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Introduction

BACKGROUND

Entomology is one of several biological disciplines that hold great promise
of providing useful knowledge to man but that are hindered by major
problems in delivering that promise. The promises and problems of ento-

~mology, especially those in biosystematics and biological control, primarily

result from the immense numbers and diversity of insects and their relatives.

.However, application of computer technology will enable entomologists to

‘surmount many of their problems and to deliver the knowledge that society
needs. The use of computers and innovations in information development,
analysis, and delivery systems are revolutionizing almost all aspects of ento-
mology, as they are revolutionizing other fields. Researchers in two key,
related areas of entomology—biosystematics and classic biological
control—are beginning to take advantage of computer technology.

A special problem in biosystematics of insects is that we must deal with
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about one million described species, bearing perhaps twice as many valid
and synonymical scientific names arranged in an hierarchical system of at
least four levels. Thousands of common names also must be-considered. A
wealth of published taxonomic literature, in scores of languages, extends
back to 1758. A special problem in biological control is the existence of a
large amount of ‘grey’ literature, consisting of unpublished notes and docu-
ments and including literature from a diverse range of related disciplines and
subdisciplines. Users of both biosystematics and biological control data are
varied and numerous—individuals and groups throughout the world. Further
complications, extensions and relationships could be cited with regard to the
development and supply of research information in these areas.

Our review of information systems in entomology is divided into basic and
applied biosystematic databases, tools, utilities and other currently non-
automated information systems. In each section we describe what we are
doing, then review what others are doing and what has been published. While
we do describe a typical environment (ours) within which these information
systems have been built and currently exist, we do not review the extensive
field of computer equipment and systems.

REVIEW OF MAJOR PUBLICATIONS

A realistic and sobering place to begin a discussion of computer databases
is the classic publication. Demythologizing Biological Data Banking (Shetler,
1974). Most of the myths and fallacies related in that paper were reiterated
almost a decade later (Sarasan, 1981: Sarasan and Neuner. 1983) and are
still pertinent today. Gautier’s paper (Gautier, 1978) on automation of
biosystematics data is one of the few major publications devoted to automatic
data processing and databases in biology. Except for a basic textbook written
for use in a course on information sources in entomology (Arnett, 1970),
none is restricted to entomology. Most are proceedings of conferences (e.g.
Cutbill, 1971; Brenan, Ross and Williams, 1975). The recent book by Allkin
and Bisby (1984) includes some excellent introductions to key topics. Bisby
(1984) provides an overview of information services in taxonomy; Barron
(1984) describes basic database designs (hierarchical, network and relational)
and their advantages and disadvantages for use in biology; Freeston (1984)
and White (1984) write about implementation of databases on microcompu-
ters; Allkin (1984) and Dallwitz (1984) illustrate the use of automatic data
processing (ADP) tools to generate biosystematic information in the form
of taxonomic keys and descriptions; and the .rest of the book describes
various databases in biology, but none specifically mentions entomology.

Description of a working system

INTRODUCTION AND HISTORY

The computer environment for information systems may appear to be rather
diverse as a result of the various trade names associated with their com-

Biosystematic and biological control information systems 363

ponents. However, the environments are all very similar in basic structure.
which consists of equipment (hardware) and programs (software) operated
by people (personnel) and costing money. These environments vary greatly
in size, ranging from a single personal computer operated by an individual
to large mainframe systems operated by divisions of people. Because there
is an abundance of literature available on computers and their environments,
we restrict ourselves here to describing our computer environment as an
example of an operational system being used by an agricultural research
organization. ' '

Over the past decade, the Biosystematics and Beneficial Insects Institute
(BBII) of the Agricultural Research Service (ARS). US Department of
Agriculture (USDA), has made a concerted effort to apply computer tech-
nology to the systematics and biological control aspects of its research and
service programme. Thus a description of our experiences (failures as well
as successes) provides a useful ‘case history’. Much of this paper concerns the
programmes of the BBII Beneficial Insects Laboratory (BIL) and Systematic
Entomology Laboratory (SEL). Various sections were prepared by the BBII
staff and associates listed after the titles; for further information, see Table
1.

