
research on problems of this zone. E. Pruitt, head of the branch, stated
in 1962 that progress was being made "'toward the goal of understanding the
various factors that work together to produce the distinctive characteristics
and processes of the coastal zone" by pooling and synthesizing the results of
research by geographers, geornorphologists, geologists, ecologists, oceano-
graphers, botanists, and anthropologists. 13

The major part of the program, according to Pruitt, deals
with coastal geomorphology, defined broadly "to mean the study of the
nature of landforms and waterways and the processes of sedimentation,
water circulation and erosion that are responsible for them and for the

configuration of coasts."

The program is concerned also with study of ports and their
hinterlands and the total physical and cultural environment of coastal
morphology in various parts of the humid tropics including the Caribbean,

Central and South America, Eastern Africa, Southern Asia, and Australia,
studies of regional characteristics of different parts of Latin America, and
port studies in South America and Africa. Research grants for this program
have been awarded to investigators as so. iated with American and foreign
universities. The major support for work in the humid tropics has been

given to the Coastal Studies Institute of Louisiana State University. -

A striking characteristic of the ONR program is the emphasis
placed on basic scientific research. Few projects have reported on military
applications of the knowledge developed by the investigations.

Direct attention to the military aspect of coastal information
has been most evident in the work of W. C. Putnam, J. T. McGill and others
of the University of California (Los Angeles) on the nature of worldwide
coastal environments (1954-1960). The influence of coastal landforms and
vegetation on amphibious landings, vehicular movement on beaches, and
cover and concealment was specifically discussed for the different types of
environments. However, the military nee, ý.r knowledge of coasts is
acknowledged to be a motivation for the support given. Pruitt states that
"World War II brought into clear focus not only the need for specific
informat.on on individual coasts but also, and more important from the

*Further identification of research supported by the Office of Naval

Research appears in Section B, Subsection 3, of this chapter.
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research view, lack of fundamental knowledge concerning coasts in general.
Wartime studies, which frequently took on the aspects of expediency, did
much to pinpoint and clarify the basic scientific problems." 14

The Geography Branch sponsored Coastal Geography Con-
ferences in 1954 and 1959 jointly with the National Academy of Sciences-
National Research Council Committee on Geography (Advisory to the Office
of Naval Research). The first of these conferences presented discussions of
projects supported by ONR: the second included discussions by grantees and
invited European specialists. In 1961, this office sponsored a study by an
Ad Hoc Panel on Coastal Geography (R. J. Russell, chairman), the purpose
of which was to fix attention on the major problems of the coastal zone and
propose steps in the development of an integrated national research program
in coastal geography.

In 1961, ONR and the National Science Foundation sponsored
the First National Coastal and Shallow Water Research Conference composed
of three regional meetings in Baltimore, Maryland; Tallahassee, Florida;
and Los Angeles, California. At this conference, Pruitt presented an
account of the coastal research program, including projects in the humid
tropics, from its inception.

Other American military agencies have a record of interest
and activity in the investigation of coastal features: the U.S. Naval Civil
Engineering Research and Evaluation Laboratory, which has performed
research on trafficability of beaches; and the U.S. Army Coastal Engineering
Research Center (formerly Beach Erosion Board), which "conceives, plans
and conducts research and development in the field of coastal engineering in
order to provide better understanding of shore processes, flood and storm
proi-ction, beach erosion, and shore structures." 15 Neither agency is
involved specifically in studies of the humid tropics, but the results of
their work have worldwide applications.
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C. MAJOR PROBLEMS FOR CONTINUED AND FUTURE INVESTIGATION

During the last decade, various groups of authorities and
individual specialistb, including the NAS-NRC Committee on Geography,
the NAS-NRC Committee on Oceanography, 18 H. Valentin,1 6 and J. T.
McGill, 4 have emphasized the general lack of adequate data on coasts every-
where and the complete lack of any data on long stretches of some codsts.
In essence, therefore, the need for more knowledge is so broad Ltat any new
information can be considered useful. However, the Committee on Geography
observes also that the exact state of knowledge of coasts cannot be determined
until the a.'ailable data have been critically evaluated.

Each of the two committees mentioned, as well as the Inter-
governmental Commission on Oceanography,17 the Panel on Coastal Geogra-r 19
ph' (K. 0. Emery, chairman), and the Hawaii Institute of Geophysics, T0

has gathered opinions on the problems requiring investigation and the particu-
lar types of data needed. In addition to the comprehensive statements, par-
ticular problems requiring investigation have been discussed by Valentin and
Guilcher. The former is concerned with the methodology of coastal mor-
phologic research, which has been unsuited for dealing adequately with the
variability of coastal conditions, and with the problems of vertical and hori-
zontal movements of shorelines. Guilcher is interested in the broad prob-
lems of shoreline movements, processes and rates of sedimentation, and
formation of reefs.

The following list of problems requiring further investigation
has been prepared from publications by the cited authorities, determinations
of the present Inventory, and direct communications by consultants to the
Inventory:

I. General Problems

"* Relationship between bedrock structures and present

coastal profiles

"* Effects of shelf width, swell, tides, storms, earth
movements, and man-made structures on coastal
morphology and regime

"* Chronology, magnitude and effects of Quaternary sea-
level changes

"• Occurrence and behavior of tsunamis

"* Data on tidal currents in narrow channels

"* Explanation of contemporary condition of coasts on a
worldwide basis
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* Establishment of gene-ally accepted classtification
systems for coasts and standards of coastal
te rminology

2. Problems of Cliffed Coasts

"* Mechanisms of retreat of headlands and cliffs

"* Processes of formation of coastal platforms

"* Rate and manner of operation of-rock-reduction
processes in different coastal climatic regimes

3. Problems of Low Coasts

"* Dimensions of beaches and dunes

- Purpose: indicate protection gi,, n backshore

from storm action

"* Profile - measurement at least semiannually and after

tsunamis

- Purpose: important in planning maintenance of
recreational beaches, control of beaches being

exploited for sand, and protection of beaches
adjacent to marine engineering works

" Composition of beach face - mean grain size, mineral
composition to nearest 5 percent

- Purpose: indicates stability of beach face

" Characteristics of local beach areas with unusually
high production of sand

-Purpose: determination and maintenance of conditions

favorable to production of sand

" Ecology of fo aminifera, halimeda, brittle stars,
echinoids, corals, and sponges and, in brackish

water, dwarf nollusks and ostracods

- Purpose: determination of importance of shells,
spicerles, plates, and fragments in formation of

calcareous beaches

* Moisture content of beaches

"" Determination of zones of fresh-water seepage
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* Effect of controlled streamn runoff on supply of sand
to beaches

- Purpose: maintenance of supply moved by long-
shore currents or avoidance of excessive depo-
sition of mud with high organ.ic content on beaches

* Distribution of wave heights, periods and directions
of approach

-Purpose: determination of destruw.tive influences
on artificial shore defenses

* Effect uf artificial defenses on growth of normal

beaches and dunes

- Purpose: preservation oi beaches and improvem:•ent

of defenses

* Engineering research on. washing of dune ;ands -on-
tarnmated with organic material, interbedded allu-
vium or wind-blown dust

- Purpose: improvement in quality of commercial

sources of sand

4. Sedimentation Problems

"* Processes and rate of sedimentation in coastal

marshes and estuaries

"* Relationships o.f saltwater-fresh interface to rates
and characteristics of sedimentation

"* Bottom silting conditions

- Purpose: more accurate prediction for improved
harbor construction

5. Problems of Nearshore and Offshore Features

"* Composition from mean sea level to 5 or 6 fm

"* Sand content, dynamic processes and geologic history
of sand-bottcmed channels crossing reefs

"* Processes of formation and alteration of bars and

barrier islands

"* Origin ar.d structure of different types of reefs such
as true atolls and annual reefs
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e Nearshore wave and current conditions and
characteristics of bottom topography

- Purpose: determination of rapidity with which
sediments are moved along shore

- Application; to improve navigation guides and
reduce losses of ships through stranding and
collision and to establish pipelines stretched
from anchored offshore buoys to beach for
transfer of bulk cargoes, such as petroleum,
along open coasts

6. Problems of Water Properties and Characteris' ics

"* Temperature distribution in surface water -

preferably to nearest 0. I°C but useful if only
to 11C

- Purpose: determination of horizontal and
vertical circulation patterns

"* Salinity to determine rate of intermixing of coastal
water with inflowing sea water and fresh water

"* Acoustical effects and conductivity

7. Pollution Problems

"* Physical movement and dispersion of municipal and
industrial wastes in coastal environment

"* Biological and geochemical interactions of waste
components with marine environment

- Purpose: for protection of inshore areas
(recreational beaches, fishing grounds and
and harbors) from deterioration, for positioning
best outfall locations for wastes, and for
determination of degree of treatment neeLed
for wastes

* Physical dispersion and biological effects of radio-
active materials in inshc re waters

Purpose: determination of effects of use of water
by nulear power plants as source of condenser
coolants and release of radioactive nuclides
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e Geographic distribution, life history, physiology,
and behavior of different species of marine
organisms infesting ships, particularly in trop-
ical ports

- Purpose: development of antifouling procedures

Detailed informaton is needed also on the meteorological,
climatologicz.i, ecological, and cultural aspects of humid tropical coasts to
produce a complete understanding of the environment and its relationships

to the neighboring hinterland and sea.

From the standpoint of military use of the coastal zone, espe-
cially for landings, the following topics require consideration:

"* Amplitude aud frequency of tides

"* Effect of bottom conditions on accessibility of shore

"* Anchorages

"* Offshore obstac• •s such as islands, rceis, shoals,
bars, and submerged wrecks

"* Seasonal and other distribution of storms

"* Natural harbors

"* Location of beach with respect to approaches

"* Dimensions and composition of beach for evaluation
of trafficability and suitability for stockpiling

"* Conditions for preparing harbors, including availability
of materials and opportunity for rapid dredging of
channels Y__

"* Coastal features such as cliffs, dunes, embankments-
woods, and man-made structures to determine their
effeci on movement and the availability of cover and
concealment

"* Location, dimensions and trafficability of exits

D. BARRIERS TO THE ADVANCEMENT OF KNOWLEDGE

Knowledge of the coasts is marked by many gaps for the same
reasons that other aspects of humid tropical environments are incompletely
known. Basically, these are not scientific prnblems but problems of
resources.-

*Further discussion of the basic problems in given in Chapter 1: Litroduction. _n
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Addttionally. somne peuirii6v"*c.a l -cc-r'.h. h-ave

affected advancement of knowledge of the humid tropical coasts. An imp -rtant
factor nott!14 J L. Davies is "th-at much of tinf classical -work in coastal
geomorphology was carried "~t iii _i'.>w England and Western Europe." 1 The
knowledge of coasts :stresses features of these regions and, correspondingly,
fails to explain fully or we~ll sonic of those of the humid tropics. Davies
believes the "uniavorable balanze lias been redressed to) some extent by work
in California, the Gulff of Mexico and West Africa, but a very great deal
remains to be accomplished before a true world pic-are of shoreline develop-
ment. emerges.'-

On another subject, A. CGuilcher observes that "The problem
of shoreline mnovemnents is oile of the most importarnt and, at the same time.
most difficult aspects of geo.norphology. The enormous growing bibliography
merely increases the corfusion. Research -methods are complicated and
critical, and part of 2T e divergence of apinion results from research incor-
rectly carried out,"

In 1964, the Iate rgov-ernmental Oceanographic Commission
pointed out that th~e study of oceans is complicated by their constantly chang-
ing condition, the continued inaccessibiity of somne parts of the oceans, and
the small number of observation points.7

Concerning the study of behavior and -effect of waves, currents,
tides, and1 winds on beaches, C. A. M. King comr-ents on the difficulty caused
by the large number of variables.2 3 "For this reason," King adds, "the
experimental approach to the problems is all the more attractive because the
variables can be brought under control and isolated in the controlled cor.di-
tions of the model wave tank."

Ri. Valentin draws attention to the practice indulged in by
many investigators of using coastala term~inology in an unspecified but obvi-
ously not a universally accepted sense. & The confusion and disagreement
caused by this habit are inimical to the orderly advancennent of kn-~wledge.

E. EVALUATION OF THE STATE OF KNOWLEDGE

HFor this Inventory, th~e cooperation of t_-:erts with personal
experience in the humid tropics has been sought; they were asked to review
the findings and offer opinions on tha state of. knowledge of humid tr ipical
coasts generally and of the 108 regio.nal and political (mainly entii. coun-
tries) units ideatified for the purposes of the inventory.
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Tt,,e oe,,,rta it has heen determined. regard the 2eneral stat.-
of knowledge to be poor. Their coasensus is that, regionally, the coasts of
Centra., America including the West Indies are best known. They agree that
the coasts of the Hawaiian Islands, Brazil and Puerto Rico have been well-
studied. The analysis of opinions shows that none of the experts claim to 41
have intimate knowledge of coasts throughout the humid tropics; therefore,
in keeping with accepted scientific ethics, they regard themselves qualified 4
to rate orkly those areas that they have studied directly or in connection with 2

their topical investigations.

The Inventory shows a preponderance of literature on coasts
of Central and South America. It appears, as the experts kave i ,dicated,
that these coasts are better known than those of other parts of the humid
tropics. However, the scate of knowledge of some of thL other regions may
be better than the Inventory shows or the experts can certify. American
participation in coastal research in the humid-tropical countries of the
western hemisphere accounts for greater familiarity with research there
than in other regions and for greater availability of the published zesults.
Information non-U. S. research decreases with the increase in amount that
is published in foreign journals and books despite the growth of international
abstracting services intended to overcome this obstacle.

It is noted also that local experts differ with those consulted
by tlis project. For example, the high rating given to knowledge oL the
Hawdiian coa3ts must be balanced against the opinion of scientists working
continuously in that region, who enumerate countless gaps in knowledge.
Similar observations were made on the opinions of American observers and
local experts regarding the knowledge of Brazilian coasts. The German
specialist on coasts, H. Valentin, found on direct inspection that the data on
presumably known coasts of Northern Australia were, in reality, limited to
old and (by present standards) incomplete and superiicial mapping.

Although the humid-tropical coasts in general are not consid-
ered to be adequately known, the state of knowledge of coasts in other parts
of the world is not necessarily better. R. W. Fairbringe, a long-time stu-
dent of humid-tropical and other coasts, remarks that it is not necessary to
go to the humid tropics to find poorly known coasts, for they are common in
our own proximity on, the shores of the United States.

F. RECOMMENDATIONS FOR ADVANCING THE STATE OF KN3WLEDGE

Knowle.Ige of the coastal zone is a combination of geologic,
oceanographic, biologic, ecologic, hydrologic, geographic, and engineering
information. Coordinated interdisciplinary research is required to create
a balanced understanding of this environment. Fairbridge observes
that the interactions in the coastal zone are so complex that parameters
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cannot be fixed on the basis of investigations in localized areas but require

worldwide study.2 4 By sucn study, the NAS-NRC Commi, tee on Geography
(1961) states that analoguus areas can be delimited an6 defined and the
detailed similarities and differences of different coa ial areas deLermined to
permit better use of coasts."l Regional study of the coastal zone can then
lead to future intensive study of smaller areas.

The NAS-NRC Committee on Geography recommends develop-
ment of ;nstruments and techniques to obtain more complete and accurate data
on vrope, ties and relationships of land, sea and air in the coastal zone. It

encourages improvement in

" Methodology a•ad procedures for design of sampling
patterns, frequency and sites

"*ý:quipment for recovery of sediment and water samples
and for their rapid and accurate analysis

" Techniques for designing and operating physicai models
of beaches

" Theoretical models of the action of breaking waves, wave
refraction and coast currents, dune structure and beha-
vior, beach structures, tidal Rlushing, sediment erosion
and transport, and other phenomena

"* Techniques for stabilizing beaches

The NAS-NRC Committee on Geography notes that about 50
scattered field stations and some universities possess facilities that can
serve research on the coastal zone but that these facilities are mainly con-
cerned with limited topical or areal aspects of the coastal zone. "There is
a special need for the establis~nment of reserved natural areas for labora-
tory research, with facilities provided for scientists to live and study at the
sites ... In addition . .. it is necessary to establish several centralized
facilities to provide services that will increase tc effectiveness of research."
These services "would relieve the expert from undertaking time-consuming,
routine, but necessary operations, and ... would supply him with the newest

equi,.bment and instruments (and) would insure greatest efficiency in informa-
tion recovery."

The specific service facilities recommended by the CommitLee

are:

. For Data Gathering

-equipment pools of planes, boats, amphibious vehicles,

and measuring instruments

- index of equipment available for loan
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Scenter for designing, builaing and calibrating new
specialized equipment (such as sensing devices)

- specialized equipment (such as tanks and physical
models) for simulation of complex environmental
conditions

"* For Sample Analysis

- se-'imentology and chemical laboratories

- bioiogic identification laboratory including library
of plant poLen found in coastal areas

- Geochenmical dating laboratory

"* For Information Processing, Storage and Dissemination

- clearinghouse for exchange of data-processed pro-
grams and advice on programming

- data center

-bibliographic and reference center with map and
photo libraries and information on all current
research in prog.ess on coastal zones

T he Panel on Coastal Geography19 and R. W. Fairbridge 24 in
1965 emphasized the need for coordinating ground studies with investigations
by aerial photcgraphy and sensing imagery. The panel places priority on the
problem of calibrating and evaluating the imagery from available sensors. *

Fairbridge recommends the organization of a comm'.LEee of national and inter-
national authorities and study groups including such organizations as the
International Conference on Coastal Engineering Council for Wave Research;
International Association for Quaternary Research Commission on Shorelines;
International Geographical Union Commission on Coastal Geomorphology;
U. S. Coast and Geodetic Survey; U. S. Army Coastal Engineering Research
Center; U. S. Office of Naval Research, Geography Branch; and (U. S.)
National Science Foundation, Earth Sciences division, to plan and coordinate
research.

In 1964, UNESCC and the Government of Pakistan sponsored
the Dacca Symposium on scientific problems of the humid-tropical zone deltas.
The symposium was conducted under the leadership (.f F. R. Fosberg, chair-
man of the Advisory Committee on Humid Tropics Research. 2 5 This meet-
ing produced 55 contributions by experts from many countries; they discussed
a wide var•.ety of topics embracing the natural and human factors of delta
areas, mainly in the humid tropics. The findings and conclusions of this
grcup of experts a.re corroborated by the previous determinations of the
UNMESCO committee and this Inventory.
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SResearci reccmmendations given in this discussion are
representative of the problems suggested for study by expertb, individually
and in groups, who have been cited here and in Chapter J.' (Physical Features).
It is apparent that the needs are far-reaching and fundamental. The state of
knuowledge is considered to be fair at best for the humid tropical coasts as a
whole. The priority of problems to be studied in any given axea of these
coasts must be based on further discussion between worldwide experts and
those currently engaged in research in the area.
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CHAPTER VI

REGIONAL STUDIES OF THE HUMID TROPICS*

A. INTRODUCTION

1. Systematic Field of Interest

Regional research considered in this chapter includes
environmentalanalog, land use, strategic, tactical, natural reb-)urces,

and regional delimitation studies. Within the field of tropical regional
studies (research of all aspects of the environment in zombination for
limited areas or regions) emphasis in this report has been. placed upon
the following:

"* Environmental associations and indicator types

"* Interrelationships of environmental elements

"* Regional studies having military applicability

2. Value of Inventory of Tropical Regional Rese, i. h

a. Military Applications

Many examples of employing tactics to fit the physical
characteribtics of the geographic areas are reported. 2, 3

Minney presented an interesting 'Account of the
way in which Clive used his knowledge of monsoon ef'ects on local drainage
and behavior of the natives in winning a battle criticd. for England's conquest
of India. 5

1 6
Russell, Booth and Poole, Morton and various

military historical studies 7, 8. 9 call attention to the tactical
ground war and strategic studies of World War nI.

The important periodical Military Engineer4 often contains
brief, but excellent, descriptions of military activities in humid tropic
regions from the Mexican War through the present Vietnam conflict. The
significance of regional geography (for the humid tropics) is demonstrated

*Dr. Charles F. Bennett Jr. (University of California, Los Angeles), Prof.

Benjamin J. Gamier (McGi1l University), Dr. Pierre Gourou (University of

Brussels), Dr. Robert W. Richardson (San Diego State College), and Dr.
Hilgard O'R. Sternberg (University of California), acting as consultants
to Texas Instruments Incorporated for this program, have critically
reviewed this chapter in its draft stages.

1
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also in current general literature, 10 trade journals 1 2, 13 and specialized
professional serials. 14

, Recent research, e. g., McCourt, 15 relates humid-
tropical regional factors to military problems in the characteristic physio-
graphy (e. g., land grain, slope, hydrology); pedology; natural and culti-
vated flora and fauna; climatology and meteorology; industry; and demo-
graphy of the areas being studied.

1) Physiography, Pedology, Plant and Animal Life

Collectively, landforms, soils, vegetation, and animal life
control or limit surface mobility, 1 5 as shown by the extensive and thorough
research and development work of the U.S. Army Engineer Waterways
Experiment Station, Vicksburg, Mississippi. Recently, the use oi airborne
and ground-based sensor systems, e. g., airborne infrared imaging devices
and counterbattery radar and higher-frequency communication systems such
as UHF radio, have been found to be strongly influenced by line-of-sight
conditions imposed by landfc'rms and vegetation 16, 17 and frequently by the
composition and conditioa of suils. 18 Subsurface conditions also influence
remote sensing in many airborne modes and are considered important to
aerial seismic and magnetic methods.

As conventional and nuclear warhead yield increases, ground-
zero locations become more critical in order to avoid adverse topographic
channeling and dissipatiun of blast effects away from the target. Other
significant aspects concerning the importance of physical features and plant
and animal life to the military can be seen in detail in this compendium's
Chapters 11 and Ill.

2) Climatology and Meteorology

The influences of the atmosphere on mobility, comfort,
clothing and equiF.ment utility, and other conditions have been described
more fully in Co'pter IV. Another consideration of significance is the
subject effect of the atmosphere on sensor and communication system

Si performances. 16, 17, 18 Typical of these effects are the high rates L4

attenuation for electromagnetic energy t2.Ansmission associated with pre-
cipitation, atmospheric particle constituents, e.g., H20, CO, CO ,
02, 19 and any solid nucleii around which fluid particles may have formed.
Many of these atmospheric substances, e.g., water vapor, are particu-
larly prevalent in the humid tropi.c latitt.i'•es and specifically in the more
heavily vegetated regions. 16, 17

3) Socio-Economic and Political Considerations

Today, socio-economic and political factors are given a very
high level of consideration in U.S. military operations. 11 , 12, 13, 15
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Several of these factors which illustrate this emphasis are found in the
present Vietnam situation and include the following:

e The Viet Cong have neithe- physical characteristics nor
necessarily uniforms, weaponry or emplacements that identify them as
the enemy. They cannot be treated as a collective, continuously cohesive
force distinct from the Vietnamese civilian populace. This situation occurs
wherever organized and regular forces enter contests with guerrillas,
insurgents and infiltrators.

* The irregulars encountered with increasing frequency in
military operations during the past 10 years use, to a great extent, local
supply sources. They obtain personnel, intelligence, shelter, food, other
supplies, and at times, moral'support from civilians in their proximity.

These aforementioned factors suggest that military solutions to
certain limited warfare problems could be achieved more through socio-
economic and psychological rather than only classical (military) physical and
engineering approaches. Success of applied socio-economic factors was
demonstrated by the British relocation policies in countering the Malayan
Communist movement. Z0

Industrial activity is limited in the humid tropics; therefore,
ndustry is relatively insignificant for military objectives or purposes. Such

industrial activity which is significant is limited to scattered examples such
as the mining industry of Katanga; the oil refineries of Indonesia; manufac-
turing ranging from electronics to shipbuilding in Hong Kong, Singapore and
the Philippines; and the sugar and mineral processing in Cuba.

b. Importance to Civilian Affairs

Regional geographic data are needed but remain sparse for
the economic development and furtherance of national aspirations in essen-
tially all humid tropics political units. However, a step forward in

alleviation of this situation with regard to the agricultural sector recently
has been accomplished by the Pan American Union. 21

Since humid tropics regional research has long been recog-
nized as critical in establishing the manner in which industrial growth,
resources exploitation and the consequent population shift, growth and
upgrading can and should develop for achieving national goals, the absence
of such regional studies creates the need for their being undertaken.

Simon Baker, University of Arizona, suggests that existing
regional studies of the tropics often emphasize agriculture "because this
is the dominant human occupation in the tropics. Relationships between
agricultural activities and natural and social environments are usually
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bLkebbed LU : ! i studies. t. e pe.peo of troi ca Asia. . .. .i.y

able to profit ironi the experience of other village people in tropical Africa
or tropical Latin America. ",-?- Baker advocates the comparison of regional
studies by specialists and the utilization of tropical regional studies on the
village level in a program to improve nutrition and living standards for rural
tropical people. "Americans involved in overseas aid programs of all
types should be made cognizant of the value of the tropical regional studies
of geographers. Officials involved with agricultural development within the
underdeveloped countries must also be made awart of such studies. ",2-

B. STATUS AND SIGNIFICANCE OF TROPICAL REGIONAL RESEARCH

1. Historical Development of Tropical Regional Research

Interest in humid tropic regions can be traced to writings of
the ancient Egyptians and Greeks such as Ptolemy and Strabo. 23, 24 In
most cases, they emphasized human geography possibly because the African
and Indian hiumid tropics were important only as a source of slaves and
valuables. Jnvestigations into the humid tropics also was accomplished by
Arab merchants, who pioneered African, Indian and Oceanian trade routes,
and by Chinese traders. Duriný the 15th century when domestic problems
permeated the Chinese empire, the Chinese were followed by ad,,enturers
from Western Europe. New World trade was exploited in the Colambian
period by the Europeans from which some data, characterized b) a coastal
zone interest, were compiled. Reference to Chapter V, " Coastal Zones"
indicates that little pertinent data was produced by this trade activity.
trade activity.

The 16th through 18th century Spanish and Portuguese
missionaries provided additional stimulus to drives inland from increas.±gly
exploited Latin American coastal zones. However, from the number and
depth of documents available, descriptions apparently fared little better
under religion than under commerce. Almost without exception, the scant
records available show the error of extrapolating an entire region's char-
acteristics from the few points of observation encountered along the rivers
"and land trails tra-:rsing a region.

Humid tropic regional research did not acquire definition nor
was its import appreciated until the 20th century. Z4 In fact, the initiation
of empirical regional geographic research has been placed as late as 1923

by Whittlesey. 29

During the second world war, the British Naval Intelligence
Division's geographical section under the direction of J. M. Wordie, H. C.
Darby, and K. Mason published a series of geographical handbooks and
manuals of various areas including the following countries in the humid
tropics:

2 5
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"* Indochina (Cambodia, Laos, S. Vietnam,
N. Vietnam)

" French West Africa (Senegal, Guinea, Ivory

Coast, Togo, Dahomey)

" French Equatorial Africa (Congo, Gabon,

Central African Rep. Chad)

"* Netherlands Indies (Indonesia)

"* Pacific Islands

"* Belgian Congo

The handbook series was a revision and expansion -. ooe done during the

first world war for the British admiralty. The staff consisted of well-

qualified professional geographers, geologists and other scientists.

E:tch hnndbook was devoted to an areal unit and considered

its physical geography, economic geography, ports, communications,

history, peoples, and administration. The manuals are in no way confined

primarily to naval affairs and were written with peacetime as well as

wartime purposes in view. Wilson claims this series to be "one of the

rnmst outstanding and lasting contributions to the geographical literature that

has resulted from the war". 25

The only significant humid-tropical regional research that

was performed until shortly before World War II was Robequain's work on

Annam in 1929, Gourou's study on the Tonkinese delta in 1936, 27 and
Lehmann's studies of Java, 28 and the interdisciplinary research accomplished

in Latin America prior to 1941. The last of these examples proved valuable

to the Joint Army and Navy Intelligence Studies (JANIS). Russell et al 1 in

their discussion of military geography consider the JANMS reports 'to be
the finest examples of wartime (W. W. I1) area reports. " Most of the

geographic war effort -as devoted Lo the preparation of area intelligence

reports bearing on military, economic, or administrative problems.

The content of the J kNIS Reports varied from area to

area due to differing local requirements although emphasis was placed

upon basic descriptions of landforms, soils, ve&etation and drainage and
on evaluations of cities, roads, railroads, etc. The reports were products

of inter-disciplinary teams of scientists trained in geology, pedology, meteoro-

logy, etc. whose work was coordir.ated and directed by geographers. They

were compiled largely from the literature however; some of the

- t
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to chapters like Coasts & Beaches weebaseJ onair pho-

internretation. These regional studies generally reflecteý the hurried
nature oA their comnposition. The data found therein were rarely m~ore
than 2ýssemblagtes uf previously recorded, often obsolete a~nd at times
erroneuus inf(,rinatifxt selldomi obtained by first-hand observation.

Tropical regional research by the Japanese was initiated
.ny very shortly 1Lý.`re World War II when, in late October 1940, the

Total War R.esearch Inztitutte Was Cstabli.shed. The Japanese army
ordered three divisions, tner± in South China, to begin training for
operations in tropicali areas in December 1940. During the next few
weeks, special 2tudies were made of the geography, terrain anid climate
of Matlaya, indocrhina, the Netherlands Indies, Thailand, and Burma.
with emphasis fin the problemne of mnilitary operations in lhose environt-
ments.I

The Germans, by 194*3, had completed prvduction of the
Mil-Geo, Mar-Geo and Lult-Geo series (f regional studies which included
data gathered in specifically oriented field programs begun in 1924 by
German intelligence services. The MLI-Geo handbooks (Milit~rgeograph-
ische Angaben) were prepared for all areas into which the German army
planned to move. The handbook c-cnmssted of i-eparate volumes of descriptive
text, selected photographs, a gazetteer, anti through-route town plans. 29

The handbook waý- accompanied by a folder of mnavs, scaled 1:500, 000 or
smaller, portraying natural and. cultural 'Landscapes. The Mar-Geo group
was established in 1 942 by the German Naval higiv command to prepare
maps of detailed landforms and underwater conditions, oi European coasts.
The Mil-Geo series emphasi-zed coverage of the Germans' planned ecumene,
primarily Europe and Western USSR, and thus anticipated rather than performed
a treatment of humid tropic regions (as would have been encountered by
movement south inxt- tropical Airica and east toward India).

Limited regional geographic data were assemnbled in tthe post-
World War .11 years by the U.S. Air Force. Generally, these data exist
as descriptive introductions to possible targets for aerial bombardment,
at times becoming more specifir. e. g., in relating physiography as an
influence orn weapors' eff _cts.

The "National Intelligence Suiveys" (MIS) series published
by t~he Central Intelligence Agency, Waschington, D. C.,i cla-asiiied, but
it may be noted here that each of the impartant volumes crontains perhnaps
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the most extensive and intensive known coverage of geographic regional
data found withi.i each (humid tropical) nation's political boundaries. The

U. S. Air Force target studies are similar to the NIS volumes in the military
orientation of presented geographic data. The fact that geographic regional
data are terminated by political boundaries need not be a limitation where
volumes on adjoining countries are available.

The advent of Communist North Korean action against the
Republic of Korea in 1950 renewed the possibility that the United .tates
might be engaged in scattered global actions in numerous locales and
varied environments. Communist-directed or oriented actions against the
French in Indochina, the Dutch in Indonesia, the British in Malaya, the
Philippine government by the HUKS, the Castro regime in Cuba, plus the

Guatemalan, Venezuelan and other Latin American events all served to
establish that fulfillment of U. S. obligations could require emphasis on
preparedness for humid tropic region operations. Accompanying this

awareness was recognition and confirmation of the scarcity of available
humid tropic regional data. In the early 1950's, a considerable amount of
valuable information on ThailandZ was assembled, and it reappeared
verbatim (except for minor updating of illustrations) in a very recent USTRC

publication on the Southeast Asia environment. 30 Only minor attention
to change occurring in the region in intervening years was evident. A
"classic" tropical regional study was published only 5 years ago by

G. Lasserre. His 2-volume work on Guadeloupe 3 1 has been regarded as
the best regional geography ever done for a tropical American area-.

2. Status of Tropical Regio.ial Research Development

Although the importance of tropical regional research wa:;
established by the global events o! the past 25 years, it can be concluded

that little nonmilitary regional geographic work was performed even for
those areas convenient to many qualified geographers (f North America

and Europe. The extent of coverage is, therefore, inadequate in breadth.

Only time and a continuation and expansion of the few efforts being
performed in depth3 2 ' 33 can alleviate this situation. While this is true of
both military and nonmilitary aspects, additional contributions to the field
can be expected with the growing awareness of the nonmilitary importance

of the subject. 34, 35

C. REVIEW OF CURRENT ACTIVITY AND TECIINIQUES USED IN HUMID

TROPICS REGIONAL RESEARCH

1. Introduction

The term "current" as applied in this section of the report

describes regional research activity in progress or that which has been

Gourou, P., 1966, Personal Correspondence, 21 February.
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undertaken and the results publishcd in the period 1964-(5. Data are based

on this program's literature search and the assistance of project consultants
who have reviewed the bibliography and submitted an assessment.

Interest in regional research by geographers in t.-opical
regions is directed toward such applications as land utilization, riesettlement,

hydrological problems, and resources development. Such regional studies
carried out in the tropics refle't the specialties of the geographer and/or
objectives of funding agencies. Generally, they can be regarded as primary
or supporting data sources for regional studies for military application
since data collected for one requirement are sufficiently definitive for
multipurpose use. Topical studies as reported in other chapters of this
compendium are frequently designed to produce results usable in regional
envircamental studies.

2. U. S.-Sponsored Current Research Activity

Major tropical regio.nal research activity in this country stems
from long-term objectives of the U.S. military to compare world environments
with those of principal test sites and to support environmental research and
climatic testing projects. In 1965, a facility for empirical rese.-rch was
established 32 at the U.S. Army Tropic Test Center, Fort Clayton, Canal
Zone. A 5-year plan for accumulating an environmental data base for
regional studies in the humid tropics was initiateA to provide meaningful
tropical environmental criteria for analog requirements as wen as for
material development and testing. A similar program is planned for Thailand.

Supplementary to the Advanced Rese:krch Projects Agency's
(ARPA) Project AGILE, a team of Army ground mo.dlity-environmental

specialists conducted a regional study of Southeast Asia. This was an

advance party for a projected long-term research effort begun in May 1962. 36

Technical and administrative conduct of the program was assigned to the

U.S. Army Engineer Waterways Experiment Station (,AES), and field data

were collected in Thailand. 37 This work is a major activity of WES's

Military Evaluation of Geographic Areas (MEGA) group. Other MEGA

activities include environmental data collection programs being conducted

in Puerto Rico and the Caribbean (Pana~na, Colombia, Costa Rica, Nicaraguag

and Guatemala) area by WES Tropical Terrain Research Detachment tei,.ms..39

The physical environments of Southeast I sia have been the

concern of Project MERS (OSD/ARPA Mobility-Environr~nental Research

Study) performed under the auspices of U.S. Army Engineer Waterways
Experiment Station. Objectives of the MERS program included development

f of systematic procedures for establisiing optimum vehicle design criteria
on the basis of environmental factor measurements and tactical deployment
considerations. Other objectives included corollary development of techniques
lor piedicting ifom regional environmental data the mobility characteristics
of a given vehicle. MERS study areas in Thailand included Nakhon Sawan,
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opp acivt was*. apoh*d tu the s, n rgn by the htapha c
Amapping activity was applied to the seven regions by the Piv)tographic

Interpretation Research Division of U.S. Army Cold Regions Research &
Engineering Laboratory, using photography that primarily was 10 years
old. 38

The Office of Naval Research (ONR) is sponsoring field
investigations in Airica, Asia, Oceania, South America, and in the
Caribbean (islands and lowlands of the Caribbean, Middle America and
northern South America). West African island studies are being made oy
H.H. Aschmann of the University of California, Riverside, California,
and the Caribbean program is being coordinated by J.J. Parsons, Uni-
versity of California, Berkeley, California. M.J. Eden of McGill Uni-
versity recently completed an ONR-sponsored regional study, The Savanna-
Ecosystem - Northern Rupununi, British Guiana. 39

Government-spotisored research at Indiana UniversiLy,
Bloomington, Indiana, in progress or recent'.)" c:mpleted, includes the
work o4 0..P Starkey on Caribbean trade geography (ONR-sponsored).
At American University, the foreign division has prepared the U. S. Army Area
Handbook Series. Many of these studies are on tropical countries (e.g., Thailand,
British Borneo, Ghana, Liberia-, Nigeria, Ivory Coast, Congo (B), Cambodia,
Laos, etc.) At Clark Univers'ty, a program was begun in 1960 by S. Van
Valkenburg for study of machine storage of environmental data collected in
central and contiguous portions of Africa. Funding was not available for this
program's continuance in 1962/63.

A bio-ecological classification scheme is being evAluatea for
use in organizing environmental data into a worldwide classification system
for regional planning. L.R. Holdridge is the principal investigator of this
ARO-sponsored program. Project c-insuitants are A. W. Kuchler, Ta Liang
and L. C. Stuart. The project being conducted by Wilson, Nuttall, Rai-ond
Engineers at the Tropical Science Center, Sa:. Jose, Costa Rica, is still
underway, and it has been reported that "consensus of the consultants was
that the Holdridge system offered a promising framework for the military
use outlined, but that precise identification of zonal vegetation in qualitative
terms was needed for meaningful subdivision purposes.', 4 0 A Marshall
University team and WES representatives are cooperating with this program.
An opposing view of the Holdridge system appears in Section C. 7 of this
chapter.

Aberdeen Proving Grounds" Operation Swamp Fox I and UI
involved environmental studies in Panama by the Human Engineering
Labs and target acquisition studies by the Army Ballistics Research Labs.
Prior to the start of Swamp Fox III the project was cancelled.

U S. Armr• Natick Laboratories is sponsoring a program to
delimit, classify, map, tad characterize the humid tropic environments.
These tasks, which are being performed by the University of Denver's

€t
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geograpny Qepartment, wiii iivO±VC Iii4ppazig LU11,, , L ,V,,,
F and subregions at prescribed scales.

Through the Inter-American Development Bank (IDB).
Washington, D.C., American funds are supporting various regional projects
having emphasis on industrial, agricultural, water, and mineral resources
development. Allocations have been made to many Latin American countries
for technical cooperation activity in the production of comprehensive regional
development plans.

Lnpact programs supported by the UN Special Fund include
land-use studiQ.- (surveys, research, training) in humid tropic areas. The
following listed countries have been engaged in such regional land- and
water-uze surveys for agricultural development purposes: Brazil, British
Guiana, Burma, Republic of China (2), Congo (Brazzaville), Ecuador, Ghana
(2), Haiti, Kenya (2), Maiaysia, Nigeria, Northern Rhodesia, Pakistan,
Peru(Z), Sudan (2), Tanganyika, Togo, Uganda, and Venezuela. The UN
also reports that three regional land- and water-use surveys were supported
by the UN Special Fund. When it is considered that United States contribu-
tions to the UN Special Fund are approximately 40 percent, then it can be
deduced that American funds indirectly supported approximately 40 percent
,,f the cost of these surveys. 4 4

To assist Latin American countries in national planning, a
Resources Inventory Center was established by the Office, Chief of Engineers,
Department of the Army, Washington D. C. (temporarily located at Army Map
Service facilities) under an agreement between the Agency for International
Development (AID) and the Corps of Engineers. The Center provides technical
services for resources studies and is organized into a Data Bank and an
Analysis and Evaluation Staff. It has primary responsibility for preparing
physical resources studies for the republics of Central America and Panama. 4 5

Studies for El Salvador and Costa Rica were completed recently, and other
studies are in various stages of completion.

USAID/GUATEMALA reports that since 1962 a geographic
orientation to planning activities has been utilized and a series of analyses
developed for seven distinct geographic regions of Guatemala. 46

Massachusetts Institute of Technology has supplied 17
researchers plus consultants on a 4-year program for economic development
in the Guayana region of Venezuela. This work, involving $1, 250, 000 has
been financed by Corporacion Venezolana de Guayana, Harvard Univers-
ity. 43

The Land Tenure Center of the University of Wisconsin has
a continuing program in Latin America supported by AID ($1, 250, 000).
This work involves comparative studies and analysis of 1,,e economic,

social, political, and administrative aspets of landownership, land tenure
"and agrarian structure in Latin America (Northeast Brazil,
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Brazil, Mexico, Peru, Bolivia, and Colombia).

The Organization for Tropical Studies (OTS) evolved from
several movements by biologists and other scholars interested in the tropics.
It was incorporated in February 1963, having eight member universities:
Costa Rica, Florida, Harvard, Kansas, Miami (Florida), Michigan, Southern
California, and Washington. Very soon thereafter the University of California
(all campuses) and Louisiana State University joined. Three more univers-
ities joined recently: Georgia, Indiana and Texas A&M. Although during the
past 3 years the training offered has been in tropical biology, advanced
botany and zoology on the graauate level with the opportunity for independent
research, the OTS will begin a geography program in the summer of 1967.

The Ford Foundation's activities in overseas development
programs include supplying cor, ultants to assist Latin American countries
i.n studying their problems and mapping solutions, educational grants,
and support of pilot projects. The Carnegie Institution of Washington has
made grants for the advancement of knowledge in the astronomical, physical
and biological sciences in Latin America. The futdamental research in the
American tropics has resulted in several major monographic treatments.

A President's Commission has been set up to study the
feasibility of a new sea-level interoceanic canal between the Atlantic and
Pacific Oceans in Middle America. It is anticipated that the U. S. Corps of
Engineers will request environmental evaluation studies and geologic and
photogrammetric surveys fcr the areas of interest. The Atomic Energy
Commission has a contract with Battelle Mlemorial Institute to do a feasi-
bility study, whose environmental aspects are being advised by Professor
C.F. Bennett.

3. Survey of Current Research Activity (by Institutions and Scientists
of Humid Tropics Areas)

a. Central and South America

The most significant current Latin American research
activities in this field were reported at the Mexico City IGU meetings.
The agenda for this International Geographical Union Latin American
Regional Coiference scheduled for August 3-8, 1966, included the geograph-
ical approach to problems of development, contribution of geography to
urban planning, world land-use survey in Latin America, and problems of
the geography in Latin America. 4 7

Regional research programs in Latin America include the
followit Colombia, Caldas regional program (crop diversification and
industrial development); Brazil, studies for industrial and infrastructure
projects in Bahia; Colombia, development of the Sinu River Basin; Ecuador,
comprehensive regional development plan for Azuay, Canar and Morona-

Santiago; Haiti, hydroelectric resource development; Mexico, settlement
of El Limon area; Bolivia, Caupolican mixed land settlement; feasibility
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ical approach to problems of development, contribution of geography to

urban planning, world land-use survey in Latin America, and problems of
the geography in Latin America.47

Regional research programs in Latin America include the

followit Colombia, Caldas regional program (crop diversification and
industrial development); Brazil, studies for industrial and infrastructure
projects in Bahia; Colombia, development of the Sinu River Basin; Ecuador,
comprehensive regional development plan for Azuay, Canar and Morona-
Santiago; Haiti, hydroelectric resource development; Mexico, settlement
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oi land settlement in Yaguaca; Venezuela, survey of settlement in
La Morrocoya, Easteri, Guayana, and sectoral development planning; and
SGuatemala, socio-econcnic development pans incorporated into existing
regionai economic integration programs.4.

