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ABSTRACT - Environmental research within lhe Amazon requires datafrom 
both macro - and micro- observational studies. Collectively botany, 
the earth sciences and zoology amass vaSt amoun/s of data. For these da/a to 
be ulilisedfully by computer-based methods requires careful management and 
planning. The choice ofdata base and will pre-determine the usefulness 
of many observational studies. A characterisation of observational study into 
one offive lypes: either institutional, local, regional, national or international 
is proposed. Potentially, the design concepts for information storage and 
retrieval are different for each type ofstudy but lheir commonality is discussed. 

KEY WORDS: Observational study, Computer-based methods, Information, 
Design, Network. 

RESUMO· A pesquisa ambiental na Amazônia necessita dados resultantes de 
estudos observacíonais a niveis macro e micro. Disciplinas como a botânica, 
ecologia, ciências da terra e zoologia reúnem muitos desses dados. Não 
obstante, sua utilização ótima através de métodos computacionais requer 
cuidadosa manipulação e planejamento. A seleção do tipo de banco de dados 
virá predeterminar a utilidade dos dados observados. Os dados obtidos de 
estudos observacionais podem ser divididos em cinco institucional, 
local, regional, nacional ou internacional. Potencialmente, embora o tipo de 
"design" para armazenagem e "retrieval" da informação varie de acordo com 
cada tiDO de estudo seus pontos em comuns são discutidos no presente. 

PALAVRAS-CHAVE: Estudo observacionais, Métodos computacionais, 
Informática, Planejamento, Rede. 
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INTRODUCTION 

Environmental researeh within the Amazon is important bothper se and 
foran understandíng ofman' s impaet on that environment. Botany, ecology, thc 
earth sciences and zoology are alI important aspects of this research and in 
conjunction with the disciplines ofmathematics, physics and statistics may one 

day lead to a greater understanding of the Amazon as well as of the earth' s 

ecosystem. Any potential ínter-dependencies that exist between the pIant and 

animal kingdoms and their environment need to be investígated, doeumented 
and understood. 

To this end, observational studies at both the macro- and micro- leveI are 

routinely undertaken in botany and ecology, for example. These yield vast 

quantities ofdata which are important both to theirrespeetive discipline and as 
an aid to environmental impact assessment (Tietenberg 1988). 

The physical colleetion large amounts of data brings with it new 

problems! Management of data, planning and informatíon retrieval are by no 
means trivial and eaeh requires eareful thought andconsideration. The method 

ehosen to store and manage data will pre-determine the usefulness of an 
observational study. Traditional handwritten methods of information storage 

based on forms, records and eards have been replaced by modem eomputer
based techniques such as spread-sheets and data bases. These have often 
produced more problems than they were first envisaged to solve. 

Both mainframe and micro-based computers are routinely employed for 

information storage and retrieval but can lead to inter-communication process 

errors and data transfer problems, for example. The need to consider the 

potential sources of such problems and errors before thev occur in a studv is 

imperative. 

This paper identifies possible causes oferrors and problems when relying 

upon computer-based tcchnologies; together with proposing a broad 

characterisation ofobservational study based on the type ofdata to be collected 
and the uses identified. A number of dífferent design concepts for information 

storage and retrieval are discussed and reeommendations made for the present 
and future. 
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DATA ASPECTS OF ENVIRONMENTAL RESEARCH 

At first sight, the obscrvational studies undertaken in the disciplines of 
botany, ecology, the earth sciences and zoology would appear to be different. 
A transition fromhandwritten methods ofinformation storage to methods based 
on computer technologies would seem to present enormous problems and 
difficulties. In actuality, however, this is not the case! 

For the successful utilisation of computer techniques in the field of 
information storage and retrieval one mustmerely identify the commonality that 
exists between the data collected bv all environmental rescarchers. 

All data may be characterised as belonging to one oftwo types ; either the 
character type or a numeric type. The pharacter data type may consist merely 
ofthe name ofa researcherundertaking a particular study; while a numeríc data 
type may consist ofthe positional co-ordinates where a particul arplant species 
was observed in an Amazonian region of study. Character data may easily be 
stored digitally within both mainframe and micro-based computers; as may 
numeric data. However, the storage of the latter may cause conceptual 
difficultíes (see, for exampIe, O' B rien( 1986» particuJar1y for the environmental 
researcher. Expert guidance from a Statistician may be needed for the correct 
c1assification and definition of data type. 