The mission of the BBII, one of 10 Institutes at the Beltsville Agricultural
Research Center, Beltsville, Maryland, is to conduct research and provide
services in the. taxonomy and biosystematics of insects. mites, nematodes,
fungi and vascular plants; in biological control by introduced natural enemies;
and in bee biology. Systematics research on insects and mites and research
on biological control have had an especially close, long-term working
relationship in the USDA,, as they have in many other organizations (Knut-
son, 1981). Building on the needs and benefits of that relationship has
provided us with a purposeful framework for applying computer technology

- in the BBII. Systematics of groups of organisms other than insects and mites,

and research on bee biology, were added to the BBII programme in 1983;
we are also finding programme interactions in these areas that are enhanced
by computer applications.

HARDWARE

The variety of computer systems in BBII, or which regularly communicate
with BBII systems, are illustrated in Figure 1. While some applications are
shared among mainframe computers, the focus here is on the hardware of
the five Wang systems that are directly interconnected. The primary system
(Figure 2) is a Wang VS-100® (Virtual Storage) minicomputer equipped with
2 megabytes of random-access memory (RAM) and some 800 megabytes of
online disk storage. Coaxial cables connect the central processor unit (CPU)
of this system to 19 data-entry terminals (workstations) and seven printers.
The printers are physically located for optimal use by groups of users. In
addition, the system is configured to allow simultaneous remote access by
as many as 24 more terminals hard-wired to four peripheral CPUs. Also
included in the system is a multiplexor that allows concurrent use by a
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Table I. Sources of additional information

APHIS/PPQ records on shipments and releases of natural enemies in the US (by biological
control laboratories at Niles, Michigan and Mission, Texas): G. L. Cunningham, Chiel
Staff Officer for Biological Control. APHIS/PPQ, Room 60(). Federal Center Building.
Hyattsville. Maryland 20782, USA. '

ARSEF (ARS Collection of Entomopathogenic Fungal Cultures). Ithaca, New York: R. A.
Humber, ARSEF. c¢/o Boyce Thompson Institute, Tower Road. Ithaca. New York 14853,
USA.

Bioltogical Control Information Document: J. R. Coulson (see ROBO).

BIRLDATA: L. R. Ertle, BIRL. 501 South Chapel Street. Newark. Delaware 19713, USA.

BRS (Bibliographic Retrieval Services): Information Technologies, 1200 Route 7. Latham. New
York 12110, USA or CABI. Farnham Royal. Slough, SL2 3BN. England. UK.

Coleoptera Catalog (Catalog of Coleoptera of America North of Mexico): J. R. Do_ggcr.
Systematic Entomology Laboratory, USDA, ¢/o Department of Entomology. US$ National
Muscum of Natural History. NHB 168, Washington, DC 20560, USA.

Common Names: L. Knutson (sce WHIAD).

CRIS (Current Rescarch Information System): US Department of Agriculture, National Agri-
cuttural Library Building. Beltsville, Maryland 20705, USA.

DELTA (DEscriptive Language for TAxonomy): [M. Daliwitz. CSIRO. Canberra, Australia].
DIALOG Information Services, Inc.: 3460 Hillview Avenue. Palo Alto. California 94304, USA.

DPMIAC: Chiel, Defense Pest Manageme.nt Information Analysis Center, AFPMB. Forest
Glen Section, Walter Reed Army Medical Center, Washington, DC 20307-5001. USA.

FBC (Florida Biological Control database): J. H. Frank, Department of Entomology and
Nematology. University of Florida. Gainesville, Florida 32602, USA.

Flies of the World (Biosystematic Database of Flies of the World): F. C. Thompson, Systematic
Entomology Laboratory, USDA, c/o US Natjonal Museum of Natural History, NHB 168,
Washington, DC 20560, USA.

maximum of six systems with six sessions per system. The primary system
communicates with the peripheral systems via a digital circuit leased from
the telephone companys; for this purpose, all systems are equipped with 4800-
baud digital service units.