A graduate training program strong in resource studies
emphasizing the interdiscipli,,ary approach is offered at the Inter-American
Institute of Agricultural SciencesF of the OAS, Training and Research Center,
Turrialba, Costa Rica. Under the direction of Pierre G. Sylvain, the staff
assigned to the resources for development program includes a geographer,
soils expert, photointerpretation specialist, ecologist, hydrologist, econo-
mist, and rural sociologist. Field work by students will emphasize forestry,
soils, economic botany, pastures, economics, and sociology in selected
microregions.48 The institute at Turrialba is one of the unique research
institutions of its kind in the entire humid tropics. It provides complete
facilities for visiting scientists as well as guidance from the residence staff;
conducts basic and applied research; trains Latin American students in the
classroom and field, etc. G. Budowski (Turrialba) has conducted research
on the classification of natural habitats in need of preservation in Central
Ame rica.

The University Grants Committee of Great Britain has been
collecting inio-mation on Latin American research in British universities
preparatory to establishment of area-study research centers. The World
Land Use Survey under the direction of the late L. D. Stamp has produced
such regional monographs as Niddrie's environmental study of Tabago. 49, 50

Biogeography and Ecology in South America is an upcoming
volume to be published by the firm, Dr. W. Junk, The Hague, Netherlands,
in the series Monographi-e Biologicae.

The Venezuelan Development Corporation's geographic unit,
directed by Marco Aur,'lio Vila, has pu!Aisr.id numerous inventory-geo-
graphies of different stat-.. of the republic. At the University of Zulia in
Maracaibo, Roberto Lizarralde is engaged in full-time regional research.
Levi Marrero, a Cuban geographer at the Central University, has published
two significant works: La Tierra y Sus Recursos and Venezuela y Sus
Recursos. 51

Weather Engineers of Panama, Corp., WEPCOR, 1.-s a
"complete-package environmental data base project... underway at variouls
sites in the Canal Zone an~d the Republic of Panama.'" They.. .. "operate two
field sites for the U.S. Army Tropic Test Center: (1) a soil plot for soil
and hydrological measurements and (2) a 150-ft instrumented tower fcr
atmospheric chemical and particulate matter sampling and wind temperature
and humidity measurements at eight levels. Additional observations are
made visually. Recording is by manuLal means, strip charts, and digitized
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systems with both tape and hard copy readout. "5"c Bennett (University of
Califcrnia at Los Angeles) reports that "the project... is off to a poor start
due to faulty assumptions made regarding the nature of the several vegetation
types which form the bases for environmental variation. "* Other recent
reports indicate the program is running 16 months behind schedule due to
lack of trained supervisory and technical staff and unrealistic micrometeor-
ologic instrumentation requirements.

A staff of 60 geographers, eight of whom are physical geogra-
phers, are involved in Brazil's national atlas program at Conselho Nacional
de Geografia, Rio de Janeiro. The Brazilian atlas, due for completion in
1966, will include an interpretation of geography, landforms, soils, agri-
culture, transportation, population, and mineral wealth in addition to
their presentation in map form.

b. Africa

In 1961, the National Research Council reported that "descrip-
tive coverage of the area (Middle Africa) was inadequate. "51 There has been
very little additional work performed to change that assessment. However,
Makerere University College, University of East Africa, is strongly oriented
toward this area: "Fronr its inception, the department has provided a focus
for research into the nature of the East African environment and into the
problems of adjustment to regional conditions.

A geographic study of all regions of Africa, particularly
Sierra Leone and Kenya, is represented in the recent work of R.J. Harrison,
Church of London School of Economics; J.I. Clarke of the University of
Sierra Leone; P. J. H. Clarke, Government Teacher Training College,
Kagumo, Nyeri, Kenya; and H. J.R. Henderson of the University College of
Swansea. Updated studies, maps and photographs o-f ci-1 regious appear in
their Africa and the Islands. 5 1 Church's Environment and Policies in West
Africa contains much generalized information from African surveys. F. F.

Ojany, University College, Nairobi, Kenya, is working on Kenya's physio-.
graphy Another recent publication is W.A. Hance's Geography of Modern
Africa, which is oriented toward economic geography.

In connection with his activities as director of the World Land

Use Survey, the late L. D. Stamp obtained data for revising his Africa: A Stud,
in Tropical Development and the 7th edition of his A Regional Geography for
Advanced and Scholarship Courses, Part 2, Africa. 51 Both P. D. Jungerius

and H.J. deBlij have performed extensive regional er.vironmental studies in
Africa. Other geographers conducting regional work in Afzica include R.P.
Moss (S. W. Nigeria); K.M. Barbour (Suda); E.A. Boateng (a,...ina);

,
Bennett, C.J., 1966, Personal Correspondence, 14 February.
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and M. M. Cole (Rhodesia). In addition, H. P. White of the Royal College
of Advanced Technology, Salford, England, recently cor.nipleted a regional
study of Ferre de Barre, West Africa.

c. South Asia and Oceania

India's regional land-usr. plans are based on systematic
regional studies of physical conditions, requirements and relationships with
other regions. Work in this area, under the auspices of the Indian Statistical
Institute, Regional Survey Unit, has centered around South India and the
Mysore State. Numerous publications have resulted from work performed
under the auspices of the Indian Statistical Institute. Among these ar$ 7
Learnmonth, Rao and Bhat's excellent regional work in Mysore State.

S. P. Chatterjee, director of the National Atlas Program,
Calcutta, India, is compiling 300 detailed plates on India's geography. The
program which is nearing completion has been delayed by other higher-
priority printing programs using the only available press in India. To date,
only 40 of these plates have been printed and are available from the director.

Dr. H.J. Neubauer of UNESCO has proposed the creation of a
commission- of resear,-h scientists drawn from the Department of Botany of
the University of Dacc.a, appropriate research institutions of Pakistan Council
of Scientific and Industrial Research, agriculture and forestry departments
of Pakistan, and scientific societies for a program to determine the inter-
relaaionship between climate-vegetation-water and soils of the humid-tropical
regions of East Pakistan, particularly the Chittagong area and Mangrove
swamp of Sunderbands. 56

The Pacific Scientific Information Center at the B.P. Bishop
Museum, Honolulu, began the first of a series of Pacific articles on the
Marshall Islands (by E. H. Bryan Jr.) in June 1965. 57 Other geographic

topics in Oceania will be discussed in the forthcoming issues of this new
serial. Reference to Volume I of this report will indicate all past B. P.
Bishop Muesum monographs dealing with the Pacific region.

Two to four numbers of the Journal of Tropical Geography are
published yearly by the Department of Geography, University of Singapore,
Singapore. This serial is the leading journ.l on the area and subject and is
'lmost unique in its regional orientation.

A basic program of land classification for major Hawaiian
Islands is in progress at the Land Study Bureau, University of Hawaii. The
first of this bulletin series planned for the major islands of Hawaii was

•(I H. L. Baker's studies of Molokai. This work was followed by Nelson's report
on Oahu in 1963 6 8and a series of land use maps of the six major Hawaiian

islands at 1:26, 500 done in 1965.
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The Food and Agricultural Organization of the United Nations
(FAO) often performs work from which militarily significant data could be

derived. For example, in Vietnam, it was found that FAO survey reports

contained information usable in the mobility studies carricd out in Thailand,

and recomnendations were made to support the Thai-FAO soil-mapping
activity. 3 The FAO is responsible for an immense list of publications too

numerous to mention. Those germane to this report are ordinarily contained
in the following series: FAO Agricultural Studies, FAO Agricultural Develop-
ment Papers, FAO Fisheries Studies, FAO Forestry and Forest Products

Studies, FAO Forestry Development Papers and other miscellaneous publica-
tions.

Records of geographical research reports are maintained at

the National Taiwan University, Taipei, Taiwan, China, and the Fu-Min

Geographical instituLe of Economic Development, Official Area Agency of

the International Geographical Union. Updated lists are compiled period-

ically. 59 Many of the reports are in English and are readily available from

the institute.

Cheng-Siang Chen, director of University Studies in Geog-
raphy, United College, The Chinese University of Hong Kong, is estab-

lishing a geographical institute to study mainland China, especially the
southern and tropical portions. Dr. Chen reports that there is an Institute

for Research on Tropical Areas at Kunming, People's Republic of China, which

has a staff of mere than 600 scientists working on tropical research, with
staff sections devoted to climatology and medical geography. Much of the

work performed at the institute is for military purposes.

F. L. Wernstedt and J. E. Spencer are completing their

research on the physical, regional and cultural geography of the Philippine
Islands. The results are to be published in late 1966 by the University

of California Press.

The Land Research and Regional Survey Division of the

Commonwealth Scientific and Industrial Research Organization (CSIRO),
Canberra, Australia, has a program of continuing environmental and
regional research in Australia and Oceania. The organization's excellent

publications are listed in the KWIC Index volume of this report.

d. Other Research

The Committee on Humid Tropics of the International Geo-
graphical Union was established in 1956. Its purposes are to "stimulate

research in the geography of the humid tropics and especially into the

nature of the humnid tropical environment; to serve as a clearing house oi
relevant information (publications, techniques, personnel, and research

agencies... ,). 60 Past programs have been concerned with the definition
and delimitation of the humid tropics, climatic factors and ecological
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boundaries. The commission is presently chaired by Professor Theo. L.
Hills of McGill University, who has just completed tihe compilation of a

* directory of humid tropic research institutions.

The scope of the International Biological Programme
modified at the IBP General Assembly in Paris (23 to 26 July 1964) provides
for environmental and ecological studies of terrestrial communities, both
natural and man-modified, on a world scale to support productivity studies.
Phase 2 of this program will involve world-wide data collection scheduled

over a five-year period and is projected for approximately 1968/69.61

4. Research of Significant Growth Potential

, Airl-orne electromagnetic reconnaissance (remote sensing)

systems appear, in initial investigations, to have great future potential
for gathering data for regional and analog studies of the environment. Their
application in, the true humid tropics has been scant, and results are

classified. Feasibility studies and development of procedt-res, systems and
applications are urgently needed.

Militarily significant data could be developed out of the

numerous regional research activities (land-use and resources development
surveys) which are supported by American assistance if funding were
conditional to reciprocal use of data. Such a plan might require placing
geographers familiar with military needs and applications on the advisory
and supervisory technical staffs, which are supplied by the U. S., to assure
geographic orientation in these regional resea;ch activities.

5. Neglected Areaz of Resea-rch

Bennett (UCLA) speaking about tropical ecology and environ-
mental studies remarked on the following neglected areas of research:

"It should be evident, however, to even the most cursory investi-

gator, that the entire area of physical ecology has received very
little attention. There is also need of animal population studies of
virtually all the faunal components not to say that the bio-ecology
of very few tropical animals is very well known. Bioclimatology
in the tropics has hardly been touched. There is almost everything
to be learned about tropical highlands in terms of physical and
cultural geography. There isn't as yet even a decent definition of
"what a tropical highland or upland is. In fact, very little has been
done ta standardize the terminology employed for tropical phenomena.
Even such basic terms as Tropical Rainforest has many - too many--

meanings and has resulted in a vast confusion in the literature on
L•-opical vegetation. A major task ahead is the study of human
ecology in the tropics. Among the many aspects of human ecology
needing attention are: human nutritional requirements (at present
this whole area is a mass of confusion); medical geography-this is
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almost a virgin field for investigation and it is surprising that
research in this area barely moves along."

6. Problems of a Barrier Nature

Scarcity of usable data is the greatest problem facing geogra-
phers engaged in regional research for military applications, particularly
if tne effort anticipates use of automation processes for data analysis. In
surveying existing data in Southeast Asia for use in the mobility studies
conducted in Thailand, it was found that the quantity of usable data was
"rather negligible in regard to satisfying the purposes of the preliminary
study. ",62 This conclusion was reached after having contacted 14 sources
whose primary activities required collection of environmental data, and of
these sources, three were American agencies: OICC/SEA, USOM and the
office of the U.S. Army Attache. The almost total absence of quantitative
data was reported by the investigators. 62

Existing regional literature is scattered and difficult to
use in comparative studies since there is no general agreement on a system
of classification of tropical environments. Boundaries applied to regional
research projects also pose problems (polit..:al, thematic, physiographic,
etc. ) when attempting to apply research performed for one requirement to
research for a particular application.

7. Controversial Aspects of Regional Research

"The regional concept is the holiest of geographic shibboleths,
a fact likely due to geography as a discipline having produced so
little in the way of new or original ideas. A kind of mystique has
come to surround the regional concept as though it were some
wonderful and very intricate idea. Which it is not. The treatment
given to the regional concept in that unfortunate effort known in
shortened form as 'Inventory and Prospect' must rank with some
of the more obscure theological writings of the Middle Ages. Of
course the idea of the region is useful - and very obvious. It is
also clear that geography has no patent claim to the idea. Is this
really the best idea that geography has to offer? If the answer is
yes we might just as well file academic bankruptcy. But I've
indicated that this isn't necessary and have suggested that eco-
systematic concepts offer a frame for new study of what we have
long been calling the region. "#

P. Gourou (CEMUBAC) sharply differs on the value of the
ecosystem. He has recently spoken out on this subject, as follows:

Bennett, C. F. , 1966, Personal Correspondence, 14 February

Bennett, C. F., 1966, Personal Correspondence, 27 March
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"Perponally, I do not see the reasons for adopting the eco-
system concept in regional gt.ography. Why? First, because it
is a naturalistic concept attached to "natural equilibrium". The
regional geographer knows well that there is no natural equil-
ibrium for Man; Man is not a rat u.- an earthworm, he is a -carrier
of civilizatocn. Second, because regional geography itself studies
a complex of actions and interactions which is not an ecosystem
(if it were one, we would not be men) and we would n3t be there
to make geography"l*

Bennett continues his commentary by stating:

"For some reason . . . there is a persistent effort
to view the concept of the ecosystem as being too abstract to be
useful and relevant to ecological (geographical) studies. It seems
almost ridiculous to have to mount a defense of the concept since
it has been quite well accepted by the more advanced ecologists of
the present day as for example Odurn and Fosberg to mention only
two.

"There isn't anything esoteric about the concept of the ecosystem.
The concept merely forces one to view biophysical phenomena
distributed spatially as being parts of interacting and functioning
natural systems and, therefore, leads one away from the limited
descriptive ecology of Lhe past - an ecology that became so intel-
lectually bankrupt as to nearly destroy the discipline. Ecology
wasn't destroyed chiefly because the subject is too fundamental
to expire no matter how badly used. It is coming back to life
now and this new vitality will increase only to the extent that
systems theory is rigorously applied to the study of the inter-
actions between living organisms and their environments. There
is a striking parallel between the recent condition of ecology and
the present moribund condition of physical geography. That is,
ecology became comfortable with a handful of untested rules and

, - hypotheses and was content (and too often still is) to deal largely
in descriptions and the listing of 'environmental factors' perhaps
in the hope that some sort of insight would ultimately result. In
the meantime other fields of biology and the physical sciences in
general were moving along with the development and testing of
new concepts and new methods of data analysis. Recently some
ecologists have been 'catching up' and doing well at their task
although the usual contents of Ecology, Ecological Monographs,

and The Journal of Ecology clearly indicate that ecology has one
foot still stuck in the rut of the past. ' €*

Gourou, P., 1966, Personal Correspondence, (translation) 21 February

Bennctt, C. F., 1966, Personal Correspondence, 27 March
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The tropical life zone investigation being conducted
at the Tropical Science --enter, San Jose, Costa Rica, using Holdridge's
classification scheme, has received favorable review from its program

consultants (see Section C. 2 of this chapter). A dissenting view is stated

by Bennett (UCLA):

"The fundamental assumptions upon which Holdridge bases

his system possess approximately the same value as did the
assumptions upon which C. H. Merriam established his life

zone hypothesis, that is, Holdridge makes certain statements
regarding temperature and precipitation in respect to phyto-

geography which are completely unsupported by experimental
evidence. Although Holdridge employs a little more arithmetic

than did Merriam this only serves to oLfuscate the basic error

of the ecological assumptions inherent in the Holdridge System. "*

8. Review of Techniques and Methods of Observation and Study

The products of (regional) geographic efforts may be con-

sidered as derived from either (a) primary sources of direct observation

or (b) secondary sources wherein

o Observed data are reworked to provide new

conclusions

* Data serve as a basis for comparison and

standard of measurement by analogy

a. Primary Observation

Russell et al 1 and Thornthwaite63 concur that

regional geography has critically suffered from a scarcity of primary

observational practices. Possible excuses for this unscientific situation

are due to the fact that interest wanes in performing original research

in geographic areas already observed, while least scientifically observed

areas are generally accessible only with difficulty and at relatively high

cost. The lack of sufficient money for fieldwork scill stands as a major

obstacle to primary observation in the tropics. An additional factor is

the circumstance that relatively few original observation processes

are classically relegated to geography. For any number of reasons,

climatological and weather investigations become categorized in the

discipline of atmospheric sciences or meteorology; vegetation and animal

life studies as botany and zoology; and landform analysis as geomorphology.

*Bennett, C.F.", 1966, Personal Correspondence, 14 February
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Use 01 zair photos -nay bc- considered as valid as ground
studie~s and a prviiary so-,urce of geographic m~nforivation in that the direct
observation ol nheronena may be puriornmed. U-se of t:ýchnicques and
expertise have increased, markedly in. t~he last t~wzo dcadvs. "heir value
is not onlyj~ in tha.t -Asez:rveri and analysts can receive pruinary data, often

irom areas which are in~acctessible polliticaliy or financially, but Ithey may
use the photos its a te~mporal hase -or comparis5on.

Reccnt dCLev.Is',p)meft of. re-tnote sensing devitces (LR, radar,
gainia r~ay) being, asAd to idmnple the cnvirornruent in variou6 portions of the
(eictromagne-tic sp3c~tYrum- and the wider use of fi~ly-filter com-binations 1.or
aerial surveillance havie permitted tfle extension of now -conventional air-
photo procedures.t`* The rernote sensing devices will produce im~agery
that will highlilght a particular environ mentalI feature oi interest and its
variations from- place to place within its r.dtura1 raijlieu. These new toolIS
wuten car. extend primary geographic bservati-cn not ondly need fu1-rther

us,.e, experimnental programs aind refinemnent but most importantly
declassiiicati~or and lower cost _f acquisition 'cc perm-it fr-ee exc-hange of
inhere~nt benefits through the discipline.

Reeional geographic proces-sez. usu-id1lY occur nr ýasumle
a iniarkedly di~fferent status over neriods ol ritne that are great compared
with, the lifesoan t--) an observer. At best, a geogiapther periorming an
initia! regional stutly can tl-_ cribe for posteriiy only an observed inter-

Play )f ohysiographic, climatologic and dem-ogPraphic factors imm'ediate
tois po~sition intO rdsae f necessity, development -)f his

dtescr-iption into regional and temporal significance re-quires extraction
from dat-a sourceS- which exist most often as records prepared by other
sc~eat:sts or government agencies frequently for purposes other than
regtonai analysis. Conseqtuently;, products of such effort may become

categ-ortzed as somnething other tnhan primary observational research.

It may be concluded thiat jituations classically considered

conducive to pure primary observation have beer. progressively decreasing.
Certainly, reobservation of many regions for a -variety of purposes re~mains
to be perfor-mned.

b. 5?ccadary Studie~s

Te1*455-1965 decade has seen continuing atrowth of
studies of regional factors by anallogy. IQPecciiically, rez-trictions on
cost. tirne, accessibility, and observer safety have st-irnxulated the use of
sites that are bodh c zoven ient to and hzave chara cterFisti-cs aktnr to those
of the less convenitnt regi;*-5n af in~s.While Preciase relationships of the

characteristics of two regions m-ay bta ixnpcssi le in every case, analog
comparisons can prcgent adalitonal benefits to tkie obvious ones mentioned.
One such benefit occursq w~hen U-e analog site exaggerates conditions existing
in the area of actual interest. F£x-tension and cxtrapplation of factors
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such as rainfall ratc, vegetaticadast an m..-trelf-1d orit

relatively short-term study in the analog area to represent long-term spans

or nio.t critical limits achievable in the regions of actual interest.

Other secondary sources of regional data consist of maps,

statistics and, in many recent instances, data that have been reworked

using new quantitative procedures. The basic problem in secondary data
is that geographic information, especially that needed ior regional study,

needs to be oriented spatially. This is not ordinarily the case, as informa-

tion developed for other purposes is usually not oriented spatially.

Laboratory analysis of the effects of environmental interplay

upon mobility and trafficability have been made at the U.S. Army Corps

ot Engineer Waterways Experiment Station, Vicksburg, Mississippi. For

Projects WESTAR 6 9 and WESTAG, models simulating a miniature environ-

ment (incorporating relief, soil types, vegetation, etc. ) were designed and
constructed. Returns from these samples were displayed on radar and

ganima-r-y detectors to assist trafficability prediction. Additional and

further laboratory study is required to determine the value of these proce-

dures for analysis of other than mobility factors.

D. AVAILABILITY OF DATA

The inventory portion of this chapter discusses the avail-

ability of data.

1. Sources of Information

Sour"-es of information consist of depositories, authorities,

maps and aerial pho•ographs, research organizations, and the collected

bibliography.

a. Authorities

Personnel who have conducted significant regional research

in the humid tropics, regardless of their present locations, are considered

as authorities and sources of information. They are listed in a matrix

and directory (Appendix A, Authorities) of this compendium.

b. Depositories

Appendix B (Principal Depositories) of this compendium should

be consulted to determine amount, type and availability of humid-tropical

regional research materials located at depositories containing important

holdings, either qutntitatively, qualitatively, or both.
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AppendLx C (Inventory of Maps and Aerial Photographs)
should be consulted to determine the amount, type, scale, recency, relia-
bility, area of coverage, and the other pertinent data concerning map and
airphoto coverage of the humid tropics. Additional sources and indices
are noted there for more detailed information.

d. Research Organizations

Organizations, agencies and institutions engaged in specialized
research investigations of humiu tropical regions may be found in a separate
volume, A Directory of Institutes Primarily Devoted to Humid Tropics
Research, by McGill University, Montreal, Canada, for the U.S. Army
Research Office. The directory, intended to be a part of the inventory of
Geographic Research of the Humid Tropic Environment, was published in
October 19t5. Highly apecialized holdings by organizations that act as
both depository and research insti~utions may also be found in Appendix B
of this comnpendium.

e. KWIC Index

Volume I ol this inventory, KWIC Index - Humid Tropic
Environmental Literature, contains the bibliography that was collected
at domestic and foreign depositories. Materials were derived primarily
from the literature of the geographic earth, atmospheric, and biological

Regionai studies literature was classified into the following
categories based on program specifications:

* Regional types, general
- environmental studies
- analog studies
- natural resources
- delimitation

* Combined and other subject codes
- general military information
- land use

These topics may be consulted via their code numbers for
each getgraphic area in section E of volume I.
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2. Evaluation of Collected Bibliography

A statistical approach to the bibliography without analysis
does not accurately reflect the status of humid tropics regional research.
For example, the 1050 entries of the bibliography identified as regional
research (Tablel4) represent 7. 23 percent of the total number of humid
tropic entries recorded compared with 3 percent for Coastal Zone studies
(see Chapter V) and some 25 percent each for plant and animal life (see
Chapter lII) and Weather and Climate (Chapter IV) studies. A bias is
recognized to exist in this comparison, however, in that certain coastal
zone studies, for example, also exist as regional geographic and physical
features studies. A more accurate evaluation can probably be made with
reference to Table 15wherein efforts uniquely of a humid tropic regional
geographic nature can be identified.

Table 14 indicates the dearthof pertinent pre-World War II-
developed data, the "flurry" of World War II activity, the slump of post
World War II activity and finally, the flurry of activity of the last. decade.
Table16 clearly indicates the large number of studies performed in Latin
America (428 out of 1050 entries - more than 40 percent of all entries).
This is a reflection of sample bias as most works and sources of infor-
mation are American and U. S. investigations are predominant in the
American tropics, due primarily to proximity.

E. ASSESSMENT OF THE STATE OF KNOWLEDGE

The cooperation of experts with personal experience in the
humid tropics has been sought for this Inventory; they have been asked
to review the findings and offer opinions on the state of knowledge of
humid tropical regional studies generally and in 108 regional and political
units (mainly entire countries identified for the purposes of the Inventory).

It has been determined that the experts regard the general
state of knowledge to range between fair and poor. Their concensus is that

Central America and the Caribbean are best known, with Southeast Asia

and South Central Asia, following respectively. They agree that regional

types of Guadeloupe, Margarita I., Martinique, Mexico, Panama, Puerto
Rico, Venezuela, Nigeria, Ceylon, India, Malaysia, the Vietnams,
Australia, Fiji Islands, and Hawaii have been well studied.

Analysis of opinions shows that none of the experts claim
to have intimate knowledge of regional studies throughout the entire humid

tropics and, therefore, in keeping with accepted scientific ethics, regard
themselves qualified to rate only those areas they have studied directly
or in connection with their tropical investigations.
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Table 14

REGIONAL STUDIES - LITERATURE

Period of No. of Entries Percent of Total Regional
Publication in Bibliography Types in Bibliography

Pre- 1914 or unknown 56 5.4
1914-1938 194 18.5
1939-1955 411 39.1
1956-1965 389 37.0

Total 1050 100.0

Table 15

TOPICAL CATEGORIES - LITERATURE

No. of Entries Percent of Total Regional

Topical Category in Bibliography Types in Bibliography

000 Regional types 461 43.9
001 Environmental studies 440 41.9
002 Analog studies 5 0. 5
003 Natural resources 2 0. 2
004 Delimitation 13 1.2

200 General military informa- 34 3.2
tion

050 Land use 95 9. 1

Total 1050 100.0

Table 16

REGIONS

No. of Entries Percent of Total Regional

Major Region in Bibliography Types in Bibliography

1 Humid Tropics 72 6.9
2 Latin America 4Z8 40. 7
3 Africa Z07 19.7

V' 4 South Asia 194 18.5
5 Oceania 149 14.2_

Total 1050 100.0
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The Inventory shows a preponderance of literature on Central
America and the Caribbean, Southeast Asia and South Central Asia. It
appears, as the experts have indicated, that these are areas better known
than those of other parts of the humid tropics. However, the state of
knowledge of some of the other regions may be better than the Inventory
shows or the exper'"• car certify. American participation in regional
research in the humid-tropical portions of Latin America and Southeast Asia
accounts for greater availability of the published results. Information on
non-U.S. research activity decreases with increase in the amount
published in foreign journals and books despite the growth of international
abstracting services, e.g., Geographical Abstracts, intended to overcome
this obstacle.

It is noted also that local experts differ with those consulted
for this project. For example, the high rating given to knowledge of the
regional studies of India must be balanced against the opinion of scientists
working continuously in that area, who enumerate countless gaps in know-
ledge. Similar observations were made on the opinions of American
observers and local experts regarding regional studies of Malaysia. In
general, knowledge of regional types of the humid tropics is not considered
atequate.

F. REVIEW OF PRINCIPAL DEFICIENCIES

Primary contributing factors to the overall deficiency of
tropical regional types of research include the lack of:

"* Principles of tropical environmental interaction
with military operation

"* Predictive methods to determine success or failure
of military operation in humid-tropical env-ironrnents

"* Ddta centers at central locations for collect.on, storage,
retrieval, and dissemination of information

"* Training facilities to develop tropical regional specialists

"* Field stations or simple field laboratories with shiall
permanent staffs located In the tropicsz

"* Preservation of natural environments suitable for
field and analog studies

"* Standardization of methods, techniques and nomenclature
for tropical inveatigations to provide maxirnum use of data "

" Clear statements and definition of military needs in order
to produce valid environmental test, proiper instrurpenta-
tion and analysis of r'egiornal investigation of the humid
tr opic s
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i .. DESIRABLE OBJECTIVES

Various authoritative personnel have offered their opiniors
in the open literature to remedy the principal deficiencies of tropical re-
search. Much of the discussion has been hampered by lack of direct con-
tact and interchange of ideas by the participants. In addition, no inter-
national agency, symposium, working group, or committee has considered
the future of regional, analog, environmental, or ecological research in
tropical environments for military purposes and procedures necessary
to solve the problems. Competent tropical region experts need to be
brought together with military requirements personnel to air their views,
discuss current progress. formulate plans for the task ahead and, most
importantly, prepare a dccument that can be used as a guide to the remedial
action necessary to fill the gaps in knowledge of humid tropic regionalism
required by the military. Such a document should include:

9 The military requirement

* The preparation of regional studies for areas

that have yet to receive attention

o The preparation and publication of revisionary studies
utilizing mcderr. procedures for areas that were
studied in the past

* The development of simultaneous and coordinated
programs to eflect systematic inventories of the
natural environment on a regional basis by field
exploration

* The development and maintenance of data banks for
environmental information in order to create

known standards of the tropics from which analogs
of inaccessible areas may be developed

* Redefinition of the humid tropics. Standard

definitions are climatically based, and investigations
of other definitive criteria should be undertaken

* The quantitative evaluation of the several habitats
of the humid tropics

* Assessment of man's role in the tropical habitat
(what is he doing to the environment and how the
changes affect him)

* Development of models of varying tropical
ecosystems
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There is a need to understand that the tropics are not await-
ing a new technology to increase man's comprehension of this area. The
tropics consist of old, used land "vh;.ch has been inhabited for two million
years. What is seen in the tropi-s today is a product of temporal change
and not a static condition. Thus, scientists should inquire not only as to
what man has done in the areas to change them, but to understand and
appreciate the processes and mechanics that have produced the present
condit-ons.

At the present time, there are many existing and planned
land-use aad land resources surveys in he humid tropics. If the military
can develop the specifications which they require as environmental data
inputs, it may be feasible to include these specifications as a portion of
these surveys.

The Ad Hoc Committee on Geography, Division of Earth
Sciences of the National Academy of Sciences - National Research
Council, has recently reported on urgent needs in this field. 6 5 The
committee stresses the need to extend the work which is developing
principles of the related sets of earth processes and features as well
as the formal systems method used in portions of their research. Detailed
study is needed of "the equilibria of erosion, hydrologic and vegetative
processes taken together, considering the parameters provided for them
by different cultures and differing densities of land occupance." 65 The
committee indicates that the "exact nature of responses of any part of
the climate-vegetation-erosion system to changes in the cultural patterns"
is not known. 5 The committee treats the assets of regional geography
and not only stresses the need for thorough field observational techniques
by the practitioner but his indispensable value as a regionalist, one who
"understands the direction in which the generalizing clusters are headed
and relates his work closely to their growing edges. " 65

The committee makes reference to the regional analog
when it considers the region as "a type of system in itself, capable of
yielding generalizations significant in the understanding of the worldwide
system." 65 To further the work of the science of geography, recommenda-
Lions 65 are made to include:
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* Expanded support of research students, which includes

dual doctoral degrees, fellowships for predoctoral
scholars, field research f nds, postdoctoral fellow-
ships, and a manpower survey

e Joint planning of research within two or more problem

areas, which suggests stronger interchange and
exchange of related disciplines

o Research institutes in political and physical geography

as a more pf-,manent effort to study, among other things,
tensions areas, Southeast Asia, Africa, the rainy tropics,
hazardous natural environments, techniques of environ-
mental manipulation, etc.

o Establishment of several Geographic Data Centers for

storage, retrieval and dissemination of data and training
centers for geographers

The Military Evaluation of Geographic Areas (MEGA)

advisory group at Waterways Experiment Station, Vicksburg, has called

for the solution of the following major problems. 66

"a. Can the macrogeometry analysis be made simpler and faster?

If so, how? If not, should possible alternate systems be
examined ?

"b. What form should the hydrologic geometry description take?

Is the very tentative approach which has been suggested prac-
tical? If not, what alternative seems most appropriate ?

"c. Is the water-land interface a separate factor family?
If so, what definable and measurable factors comprise the

factor assemblage?

"d. How can nonrandom distributions be analytically described?

"e. How can population discontinuities be defined and described?
How, in fact, can' they be recognized in the field without

mapping the entire pnpulation?

"f. What constitutes a valid environmental test and how does

U I one go about designing one? This question may not be

really answerable, because a different solution may be
needed for each activity. Nevertheless, it would be help-
foil if the requirements of a valid test could be clearly formu-

lated. Considering MEGA's commitments elsewhere, it
might be wise to give this problem to a university or other

Sresearch organization for study prior to undertaking a major
•tvtestio program. The only deterrent is the intuition that this

problem can be solved only by trial and error; that it is a
'learn-by-doing' pzoposition.'"
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The MEGA group further calls for the following as future

plans for research into the military geographic realm which may apply to
the humid tropics. 66

"I:a. Intensive study of the problem of describing and

classifying hydrologic geometry.

"b. Intensive study of the water-land interface to develop

quantitative descriptive and classification techniques 4nd
to provide a data base on the nature of the water-land
interface.

"c. Continuation of the field team in Puerto Rico to provide
an on-site laboratory in the tropics for testing procedures
and techniques as well as to provide data for studies of
tropical environments.

"d. Intensive short-term study of environmental gradients in
Costa Rica, chiefly to expand th- data base on tropical
environments . . .

"f. Performance of a limited series of tests, chiefly in temperate

climates, to determine the quantitative relations between
environmental factors and the type and magnitude of effects
they impose on selected military activities. The activities
will include small unit operations, visibility and crosscountry
mobility. Others may be included if the opportunity presents
itself. For example, some experimentation with the effective
range of small arms in vegetation assemblages would appear
to be appropriate. This is a matter of very real concern.
especially in the tropics. The MEGA project would welcome
the opportunity to cooperate with Ordnance on this matter.

"Concurrent effort to refine descriptive and classification
systems, field sampling methods and test control techniques."

Regional environmental studies require the application of the

ecosystem as an organizing conce pt to research practices. The term eco-

system, as defined by Fosberg, "attempts to convey the idea of a

functioning, interacting system composed of living organisms and their

effective environment both physical and biological." The ecosystem concept

is not restrictive areally or by level of complexity. It is delimited, for

convenietice purposes alone, for ease of examination. Natural boundaries 21
are usually convenient and desirable but not absolutely necessary.

I.I
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th The ecosystem concept permits research not only to describe

and inventory the environmental phenomena and to analyze its mechanics but
Sto examine their interrelationships, effects upon men and vice versa, and
to predict its stability and potential.

Collection of descriptive information will permit the construc-
tion of a model of a particular ecosystem. This model's major value is that
it permits clear insight into its structure and functioning and that it can be
compared with similar models of other ecosystems, which not only contribute
to the understanding of the nature of ecosystems but to the construction of
analogs.

Use of the ecosystem approach is of great practical
importance. It permits "... the determination of degree of stability or
instability of existing eco5ystems, the determination of causes of instability,
and the prediction of the courses of change in unstable ecosystems. "
Appreciation of a functioning interacting system of man and his environment
may enable planning, development and rmanagement of our habitat to replace
many exploitive and damaging "development" programs. 67

H. RECOMMENDATIONS FOR ACHIEVING OBJECTIVES

Based on its program investigations, Texas Instruments
recommends that the following action be taken to expand and support the
existing programs listed below as the most feasible method of obtaining the
desired objective and of upgrading the basic research level in tropical
regional types.

* Recommendation 1

One of the foremost problems in large areas of the humid
tropics is the absence of an environmental and regional data collection net-
work which not only affords maximum coverage but has site survey densities
reflective of the complexity of the local environment. Centralized storage,
retrieva) and dissemination of this collected data is as important as an
educational program for technical training of local and extratropical
scientists and the development of local protected field sites as facilities
to conduct research. Because this is an ;mportant area and will require
extensive study and committee effort at several national and international
levels, it is recommended that action be taken to implement the following
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recommendations at the earliest possible time. Steps should be taken by
the United States, in concert with other nations, to explore the international
institutional mechanisms that may be appropriate to foster international
cooperation and cope with the problems which may be anticipated in the field
of tropical regional study. The United Nations and its Specialized Agencies
(e. g., The Food and Agricultural Organization) and the International Council
of Scientific Unions and its associated unions (e. g., the International

Geographical Union) are suggested as possible inter-governmental and non-
governmental frameworks to assist in the development ,guidance and
mechanisms of humid tropic regional research efforts.

e Recommendation 2

If an interim measure pending implementation of Recorn..en-

dation 1 iZ warranted, the U.S. Army Tropic Test Command Center, Ft.
Clayton, Canal Zone, is suggested as a group to be provided with funds to
facilitate an increased research effort specifically oriented to the analysis

of the effects of various regional environmental parameters on military
operations, equipment and personnel. Specifically, field research and
testing facilities need to be increased. This expansion would permit an
increased number of research projects including those of an experimental
nature to be carried out under the diverse ecological conditions that are
present in this relatye.ly small area. These steps would speed the
development of new techniques, designs and spe, "fication for equipment
to be employed in humid-tropical areas.

e Recommendation 3

It is desirable that symposia on tropical regional sciences
similar to the UNESCO Humid Tropic Symposia be held so that research
specialists may be brought together, facilitating the communication of ideas,
theories, techniques and problems.

* Recommendation 4

It is further recommended that tne following research projects
be given top priority ranking for future support as urgent and basic needs.
The listed research projects need support on a long-range basis (5-10 years).

o Studies directed toward the detur'mination of the most
acceptable method for developing the principles of
tropical environmental and regional effects upon
military operations
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* Research on the predictive techniques for determination
of the operational effectiveness of military personnel and
equipment under different humid-tropical stress conditions

* Study of the factors which determine successful
tropical analog development

* Development of keys permitting field identification
of the characteristics of tropical environment

* An evaluation of capabilities of remote sensing tech-
niques when applied to the description and evaluation
of tropical environments

* Recommendation 5

Reference to the body of this report will show that the areas
for which 'ata aie particulahly scarce, of limited areal coverage and/or
lacking in qualitative substance are listed below. It is recommended that
these areas be given special attention in any research planning.

Area Regional Studies

El Salvador, Honduras and Nicaragua

Brazil, especially The Amazon Basin

Guianas

Ecuador, Bolivia. Paraguay, and Peru

Africa, exclusive of Nigeria, Ghana and B. Congo

East Pakistan, Burnia, Laos, Cambodia, Taiwan, anG Thailand

Indonesia, Timor, New Guinea, and New Hebrides
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APPENDIX A

A DIRECTORY OF AUTHORITIES
OF THE HUMID TROPIC ENVIRONMENT

Humid tropic environmental information may be derived from lit-
erature, maps aerial photography and other like sources. One of the rr,)re im-
portant so irces is personnel who are more knowledgeable than others concerning
humid tropic environments. These spccialists, experts and long-term students
of these areas and subjects are herein termed authorities.

As no firm criteria exist to aid in the identification of "major
authorities," other than that the directory should not include deceased scientists,
the listing contains:

"* Individuals widely recognized as area/topical authorities

"* Scientists who have conducted government-support research
programs following proposal evaluation by a board of experts

"* Scientists who have published extensively, in breadth and/or
depth, on their respective area/topical specialties

"* Individuals who have participated in international symposia and

scientific meetings through presentations of papers concerning
their respective area/topical specialties

The directory is composed of a regional/topical matrix and an
alphabetic listing of authorities which permits identification of an authority on
geographic or topical basis. The arrangement of areas follows the alphabetic
listing of countries of Latin America, Africa, South Asia, and Oceania. This
order established in Volume 1 of this report also lists topical fields' subdivisions.
No matrix intersect contains more than three authorities. No indication of great-
er or lessor degree of authoritativeness is implied in the ordination of authorities
within a matrix intersect. Separator lines are included between the authorities'
names in the matrix intersect. An "X" in the matrix intersect indicates the non-
existence of the subject for the appropriate area (i.e., no coast for Bolivia; no
humid tropic coast for Peru or Sudan). The listing, which is alphabetized by
"authorities' last name, is keyed to the matrix by indicating the authorities' area
specialty. For example, to determine the best source of first-hand informatiorn
concerning surface materials in Guadeloupe, the matrix indicates a D. R. Hoy.
D. R. Hoy's address appears in the alphabetic listing that folluws, where one may
observe that he is also listed for Guatemala. Scanning the matrix for Guatemala.

one finds D. R. Hoy in the intersect for Regional Studies.

The directory contains listings for 1, 115 authorities. These

personnel provide the best first-hand familiarity with ten environmental fields
for 101 areas.
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AREA URATION MATERIALS

J. A. I3roggi E. Z/.mic V, J. A. B3roggi J. Tosi
W. F. Jenkb J. D. A•,uila A. M. L. Carmen C. F. Swingle

PERU E. Y. sm.ith

R. Young D.B. Bougart J.,D. Weaver P. Dansereau
PUERTO RICO W. Munroe T. Arnow R.P. Brxigg F. Wadsworth

R. P. Briggs I.G. Grossman J. A. Bonnet W.S. Rushing

C. T. Kmniber
R.A. Ho•ward

ST. LUCIA I.

R. Hay R.A. Howard
"1J.'. Lewis B. Maguire

ST. VINCENT I.

J.P. Bakker J.P. Bakker J.C. Lindeman

J.H. van Emden H. Dost J. Lanj ouw

SURINAM o.n.s. J.A. Samson
Zonneveld

H.G. Kiigler D. L. Niddrie C. T. Kimber
K.W. B3arr K.W. Barr J.S. Beard

TRINIDAD &TOBAGO R.A. Liddle J. W.
Purseglove

H.H. Renz V. Figuera ).S. Hubbell T. Lasser
L. Kehrer D. B. Carter A. B- -tamente E G, Budowski

VENEZUELA H. H. Hess P. Aguerrevere F.C. Westin E. Foldats

E. Doran H. H. Hess C. T. Kimber
T. W. Donnelly T. W. Donnelly D.R. Hanes

i WEST INDIES R.A. Christman R.A. Howard
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ANIMAL LIFE WEATHER CLIMATE COASTAI TROPICAL GEODESYZONES REGIONS

J. Tosi J Tosi 1 I) W L.athrap A ;r:scon.,.
M. Vegas W 11 Drewes it. U:art," 1. Mo;1tvzu:me
A Grobman J Pulgar V Dolfin

11 Ileatwole 1. Altert D Netzer W Monroe R PICo R Pico
C. Drewry D Smedley L Alp,-rt J E Randall R 13 Batchelder
If. Odurn J. Colon R J Calv,--bv-rt

0 Starkev

J. Emanuels j C. Lindeman D Lowenthal T I1. van
J P. Bakker Emden

J 1. S Zonnevel I I Yvel

G.C. A. Yunge M. Garstang G. W R. Smith W. Speth P James
D. Vesey- J. P. Henderson A Dybon

Fitzierald D) J. Crowley
G Underwood

P. Hershkovitz H. Riehl J.C Sanchez H Gine's J. Blaut A C Romero
J. Ojasti J C. Sanchez P. Vila Dinares H. Sterling

A. Cardenas C.

D. R. Hanes R. R Braham L. Aipert R j. Russell J. Blaut
A. M. Greenhall A. Bruinenberg 1'. Perrosset E. Beltra'n

K. V. W Nicholls j Thompson

Z41
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SUJETONFIG- HYDROLOGY SUTRIACE PLANT LIFE

R. Furon __M. Roche H. 'Vime R. W.J. Keay
F. 9iXxev J. Rodier H. Greene J, Koechhin F

AFLA -. C. King J. Tixeror,? J. Fournier A. Aubreville F

M.0. H. G. M. Alves -A.iJ. da SIiva A.WI.. Exell _
ANGOLAa Teixvira H,.K. A. Shaw AANGOLAF. A. Mendoncz.

