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ABSTRACT 

Hamilton, M.P. and Flaxman, M., 1992. Scientific data visua!rzation and biological diversity: new tools for spatializing 
multimedia observations of species and ecosystems. Landscape Urban Plann., 2 1: 285-287. 

Current knowledge of the biodiversity of protected ecosystems is often limited to museum collection specimen data, 
outdated or cursory inventories and anecdotal accounts. Beyond the inventory of biological diversity comes the need to 
monitor changes of many parameters and at many scales, and the need to incorporate this knowledge into an accessible 
information system for biodiversity management planning and conservation education. This paper briefly describes our 
continuing research erTorts to develop new ways to collect, analyze, organize and distribute biodiversitjl data. 

Numerous papers, books, films and pro- 
grams hdve described the issues surrounding 
the causes and consequences of reducing our 
global biodiversity (Wilson and Peter, 1988 ). 
Rapidly accelerating global changes are plac- 
ing impossible demands on the scientific com- 
munity to inventory and assess the world’s re- 
maining species and important ecosystems 
(National Science Board, 1990). There are 
simply not enough experts trained in the fields 
3f biological systematics and ecology to ac- 
quire rapidly sufficient biodiversity data nec- 
essary to influence land development policies 
(Soule and Kohm, 1989; Higher Education 
Panel, 1990). 

At the University of California, James San 
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Jacinto Mountains Reserve (a member biolog- 
ical field station of the statewide UC Natural 
Reserve System) we have incorporated a range 
of data management approaches to document 
biological diversity studies conducted within 
the San Jacinto Mountains (Riverside County, 
California). Our databases include species in- 
ventories, bibliographic and research studies 
stored in Macintosh HyperCard format, mul- 
tiple GIS coverages running on Workstation 
ARC/INFO and PC ARC/INFO, 35 000 video 
images of photomonitoring plots and species 
photography stored on laser disc, and bioac- 
coustical recordings on audio tape. The inte- 
gration of all these databases and records into 
a single computer environment has been the 
subject of our current research in data mznage- 
ment for biological field stations (Hamilton, 
1989). 
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SITY VISUALIZATION 

Riodiversity visualization is a concept we 
have coined to employ visualization tech- 
niques in order to unify the various biodivers- 
ity data sets stored at our field station. We con- 
sider visualization to encompass the 
technologies of electronic imaging, remote 
sensing, geographic information systems, in- 
teractive multimedia, and three-dimensional 
volume rendering. Research is continuing to 
integrate many, if not all, of these technologies 
under a single-user interface. Our methodol- 
ogy will be important to field station data 
m3. gement throughout the world, as well as 
t; land managers who specifically recognize the 
iknpoi tance of managing for biological values 
(e.g. wilderness areas, national and staie parks, 
and private natural preserves). We are cur- 
rently combining the two-dimensional graphi- 
cal display capabilities of our ARC/INFO da- 
tabases with ground-based video monitoring 
imagery and hypermedia species/ecosystems 
inventories. Our system, called the MACRO- 
SCOPE, combines these data representations 
with a consistent user interface. Biodiversity 
visualization becomes a process for spatializ- 
ing multimedia observations of biological di- 
versity at many scales using computer-based 
scientific data visu s. 

Our field studies team consists of University 
of California, Riverside and California State 
University at Pomona graduate students, as 
well as staff biologists at the UC James Re- 
serve. We have been involved in collecting 
multimedia data sets in the San Jacinto Moun- 
tains and at several field stations in Venezuela 
since 1985. Standard collecting methods for 
invertebrates, vertebrates and plants are gen- 
erally employed and specimens deposited at 
museums in California and Venezuela. Quan- 
titative data sets describing plant communities 
and animal populations are also generated as a 

component of our field courses. In addition, 
multimedia data in the form of 35 mm color 
slide film, 16 mm color movie film, still video 
images, videotape recordings and audio tape 
recordings are routinely collected. We use a va- 
riety of techniques for standardizing multime- 
dia observations. For instance, Canon still 
video cameras are mounted on a survey tran- 
set and images are recorded in an overlapping 
format (in all directions and angles) in order 
to provide a video viewmap of each of our veg- 
etation plots. We recently began using a Ma- 
gellan global positioning receiver, and if this 
tool provides sufficient accuracy in our tropi- 
cal ecosystem localities, we plan to interface the 
camera, a palm-top computer, portable air- 
craft gyroscope, and an electronic altimeter in 
order to automate tbe recording of camera po- 
sition and geographic position. Audio record- 
ings of vocalizing ammals will be similarly 
documented (microphone position and geo- 
position). Video still and mLtion imagery are 
stored in analog formats on laser disc, tape and 
video floppy disk, and in digital format using 
compressed Quicktime utilities. 

Using multimedia data to a++tgrnent quanti- 
tative measurements provides a very informa- 
tive way to document observations and to val- 
idate field measurements in order to conduct 
time series and change detection studies. Our 
field course returns to the same locations every 
two years in order to reconstruct past studies 
and investigations. Because our biodiversity 
visualization system is reasonably portable, it 
travels with us to our field localities, and the 
database provides a simple way to relocate 
study plots, thus providing our students with a 
visual history of past observations. 

IC INF N 

Integrating the ground-level multimedia ob- 
servations with our ARC/lNFO coverages, in- 
volves building appropriate coverages, defined 
by geo-coordinates and content, within ARC/ 
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INFO, and converting an image of the: cover- 
age to a Macintosh-compatible graphical for- 
mat. The remainder of our visualization sys- 
tem relies on Macintosh-based software. The 
MACROSCOPE is organized into five princi- 
pal databases. These are: ( 1) Observations 
Database; ( 2 ) Species Database; ( 3 ) Habitat/ 
Community Database; (4 ) Landscape (GIS) 
Database; and (5) Global Index. Each level is 
viewed in two modes, as a primary window and 
as a secondary window. When the information 
being viewed in the primary window is changed 
(e.g. a new species is displayed) then each of 
the other four secondary windows will be au- 
tomatically updated to show the appropriate 
relationships. HyperCard takes an object-ori- 
ented approach to programming which we have 
found to be extremely useful in linking our five 
primary databases and supporting stacks. 
HyperCard also makes use of hypertext, allow- 
ing key words or phrases to be hard linked di- 
rectly to supplemental information, or dynam- 
ically linked using HyperCard’s built-in 
searching algorithms. Our system of linked 
windows showing multiple representations of 
biodiversity is essentially a prototype of a vis- 
ualization approach which is leading to ex- 
tremely rapid data collection, processing and 
display of ecological information. 

Computer-based tocls for describing biolog- 
ical complexity promise to expand the capac- 
ity for observing and describing biological di- 

versity rapidly. Visualization techniques such 
as GIS and interactive multimedia are only 
now being applied to the effort to document 
our rapidly changing world. The MACRO- 
SCOPE has provided one approach to con- 
necting different databases which share a geo- 
graphic position. Our data-management model 
is in a rapid state of development and refine- 
ment so that easy-to-use tools can be made 
available to field biologists, educators and 
other committed people worldwide, who share 
a need to accelerate our knowledge of biodiv- 
ersity. Over the next 5 years we plan to exploit 
the rapid increases in performance of com- 
puter hardware and intelligent software to de- 
sign Giodiversity visualization tools appropri- 
ate for research, education and biological 
resource management. 

We invite inquiries from all interested peo- 
ple who would like to learn more about this 
project. 
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