The peripheral CPUs consist of two minicomputers (Wang models VS-15®
and VS-65%) and two Wang Office Information System (OIS®) models 115.
All peripheral systems have smaller disk-storage capacities than the primary
system (8 megabytes each for the two OISs, 76 megabytes for the VS-15,
and 150 megabytes for the VS-65). The OISs are word-processing systems
with limited data-processing capabilities, but even in the case of the two
peripheral VS systems, most data processing is performed on the primary
system because of its greater data-storage capacity. All software develop-
ments and the majority-of the databases reside on the primary system.
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Hymenoptera Catalog (Catalog of Hymenoptera in America North of Mexico): D. R. Smith.
Systematic Entomology Laboratory, USDA, c/o US National Museum of Natural History.
NHB 168, Washington, DC 203560, USA.

Inventories of Collections and Specimen Label Systems: F. C. Thompson (see Flies of The —

World).

ISAC (International Soybean Arthropod Collection): J. K. Bouseman. Tlinois Natural History
Survey, 607 E. Peabody Dr., Champaign, IL 61280, USA.

POUSNE (Pest Organisms in the U.S. and their Natural Enemies): J. R. Coulson (see ROBO).

PRIS (Pesticide Research Information System): Scientific Information Retrieval Section,
Research Program Services, Research Branch, Agriculture Canada, Ottawa, Ontario. K1A
0OC6 Canada.

ROBO (Release of Beneficial Organisms): J. R. Coulson. USDA. Agricultural Research
Scrvice. BBII, Beneficial Insects Laboratory. Bldg. 476, BARC-East, Beltsvillc. Maryland
20705, USA.

SELGEM (SELI GEnerating Master): A multiple file management system written mostly in
COBOL and developed at the Smithsonian Institution. The system is out of date and no
longer in use at the Smithsonian. Custom software is required for conversion of each file
of existing SELGEM databases to allow the data to be used by current database soltware.
There is uncertainty about which SELGEM databases will eventuaily be converted. For
further information, contact Gary Gautier, US National Muscum of Natural History,
Smithsonian Institution. Washington. DC 20560, USA. i

Specimen Tracking System: M. A. Lacey, USDA. Agricultural Rescarch Service, Biosystematic
and Benelicial Insects Institute, Room 007, Bldg. 003, BARC-West. Beltsville. Maryland
20705, USA.

Tephritidae In-Depth Database Pilot Project: L. Knutson (see WHIAD).
WHIAD (Western Hemisphere Immigrant Arthropod Database): L. Knutson. Director, Biosys-

tematics and Beneficial Insects Institute, USDA., Agricultural Research Service, Room
001, Bldg 003, BARC-West, Beltsville, Maryland 20705, USA.

Altogether there are now six CPUs, 51 workstations (including 26 microcom-
puters used as workstations), 11 printers (including two high-speed line
printers), three tape drives, five disk drives (in addition to those included
within the CPUs), and four telecommunications ports (in addition to the six
dedicated to the Wang network). All of the equipment was acquired over
the past eight years for a total cost of about US $750 000; more than half
of the funds were provided by various ARS offices outside the BBII.

SOFTWARE

Word processing is the most extensively used computer application in BBII
(see below under Databases and ADP Tools and Utilities). One of the real
strengths of Wang word processing is its capability for integration with data-
processing operations. Through access to utilities, word-processing files can
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be created, updated, or manipulated as data-processing files. Hence, data are
easily moved between word-processing and data-processing environments.

Although a number of programming-language compilers are available for
VS systems, these machines are designed for optimal execution of pro-
grammes written in Common Business-Oriented Language (COBOL). The
system provides a data-management system (DMS) with data dictionary
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(CONTROL), data entry, inquiry and report facilities. Utilities are available
to generate programming code in COBOL or RPG Il automatically for all
these facilities, thus allowing the users easily to customize their applications.
An interpretative procedural language (a type of Job Control Language)
allows linking of the various components into menu-driven systems. All of
our current database applications and tools are built from this DMS base.
We anticipate modernizing some of our data processing through conversion
to relational databases that will run under recently acquired PACE® (Pro-
fessional Applications Creation Environment) software published by Wang.
Relational databases are those in which data entered once, in a single
database, can be retrieved automatically by other databases, thus eliminating
redundant data entry.