R.B. McConnell E.J. Devroe-~ J. L. d'Hf-'jre G. Troupin
MT.M. ijerenfeld kM. T, W.Rbn E

BUUDILeptrsonne Leer,.n Deuse

CA B INDA

G. Lasserre P. Schwoerer J. &issni M. R. Letouzey

M. Gazel J. Guiscaire H. Jacq~ies- -t. Bounougou

CAERONFelLx E W Jones
CAMEROONR. Marchand

R Causse R. Chartiex- M Martin R. Sijians

A. Saccab

CENTRAL AFR ICAN REP.

M. Abadie A. Bouchardeau A.T. Grove
M. Abadie M Borguier

CHAD T Keiro

R. Paulian

COMORES I SLANDS

M. Nicault L. Bongou J. Trochain

rONCo [t., K. Kocinski J. Aime J. Koechlin F

A ~ ~(8RAZZAVI LW - J

1 2:42)



:] AIML IF WATERCLMAE COASTAL TROPICAL GEODESYANIAL IFE WEAHERCLIATEZONES REGIONS

F Bouii~re B J. Garniter S P Jackson C S Alexander G-1II T Kimble A Rurneau

Ile F. Khalil H Flohn B J. Garnier A Guilcher WVT a albot A Aubreville
A B. Haclaway H. M~rth B W Thompscn E B. W~rthing-

ton

V. C. Martins H Flohn R. E Crist R E Grist A. M. l.P.
LwA de Barros S J. de Aineida I S. van Donge 0 Rib.'iro Bastos

onca Machado R J Houk

J.B. Gillett Hi M~rth F, Bultot r'. Gu-'rou B R. Banciyeko

E Buyckv J_ van M L. van e

P G. Jannst-nns Mieghern Berghe

TI Denis

}R. J Houk
E Dartevelle

PuR E. Mozeau W. Maudengue- F Bonnet- Y Tual

!SL. M-.ogo Epoy Dupey ron
A. Garne! I I. Cla'ke

D. Dizain

R E Mor-eau E Neviertv E Neviere A Rumeau
A. Chippaux

P F -,-' l 

X//~

F Bourhe~re A Rurncau

%I Tho m,

hR. Pa, than A Rurncau

3n . Dernarchi R Bonnefile G Sautter A Rurneau
R. Paulian

oulez
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AFRICA (CONTD)

SUBJECT SURFACE SURFACE
CONFIG- HYDROLOGY MATERIALS PLANT LIFE

AREA URATION

L. Peeters E. J. Devroey R. Devred P. Duvignaaud

CONGO I b.] L. Cahen E Bernard J. L. d'Hoore R Germain

M.T L J. Tison M.T -. LiLrn
(KINSHASA) Lepersonne Lepersonne

G. Aubert L. Faboumy M.R. Ochs C. D. Adams

DAHOMEY E. L. Paraiso M.P. Williams J.C. Dubrevil
R. Fauck

F Abecasis

FERNANDO P00

J. Vogt M. Herbaud G. Course J.B. Sellier

GABON M. Arnould M Pepper M Pepper P. P". Grassi

M. I. Ashrif A.S. Boughey

GAMEiA

W. Manshard Tagoe P.M. Ahn P.M. Ahn
J. M. Hunter M. W. Murgans P.H. Nye J.W.C-Mooney

GHANA T. E Hilton E. j Khan C. D. Adams Quist-Acton

R. Maigniem G Rougerie j Trochain
G. Aubert

GU I NEA (FRENCH)

M. B. Dabin (G. Rougerie M B. Dabin J. L. I ournier
R. Eckert N. Lcneuf N Leneuf G Mangenot

IVORY COAST G. Girard M Pougnet E Adjanohouzn

S.M. Cole J.S.G. P. L. Lehrer I.R. Dale

B.H. Baker McCulloch E. W. Russell E.W. Russell

KENYA F.F. Ojany E.W. Russell B. H. Baker A.V. Bogdan
C. M. Bristow
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ANIMAL LIFE WEATHER CLIMATE COASTAL TROPICAL GEODESYZONES REGIONS

R E. Morcau F Bultot F. Bernard FE Dartevelle |- Gourou A Yowalola

J. B. Gillett J van Miellc-m .1 Lebrun I! Nxcolai F Mbaw.

V van Straclen M. Chert-baut F Bultot G .Marhter A ,n-h.le

R E. Moreau A Guilcher R Peb-ss.vr A iRuin..au

F. Pdraiso .G bra1Wvur
A .%ondiannagin

R. E. Moreau F Abecasis M M de T'rran

R. E. Moreau G Lasserre A Rtuneau

P. P. Grassý

I. A McGregor H R Jarrett

R, E Moreau J. t. Hubbard .1 i. Hubbard A S Boughey E A Boateng R J Simpson

F Bour3iere Koveh M Walters W D Brueckner R J htarr;son- J E Cuilhot.
M I B.ol M.NM. Anderson Ch;rc.It

0 Davies3

L Berthois J. Gallais
M M ftouis

J L Toirnier J. L. Tournicr J. L F Tricart M L.amotte A Rumeau

W W Deshler J F Griffiths 11. W Sansom .1 C Moomaw A Jacobs D E Wdrrtn

M Grzimek J. M YFn-w'orthy B. W Thompson E S Munger A C Dalgle~sl
J.0 P. Ashe 11 Morth 1t C Pereira W T W Morga.i F it Ra.zeb-.rg
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ARE CA ACONTDL

SUBJECT SURFACES~CONF I G- HYDROLOGY MTRIAS PLANT LI FI
S. ...A R E A • . . . .U R A T IO NM A E I L

i. 0 J ickqon W. Phillips M.S Briscou
1) Massaquot .T. Baldw-n

LIBERIA Y.1. R(.Ltl)

*1. Dres.-h If. Pell. ray P. Roche C. F Swingle
F. Dixey li Bes-rie J. F. Buss, H. flumbertMALAGASY R. Battistini n . Aid.gheri 771. Besaire

-. Nunts J.A.B Fernan- M D.H.G. F. A. Mendonca
aes Gouvell.a

MOZAMBIQUE J.A da Cunha
Gouvcra

"C F Este~es
Correia .,,

M. F Thomas B. j. Garnier H. Vine P W. Richards

j. C. Pugh D.(C. L.edger A T. Grove D R. Rosevear

NIGERIA j. 1.. Carter D. Gersbi R. P. Moss R. W j. Keay

M Cole A. L. Earle A. Young G. I. D.

NORTHERN RHODESIA W. G. A'tken W. J. Scott T. M. Yager Williams

(ZAMBIA) A. %.J de D. Ecoles P. C. Adlard
Swardt F White

A. Young J.G. Pike A. Yo'Ju' .. .Clde-ls

NYASALAND
(MALAWI)

J. C M. de A. Tcixetra 3. M. Beliz
.ie,'a Neves da Mota

PORTUGUESE GUINEA j. de Araujo
C3utinho

R. B. McConnell E. J. Devfoey J. L. d'Hoore G. Troupin

. T. M. Berent-ld M.T. W. Roby.s

RWANDA Lepersonne Lepo.rsonne L. LeBlianc
F. Lr-io.g
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A MAt L I FE WEATHER CL IMATE. COASTAL TROPIC AL
ZONES REGIONS GEODESY

M S l-. - W _.Pi,'', P W Porter
.I.T, toa1i:-,-n D. Massaquoi
R Heepoh.

R Patl:an Ramnanisarivo H! Jones A 6uilcher W.A Hlance A Rumeau
:.R Bl-go.) 1, Battistini R Battistim E. Tarrade

Hi Jsnard

M C Ferreira S. Gregory. M K.lk J. Gonralves E. N S Grade
1. P inte-Lopes A. S de Souza H J Walker R W Steel

I. S van Dongen R J Harrison-
Church

D. R. Rnosevvar N A Akin,:bvhin W S S Ladoll j C. P.gh A L Mabour.ne R.0 Coker
R. E- Mor--au A Gilchist 1! J ,Garniier D C Ledger K M Barbour R. K Udo

A. J. Hopson A W. !rlara R Miller i R L.Allen B.N. Floyd

F F Darling G %4 Hcwe '• M Cole

G D. Shaw A. 0 Ballan.tvne

G MA Howe A Yoni
6 T ERiningtor.

s RibeJro

P. (. .annsenns ii. Morth F Bultot P Gourou
J van Mieg! eimr, \ L "-an den

ft'e rgh e

P. Deuse
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AF ICA ( CONTD)

SUBJECT SURFACE SURFACE
CONF IG- HYDROLOGY MATERIALS PLANT LIFE

ARAURATI ON A

T Monod Moussu R Maigniern J. Mieg,
C !oitp*tI C. Auvray Y, Dommergues i Trochain

SENEGAL J. Ir, ar?, It Dt.gnlli-r P. Michel Assemien

M. M. Anderson S Gr.-gory HI. D. Jordan j. K. Mcrton

SIERRA LEONE G. 1. Williams A F A. Laro

A. E. Phaup I. If. R Shand A. Yc,ing B N Floyd
G Bond D f. Edmoids L.. C. ".ing A. S Boughey.)

(SOUTHERN) RHODESIA L. L. Ilindson P. M Grant F B. Armitage A

L. Bcrry A M.S. Graham : H Ochtmnan A. I-Iovhl

N1. A. Futuh M A. Abdullah D.A. Lane

SUDAN M A. A,,du!.ah ..

J. i. Harris I. L. Ward D H Turner B. Vvrdcourt

TANGANYIKA P. Gould M.T. Avery B. D Burtt M

(TANZANIA) L. Berry F. . G lnnie P. j. reenway w

E. B. Akiian- . F. G. Millette J. F. G., .iette G. Aubert
A. Bouichardeau

TOGO

J. V. Hepworth M. Grehan J. V. Hepworth J. W. Puraeglove
J. W. Paillister A. G. Odell IH. F Birch D. N. Mc Master

UGANDA P. IH. Temple W. G. Owen W. Rose H. C. Dawkins

J W Pallhst( r R. C. Sa-.gster

ZANZIBAR & PEMBA IS. D

(TANZANIA)

N48
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ANIMAL LIFE WEATHER CLIMATE COASTAL TROPICAL GEODESYZONES REGIONS

L Chambon M Thomas .T Tl'rochain ,iMin R Pths..ier A Runmi au

H. Massui, Abous.ouan G Brass, ur M Gourivien!
A I.N J [Ia rribrvr

J. Phipps S. Gre.gory P K Mitchell S Gregory R W St( I

H R_ Jarrett M N1 Anderson! J I Clarke

C. A A4ayomi

E Bursvil J. D. Torranc" G M. HIowe _/_R._P Boulton_

A Harriso- J.S Peake J.D Torrance H C Pereird

rJ. E Stevens

A. A. El Karib A. W. Ireland J. Oliver K %I harbour M A Futuh

Y. 1. Medani J. Oliver J H.G Lebon if _ __. Lebo_,

W. H Terjung

M Grzirr.ek J. M Kenworthy D.3 Bargrnan C S Alexander D.N Mc.,aster A F M Smith

W.W Deshler D. J Bargman I. Jackson A Jacobs

K.S Hocking D H Johnson D J. Crowley

G. David J I. F Tricart A Rumeau

W W Desbler D Ii Johnsc-n J. A Channon A jacob; B B 13hitta~er

L..C. Beadle J. M. Kenworth. R S Oding• • J K. BaKer C. E W:hIa.ns

! B.N.Jackson D J. Bargman M. Diem J Schultz,-

D Thomas H. Mbrth C S.
Alexander
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SUBJECT SURFACE
CONFIG- HYDROLOGY SUTRFACE PLN LF

A URATION SA CE

M. Oh) R. W. Revtell F. R. Mourmann A. Aubreville
R. F. Olttian R. Dudal i-. G.•us.-_

SOUTH ASIA A.G. Kv~eIl.

M. S. Kri.hnan P', E U. K. Win J L. David

BUM. rhaun A. K)I K. ZinBURMA T. Ilia s. Myllt T. Ilia

J. Delvtrt ft. DulIu R. Dudal J. Vidal

M. Zadrozny A. Aubrc% Ie-

CAMBODIA W. L. Resin,-

L. 1). Fernando R. M. L..M. G.J. Fostr

P. W. Vitanage Wikkradnattlekt Saigado C. H. 11oin1&.

CEYLON A. Gunaseer•a B.,A. I,.A. de
Abeyvwickrarma R,,sayro

S. T in-, C.Y.- it,

J.C. Ilou

CH I NA (COMMUN IST)

C.C. Lin 1.H. Hsu H. T. Chang H-L Li
T. L. IHsu K-C Chou S. Y e

CHINA (NATIONALIST) S. H. Sa C. M. Snn

O. I.K. Spate j. Ramdas 0.S. Puri G.S. Puri
A. Geddes K. K. Fra:niji P.P. K.1ran F. K., Janaki-

!NDIA B.C. Riy S.B. R..S. Murthy Animal
Chatter)ee H Santapau

M. Zladrozny K. Kanhahikhan J. Vidal

I. Somphavan A. Aubreville

LAOS

250



ANIMAL LIFE WEATHER CLIMATE COASTAL TROPICAL GEODESYZONES REGIONS

S D Ripley tI Flohn If I Asihton P C5ou rou
C. S Ramage R Anantha, K 3 I'clier

Ikri s n an

3 Dclacour Po E M A Kvi C )avis M Y Nuttonsor A Aung
P Aye 'R Pukt- J 1 David it T"in I K Mautng

A Volker I) I Kyl If P Daniels

J. Delacour C Davis C. Saoul
1 ' I t K i l \ Y N u tt o ns o n, I

P.E D. jayasinghe K. Kularatnam B A B If Farmer C H McFadden
Deraniyagala I' Wikkrama- Abeywickrama C HI McFaddnr. 3. LI T E.

* de Forseka tieke K. Kularatnam Desser.a-ke

I.E.M. Watts C-S Chen F 1. llsu
C I1. Hsieh I Iisu

S G Davis

T W Ltw K-C Chou C-S Chen I1-C Sh a
T Chang P J Tsiang C S Wang T-Y Sun

S I. Ling C If Hsueh

S D. Ripley C Ramaswamy S B Chatterie.'- D F Sopher A W Booth S P Chatterjee
A,P Kapur It Flohn 3. Ramdas V N Naga raa P.P. Karan S MudahIar
M L. Roonwall C R. V Raman K N Rao W C Johnstone C Singh

K Kanhahkhan M.Y. Nuttonson
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SOUTH ASIA (CONTD)

SUBJECT SURFACE SURFACE
CONF I G- HYDROLOGY MATERIALS PLANT LIFE

AREA URATION

J. A. Ric hardson it T . Andrietss J. B Ooi
C K. Burton Wikkramatfleke.. J W Coulter J. Wyatt-SmithM A L A Y S I A II . ' t , , ..r s I ., QI I lk,: C G. . I .

van Stt•nis

A 1. I. Rizvi A Itosain M. 0. Ghanz S Ihedayetullah

PAKISTAN (EAST) . U. Shamnsi B. A I.atif M An,;rul S. H.. 1Ia,.prika
B M. Abbas Islamr S. M Ishaq

F Bramm, r

IV E Graoau I) Chareonsook F R_ Moorniann I Sntinand

A. A Rula B. Kanchanalak A.(C Orv,.dal F If ! "BruniZ

THAILAND P Wushari- D. Jaraswathana C;., Ihmisch K Suva'abandhu

wongst.

D. P Dinh F R Moormann M Sc.rmid
Y I1 DJang M. Sr hmid A Aubrcvilhe

VIETNAM (NORTH) r. C. rung

F. Dussart D. P. Dinh F. R. Moormaynn M. Schmid

F. Saurin Y. If. Diang M. Schmiid J. P. Barry

VIETNAM (SOUTH) B.T. Chu T.C. Tung L. C. Kiet



ANIMAL LIFE WEATHER CLIMATE COASTAL TROPICAL GEODESYZONES REGIONS

1. A P. Gosling I E M 'Wo.ttis S Nivawolt C: Davis Bt oo H If I Y Bt
E Mayr ____ A Grimes 1) 11 Johnson J J \ossin Rk Ho Yahaya
J R Audy H! TSooi K. Rap-ridran I G D obby B. Procter

11 K Yosiiitzai S N Nagq'i S N Na clv i A 1 If Rizvi BIf 1 Farmer A Ahad
M R Qureshi G F: Dunn K. S Ahmad M I Chowdlhurv Nafis Ahrr.,d G H Khan

Na?ir Ahrn-id M Samiullaji S R islam F K Khan %! Alaudelin

K Vz. ard pala CCharoen-R H! 1 Ashton C Davis %I %, Nuttonlso¶. S V~chitranuia
A. thet T long.-apipat 'I Barton I'~hsB P' io~u

1KIndas a ra K Bua.1itt S~te tostein, S Yubun

D P3 Dinh %I Y Nuttonson C Davi-a P ;~
M H S.pp'.e NI ,utuonsun-

F Hung

Bui-Van-Quy N. Hau Ml Y Nuttonson J. P. Barry P Gourou X. D. Nguyeen
D. P. Diob C Davis Y. . Nuttonson C. T. Cao
D V. Nhan F Hung V K. Nguyen
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II

SO IG- HYRLG MAEU L LN IF

SUBJECT SURFACE SURFACE
COlE IG- HYDROLOGY SUTRFACE PLN LF

AREA URATION

C. S. Christian D.C. Cox F.R. Fosberg

H. J. Wiens G.C. Taylor M-H. Sachet
SOCEANIA M.L. Steiner

E.M. Driscoll ".M. Driscoll G.K.Rutherford R.G. Robbins
AUSTRALIA G.A. Stewa.-t C.H. Munro C.A. Stewart D.A. Herbert

C.R. Twidale A. H. Cooper H. A liaantjens L. 3. Webb

F.W. Roe F.W. Roe A.J.G.H.
"F.H. Fitch P.J. Beaven Kosterrmans

BORNEO G. E. Wiliord F.G. Browne
C. G. G.J. van

Steenis

H. Sisley P.S. Ashtoz J.A.R.
Anderson

BRUNEI P. S_ Ashton
J. b. Hassan

H.S. L.add R.G. Ward A.C. Smith
F.A. van Baren

FIJI ISLANDS

G.A. MacDonald D.C- Cox G.D. Sherman G.W. Gillett
A.T. Abbot L.S. Lau P. Ekern H. St. John

HAWAII H.T. Stearns P. Ekern L.D. Swindale D. Mueller-D.

H. Verstappen S. Dcelhomid K.H. Massey A. Dilmy

M.A. Soetedjo R. Dudal A.J.G.H.

INDONESIA Sunartadirdja Wardiman S. Sigit Kostermans
K. Darmojuwono E.C. %',-t r

G.A. Stewart W.D. Johnston 11. Hurhrmann

F. Doumenge J. Barrau

NEW CALEDONIA L Chevalier

D.S. Simonett F.A. van Baren J. Womerslev
J. Andrews H. Jacques-Felix z3. W. Taylor

NEW GUINEA E.J. Reiner G. K. Rutherford G.A. Stewart
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ANIMAL LIFE WEATHER CLIMATE COASTAL TROPICAL GEODESYZONES REGIONS

F. L. Usi-iger S. Price R.J. Russell E.AH. Bryan W B. Johnston

J. .L. Gressitt C. E. Palmer R. Firbridge J. W. Coulter
E Aubert de

la Rue

A. Keast H. M. Treloar D. S. Simonett i1. Va-ntin M. Y. Nutto,%son B. P Lambert

W.V.Macfar!ane A.K. Hannay R.A. Slatyer F.H. Bauer C.S.Christian J.N.C.Rogers

J.H. Frith L, J iWebb E_ Fitzpatrick J.N. Jennings R.A. Perry D_ Macdonald

T. HTarrlsor. N. Ginsberg F.W. Roe

B. E. Sm-4nti.es

T. Harrison

G.W. Watkins K. B. Cumber-
G.W. Cottle land

O. H. K. Spate

L. D. Tuthill C.S. Ramage J. Chang D.C. Cox E.H. Bryan A. itialahoff
R. W. Hiatt j.C. Sadler S. Price R.M. Moberly A. Piianaiia H. L. Baker

E.C. Zirnmer- W. -. Hubert P. Ekern T. Sakao C.A. Mancheste"
man

E. Mayr I. M. Sandy H. Danoesastro H. Soerastopo 1. M. Sandy H. Verstappez
R.Pusponergoro R. Goernaso Iskandar S. Hadizeemarne J.O.M. Brock A. Harnid
Z., Arifin R.J. Russell G.W. Foeng

J. Avias H. Rotshi

J.PI. Tonnier

H. M. van Deusen I. Dordick H.C. Brooi.field H.A.iHaantiens
R. D. Hoogland R.G. Crocorbe

J. J. H. Szent- -m
Ivany
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OCEANIA ( CONTD)
r 1 1i r -t| i| ~

SSUBJECT SURFACE SURFAC
CONFIG- HYDROLOGY SURFACE PLANT LI.FE

AREA URATION

J.C. Grove-r E.J.H. Corner

NEW HEBRIDES

P. Coikr.ette q. A. M. Wilson R. A. NM. W"Eon W. -Meijer

NORTH BORNEO F. Sac, P.s. Ashton

(SABAH) H Fitch 
C. L. Carsna

C. A St.ewart F.R. Fosberg

PALAU ISLANDS

J A. Mlabýbutt Hi.A.Haistnjtes 1. Wo-nersley
G.:. e.•.- R. M, Scott K. Paiin.ans

PAPUA -G. K. R•thtrfor R. '). Hooglarnd

P.-. Kir-g 7.C.Rega'adc A. Olarrera P.W. Bedard
j. G. Moorez F. Rodriquaez C. P. Mamaril D. R. Mendoza

PHILIPPINES A. Alcarez M. Alicante R. Saniani-ego E. Quisumnbing

F.R. Fosbe.-g
R. W. Simonson

RYUKYU ISLANDS E. H. Walker
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nver'.dac ue .L-t iona Chang. Jen-hat (Ha%..;I)

L4 Habana Cuba Department of Geograrhy

Carc-n.a C >ln.•e•ter. Antarnio L;:is (Venezuela) University of Hawaii

.. istituto de Geogr.{lia ) Conservaciin Honolulu, Hawaii 96822

de Recursos Naturales
Apartado 308 Chang. Tin-fen (Nationalist China)
.Merida. Venezuela Department of Animal Husbandry

i National Taiwan University

SC.-~nh-Chuoqg tV~etn~am [raipei. Taiwan. Republic c.f China

liervice ties tegkiniques Giographiques Chambon. L. (Senegal)
Service Giographique National du Vietnam Director. Institut Pasteur
"Dalat. South Vietnlam B. P. 220

Dakar. Senegal

Caracciolo. Robert F. (Brazil)
i *Directoria de Rotas Aereas Channon. j. A. (Uganda)

Rio de Janeiro. GB% Brazil Regional Representative
East African Meteorological Department

Carrmen. M. L. (Peru) P 0 Box 3

SEstaci,; Agricola. La Mlolina Entebbe. Uganda

jApartado e o er
SLima. Pere Chareonsook. Durnrong (Thailand)

Flood .nd River Stage Div.

' • Carr. Archie (Honduras) Meteryolog Defatense

Department of Zooloiy Ministry of )ofene
U-iversity "-( Florida Barkok. Thailand

: ~Gaiw~vils. Florida 3ZW03
44 Charoen-Rapapark (Vadhanapanich). Charoen (Thailand)

A Carson. G. L. (North Borneo) Meteorology Depawr.ment

Forest Department Ministry of Defense
Box $ ill Bangkok. Thailand

Sandakan. Sabah
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Chartier. R. (Central African Republih ChrastnAn Robert A. (y.e.t lrdide.)

Chef de la SeLtion Hydrologic Depar~n-ent of Geolog)

ORSTOM litggald Flail

B-P. 71)3 Wetern Washington College

Bangui, Central African Republic Pellinghan,. Washington !8225

Chatterewe, S. B. (Inaia) Chu-Ba-Tucing (Vietnam[.,])

DepA.tnient of Geography Director, Hydiographic (Alice
University of N. Bengal Minlstere des Travaux Public,,
P.O. Box N Saigon. South Vietnam

Sihguri. W. Bengal. India
Clarke. John L (Sierra Leone)

Reader in Geography

Chatterjee. Shibal . (India) University of Durham
Department of Geography Durham. England

University of Calcutta
35 Ballygunge Circular Road Clerebaut. M. (Congo. o.
'ralcutta. India Director

Congolese Meteorologic.; c

Chen. Cheng-Siang (Communist & Nationalist Leooldvjlle Congo

Chin.)
Director of University -Studies in Geography Cocco. Antonio (Dominican hcu..iic)
United College National Meteorological Servire

The Chinese University of ti,*% Vona Santiago Vlo. 79

Bonham Road Santiago. Dominican Republic

Hong Kong. B.C.C.
Cchran, D. (Haiti)

Chevalier. Luc (New Caledonia) U.S. National M6useumn

Mqsee Neu-Caleidonien Washington, D.C. 20025
Nournea, New Caledonia

Coen. Elliott (Costa Rica)
Chinchilla Aguilcr. Ernesto (Guatemala) Servicio Meteorolqgico
Sociedad de Geografia e Historia de Guatemala Mimst~rio de Agricuitura e Industrias

3a Avenida 8-35 San Josi. Costa Rica
Guat.emala 1, C.A.i

Coker. R. Oluvole (Nigeria)

Chippaux. A. (Central African Republic) Director, Federal Survey c, Nigeri.a

Directetar Ministry of Works & Survey-

Institut Pasteur de Bang,4i 5 Tafawa flalewa j..are

B.P. 9Z3 Lagos. Nigeria

Bangui. Central African Republic

Coldwells. John L. (Nyasaland)
Chiriboga Guerra. Hector (Ecuador) Senor Assistant Conservator Forests

Director. Servicio Hidrografio y Meteoroltgico Ministry of Natural Resources

Guayaquil. Ecuador P.O. Box 34
Zotaba. Malawi

Chou. Ken Chuan (Nationalist China)

Taiwan Weather Bureau Cole. Monca (N. Rhodesia)

Government of the Republic of China Colsrtment of Geography

Taipei. Taiwan. Republic of China Bedford College

Regents Park

Choubert, B. (Fr. Guiana) London, W.I. England
ldureau de Re'cherches

Geqologiques et Miniires Cole. Sonya %J. (Kenya)
Cayenne. Guyane Franj;aise Archaeology Dept.

British Museum t

Chowdhury. M.! (Pakistan) London. England a -

Bureau of Educational Information and Statistics

Education Directorate. East Pakistan Coleman. P J (Solomon Islands)

Dacca, East Pakistan Department of Geology
University of Western Australia

Christian. C. S. (Oceania. Australia) Perth. Australia

Chief, Division of Land Research Colenette, P. (N. Borneo)

C.S. LR.O. Jesselton. Sahab a
Box 109

Box 109 Malaysia '

Canberra A.C.T. . Australia 4
Colon. Josi (Puerto Rico)

U.S. Weather Bureau 1
San Juan International Airport

San Juan. Puerto Rico 00913 .
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NJierjco. D. V. Bronxa. New' York 10458
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DARLINGTON - DENEVAN

Darling.ton. 1. (iidTropics~) Degallier. R. (Senegal)
Depar~inent of 1~zl'vChef Hydrog~ologue
H-Ar~a ro Cniversity Bureau de Richerches Ge9olog-ques et Minieres
(aribridee. %lA,4achusett4 021I 8 Dakar. Senegal

Dai ,joo Ksrdon'G (IflioneSIA) Dege. Wilhelm (Guatemala)
I clt f Geogiraphy Uferstrasse 5

3kd '1. h Mada Unzversiz) Angelm-idde. Post Wolbeck
lI c..k 1) " ( I ) We .t Germany

I~#tk.d ridonesia
4, Deily. E.A. (Philippines)

D..rr:tberr. i. (Ser-egal) United States Coast and Ceodet.c S~arvey
-,eftiurn Travaux terrains Rd. 2
Institut G~ographique Nat ionale East Berlin. Pennsylvania
Avmc.%e en Afrique Occidentale Da"kar

S. P, No. 4016 Delacour Jean (Burma. Cambodia)
LDik,'r. Senegal c/o Los Angeleb County Museum

Los Angeles, California 90007

Dartevelle. E. (Cabinda. Congo o-
.Mustqe du Congo belge de LL Rosa. Jesus A. (Dominicar. Republic)
36 rue cies Garennes Hydrographic Survey Section
Boitsaf.rt. Belgium Depairtmento de Hidrograli't

Jefatura de Estado Mayor
Dd~id. G (Togo) Santo Domingo,* Dominican Republic
Director. Scr~ice %Icteozubogique

Larne. Togo de Leon P.. Raquel Maria (Panama)

Departmento de Geografta
Dav:d. J. L. (Burma) Univers-zdad de Panama
University of Tastmania Panama. Panama

Hobat. a-imniadel Moral Brunel, Luis `Mexico)
Davies. 0 (Ghana) Jefe de Depsrtamento de Estudios Hid.oligicos
Project Sec retar) Sec retari'a de Recur sos I licra ulico s
'Volta. Basin Research Projett Unit Vallarta 11. Icr. piso
Legon. Accra, Ghana Mexico. D. F.

Davis, C. (Burma, Cambodia. Malaysia. del Pozo. Salvador (Bolivia)
Thailand. North and South Vietnam) Irstituto Geogrifico Militar

University of Michigan La Paz. Bolivia
Ann Arbor. Michigan 48104

del Rosario. Casimiro, (Philippines)
Davis. S.G. (Communist China) Director
University of Hong Kong Weather Bureau
Department of Geography M~anila. Philippines
Poldulam Road
Hong Kong Delvauzz. A. (Buirundi)

Department of Geology & Mining
Dawkcins. H. C. (Uganda) U. iversite~~officielle de Bujumbura
Commonwealth Forestry Institute B. P. 1550
South Parks Road Bujumbura. Burundi
oxford. England

Delvert. J. (Cambodia)
de Almeida. S. 3. (Angola) Izittitut de Giograpbie
Director. Observatirio Meteonld14gic'. e 191 rue St. Jacques

Magn~tico Josto Capelo Paris 5~*France
R ua Diogp Ca~o 20
C.I P. 1298 Demarchi, 3. (Congo [1f.])
Luanda. Angola Directour. Institut Pasteur de Brazzaville j

de Barros Machado. A. (Angola) rzall.CnoRpbcU

Director of Biological Research £1
Museum do Dwido Donovan, Win. (Boliviz. Nicaragua) I j
Dundo, Luamda. Angola Depar tm.ent of Geography

University of Wisconsin
de Fonseka. D. T. E. A. (Ceylon) Madison, Wisconsin 53715
DiraEctor of Fisheries _1

Colombo, Ceylon
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DENGO - DORAN

Dengo. Gabriel (Central America. Costa Rica, Guatemala) Diercks. Frederick 0

Secretart'a Permanente del Tratado (South AmerýCA. Central America)

Gen-ral de Integracson Coastal Eru~iori Research Center

Economica Centruamericana U.S. Army Corps of Engin-ers

Apartado 12371 Washington. D.C. 20025

Guatemala, Guatemala, C. A.

Denis. J. (Burundi) im.Awr(Idnsa

Chairn.. it. Department uf Geography Director

UiveroitiJ officielle dei Bujumbura Herbarium Bogoriensc
B. P.ISSOBogor. Indonesia

Bujumbura. BrniDinh. Danve-Phuc (North and South Vietnam)

Deranlyagala, P. E. P. (Ceylon) Saigon.e Vietna mitooo

Depa -tn-.ent of ZoologySagnVitm
University of Ceylon Dixey. Frank (Africa. Madagascar)

Colom')o. Ceylor. WoodPecker Cottage

Deshler. W. W. (Kenya. Tanganyika. Uganda) Susber, Englarnd ynn

Department of GeographySusxEnld
University of Maryland Dixon. E.G. (Bri-.ish Honduras)
College Park. Maryland 20742 12 Bellevue Road

De;..inAxke. J L T E (Cc-0on)Ay.Soln

Director of the Surveyor Genera"' a Offic e D:~nD (a.r~.

Go% rrnrr. ent of Cc) Ion Drco.Isiu er~r~t 5irtnu

Colombo. Cetion Au Camreroun (IPCAA' (OHiS 1-16)

de S-ardt A M4 3 (N Rhodesia) B P 1 03

D1 rc tor Geological Sur% ev Depa rtmen' Yaoune.;. Cameroun

Ministr% of 1.abotir and M-n.rt Clang. Y. H. JR -rih ai"' South b'iet-n-;)

Pigwý 0 Box R. Zam135 FAO Water Resr-urces Spec cal ist in Vietnam
Ri~gwa).Lux~k~ Zmbia200 Pafteur Roac

dei Teran. Manuel M4. (Fernaxido P~o) Saigon. Vietnam

Universidad de Madrid
Generl Ora 19Doan. D. B. (Rtyukyl. Islands)

Madrid. E spana Research Analysis t -arporation

Deuse. E. fBurundi) 
cerVigna/Jo

Department of Botany Dobby. E. HLG. (Malaysia)
Universiterofficielle de Bujumnbura University College of Ghana, Legon
B.P. 1550o Accra. Ghana
Bujumibura. Burundi

Drus, P Ww~dA)Doelhomid * Mrs. Srimoerni (Indonesia)
Deus. P (Rw.nd4Institutie of Hydraulic R~ese.rch & Hydrology

Director. Institut National de rccherche Bandung. Indonesia
scientifique (INRS)

* BPP80

Butare. Rwatida Dorrmergues. Y. (Senegal%
Centre de P~dologie de ]'Office de !a ri'che-rche

de Souza. A.S. (Itoxambiqiie) scient-.fique et technique d'outre-mer

Observat )rio Astrono~mico e Meteorologico A.P N4 13o

Campos Rodrigues Daksr. Senegal

C. P. Z56
Lourenaro Mar jue-. Mozambique Donn. W. L. (Barbados)

Department of Geology

IDevred. R. (Belgian Congo) Brooklyn College
Food anr. Agricultural Organization B raoosyn. New York I I Z10

Rome. Italy
Donnelly. T. W. (Gu~aten.al,&. West Indies)

Devrocy. F. j. (Burundi. Belgian Conga. Rvanda) Departis ent of Geology

Sicretaire perpetual. Academic des sciences o~outre-mer Rice University

Rue de Livourne Hou-%ion, Texas 7700i1

Brxle 4 egu Doran. Jr.-, Edwin (West Ind.4 -c)
Diem. MAX (Uganda) Geography Depa rtmuent

Lanbenweg 17 Texas A & M University

7S Karlsruhr - West College Station. Texas 77843

Wes- Germany
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DORDICK - FMANiI $

Dordick. lsadore (New Gu-nea) Dussart, F. (South Vaet.•am)
900 N. Lake Shore Dr., Apt. 1804 Seorinaire dt Geographie
Chicago, Illinois 60611 Universit,• de LiigeLiege. Belgium

Dorr 11, John Van Nostrand (Brazdl) B

U.S. Geological Survey Duv.neaud. P. (Cotsgo [ b.])
Washington. D.C. 200Z5 Institut Botanique I

2t8 -venue Paul Hegerdos Santos, .. M. (Brazil) BruAellks, Belgium
Director. Servino de Meteorologia
Centro de Pesquisas Dyson. Alice A. (Trinidati & Tobago)
Ministerso dA Agricultura City of Liverpool
Pra~a 15 de Novembro 2. 5 Andar C.F. Mott Training College. Prescott
Rio de Janeiro. GR, Brazil Lancashire, England

Dost, H. (Suirinam) E, Po (Burma)
Soil SArvey Department Director, Meteorological Department
P.O. Box 746 Government of the Union of Burma
Paramaribo, Surinam Rangoon. Burma

Doumenge, F. fNew C.ledorna) Earle. A.L. (N. Rhodesia)
Facultegdes Lettres Director of Water Affairs
Montpellier. France P.O. Box 69

Lusaka. Zama,
Dresch. Jean (Madagascar)
Unmveraiti de Parts Ebert. Charles H V (Guatemal,*)
Paris, France Department of Geography

State Uni:ersity of New York. Buialo

Drewes. Wolfram U. (Peru) Buffa'-. New York 14Z22

Pat Anmerican Union Eckel. E.G. ("araguay)
17Z5 First St., N.W., Room 115 United States Geological Survey
Washington. D.C. 20001 Denver Federal Center

Drewry. Getirgc fPaerto Rico) Denver, Colorado 80203

Puerto Pica= Nuclear Center Eckert. Ruedi (Ivory Coast)
Caparra Heights Station Directeur, Centre snisse de richeiches
San Juan. Puerto Rico 00935 scientifiques en Cote d'Ivoire

B.P. 1303
Driscoll. E.M. (Australia) Abidjan. Ivory Coast
Deparunent of Geography
University of Liverpool Ecoles., D. (N. Rhodesia)
Liverpool. United Kingdom Reaearch Officer-i-charge

Department of Agriculture and Fisheries
Duvbrevil. Jacques C. (Dahomey)MistyoNaulReurs
Conservato: des eaux et forets Mpnistry of Natural ResourcesP 0 MQn,.*Y Bay,. Malawi
Ripublique du Dahomey
B.P. .93 Edmonds, D.T. (S. Rhodesia)
Cotonoti. Dahomey Civil Engineer Hydrologist f

Federal Power Board

Dudal. R. (South Asia, Cambodia, Indonesia) F.O. Box 630

Soil Specialist P.O .B ox esi0

Land and Water Development Disision Salisbury. Rhodesia

Food and Agric-iltural Or&u.2iuzation Ern Paul (Hawaii)
Washington. D.C. 20025 So Sienist

Hawaiian Agricultural Experiment Station
Duellmann. W. E. (Central -America. Guatemala) Uniito A waii
Department tf Zoology HUieueio Hawaii 9822

University of Kansas
Lawrence, Kansas S6045 El Karib, A A. (Sudan)

Assistant Director of Research .
Daydog Henri (Cambodia) Department of Animal Production
Hydrographic Expert Ministry of Animal Resources
Royal Hydrograliric Service P.O. Box 253Phnom-Penh, Cambodia Khartoum. Sudan -

Dunn, G.E. (Central America, Pattisan) Enuel*. J. (autiwm)
U.S. Weather Bureau Director. Meteorological Service of Surinam543 Ccmputer Building P.O. Box 190
University of Miami Paramaribo. Surinam
Coral Gables, Flortda 33146

271



E ERS - FOMG

Enders, Robert (Panama) Ferreira. R.C. (Braxd)
Swarthmore College Ass't Director
"Swarthmore. Pennsylvania 19081 Serviro de Meteorologia

Centro de Pesqusias
Enjalbert. H. (Dominican Republic) Ministe -io de Agricultura
Faculti des Lottres Prara 15 de Noven-.bro 2 .5 Andar
8. rue Rooa-Bonheiur Rio de Janeiro. GB, Brazil

Bordeaux (Gironde). France
Ferri. M.G. (Brazil)

Escobar, Mario Adaltoerto (El Salvador) Director of the Botany Department

Chief. Land Survey Division C.P. 8105
"DtrecciSn General de Cartografi'a University of Sao Paulo

Avenida Juan Bertin No. 59 So Paulo, Brazil
Villa Delgado
Departamento de San Salvador Figuera. Victor (Venezuela)

El Salvador. C.A. Chief Engineer. Hydrology Div.

Ministry of Public Works
Exell. A.W. (Angola) Av. El Paseo Ota.

British Museum of Natural History LaBlanca Prados del Este

Cromwell Road Caracas. Venezuela

London, SW 7. England
Finelle P (Central African Republic)

Faboumy. L. (Dahomey) Director. Centre de recherches sur les

lnginieur Hydraulicien trypanosomiases animales de Bouar

Service Slydraulique B. P 39

B.P. 385 l5ouar. Central African Reputlic

C•-onou. Dahomey Fitch, Frederick H. ( Malaysia, Borneo. N. B•orneo)

Fagu.rdes. Alvaro Barcelos (Brazil) Geological Survey
.Jesselion. N. Borneo

Food And Agricultural Organization Saabh. Malaysia

Vialle delle Terme di Caracalla

Rome. Italy Fitzpatrick, E. A. (Australia, Papua)

Oceania) Division of Land Research & Regional Survey

Fairbriugen Rhodes (Humid Tropics Commonwealth Scientific & Industrial Research
Department of Geology Organization

Columbia University 
Oganiat0o

New York. New York 10027 P.O0. Bog 109
Canberra. A.C.T., Australia

Fa.rmer. B. H. (Ceylon. P;kistaa)
St. John's College Flint. Delos E. (Cuba)
Cambridge. England Chief Geologist

Freeport Sulphur Co.

Farr. LH. (Jsr-iaica) 161 E. 42nd Street
'cience Museum .New York, New York 10001
lnstit.te of Janaica

Kingston. Jamaica Floch, H.A. (FrenchGuiana)
lnstitut Pasteur de la Guyane francaise

Fauck, R. (Dahomey) et de l'Iiin±

Ofice de Ia recherche szientifique e! B. P. Z3Z
technique d'ou•trt-mar Cayenne Frenh Guiana

Dakar-Fann. 
Senegal

SJFlohn, BL (Humid Tropics. Africa. Angola.
Ferdona E.N. Jr. (Ec.uador) South Asia, India)
Arizona State Museum Meteorological Institute of the University of Bonn

University of Arizona Bonn. West Germany

Tucson. Arizona 85721
Floyd. Barry Neil (Nigeria. S. Rhodesia)

Fernandes, J. A. '. (Mozambique) Geography Department

* Universidade da Coimbra University of Nigeria

Coimbra. Portugal Nsukka, Eastern Nigeria

j Fernando. L D J (Ceylon) Foeng. Gow Wie (lndonesia)

Director of the Geological Survey Division of Cartography

Gove rnment of Ceylon Geographical Institute

Ct.lombo. Ceylon Ministry of Defense

S * I F.rreiia, Marst Connto (Mozarrlhuque) D.alan Dr. WahidinSatu lI/lI
FerrttaMarz Conto MOZM-blue)Djakarta. Indonesia

Division of Biological Sciencesh

Onstituto de pnvest•gacao Cientilica de Morambique

C.P. 1780

Lourenco Marques, Mozamnbique
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FOJAS - ýAZa

Fopas. T. N. (Philippines) Furtado. S. da Silva (Brazil)

Photwgrammetry & Cartography Department Sociedade Brasileira de CArtografLa

Bureaa of Coast & Geodetic Survey C. P. 144-06

421 barraca Street Agencia Lapa

San Nicolas. Manila. Philippines Rio de Janeiro. GB. Brazil

Foldats. E. (Venezuela)
Director. Escuela de Biologi'a Futuh. M.A. (Sudan)

Universidad Central de Venezuela Survey Department

Caracas. Venezuela Mintstry of Mineral Resources
P.O. Box No. 306

Fonaroff.. L Schu)ler (Barbados) Khartoum. Sudan
Department of Geography
San Fernando Valley State College Galeano. Tomas 'Paraguay)

Norihridge. Californi., 915.14 Director de la direcci.n de !'idrografi'a
y Navegacidn

Forero. F.A. (Colombia) Don Bosco No. 169
Department of Hydraulics and Hydrology CC 643
Inst. of Water Utilization and Electric Power Asuncidn, Paraguay

Apartado Postal 1271
B')got. Colombia Gallais. J. (Fr. Guinea) j

Institut de G~ographie

Forsyth. G.S.C. (Honduras) University of Strasbourg

Director. Research Dept. Strasbourg, France

Tela Railroad Co.
La Lima, Honduras. C.A. Gama. Lelio (Brazil)

Obse rvatorio Nzcio nal

Fosberg, F. Raymond (Humid Tropics. Colombia, Rio de Janeiro. GB. Brazil

Oceania. Palau Islands, Ryukyu Islands) Garnet. A (Cameroon)
212 Holmes Run Road Director, Institu-, Pasteur du Camc roun
Falls Church. Virginia 22042 8 P 888

Yaounde. Cameroun
Foster. G. j. (Ceylon)

Department of Geography Garcida. Antonio (Ecuador)

California State College at Long Beach Director-general

Long Beach, California 90804 Servicio Meteoroligice y Hidroligico

Quito. Ecuador
Foster. H. L. (kyukyu Islands)

United States Geological Survey Garci'a Gallont.: Porfirio (Guatemala)

Washington. D.C. Z0025 Institu.o Geografico Nacional

Fournier. J. (Africa) Guatemala. Guatemala

Director of the Inter-African Bureau fer Soils Garnit r. Benjamin J. (humid Tropica. Africa,

57. rue Cuvier Nlser.)
Paris 5e. France Departm tat of Geography

McGill University
Fradel. Michael A. (Panama) Montreal. Canada
U. S A. Tropic Test Center
P 0 Box 72 Garstr.ng. M. (Trinidad & Tobago)

Albrnok AFB. Canal Zone Department of Meteorology
Florida State University

Framji. K.K. (India) Tallahassee. Florida 32306

Ministry of Irrigatioi. and Power
Government of Indii Garton. Vernon (Hondu-is)

New Delhi, India Honduras Rosario Mining Company
Tegucigalpa. Honduras, C.A.