A numeric data type may be further sub-divided into one oftwo categories: 
either a quantitative category or a qualitative category. The quantitative 
category is by far the most common (Sckal & Rohlf 1981) and widely 
encountered in Amazonian research. It may consist of measurements, for 
example, either on the heights anddíameters oftrees (Hafley & Schreuder 1977) 
or on the number of trees flowering and fruiting per month taken over a number 
of years (O'Brien & Pires 1992). The qualitative category is little understood 
in environmental research but frequently encountered by researchers in areas of 
medicine (CoIton 1974). It may be likened to the character data type in that 
although numbers are used to represent the findings ofa particular observational 
study no significance should be attributed to the numbers other than to the fact 
that each distinct number identifies a different observational finding. For 
example, in a study of amphibious lake populations one may be interested in 
recording the presence and absence of a number of species within a range of 
habitats. While the characterdata type may be defined and used with the strings 
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PRESENT and ABSENT to denote the presence and absence of each species 
within each habitat, respectively, an alternative is to use a numeric data type in 
the qualitative category. This makes the data more amenable to mathematical 

statisticaI modeI1ing (see, for exampIe, O'Brien(1989)) and on 
recoding the character stringPRESENTwith the number one and recoding 
character stringABSENTwith the number zero. The zero-one qualitative data 
may then be modelled, for ex ampIe , using techniques appropriate to the analysis 
of binary data (see, for example, Cox & Snell(l989)). 

characterisation of aU data into either the character type or a numeric 
type helps to identify a commonality that exists between all observational 
studies. However, when considering data collectively one needs to distinguish 
further those variables that will always be measured and recorded in an 
observational study from those that will onlysometimes be avaiIable. The latter 
category may ínclude comments and remarks made by the envíronmental 
researcher during the course ofa study. This characterdata type will not aIways 

be available but when it is must be formally retained in a way that will permit 

future retrieval in an easy manneI. 

The ways in which such data may be stored dígítally' cause design 

problems with respect to the most appropriate computer language to use for 
representation ofthe data and the best type of computer architecture to adopt. 
These are discussed further in the next Section. However, before leaving this 
discussion of the data aspects of environmental research it is important to 
identify one last concept. The concept of static and dynamic arrangements of 

data. 

Observational studies produce vast amounts of data may be either 

unique in the sense that they are "one-off, never to be repeated" studies or may 
be part of acontinuous environmental research programme. The data collected 
in the former case may be termed static since once collected a set of data 
remain unchanged apart forminorcorrections arising from transcription errors. 
Data collected in the Iatter case may be termeddynamic since OTIce collected the 
set ofdata will be periodically augmented by the addition ofnew observational 
data taken at later points in time. The dynamic collections ofdata are by far the 
most frequently encountered in environmental research observational studies 
both within, and outside, the Amazon. 
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The distinction between the and dynamic collections ofdata will be 
retumed to later when the concept will become important to the utilisation of 
computer techniques in Amazonian research. 

The concepts presented in this Section are important to ali studies 
involving data collection. It is important to recognise their existence! Once 
identified, only then may thought be given to the choice of computer-based 
technology most appropriate for information storage and retrieval. 

COMPUTER-BASED TECHNOLOGIES 

For research observational studies and envíronmental 
impact assessment, the need to transferfrom handwrítten methods ofinformation 
storage to computer-based methods is not in doubt (see, for example, 
Green(1979)). What is in doubt, however, are the choices to be made. Whíle 
there is a plethora ofcomputer-based techniques, some ofwhich were mentíoned 
earlier in the lntroduction, one must never Ioose sight of the fact that the 
computer merely stores, manipulates and displays information. The choice of 
hardware and software configuration must be dependent upon the particular 
characteristics of each observational study. The current 
computer and one piece of software will be appropriate for alI 
research must be dispelled. 