Networking runs under Wang multipoint telecommunications software
residing on all systems. The network does not support word processing on
the primary system by remote users. but documents can be rapidly shuttled
electronically between systems for local editing, review, or printing. All other
software can be run through terminal emulation. Although the network is
primarily used for file transfer and data processing, it also permits the system
manager to log on to any of the peripheral VS systems to perform emergency
diagnostics or more routine system functions.

PERSONNEL

Our experiences in the application of computer technology are probably
similar to those of other research organizations. Our greatest continuing
deficiency is the lack of sufficient personnel specialized in data processing,
from data-entry personnel to systems analysts, computer programmers, data-
base administrators and system managers. This deficiency was especially
constraining in the start-up stage, when installation and operating difficulties
were encountered and when the scientific and support staff had little experi-
ence or knowledge of computerization. However, that situation led many
scientists to involve themselves directly in the use of the computer and also
led to their development of substantial expertise. In the early stages, we
were fortunate to have had the general advice and hands-on assistance of
the ARS Communications and Data Services Division (CDSD) in developing
a few systems. CDSD has since been eliminated because of cost cutting:
all data-processing services are now provided by commercial contractors.
Difficulties frequently were encountered in working with commercial organiz-
ations because of their nearly total lack of understanding of the science
involved, their orientation toward business functions, rapid turnovers in
personnel, and their generally high costs. That set of problems was most
‘severe in our attempts to contract for programming. Lack of permanent
ADP personnel in the BBII continues to be a roadblock now that we
‘have entered a phase of extensive data entry and need to refine programs,
interrelate existing and planned databases, and make them available electron-
ically to user groups. All of our hardware and core applications (operating
system, languages, database and utilities, network and word-processing
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software) are maintained by the vendor under contract at an annual cost of
approximately $30 000.

MANAGEMENT

Our management of the system has not been highly sophisticated from a
technological viewpoint. It was obvious to us that areas of research and
services as word-intensive s systematics and biological control would benefit
immediately and immensely from computerization. We were advised at the
initiation of our computerization project (1979) that Wang equipment pro-
vided the most advanced integration of word and data processing. At the
outset, we decided not to try to design an overall system that was interrelated
in the most advanced ways. We decided not to develop new areas of research
and services but, rather, to emphasize the application of the computer to
proven useful and productive areas of research such as production of taxo-
nomic catalogues and use of our specialized, unique data resources. We
placed highest priority on projects that elicited substantial interest from BBII
scientists and the user community, and we realigned priorities as we felt our
way through the development of the system. There are advantages and
disadvantages to such an ad hoc approach, and although our current enter-
prise could be best described as a collection of substantially interrelated
databases and computer tools, rather than as a highly integrated system, we _
feet that the cost/benefit ratio of our approach has been acceptable.

The BBII databases, systems and procedures consist of some 30 projects,
most of a continuing nature, ranging from those in an early planning stage
to those that are fully operational. The following descriptions, primarily of
databases that can serve as sources of information for the scientific com-
munity or which might have value as models, are arranged according to
general type of application.

Databases and ADP tools and utilities (F.C. Thompson)

Biosystematics—what is its task, how is it achieved, and why is it of value?
Biosystematics seeks to name, describe, distinguish and, most importantly,
to interrelate information on organisms and to analyse their relationships
and evolutionary history. Systematists collect and analyse data and produce
various types of output. By analogy, the data flow in systematics is similar
to that in computers (Figure 3). Specimens and associated data are collected
by users or systematists themselves and ‘input’ (or funnelled) to the system-
atists. Systematists process the specimens and data by making identifications
and conducting character analyses; they then output information in the form
of publications or new databases (see Figure 9). Because many organisms
are either beneficial or deleterious to man, information about them is of
great value. Thus biosystematic information—by which we mean the full
range of information, from behavioural to molecular, about living
organisms—is a critical resource, especially to the areas of biological control
and conservation.
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Figure 3. Data flow in systematics.