Frith. 3. H. tAustralia) "

Director, Division of Wildlife Research
Commonwealth Scientific & Industrial Research Gaussen. H. fSouth Asia)

Organization Institut de Ia carte Internationale du

314 Aloert St. Tapis viletal

East Melbourne, Australia Universite dt Toulouse
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GEDDES -GOUVEIA

Geddes, A. (bunia) Goernaso. R. (Undinesia)

Department of Geography L' rector

University of Edinburgh Djawatan Meteorologi dan Geofisik
High School Yards Djalan Geredja Inggeris 3

Infirmary Street Djakarta. Indonesia
Edinburgh. Scotland

Goldbrunner, Antomio W. (Margarita island)

Genty. Francois Joseph (Guadeloupe) Servicto do Meteorologta
Conservation des Eaux et Forets Conzandfncia General de la Aviaci6n

Administration des Eanu et Forits Maracay, Venezuela

Basse-Terre. Guadeloupe Gonjalies. Julio (Mozambique)
Germain. R. (Congo[ b.]) Sec. -General
UnivrrsiteCatholique de Louvain Sociedade de Geogratia de Lisboa
Louvain. Belgium It. Portas de Santo Antso. Lisboa. Portugal

Gersie. D. (Nigeria)
Acting Assistant Director Gonzales. Allonso NMexicol
Minister of Transport Department of Geogsaphy
Lagos. Nigeria University of Southern Florida

Tampa. Florida 336Z0
Ghans. M.O. (Pakistan)
University of Dacca Gonzales Salazar, Felix (Honduras)
Dacca. Pakistan Director, 4ydrographic Office

Director General /d Recursos Naturale,
Gierloff-Emden. Hans G. (El Salvadori Tegucigalpa. Honduras
Treskowstrasse. 43
Hamburg. Germany Gordon. B. L (Panama)

Department of Geography
Gilchrist, A. (Nigeria) San Francisco State College
Meteorological Office San Francisco, California 9413Z
Bracknell. England

Goreau. T.homas F. (Jamaica)
Gillett, G. W. (Hawaii, Department of Physiology
Department of Botany University of the West Indies
University cf Hawaii Mona. Jamaica
Honolulu. Hawaii 9682Z

Gorringa. K. (Papua)
Gillet. J.B. (5ur~tdi. Congo (b.]) Department of Agriculture. Stock and Fisheries

East African Herbarimn Port Moresby. New Guinea
P.O. Box 5166Nairobi. Kenya Gosling. L*e A. P. (Malaysia)NioiDepartme.It of Geography

Gines. Hermatno (Margarita. Venezuela) University of Michigan

Fstacijn de Investigaciones Marinas Ann Arbor, Michigan 48104

de Margarita
A.P. '44 Gour-nent, h'. (Senegal)
Punta de Piedras. Isla de Margarita. Venezuela Director. Annex* en Afrique

Occidentale Dakar de IlInstitut

Giographique NagionaleGinsberg. Nortnu. S. (Borneo) No. 4016
Department of Geography Daa. Negal
Unive. ity of Chicago
Chicago. Illtinois 60637

Gourou. Pierre (Humid Tropics.Burundi. Congo [b].
Rwanda. South Asia. North and South Vietnam)Girard, G. (Ivory Coa*st) University of Bruxelles

Charge de Rdtcherche Uruxesies. Brlgium
Service Hydraulique Bruxelles. Belgium

{ B. P. 1356
Abidya%. C~te d'lwire Gould, Peter R. (Tanganyika)

Geography Department
SPennsylvania State UniversitySChief Planning E(Taneer University Park, Pennsylvania 16802

Water Development & Irrigation Department
RBex 9!53 Goutier. A. (Haiti)
Dar es Salaam. Tanzania Service National Mktiorologique

Port-au-Prince. Haiti

Godoy Grela. Jacintc' (Cuba)
Dir'_c'.r del Oficina Hidrografiea Gouvi5s J. A. Da Cunha (Mozambique)
Marina de Guerra Revolucionaria Direcrlo dos Servifos de Geologia e Minas

La Habana. Cuba Lourento Marques. Motamnb-que
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GOUVEIA - GUNASEKERA

ov M.H.G. Angola Moambique) Grimes, A. (Malaysia)

Gouveia, M.D. HG(Agl.Mtmiu)Farnaborough
Sub-Director of CICA. Hans, England
CICA. P.O. Box 1073
Louren~o Marques. Mozambique Griscorre, A. (Peru)

Grabau. W.E. (Thailand) United States Geological Survey

U.S. Army Engineers Waterways Experiment Station Washington. D.C. 20025

Vicksburg, Mississippi 39180 Grobman, A. (Pern)

Grade, Enrico Newes Sai--s (Mozambique) Director. Division de Experimentactin
Servicio de Investiiacidn y Promocidn AgrariaMozambique Geographical Misgion

Pr. Joac do Rio 2.50 Apartado 2791

E. Lisboa I Mozambique Lima. Peru

Grossman. LG. (Puerto Rico)
Giraham A.M.S. (hrtomn) U.S. Geological Survey
Khrsity o f Khantom Washington, D.C. ZOOZ5 S
Khartoum, Sudan

Gr , P.M. (S. Rhodesia) Groulez. Jacques L.J. (Congo)
Ministry of Agricuhoture Directeur do la section Congo
Chemistry Branch Centre Technique Foresti~r Tropical
P.O. Boa 8100 B.P. 764
Causey. S y S0 RPointe Noire, Ripublique du Congo. (Brazza)
Causeway. Salisbury. Southern Rhodesia

Grasse. P P (Gabon) Grove, A.T. (Chad. Nigeria)
Direct-tr. Mission B:ologique du Gabon G roe, of Geograph
B P '.8 Depa rtment of Geography
Lsbreville - Makokove Pabon University of Cambridge

Downing Place

Greene. H. (Africa) Cambridge. United Kingdom
Tropical Soils Division
Rothamsted Experimental Grover, J.C. (New Hebrides, Solomon Islands)

Station Geologist

Harpeaden. Herts. Engiand Honiara, British Solomon Island$

Greenhail. Arthur M (West Indies) Grziniek. M. (Kenya, Tanganyika)
Bird and Murmal Laboratories University of Giessen
University of the West Indies Frankfurt. West Germany
Trinidad, West Indies

Guardia Jr.. Tomas (Panama)dco i

Greenway. P. J. (Tangan-fika) Director. Direccic~n de Cartografila
P.O. Box 20209 Ediicio El Diji
Nairobi. Kenya Apartado 5Z67

Panama
C-eenwood, E.D. (Jamaica)
Hydrologic Survey Div. Jamaica Guernsey. J. E. (Jamaica)
University of Leeds 9707 Parkwood Drive
Leeds. England Bethesda. Maryland 20014

Gz4iI, Ernesto (Colombia)

Gregory, Stanley (Mozambique. Sierra Leone) Calle 67 No. 10-90

Depa.-tment of Geography Bogoti, Colombia
University of Liverpool
Liverpool. England Guilcher. Andri (Africa. Dahomey. Madagascar)

Institut de Geographie

Grehan. Michel (Uganda) 191 rue Saint Jacques.
Director. Water Development Department Paris 5 . France
P.O. Box 19
Entebbe. Uganda Guiscafre. J. (Cameroon)

Chef de la Section Hydrologie de l'Institut

Gressitt. J. Linsley (O-eafnia) do Richerchee du Cameroun

Bernice P. Bishop Museum B. P. 193

1355 Kaiihl St. Yaouadi. Cameroun
Honolulu. Hawaii 96819 Gunasekera, A. E.C. S. (Ceylon)

Griffiths, J. F. (Kenya) Director of Irrigation
E. A. Meteorological Depart-mnt Irrigation Department

Nairobi. Kenya Colombo. Ceylon
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GUSHI -HEALEY

Hance, William A. (Madagasca.-

Guihi K.k"' (Ryt.kyu Isl~tdla ) Geography Department

Ryukyu Weath-r Bureau Columbia University

Ameku. NAh-. New York. New York 10027

SOkinawa.. R••ku Islands

Hansa. D.R. (West Indies)
16 Regent St.. A•rantford

cOutticrez-Braun. Federico (Costa Rica) O16ario. Candra

Director. Instituto Geogrificu de Costa Rica

Apartado Z272 Hann.y. A.K. (Australia)

San JosZ, Costa Rica I I Rowland Street
Mount Albert

Cfarr.an, Edward 3. (Mexico) Victoria, Australia
Chief Geologist
petroleos MNxlcanoq Harrington. Horacio (South America. Paraguay)

Mexico, D.F. P.O. Box 18

Guzman. Lox-. E. (Panans) Houston. Texas 77001

DepArtment of Geography Harris. JH. (Tanganyika)

San Fernando Valley State College Dinglefield. Pipers Lane.
INorthridge. Cali~rma 913Z4 1eswan. Wirral,

ýa heshire. Wirral.a

CizmAn. Pablo Arnoldo (El Salvador) Cheshire, England

Director General Harrison. A. (S. Rhodesia)

tiireccvon Gene-iA de Cartografia Department of Biology
Avenida Juan Bertin No. 5 University of Rhodesia

Villa Delga4o Salisbury. Rhodesia
Departamcnto de San Salvador

El Salvador. C. A.

Harrison. T. (Borneo. Brusnei, North Borneo.
Guamr.&n-Rivas. Pa•blo (Mexico) Sa.-wk)

Department -t Geography Sarawak Museum

University of Colorado Sarawak seum

Boulder. Coi~rado h01304 Kuclng. Sarawak

Haantlens. H. A. 'A-stralia..New Guinea. Papua) Harrison-Church. R.J. (Ghana. Mosambique)
Haanjen. H.A. A~stali. Paua) London School of Economics

Divitwon of Lari Research ard Regional Survey London StrEe n i

Commonwealth Sc-ent'iic and indusýr.al Honhon St UeKg

Research Organization London. W.C. . United Kingdom

Canberra, ACT, A-.stra)ia Hassan. j alffar bin (Brunei)

State Forest Office-

Hadaway, A.B. (.Arica) Brunei, State ef Brunei
Director. Trcor.tc-i Pesticidrs Research Utsit

D"artimenm of Techn~cal Coop, t-atwon Kastenrath. Stefan L. (Central America)

Porton Down Department of Meteorology

MR,. Salisbury University of Wisconsin

Wiltshire, U.K. Milwaukee. Wisconsin 53211

Hadi-cemnarne, S. (Indonesia) Han, Nguyen (South Vietnam)

Gadjahmada University Chief Forecaster

logja•arta. Indonesia Tan San Nh"t Airport

Saigon. Vietnam

Hl.l E. R. (Censr.) Ame ica) Hay. Richard (St. Vincent)

SDepartmieit <• Zoology Department of Geology

University oi Kansas University of CaWloriia

Las retce. Kansas •0 Berkpley. California 447?0

iHll. Robert B. (Haiti) HazarikA. So.i. (Pakistan)

'!nii-rsity o( Michigan Agricultural Experiment Statibn
Ann Arbor. Mi6chlga•z 48104 Department of AgricultureI P.O0. Tejgaor.
Hamid, %.twar (Inonesia) Dacca. Eaet Beojal, Pakistan

Director
Geographil* ,nstitttute He•ley. 3ohn R. (North Borneo)

Directorate of Topography Department of Geography

Ministry of Defenat. University of Arisona

DyalA- Dr. Wabidin Satu I I I Tucson, ArisoniI5721

D)akarta, Inditesia
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Heatwole. H. (Puerto Rico) Hlndson, L. L. :S. Rhodesia)

Department c. Biology Senior Geophysical Officer
University of Puerto Rico Hydrological Branch j
Rio Piedras. Irrigation Division
Puerto Rico 00931 P.O. Box 8132. Causeway

Salisbury, Rhodesia
Hedayetullah, S. (Pakistan)
Director of Agriculture Hla Tha (Burma)
Ramrm.a, Dacca. Pakistan Professor, Geology Department

University of Rang/"n
Rangoon. Burmra

Henderson. J. P. (Trinidad)

WMO Advisor Hot Robert (Malays I

Caribbean Meteorological Service Department of Geography

Port-of-Spain. Trinidad Australian National UniversityCanberra. ACT. Australia

Hennigsen, Die-k (Costa Rica)

Geolojisch-Palaontologisches Institut der Hocking. K. S. (Tanganyika)

.'ustus Liebig-Universitit Director, Coloniial Pesticides Research Unit

63 Giessen P.O. Box Z04

"Landgraf-Phillip-Platt 4-6, W. Germany Arusha, Tanzania

Henter. Thoa•ns (Panama) Hodge. W. (Dominica)
Meteorologic and Hydi-.graphic Branch National Science Foundati'mn

Panama Canal Company Washington. D.C. 20025

Balboa Heights Canal Zone. Panama
Hoeppli. Reinhard (Liberia)

Hepworsh, J.V. (Uganda) Director in Liberia

Overseas Geological Surveys The Liberian Institute of the Arnerican Foundation

Photogeological Division for Tropical Medicine

Kingston Road Harbel. Liberia

Tolworth. Surrey. England

Herbaad, M. (Gabon) Holdridge. L.R. (Central America, Costa Rica. Haiti)

Charge de Richerches de 1'ORSTOM Director, Tropical Science Center

B.P. 336 Apartado 2732

Libreville, Gabon San Josn, Costa Rica

Herbert., D.A. (Australia) Holmes. C.H. (Ceylon)

Department of Botany Food and Agricultural Organization

University of Queensland Rome. Italy

Brisbane, Australia
Hoogland. R. D. (New Guinea. Papua)

Hershkovitz, Philip (Colombia, Venezuela) Division of Land Research & Regional Survey

Chicago Natural History Museum Commonwealth Scientific and Industrial

Chicago, Illinois 60605 Research Organization
Canberra. ACT. Australia N

Hess. H.H. (Venezuela, West Indies)
Department of Geology d'%oore, J. L. (Burundi, Belgian Congo. Rwanda)

Princeton University Centre for Tropical Soil Sciwnce

Princeton, New Jersey 92. Ave. Cardinal Mercier
I•-; -lee Leuven

Hiat:. Rooart W. (Hawaii)
Department of Zoology Hopson. A J (Nigeria)

University of Hawaii Principal Fisheries Research Officer
Honolulu. Hawaii 96822 Federal Fisheries Service

P M B 2529
Lagos. Nigeria

Hills,. Then L. (Barbados, British Guiana)

Department of Geography Hosain. Aoiad (Pakistan)

McGill University 1ast Pakistan Water & Power Development Authority

Montreal, Canada
Dacca. East Pakistan

Hilton. T.E. (Ghana) Hout Jen-Chih (Communist China)
Departmeut of Geography hairman- Dpoment olond g

University of Ghana Chairman. Depareet of Geology and Geography

Legon. Ghana Peking University
Peking. Chinese Peoples P.epublic

277



li 1

NOUIS - INDASAURA

Houls, M. M. (French Guinea) Hubbard. 3. H. fGhana)
Directeur.Institut francais d'Afrique noire 7 Barrington Road
Conakry. Guinea Republic Solihull. Warwickshire

England. United Kingdom
Houk. R. J. MA.gola. Cabinda)
Depaul University Hubbell. D.S. (Venezuela)
25 East Jackson Blvd. Box 56
Chicago. Illinois 60604 State College. New Mexico

Howard. R.A. (Barbados, Cuba. Martinique. Hubert. A (Thailand)
St. Lucia, St. Vincent. West Indies) Major, V S. Arm,

Arnold Arboretum JUSTMAG - Entomology
Harvard University Bangkok, Thailand
Cambridge, Massachusetts 02138( Hubert, W E (Hawaii)Cmdr USN Fleet Weather Central

Howe. G.M. (N. & S. Rhodesia. Nyasaland) Pearl Harbor., siawall
7 Clover Lane
Bloomfield, Connecticut 06002 Huke. Robert E. (Burma)

Department of Geography
Howells, T. (Nicaragua) Dartmouth University
Department of Zoology Hanover, N- Hampshire 03755
University cd California at Los Angeles
Los Angeles. California 900Z4 Humbert. F. (Madagascar)

Musie d' Histoire naturelie
Hoy, D. R. (Guadeloupe Islands. Guatemala) 57 rue ýuvier
Department of Geography Paris 5 . France
University of G-orgiaAthensi Georgia 306aZ Hung. Frederick (North and South Vietnam)

Department of Geography

Hoyle. A. C. (Sudan) Wellington College

Commonwealth Forestry Institute University of Guelph
South Parke Road Gubelph. Ontario. Canada

Oxford, England Hangria Morell. JosZ j. (Dominican Republic)
Instituto Cartogrifico Militar

Hsieh. C. H. (Communist China) Apt. de Correos 1184

Geography Department Santo Domingo. Dominican Republic
Catholic University of America
Washington, D.C. 20017 Hunter. F. R. (Colombia)

Departamento de Biologn,
Hsu. F. L. (Communist China) Universidad de los Andes
310 Wesley Avenue Apartado Aereo 4976
Evanston, Illinois 6020Z Bogoti. Colombia

Hsu, Hong-Hsi (Nationalist China)
Hydrology Section. Survey Division Hunter. John M. (Ghana)
Water Resources Planning Commission Departraent of Geography
Ministry if Ecooomic Affairý University of Durham
Taipei, Tainan, Republic of China Durham. England

lHeu, I. (Nationalist China) Ijurault, J. (French Guiana)
Department of History Ecole dee Hauts itudes
University of California Sorbonne
Santa Barbara, California 93106 Paris, France

Hsu, T. L. (Nationalist China) Hurlimann, H. (New Caledonia)
Geological Survey of Taiwan Basel, Switzerland
P.O. Box 31
Taipei. Taiwan, Republic of China lminish, George (Thailand)

Earth Sciences Division
U.S. Army Natick Laboratories

Hsueh. Chi-beun (Nationalist China) Natick. Massachusetts 01762( Chairman. Department of Geography
Nation'al Taiw.-.wan University Indasaura Karnpol (Thailand)
Republic of China Meteorological Department
Taipei. Taiwan. Republic of China Royal Thai Navy

fHu. C.Y. (Communist China) Bangkok. Thailand

4 Geography Department
University of Maryland3 • College Park. Maryluid 20742
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INNIS - JOHNSTON

Innis. D.Q. (Jamaica) Janaki-Ammal. E.K. (India)

Geography Department Regional Research Laboratory
Queen's University Ju.mmu and Kashmir
Kingston. Ontario. Canada Canal Road

Irelsnd. A. W. (Nigeria, Sudan) Jammu. India

Meteorological Office Jannsenns. P.G.(Burundi. Rwanda)

Lagos. Nigeria Institut de Medicine Tropicale Prince
Lctopold

Ishaq. S. M. (Pakistan) LS rue Nationale
Pakistan Forest Institute Anvers. BelgiquePeshawar. West Pakistan !

Jaraswathana. Damrong (Thailand)
Iskandar. (Indonesia) Assistant Head. Hydrology Section
Spectalty on Geography Royal Irrigation Department

University of Padjadjaran Ministry of Agriculture

Djalan Dr. Wahidin I/1I Bangkok. ThailandDjakarta. Indonesia

Jarret. H. R. (Gambia. Sierra Leone)
Islam. M. Amirul (Pakistan) Department of Geography
Director of Soil Survey University of Newcastle

Dacca. East Pakistan Newcastle. New South Wales. Australia

Islam. S. R. (Pakistan) Jayasinghe. D.J. (Ceylon)

Director. Hydrographic Department Acting Director

Naval Headquarters Department of Meteorology

Karachi. Pakistan Buller's Road
Colombo. Ceylon

-snard. Hildebert (Martinique. Madagascar)
43. Avenue Victor Hugo Jenks. William F. (Peru)

Aix en Provence (Bouches du Rhane). France Department of Geol gy
University of Cincinnati

Jackson. Ian (Tangaryika) Cincinnati. Ohio 45221

Department of Geography
Uni-ersity College Jenny. Hans (Colombia)
Dar Es Salaam. Tanzania C-partment of Soil Science

Univ .rsity of California

Jackson. P. B. N. (Uganda) Berxelev C41ifornia 94720

Director. East African Fisheries Research
•)rganization Jennings. Joseph Newel (Australia)

P.O. Box 343 Department of Geography
Jinja. Uganda Australian National University

Canberra. ACT. Australia

Jackson. Roy O. (Liberia)
L.S. Geological Survey Jimenez. Alfonso (Costa Rica)

American Embassy-US A. L D. Museo Nacional de Costa Rica

Monrovia. Liberia San Josg. Costa Rica

Professor of Geography Jimenez. J.M. (Dominican Republic)

University of Witwatersrand 
SantiaRgo

Johannesburg. Republic of South Africa Domitican Republic

Johannessen, Carl (Honduras)
Jacobs. Allen (Kenya. Tanganyika. Uganda) Department of Geography
Department of Anthropology Departy of Oeon
University of Illinois University of Oregon
Urbana. Illinois 61803 Eugene, Oregon 97401

Jacques-Felix. H. (Cameroon. Neu Guinea) Johnson. D.H. (Tanganyika. Uganda. Malaysia)

Centre scientifique et technique RAF Station

Office de la richerche scientifique et technique Changs-Singapore

d8outre-mer Johnston. W. Barry (Oceania)

8d Seine France Department of Geography -

Bowdy. Seine. FraUniversity of Canterbury 5

James. Preston (South America. Brazil. Christchurch. New Zealand

Trinidad & Tobago) Johnston. William D. Jr. (New Caledonia)
Department of Geography Foreign Geology Branch
Syracuse UniveluitySyracuse, UNveork 110United States Geological Survey
Sy-acu e. New York 13210 Washington. D.C. 20025
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Johnstone. W.C. (India) Kengebele. A. (Congo [b.)
3006 University Terr4ce. N.W. Chief, Photocartography S'ection
Washington, D.:;. 20316 lnstitut Giographicque du Congo

45 Av. Valcke-Liopoldville
Jotes. E. W. tC..meroon) y%. P. B" 3fna6

Commonwealth Forestry Institute Kinshasa-Kalina, Congo
South Parks Road
Oxford. England Kenney, Joseph W. (Honduras)

Department of Geography

Jones, Harding (Madagascar) University of Wisconsin

Department of Geography Milwaukee. WisLonsin S32! I
State University of New York at Buffalo
Buffalo, New York 14214 Kerviorthy. Joan M. (Kenya. Tanganyika. Uganda)

Department of Environmental Studies
Jones. T.A. (Brit*sh GujznA) University of Lancaster

35 Rotherslade Road Lancaster, England. United Kingdom
Langland. Swansea, W.ales

Kbalil, Fouad (Africa)
Department of Zoology

Jordan. H.D. (Sierra Leone) Faculty of Science

Director, West African Rice Reiearch Institute Orman-Giza

Rokupr. Sierra Leone United Arab Republic

Journaax, Andr; (Colombia) Khan, E J. (Ghana)

19. rue Isidore-Pierre Research Officer in Charge

Caen (Calvados) France Kpong Agricultural Irrigation Research Station

P 0 Box 9

Kalk. M. (Mozambique) Kpong, Ghana

Hydrology Section Xhan. F. Karim (Pakistan)
Royal Irrigation Department Department of Geography
Ministry of Agriculture University of Dacca
Bangkok, Thailand Dacca. East Pakistan

Kanchanalak, Boonchob (Thailand) Khan. G.H. (Pakistan)

Head of Hydrology Section Director of Map Publication
Royal Irrigation Department Survey of Pakistan
Ministry of Agriculture Surveyor Generals Office
Bangkok. Thailand Victoria Road

P.O. Box 3906

Kanhalikhan. Khamtanh (LMaos) Karachi. Pakistan
Directeur du Service nationale

de Ia Metiorologie et de
Hydrombterrologie du Laos Kiet. Le Cong ( South Vietnam)

Visntiane. Laos Department of Botany
Faculty of Sciences

Kapur. A.P. ('.Lidia) University of Saigon
Zoological Survey of India Saigon. Vietnam

* ' Calcutta. India
Kim, Tan Hucn (Cambodia)

Karan. P.P. (India) Director Forest & Wildlife Service
Uniicrsity of Kenturky Ministry of Agriculture
Lexington. Kentucky 40506 Phnom-Penh. Cambodia

Keast. Allen (Australia) Kirnber. Clarissa T. (Dominica Is.. Martinique.
Australian Mizeeurm St. Lucia. Trinidad & Tobago, West Indies)

a Sydney, Australia Departmeut os Geofraphy
University of California

Keay, R.W.J. (Africs. Nigeria) Riverside, California 92507
Deputy Executive Secretary of the Royal Society

Burlington House Kimble. Geor;e H. T. (Africa)
London W 1, England Rural Route I

Solsberry. Indiana 47459

Kebrer, Louis (Venezuela) King. L.C.(Africa. S. Rhodesia)
11. Frohheimweg
Olten. Switzerland Geology Department

University of Natal

Keiro. T. (Chad) Box 1525

Ministre des Travaux publics Durban, South Africa

Fort Lamy. Tchad
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KING - LASSER

King. P. B. (Philippines) Kyi. Da- Thin. (Burma)
Geology Department Professor. Geo2 saphy Department
Princeton Unive, sity University of Rangoon
Princeton. New Jersey 08540 Rangoon. Burma

Kintantar, Roman L. (Philippines)
Director, Atmospheric Research Unit
Phlippirse Weather Bureau Kyi. M.A. (Burma)
Marsman Building, Port Area Department of Geography
PA.. Box 2277 University at Rangoon
Manila, Philippines Rangoon. Burma

Klinge. H. (El Salvador) Ladd. Harry S. (Fiji)
Hydrobiologische Anstalt United States Geological Survey

der Max-Pl~anck Geseflschaft Ro~m E-Sl0
Pl;;n/Holatein. Germany U. S. National Pluseumn

Washington. D.C. 20242

Kocinski. K (Congo If.] Ldl.WSS NgraDirector,. Bureau mimier Congolais (Bjami Co.) Mnsr oad fl WSupplNgey a
B. P. ZlZ4 Mnsr fSpl
Brazzaville, Congo Salisbury. England

Koechlin. J. (Africa. Congo (If.] Lamb. A. F A. (Sierra Leone)
Chef de Travaux Chief Conservator of Forests
Laboratoire de Botanique tropical. Forestry Division

Facul; de ScincesMinistrv of Natural ResourcesUniversite 4de Paris eEnln.Feon.SraLoe
Paris. France NwEgadFetwSer en

Lambert. B. P. (Australia)
Kectermans, A. 3. G. H. (Borneo. Indonesia) Director, Division of National Mapping
flead. Botanical Division Department of National Development
Forest iesearch Institute GPO Box 10
Bogor. Indonesia Canberra ACT. Australia

Koveh. (Ghana) Lamotte, M. (Ivory Coast)
Deputy Director. Meteorological Department Directeur, Laboratoire d'ecologie

Accra. Ghana tropicale de Lamnto
B. P. 16

Kovzelj, A.G. (_'Soath As' a) Tiassale, C~ite dlIvoire
USSR Hydrometeorological Service

State Aydrologicai Institute Lane,. D A tSudan)

Leningrad. B-53. U.S.S.R. Assistant DirectorI
Forestry Department

Krishnan. M.S. (Burma) Forestry Research and Education Centre
Department of Geography P.O. Box 6 58
Andhra University Khartoum. Sudan
Waltan. India

Lanjouw. J. (Surinam)
K~igler. Hans G. (Trinidad &Tobago) Botanical Museum & Herbarium
Natural History Museum Utrecht University
Augustinergasse Lange Nieuwstraat 106
Basel, Switzerland Utrecht. The Netherlands

Kularatnaxn. Karthigesapillai (Ceylon) Larrangoita Alonso. Luis (Cuba)
61. Pendennis Avenue Director del Observat:.io Nacional
Colombo 3. Ceylon Casa Blanca. La Habana

Repi~baica de Cub-.
Kaipper, Alfredo (South America, Brazil.

Ec uad.pr) Laseur. N. E.. (South America)j
lInstituto Agroo.ýmico Department of Meteorology
Campinas. Sio Paulo, Brazil Florida State University

Tallahassee. Florida 32306
Kyi. Aung (Burma) a

Deputy Hydrographe r Lse.Tba Vnzea
Buirmna Navy e.Tba Vnzea
Naval Hydrographic Depot Instituto Botanico

Rangon. urmaApartado 2156
Rangon. urmaCaracas. Venezuela
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Lasserre. Gjy Itentral Am~erica. G,4z leloupe Islands.i Lehrer. Paul L. (Kenya)
Martinique. Cam~eroon. Gabon) Dlepartm.ent -af Geography

Institut de Giographie UtuvEfsity of Wisconsin

Universit; de BortdAUX MlIwaAked. WISconsin 53213

Bordeaux. F rance
iLelvoog. F. (Sout:h Am~erica. French Guiana. IBururidt.

Lathrap, D.W. (Peru) Rwand4a)
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Lewis. John B. (Barbados)
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LIDDLE - MARLIER

Liddle, Ralph A. (Trinidad & Tobago) MacDonald. G.A. (Hawaii)

511 River Crest Drive Hawaiian Institute of Geophysics

Ft. Worth, Texas 76107 University of Hawaii
Hon3luIu. Hawaii 96822

Lin. C.C, (Nationalist Cbt-.a) MacFarlane. W.V. (Australia)
Mirng Section, Department of Reconstruction Professor of Physiology

raiwan Prov. Government University of Queensland

Taipei. Taiwan. Republic of China Brisbane. Australia

Lin. Faro Seng (Malaysia) Madec. H. (French Guiana)

Drainage and Irrigation Department Direction de la Metiorologie Nationale

Kuala Lumpur I quai Branley

Malaysia Paris VII. France

Lindeman. J.C. (Surinam) Magaire. Bassett (So.uth America. British Guiana.

Lange Nieuwstriat. 106 St. Vincent)

Utrecht. Netherlands New Yo-k Botanical Garden
Bronx Park

Ling. Shao-Hou (Nationalist China) %ew York. New York 10058

Department of Meteorology

National Taiwan University Maigniem R. (French Guinea. Senegal)

Taipei. Taiwan. Republic ot China Directear du centre de pedologie de Dakar
B.P. 13%

Linras. Juanito F. (pt-ilippines) Dakar, Senegal

Senior Meteorologist
Philippine Weather Bureau Malahoff. A. (Hawaii)

Ma-.la. Philippine*. Hawaiian Institute of Geophysics

Llano. M. del (Colombia) 
University of Hawaii

Universidad Nacional de la Col~mbia Honolulu. Hawaii 9682

Calle 65, n*48-3S
Melle Colombia 

Mamaril. C.P. (Philippines)
Medeii oombDepartment of Soils. College of Agriculture

University at the Philippines
Lowenthat, David (Br. Guiana, Colege. Laguna. Philippines

Fr. Guiana. Surinam)

American Geographical Society Macester, Curtis Alexander (Hawaii)
Brawyand 156th StrectMacetrCuisAxndr(wi)

Broadway t3923 Lurline Drive
New York. New York 10032 Honol'Au. Hawaii 96816 I
Luna Desola. David (El Salvador) Mangenot, G. (Ivory Coast)
Univeresdad de El Salvador Directeur de l'inatitut denseignement
San Salvador. El Salvador et de richerches tropicales

Ly. A. (Sene&al) 26. Square de Clignancourt

Inotitut franuais d'Afrique ncire Paris 8 France

Universit4 de Dakar Manshard. W. (Ghana)

13Dkar. Senegal Gregor Nealelwtr. I,

Maack. Reinhard (Paraguay. North Borneo) 63 Gienven-KIlr Linden

Av. 7 de Setembro West Germany

416S• Curitiba Marchand. R. (Cameroon)
Parana, Brazil Director, Laboratoire des travaux publics

du Cameroun

Mabbutt. J. A. (Papua) B. P 1094

Department of Geology Douala, Cameroun

University of New South Wales

P. 0. Box I Marcussi. G. (Margarita Island)

Kensington. N. S. W.. Australia lastituto de Zoologia e Anatomia Comparativa
Universita di Padna F

Mabogunje. A. L. (Nigeria) Padua. Italy

Department of Geography M J EuUnivrsiy o lbdanMarks. Jay G. (Ec~uador)

University Ibdan 0. Box 120

Thada...Denver. Colorado 80201MacDonald. D. (Australia)

Director.Directorate of Military Survey Marlier, G. (Co•go [b-.]) ..
Arm HtdqartrsMusie d'hietoire naturelle

Canberra ACT. Australia Bruxelles. Belgium
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4 MAkTIN - MRA

Martin. M. (Central African Republic) McBryde, F. Webster (Guatemala)

Director. Centre- polivalent de Bangui (ORSTOMI 1507 M. Street, N. W.. Sute 709
B P 8Q3 Washington, D.C. 20005

Banmgui. Central African Republic
McConnell. R. B. (British Guiana. Burundi, Rwanda)

Martinez. Francisco (Honduras) C/o Barclay's Bank Ltd.
Chief Meteorologist Hurstpierpoint. Sussex, England. United Kingdo.n
Standard Fruit Company

La Ceiba. Hondura-.
McCulloch. J.S.G. (Kenya)

Martini. Josi A. (Panama) Hydrological Research Unit

Sch.iol of Agronomy Wallingford, Berks.. England

University of Panama
Panama City. Panama McCune. Shannon (Ryukyu)

Department of Geography

University of Illinois

Martins, V.C. (Angola) Urbana. Ilhois 61803
Director. Angola Scientific Research Institute

C.P. 3244 McFadden. Clifford HL (Ceylon)
Luanda, Angola Department of Geography

Mas Cinta. Juan (Mexico) University Of C"lifornia. Los Angeles

Director. Direcci6n General de Geograft'a Los Angeles, CaliforU 90024

y Meteorologia McGregor. LA. (Garbia)

Ave. Observatorio 192 Director. Fajara Laboratories

Mexico i8., T.F. Medical Research Coaici! Laboratorits

1614~aql~l DFajura. Gam-biat
Mas~aquui. D (L~b., i-)

Director. Liber;an B, reau of N4tura• McMaster. D. N. (Tanganyika, Uganda)
Reiourc •s and Sur%e" Department of Geography

Monrovia. Liberia University of Edinburgh
Edinburgh. Scotland

Massey. K. H. (Indonesia)
Kentucky Contract Team McVaugh. R. (Mexico)

University of Indonesia University of Michigan

P.B. 54 Ann Arbor, Michigan 48104

Bogor. Indonesia
Medani. % 1 !Sudan)

Massip, Salvador (Cuba) Director Sudas Inland Fisheries Research Institute
Ave. 93846Z Marinenao Game and Fisneries Department

La Habana. Cuba Ministry of Ammal Resources
P. 0. Box 336

Masson, H. (Senegal) Khartoum. Sudan

Director, wetitut de Physique Meteorologique
Universite de Dakar Meijer. W. (North Borneo)

1D1.kar - Hann. Senegal Forest Department
Box 311

Maudengue - Epo., W. (Camneroon, Sandakan, Sabah. Malaysia

Director., Service Meteorologique
B. P. 186 Mendes, Waldemar (Bazil)

- •Douala, Cameroun Head. Soil Commission of CNEPA
Rio de Janeiro. GB. Brazil

Matng. Hla Kin (Burma) Mendonca, F.A. (Angola, Mozambique)

i i Direttor. But'-a Survey Department
S' 460 Merchant .trest Centro de Botanica
""Rangoon. BurIc 77 Rue de Pedroucos

Lisbon 3. Portugal

Mayr. E. (Malaysia. ;*do-esia. Papua. Timor)

Museum of Comparative Ve.tebrate Zoology Mendo:a, Demetrio R. (Philippines)

Harvard University 1'ational Museum

Ca-nbridge, Massachusetts 02138 Maiila. Philippine Islands

Mbale, F. (Congo b.]Mera, 0. Juan (Dominican Republic)
Chief. Geodesy h .Olcgrxpby Section Department of Geodesy and Cartography

Institut Ge4ographique du Congo Fuulty of Exact Sciences
4S Av. Valcke-Le!opoldville

Universidad de Santo Domingo
.F.a Congo Ciudad Universitaria

F.nsh~a- Kalina. Cotqgo Santo Domingo. Dominican Republic
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MeyerhoUf. A.A. (Cuba) Monbeig, Pierre (Brazil)

313Z3 E. 28th Street Institut des hautes ittudes de I'Amertque latine
Tulsa.j Oklahoma 74114 28. rue St-Guillaume.

Paris 7e, Franze

Michel. P. (Senegal)
Fec.iti des lettres et sciences humaing Mondjannagin, A. (Dahomey)
Universite'de Dakar Professor of Geography and Director

Dakar, Senegal Institut de richerches appliquies du Dahomey

B.P. 6

Mi4ge, J. (Senegal) Porto Novo. D~nomey

Facu.lty of Sciencte
B.P. A,049 Monod. T. (Senegal)

Dakar, Senegal Directeur, Institut franjais d'Afrique noire 5

B.P. Z06

Mille, R.N. (Martinique) Dakar, Senegal
Directeur. Institut Pasteur de Ia Martinique
B.P. 28 Monroe, Watson H. (Puerto Ricc) a

Fort de France. Martinique United States Geological Survcy
P.O. Box 803, Rooseve.t Station

Mili';. R. (Nigeria) San Juan. Puerto Rico 00929
Department of Geography
University of Glasgow Montezuma Doelin. Luis F. (Peru)
Glasgow, Scotland Director. Instituto Geogrifico Militar

Apartado Z038
Millette, J.F.G. (Togo) Lima. Peru

Project Pedo-Hydrologique de Fond Specile
des Nations UnisiFAO Moomaw, James C. (Kenya)

B.P. 10Z6 Hawaii Experiment Station

Lome. Togo University of Hawaii

Honolulu. Hawaii 96822
Mille. Howard L. (Cesta k*ca)
Department of Botany Mooney. J. W.C. (Ghana)

Marshall University Forestry Department
Huntington. West Vir;inia 25701 P.O. Box 1917

Kumasi. Ghana

Minkel. Clarence W. (Guatemalal Moore, Jate, G. (Pbiippiaes)

Department of Geography
iU.S. Geological Survey

Michigan State University 345 Mlddlefield Rd.East Lansing. Michigan 48RZ3 MnoPrC~fri 42

Menlo Park, California 94025

Mitchell. Peter K. (Sierra Leone) Frans R. (South Asia, Thailand.