Computerprogramming Ianguages are many and varied; and like computer 
hardware they are suited to different applications. The traditional 3GLs 
(Third Generation such as the languages ofBASIC, COBOL and 
FORTRAN; together wíth the newer languages of ADA and C, are most 
people' s introduction to the world ofcomputíng. These provide an interface to 
the computer but theiruse requires a high-degree ofsophistication and expertise 
on the part of the environmental researcher. The 4GLs (Fourth Generation 
Languages), however, like thosc incorporated into statistical software packages 
such as BMDp®, SAS®, and SPSS® and mostdata base languages such as SQL, 
represent a higher-level, easier to use interface to the computer. To use these 
successful1y the researcher is required to think less about computation and to 
think more about problem-solving. Operating systems such as 
MS-DOS®, UNIX® and V AX/VMS are now common place and have much the 
same functionality; if slightly different command syntaxes. WIMPs (Window, 
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Mouse and Pointer) are becoming ever more popular with both the mícro
based computer user and the traditional mainframe user. Today, for example, 
a micro-based computer user can routinely expect to find the WIMPS 
implementation provided by MicrosoftCl

\ Windows™ to be available on a 
computer operating under MS-DOS®. Data base systems such as micro-ISIS, 
dBase® and spreadsheets are widely available, easy to use but tend to be 
restricted to applications on micro-based computers. 

Commercial software such as DBMS Copy has been produced which can 
take data in the format ofone piece ofcomputer software and convert them 
the format ofanotherpiece ofcomputer software. In this way, for example, data 
bases in the format of Lotus 1-2-3 ® may be transformed into data bases in the 
format of Paradox® and vice versa. Communication software such as kermit 
and Rainbow allows the physical transfer of both data and files from a micro
based computer to a mainframe computer (so-calleduploading) and transfer in 
the opposite direction (so-called downloading). 

Mainframeand micro-basedcomputers shouldno longer be thought ofas 
isolated machines devoid of a commonality but instead, may be thought of as 
exchangeable and interchangeable pieces of hardware. The choice of whether 
to use a mainframe or a micro-based computer for information storage and 
retrieval should no longer be based on prejudice and ignorance. Both have 
place in environmental research and both should be used! 

The particular choices ofhardware and software are becoming increasingly 
less important. Management ofdata, planning and information retrieval are alI 
far more important but require informed judgements to be made. 

INFORMATION STORAGE AND RETRIEVAL 

Apart from a choice of computer-based technologies, it is important to 
identify the potential uses to which the datacollectedas part ofan environmental 
research programme may be applied. A characterisation ofobservational study 
based on the type of data to be collected and the uses identified for the studv is 
proposed. 

Five ofobservational study can be ídentified : theinstitutional, the 
local, the ,""..,.i"'Mn the national and the international. Each requires its own 
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unique arrangement and colleetion ofdata but the transfer of data between one 
type ofobservationaI study and another may be necessary. At times, it wi11 also 
be highly desirabIe. 

Studies at the institutionalleveI are to be considered as special cases of 
those at the local levei, local leveI studies as special cases ofthose at the regional 
levei, regional leveI studies as special cases of those at the national levei, and 
last1y, national levei studies as speciaI cases of those at the intemationaIIevel. 
The movement frominstitutionallevel through to intemationalleveI mustnever 
necessitate either the 10ss or neglect of existing colleetions of data. It must be 
possible to progress in ahierarchical, linear way from one leveI to the next. By 
way of an example, consider the following scenario. 

An observationaI study is to be undertaken within the Amazon. At the 
institutionalleveI, Museu Paraense Emílio Goeldi (MPEG) may, for exampIe, 
conduct a small se ale pilot study. Thís rnay later be developed into a local study 
concemed with environmental impact assessment involvingjointcollaboration 
with a local institution such as Universidade Federal do Pará (UFPA). At the 
regionallevel, that study may then be extended to encompass other institutions 

the state of Pará. It may then be decided that the study needs to be 
extended to include institutions from a number of other states in Brazil and 
develops into a study at the national leveI. Finally, other countries beeome 
interested in the study because they have similar problems and hope for global 
solutions to be found and agreed. Collaboration develops between nations and 
a studv at the internationalIevel develops. 

Each ofthe five types of observational study could, in principIe, require 
different computer-based technologies for information storage and retrieval. 
However, similar questions will need to be answered for eaeh: 

- Should a mainframe or a micro-based computer be used? 

In the case of an observational study at the institutionalIevel the choice 
is really one ofpersonal preference. The same is true ofa study at the locallevel. 
At the regional, national and intemationalleve1s the choice mustrealistical1y be 
for a mainframe. Potentially a Iarge amount of information wi11 need to be 
stored. Remote aecess by computers between institutions will be necessary 
fast response times will be needed. 
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~ What computer software should be used ? 