Computerized information systems and tools are important, but not essen-
tial. in handling biosystematic data on small groups of organisms such as
mammals (some 2000 species) or even birds (some 9000 species). However,
for the enormous amount of data associated with the estimated 30 million
species of insects (Erwin, 1982) they are indispensable. The basic objective
in using computer technology is to minimize data processing by people and
to maximize that performed by computers. If a data item is to be used
repeatedly, it should be captured once and made available to ail users in a
form that can be manipulated without redundant entry. An obvious benefit
of computerization is the ability to process more data with precision and
greater speed. For entomologists, the resultant increase in efficiency will
allow a constant number of workers to deal with a greater number of insects
and to deliver more and better organized information to the user community.
That is the only realistic way, in today’s world of reduced funding, to make
headway with the task of systematizing the data on our enormous insect
fauna.

Basic databases are comprehensive and cover all fundamental knowledge
for a field, whereas applied databases are limited in scope and cover derived
knowledge applicable to a particular activity. Basic biosystematic databases
and applied biological control databases are closely related in the kinds of
information they share. While in theory an applied database is only a
specialized subset of a basic one, in practice truly comprehensive basic
databases do not yet exist in entomology, so applied ones must answer the
demands of the users. For example, the Western Hemisphere Immigrant
Arthropod Database (WHIAD) is designed to provide much the same infor-
mation as is found in our biosystematic databases on flies (BSDFW), hymen-
opterans (CHANM), and beetles (CCNA), but because no basic databases
have been developed for the other major groups of insects, WHIAD remains
the only source of specialized information for these groups.
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BASIC BIOSYSTEMATIC DATABASES (F.C. THOMPSON)

‘Catalogues’, or what we now prefer to call basic taxonomic databases,
provide the critical synthesis of biosystematic information. Taxonomy (and
its more modern and more comprehensive developments—systematics and
biosystematics) dates from Linnaeus and his Systemma Naturae (1758) where
a system of hierarchical classification for synthesizing all information about
the natural world was introduced. His works included all the basic data
about plants, animals and minerals, such as keys for identification, diagnoses,
short (binominal) names for easy unambiguous communication, literature
citations to other, more detailed, information sources and biotic data such
as phenology and distribution. Thus, while knowledge of the natural world
remained limited, one man could provide all biosystematic information in a

- single work. The ability to do so, however, became more difficult as know-

ledge about the natural world increased: specialization became the trend.
Comprehensive works became more limited both in geographic and taxo-
nomic scope or in the amount of biosystematic information included in them.
‘Catalogues’, which provide a limited amount of biosystematic data but are
broad in geographic and taxonomic scope, became the primary level of
synthesis for biosystematics. Because of the broad scope of catalogues,
most became co-operative enterprises of many specialists and usually were
sponsored by large institutions. The systematic entomology community in
Washington, DC, has been one of the leaders in this area during the last 40
years. Building on a knowledge of how to prepare catalogues manually,
we quickly adapted automated methods when they became available. The
Coleoptera and Hymenoptera catalogue projects described below were the
first successful attempts to use computers to aid in the production of large
systematic catalogues. Both of these projects used software specially created
or modified for the production of printed catalogues. However, as computer
technology continued to change rapidly, new approaches had to be
developed. The Tephritid Pilot Test project explored the use of commercially
available database software to produce specialized catalogues, and from that
the Systematic Database of Flies of America north of Mexico (SDFAM)
arose. These projects were designed, not only to produce printed catalogues,
but also to create and maintain an easily accessible database and to define
data standards, structure, and processing algorithms that could be used on all
types of computer systems. From the SDFAM will emerge the Biosystematic
Database of Flies of the World. The Linnaean hierarchy will be implemented
in a modern relational database (see Figure 4 for the model). Linking the
various tables (files) will be the valid name of the taxon. This database
model will bring the cycle back to Linnaeus as once again all the essential
biosystematic information can be stored in a single system, the differences
being greater and better accessibility to the information by more users
because of the accumulative labour of many systematists and the information

being more organized, more standardized, more comparable, more updatable = -

and more retrievable.