Department of Geography North and Soigh Vietnam)
University College of Sierra Leone Soil upecietist

Freetown, Sierra Leone Land and Water Development Division

Food and Agricultural OrganizationMoberly, Ralph M4. (Hawaii) Maliwan Mansion
Hawaiian Institute of Geophysics Phea Atit Roadn

University of Hawaii Ba Ti lad

Honolulu. Hawaii 96822 Bn kTan

Morales. Luis G. (Colombia)
Mohr. E.C. (Humid Tropics. Indonesia) Tenness rein S. A)Tennessee Argentina S.A.
State University of Utrecht Bdo. de lrigoyen, 972

Utrecht, The Netherlands Buenos Aires, Argentina

Molinero, Vi, gillio Tore. (Honduras) Moreau, R.E. (Cameroon, Cen. Air. Rep.. Congo[b.].
Tegucigal~a. Honduras Dahomey, Gabon, Ghana. Nigeria)

Edward Grey Institute

Momsen, R.P. (Ecuador) Oxford University

Department of Geography Oxford University

Ball State Teachers College L od nln
Muncie, Indiana 47303 Moreno-Dahme. Rodolfo (Mexico)

Departamento de Suelos
Instituto Nacional de Investigaciones Agricolas

Londres 40, ler. Piso
Mexico. D.F.
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Morgan, G. W. (Jamaica) Munger, Edwin S. (Kenya)
Chemistry Di-eston Departintnt oi Geography
N. A. . California Institute of Technology
Kingston 6, Jamaica Pasadena. Caliornia 91109

Morgan, W. T. W. (Kenya) Munoz Roy$. J. (Bolivia)
Departme1nt Of GeOgr-aphy Casilla 267
Uuiver'ity College La Paz. Bolivia

Nairobi, Kenly. Mu.nro, C.H. (Australia)
The University of New Sosith Wales

Morgan*. Mizhael W (Ghana) Watpr Research LaborAtory
Ksaser Eniriee - Internanonal Inc New South Wales. Australia
Twwkenham., M. '.:exexc

E'.~giarAMurthi, R. S. (India)
All India Soil and Land Survey

Morrison. Paul C. (Coista Rical V Block, Kiamara Park, West FAtension
DOPArtftwnt of Geography Bangalore 3. ladia
Mihia State Unsvercity
Fast Lansiug. Micliigao 4P883 Mvogo. L lCarneroon)

Director, Sections de peches et pisculture
Math. flans T. !Africa, Burunda. Xen%ý&. Rlwanda, Direction des eaux e- torets

Zanzibar) B. P. j 94
Director of Fctecasting Ceettr YAo-mnde' Canterotin
East African Metaorological Service
Nairabi, Keaya Myint, Soe (Burma)

Chief, Hydrographic Branch
Morton, 3. £. (Solomon Islands) Burma Nary
Zoology Departmnet Naval Hyrolgrapliic Depot
Aucklandl University Rangoon. B6rma
Auckland, Nt"- Zealand

Mcrion j3 K (Sierra Lvone) Nagarija. V.N. (Irdla)
He.ad. D~epartment of Botany. Cons-'ant. Ministry of Irrigation &Power
Four~ah Bay Ctolleg* ZZ3-A Vdyog Bhawau
The Univers-ty College of Sierra Leone New Delhi 11, lnatia
PC Box 87
1'reetown, Sierra Leone Naqvi. Sibte N.abi (Pakistan)

Moscso.Sal-dorForonde (Doinian Rpubic) Pakistan Meteorological Service
MoscgoSal-idr Frnadez Domnicn Rpubic) Central Secretariat

Inatituto de lnvestizaciones Goalgriicas Frere Road
Y Geoldgmvac Karachi. Pakistan

Usuvceeidad de Santo Domingo
Ciod.sd U.niverajtar.A Netzer, Donald (Puerto Rico)
Santo Domiugo. Dominican Republic Wia~consla state University

Osbkoeh, Wisconein S4901
Moss. A.. F. (Nileria)
Department of Geogtaphty Neves. 3. Cabral Marques de BeJa (Porl.Guinea;
The University of Birminghamr Brigada de Estudos Hidraulicos da Gtiii Portugesa
Birmingham IS, England Litboa, Portugal

MOUs*L4 (iaecgal) Neviere, E. (Central African Republic)
AChef dos ServIces hydrogerlosiques Direction de la Mertkrologio.NatIonalt

bureau do r~rherches g~ologsquCs et C.1t'OiC5 I quai Branley
Dakar-Faun. Senegal Paris VII. France

Moynihan, M. (Ecuador. P'.aria-) lIguyjen-xu~n-Dan (South Vietnam)
Director. C-anal Zone Biological Area Directear
Drawer C Service G~ographique National du Vietnam
Babro.. C-anal Zone Dalat, South Vietnam

*Muadaliar. S.K.S. (India) Nguye'n-Van-Khal (South Vietnam)
Deputy Director Service des Techniques Ca~tographiques
Geode tic and Resaarcbi Branch Servk-e Geagraphique National du~ Vietnama
Survey 09 India Dalat. Soutk Vietnam

Debr Dun NWan. Dang Vai.g (South Vietnam)

Miselier-Dombois. D). (Hawaii) S. Mac Divi Chi
Sotrny Department Saigon, Vietmnm
University of Haitall
Honoluln, Hawaii %682Z
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yNicault, M.. (Congo (f.] Odel. A.G. fUganda)

Director. Bureau des rech.4rches 11;ologiques Deputy Director
B.Water Development Department I

et 431ere Box 19

Brazzaville. CongoEnee.Una

Nichole. .V.W (Wet Inies)Odingo. R. S. (Uganda)
Dirctorl.K.CaVibbW-tl~ MeTieulgisl evi Department of Geography

Diretor CaibbeA Mte~O1O9C&1SericeMakerere University College

port-of-spaifl. Trinidad P.O. Box Z62
Kampala. Uganda

Nicolai. Henri (Conto(b.1) Odu. Hward (Puerto Rico)
CEMUBAC Puerto Rico Nuclear Center I*
87 Avenue Ad. lluYl Caparra Heights Station

Brusnos S5. Belgiwifr San Juan. Puerto Rico 00935

Niddrie. D). L. (Trinidad & Tobago) oha aaio(South Auia)

University of Mancl-ester 4-66Skr4iNernlu
Manchester. England Tokyo. Japan

Nidhies. Phya Saiwidhant (Thailand) Ojasti. 3. (Venezuela)
Science Society of Thailand Musco de Biologla

C~hulaloogkcorn University Univeraidad Central do Venezuela

Bangkok. Thailand Apartado Sabana Grande 10096

Nionwolt. S. (Malaysia) Caracas. Venezuela

Department of Geography
University ot Sinigapore Ojany. Francis F. (Kenya)
Cluny Read Departm..nt of Geography

Singapore 10 University College

Noasin, J.3J. (Malaysia) Naiob. Bix3017

Dutxh Aix-photo Interpretation Training Unit ?arb*iey

Debra Duan, India Olivei. C. R.MH (Brazil)

\uoes Figerireo (Msamblfle)Director of Cartography *

Ný-oe. igerreo oxrniqe)Conseiho Nac lonal de Geografia do
Division of Geological Sciences Institute Brasileiro do Geografia e Estatistica

Instituto de Ipvestigalk~o Cieratifica do Morpi-biqtse Av. Beira Liar. No 436

C.P.1760Rio de Janeiro. GB. Brazil
l.*i~xreqors Marques. Mozambique

Oliver. John (Sudan)

Nuttot'xnn mi. Y. (Burma. Cambodia. Departmnent of Ceocr~pfty

Laos. Thailand. North and South Veienam. University College ~~-e
Australia) Glam . United Kiagd--m

American lnstitjte Of Crop Ecology
809 Dale Drive Oso.Ae .(o*,b&

Silver Spring. Maryland 20910 1906 Ferdinand Street

Nye.P. H (Ghna)Coral Gables, Florida 33134

Reader in Soil Science Olm n. lo E. (Hamidi Tropics. Brazil, South Asia)
Deptrtment of Agriculture Office ef Water Reaftarces Research
Universaty of "Oxrd jJ*5. Do~toiew, at fflO loterlar
Oxfjord. England ahnw DCZ02

Obilat Go.e ,. Alf redo (Guateh'152) OA .lin A** aldaljisial

Direcciin General do Cartograffa De tma of Cographw-f

Avenida Las Americas 5-76 Uaivsrstty *f gvapor-

Zeta 13 5ingaPore

Ciuadad Guatemala. Guatemala
Orac;a. eotavo fEcui*4o

Ocha. M.R. (Dalaomel) 3062a de ZOl.agia

Inamitut do richerches dos Naasl' lIntitato 2-cuatarlano do Clijncias Ma&ttrda r-a

ot des ploagifteua Aparttod ~408
Pob4. Dahiomey Quito. Ecumtjsa

Ochitman. L.H.J. (Sud&An Orvedat A. C. jThailand)
SOil survey lwivision World SoIl. Mal

Gettra. Rtseerch SZ&HIon U.S. Depbrurment of Agriculture

P.O. Box 124 Beltsvikle. M.aryanad 2070 O-

Wad Medani. Sudan Bj
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OWEN- PEREZ

0% zn. W. G. (Uganda) Parsons. James J. (Central America, Colombia.

Hydrologist Ecuador, Honduras. Nicaragua)

Water Development Dcpartrnv n Department of Geography

P.O0. Box 19 University of California

E~ntebbe. Uganda Berkeley. California 94720

page, John L. (Mexico) Partridge. W.H. (Paraguay)

Department of Geography Museo Bernardino Rivadavia

University of Illinois Buenos Aires. Argentina

UrbAnia, Illinois 61803
Paul, H. (British Guiana)

P~ilmanti~. K (Pap"a) Director. Forests & Lands
Dviw of Land Research Ministry of Agriculture

C SI RO P.O. Box 256
Canb~erra A. C T . Australta Georgetown. British Guiana

Paulian, R. (Comores Islands, Congo I-
Pallister. J. W. (Uganda. Zanzibar) Madagascar)

Ccninmissioner, Geological Survey Division institut d'etudes centre africaines

Mineral Resources and Power B. P. 181

P. 0. B-ox 4*03 Brazzaville. Congo

Dodoma. T.4ntania
Pauling, j. W. (Central America)

Pallman, Albert 1. ~El Salvador) Delta Colleje
saint Louis University University Center. Michigan 48710
Saint Louis. Missoari

Peake. J.S. (S. Rhodesia)
Palma, Cayetano (Philippines) Director of Meteorological Services
Director P.O. Box 8066. Causeway
Bureau of Coast & Geodetic Survey Salisbury, Rhodesia
421 Barraca Street
San Nicolas, Manila. Philippines Peeters. Leo (Congo [b.j)

47, Theofiel Rowcort St.
Palmer, C. E. (Oceania) Bercherm-Antwerpen
Institute of Geophysics Belgium
University of California, Los Angeles
Lu.. Angeles, California 90024 Pelissier. R. (D-ibomey. Senegal)

42 Ave. de Saxe

Paraisu. E. L. (Dahomey) Paris 7.France

IgArrndseu yrtiefit Hdrulq Pelleray. H. (Madagascar)
Aotonismntu D Hoeydruiu Ing~nieur hydrologue

Cotonu, DaorneyXfice de I. r&hcrche Acientifique et technique

Parai'o. F. (Dahomecy) Pars.traner
Head of Service
Serrice des peches
Mfinistere du developemneut rural et de Pelzer. Karl J. (South Asia)

!a cooperation Southeast Asia Studies Program

I rue E~el-air Yale University
B. P. 383 New Haven, Connecticut 065Z0
Cotonou. Dahomey

Pena Aguirre. Federico 1. (Mexico)

Pardl; Maurice (Hurid Tropics. South America) Avenida 0bser~atorio 192

Chaire de Potamologie Tarubava. Mexico, D.F.

Universiti de Grenoble Ppe. Gbn

2. rue Tr~s-Cloitre Ppe. Gbn

Grenoble, France Director. Mission au Gabon (ORSTOM)
B P 31 15

Parejo Moreno* J. (Dominican Republic) Lbeile ao
Jefe de Division Cartografa' fbeiie Gb'

Instituto Cartogrifito Universitario
Aparado e Zoreos1184Pereira. H. C. (Kenya. Southern Rhodesia)

Sant- Domingo, Dominican Republic Drco
Agricultural Research Council of Central Mfi :a

Parni enter. Guy X. (Panama) P. 0. Box 3397
Chief. Rest irch Division Pax House, Union Avenue
U.S. Army Tropi'c lest Center Salisbury. Rhodesia

~ P.O. Drawer 942
Fort Clayton. Canal Zone Perez Arbelaez. Enrique (Colombia)

Instituto Geogrifico "Agustin Codazzi'
Bogoti. Colombia
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Perez Mots. Oscar 0. (Dominican Republic) Popenee. Hugh L. (Guatemala)
Director, Departamento de Hidrografuia Director. Center f-,r Tropical Agriculture
Marina de Guerra Univelsity of Florida
Jefatura de Estado Mayor G,:nesville. Florida 3Z603
Santo Domingo, Dominican Republic

k- pene. Wilson (Guatemala. Honduras)
Perrcsset. M. (French Guiana, Guadeloupe. Calls de la Nobleza N" 2

Martinique. West Indies) Antigua. Guatemala
Service mtek4rologique du Groupe Antill- - Guyane
Fort-de-France, Martinique Porta. Jaime de (Colombia)
French West Indies Inst. de Ciencias Naturales

Univ. Nacional de Colomnbia
Perry. R.A. (Australia) Apartado Z535
Chief, Regional Surveys Bogoti. Colombia
Division of Land Research & Regional Survey
Commonwealth Scientific J6 Industrial Porter. P. W- (Liberia)

Research Organization Department of Ceography
P.O. Box 109 University of Minnesota
Canberra. A. C. T.. Australia Minneapolis. Mlinnesota 55414

Pflaker. George (Bolivia)
U.S. Geological Survey Porlig. Wilfred (Central America. El Salvador)
34S Middlefield Road Research Divisioc
Menlo Park. California 940Z5 V. S. Army Tropic Test CenterP.O. Drawer 9•4Z

Phaup, A E (S Rhodebia) Fort Clayton. Canal Z-ine
Director. Rhodesia Geological Survey Pougnet, M (Ivory Coast)
P 0 Box 8G39. Causeway Director. Bureau de re'cherches g;ologiques
Salisbury. Rhodesiaminres

Phillips. W. iLiberia) B P. 1335
Chief, Division of Meteorology - Hydrology Abidjan. C~te d' Ivoire
D. P. W. D.MonroviaD .

Preston. D.A. (EcuadorLDepartment 
of Geography

Phipps. J. (Sierra Leone) University of Leeds
Head.: Department of Zoology Leeds. England
Fourah Bay College
The University College of Sie-ra Leone Price. E.T. (Barbados)
P.O. Box 89 Department of GeographyFreetown. Sierra Leone 

University of OregonEugene. Oregon 97401

Pico. Raphael (Puerto Rico)
Banco Popular de Puerto Rico Price. Saul (Oceania. Hfw, ic
Calle Tetuan Chief Forecaster B
San Juan. Puerto Rico 00901 U.S. Weather BureauHonolulu. Hawaii

Piianaiia, Abraham (Hawaii)
Chairman, Hawaiian Lands Commission Procter. B. (Malaysia)
Honolulu. Hawaii Acting Director of the Geological Survey

of Malaysia (Malaya Region)
Pike. J.G. (Nyasaland) Kuala Lumpur. Malaysia
Hydrologist
Department of Hydraulicn Prohaska. F. (Guatemala)
Zomba. Malawi Servicio Meteorol6gico Nacional

Guatemala City. Guatemala
Pino. John (Mexico)
Director. Centro Nacional de Investigaco.ones Pugh. J.C. (Nigeria)

Pecua .as Kings College
Palo Alto. D.F. Mexico Strand. London W.C. 2. England

Pinto-Lopes. J. (Mozambique) Puig- 4
omas. Juan (Dominican Republic)

Museu Dr. Alvaro de Castro Pr~fessorof Meteorology
C.P. 598 Department of Physics
Lourenso Marques. Mozamb~que Universidad Autonoma de Santo Domingo

Santo Domingo. Republica Dominiiscapongeapipat. Thaworn (Thailand)

Chiet. Central Forecasting Division
Meteorological Department
Bangkok. Thailand
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PULGAR VIDAL - REVELL

Pulgar Vidal, Javier (Peru) Ramanisarivo, (Madagascar)
Instituto de Geogr~d'a Directsur. Direction de Ia Meteorologie
Universidad Nacional Mayor de San Marcos B. P. 1254

de Lima Tananarive. Malagasy Republic
Yiron Puna 450
Lima. Peru Ramaswany, Cr, (India)

Director
Puri. G.S. (Humid Tropics. India) Indian Meteorological Deoartment
Nkrumah College of Technology New Delhi. India
Kumasi. Ghana

Ramdae, J. (Indi.)
Purseglove. 3.W. (Trinidad & Tobago. Uganda) National Physical Laboratory
University of the West Indies Hillside Road
Imperial College of Tropical Agriculture New Delhi Iz, India
St. Augustine. Trinidad

Ramirezr S. J.. Jesus Emilio (Colombia)
Instituto Geofi-sico de los Aades

Pusponergcro. R.S.D. (Indonesia) Bogota. Colombia
Dean, Veterinary Faculty
Bogor. Indonesia Randall. J. E. (Puerto Rico)

Director. Institute of Marine Biology

Putzer. Hannfrit (Paraguay) University of Puerto Rico
Arnt f6r Bodenforachung Mayaguez, P.R.
Wiesenstrasse, I
Hanover, West Germany Rao, K.N. (India)

Director, Regional Meteorological Centre
Quate, Boyd E. (Panama) Coluiba Observatory
P.O. Box 8416 Bombay - Colaba. India
Panama City. Republic of Panama

Ratisbona. Leandro R. (South America. Brazil)Quist-Acton (Ghana) Servico d& Meteorologia. Ministerio de Agricultura
Forestry Department Head Office rata 15 de Novembro
Accra, Ghana Rio de Janeiro. GB, Brazil

Quisumbing. E. (Philippines) Ratzeburg. F. H. (Kenya)
Director. National Museum Land Consolidation & Settlement Department
Man.la. Philippine- Survey of Kenya

P.O. Box 30046
Qureshi. M. Rahin.ullah (Pakistan) Nairobi. Kenya
Marine Fisheries Department
Karachi. West Paki:,tan Regalado. Joe- C. (Philippines)

Quy. Bui-Van (South Vietram) Supervising Hydrographic EngineerZoology Laboratory 
Irrigation DivisionFZclty Loratory 
Bureau of Public Works

Saigon University Manila, Philippines
Saigon. Vietnam Reichel-Delmatoff. G. (Colombia)

University of the Andes
Rabor. Dioscoro S. (Philippin~es) Bogoti. Colombia"Silliman University
Dumaguete CityNegros Oriental 

Reiner. E. J. (New Guinea)Philippines 
New Guim' a Section Commonwealth Scientific andIndustrial Research Organization

Rajendran. K. (Malaysia) P.O. Box z9t
Director. Malayan Meteorological Service Canberra. ACT. Australia
Fuller Building Renz, Hans H. (Venezuela)
P.O. Box 715 Rene Gand. OileCo aS• Szgapor. 1 tne Graode Oil Co.
Singapore. I Apartado 709

Ramage. C.S. (Asia. Hawaii) Caracas. Venezuelai iDepartment of Meteorology Oceat.igraphy

SUniversity of Hawaii Resing, W. L. (Cambodia)
Honolulu, Hawai; 968ZZ Institut des recherches sur lecaoutchouc au Cambodge

B.P. it

Raman. C. R.V. (India) Kompong-Charn. Cambodia

Director, International Meteorological Center Reve, Russell W. (South Asia)%• ~Coiaba Observa~toryCBombay - Colato. India Harza Engineering Company4 B b CiBangkok. Thailand
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RIBEIRO - ROUERIE

Ribeiro. 0. (Angola. Portuguese Guinea) Rodier. J. (Africa)
Departamento de Geografia I rue Lon Ciadel

Faculdad de Letras Paris. France

Cuidad Universitaria
Lisboa. Portugal Rodin L V (South America)

Komarow Botanical Institute
Richards. Paul Westmacott (Humid Tropics. British Guiana. Academy of Science of the USSR.

Nigeria, Sarawak) Leningrad. USSR
Professor of Botany
University College of North Wales Rodriquez, Filemon (Philippines)

Bangor. Caerns, U.K. President and General Manager
Engineering and Development of the Philippines
Manila. Philippines

Richardson. J.A. (•l•aysia)
107 Kootney Trail Rodriquez Alvarez, Graciela (Me:dco)

British Columbia Jefe Del Servicio Meteortlogico Nacional
C&nada Direcc2on General de Geografi4a y Meteorologla

Ave. Observatorio 192
Richardson. R•.W. (South America) Mexico 18. D.F.
Department of Geography

San Diego Seate College Roe, F. W. (Borneo)
San Diego. California 921 IS Overseas Geological Surveys

64(18 Grays Inn Rd

Riehl. Herbert (Humid Tropics, Venezuela) Holborn, London WCI, England
Department of Atmospheric Sciences
Colorado State University Rogers. J.N.C. (Australia)
Ft. Collins. Colorado 85S21 Director. Survey Branch

Department of the Interior

Rimington, G.T. (Nyasaland) Canberra A.C. T. . Australia

Acadia University
Nova Scotia. Canada Roitto, Yrjb'l. (Liberia)

Ripley. S. Dillon U (South Asia, India) Forestry Offices
Smithsonian In stitute UN Technical Association Board & Special FundWSmigthonia I.nstitute FA0 Mision

Washngto. DC. Z02SUniversity of Liberia

Rivi. Ali L H. (Pakistan) Monrovia. Liberia

Department of Geography Romero, Adolfo C. (Venezuela)
University of Dacca Direcciorn de Cartograffia Nacional
Dacca. East Pakistan Cano Amarillo

Robbins. I'.G. (Jamaica. Australia) Estacion Qta. Sta. Ines

Australian National University Caracas, Venezuela

Canberra. ACT, Australia Roonwall. M.L. (India)

Zoological Survey of India
Robinson. Ted (Jamaica) Calcutta. India
Geology Department
University of West Indies Rosayro. R.A. de (Ceylon)
Mona, Jamaica Food and Agricultural Organization

Rome, Italy

Robyas, W. (Burundi. Rwanda) Rose. W (Uganda)
Jardin botanique de l'tat Chief Research Officer
Bruxelles. Belgium Department of Agri:ulture

P 0 Box Z
Roche, M. (Africa) Entebbe, Uganda
Office de la rechercbe scientifique et

technique d'outre-mer R~sevear. D. R. (Nigeria)Paris, France c/o British Museum of Natural .5story

London. S.W. 7. England
Roche. P. (Madagascar)
Service Conservation des Sols Rotsch-, Henri (New Caledonia)
B.P. 243 Institut franais en oceanie
Tananarive, Malagasy Republic Noumea

New Caledonia

Rodgers. Kirk (South America. Central America)
Natural Resources Unit Rougerie. G. (French Guinea. Ivor.- Coast)
Pan American Union Institut dk Giographie
Washington, D.C. 20006 Universit; Je Besancon 'i
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V

I ROY- SANGSIER
Roy. B.C. (India) Sadler, James C. Lt. CoL (Hawaii)Director, Geological Survey oz India Res�arch Affiliate

Hawaiian Institute of Geuphysics27 Chowringhee Ave. Univ raity of HawaiiCalcutta, India
Ifo..o)ulu* liasait 96822

Rudolph. William E.. (Bolivia)
ZO E. 68 Street Sa�enz. Jose A. (Panama)
Ns York. New York 10021 Technical Director

Direcci�n de Cartograffa
Edit icto El Dia

Ruellan. Francis fBrazil) Apartado �Z67
Lahoratoire de G Lomorphotogie Panairia
Universite de Rennes
Rennes, France Saenz-Maroto. A. (Costa Rica)

Soils Department
Rula, A. A. (Thailand) Uriiversidad de Costa Rica
U.S. Army Engineers Waterways Experiment Stj.tion San Jose, �o�a Rica
Vicksbairg. Mississippi 39180
Rumeau, A. (Africa. Central African Rep. * Chad. � Toshitsugu (Hawaii)

Department of Civil Engineering...omores Islands.French Ccngo. Dahonicy. Gabon, University of Hawaii
Ivory Coast, Madagascar, Senegal. Togo) Honolula, Hawaii 968ZZ

Institut G�ographiqtie National
136 bis rue de Grenelle Salgado. M. L. M. (Ceylon)
Paris ?�, F:ance Coconut Research Institute

Baui' rappuwa Estate
Rushing. William '. (Puerto ilico)
Tropical Terrain Research Detachments Lunuwila Z Miles
U.S. Army Engineers Waterways Experiment Station Ceylon
Ft. iirooks, P.O. Box 3829 Salg..eviro. Reynaldo (Bolivia)
San Juan, Puerto Rico 00904 Instituto Geof�sico Boliviano
Russell. E.W. (Kenya) Casilla 491

La Paz. BoliviaEast Afrtcan Agriculture & Forestr) Research
Organization Samaniego. Ramon (Philippines)

P.O. Box 21 Bureau of Soils
Kikuyu. Kenya Manila. Philippines

Russell. Richard 3. (Humid Tropics. Central
America. West Indies, Oceania. Indonesia) Samiullala, Muhammed (Pakistan)

Department of Geography Director. Regional Meteorological CenterLouisiana State University Dewan Bazar
Baton Rouge, Louisiana 70803 Chattagong. East Pakistan
Rutherford. C- K (Australia. New Guinea, Papua) Samson, J.A. (Surinam)
Departm..nt of Geography Agricultural Experiment Station
Queen's Unaversit� P.O. Box 160
Kingston. Ontario. Canada Paramaribo, Surinam

Sa. Shah-Hung (Nationalist China) Sansorn, H. W. (Kenya)Director, Naval Hydrographic Office �st African Meteorological Office
of China Nairobi. Kenya

Tso-Ying
Kaohs�ung. Taiwan. Republic of China Sanchez, Jesus C.� (Venezuela)

Jefe, Seccion de Meteorolog!aSac�as, A. (Central African Republic) Minist�rio de Agricultura
Director. Ccnire de r�cberches agroricmiques Centro Investigaciones Agrondmicas

de Boukoko Maracay. Venezuela
B P44
Boukoko. Central African Rcpubli.� Sandy, I. Mrde (Indonesia)

Geographical Institute
Ministry of Defecse

Sachet, Marie-Helene (Oceania) Djalan Or. Wahidin Satu Ill
Faci�ic Vegetation ProJect DJakarta, Indonesia
do National Academy of Sciences
2103 Constitution Avenue. N.W. Sa,�ster. R. C (Zanzibar)

Chief Conser.�ator of ForestsWashington. D.C. 20025 Department of Forestry
P 0 Box426
Mmnistr� of Lands and Suricys-' Dar es Salaam. Tanzania

292

- -.



SANTAMARIA - SHIROMA

Scott, R. M. (Papua)
Santamaria. Luis (Cuba) Pedologist
Jete de Climatclogia
Oficina de Climatologia. Observatorio Division of Land Research and Regional
Havana. Cuba commonwealth Scientific 4& Industrial

Santaau, . (Idia)Research Org~anization

Botanical Survey o! India PO o 0
14 Madan Street Canberra. A.C.T. Australia
Calcutta 13. India

Saod, Chon (amboia)Scott, W.J. (N. Rhodesia)
Sao& Chun (amboia)Senior Hydrological Engineer

Inspecteur 04ne'ral aupr~s du Ministere Hydrological Branch
de l'Agriculture Dept. of Water Affairs

Phnom-Penh. Cambodia Box 530

Sauer. C.0. (South America, Mexico) Lusaka. Zambia
Department of Geography SaI Srwk
University of California
Berkeley. California 94720 Air Traffic Contro! Officer

Department of Civil Aviation
Cer, W. (Ecuador', Jesseltori, Sabah

ilduterSir.138Sellier, J. B. (Gabon)
NauhimWestGeranyDirector, Gabon Section

Soaurin, Edmond (South Vietnam) Centre technique foresti~r tropical
Geo'logy Laboratory Faculty of Science B.P 149
Sa~gon. Vietnam Libreville. Gabon

Sha, Ilsueb-Chuen (Nationalist China)

Sautter, G. (Congo jfA), Department of History & Geography
Ecole pratiqiue des haute 4tudes Taiwan Normal University
2 rue A. Ntumblot, Bourg -la-Reine Taipei. T i'wan. Republic of China

Stin. FrnceShamsi. F. U. (Pakietau)
Sayre. A. Nelson (El Salvadoir) Department of Geogral, f
Water Resources Division University of Rajshahi

United States Geological Survey Rajshahi. East Pakistan
Washington, D. C. 20025 Shand. LH.R. (S. Rhodesia)

Schery. Robert Walter (Panama) Chief Hydrological Engineer
Better Lawn and Turf Institute P.O. Box 8132, Causeway
Marysville, Ohio 43040 Salisbury. Rhodesia

Schmid. Maurice (North and South Vietnam) Shaw, G. D. (North Rhodesia)
Mission Francasse d' Aide Econotnique et Chief Veterinary Officer

Technique au Vietnam Central Research Station
Department of Veterinary ServicesI Ben Chuoang Cuong P.0 Bx5

Saigon, Vietnam P.0 Bx5
Mazabuka (Southern Province). Zambia -

Schoubert. M. (French Guiana) SaHK .fnoa
Directeur de l'institut fran~ais d'Am~rique tropicale ShyAw H.tni G.A.(Agola
Cayenne. French Guiana Kew, Richmond

Schultze. Joachim (Uganda) Sur- ey, England
Gustav Meyer Str. 1-3
Berlin-Dablem

WetGrayShen. Chia-Ming (Nationaligt Chjina) -

West GrmanyDirector. Taiwan Forestry Buireau

Schwartz. A. (Cuba) 2an SCho S.Ra
Geographical Institute Tangi aiaRpulca Chowi.noa
Adam Mickiewicz University in Poznan apiTianReblco(ira-

Poznan. Poland Sherman. 0.0. (Hawaii)
Depa -tment of Soil Science

Schwoerer. P. (Cameroon) University of Hawaii
Chef de Mission de Recherches Hydrogiologiqums Honolulu, Hawaii 96822
B. P. 30
Garoua, Cameroun Shirromas Michio (Ryukyu L)

Ryukyuan Weather Burenu
Naha. Okinawaj
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SICK - SOMPHAVAN

Sick. Woal-Dieter (Ecuador) S l, J r Miltu• H (N Vietn.,s:i
Greogrphiscrnct Institut Mj U 3.A.F
fBertoldstrasse 33 30 V'CL MACV (j-)
F'reiburg mn Breisgau. % eat Germ.r.y APO S.n Frdnti~., Qb,%.45

Sidas, Thuli (North Borneo, Sarawak) Sisley, Harold (Brune-)
Malayan Meteorologic4l Service Brunei Shell Petroleum Co. Ltd.
'ia.:apo re Seria. Brunet

Sigit, Soetarjo (indonesia) Slatyer. R.A. (-kustralia, Pap4.A)
Director, Direktorat Geologs Indonesia Commonwealth Scientific and Industrial
Bandung. Indonesia Research Organization

Box 109
Sillans, Roger (Central African Republic) Canberra. ACT. Australia
Mus4e d'histOire naturelle
Paris 5Se France Slud. Paul (Costa Rica)

American Museini of Natural History
Silveira. Joan Dias da (Brazil) New York, New York 10024
Departamento de Geograli'a
Faculdide de Filosofia Ctincias e Letras Smediey. David (Pue.io Rico)
Universidade de Sa'o Paulo Head. Foreign Area Section
Sa-o Paulo. S. P. . Brazil Office of Climatology

U.S. Weather BureauSimmons. C.F. (Guatemala) Federal Office Building Nk. 4
School of Agriculture Washington. D.C. 20025
kubt~rn University
Auburn. Alabama 36830 Smith. A. C. (Fiji Islands)

Coordinator of Research
Sinionet. D.S. (Australia. New Guinea) University of Hawaii
Department of Geography Honolulu. Hawaii 96822
University ot :'arsae
La,%rence. Kansas 66045 Smith, A.F.M. (Tanganyika)

Director. Department of Lands & Surveys
Simons. Frank S. (Cuba) P.O. Box 361
United Statcs Geological Survey Kampala. Uganda
Federal Center
Denver. Colorado 80225 Smith. Earl E. (Cuba, Peru)

U.S. Operations Mission
Simonson. C. (British Guiana) American Embassy
Soil Conservation Service Lima, Peru
U.S. Depairtment of Agriculture
Beltsville, Maryland 20705 Smith. George W.R. (Trinidad & Tobago)

Regional Research Centre
Simonson, R. W. (Ryukyu Islands) Soil and Land Use Section
Soil Conservatiun Service Urnversity of the West Indies
U.S. Department of Agriculture Port of Spain. TrinidadS•'W shingtor.. D.C. 20025

Smitinand. Tern (Thailand)

Simpson. Joanne S. Malkus (Humid Tropics) Royal Forestry Department
U. S. Weather Bureau Government of Thailand
Washington. D.C. 20025 Bangkok. Thailand

Smvthies. Bertram E~clvn (Borneo)
Simpson, Rowland J. (GhbA'a) Conservator of Forests
Survey of Ghana Forest Department
P.O. Box l1l Korest Deartment
Accra, h*hna Ku-hing. Sarawak

Soerastopo. H. (Indonesia)
S- Singh. Ca-nbhtr (India) Gadjahmada Univer.ity•- •S~zve).•.rGeneral

In.ia Djakarta, Indonesia•,• Survey af India

P.O. -], No. 37 Soetedjo. (Indonesia)Debr~ha Dun, U. P.. India Dean

"Faculty of Technology
Sioli, Harald (South America. Braxxit) University of Indonesia
Hydrobiologischcr Anstalt der Max-Planck-Gesellschaft Bandung. Java. Indonesia
Pi•un. Holstein

-Wtt Cerrm.ny Somphavan. Inthavong (Laos)

Department of Water Resources & Navigation
Ministi of Public Works
Vientiane. Laos
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S001 - SINATABANDHU

Sooi. Hwang Tiaw (Malaysia) Steiner. Mona Lisa (Mrs.) (Oceania)
Senior Metear-11'gical Officer P.O. Box 9 75
Malayan Meteorological Service Manila. Philippines

SingporeSterling, Henry (Venezuela)

s.p.,per. David E. (India) Geography Department
Department oi Geography University of Wisconsin
University of 5yracuse Madison. Wisconsin 53706
Syracuse, New York 13210

Sternberg, Hilgard O'Reilly (Humid Tropics.
spate. 0. H. K. (India. Fiji Islands) South America, Brazil)
Akustralia National University Department of Geography
Carnberra. Australia 501 Earth Sciences Building

University of California
speight. J.G. (Papua) Berkeley. California 94720
Geomorphologist
Division of Land Research and Regional

Survey Sternstein. L. (Thailand)
Commonwealth Scientific & Industrial c/o Bangkok Mwlcipal Government

Research Organization Bangkok. Thailand
P.O. Box 109
Canberra. A.C.T. Australia Stevens, J E (S Rhodesia)

Di rector. Rhodesia Meteorological Department
Spencer, J. E. (Philippines) P 0 Box 80b6, Causeway
Department of Geography Salisbury. Rhodesia
University of California. Lo. AngeleA Steat G. A. (Aut~tralia. New Caledonia.
405 Hilgard Avenue New Guinea, Palau)
Los Angeles. California 90024 Land Research and Regional Survey Section

Spet. Wllim W (Trnidd &Tobgo)Commonwealth Scientific and Industrial

2374-14 Patterson DriveRearhOgnzto
Eugenie, Oregon 97405 P. 0. Box 109

St. ohn Haold ~a-ii)Canberra. Australia

Seat. meont Hold (otawaii Stoddard. David R. (British Honduras)

Bernice P. Bishop Museum Geography Department
1355Kalii SteetUniversity of Cambridge13S5Kalii SteetDawning PlaceHonolulu. Hawaii 96819 Cambridge. England

Stanislawski. Dan (Mexico) Street. John M. (Haiti)
Department of Geography Department of Geography
University of Arizona University of Hawaii
Tucson. Arizona 85721 Honolulu. Hawaii 96822

Starkey. Otis (St. Lucia Island) Sun, Tang-Yu-h (Nationalist Ckina)
Geography Department Director. Geographical Institute
Indiana University College of Chinese Culture
Bloomington, Indiana 47405 Ya-.g-Ming- Shan. Taiwan. Republic of China

Stearns. H. T. (Hawaii) Sunaradirdia. Mohe. Achsan (Indonesia)
Consulting Geomorphologist University of Padjadjaran
Waipio. Oahu. Hawaii Duln. Dr. Wahidin I/fl

Djakarta. Indonesia
Steel, R. W. (Mozambique. Sierra Leone)
Department of Geography Susini. J1. (Cameroon)
University of Liverpool Laboratoire de gedologie
Livrpool. England Institut richerche de Cameroun

Steel. W. S. (N. Rhodesia) B.Pnde. 193 rou
Director, Fisheries Research Section oud.Cmrn
Game and I~ isheries Department Suvatabandhu. Kasin (Thailand)
Ministry of Natuiral Resources Scienze Society of Thailand
P 0 Box I Chulalongkorn University
Chilanga (v~a Lusaka), Zambia Bangkok. Thailand

Stehle. H. (Guadeloupe)
Directeijr. Centre de re~cherchex agro-om-iques
des Antilles et de la Guyana frany.ise

B. P. 270
Pointe-1-Pitre. Guadeloupe
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SWEE - THOMPSON

Tejada. Jose A. (Panama)

Swee, Lee Kim (North Borneo) Direccutn de Cartograida

Department of Civil Aviation Edificto El Dia
Jesselton Airport Apartado 5267

Jesselton. Sabah Panama

Swindale. Leslie D. (Hawaii) Temple. P.H. (Uganda)
Senior Soil Scientist Department of Geography
Hawaiian Institute of Geophysics Makerere University College
Universi.y of HawAii P.O. Box 26Z
Honolulu, Hawaii 98i82 Kampala. Uganda

Swingle, Charles F. (Ecuador. Peru, Madagascar)Fergson eseach FundaionTeran. Medardo (Ecuador. Nicaragua)
Ferguson Research Foundation Jf eFtitrrtcoPauma Valley. Californila 92061 JIefeC de Fotointerpretacion

.lInstituto Ecuatoriano de Ci-ncias Naturales

Szent-Ivany, J.3. H. (New Guinea, Papua) Apartado 408
Department of Agriculture. Stock and Fisheries
Port Moresb) Terjung. Werner H (Sudan)
Territory of Papua. New Guinea Department of Geography

University of California. Los Angeles
T.go-. (Ghana) Los Angeles. California 90024
Head of Irrigation Unit

Department of Agriculture Terry. Robert A. (Panama)

Accra, Ghana School of Mineral Sciences
Stanford University

Takeuchi. Masayuki (Brazil) Palo Alto. California
Botanical Institute

Tokyo University Thaung. Pe (Burma)
Tokyo, Japan Department of Geography

University of Rangoon

Talbot, W. J. (Africa) Rangoon, Burma
Department of Geography
University of Cape Town Theveneau. A. (Guadeloupe)
Rondebosch C. P., South Africa Direction de la Meteorologie Nationale

I quai Branly
Tarrade, E. (Madagascar) Pa.-is VII, France
Directeur
Annexe de L'institut Gt•ographique Thomas. D. (Zanzibar)

NTtomaa, D. (ananarireNaB. nal a Tananarive Director. Game Department
B. P. 456 Ministry of Natural Resources
Tananarive. Malagasy Rep. P 0 Box 1994

Taylor. B. W. (Nea Guinea) Dar es Salaamn, Tanzania

Land Research Section Thomas. M. (Senegal)
Commonwealth Scientific and Industrial Research Organization Directeur du Service de M4t~orologie du Sinigal

(CSIRO) Dakar, Senegal

P.O. Box 109
Cantierra. Australia Thomas, Michael F. (Nigeria)

Department of Geography

Taylor. George C. (Oceania) St. Andrews University

Paciftc Vegetation Project Scotland

c/o Na-ional Research Council
-I Wthington, D.C. Z0025 Thome, Maurice (Chad)

DIrecteur, Laboratoire national de rýcherches

Ta)lor, George C. Jr. (Haiti, Margarita Island) vitirin.-res de Fort Lamy-Farcha

U.S. Geological Survey B.P. 433

.Arlington Towers, Room 230 Fort Lamy, Chad

Waishington. D.C. 20025
Thompson, B.W. (Africa. Kenya)

. • Teixeira. A. 3. da Siva (Angola) Director, East Africmn Meteorological Office
SHead, Sols Department East African Common Services Organization

Ina.tituto de Investigacao C-entifica de Angola Nairobi, Kenya

Iu~na Angola
Thompson, John (Central Amertca, Costa Rica,

STe~iei?-i da Mota, A. (Portuguese Guinea) El Salvador, West Indies)
Mini#•tere de la Mar-ne Department of Geography
I.istsoa Portugal University of 1lhinois

P g Urb--na, Illinois 61803
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TIN - UGARTE 7-

Tin, Htoo (Burma) Troll, Carl Th. (Humid Tropics)

Department of Geography Geographisches Institut der Universit~tUniversity of Rangoon Franziokaner .5trasse 2

Rangoon. Burma Bonn, West Germany

Ting. S. (Communist China) Trou.-in. G. (Burundi, Rwanda)
Department of Geology Institut de Botanique
University of California, Los Angeles U..iversit- de Liege
Los Angeles, California 90024 Laige. Belgiumr
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Institat ue botanique. fc~tcl dý ' Departm~ent of Geography
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Mexico, D.F. . Mexlico

Villacres. Jorge W. 'Fc-iado.r) WrL.(agni

Centro de Geograffa Trar-ica! Cummixssinr for Water Devoi.pinent
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54 High Street University of Auckland
Burwell. Cambs ukad e eln

EnglandAukad 
4 Zeln
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Dakar, Senegal iiorc p.tmn
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Komr~gsade 25University of Hull

The Hague. The NetherlandsHulEgln
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Unitd KigdomDepar -lent of Biology
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fWeraistedt. Fredrick L. (Philippinet) Williams. C E (Uganda)
Department of Geogr-iphy Director, Geological Sur~ey of Uganda
Pennsylvania State University Mn i fMrea n ae eore

University Park. PennsylvAnia 16002 Bo o Q
Lniebbe Uganda

West. Robert C. (Colomibia)

Department of Geographý Willianms. Geoffrey James (Sierra Leone)

Louisiana State University Department of Geography

IButoti Rouge, Louisiana 70803 Fourah Bay College
University College of Sierra Leone
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Food and Agricultural Organization Williams, George H.D. (N. Rhodesia)

Rome.ItalySenior Assistant Conservator of Forests
Forest Department
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63 Giessen Williams, Howell (Central America)
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W.hite. F. (N,. Rhodesi.)
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APPENDIX B

DIRECTORY OF PRINCIPAL DEPOSITORLT1,S CF HUMID

TROPIC ENVIRONMENTAL MATERIALS

Sources of information concerning humid tropic environmente
consist of literature, maps, aerial photo;-raphy, zoological and entomological
specimen collections, herbaria, soils proxiles, and other like items, herein
termed materials. The importance of locating principal depositories of such
sources is as significant as the identification of the sources themselves.

As no firm criteria exist to aid in the identification of "princi-
pal depositories," the list contains:

"* Depositories widely recognized as containing humid
tropic environmental materials

"* Libraries with voluminous holdings that include general
area/topical materials

"* Special collections that are smaller in volu:ne but
specifically oriented toward one or more adpects of
humid tropic environments

"* Specimen collections whi:h are highly specialized in
contents (e. g., local weather records, rock samples,
radar displays, etc.)