Once again, at the institutional and local leveIs, the choice is really one of 
personal preference. Spreadsheets, data bases, 3GLs and 4GLs are alI 
appropriate. Software exists to allow translation between different formats of 
data but tends to be expensive and to have a limited lifespan. At the regional, 
national and internationallevels the choice must be between 3GLs and 4GLs. 
Historically, FORTRAN has established its place in numeric and scientific 
computing. However, the problems ofusing the 3GLs to store amounts of 
data are well-known. Data base management software has been developed to 
alleviate these problems and to guarantee the integrity of the data stored in an 
observational study. Most have ahost language interface forcalling application 
programs written in 3GLs directly. The Structured Query Language, SQL 
mentioned earlier, is the implementation of the data base model that is the 
acceptedstandard in research and development. It is a powerful but easy to use 
language, supported on both mainframe and micro-based computers. Its use is 
to be encouraged! 

~ 	 Shoulddata be stored on the diskettes ofmicro-based computers or on the 
magnetic discs and tapes ofmainframe computers? 

The choice depends on whether the observational study will be static or 
dynamic, in the sense discussed earlier. Ifstatic, then the choice is unimportant 
and should be based on personal preference and famíliarity. If dynamic, 
however, the choice must realistically be for the use the storage media of 
mainframe computers; ifnecessary, downloading files where appropriate. 

The need to use both mainframe and micro-based computerstogetherfor 
llldLlVll storage and retrieval will be essential to the future success of 

ronmental research. In a perfect world this might be alI that needs to be 
considered. However, problems and errors will still occur. 

PROBLEMS AND ERRORS 

Prototyping of acomputer-based solution is essential prior to thecolIection 
ofthe first piece ofobservational data in an environmental research programme. 
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Hypothetical data must be generated for the study and investigated in order to 
identify possible problerns with achosencomputer-based technology. Simulation 
studies, as one might term these, are common in mathematics and statistics 
research but under-used in environmental research at the present time. 

Network communication hardware and software are becoming ever more 
sophisticated. It is now routine both to send electronic messages from Brazil to 
England by BITNET, for example, and to connect to remote computers 
hundreds of miles away. The Data General ECLIPSE MV/9500 at MPEG in 
Belém, for example, may be remotely connected to mainframe computers in 
Brasília and Rio. Statistical software packages maintained on these remote 
machines may be accessed and discriminant function analysis (Srivastava & 

1983) such as presented in Claytoret al.(l992)routinelyundertaken. Ali 
network connections and routes must óe checked and tested prior to the 
investment of substantial amounts of time and effOlt in the development of 
computer-based techniques for information storage and retrieval. There is little 
point in developing a sophisticated collection ofenvironmental data in a remote 
part ofthe world ifthe scientific community at large can not have access to the 
information. 

Problems regarding the updating of dynamic collections ofdata must be 
considered. Schedules should be provided both for minor corrections arising 
from transcription errors and for the routine addition of new information 
obtained in an observational study. These can cause immense problems ifnot 
seriously thought about before an environmental research programme begins! 

CONCLUDING REMARKS 

Observational studies in environrnental research can yield vast quantíties 
data. The physical collection of large amounts of data can bring with it 

require care when computer-based solutions are proposed for 
ínformation storage 

In this paper, concepts important to the successful utilisation ofcomputer 
techniques have been discussed. A characterisation ofdata from observational 
studies has been proposed based on two broad types. The need to 
distinguish between qualitative and quantitative numeric data has been discussed. 
The concept of dynamic and static arrangements of data has been argued. 
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3GLs and 4GLs have been discussed and acharacterisation ofobservational 
study into one of five types proposed. The design concepts for each has been 
discussed wÍth respect to information storage and retrieval using computer
base.d technologies. All present and future environmental research within the 
Amazon and environmental impact assessment either requires, or require, 
the collection of data from observational studies. 

Simple questions should be answeredbefore acomputer-based technique 
for Ínformation storage and retrieval is suggested. The need to ínvestigate all 
possible causes of problems and errors prior to the adoption of a computer
based technique is crucial to the successful utilisation of any data coUected in 
an environmental research programme. 
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