The directory contains th.. names and addresses of identified
principal depositories and a brief description of their pertinent holdings. The
depositories are arranged alphabetically by country and within the U. S. A. by
state. A total of 333 depositories in 60 countries and 23 states, common-
wealths and territories of the U. S. are included. An index of the 40 primary
depositories follows.
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INDEX OF PRIMARY DEPOSITORIES

The most important, or prianary, depositories in the
accompanying list of principal depositories a.re indicated by an asterisk.
An index of the 40 primary depositories follcws:

Depository Number Page Number

Australia -- ---------------- 2.3 305
Belgium ...-.-.-.-.--.--.---- 3.2 306

3.5
Brazil -- ------------------- 4.2 307

4.11
4.16

Colombia------ - - - ------ 11.1 313
Costa Rica -- ----------------- 14.2 316
England -- ----------------- 17.2 317

17. 10
17.18

France -- ------------------ 19.7 321
India -- ------------------ 25.1 326

25.5
25.14

Japan -- ------------------ 30. 1 331
Kenya ........-.----------- 31.4 332
Mexico -- ------------------ 35. 3 336

35.6
Nigeria --- ------------------ 40.5 339
Senegal -- ----------------- 49.3 345
USSR -- ------------------- 59.3 350

59.4
59.5

USA - ---------------------- 60.1.4 352
60.1.5

60.3.5
60.3.7
60.3.9

60.3.12

60.3.14
60.6.6
60.7.4
b0. 9. 1
60.10.1
60. 15.1
60.15.7
60.19.1
60.19.3
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1.0 ANGOLA

1.1 Direcq-ao de Agricultura e Florestas
Secco de Botanica e Ecologia
C. P. 1233
Luanda, Angola

6500 specimens, flora of Africa south of the Sahara
7000 volume library

1.2 Servicos de Geologia e Minas
C. P. 1260
Luanda, Angola

Geology; mining
9491 volumes, 55 periodicals

1.3 Servico Meteorologico de Angola
C. P. 1228-C
Luanda, Angola

Meteorology, climatology
2073 volumes, 298 periodicals

2.0 AUSTRALIA

2.1 Library
Australian National University
P. O. Box4
Canberra, Australia

General collection with emphasis on Australia and Oceania
280, 000 volumes

2. 2 Commonwealth Bureau of Meteorology
Box 1289 K, GPO
Melbourne, Australia

Weather and climatic data and records for Australia and
New Guinea

*2.3 Commonwealth Scientific and Industrial Research Organization
(CSIRO)

314 Albert 3t.
East Melbourne, C. 2, Victoria, Au.;trai.

Library - 40, 000 books, 21, 000 ,-eriodicals (211, 000
volumes). 500, 000 reprints and pa.rnphlets and maps,
manuscripts, microfilm and photographs
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At 2.0 AUSTRALIA (contd)

Herbarium - 25, 000 specimens. Specializes in Australian
and exotic Gramineae and Lcguminosae;, also in N. Australian
and Papuan flora. Importar.t collections: Carr. collection of
New Guinea piants; A. H. S. Lucas, Australian algae

2.4 National Library of Australia
Canberra, Australia

Australiana Collection. Important map collection.
580, 000 volumes, 35, 000 pamphlets, Z00, 000 ft microfilm

3.0 BELGIUM

3.1 Biblotheque repartitrice
Institut national pour V' etude agronomique du Congo (INEAC)
1Z-16 rue aux Lames
Bruxelles, Belgium

24, 000 volumes, 600 periodicals

* 3.2 Centre scientifique et medical de 1' Universite libre de Bruxelles
en Afrique centrale (CEMUBAC)

87 avenue Adolphe Buyl
Bruxelles 5, Belgium

Excellent research institute and depository (including maps)
of Central Africa

3.3 Comitj Hydrographique du Bassin Congolais
25 avenue Marnix
Bruxelies, Belgium

3.4 institut de medicine tropicale Prince Leopold
155, rue Nationale
Anvers, Belgium

*3. 5 institut nationi.l pour l' eLA agronomicue du Congo (LNEAC)
1 rue Defacqz
Brussels 5, Belgium

80, 000 books, 3400 periodicals, 500 maps, 10, 000 photographs

3.6 Library
Musee royal de i'Afrique centrale (MRAC)
13 chausee de Louvain
Tervuren, Belgique
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BELGIUM (contd)

Specialized holdings in geology, zoology, of tropical woods
of central Africa
30, 000 books, 3014 periodicals, numerous photographs

3.7 Jardin botanique de 1' Etat
Z36 rue Royale
Bruxelles 3, Belgium

General herbarium, herb. of Europe, Belgium, the Congo,
and tropical Africa. Coll. of the Congo, Rwanda and Burundi.
About 1, 600, 000 bpecimens

3.8 Laboratoire de 'otanique systematique et de phytogeographie
28 avenue Heger
Bruxelles 5, Belgium

Herbarium: Europe and Congo, chiefly Katanga, Argentina
and Indonesia; 100, 000 specimens

3.9 Centre de la Meteorologie tropical et de la climatologie
Institut royal meteorolugie
Avenue Circulaire 3
Uccle - Bruxelles, 18, Belgium

Specialized library holdings on Congo basin

4.0 BRAZIL

4. 1 Biblioteca Central da Universidade de Sao Paulo

55 rua Helvetia
52o Paulo, S. P., Brazil

15, 000 publications, 320 periodicals

*4. 2 Biblioteca da Ministerio da Agricultura

Rio de Janeiro, Brazil

Library controls some 15 different stations and collects
works on Brazilian agriculture, soils, rainfail, etc.
210, 000 volumes

4. 3 Biblioteca do Museu Nacional
Instituto Nacional
Quinta da Boa Vista
Rio de Janeiro, Brazil
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SBRAI1L (contd)

350, 000 specimen herbarium plus large research collection
in other fields of the natural sciences. Tropical
phanerogamic and cryptogamic flora, mainly Brazilian
Library: 150, 000 volumes, periodicals (geology, botany, zoology)

4.4 Centro dc Pesquisas Florestais e ConservaSo da Natureza
Estrada da Vista Chinesa, 741
C. P. 3545
Rio de Janeiro, Brazii

Specialized library on forestry, ecology. Herbarium

4.5 Directoria de Hidrografia e Navegaao
Ministrico da Marinha
Rio de Janciro, Brazil

4. t Herbarium Bradeanum
C. P. 5, Lapa
Rio de Janeiro, Brazil

Small herbarium - 25, 000 spe'cimens
Information especially on the flora of the highlands of central
Brazil

4.7 Conselhu Nacional de Geografia do Instituto Brasileiro de
Geografia e Estatistica (CNGIBGE)

Av. Beira Mar. No. 43b
Rio de Janeiro, GB, Brazil

Library 40, 000 volumes, emphasis upon Brazilian geography

4.8 Instituto de Biologia Animal
Universidade Rural
Km 47
Rio de Janciro, Brazil

4.9 Instituto Agronornico do Norte (JAN)
C.P. 48
Belem, Para, Brazut

Library: 18000 volumes, emphasis upon soils and plants
of Amazonia. Botanical section has 130, 000 herbarium,
excellent for the study of lower Amazon plants
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BRAZIL (contd)

4.10 Instituto Geogra'fico e Geologico
S-o Paulo, S. P., Brazil

Collection of works on Brazilian geology and geography
50, 000 volumes, 18, 000 maps

*4. 11 Instituto Historico e Geografico Brasileiro
Avenida Augusto Severo 8
Rio de Janeiro, Brazil

A collection of geograuhical and historical works with
special emphasis on Brazil
280, 000 volumes

4.12 IJnstituto Historico e Geografico do Para
Belem, Para, Brazil

Lower Amazon materials

4.13 instituto Nacional de Pesquisas da Amaz~nia
Rua Guilherme Moreira 102/112
C. P. 478
Manaus. Amazonas, Brazil

Number of specimens: 13, 018, Amazonian plants. Library:
5, 100 volumes

4.14 Jardim Bot~nico do Rio de Janeiro
Rua Jardim Botanico, 1008 (Gavea)
Rio de Janeiro, Brazil

The outstanding living collection of tropical plants in the
new world. 115, 000 specimen herbarium and large
botanical library, Brazilian plants

4.15 Museu Paraense "Emilio Goeldi"
Av. Independencia 364
C. P. 399
Belem, Para, Brazil

Maintains a collection of 10, 000 ornithological specimens. j
Herbarium: Flora of the Amazonian region. Important - --

collections: R. Spruce, E. Ule, Blanchet, Glaziou, i
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BRAZ IL (contd)

J. Heber, A. Dticke. Half of collections collected prior
to 1915 and the remainder since 1955, the intervening
years of 1915-1955 marking a period when the museum
was closed. A good library, Z5, 000 volumes, especially
rich in classical works. A small zoo.

Number of specimens: 33,500

*4.It Biblioteca Nacional do Rio de Janeiro

Avenida Rio Branco 219-239
Rio (te Janeiro, Brazil

General collection with special collection of Braziliana,
important map collection.
I1, 000, 000 volumes, 600, 000 MSS, 250, 000 engravings,
650, 000 bound periodicals

4.17 Serviqo de Meteorologia
Praca 15 de Noveribro 2, 50 Andar
Rio de Janeiro, Brazil

Collection of records, reports and data on Brazilian

weather and climate

4.18 Universidade de 5,ao Paulo
Departamento de Zoologia
Sýo Paulo, Brazil

Important collection of Brazilian fauna, a good biological
library (40, 000 volumes)

5.0 BURMA

5. 1 Burma Meteorological Department

619 Merchant Street
Rangoon, Burma

Surface and upper air data; climatological maps
Library: 1, 000 volumes
Daily weathe" reports, Trimonthly and monthly

weather data, rainfall records (monthly); daily rainfall
records, pilot balloon data

5.2 Land Use Bureau
Department of the Commissioner for Settlements of Land

Records.
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BURMA (contd)

H.Q., Housing Board Buildings
27th Street

Rangoon, Burma

Soil Museum (soil profiles, soil K land use ciassifica.iion
maps and survey reports)

5.3 Library
Unmversity of Rangoon
University Post Office
Rangoon, Burma

Good collection of botanical, geographical and zoological
materials. Map library of Burmese and other Asian Maps

6.0 CAMEROON

6.1 Institut de recherches scientifiques du Cameroun
B.P. 193
Yaounde, Cameroun

Library has 10, 000 books, 56 periodicals.

Specializes in local pedology, hydrology, nutrition and

medical entomology

6.2 Laboratoire d' entomologie
Institut Pasteur du Cameroun
B. P. 888

Yaounde, Cameroun

Maintains a collection of insects and insect vectors of

diseases with emphasis on Anopheles mosquito

6.3 Service des Eaux et For~ts du Cameroun
Section de recherches forestieres (YA)
B. P. 194
Yaounde, Cameroun

Herbarium has 10, 000 specimens, Cameroun forest flora

Small specialized library
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7.0 CANADA

7.1 Geographical Branch
Department of Mines and Technical Surveys
Victoria Memnitial Museum Building
601 Booth Str,!et
Ottawa 4, Ontario, Canada

An outstandirg collection of geographical materials
including tropics. Good collection of maps

7.2 Library McGill University

Montreal, P. Q. Canada

TheBarbados research station maintained by McGill and
the work in Montreal is developing a valuable collection
of humid tropical material

8. 0 CEYLON

8.1 Forest Department

9 Kcw Road
Colombo 2, Ceylon

Herbarium and data on Ceylon forests

8.2 Royal Botanical Gardens
Peradeniya, Cey!on

Herbarium living plant collection of 85, 000 specimens
with emphasis on Ceylon

8.3 Zoological Gardens

Colombo, Ceylon

Maintains a iarge collectiorn of tropical fauna

9.0 CHINA, PEOPLES REPUBLIC OF

9.1 N;aýtional Library of Peking
, • Peking 7. Peoples Republic of China

General collection. Good collection of maps

S 4,400, 000 volumes
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9.0 CHINA, PEOPLES REPUBLIC OF (contd)

. Institute for Research on Tropical Areas
Kunning., Peoples Republic of China

Climatlogy, Medical Geography and Tropical Research
Staff of 600

9. 3 Shanghai Library
Shanghai, Peoples Republic of China

Generai collection

3, 500, 000 volumes

9.- A un Yat Sen Univerxity Library
Canton, Peoples Republic oi China

Bcst local ColeCLtion oa South China with large
navir unmental holdings

1, t)50, 000 volumes

10.0 CHINA, REPUBLIC OF

10.1 National Taiwan University
Library
Roosevelt R ;a"
raipci, Taiwan, Republic of China

Generai ,:ollec'ion, Fu-Mm Geographical Institute
1L10, o00 .pec .mens \orldwide, mainly ferns and seed plants

7i5, 000 volumcb

10. I Tamwan l'orvestry Research Institute,
Pt,-A Road Botanical Garden

Taipi, Taivan, Republic of China

Numbe " of spet mecns: 30, 347
Herbarium:. Taiwan

11.0 COLOMBIA

*11. 1 Instituto Gcogrfico dL Colombia "Agustin Codazzi"
Ciudad Universitaria £
Carrera 13, No. 48-51 1
Bogota, Colombia
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11.0 COLOMBIA (contd)

Headquarters for geographic information on Colombia
and also of large-scale topographic mapping in
collaboration with the Inter-American Geodetic Survey.

1 .2 Biblioteca

Universidad Nacional de Colombia
Apartado Postal 2535

Bogota', Colombia

Collection of mammals, birds, fish, and insects of
Colombia. 100, 000 tpecimens in herbarium

11.3 Facultad Naciunal de Agronotri'a e instituto Forestal
Universidad Nacional de ColQmbia

Apartado Aereo 568
Medellili, Colombia

Best collection of botanical and agricultural works in
Colombia plus good local herbarium and entomological
collections.
Specimens: 20, 000 herbarium: Colombia, Chiefly
Antioquia; parasitic fungi

11, 000 volumes

11.4 Instituto de Ciencias Naturales
Universidad Nacional de Colcm.bia
Apartado Aereo 7495

Bogota, Colombia

The chief national Colombian center for basic research
in the various fields of natural history. Modern institute
building houses fine, well-curated, research collections
of the very rich Colombian fauna and flora as well as
associated library. Collections are particularly strong
in the fields of botany (vascular plants), ornithology,
ichthyology, herpetology, and mammalogy.

11. 5 Universidad Nacional, Facultad de Agronomi'a del Valle
Palmira, Colombia

23, 000 specimens
Herbarium: Territory of Colombia, chiefly state of
Valle del Cauca

"314



12.0 CONGO REPUBLIC

12. 1 Directioa d--s mines et de la geologie

Haut-Commissariat de la Republique
B. P. 12
Brazzaville, Congo Republic

Geology, mining, chemistry

500 volumes, 1000 brochures, 60 periodicals

12. Bibliotheque centrale
Institut d' etudes centre africaines (lEC)
B. P. 181
Brazzaville, Congo Repoblic

Pedology, hydrology, entomology and geography
6, 500 volumes and brochures, 500 periodicals

12. 3 Institut d' etudes du CDngo
Brazzaville, Congo Republic

-erbarium with 9000 specimens

13.0 CONGO, REPUBLIC OF

13.1 Bibhiotheque centrale en Afrique
Institut National pour 1' e-ude agronomique du Congo

(INEAC)
Yangambi, Province Orientale, Republic of Congo

17, 000 volumes and brochures, 806 periodicals,
100, 000 specimens in herbarium of Congo & Ruanda-Urandii

13. Z Bibliotheque centrale
Service Geologique du government central de la Republique
democratique du Congo
44, Avenue des Avileries
B. P. 898

Kinshasa 1, Republic of Congo

Geology, geological maps, mineralogy, and related
sciences
7000 volumes, 600 periodicals, 769 geological maps

3
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13.0 CONGO, REPUBLIC OF (contd)

13.3 Bibliotbeque publique
26 Avenue vau Gile
B. P. 410
Kinshasa, Republic of Congo

Zb, 000 volumes

13.4 Institut pour la recherche scientifique
en Afrique Centrale (IRSAC)

Kinshasa, Republic of Congo

Maintains specimen collections of birds, mammals and
fish of Central Africa

3. 5 Institut "our la rocherche scientifique
en Afrique centrale (IRSAC)

Bibliotheque centrale
Centre de Lwiro
Depeche Speciale
Bukavu, Kivu, Republic of Congo

33, 000 volumes, 2800 periodicals, 100 microcopies
Separate map and photo department

13.6 Service Meteorologique du Congo
Kinshasa, Republic of Congo

Physical sciences including meteorology
1200 volumes, 2000 brochures, 60 periodicals
Records and data of surface and upper air observations.

14.0 COSTA RICA

14. 1 Biblioteca Nacional

Calle 5, Averidas 1/3
San Jose, Costa Rica

100, 000 volumes

*14.2 Instituto Interamericano de Ciencias Agricolas (tUCA) de la OEA
Tropical Research and Graduat- Training Center
Turrialba, Costa Rica

Institute does research and publishes material on
tropical agriculture. Has one of the best forestry,
agricultural and related sciences libraries in Latin4 America.
17, 000 books, 1200 current periodicals, 180 theses,
and 60, 000 pamphlets

14.3 Museo Nacional
Apartado 749

San Jose, Costa Rica
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14.0 COSTA RICA (contd)

Herbarium with about 34, 320 specimens

15.0 CUBA

15. 1 Biblicceca General de la Universidad de la Habana
Habana, Cuba

LOO, 000 volurns

15.2 "Herbario de La Sal e", Colegio de La Salle
Calle 13 n. 608
Vedado, Habana, Cuba

50, 000 specimens
Herbarium: Cuba znd Antilles

16.0 ECUADOR

16.1 Biblioteca "Hispano Ameri:ana"
Apartado Postal 133
Cuenca, Ecuador

25, 000 volumes

16.2 Instituto Ecu;. toriano de Ciincias Naturales
Apartado 40E
Quito, Ecuador

A bibliographic source of all sorts of generalized
scientific information about the natural history of Ecuador.
Zoological museum has spe,-imen collections of Ecuadorian
iauna.

17.0 ENGLAND

17.1 Bodleian Library

Oxford University
Oxford, England

General book collection and important map collection
2, 250, 000 volumes
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17.0 ENGLAND tontd)

*17.2 British Museum Library

Great Russell Street
Bloomsbury, London, W. C. 1. England

General book collection aad important map collection
6, 000, 000 volumes

17.3 British Museum - Natural History
Botanical Department

Cromwell Road
London, S. W. I, England

Herbarium, Library

17. 4 Bureau of Hygiene and Tropical Diseases Library
Keppel Street, Gower Street
London W.C.1, England

Collection of irnformation on tropical diseases

42, 000 volumes

.7.5 Cambridge University Library
Cambridge, England

General book collection and important map collection
2, 000, 000 volumeb. Tropical emphasis on Ceylon,
Nigeria and Peru.

17. o CCTA/CSA Publications Bureau
Watergate House, York Buildings
London, W. C. 2, England

A collection of specialized reports on conferences on
Africa south of the Sahara. Limited number, but useful
for learning wha; is going on, names and addresses of
"authorities" and bibliographical lists. Well worth a visit
by research workers, although hardly a document center

of the size of primary depositories.

17.7 Commonwealth Bureau of Soils
Rothamsted Experimental Station
Harpenden, Herts, England

Clearing house for worldwide information on soils

3r
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17.0 ENGLAND (contd)

17.8 Commonwealth Forestry Institute
Oxford Uaiiversity, Department of Forestry
South Parks Road

Oxford, England

Extensive library, map collection and herbarium of
110, 000 specimens, mostly woody, mainly from tropical
parts of British Commonwealth. Attempts world coverage
in forestry. Maintains world bibliography of forests.

17.9 Commonwee.lth Mycological Institute (CMI)
Ferry Lane
Kew, Richmond, Surrey

Herbarium: 93,500 specimens, mainly Commonwealth micro-
fungi.
Library

*17. 10 Directorate of Overseas Surveys

Kingston Road
Tolworth, Surbiton, Surrey, England

Major holding agency for mapping former British colonies

17.11 India Office Library
Commonwealth Relations Office
King Charles Street
London, England

A collection of writings on India, government reports,
historical documents, records, etc.
Z90, 000 volumes and MSS

17.1Z Liverpool Museum, City of
William Brown Street
Liverpool, England

170, 000 specimens, worldwide herbarium
Important collections: Indian collections of John
Forbes Royal and others

17.13 Liverpool School of Tropical Medicine Library
Pembroke Place
Liverpool, England

Emphasis on tropical medicine, diseases and prevention
14, 000 volumes

17.14 Meteorological Office
London Road

Bracknell, Berkshire, England
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17.0 ENGLAND (contd)

Research and published meteorological data on the
humid trcpics

17.15 National Central Library
Malet Place
London, England

Through a system of interlibrary loans this library has
swift access to 20, 000, 000 volumes. A general collection

17.16 Royal Asiatic Society Library
56 Queen Anne Street
London, England

Library's holdings deal with Asian geography and related
topics
78, 000 volumes

17.17 Royal Botanic Gardens
Kew, Richmond,
Surrey, England

Herbarium, library, living plant collection
Tropical Africa, Asia and Australia

*17. 18 Royal Geographical Society Library
Kensington Gore S. W. 7
London, England

The society aiso maintains a superior map collection.
Its library is geographic in nature, worldwide in scope.
100, 000 volumes

17.19 Tropical Division
Buildiag Research Station

4Fi Garston, Watford, Herts, England

Maintains information on such subjects as thermal
discomfort, painting, building, housing and planning
matters in the tropics.

17. 20 Tropical Products Institute
Departmert of Scientific and Industrial Research
56-62 Gray's inn Road
London, W.C. 1, England
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17.0 ENGLAND (contd)

A collection of information on tropical plant and z.nimal
products

17. 21 Tropical Section, Road Research Laboratory
Harmondswortfh, Wcet Drayton
Middle sex, England

Maintains information on road building and maintenance

in the tropics

17. 22 School of Oriental and African Studies Library
University of London
London, England

A collection of volumes with emphasis on African and

Asian subjects and of a general topical scope
230, 000 volumes

18.0 FIJI

18.1 British Council Library
Fiji Trading Company Building

Suva, Fiji

10, 000 volumes

18. 1 Fiji Department of Agriculture
Suva, Fiji

Herbarium - number of specimens about 30, 000,
flora of Fiji, particularly plants of economic importance.

Small collection of locally harmful and beneficial insects

is maintained.

19.0 FRANCE

19. 1 Bibliotheque de la Faculte des lettres et de la Faculte
des sciences

17 rue de la Sorbonne
Paris, France

Genieral collection, museum
1, 500, 000 volumes

19. 2 Bibliotheque de l'Institut de geographie

191 rue Saint Jacques
Paris 5e, France
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19.0 FRANCE (contd)

Collection of general geographic works, important map
collection
86, 000 books and maps

19.3 Bibliotheque nationale
58 rue de Richelieu
Paris Zme, France

General collection with some specialized holdings on
present and past French colonies, important map collection
6000 volumes

19.4 Centre documentaire pour l'oceanie
293 Avenue Daumesnil
Paris 12, France

Library (microfilms, collection of unpublished material
of explorers and missionaries)

19.5 Laboratoire de botanique tropicale
Avon (Seine- et- marne)
France

Number of specimens: 20, 000
Herbarium: West Africa, Brazil, Guyana, Indochina
Important collections: R. Schnell

19. b Museum national d' histoire naturelle
57 rue Cuvier
Paris Se, France

Large herbarium and library
500, 000 volumes and 5, 000, 000 specimens especially
from Madagascar, Tropical Africa, Indo-China, Oceania,
French Antilles, French Guiana

J "*19.7 Office de la recherche scientifique et technique d'outre-mer
(ORSTOM)

24 rue Bayard
Paris 8e, France
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19.0 FRANCE (contd)

Documentation, research and carto..j phic center for
overseas investigations with a useful ,entral library of
published and unpublished material. For France outre-mer

see also French Guiana and New Caledonia.

20.0 GAMBIA

British Council Library
Clifton Road
Bathurst, Gambia

15, 000 volumes

21.0 GERMANY, FEDERAL REPUBLIC OF (WEST)

21.1 Deutscher Wetterdiens.
Seewetteramt
Ber'ihard-Nocht-Strasse 76
2 Hamburg 4, Germany

Punch card archives with data from 1951 for about 140

stations in tropics

11. Z Geographischer Institut
Justus -Liebig-Universit•t Giessen
Ludwigstrasse 28
Giessen (Hesse), Germany

Library is excellent on West Africa and specializes in

air photos and maps

21.3 Hydrobiologische Anstalt der Max-Planck-
Gesselschaft 2, F. d. W. (HAMPG)

August Thieneinann-Str. 2
Postfach 89
PlSn (Holstein), Germany

Lil rary: 17, 000 volumes, 40, 000 reprints, 300 periodicals
Primary area of emphasis is Am azonia
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21.0 GERMANY, FEDERAL REPUBLIC OF (WEST) (contd)

21.4 lbero-Amerikanische Bibliothek
G&trtnerstrasse Z5-32
Berlin- Lankwitz, Germany

Library: 325, 000 volumes

21.5 Institut f•ir Geographie und Wirtschaftsgeographie
Universitat Hamburg
Rothenbamnchausse ZI/Z3
2000 Hamburg 13, Germany

Library: 60, 000 volumes

21.6 Landwirtschaftliche Hochschule Hohenheim.

Stuttgart - Hohenheim, Germany

Centre for research in tropical agriculture and ecology.

Small, but specialized library holdings

21.7 Lehrstuhl f-:'r Welforstwirtschaft
2057 Rein1,ek,
Bezirk, Hamburg, Schloss, Germany

Centre for research on world forestry. Strong tropical

section
Library: 33, 000 volumes, 348 current periodicals, Inter-

national documentation center. Collection of 15, 000 wood

samples

21.8 Rheinische Friedrich- Wilhelm-Universitat Bonn

Geographisches Institut
Meteorologisches Institut
7 ranziskanerstrasse 2
53 Bonn, Germany

Geographic institute has an excellent library of 50, 000

volumes, air photo and map collection with the emphasis

upon Tropical Highlands of Latin America, East Africa

and Southern Asia. Meteorological library with strong

tropical holdings
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21.0 GERMANY, FEDERAL REPUBLIC OF (WEST) (contd)

21.9 Staatsinstitut fur allgemeine Botanik und Botanischer Garten
Jungiusstrasse 5,
Hamburg 36, Germany

About 700, 000 worldwide specimens
Important collections are Ule (Brazil), Hans Winkler
(Borneo)

22.0 GHANA

22.1 Balme Library
University of Ghana
Legon-Accra, Ghana

After Ibadan, this is probably the best center for
documentation and research in former British West Africa.
50, 000 specimens; angiosperms, pteridophytes, algae
and fungi of Ghana, the Cameroons and other regions of
West Africa
180, 000 books, 3500 periodicals

22.2 Geological Survey
P.O. Box 98
Saltpond, Ghana

Geology and Geophysics
6000 v-lumes and pamphlets, 20 periodicals

22.3 Soil and Land-Use Survey Department
Private Mail Bag
Kumasi, Ghana

Soil science and general agronomy; chemistry; geelogy
and geomorphology; botany and plant ecology; climaltology;
hydrology; geography
600 volumes, 1000 pamphlets, 50 periodicals

22.4 University College of Ghana
Achimota, Ghana

325
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22.0 GHANA (contd)

Agriculture, archaeology; botany; chemistry; classics;
economics; education; geography; geology; history;
Smathenmatics; philosophy; physics; zoology

70, 000 volumnes and pamphlets, 1500 perirdicals

22. 5 University of Science and Technology
Library
Kurnasi, Ghana

24, 000 volumes

23.0 GUATEMALA

Biblioteca Nacional

8a Calle y 5a Ave.
Zona i
Guatemala, Guatemala

80, 000 volumes

24.0 HONDURAS

Escueia Agz-cola Panamericana
Agricultuxal School

Zamorano Valley
Tegucigalpa, Honduras

Has the finest botanical library and herbarium in Central
America. A botanicai research center. School possesses
good library, has staff of research botanists, herbarium
and other facilities. 90, 000 specimens, tropical and
subtropical flora.

25.0 INDIA

*25.1 Botanical Survey of India
* Museum House

27 Chowringee
Calcutta, India

Library and herbarium, 1, 000. 000 specimens
Other botanical survey of India
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25.0 INDIA (contd) j
Herbaria and centers at:
Coimbatore: 125, 0011 specimens

Poona: 85, 000 bpecimens (Western India)
Shillong: 70, 130 specimens (Eastern India)

Z5. 2 Commonwealth Institute of Biological Control
Indian Station, Bellary Road
P. 0. Box 1503
Bangalore 6, India

Maintains large specimen collection and participates in
specimen exchanges with many different institutions.
Botanical survey of India

25.3 Forest Research Institute
New Forest Post Office

Dehra Dun, India

In its three branches it maintains a large collection of
forest insects and pests. More than 300, 000 specimens,
of India, Pakistan and Burma
Librar): 20, 000 volumes, 4, 000 periodicals, 20, 000
pamphlets

25.4 Indian Agricultural Research Institute
Division of Entomology
New Delhi, India

Collection consists of more than 120, 000 specimens
belonging to various orders of the Class Insecta. Division
of botany, number of specimens: 5500

*25. 5 Indian National Scientific Documentation Center (INSDOC)

c/o National Physical Laboratory of India
Hillside Road
New Delhi 12, India

A leading research center, long-established with a good
tradition for scientific work in tropical conditions

25. 6 International Commission on Irrigation and Drainage
Central Office, 184 Golf Links Area
New Delhi 3, India
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25.0 INDIA (contd)

Commission maintains a technical library on irrigation
and drainage and acts as center for answering questions
on irrigation and drainage problems.

Z5. 7 Jute Agriculture Research Institute (JARI)
Barrackpore
West Bengal, India

Collection of insects which are damaging to jute and
other fibre crops. Library: 4, 200 volumes; 115 periodicals

25.8 Malaria Institute of India
22 Alipore Road, Civil Lines
Delhi, India

A large collection of disease-bearing and parasitic
insects. Large reference library in entomology

25.9 Meteorological Office, Poona

Government of India
Ganeshkind Road
Poona-5 India

Library: 50, 000 volumes, variety of periodicals.
Collection of climatological data. Institute of
Tropical Meteorology (ITM) is also located here.

25.10 National Atlas Organization
1, Acharya Jagadish Bose Road
3ra Floor

Calcutta 20, India

Library: 5, 000 volumes, 80 periodicals
Collection of over 18, 000 maps and atlases

25 11 National Library
Belvedere
Calcutta 27, India

General collection with emphasis on India, important
map collection
1, 030. 000 volumes

3
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25.0 I NDIA (cntd)

""5. 12 International Society for Trop'cal Ecology
Botany Department
Banares Hindu University
Varanasi 5, India

Angiosperm collections

Z5.13 Sugarcane Research Institute
Pusa PO
District Darbhanga
Bihar, India

CoIection of insect pests and parasites harmful to
sugarcane. Library: 2, 000 volumes, journals and
periodicals

*25.14 Zoological Survey of India

3-z Chittaranjan Avenue
Calcutta 12, India

A collection of over 625 000 zoological specimens is
maintained. 30, 000 volumes. Library is one of the
first zoological collections in Asia

26.0 INDONESIA

26.1 Bibliotheca Bogoriensis
Djalan Raya 20
Bogor, Indonesia

150, 000 volumes

26.2 Bogor Botanical Gardens (Lembaga Hortus Botanicus Boporiensis)
Bogor, Indonesia

Large iierbarium, good library. Complete taxonomic and
floristic inventory of plants in Indonesia with attention to
adjacent countries.

26.3 Bogor Zoological Museum I i

Bogor, Indonesia

A large specimen collection is maintained.
The collected specimens are mainly frnm the Indonesia "
Archipelago, large herbarium, 1, 000, 000 specimens
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26.0 INDONESIA (contd)

26.4 Library
Central Research Institute for Forestry
P.o. Box 606
Bogor, Indonesia

52, 000 volumes and 45, 000 specimens on tree species
Indonesia

26.5 Library of the Geological Survey
Djalan Disponego 57
Bandung, Indonesia

40, 000 volumes

Z6. 6 Meteorological & Geophysical Institute (Lembaga Meteorologi
dan geofisik)

Tjalan Gereda Inggris 3
Djakarta, Indonesia

Large Library, Records & data on rainfall, sunshine,
climatic variations in Indonesia

27.0 ITALY
I

Z7.1 Biblioteca Nazionale Centrale
Piazza de Cavalleggeri LA
Florence, Italy

General book collection and important map collectiou.
4, 000, 000 volumes

4: 27. Z Instituto Agronomico per lVoltremare
Via Cocci 4
Firenze, italy

Concerned with agriculture in tropical aud subtropical
countries. Since W. W. II its major activities relate
to Africa in general, Latin America, the middle and
near east.
40, 000 books, 720 periodicals, Z3, 000 miscellaneous
documents, 2300 maps, 60, 000 photographs (52, 000
negatives). Tropical plant index, museum of tropical
products.
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28.0 IVORY COAST

28. 1 Centre des sciences de la nature
Abidjan, Ivory Coast

A good center, formerly attached to IFAN (Dakar) and with

close connections with the nearby agricultural and forest
research station run by ORSTOM (see 27. 2).
Number of specimens: 4500
Herbarium: West Africa

Z8. 2 Institut d' etudes et de recherches tropicale (IDERT-ORSTOM))
B.P. 20
Abidjan, (Station d' Adiopodonrme), Ivory Coast

Specialized library (2, 500 volumes) on tropical regions,
entomology, pedology, geology and hydrology

29.0 JAMAICA

29.1 Royal Botanical Gardens
Hope, Kingston, Jamaica, BWI

Aboretum of tropical plants, Eiizabethtown

29.2 Library
Institute of Jamaica
Science Museum
Kingston, Jamaica, BWI

Library, herbarium
50, 000 voluiies, 55, 000 specimens from the Caribbean

30.0 JAPAN

*30.1 Tokyo Uni'versity Library
Motofujicho, Bunkyo-ku
Tokyo, JLpan

General collection; broad emphasis on Southeast Asia
Herbarium of the Botanic Gardens, horticultural and alpine
plants, 10, 000
2, 660, 000 volumes
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1 30.0 JAPAN (contd)

I 30.2 Center for Southeast Asian Studies

Department of Geography
Rikkyo University
Toshima-ku
Tokyo, Japan

Small, but specialized library on Southeast Asia

31.0 KENYA

31.1 Coryndon Memorial Museum
Nairobi, Kenya

Maintzins large specimen collections of mammals, birds,
reptiles, fish and amphibians and insects. (The East
African Herbarium, incorporating The Arr Ani Herbarium
of the East African Agriculture and Forestry Research
Organization and the Coryndon Memorial Museum)
Specimen3: Mainly Uganda, Kenya, Tanganyika,
Zanzibar, Northern Rhodesia and Nyasalaad.

31.2 East African Literature Bureau Library
P.O. Box 30022
Nairobi, Kenya

Comprehensive collection on East Africa
40, 000 volumes

I
I, 31.3 East African Agriculture, Forestry, and Veterinary (EAAFRO

& EAVRO) Research Organizations
Library
P.O. Box 21
Muguga, Kikuyu, Kenya

Collection of 51, 000 specimens mostly insect pests and
plant parasites. Large library contains information on
agriculture, forestry, botany, soil science, ecology-
Africana

*31.4 East African Meteorological Department (EAMD)
P.O. Box 30259
Nairobi, Kenya
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31.0 KENYA (contd)

Meteorology; climatology; geophysics
3000 volumes, 20, 000 pamphlets, 66 periodicals

31.5 Grasslands Research Station
Department of Agriculture
P.O. Box 450

Kitale, Kenya

Herbarium collection of pressed specimens of East African
grasses

12.0 MALAGASY REPUBLIC (MADAGASCAR)

32.1 Institut de la recherche scientifique de Madagascar

B.P. 434
Tananarive, Malagasy Republic

Soil, fauna, flora, hydrology
Specialized library: 1, 000 volumes, 420 periodicals
About 50, 000 specimens. Herbarium: Madagascar,

the Comores, the Mascarenes

3Z.Z Plan geologique de Madagascar
B.P. 322

Tananarive, Malagasy Republic

Geology, geologic maps
2000 volumes, 10, 000 brochures, 150 periodir.als

32.3 Service Meteorologique
B.P. 1254
Tananarive, Malagasy Republic

Local weather and climatic data, records and reports

33.0 MALAYSIA(Including SINGAPORE)

33.1 Department of Agriculture
Government of Malaya
Kuala Lumpur, Malaya

Maintains a collection of Malayan insect specimens.
Herbarium and mycological collections
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33.0 MALAYSIA (Including SINGAPORE) (conkd)

33.2 Malayan Forest Research Institute (FRI)
Kepong, Selangor, Malaya

Number of specimens: over 65, 000 sheets.
Herbarium: rrees of Malaya, Borneo, Sarawak, Brunei
Library: 4, 000 volumes. 3, 000 bark and timber specimens

33. 3 Library of the University of Malaya in Kuala Lumpur
Puatri Valley
Kuala Lumpur, Malaya

Centre for tropical research (botany, zoology)
56, 000 volumnes

33.4 Malayan Meteorological Service
Fuller Building
P.O. B.N 715
Singapore 1,

Data and records of surface and upper air observations

33.5 National Library
Stamford Road
Singapore 6

170, 000 volumes

33.6 RuLber Research Institu& of Malaya QRRIM)
P.O. Box 150
Third Mile Ampang Road
Kuala Lumpur, Selangor

2. Characteristics of holdings: Agricultural aspects of
natural rubber, cover crops, soil surveys, plant
diseases, etc.
15, 000 books, 450 current periodicals, 350 noncurrent
periodicals, 300 maps, 200 microcopies

33.7 Singapore Botanical Gardens Herbarium

Singapore 10

About 400, 000 specimens
TLargest herbarium of Malayan plants, living plant
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33.0 MALAYSIA (Including SINGAPORE) (contd)

collections. Malaysian Islands and Malaysia,
Philippines and New Guinea
Library: 8, 000 folumes, Z30 current periodicals

33.8 University of Singapore
is Bukit Timah Road

Singapore 10

A long-established center (formerly Raffles CoLitcr) with
a good r-ference library. Medical school has developed
much material on bioclimatology of the tropics.
300, 000 books, 3000 periodicals, 11, 000 microcopies
Department of Geography produces "The Journal of
Tropical Geography".

33.9 Sarawak Museum
Kuching, Sarawak, Malaysia

About 25, 000 specimens
Herbarium: Borneo
Library: mainly reference, specializes on Borneo

33.10 Forest Department
Box 311
Sandakan, Sabah (North Borneo), Malaysia

12, 000 specimens
Herbarium: Flora of North Borneo with special emphasis
on the Dipterocarpaceas

33.11 Geological Survey Department
Box 211
Jesselton, North Borneo, Malay Station

Technical library, airphoto collection. Topographic
Geologic and hydrologic map collection

34.0 MARTINIQUE

Bibliotheque Schroeicher
Fort-de-France, Martinique f -i
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35U MtXIkU
35.1 Biblioteca Nacional

, Republica del Salvador 70
Mexico City, Mexico

General collection with emphasis on Mexico.

111, 953 MSS, 500, 000 volumes

35.2 Instituto M'xicano de Recursos Naturales Renovables (IMRNR)

Dr. Vertiz 724
Mexico 19 D. F.

Library specialized in natural resources of Mexico; 6, 000

volumes, 30, 000 pamphlets, 120 current periodicals

*35. 3 Biblioteca

Instituto Panamericano de Geografia e Historia (IPGH)
Ex-Arzobispado Z9
Mexico 18, D. F.

The library at PAIGH headquarters now contains more
than 100, 000 books, periodicals, documents, maps,
atlases and catalogs pertaining to the Americas, and the
collections are growing at :he rate of 12, 000 - 14, 000
items per year. It constitutes the most comprehensive
and best organized collection, in Latin America, of
works pertaining to the cartography, geography and history
of that area.

35. 4 Biblioteca
later-American Association of Sanitary Engineering
Alfonse Herrera 11-103
Mexico 4, D.F., Mexico

Emphasis on problems of sanitation in the tropics.

35. 5 Officina de Meteorolofia
Direccion de Geografia y Meteorologia
Avenida del Observatorio 192

, Tacubaya, Mexico D. F.

Maps, reports, records and data of weather and
climate of Mexico

4' 35. 6 Biblioteca

A Sociedad Mexicana de geograft'a y Estadistica
Calle te Justo Sierra 19
Apartado 10739

* Mexico D. F.

SLibrary has 80, 000 volumes with emphasis upon Mexico

and Middle America

35.7 UniveTadad Nacional Autonoma de MeXico
SHer±,.-. Nacional del Instituto de Biolog~ia

*• Casa del Lago, Chapultepec, Mexico, D. F.

_'A 100, 000 specimens
Herbarium: Mexico

t7 .336
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36.0 MOZAMBIQUE

36. 1 Biblioteca dos Servicos de Agricultura
C.P. 250
Lourenro Marques, Mozambique

30, 000 volumes

36.2 Servico Meteorologico de Mocambique (SMM)
C.P. 256
Lourenco Marques, Mozambique

Astronomy; seismology; meteorology

500 %olumes, 120 pamphlets, 60 periodicals

37.0 NETHERLANDS

37.1 Central Library
Royal Tropical Institute (RTI)

63 Mauri, .kade
Amsterdam, T.*ie Netherlands

Mainly oa tropi-l1 areas held now or in the past by the
Netherlands. Photogrammetry, important map collection
55, 000 volumes. Emphasis upon soil science, agriculture

37.2 Department for Systematic Botany of the Botanical Laboratory
Gr. Rozc.nstraat 31

Groniagen, The Netherlands

100. 000 specimens - Herbarium: Bryophytes of the I
Malaysian Region j

37.3 Flora Malesiana Foundation (FMF)

c/o Rijksherbarium

Scholpenkade 6
Leiden, The Netherlands

Extensive collections of data, large he rbarium and I
library, specializes in Indonesia, Malaysia and Surinam

1, 800, 000 specimens

37.4 International Association of Soil Science

c/o Royal Tropical Institute
63 Mauritskade
Amsterdam, The Netherlands,

Tropical sails

-A.
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31.0 NETHERLANDS (contd)

37.5 International Institute for Land Reclamation anti improvement
P.O. Box 45
Wageningen, The Netherlands

Institute provides bibliographic information on humid
tropic soils

37. t. Inter:tational Training Centre for Aerial Survey (ITC)
3 Kanaalweg
Delft, The Netherlands

Collection of aerial photographs of tropical forests

37.7 Physical Geography Labc-atory
221 Sarphatistraat
Amsterdam, The Netherlands

Collection of field data, soil sections from Surinam and
other areas

37.8 Botanical Museum ana Herbarium
106 Lange Nieuwstraat
Utrecht, Netherlands

About 350, 000 specimeiis
Herbarium: worldwide, mainly Surinam, Netherlands,
Antilles, etc.
Important collections: Miquel, Suriname; collections
from N. Guinea. Library specializes in taxonomy and
geography of South American plants

38.0 NEW CALEDONIA
A-o

38. 1 Institut francais doceanie
7- Office de la recherche scientilique et technique • outre-mer

(ORSTOM)
.-. •B.P. 4

Noumea, New Caledonia

Maintains a collection concerned with medical, veterinary
and economic entomology; agriculture and the physical
environment
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38.0 NEW CALEDONIA (contd)

38.2 Library
South Pacific Commission (SPC)
P.O. Box9
Noumea, New Caledonia

Specialized library (23, 000 volumes) j

39.0 NEW ZEALAND I
j

Library University of Auckland

Auckland, New Zealand

Provides a useful base from which to work i:i the South
Pacific Area

40.0 NIGERIA

40.1 Federal Dept. of Forest Research
P. M.B. 5054
Ibadan, Nigeria

Forestry and allied subjects
8, 500 volumes and pamphlets, ZZ periodicals
40, 000 specimen herbarium on tropical Africa

4(. Z Geological Survey
P. M.B. 2007
Kaduna Junction, N. Nigeria

Geology and cognate sciences
7, 000 volumes, 1550 pamphlets, 36 periodicals

40.3 Hydrological Branch
Department of Inland Waterways
Ministry of Transportation and Aviation

Lagos, Nigeria

3, 000 volume library, and water supply papers,
river flow data, records oi water levels and

discharges

3 '
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40.0 NIGERIA (contd)

40.4 Meteorological Office
Lagos, Nigeria

*40. 5 Library, University of Ibadan

Ibadan, Nigeria

A collection of probably a million books and journals by
now. A magnificent Africana collection. The leading
center of research in iNigeria. Depository under Nigeria
copyright law for all publications published in Nigeria.
Headquarters of the National Archives of Nigeria. Good
departmental and institution special collections on Nigeria
and West Africa in particular, but most of Africa is well
covered.

40.6 University of Nigeria Library
Nsukka, Nigeria

Library contains a fine Nigerianak collection
472, 000 volumes

40.7 West African Meteorological Services
LagoL, Nigeria

Meteorology
500 volumes, 1000 pemphlets, 32 periodicals

41.0 PAKISTAN

41.1 Dacca University Litrary
Dacca, Pakistan

165, 000 volumes

41. 2 Department of Zoology
University of Punjab
Lahore, Pakistan

An excellent collection of Inde-Malayan termites
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42.0 PANANW

Biblioteca de la Universidad de Panama
Apartado 3277
Panama

125, 000 volumes

43.0 PARAGUAY

Biblioteca de la Sociedad Cientifica del Paraguay
Que. Espa.ia 505
Asuncion, Paraguay

30, 000 volumes

44.0 PERU

44.1 Bibliotecza Nacional de Agricolas
Centro Nacional de Investigaciones Agropecuario
Apartado 2791
Lina, Peru

National Agricultural Library (50, 000 volumes)

44.2 Museo de Historia Natural "Javier Prado"
Universidad Nacional Mayor de San Marcos
Apartado 1109, Avenida Arenales 1256
Lima, Peru

The only natural history museurrm in Peru. A herbarium of
100, 000 specimens of Peruvian plants. Collections of insects,
parasites, fishes, amphibians, and reptiles, birds, mrnam-nalti,
and fossils

44.3 Sociedad de Geagrafia de Lima
Jir6n Puno 456
Lima, Peru

Collection of geographic works with emphasis on Peru.
20, 000 volumes -
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45.0 PHILIPPINES

45.1 Department of Agriculture and Natural Resources
Manila, Philippines

45. 2 Division of Documentation
National Institute for Science and Technology
727 Herran St.
P.O. Box 774
Manila, Philippines

Prioi to World War II the best information source
orn Asian science and technology. Being rebuilt after the
war- now has fair collection.
20, 000 bound volumes, 2582 current periodicals,
Philippine maps

45.3 Library
National Muser.m
Manila, Phili.ppines

Good herbarium and library
85, 00) specimens chiefly of Philippines

* 45. 4 Philippine Weather Bureau
P.O. Box ZZ77
Mar sman Building
M.inla, Philippines

Library: summaries of data and records of synoptic and
climatological stations

45.5 University of Santo Tomas Library

Espana St.
Manila, P1ilippine s

Library contains a 72, 000 volume Filipiniana collection

i •174, 000 volumes

I
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46.0 PORTUGAL

46.1 Botanical Institute of the University of Coimbra
Coimbra

About 500, 000 specimens
Herbarium: worldwide
Important collections- herbarium of Angola and Mozambique

46.2 Institute of Botany (Museu, Laboratorio e Jardim Botanico),
Faculty of Science
Lisboa

About 500, 000 specimens

Herbarium--collections from overseas provinces

-A6. 3 Junta das Miss-oes Geograficas e de Investigares

Geograficas do Ultramar
Praga Pri'nicipe Real, 21
Lisboa 2, Portugal

9000 map collection for Portugal "Ultramar' , also see
Angola and Mozambique

47.0 RHODESIA

47.1 National Archives of Southern Rhodesia
Salisbury
Rhodesia

Collection totals in the region of 50, 000 volumes cn the
Rhodesias and (former) Nyasaland
Herbarium, Forestry Department, Ndola, N. Rhodesia.

8000 specimens

47.2 National Museum of Southern Rhodesia

P.O. Box 8540 Causeway
Salisbury, P hodesia

Collection contains 335, 000 zoological and entomological
specimens, the majority of -*hich were collected in
Southern Rhodesia.
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47.0 RHODESIA (contd)

47.3 Library
University College of Southern Rhodesia
Salisbury, Rhodesia

60, 000 volumes

47.4 Federal Herbarium, Branch of Botany and Plant Pathology,
Federal Department of Agriculture and Lands
P.O. Box 8100, Causeway, Salisbury, S. Rhodesia

About 140, 000 specimens
Herbarium: Flora of Rhodesia and Nyasaland
and other parts of Africa
Important collections: Eyles Herbarium, N.C. Chase
Herbarium. Also maintains a collection of over 1Z5, 000
insect specimens.

48.0 SCOTLAND

48.1 Center of African Studies
Fdinburgh University

2 Buccleuch Place
Edinburgh 8

Library contains African journals, newspapers, magazines,
microfilms; large amount of Africana in central university
library

48.•- Department of Botany
The University of Aberdeen
Aberdeen

About 60. 000 specimens
Herbarium: British flora and flora of Thailand
Important collection: Dr. A. F. Kerr's collections
from Thailand

48. 3 Departmeat of Botany
Uni'ersity o. Glasgow
Glasgow
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48.0 SCOTLAND (contd)

About 170, 000 specimens
Herbarium: worldwide

Important collections: W.J. Hooker, Walker Arnott,
Wight (India), Drummond (Australia), Beechey
andGillies (Peru)

4).0 SENEGAL

49.1 Bibliotheque
Universite de Dakar
Dakar, Senegal

49. Z Direction locale de Dakar
Bureau de Recherches geologiques et minieres
Route de l'Universite
B.P. Z68
Dakar-Fann, Senegal

Now has charge of the library of the former Geological
Bureau of ex-French West Africa.

5000 books, 35, 000 periodicals, 100 geological maps

*49.3 Biblioth~que centrale
Institut francais d' Afrique noire (LFAN)
B.P. Z06
Dakar, Senegal

Maintains a collection of over 400, 000 specimens
collected mainly in West Africa
49, 000 volumes, 3650 periodicals, 1800 maps, 1000
microfilms, 40, 000 photographs

49.4 Laboratory of Parasitology
Faculty v.f Medicine and Pharmacy

University of Dakar
Dakar, St aegal

Collection of specimens, mainly of medical and veterinary
interest

9--
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49.0 SENEGAL (contd)

49.5 Office de la r~cherche scientifique et technique outre-mer
(ORSTOM)

Dakar, Senegal

49.6 Service ge ographique de L' AOF
Dakar-Fann, Senegal

Mathematical geography (geodesy, cartography, geology,
and astronomy)
2000 volumes, 1000 brochures

4(. 7 Service meteorologique de L'AOF
•r~r-Fann, Senegal

Meteorology and physics
1005 volumes, 300 brochures, 50 periodicals

50.0 SIERRA LEONE

Library

Fourah Bay University

Freetown, Sierra Leone

Long established college with a useful local and general

documentation
30, 000 volumes

51.0 SOUTH AFRICA, REPUBLIC OF

Merensky Library
University of Pretoria
Pretoria, South Africa

Library maintains an Africana collection

240. 380 volumes
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52.0 SUDAN

Survey Department
Ministry of Mineral Re-o,-rces
P.O. Box No. 306
Khartoum, Sudan

53.0 SURINAM

Geologisch-mijnbouwkundige Dienst
Kleine Waterstraat 1
Paramaribo, Suriname

7000 volumes

54.0 SWEDEN

54.1 Biblioteca e Jnstituto de Estudios Ibero-Americanos
Stockholm School of Economics
Odengatan 61
Fack
Stockholm 6, Sweden

54.2 Botanical Department
Naturhistoriska Riksmuseum
Stockholm 50

About 2, 850, 000 specimens
Worldwide herbarium
Important co'lectlons: Regnellian collections from
Brazil, Ekman from West Indies, etc.

55.0 TANGANYIKA (TANZANIA)

55.1 Herbariuvo, .,: the Tanganyika Forest Department

c/o the Silviculturist
P.O. Box 42, Lushoto, Tanzania

About 4000 specimens, woody plants of Tanganyika j
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5F.0 TANGANYIKA (TANZANIA) (contdi

55.2 King George VI Memorial Library
P.O. Box 391

Tanga, Tanzania

t Comprehensive on Tanganyika
12. 500 volumes

55.3 Ministry of Agriculture and Cooperative Development
Tengeru, P.O. Box 3020
Arusha, Tanzania

56.0 THAILAND

56.1 Bangkok School of Tropical Medicine
University of Medical Science
Rajvithi Road, Phyathai
Bangkok, Thailand

Collection has emphasis on Southeast Asian medicine
Forestry
34, 000 volumes

56.2 Meteorological Office
Royal Thai Navy
Bangkok, Thailand

Records and data summaries of surface and upper
air observations

56. 3 Botanical Section, Plant Industry Division,
"Department of Agriculture, Bangkok

About 55, 000 specimens
Herbarium: General flora of Thailand

56.4 The Forest Herbarium, Section of Botany and Zoology,
Forest Products Research Division, Royal Forest Department
PPhaholyothin Highway
Bangkok

35, 000 specimens1 *Worldwide herbarium
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57.0 TRINIDAD AND TOGABO

57.1 Central Library of Trinidad and Tobago
20, Queen's Park East
Port of Spain, Trinidad

57.2 Imperial College of Tropical Agriculture
University of the West Indies
Trinidad, West Indies

About 25, 000 specimens
Herbarium: Angiosperms, Pteridophytes, Fungi and
Algae of Trinidad and Tobago, now being extended
to Caribbean ayea as a whole

53.0 UGANDA

58.1 Department of Lands and Survey
P.O. Box 361
Kampala, Uganda

Air photo library and local special purpose maps (soils,
vegetation, rainfall, etc.)

58.2 Geological Survey Department
P.O. Box 9
Entebbe, Uganda

All branches of geology
10, 000 volumes, 3000 pamphlets, 62 periodicals,
geologic maps

58.3 Kawanda Research Station
P.O. Box 265
Kamp ala, Uganda

t
Maintains a collection of more than 50, 000 entomological
specimens
25, 000 specimens--mainly Uganda flora, but some
material from other East Africaa territories.
Library: 6, 000 volumes; 125 periodicals - agronomy,
pests, soil, vegetation

34
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58,0 UGANDA (contd)

58.4 Makercre Herbarium, Makerer,; University College Library
Makerere
P.O. Box 262
Kampala, Uganda

Special East Africana collection
6000 specimens--primarily from Uganda, but also
some from elsewhere in East Africa, Sudan and
N. Rhodesia.
90, 000 volumes
Geography department has reference collection of the maps
of the East African Surveys (including a set of the I:7, 000, 000

series of German East Africa).

59.0 UNION OF SOVIET SOCIALIST REPUBLICS (USSR)

59.1 All Union State Library of Foreign Literature
Ulitsa Razina 12
Moscow, RSFSR

Library contains 2, 000, 000 volumes in 95 foreign

languages
4, 000, 000 volumes

59.2 A.M. Gorky Scientific Laboratory
Moscow State University
Mokhoraya 9
Moscow, RSFSR

General collection
6, 000, 000 volumes

*59.3 Central Scientific Agricultural Library

Orlikov Pereulok 1-11
Moscow, RSFSR

Deals with agriculture and soils on a worldwide basis.
2,500, 000 volumes
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59.0 UNION OF SOVIET SOCIALIST REPUBLICS (USSR) (conWI)

*59.4 Lenin State Library
Ulitsa Kalinina 3 and Ulitsa Marksa i Engelsa 14
Moscow, RSFSR

A general library containing 20, 000, 000 books,
magazines i.ud complete files of newspapers in all
languages of the Soviet Union and 160 foreign
languages plus 2, 500, 000 manuscripts.
Important map collection

*59. 5 Library of the Academy of Sciences of the USSR
Birzhevaya linia 1
Leningrad, RSFSR

0
6, 000, 000 volumes
General collection

59.6 Library of the Central House of the Soviet Army
Ploshchad Kommuny
Moscow, RSFSR

Mainly concerned with military and political volumes

on a worldwide basis.
3, 000, 000 volumes

59.7 State Scientific Library of the USSR
Moscow, RSFSR

General scientific library
3, 500, 000 volumes

60.0 UNITED STATES OF AMERICA (USA)

60.1. 0 California

60.1.1 San Diego State College
5402 College Avenue
San Diego, California 92115

Goed African holdings, especially former
French colonies; 250, 000 volumes

AA
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60.0 UNITED STATES OF AMERICA (USA) (contd)

60.1.2 San Diego Zoological Society & Library
P.O. B'x 551
San Diego, Califcrnra 92112

Z.,,o maintains largest collection of live animals in
the world.
1148 volumes, 140 bound periodicals, 150 pamphlets

60.1.3 Stanford University Library
Stanford, California 94305

General cclection and John C. Branner collection
started with 6000 items on Brazil.
2, 287, 332 volumes

*60. 1. 4 University of California, Berkeley Library
Berkeley. California 94720

Herbarium, Department of Botany

General collectiun--major Latin American holdings,
very complete biological sciences holdings.

1, ZZ5, 000 specimens. Worldwide herbarium
with specialization in the Americas.
2, 596, 5Z6 volumes

*60. 1. 5 University of California, Los Angeles, Library
405 Hilgard Avenue
Los Angeles, California 900Z4

General collection (2, 50-0, 000 volumes) with large holdings
on Africa, South Asia and Latin America. This library
also contains the largest collection of maps in tne Western
United States.

i•omredical IiJbrary (134, 098 volumes)
"Has large zuological and btaanical holdings.
Herbarium, Denartr•n~t of Botany, 300, 000 specimens,
worldwide herbarium, emphasis en subtropical ornamentals.

-•60.1. o. Univergity of California, San Diego, Lihrary
Scripps institute of Oceanography
Ta Jolla, California 92037

Maintains a large collection of worldwideoreanograrhic inforrmati~on

45, 851 volumes
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60.0 UNITED STATES OF AMERICA (USA) (contd)

60. 2. 0 Connecticut

Yale University Library
New Haven, Connecticut 06520

General collection, Southeast Asia and L!tin America
4, 309, 882 volumes

60.3.0 District of Columbia

60.3.1 Building Research Advisory Board
National Academy of Sciences
National Research Coun%;il
2101 Constitution Avenue, N. W.
Washington, D.C. 20418

Reports on housing and building in tropical areas.
10, 000 volumes

60.3.2 Institute of Social Anthropology
Smithsonian Institution
Washington, D.C.

Collects and makes available information on health
and living a) nditions in South America

60.3.3 International Monetary Fund Library
International Bank for Reconstruction

and Development Joint Bank Fund Library
19th and H Street, N. W.
Washington, D.C. 20025

Underdeveloped nations (land use, transportation)
50, 000 volumes, 60 vertical file drawers

60. 3.4 International Road Federation
1023 Washington Building
Washington, D.C. 20005

Serves as a collecting, publishing and distribution
agency for technical, econ-r.ic, statistical,
educational and other information on world roads.

35
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60.0 UNNITED STATES OF AMERICA (USA) (contd)

*60. 3. 5 Library of Congress

Ist Street & Independence Avenue, S. E.
Washington, D.C. 20540

General coalection, best U.S. depository; excellent
map library.
12, 750, 000 books and pamphlets, 3,125, 000 photo-
graphs, 400, 000 technical reports, 20, 000 periodicals

60. 3. 6 Pacific Vegetation Project
2101 Constitution Avenue, N. W.
Washington, D.C. 20037

Limited reference source on coral atolls and
Pacific island ecology.

*60.3.7 Pan American Union, Columbus Memorial Library
17th and Constitution Avenue, N. W.
Washington, D.C. 20025

Latin America collection
la5, 000 volumes, 175, 000 unbound periodicals

60.3.8 Tropical Health Office
Division of Medical Sciences
National Academy of Science
National Research Council
2101 Constitution Avenue, N. W.

4 Washington, D.C. 20418

Reference service on tropical diseases.

*60.3.9 United States Army Map Service Library
6500 Brooks Lane, N. W.

k ' Washington, D.C. 20025

fl Emphasis on topographic maps.
1, 800, 000 maps, 130, 000 volumes and periodicals

60.3.10 United States Botanical Gardens
245 First Street, S. W.
Washington, D. C. 20024

Maintains specimen collection of worldwide scope.

i354



60.0 UNITED STATES OF AMERICA (USA) (contd)
I

*60. 3. 11 National Agriculture Library
14th and Independence Avenue, S. W.
Washington, D.C. 20250

1, 212, 000 volumes including 20, 000 serial titles

*60.3.12 United States Geological Survey

General Services Administration Building
19th and F Streets, N. W.
Washington, D.C. Z0025

Geologic books collection and important map
collection
385, 379 volumes

60. 3.13 United States Naval Oceanographic Office
Department of the Navy
Washington, D.C. 20390

Collection consists of books, government reports,
technical and scientific data, periodicals,
industrial literature, project or administration
data and technical correspondence.

*60.3.14 United States Weather Bureau
24th and M Street
Washington, D.C. Z0025

Synoptic and summarized data from all the
weather services of the world.
145, 000 volumes

60. 3.15 Research Library Branch
Aeronautical Chart & Information Service
Air Force Office of Research
Washington, D.C. 20025

3 5
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60.0 UNITED STATES OF AMERICA (USA) (contd)

60. 3.16 United States National Museum, Smithsonian Institution
Washington, D.C. 20025

3, 000, 000 specimens
Worldwide Spec. North and South America

60.4.0 Florida

60.4.1 American Society of Tropical Medicine and Hygiene

3575 Saint Gaudens Road
Miama, Floridc 33133

Conducts research and pt'blishes papers
on tropical medi'ine and hygiene.

60.4. 2 Everglades Experiment Station Library

University of Florida
P.O. Box 37
Belle Glade, Florida 334-L0

Specialized library includes subjects of

tropical botany, sugarcane and rice.

7000 volumes

60.4. 3 Experimental Farm and Tropical Plant Research
Laboratories

Department of Botany

University of Miami

Coral Gables, Florida 33146

Conducts research on tropical plants and
plant adaptations to the tropics.

60.4.4 Hurst Laboratories

514 37th Street, N.
I ISt. Petersburg, Florida 33713

Laboratory conducts research on tropical plants.

60.4.5 Morton Collectanea
Botany Building Room 114

P.O. Box 8204

University of Miami
Coral Gables, Florida 33146
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60.0 UNITED STATES OF AMERICA (USA) (contd)

Plant identification service and case

history of plant injuries.

60.4.6 Radar Meteorological Laboratory
University oi lMai.ni
Merrick BuLding, Main Campue
Coral Gables, Florida 33146

A library is maintained for on-site inspection

60.4.7 Marine Laboratory
University of Miami
#1 Rickenbacker Causeway-Virginia Key
Miami, Florida 33149

Engages in basic research in tropical fisheries
and oceanography of the Caribbean area.

60. 5. 0 Georgia

60.5.1 Communicable Disease Center
U.S. Public Health Service
1600 Clifton Road, N. E.
Atlanta, Georgia 30322

Research and published information on many
tropical communicable diseases.

60.5.2 Library
University of Georgia
Athens, Georgia 30602

60. 6. 0 Hawaii

60.6.1 Agricu.3tural Experimeut Station Library
University -'. Hawa;,i
Honolulu, Hawaii 96814

357

,--



60.0 UNITED STATES OF AMERICA (USA) (contd)

60.6. Z Library, Experiment Station
Hawaiian Sugar Planters' Association
1527 Keeaumoku Street
Honolulu, Hawaii 96814

Library has nmaterial on tropical agriculture,
climate, crops, agronomy, botany, plant pathology
and physiology, forestry, sugar technology, and
entomology.

60.6.3 Library of Hawaii
478 S. King Street
Honolulu, Hawaii 96813

315, 000 volumes

60.6.4 Library, Hawaiian Pineappie Company
P.O. Box 3380
Honolulu, Hawaii 96814

Library is restricted to commercial firms and
university students. Collects information on
tropical agriculture.

60.6.5 Library
B.P. Bishop Museum
Honolulu, Hawaii 96817

Good herbarium and library
About 160, 000 specimens; herbarium - Polynesia,
Micronesia, Melanesia, Australasia, Indonesia,
and related areas. Insect collection

*60. 6. 6 ?acific Scientific Information Center
B.P. Bishop Museum
Honolulu, Hawaii 96817

Acts as a clearing house for in':nmation on the
Oceanic Pacific area. Important collection of
library materials on Polynesia.

60.6.7 Gregg M. Sinclair Library
University of Hawaii
Honolulu, Hawaii 96814

General collection with specialized collections
of Hawaiian and Oriental materials.

1A 317, 980 volumes
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60.0 UNITED STATES OF AMERICA (USA) (contd)

60.7. 0 Illinois

60.7. 1 Chicago Natural History Museum
Department of Bo'any
Chicago, Illinois 60605

Probably the ,.orld's largest collection of South American
plants; outstanding herbarium for tropical South America;
library adequate for advanced work on the tropics

60.7. 2 Northwestern University Library
Evanston, Illinois 60201

General collection and an excellent collection of
works on Africa.
i, 666, ZOO volumes•

60.7.3 University of Illinois Air Photo Repository
Committee on Aerial Photography
University of Illirois
Urbana, Illinois 61803

Annotated aerial photo stereograms of humid tropical
(aa well as other) areas. Showing vegetation terrain
and cultural features

*60.7.4 University of Illinois Library

University of Illinois
Urbana, Illinois 61803

General collection, fine map and geography
library subsections with excellent Latin
American and Asian, especially Indian, holdings
4, 000, 000 volumes

60.8.0 Indiana

Indiana University Library
Bloomington, Indana 47405

Collection of about 1-l/z million books and
journals with a growing special Africana
collection as part of the African studies program.
Geography map room at library has a collection of
African maps that is of exceptionally high quality

60.9.0 Louisiana

*60. 9. 1 Louisiana State University Coastal Studies Institute
Geology Department
Louisiana State University
Baton Rot'ge, Louisiana 70803

Maintains a reference file on subjects
related to coastal studies.
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60.0 UNITED STATES OF AMERICA (USA) (contd)

60.9.2 Louisiana State University Library
Baton Rouge, Louisiana 70803

Tropical emphasis is upor- geology, Caribbean
and Mexico (especially Yucatan).

701,410 volumes

60.10.0 Maryland

*60.10.1 Foreign Area Climatic Advisory Service
Office of Climatology
U.S. Weather Bureau
U.S. Department of Commerce
FOB #4
Suitland, Maryland 20025

Foreign climatolog~cal information.

60.10.2 United States Department of Agriculture
Sugar and Tropical Products Division
Room 6077, Building S
Foreign Agriculture Service
Beltsville, Maryland 20705

Conducts research and has holdings in
tropical agriculture.

60.10.3 World Soils Map
Soil Survey Investigations

U.S. Soil Conservation Service
U.S. Department of Agriculture
Hyattsville, Maryland

Worldwide collection of soils profiles.

60.11.0 Massachusetts

60.11.1 American Meteorological Society
45 Beacon Street
Boston, Massachusetts 02108

Society collects data and publishes abstracts and
bibliographies from over 100 different countries.
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60.0 UNITED STATES OF AMERICA (USA) (contd)

Can provide answers to technical questions on
many phases of meteorology, climatology and
geography.

60.11.2 Boston University
African Research and Studies Program
154 Bay State Road
Boston, Massachusetts 02115

Research centers on an interdisciplinary
review of Africa.

6G. 11. 3 Earth Sciences Division
U.S. Army Natick Laboratories
Natick, Massachusetts 01762

Conducts research and will make information
available on the geographic and climatic
conditions found in the tropics.
22, 000 volumes, 75, 000 reports

60.11.4 Harvard University Library
Cambridge, Massachusetts 02138

General collection, important map collection.
Library & Gray Herbarium at 22 Divinity Avenue,
Cambridge, Mass. and a botanical museum.
6, 848, 635 volumes and 1, 500, 000 specimens-
especially Mexico and West Indies

60.11. 5 Marine Biological Laboratory Library
Woods Hole Oceanographic Institute
Woods Hole, Massachusetts 02543

Tropical oceanography and meteorology
80, 000 volumes, 210, 000 pamphlets

60.12. 0 Mississippi

U.S. Army Research Center Library
Waterways Experiment Station
U.S. Army Corps of Engineers
Box 631
Vicksburg, Mississippi 39181
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60.0 UNITED STATES OF AMERICA (USA) (contd)

Special subjects: soil mechanics, flexible
pavement hydraulics and concrete research is
carried out on a worldwide scale.
60, 000 volumes

60.13.0 Missouri

Missouri Botainical Garden
St. Louis, Missouri 63110

Collection has some emphasis on tropical
botany.
Number of specimens: ca. 1, 700, 000.
Herbarium: worldwide
Spec: tropical and temperate America, Africa,
G ranmineae.

60.14. 0 New Jersey

Atmospheric Physics Branch
Meteorological Division
U.S. Army Electronics Research and Development

Agency
Fort Monmouth, New Jersey 07703

Branch conducts research and will make information
available on tropical meteorology.

60.15.0 New York

*60.15.1 American Geographical Society Library of New York
Broadway at 156th St.
New York, New York 10032

General geographic collection with a worldwide
scope. Excellent map collection.
158,133 volumes, 294, 537 maps, 31, 106 pamphlets,
41, 805 indexed photographs, 4, 211 atlases, 47 globes

60.15.2 American Museum of Natural History
New York, N.Y.
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60.0 UNITED STATES OF AMERICA (USA) (contd)

60.15.3 Library
Columbia University
New York, New York 10027

General collection. African, Asian and Latin
American Institutes and holdings in these areas.
Good geology library.

60.15.4 Cornell University Library
Ithaca, New York 14850

General collection with important zoological
holdings.
1, 812, 826 volumes

60.15. 5 Ford, Bacon & Davis Inc.
39 Broadway
New York, New York 10006

Maintains infor-mation on power plants, water
supplies, water power, and geology on a
worldwide basis.
15, 000 volumes, 25, 000 pamphlets, 110 vertical
file units

60.15.6 New York Botanical Garden Library
Bronx Park
Bronx, New York 10058

Herbarium: about 3, 000 , 000 specimens, world-
wide, 3pec. tropical America, Orient, Hawaii, etc.
Library specializes in botany, agriculture, herbals,
horticulture, and plant pathology.
65, 000 volumes, 100 vertical file drawers

*60.15.7 New York Public Library
5th Avenue & 4Znd Street
New York, New York 10018

General collection, excellent map collection
7,229,878 volumes

t
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60.0 UNITED STATES OF AMERICA (USA) (contd)

60.16. 0 North Carolina

United States Weather Bureau
National Records Center Archives and Library
Grove Arcade Building
Asheville, North Carolina

Herbarium, Meteorological
collection with worldwide scope.
7000 feet of manuscript weather records
1200 linear feet of published material
61, 500 reeis of microfilm of manuscript weather
records, analyzed synoptic charts, and TIROS
photos

60.17. 0 Pennsylvania

University of Pennsylvania Library
Philadelphia, Pennsylvania 19104

General collection, with emphasis upon South Asia.
1, 745, 000 volumes

60.18. 0 South Carolina

Laboratory of Tropical Diseases Library
U.S. Public Health Service
Drawer 189

Columbia, South Carolina 29202

Collection of information on tropical diseases

60.19.0 Virginia

-ý *60.19.1 Library, Central Intelligence Agency
" 2ta Langley, Virginia 20505

4 ___ •Excellent collection of essentially classified
materials.

,t0. 9. Z Defense Documentation Center (formerly ASTIA)

Cameron Station Building 5
Alexandria, Virginia 22314
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60.0 UNITED STATES OF AMERICA (USA) (contd)

Collects and disseminates DOD scientific and
technical reports. Classified and unclassified
materials.

*60.19. 3 Library
Defense Intelligen.:e Agency
Arlington Hall Station, Virginia ZZZi2

Excellent collection of essentially classified
materials.

60.19.4 Clearing house for Federal Scientific and
Technical Information

United States Department of Commerce
5285 Port Royal Road
Spi-7irgfield, Virginia 22151

Formerly Office of Technical Services. Center for
the collection and sale of technical reports resulting
from Government financed research and development.

60. Z0. 0 Wisconsin

Library
Aquarium Research and Experimental Society
P.O. Box 514Z
Milwaukee, Wisconsin 53204

Library maintains a collection on tropical fish.

60.21. 0 Canal Zone
60.21.1 Canal 7one Library and Museum

Balboa Canal Zone, Panama

Special collection dealing with history of canal

and works on Panama.
145, 000 volumes

60. 21. 2 Library, Canal Zone Biological Area
Smithsonian Institution
Balboa, Canal Zone, Panama

Library maintains reference ser-,ice on the
biology, geology, and meteorology of the Canal
Zone and Panama.

60. 21. 3 Panama Canal Company
Balboa Heights, Panamaa

Meteorological inlormation t

365



60.0 UNITED STATES OF AMERICA (USA) (contd)

60.22. 0 Puerto Rico

60. 22.1 Institute ol Tropical Forestry
U.S. Forest Service

P.O. Box 577
Rilo Piedras, Puerto Rico 00928

Institute conducts research on tropical forest
and watershed management. Library of 10, 000 volumes
About 3000 specimens
Herbarium: trees of Puerto Rico and Caribbean

60. 22. Z Puerto Rico Agricultural Experiment Station
University of Puerto Rico
Rio Piedras, Puerto Rico 009Z8

Acts as a consulting service on tropical agriculture.

60. 22. 3 University of Puerto Rico
Institute oi Caribbean Studies
Apartado B. M.

Rio Piedras, and Mayagiiez, Puerto Rico

Rio Piedras main facility. Mayagi'ez center serves as

clearing house for geological research in Caribbean.

b0.23. 0 Virgin Islands

Library
U.S. Department of Agriculture

Virgin Island Agricultural Research anti Extension Program

S4 Kingshill Post Office
St. Croix, Virgin Islands 00850

Maintains holdings on tropical agriculture and
animal husbandry.

61.0 VENEZUELA

61. 1 Instituto Botanico

Apartado 2156

"Caracia, Venezuela
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61.0 VENEZUELA (contd)
I

100, 000 specimen herbarium and a good basic libraiy,
Herbarium: Venezuelan plants

61. 2 Biblioteca Nacional
Caracas, Venezuela

General collection with special emphasis on Venezuela.
300, 000 volumes

61.3 Herbarium and Library
Universidad de Los Andes
Merida, Venezuela

61.4 Biblioteca
Instituto de Zoologia Tropical (IZT)
Facultad de Cidncias
Universidad Central de Venezuela
Apartado Sabana Grande 10098
Caracas, Venezuela

Library: 7, 000 volumes, collections of neotropical.
animals

3/
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APPENDIX C

AN INDEX OF AERIAL PHOTOGRAPHY

AND MAPPING COVERAGE OF THE HUMID TROPICS

TABLE NO. I - AERIAL PHOTOGRAPHY

TABLE NO. 2 - TOPOGRAPHIC & PLANIMETRIC MAPS

TABLE NO. 3 - GEOLOGIC MAPS

TABLE NO. 4 - SOILS AND LAND CAPABILITY MAPS

TABLE NO. 5- VEGETATION, LAND USE, ECOLOGY
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APPENDIX C

AN INDEX OF AERIAL PHOTOGRAPHY AND MAPPING
COVERAGE OF THE HUMID TROPICS

Initial steps in the attempts to assess the state of knowledge
of the humid tropic environment include a complete inventory of already
existing basic data. Inasmuch as aerial photography is an excellent source
of "'ta concerning the physical landscape, and maps are one of tae mobt
cort.mon and effective methods of depicting environmental information, the
following index is essential to the evaluation of the humid tropics.

The index presents information concerning the extent of
areal coverage, date of most recent, rovera ie, s,.ales, main holding
agencies, sources of addition3.l and more detailed information and other
remarks for each country in the humid tropics for each of the following
categories:

I - Aerial photography

2 - Topographic and planimetric maps

3 - Geologic maps

4 - Soils and land capability maps

5 - Vegetation, land use, ecology and
forest inventory maps

Values indicating extent of areal coverage refer only to that po:tion of each
country that is within the humid tropics (Note Figure 1. Chapte" I).

Climatological, hydrologic, transportation, city plan, anui
other pertLnent maps have been omitted because of tbe great difficultv and
complexity of obtaining and indexing such information, due primarily t,,
the lack of compiled index materials.

National and special plirpose atlases are listed on page D-16
of the KWIC Index, Humid Tropic Enviroamrental Lite.r.ture, Volume I of
this report. Special purpose maps, map catalogues and reports concerning
map coverage are listed on pages D-IZZl .hrough D-l.26 of the same volume.

Impcrtant compilations of ervironmental maps are indicated
in the body of the report. Reference snould be made to these spec-al
purpose listings for additional irformation, such as the series noted in
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Chapter IV WEATHER AND CLIMATE. ("An annotated bibliography of
Climatic Maps f ......... ") This series is produced by the Foreign Area
Section, Office of Climatology, U. S. Weather Bureau, ESSA, Washington,
D. C.

Such small scale map series a-s the World Aeronautical
Charts (1:250,000) and the USAF Operational Navigation Charts (1:1, 000, 000),
both published by the USAF Aeronautical Chart & Information Center, St. Louis,
Missouri, cover tie entire humid tropics and are not considered in the follow-
ing tables.

Primary sources for actual examination oý the maps and
aerial photographs are noted in Appendix B of thi- report. Individuals most
knowledgeable of the extent, status and availability of map and aerial photo-
graphy in the humid tropics are noted in Appendix A of this report under the
heading, Geodesy.

Plate No. I indicates the order of arrangement of the following

index. The alphabetic order of countries by continent is that which was estab-
lished for Volume I of this inventory. The plate also shows the page number
location for each country and the presence or absence of data according to
subject.

3d
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PLATE I

INDEX OF AIR PHOTO AND MAP COVERAGE

I ables Tables
LATIN AMERICA 1 213 415 Page AFRICA I Z 3 4 5 Page

Barbados x 374 Angola X x 415

Bh'l a 374 Burundi x x 416

Brazil 3-io Cabinda (Angola) x x 417

Brxtish Guiana 377 Cameroon 418

British Honduras 378 Central African Republic xx 419

Co-lombia 380 Chad 4.0

C:)=ta Rica 381 Comores Islands x x 422

Cuba x 383 Congo, French IU x 422

Dominica Island x xix 384 Congo. Belgian 4Z3

Dominican Republih 385 Dahomey x 425

Ecuador 38b Fernando Poo x + 42,

El Salvador 388 Gabon 427

French Guiana 389 Gambia x 428

Guadeloupe Island xj 391 Ghana 429

Guatemala 391 Guinea x x 431

Haiti 393 Ivory Coast 432

Honduras 394 Kenya 433

Jamaica x x 39b Liberia xix 435

Margarita Island 397 Madagascar x 436

Martinique x xx 398 Mozambique 437

Mexico 3Q9 Nigeria 438

Nicaragua 401 Northern Rhodesia 440

Panama 402 Nyasaland 441

Paraguay 404 Portuguese Guinea x 443

Peru 405 Rio Mum x x 444

Puerto Rico 407 Rwanda X x 444

St. Lucia Island x x 408 Senegal / 445

St. Vincent Island x x 409 Sierra Leone 447

Surinam x 409 (Southern) Rhodesia 448

Trinidad and Tobagc 410 Sudan 450

Venezuela 412 Tanganyika 451

West Indies x 413 Togo x 452

Uganda 454

x No Data Zanzibar and Pemba I. i 455
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PLATE I (CONTD)

Tables

Andaman Islands I 458

Buirma 458

Carnbodia | x1 i 4o0

Ceylon x-" 461

China (Communist) tx 4oZ

China (Nationalist 4v3

India I 1X 1 4o5

Laos j 1-- 4°o
Malaysia 407
Ncobar Islands _I- x. _ I x 4b7

Pakistan (East) t x x1 409

Thailand f" --- 470

Vietnam (North) .1. x xj 471

Vietnam (South) ik-- .47Z

OCEANLA

Australia x 475

Brunei x 476

Fi'i Islands x x x x[ 477

Indonesia x | 477

Ne% Caledonia x - 478

Ncw Guinea x 479

New Hebrides x X X IX 4I1 I

North Borneo x. 481

Palau Islands 482

Papua 483

Phihlip:nes 484

Ryukyu Islands x x x x x 485

Saraak x 485

Solomon Islands 1 x x 48b

___Timor ______ 487

Hawaii x 487

¶• x -No Data
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MAI% HOLD[%(, AC.E cCIES MC.5'LIGA. CE 9. ~ 1(

136 b, .Ioe 4. Gteu.e~ Mss dr.. Trv.-- PWBIS.. d.0 Traaporl. et 0.- F, te.

C.P 4016c.... bit 7

REMARKS PEAP -6aaists.. b. I"S ostra5 . at vcales O I-.000.090.0

1 540. 000. tber. is detailed aaps.a of rena.. arwas as C 200. 000.
.0Oc.000 ICe*Wsal D-hnrmay. 394Z* 4 obwrtsI 4-d 1,90.000.

BEST SOURsCE OF ADDITIONAL MORSE DETAILED INFOPMATIO-4 9)L57 SOUPCE OF ADDITIONAL &MORE DETAILED) NIFO)4ATION
UNIESCO. bacrsoai,,U. Desniumrs Serses. 1963. A Aroew of the %atural UNESCO. Crrn Fs). e .ýe~ Sec."r. 1914.7 A It-evire t1', 'Utatral
)trsocjes of the Afrcan Coetti..ntt Colrbs n. Pr.-. N.. York. Resorces of ttv Africa,' Corutsive Colt-sibt V-a. Press. Ne- York.
437 p. 437 p.
IaatssGerat ieNasnC. iseens s Tess's. Gsoorapksqs.
as MissA. I-.1- 19( Parts IS snap.)
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!PALEA J~L~kE N1. WCETATIOI( LAND USE.
IMI4OME't I ECOLOGY AND FOREST INIVN1DRY VMAS

PERCEINT AND DATL Or LATEST COVERAGE

LARG.E SCALE T MEDIUM $CA LL CL

I i V 0004 LAGER 1 .00 1 1 [Do. 000i I I too.001 AND SMALLLE

MAIN HOLDING AGENCIES

FERNANDO P00
REMARKS

BIEST SOURCE Or ADDITIONAL &MORE DETAILED INFORMATION

APL T^BLE NO0 2 AREA TABLE NO0.

FERNANDO P60 11P0GRPHIC AND PLANIMNETRIC MAPS FRNANDO P30 GE&OLOGIC. MAPS

PERCENT A%O DATE 0Of LATEST COI1ýERAGE
PERCET AND DA rE OF LATEST COVERAUE

LARGL SCALE MED)IUM SCAL SMA~LL SC..LE LA~rGE SCALE MEDIUM SCALF SMALL SCALE
f1%0 0005 LARGER) I a0 SO~ Do 100 0000 II .00,001 1100 0010 I 10 Sr 0A%DLARC.ER 11 s 1-Zka.001I I Z%') 00 1 1-of). 00116

MAI% IIOLDIN'. AI.ECL'. E MAl'% HOLDING AG.ENCIES

(II S.bo G~owrai. ki~ 14.1 F.o III Iss.tatt,t G-614". T mat... 4. Espsw

Al EMARI( REMARKS

BEST SOURCE OF ADDITIONAL 4 MORE DETAILED INFORMATION DFST SOURCE OF ADDITIONAL 6 MORE DETAMLs`D INFORMATIONE

Res"" ..oth Al ri-. Coret-ptp Colt ýttwa Ustiv. Press. N..w York. MWdil Z-..: Mwmr Map Book. 3351 Wam 9"*vw.J. . Arge~s 41.
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GADOt AERIAL PHOTOGRAPHY

PELENLI ALý VATL '.)F LA 1LST LOVERAtE ALWL

MAI% P(,LDIV. AGO NCIES

'I-POt~R.., G4.g 1o..hn m..

Ist, b... r.. d. c ".U

GABON
REMARK'S

Tb. woUp~.rp~.a :O 0

BEST SOURCE OF ALI'TIOX&&L 14. MORE DETACLED iNF0aMAtaI T%
Ind"z 49 A*-1. Pb grsph. (ag
Phocograpit K.C-rd. Aa" Sant. £hnain
A s -".~I" CiW 16 W-1-nut-~ Casoc
U:=studlM. A., Fo.."
2" &. Ar. "maa

laa.* Lrk H_. 106. U,,aj Awr Pb..CU rg. %. jP%.og.a..ta

£a~.ag .XXVU.a. .p54-.

GABON 1OPOGWAHIC AO PLMdIARERIC MPAPS GE.aolCaAP

PEW ENT AND DAY f OF LATEST CO% EPAGE - NDI .TS OEA

LARGE SCALE MDUMOC %'-ALE SMAL C.. .L.E LARGE SCJ. WMDUMi S( LL SMIULL %CA L
SoO, 0, 6LARC.EP; I SC.~ I- ~ I fl0 ool I 100.(~l 01 1IO 1~A 1.0 cC- I pl'C;R It C-~'

Ii) la.2.tG paio. ahaa1 (I Osnt...Sa.U. .......

136 bsa. do . G..ýsU. fP 17t
P-n. r.7 Fr-. LbU. ab-.~t

B r...... W.. Coag R.ps.b4. 65C-)I P...a. Lao
Wa645. .C. lL

II LAR KS Ks~rs ~a4ap~ o~.~.a~ I.TClflO, jof

&_.aI a..:...G O. WzC

M1dts, scal.. I~c.oo CU r 0 * -. C..rO4 0--0y. o~~ t

RtEST SOUPCE OF ADDf!;0%S.A-L 16 ellW' Dt. fI *LX0 *.?AI) rlb~C~C l7IN .LOSD~PIDsn

UN4ESCO, Wo I-1-.1 S~osw rrc.~..A r..o tfL 6.taa ---.------------- ~'
Pasoý-ar. 4 0,r Air,�. Co-.acA. ZVs. Ss'. NCa ... 1...-0 l.not $~ 2ws. lI.a.f.-.- ..Jtv. W'~
417 p. 3t- iS. &frk3Po Caoc..--. Ca.6aS'. wbc. ., a.
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ARF j T~LENO 4ANCA j !ARLL -NO. isVEGETATION, LAND USE.

GAOON SOILS AND LAND CAPASILI TV MAPS E.ItNj COLOGY AND FOREST INVENTORY MAPS

PLRLLNhT ANDi 11*eTI,)F LATKX7 COVERA4.E PERCENT A%:) 1OATE OF LAIXST COVERAGE

LARILSCAL& M.t~l;JM SCALE WI.ALL :.CALL ~ LA.RUE bSCALE MAEDIUM SCALE :944 LL SCA LF

1, 1%.60). & LAGLPI I 21 Doi ift.0031" I 1 .0". Vol %0.3 ... is ZS 000k L6 1-AGi:S I i -S, OC! lo. 31: is sail.00i ANI) SMAALLL.t

MA,'N HOL13I.-K AGLE'WIL-S MAIN HOLf)IG AGE.NCIES

6W0 ofooho La.
W.,smaioo., f.C. £00-1

PEMAAS . EMARKS

M~n. coni, t .... cred at coda vaying (ro-c

Ie.~t 
-ap. at 1: 1. 000. 000 .. d 1:4. 000. 0011

BEST SOURCE OF ADDITIONIAL 4- M0.CV DETAL.ED LNFORMA 1' .% BST-h SOURCE OF ADDITION(AL4 MORE DETAILED INFORMAT1O%

PERCENT AD DATE: OF LATEST COVERAG.E

LAR(GE SCALE OSEDAIM SCALE SMnALL SALI.

-1-0- 0.)0 AND LARER, I Ic(3. l ) I C,, I I J 1 t 11 A%.G0\AALLLRtn

1001. 19440 20! 1944

LtAlNFOLtDING 4GE%CIES

K~egot.0 Road. Tol-oth

Siierboten. Sins cry. Enits;.4

GAMBIA
REMARKS

Sneaill-sCal. ploop.g~phy .. 1:40. 000o.

Mirdso iscale i 1:30. 000.

BEST SOURCE OF ADDITIONAL & MO0PE DSTA1LED INFORMATION

tlsse .2 Aerial PbctsZ.raos Cowealge
Photograpbac Record. and Stervice Dmi-oioa
A.r-~.twa Chart & latonatzoa Coot,?r
U.Utd $at..s Air Force

Zad & Ase"aI
St. L-tn.. Msdeora 01111

Stio..t. Koh IW. 1961. World Ate Photo Coeerage 19000: Pbotogratrnsctqtetrc
Ea~o~q~sa ~.XXVI no. a914-"7.
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ARIPA TAMI d. I% - APA ANS 'S I

GAMBIA 11OPOGRAPHIC AND PLANIAMERIC MAPS ___ ___ ___ GEOLOGIC MAPS

PELIIl\ ALWDAlf. Of I.ATLSI (-O'.LRAWA PLH( C.'.I A'S',, IM Of LA I IST LOVLII&Ck.l,

LAWA~ SCALI. NILDIUM SCALL SMA, L.L S(/A U L.AKlO SCALL f SDDIUM4 SCA-LL SMALL 'CALF.

1. 40 001, LAS 14G R)tI0 I I 1 .00 0M0, If 100 (141 1 ,0 1, SG 05 AND) P(W-.LP S1 0. LZ0.001: 1 1 0 001 1 (.0 1,,)n

. ............ 7

MAINS HOLDIMS A L'.CIF.SMANHLI ?AAI

Of3 Ugottd StsIa Arm0 Map Sritru.
IIIDirectorate of Overaw.. Surwy 60 a-. a

Sarbito. R-. rey Easl6 W..kL.1 tos. D.C. 10010

REMARKS REMARKS_

Lag co"a o.r.S. D.O... S..w&,G7Z4 at 1:50. 000. S-- . 1a~o. aowraf. as at I:0.-O.000.

Sna-11-4. roveagr IaD.O.S. S*-..G6Z4.: 1:12S. COO

Au of Th. G-oba. .. --er4 at i:Z50.3oc o,, A. m. 5. sr.of

BEST W-IRlCE OF ADDITIONAL 6 MORE DETAIL.ED INFORMATION BEST SOURCE Or AD1ITIOVCL &MORE DETAILED L%TORhdAv1C1
UNESýCO. bntrrntaonal; DocometI, Srcrse. 1963. A. Re..- of tbe Natura-

Reor. f it.e African Contmotd: Col-bu U. Dol. P..... N.. York. Poro DroIoptmI~v* & LadG-eoab.d G.a.Isy 01 Aftrica aad Mids.
l~t17"-c-0Easo: M-coer Ma. Blook. S560 Weet blolcoord. LI:Ii A~g.k. 43.

Catalog ol Map.. Gvodato & Topotgrapharail Soev. P.

tLteecto&,.t of Over... serve,.
Kigt.Road. Toheorth
Sobo.SIrray. E~glnM[

ARLtA- TABLE %O. S WCE"TAIoI LWN USL

ECOLOGY AND FOREST INWJNIKRY MAPS

PERCEINT AND DATE 07 ]LATEST COVERAGE

LAkGE SCALE MEDIUM SCALSMLSCE

(1 (2.0.000 1 LARGER) I I ZS. 0ClI - : 00. 000) 11 00. 001 ANDSM-ALLEP

MAINI HOLDING' AGENCIES5

(iI Dta-crtoate ot Over... 5-rvy.
R~eoaRod. To1.oth

S 5r4-1. ~ea. E. 4 1a-d

REMARKS

A Land... mp at a -rle of I3.S. 000 cover, Tha C-amcnbtaGH
(D.0. S. S, oro Gal)

BEST SOURCE Of ADDMTONAL &MORE DETAILED INFORMATION
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W ~IABLE~U 1V A ~~ TABLEN %0

624A3A I AERIAL OMGAPYGANA TOPOGRPHIC AMD PtNMEIKRIC MAPS

PERCENT AND DATE OF LATEST COVEPAc.L PERC-ENT ANI) DATE Of LATEST CO% ERA(,E

LAW"A SCALE [MEDIUM SVALE bMALL $CALL LAIR.E SCALE MEDIUM SCALE SMA LL SLA LI

)OIL 1946 9s% 1941 Z0% 195 42% 9s% 1964 (7)

MAV. .ILIGAGECIE.S
MAIN HOLJ7IN(. ACEN(. ILS 11 n tyofG.

43£ I,.to~a. . oes.*. ~.wy.P.O. Bom 191
j j%. Eg.4 A.. ~ T.otrsh Acc.a. GO...

f urbato.. !g,,.1 Easlh.4 (2) Dtvo~cora.g of O~.v... &w.7y.

KL*mg.- Road. T..1-t
Svatt'B. SW0.T. E.1..d

kREMARKS .EMARgKS TI. ostly lrgs.im~i. niappiwa cosetists a sh..ta prs00pf~ or

iS. Valta Dm- pvoj.oi. .d 55 ... cmm..t.gd..i. l ~ r C."Ta at.g .. t of
tbwvol. a .- h o 4ttid 6'30'14. Th. I..g...cal co-:. sadsc.gd a.

D05.S1=..011-1 oivai asA..&0.9. GOC. a- 220. 000.

IIEST SOURCE OF ADDITIOO4AL HOMOE DETAILEDINO RMTO BLST SOURCE OF ADDITIONAL &MORE DETAILED ?IFORMATION
In". .*Pa.tpi ~ti t1~~.;Two. noto.gtJts 5-.n.o. 1963. A R.-gt of thi, Nat.tý

2Pb"..npbs R.cwgt. &adsS.irKwsc 0g...... 437 p.
A raisim..I Chart It laf1,n..g.m Ceilar
U= Swd ts ̂ At Fort. Catalog of Maps. G..detc asS T-ralg.pboc.1 S~r
Intl It Ar....) DiraCtoara of 0..... Stis-,y.
St, Lou.. Ms....,. 6311 "at Kgegi. . Tol.,gth

Sis. EO . 151 W~l At h.. Co. . .. 3%): Pooa..g..g= Sasmi. E.sIaaa

TALr0 AREA TAULE NO. 4______

GHANA GEOLOGIC IAPS GHN SOILSAMI UMiDCMUILITY UAPS

PERCENT AND DA-.E OF LATEST COVEOAAGL PERCENT AND DATE OF LATEST COVERAGE

LARGE SCALE MEDIUM SCALE SMALL SCALE LARGE SCALE MEDIUM SCALE SMALL SCALE
4~~~~~~~~~ I Z;0 00 N OC52 00' ' 0 20(0 Ir022lU0.0 & LARGESI (I 00. 001 1- 1-00. 0001 11 100.001 a 2~w)

I00 I~

MAIN IiOLDINI. AC ENCILS JANODIGAGE NCIES l

4 Accra. lh...

P REMA !KS REMIARSS
BsicM gggpp. of S..ibera 02.... a- so b.ims p$l..dC ofe-i. . o.. iII 00. 000 -Ag 1:2. 000. 000 by Gh~a..

C...nav of Oh...,. to gep3 t. ISi2:3. 000. 1.-2. 000. 000 and

IZ. 000.0 "a m£934. 1953S 3950%. 00.pect-l.y.

BEST SOURCE OF ADDITIONAL & MORE RETAILED INFOPMATION BUST SOURCE or ADDMTOKAL 4 MORE DETAILJED Wi-2ORMAsTION-

U-ClSCO. lvI.,..2.o..I De<o0000. S(-c.. 1%). A R-c *f it. !.o~
Re-cot. o. .th. Afrs., C..:,,.an. CalonSb- U.-. Pgew.. 14., York.
437 p.

430



IABL-- n-_

I J~!2±2.VEGETATION. LAND USE.

ECOLOGY AND FOREST INVENTORY MAPS

PERCENT AND DATE OF LATEST COVER~AGE

LARGE SCALE IMEDIUM SCALE SMALL. SCA LL

(I IS Coo & LARGER I (1 :5 1001. - 300. C0003 I4 100. 00. AND SMALLER

100 I ~

MAIN HIOLDING. AGEJCIES

REUA~t.SGUINEA

4 V-puts" ýp. of Gb~am at 1:1. $00.0ON0w IVAO &ad A*2. 000.oc00
1 9". Co.. th. --- ~try.

Tbwr. .*. Go.tr.~. po h.".2 at :000 000.

sEST SOURCE OF ADDITIONtAL & 0MOR DETAILED INFORMATION4

AlREA. ______._1_AEATABE_

GuuW-A W T. AERIAL PWIOGRAFWGINA(F.

PERCENT AN4D DATE OF LA.-ST COVERAGE PERCENT AND DATE Of LATEST COVEtRAGE

LARGE SCALE MEDIUM SCALE S36ALL SCALE LAPGE SCALE MEt:IUS SCALE SMAULL SCA LE

411 10. 000 AND LARGER) 1, 30. 001-IS.) 40.0)0 (1 so. Ow A%.D S0ALLESI4 St. 000& ILARGER) I I i. CS31 - A00 0001 I 00 00: S" %00 ).,

MAI,% HOLDING AGENCIES MAI% I4OLDI%G AGENCIES
(3) ke4*.t G..grapkuq.. Nkuwt.I.

(3) kICK.t Giogtaphbqo. Nat 1363 bit . w 4. Grwl...L
136 bs.o n 4. G,...)). par" -. FTs~ce
p-s. -. , ft-o W ,.-c G;..pf doDaI

C.?. 40i&
Dbam. S.oma.,

REMARKS REMAP KS

T...~ cr 7"clbt at 1.40. OW0 *4o.-.toporapbocal

UNESCO* o. ! .ttruaonal Ooconls Ser-e.. 1%3, A Rev~ew of t4.. gat-.:
lmaCN G.4.guap4.q..tao.. AJrawcnm.. des I... RI-OCO lt .4t of Air-., CotnA Colooosa Uw,. P...o* New york.
G4.~Stpbsqw...a la 4.3. d. 3.-3904 Parts 44 map.1 437 p.

431
-Az

dI'



~LA GEOLOGIC MAPSj

PLW , ' L.I D )tI li I-ZI! 0AI-

L:A~t.L S( At L MfýM fo Af i-M t )At i

MAI ý-t 11(4 l' .A\I A %L11 I..

In ."t W 1001--

I 0: * .oo 1o-sor. U..ro t 4

*% co I I1 l AR .

CroA r. %0. A t E
iiBEO I

* ______________________IVORY COASTAEILHOOkPYllt kT FGA IMDK AITRCAS

MAI IILAC AEC

tES SO1 PLCE%! hF ID2ZOA Scta GMOREab" XsA!uDiORA

IVWIY COS 71R. l. j C. P. 4016

-N-so lat -1 - t 1" 61 t" fi.N .

UAI\~~~~kmý A.L&- -,' ACE-I IIII Giitotgrarphq. 0.a.

1. A-o~o Gro.qrW frp.(S p.
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IVOSYCOIVORYQ COAS SOILS AND LAND CAPABILITY MAPS

PLHiikI AND fDAlI Of LAILST GOVLPIA.t PERCENT AND oATI, OF L~ATEST COVERACE

LARGE SCALL MEDIUM SCALL OMILSCALt LARGE SCALE MEDIUM %CALL SMALL SCALE 1

i. SO ('O AND L.ANGL'Rl I SO. 00; IA' 00-, 1 1%6 011 (I IS.006 1, L.ARGER) (I mo*00 1 100,0001 0, 100.001 1 S 00.1,00)

MAINf% M A. cl MAIN lOL-DING AGtNCLES

f(I)ti do0100 Is Gko1041.4 4. d I&. Prospoctsao MuIJ.

II

REMARKS REMARKS

*~~~~I alk* tIo goo 100 cost co-wa4 at -810 of 01:II 001). 006 and T.000,I t~ I o~. t.000030
* 3599.000. tm05 o I*4.tadod Ioppmgad .1Ortsam areas at Itd00. 000.

1: 100. 000 4.. 1:50. 000.

-T SOURCE OF ADDITIONAL 4. MORE DETAILED INFORtM.TION BUST SOURCE OF ADDITIOI4AL 6,"otE DETAILED IN4FOIMATION-

'4 ESGO. b1.rr~Aional DCIoovo-t. S.-vce. 1963. A Rtv~cw of tht Nmuat.,
Peao.rcc. of the Afrw.. COutloun: Calumbrm Univ. Prtas. Ntw York.
4J, p.

PERCENT` ANID DATE OF -47EST COVERAGE

LARGE SCALL MEDIUM.S SCALE SMALL StAt)-S
I i0. 000 AND LARGEPI f I 1c. 01CI - I0. f-AOI it f. ANDSMALLF.P;

MAIN HOLDING AGENCILS

IKss.tomo Road. TuL4-r 00
S, Swy roy. £551.00k

Qd) Du I~ odz S /r.j
SowwY of ay
P.O. Bost 300"4

KENYA
REMARKS Ser..W SM EAtiS41 F 00 1.4Fo 4*~-ýY -I- =1-l XMF.op

*rbec ..: ca545 . Oh14 two 40.19.,~~ 4.4 *-,o. SK4I v
sh-s tIs-8-eosl A.: pkrgnr*y o.v 10 NvvI-ohe :v&- 1Li. doea
to :&s.POM!. 51541 F .b-. ' mali..otek &.r pz..00r..pko =-. r ZI.
howomb.. 1394 (.ocal. .9 1:30. 00 sad ,malml I. rb. -1- oha. Ioh.--
dome by teIt. .A.F. &wd by oI2.c1Ct pwxrap~q.

? .13rl cI um ... h.. i-ý 1~.%-k rs.pd m100 21%1 &t
azaka va~ryI irov; i~sz.oecto 1:15,.000W

DEST SOURCE OF; AMN2I143NAL 4 MORE D 1EIAILEC-~lM~iI

P..corapboc 15*0-0.6 .od Svrm. ý v.. '-.

A.?.s.0140 CaP - C*o0ao, (.10r
U.d *at** A,? Fr4..

S, Lauss. M.ota.-, t,3119
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Vt2Y. C4. PW P- D LIWT! AS ~ -cMP

PEP t - All Dll !I - f?.L ' )L I o ! t ! - ; A

..pt %LAE P-:1 It%~3 s;;~ .. API.L (ALE Mflj: 50~tY ALF EMALL. SCA,A
L Ak.ft " t M-d A%0 L.ANfl rS4 .1 Se n; .~4!

553. ISSr itS 535 )0~ 333 () 5% 301 00% le"l

P.O. hos1004 it Mu.. sod G.4,~ Lhpairbatoa
Nait0t). Kany. "=.try: .1 c-n.to.... ',due"y And Coi.."atuo.

p1k, 3W-9*

Rma.'- Itoa. 74.ortb
urbstos. Saur.y. ELapsad

PL 1A IsKS EAK

Lerg.-..o .- ppga i. Survey .1 Ka.y. 40.0.5.3 T 131 There are 43 p..bs.abod &be*%* of a atodr 4r*4 #Av~ttrdqg,..
f .:e. .4 at:50. 000 M~dl..m oa. .. 0D.0 SJ1 Y 633 Seven. at 1:300.003 Sheets at. a cale of 1:12S4 000,

S-11i .- cI.. (1) 0. S.) Y'. 503 Set.... . t h:ZSt. 000.
Th. Atls ia I.9ay. -&sa..a g.,Aogicai mop of EKvyaasf1:3. oft. 00

oonp11.4 by the S..r.'. of Ran?& to 1959.

BEST SOURCE OF ADDITION3AL If MORE DETAILED tNFOPMA rION BEST S013R~CE OF A~ODTIONAL kMORE DETAILED LTOXMATIOSO
UWL~c0O. lnt-rt-ocl IDomrt. S....c. 1963. A Iter-. of the UNESCO. -matsa ooea S..1c.,. 1963. A Review off ii. Natv,,aiRecourc.. of t'.. African Contlnen Col.,tsx Univ. Press. New York. UNESC.nc. b4tumA~~al Cocmton:Club.Uno . i o

43 P.~re of~ thP. ~ nCniaA ouii m.Pes e ok

C.saIo -4 
TM

ap.. G.oisis sad Iopg.ap04oaI Srvey.

K-a.to. Road. Tolvorib

3 AEA BLENO.4 AEA'TABLE NO- I WCEGAfla LAND USE.
KENA MSMU CAPBI~IMh ECOLOG ANM UOST INYDIID NAPS

4,PERCENT AND0 DATE OF LATEST COVEPAGE PERCENT AND DATE Of LATEST COVEPLAGE

zLARGE SCALE [MEDIUM SCALE SMALL SCALE LARGE SCALE MEDIUM SCALie SMALL SCALE

a%, W'.0 LARGEP ( Z113.001 - a 300.000t U-100.001 I 500.4003 413IS 000 &LARGER! 43iZs.003i 3010.0003 (1: 106.001 AND SMALE

MAN IIOOIG At ESLCIES MAIN HOLDING AGEN4CIES

13) Dh.octorst. -I O-lss... Sarwa..
4 3C..mgwto Road. T.4-th~

hirbnto.. Se..V~. Znglaad

To. -!.. j0 Nsay. r.. -tpp. A Prows.-.. Soil Mpu W East Air.-..,amo h ottTa bw sa po atAnaa
;:1l. "00.00W by G 14.1. tI .. .ohla..b- m. 139. by the East At,..Vgric f b otr 5so. amp f£0 Am.a

r~~~cS114*.3~~~~~~~ n..ýk5.,. n~t . 8 ,yk.34. 000. 000. p.bl.hed by .ge.y (I3).

TU.:.. L3.. .1w ... m.- ppoai 44 Ke.y. at 1650. 000.

W!ýWr uO'RCE OF ADDITIONAL &MORE DETAILED INFORMATION. BEST SOURCE Of ADDITIONAL M ORE DETAILED INFORMAT2ON

Dhroctorsto -4 Overee... Ssrvy.. V.g.Iatsos Map .1 East Ain".

SalI. 1.4. -W0.000: D.0. S I~ss.c. 39SF.
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PERCE%T AND DATE OF LATEST COVERAGE

LARGE SCALE M4EDIUM. SCALE SMIALL SCALL
4, 10. 000 A%O LARGERI 0i 00oo £ 10.0) 0 1O00Cl ANDSMALLES))

I I WO

MAIN HOLDING AGENC., i V3

(1) Pb""96apa.c Recor &d. Se0.d Dvit
Aatommat.lcI Chart It bIJCr~ta Cste
Usnuad Swee Air Faeg.
Zad &Arvemal

LIBERIA otf

ALI ot Lab..,. s to wrad at 94.GO

BEST SOURCE OF ADDITIOIIAL &MORE DETAILED INFORMATION-

Ind" ad A.rial Pitowaphic C.Wrag.
Pho00gapbAC fAC.ar aad hr,'sc. DtW~saa
Aer-ou.acal Chal -Ead lsfomalco. Cam..
Us"" Sw at. At'r Form
lad & Are....

JR. L..". Mu~scoa. 63311

ARE TAB_ LE %0.Z "A.t a. TABLE '4O. 5

LLAILEIA 1101'ORAPI4IC AND PtAIMTIC MAPS LJIBEIIlA GEOLOGIC MWAPSI

PERCENT AND DATE OF LATEST COVERAGE
LARGE______ SCL - EIMSA SALCL PERCENT AND DATE OF LATEST COVERAGE

LARE SAL J EDUM CAE SAL SCLELARGE SCALE MEDIUM SCALE SMALL SCALE

...I100% I fISl
MAIN HOLDINNG AGENCIES MAIN HOLP.r.G AGENCIES

(1 U.aa" Statos Array Map Serliet, (I) law".. of maam Resamar
4.500 hr.*. Laf. Moarmov. Ltberim
Waa.~-t. D.C. Z00ZI

RF, 4RKS PEWARIIS

The cowrag. umitcated, at W:SO. Oft0ad V.81 Airaca. Swrb.* LaAr.I i. rmrar ats .oa *0 1:1. VA. 000
G.501 ad G.!504.

A plau.ýtmI sartve at I:IZI. 00 a 19S3 co~wr. tb. ro.-M. v.

BEST SOURCE OF ADDITIONAL &MOSE SICTAlLED INFORM.ATION oB-4? SOURCE or ADDITIONAL. MORE DWI'.ALED lNFOBMAUOII 4
UNLE9Co. mlnat o0ai D.,com. S.-:,. 1963. A I.t~." of tlhe Naloral Pttrolow 30w1..,.tmrato &,.Arard G-0190of Afr"t * Eo)
Rewourre.of *0 )- hfrica Co tr=t: C*e=an&aluin.. Prato. Ne- Tcrk. * s6rM.30. 09W.rBotad .0A.. 3

PCajaaOctobe 1 60, -is e.

435 -



I&AAGACAR IIPOMRPHIC AND PtAINIANIC; MAP5

PPLE.ilfN Af) flAIl( L IArLST ('OVIRAC,L

LAO.[i&.LLMEDIUM StGAJ L SMA LL SGAL?

0% 100% 1160 10% 1962

I MAI% SOLDIM(. AC.L%(ALS

136 ha.. riu. 6. Q r.a..Is
Paris - 7-, Fr....

()Servic. Giegraph..js 8. Ma.agascaw
8-.1. 456' ~ ~~Tamaaau.. amaarm

MADAGASCAR
7 REMARKS

Larg.-scal. manppiag a.~ & :50.000 by agency 41).

-b i.dis.-as c~vsa~ea. is1:100. 000. Th. sere... 5.srat ve.i.3
* ~~~co.mpl.Cd. Is tosrnprisd Of 4$3 ha.

* ~~saui3 muc5."o..ge is at 3:S90. c00 by agscp (IL.

BEST SOURCE OF ADDITIO%AL &MORE DETAILFI) 2%FORMATIO.N
UNESCO. W ..ra7.. !- Dha-.~ret Ser.e. 196' , A Rei-rr of 0.e N:it-'
Resources af Oth Afixarm (-ontnet: Cal1o.ui Univ. Pr',.s. Niew Tor),.

437 p.

Calasgo--..da Ca. i. 4. LL G. X.
Isailut Gf.srphsqo %.iaCoal.
133 bis. r; di. Gi*-rU.
Parts 7. Prasca

AREATABLE %O. 7RC ABLE NO.* 4

* MADACR GEOLOGIC MAPS MAD)AGASCAR SOILS AND LAD CAPASILITY MAPS

PERtCsAT A%D DATE. C-F L' rST COVEPA(.L PERCENT A14D DATE OF LATEST COVERAGE

LARGE SCALI ZU SCALE SMALL SCALF. LARGE SCALE MEDIUM SCALE SMALL SCALE

Ct0 C40 ANiD I.ARCEP) C: SO 0-V -ke.0011 21.0( 100? 1 1- :1. IV & LAWGERI (I IS.001 I 1300. 000) 1 loo. 0*CC C-0

0I 04% 1 100% 19%~

MAI% 30L1)MU. AGL'.CEFS MAVI HOLDING AGENCLES

11) Dh".etus d.. Mi....t?* Or Eam.rga
Mw.?.. d~at I'Eno~rir Nu..a. 333aaimt G-.sgn6.quid. xauosawl

C-! ti VEP. 136 Zb-hi. raw. do. Greawi.
r....~ ~Part. -7-. Fr...

za) 6swt G;ovs~pmq.. NO..Ora3.
__ 31; bi.. rat 4. Gr.-a.31

Sparts - r. Fsa~aIO

PLMCARKS REMARKS

basic natppmg5 hi...a rovnpkwtd aad pub...hd on 117 shirtts4 a. A o..shei a.*in* ai 1:2. 5^00000 coirns Madagasos,. no.1.s (194031'it.f .G.' 00. 5O--a. Iladv00 19Aac
.63 ; alnm 32 11. "CO. 0V" Qb 3 0-s (rata

"-S5 _O.B{f E OF ADf30051. & MOPL DETAILED I.FORMATION RJEST SOURCE OF AD~ITIOkAL & MORE DETAILED INFORMATION

L~ESC, o.,~s~oC~i;D--'! '.r l.3il. A 0CqeCC ,Cf 0'2j Cat.*S des
5 

8.Cartea.. I-Lr.N.

z 'o Acs--c...oi 44 0h. Afere.. Co.=%c, CoC-nbl.. VtO,.' U
-
r. %r.. yll.. :Isstait Ga.$"rPbjsq.U.s3.osaa

437136k bas. 3.54. GremeiJ.

Casoa q Carte *do Iat N-' Ia.

:36 bi.. rawr dt Gzsm3I.

Par. -r. frase.

1 436
-~~~~~~~ - -- -- .-



.i

A -- TIL O RE WICETATION. LAND USE.
MADAGASCAR jECOLOGY AND FOREST IM~ENION(Y MAPS

PERCENT AND. DATE OF LATEST 'ZOVERAGE

LARGE SCALY MEDIUM SCALE SMALL SCA LE

I I ZS.000 L, WAAGERI(I 2S.061 1,0.00-)f 1 00.001 A\.I, SMALJ,

MjAIN IOI..I ASG..NCIES

REMARKSMOZAMSIQUEI

The 'et a. foest map of M~d&,,&*ýr at.a scale of I1:1. 000. U00 sad

.gItr,o ap to three sheetr at1:1~. 000. 000. Carte Intoruattrual du

BEST SOURCE O~F ADDITIONA. 1. MORE DETAILED INFORMATIO'ý

TAISL %0 IAL ~

MOZASOSXUE AERIAL P94OTOGRAPHY MOZAM&BIQUE 
1 PGPI N L~~~CMI.PGRPI AND _ __TI MP

PERCENT A'.D DATE OF LATEST CO"ERAGL PEACE%T A%?)I DATE OF LATEST COVERAt.

LARGE SCA.E MEDIUM SCALE SMALL SCALE LAN.GE SCALE MEDIUM SCALE SMALL SCALE

:0. Q11O.~ A'.D LAP(,zR? 1 1 - 00.- 1 0 Wo (I SO.0¶Sa A'DSMALLE.Pi (1 50 000 4, LARGER) I600; 0 I Z00.01 Is 100 00 1 t 1.0. 0&00) t;

MAI%. HOLDI%0 ýAGEC;ES MAI Hf~N.A-:C

(1) P&o.0o1tpkst btecrtas) -nd Set-&c4.a Dtvtes.. UM.w.m Gelain.* 0 .dIntasr

Us..d St.:. A& oer F....bo. Portga5

Z"d & Aracs..?
SL Lwis.Misourib~l t 1) Mi..Zo Cge"raka do 1M-S.Ms--

Lowe..ea- Marques. Moass.qa"

ivm MAKS REMARKS j$
A. 01 1960, .? 111 M,.an,L".. -. .oheduahie to b. tov.... by Sosall-"Icover ios. iso part (SI.) the A. u. S. Serie. Y46,I

*..r.a! pootoieapty -A..s .- 1Sa... 0) 1964. at 1:500.000.

Approsnitely 5S0wa also .10 ehdvilmd to be covered

at 1:1.0.S0.

BEST SOURCE OF ADDITIONAL I.MORE DIETAILED IMtORMATIO 10TSUCFADIINL&MR ETIE NOMTO

Is~ ýgAeral it mplft o~r~vUNT.SCO.,Ioltr,,atso-aal Docu-ots Ser-rc. 19Z,3. A Re-oa of the Xatoral
lad..~ Aeral Pocs~rpbtcCov,;~. Rt...trtr of the Afrita. Cýor-etgs: C-olsrb2a U.-. P'r... No.. Y.11K,

Pbotographet Records &ad Service. Dsoes-o 437 p.
A.Voo~,tca"" Chart &ad W.Tratiotaa. Cawey.
LUauid 9Nat.. A.. Fort.
2ad & Ars....)

a.Lo..e. Macter. 63116

.. 'ssl



U bA Rl. i -'- A.. 1i II: IAIILE!O* S VEGETATION, LAND USE.
- WJAME1UE EWUI7, MOAMDIUF ECOLOGY AND FOREST INVENTORY MAPS

PERL E"I AI) t'Alf 01 LA'G5 (AL0T PERCENT AM) DATE OF LATEST COVERAGE

LAPRUL jtALE .L0121 %4MS Ak I h %tA L 5L L LARGE SCALE MEDIUM SCALE SMALL SCALE

* . 04 AD A~l~;a~ IS 0~100 L LARGER) IL2,0I I 2S. .001 I loom 4 .00.00) AND )SM.LLE1

20% 1,93

MANHOLDIG .1,.L%( WS. MAIN HOLDIG AGENCIES

L....q Maqon M.amnb bq..{ C.t* P..t.1 2I?

PLMAPIS- REMAASK

3 1Fro coo.ry ts C-rcci by 0 phyto"..graphio -ap at

1:300.Mq. .110p0.) 0.. t 01.0 1t0000. I.6.000. 000 by F . M-a4o4- - 1-)47

ds:t. u0a0.000000

REST SOUPLE OF ADVIOIO'.AL 16 IIORI DETAILLI) INFORIMATION BEST W~INCE 01 ADDITIONAL &MORE DETAILED INFORMATION

UNEFO. s-Irr.... I'm.r C'. lot%00 A p--,, :. Natr'-

R......re -f tO A'rsc- Co,:-.:- C--ob Q sot'. Pr-,. New Y ork.
437 p

APEI TA bLE %O. 1

AEIA PNOTOGRAPHY

PEPCENT AND DATE OF LA TEST COb ERASE

LARGE SCALE N.EDIXli SCALE S'MALL SCALS.

I~ 1I 10. 000 AND LArGERtI (I IC.001.) A0,'C ! '0 A WSALLI P .

W1 1959, S0*1
(TRIME T)

.AIN HOLDIý ý'C AGENC:ES

N NIGER IA
0*~ 1 I1MAPIKS

411

BEST 30';R:E OFADMI .- AL. & MCRE IIEIAILEII INFOP)AATION

U*.Zoo Sc... F-.co.

p IIt I-on.. mt.*.o~

Slo..'.tcSIC.I-d. .:A:Oo.do~..~g. IStpbotogr--

438



A.
NIGLRLA IMPOCIRAPIIC ANDO PLAON-1URIC MAPS

PLII(LL\ I ANP DAX t. UDl *tII't kf L1N A%)L.A IIA 1 l t.) -113 IS 1A LKAL.I

100% 1954- 35% 4

MAIN liILD V,, A(t.LN( 11. aAt ILDN. AG.NIAI.0.%

II) F.dr.l. 9aurvy t NilGg~lprt 1O
5 TAUw. IMw. Sqj. t) -astlSWe

i.o.N4C."a Pfaw.t B&A 2031
K.4o.. Jýa.clo

N.-aas Go0% ta..Od A"146 acg. of I.0oU.OX1(1. 000O. 000

SCo.'r a. V. .S S.,.s G71~ Ni 1: ;. 000. 1:5. CO.00 . 19-4. 1)90 &ad 1957. .-P-.va.a... *At- .1o I:ZW DOG.
1: *V, 00 w~ 1;0. 000 h.,. r'ýw be." od.6;4.4 1., baG appmg. p.on..S
o.rn at- nnd by .Ch L a. o a-rn

B!EST SOURCE OF ADVITIONAL %. MORE DCIAILEID INVOPMATaQ; B.i St'a.R. CF AýDDITIONAL, L MOPE DETAIL D INF<WR&X to-

UNFSCO, aratan IWcaaaaa P-114 S,-o~-, K063. A R-1- '410A:.~ N.C~.f 'roo Do~sa$.~ao1&.A~~

437 0.437 p.

D-o.r.Wtrt aI Co..r. . SorosY.
)Cagvt* Raao Toiworli

AR1EA I ALEN. REA r AVEN. aWTAnokI LANw mS.

NIGERIASOILS AND LAND CAPABILU 1Y MAPS NIIEI COOYAND ECRESHICiwnrMY wrS

P'ERCENT AND DATF OF LATEST COVEI'AGL PR) C.ENT -.ND PATV OF LAI IXT COVERAGE £

LARGE SCAL MEDIUM SCALE SMOALL SCALE 6LANGE SCALE MXDIUM SCALEC SMALL &CA LZ

21 Oft LAaOL- 1 I0 1 010. )1003 j; 10a.03. 001 1; SQ. _4,'l zS 1600 C 2%4,0I.1 160.0) (Pool W- 01AD aAL

MANHLDM AIN HOLDNSG ACL`NCIES- 10% l$

!EMAfRKS ERK

7
5.ro ~ 0-2 -. roiao. ofaaP .4 N~do,1. at 4 cau, of IaS. 700.00 1~c mooe. a ao~t&LWAia - ta. 2tfa- at4.. 510. Oftl.W4. Vatla.

by t5. Sorvoy Uspaoua'aimt Of S4.11.. CrnPahv- M. 1?5Z. I"24; AerLCI14-.I tad et~IM- rýa-a QFAl at I:LOO.ef.O04

BEST SOURCE 0OF ADDITIONAL *MOPE DETAILED INFORM- ~ I !! SORC Or________ A!D1.:L: Ita- LA.D ýr&AI

- j-

04,



NIGLRLA TOPOGRZAPHIC IND PtA6N41hK RIC MASNG§?t GEOLOGIC MP

PLRiLL\: A\!,ý,Alf fA .%:!,-,)EF Aui! .ihb AIA.

LAIUL NCALL '.' .al L [L-APl-I. SILALL %4L!I 'if %4 ýL-L SMA LL 64( A Lf

MAE'. H¶)I'DJi'-,i.ALvi W.S 1AA .. . At,% If%()

SII. .,-, ~..r.s Niger).
5 ae flai.* jj**~* it) G-.Sicaga. %W-ry

La..buo. NS.a'm~. P11.04 B& %S

42) 1he~tt.w0f" $Ucy MNltb-)'. r

L~r-ca. c"r a I. I. . Sw 761t:As.-. 1.5. COG!. 60t W. 1954. 1I)'.) sad 19S7. fta.C..pcwy. 54bsaje Io* " 525.0
W:~i W." a 1:51. WO h0 -., b~ be... 14.4 go,. basic msppsag. P.vc..at

'.5 area .o'.r4 by each is . s-i-o

!!EST SOURCE OF ADDI!TIONAL 5. 5*0111 !5* AILED I%.tOPMA-Iid:^ tr,,t S--,. PCE C7V ADDITJIO\AL, MOPE0 DETAILED ~ro.4..i
UN'VCO.I,0*..'aI Uciinit. *~c, II.S.A P'.tr. .f I'.i UNSCXO, Irjki.'.t o'cI '.ei-.mt Ser-t.c 1961. A ft"- s f. Nbc'.'..

43m7rc p .t.Arc' cts-o iun.-t~:. .c. r c'. Rewr- oItc. Asr-an C~stirt' CW-.,h. Univ. Press. Nt. letS,
~" ~ 417 p.

caw* dMap., G.od.,;c sand tposrmphIzis !srosy.
1%"nt..c'te C. 0....... burtvy.

APEA NO.___ 4_ TALENO________ W ABL

MAIN* HOLDING~ -E M.M ES.q4 AL.CE

RE!4A51.SREAK

b~y tle- Sw-y Dp.Prtm'c- -1 Nsg-.z.crii~ 199*4 I 5 icZ.~* tes. wy.lsaa- .sp .*., at I '1. 01%.004.

BEST SOUIPCE OF ADDITION"L MOVE DETAILED ZNFORI,- BL. [ SOUN501CK Or- ADDc4~ M OPE 4ETAUl&.LD -W.JO

4239



AitFA !24101. I.

-~~h~ Ilk hHu't etUL3oA. AERIAL PHOTOGRAPHY

Ill f(OL'. \\L) D)Ar T!, LA ILST (.0' LLAO.L

LAFI(.L -SLAU M UZ. M SC. ALL SMALL. 5CALI

MAI%. hOLDIV.' AGEN'CIES

NORTHERN RHODESIA
REMAILI'S

Ston&. .r"lent.. chat. as Go IqS9. appronxmtely 131 otin

ter .Fd-rU-. 14 lthode.. .. d -1-Z~ona ovrd bV ningl-ten
-et-c. --ne. phot.,raph0 rangg na 1l rn .40.000 to S0.30. Tko

...nttn ~ no tflkth broken do.

BEST SOURCE OF ADDITIOAL & MORE DETAIT-ED I~k OLMA 110%

St-.. Kok HL. I %I. W.aW4 A.. Photo Covae. lt%0: Phototrar-
-mc XVl. no. p. 214.fl7.

kL" LI A%.!,ZIA-. I A', PLPCE'.1 A'.'DATE.Of LArF.sT co.LLOA.L

A21. SM 2 a. .L.LAP(.L SCALL V E D!'tN SC 'L: SMIALL S(.ALt.

* c t) L A 1 1, eI I ... ....

30fl-a.Sac. 11 .k-I . ,.I4..

, ,'.* ~ ., $MAOK-S

3 Co. 02 cc! On p.½O~bc C~ Noto~r Roce... HNkerUs Ithdansa iU 101$10cm 4- t 1:1.00C.000 .. d

*.r.i-~ppiot ti~.C. r.74, oar om 0004

-.'k A tI.. tf 11. Fed. r.tc 21 F od- .s.d XT .. 1..d Ce..

I ?ol~ha .raCti .1iP 00(Northon Rho.4..at *22. 00. 00o

_______ So IO n_ 1* b -PI!EST SOtUPC[ OF AD1'TIUJ'AL & MtORE DETAILED 1'.kORtkATIO%

I., .- 70. -~.'.C' .4, IL st 0.'.' 2...c PLSCC1. 1,1- ot1-, Iker D--- or 1963. A Rs:. ic
pt,.,c;"''e,- - ' - .P.. e ok R

0
t---c hk A'--r~ Cotrer Ctoharb.. U.-.. Pro.,.S., York.
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Si .. . .... .. ........
ARIA A tAh.f %0. 4 ARLA *'v miqeLMDU.

NOR IliNRIOIi IA SOILS AND LAND CAPAIILITY MAPS N rTHj.k RHWISIA ECOLOGY AID FOMST INAWNYMAlN S

LARL% I AM) UA ILflOF S A CLVLLSAt,. PPERCENT AND DATE OF LATEST COVERAGE

L.A _E SCALL MEDIUM SCALE SMALL SCALf LARGE SCALE MEDIUM SCALJE SMALL SCAL

I: z;.0ON, &1LAR(iLRi (I zs.o1 -1 100.000) (1 100.0001 1 .Oi it 28.000 4 ARGER) i I 2s.o001-1 toO0 11 100.001 AND SMALLER

MAIN HOLDI%C A(,r.%CIES 3-IN HOLDING AGENCIES
I II £

REMARKS REMARKS

Tt. c-try i. -ro 4 by -16 -ap at lI:Z. 500. 000 t kw Tb. cwmry * -woed at I-Z.500. 000 by a wgwttba mapAll.. c4 lb. Allii K• ,SU1l SM YSi~ld *1 t. All. .1 tlb Ite...uol .1 noill. iad T.ya•lai I

BEST SOUIRCE OF ADDITIONAL & MORE DETAILED INFORMATION- REST 46t•UjRCE O ADDITIONAL & MORE DETAILED DIlaORMAT1Ow

Iz
AýREA TABLE__ NO. 1

NYASALAND AEIAL PIHOTOGRPIW

PERCENT AND DATE OF LATEST COVERAGE

_ _ _ _ _ _ __

i

MAIN HOLDING AGENCIES I * f
I II I

NYASALAND

stows arvIl eta. to. as.*. I39. A reatnasiy, "s *I

2b. 9.ýr. .darabom.. Rha.t *.4Naald a. £.wwi. b, gigs%.- I
I" " TOW al ph.Sgb"raby tawiwg in . .... ( 1 *0. 0" 1 iS , o

- ?7

BEST SMORCE Of ADCITI,.AL 4 MORE DETAILED INFOPMATION-

St-.. ES IL. 1961. WIsM Av Jab•t.. C-. . 16. PSmgram-
uvwmlm Emga..na. v. XXZE. a- 1. p. 2I1-U ?.
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V-

*NYASALAND I1DPOGROHtIC ANOPAIMTRIC MAS NYTASALAND GEOLOGIC MAAPS

PERCL%T AND DAIL Of LATLST CU1. LIA(.h.R-% %D9^fO ~tS _ýR(ILAPL.E $CALL IAEW 'M $CALL bm..LL St, L[ýLRLS.L EIM IL "AL kAL
(ISO ££ 000 4LARGP -l I SO it ,l II"Gt 11 -0 1 O(, MCAD LAM.LP I Is So 0i OO. I -216GQf.*(I .0.-11

00% Ii0* - 4100%l

Zo~tb. McI..P.O. Ba- 27

(1) Dlr"ttotcI. A£ O.,r-. Ssey..Zob. MM.Ut

KSS.*t_ Road. 1.twoatb

tEMARKS JILM4APKS

At lb .is mA t 1*5. ""a..beat. 0 1.5.4 .. n..a -,w NyaaI.. 3&]- 100%. co~reed . 1:1.000.000.
j ~~~~~~~prepared by agea, (II)t ..- red ".fly ud xy...ai~d at 1:20. 000 Bs npag. uicds afndj.*e*a

Lr....c-~t.g. .. D.0.5 S..... Z7412 at :5.0, .* 4 000. Bas mP.,c. sepu.bab. ca.sa &bet atb a

BEST SOURCE OF ADDITIONAL &MOPE DETAILED INFORMATIO% BEST SOURICE OF ADDITIONAL& M405. DETAILED INFORMLATION
UNESCO. Iosra.t.... Do,-...t- S--,t. 1963. A A--', ofthe %.:-ra,

R~t.t f l. f~ta,,Go~tT..tCot~o,. ol, Pt... N Yok.UNESCO. 10£rt-l~o. D -t.oO. '- c. %3. A lt,.- %5 .-- Ia~.aof43Arc7Ct1 olb.V --. N .k Re.sojce. of t-. Afric. C-at-er Ca.!-b:, Ur.:. P-.. .. York.
431 p.437 PCWg.t9a~a Maps. Gedad. said Topog..pboo-c S-".y.

D...ctoo.. .1 Deer-.. S-s,'yr P-1-ao D-.1p-tcm. -ad Ge-!-4 G-.ga Mt Af-a...ad V..dd!

AREA TABLE NO& 4 AREA fTABLEN~ -6 W[VGMTION. LAND USE.
NYASALAND SOILS AND LAND CAPAILITY MAPS NYASALANDj EM",OG MND FOWST IWO(IOX3Y MNAPS

PERCENT AND DATE Of LJLTEST COVERAGE PENCE-T ANXD DATE OF LATEST COVERAG.EfLAVGE SCALE 34EDIUM SCALE: S4tAL- SCALE LARGE SCALE MEDIlum SCALE SMALL S CALE
II' zi..900&4 LARGE.t I ;1.001 100O.000) It 100.00; 1 sou0.(4oof It 2S,.000 BLARGER) (1 25.001-1-100.000) (1 s00.001 AND S*AL

MAL-SHOLDING AGE" IES MAlta HOLDING AGENCIES

aREM;ARKS 
RtEmARKS

1 Tb. ftc 000.. r.'yl-.nb" 196 Tb~St. Atlas...4 tb. 1 .4 .r~. atp 4.1 .... .d.Iot.~.c

* BET SOURCE OF AIDIXTZOTAL 4 MORE DETAILED IOATOiBEST SOURCE OF ADDITIONAL 4 MOPE DET IA7ED INSORMAT.1104
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ARA LI..A AEIA fIOTOGRAPNY

pLRCIR I AND) DATE OF L.ATEST COVLRA(.E

LAPRLE SCALE MEVI-M SCALE SMALLSCALL

II 1 10, 100 AN) LARUER I .~17c oo47 io4 u 32 3O7."1j Ad.) SUALLI.P.

(TRAMETI
- - 00% l0oon I"?

MAI% HOLDI%L_ ACV.CILS

14) Pbotograplao ll~cords &64 S.r.ca. Dtn,,o.

A:,.roU.O k Chart 1, U..obooa~a C-01-1

U 4d St. A.- ....3

PORTUGUESE GUINEA St. L-..a. M.saoor, 61118

R-EMARKS

bEST SOURCE OF AINDIT3ONAL & MORE DETAILED) INFOAMATIO%

L.4.a o1 A.r'.3 P&o.4grapka C-o.or-

A.vsoaaaflI CL..t: & Wnir=aflo CemLnt
Umt4Sute *. Ast Forco
lad1 & A-a&.I

Loo. ... oa 63119

AtATABLE NO0. Z FE 1BI N-

POTGEE O;IE 7POGDAPIC AND PLANIMETUIC MAPS ~ ~ ~ - ELGCMP

PERCLNT AND DATE OF LATEST COVERAC;EPECNAD T OLTSTOERU

LAIE CL MEDIUM SCALE SMF U. TCLL LARLE $CALL MEDIU'M SCALE SMAL.L SCALK

: .00LARGE.RZ (1 40.003 1 *00 0001 41 $-a..00I 1 S11 0 0('i -0 A'%D I.A*C.ER a0. 00 1 210. 0011; f! Z%0 001 . :3.1K00 -- I

MA.%, 110L.411C, AGENCIES

(1) U.:.Wd w.0. A MY Map S 33S.3 . Mý

65CO Brook. Lao.c.w p.mai Poo 3
SD. C. Prag* -e

iS.ILa "an n.. G"eoifira .bo-aw do ulo'a-,a:3
L.abo. Pontgad

REMARKSREAK
po,,ftV.p 30ýto10 P."o.st .- ,ald a. a .- a10 al

S-ao.-1v.. cowmgw tP o pans A 3.5S. Itt... GS04 at 1: . 000. 000.

1:250.000

BEST $OtRCE Or ADDIT3OAL &MORE DETAILED 3)3FORMAT1O% BEST SOURCE Or ADDITIONIAL 4 MOat DETAWLED NTIORMAT.O7,
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