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Abstract 
An integrated approach through the combination of geographic information system (GIS), digital image processing, global 
positioning system (GPS) and multimedia technology was developed for an area corresponding to Terrell's Island located on the 
Winnebago Pool Lakes, Wisconsin. A digital vegetation database in an ArclInfo GIS format demonstrating the spatial patterns of 
vegetation plant communities was generated for Terrell's Island through aerial photo interpretation and field vegetation survey. It 
is linked to a multimedia database that contains descriptive text, ground photographs, and digital video clips highlighting the 
characteristics ofplant communities, individual species, and invasive exotics. The integrated multimedia approach provides a unique 
way for local lake conservation organizations and the Wisconsin Department ofNatural Resources to assess and inventory existing 
wetland vegetation and habitats, and to make management plans on the protection, restoration and further development of the 
wetlands in the region. 

Introduction 

With increased awareness of preservation of the 

environment and the sustainable use of natural resources, 
the wetlands of the Winnebago Pool Lakes region are of 
major interest to government agencies, researchers and the 
public. Located in east central Wisconsin, the Winnebago 
Pool Lakes, including Lakes Winnebago, Butte des Morts, 
Winneconne, and Poygan, drain an area of 16,654 km2 
and compose 17% of Wisconsin's surface water area 
(Figure I). As late as 1943 the Lakes supported a greater 
diversity and abundance of aquatic macrophytes than any 
other wetlands in Wisconsin with the exception of the 
Upper Mississippi River. By 1953, abundance and 
diversity had noticeably declined (Zimmerman, 1953). 
Changes in water level regimes and increased sediment 
and nutrient loads due to agricultural practices and 
urbanization have contributed to the loss of tens of 
thousands of hectares of wetland habitat. 

The extensive loss ofwetland habitat is an impor-tant 
concern, as the Winnebago Pool Lakes support a diverse 
and unique fish and wildlife community, including the 
largest lake sturgeon population in the US (ECWRPC, 
1989). However, the numbers of this species as ofwell as 
many others have been declining despite intensive 
management efforts. Of the 17 inland fish species of 
special concern to the Wisconsin Department of Natural 
Resources (WDNR), 14 are found in the Winnebago 
System watershed with four of these occurring in the 
Winnebago Pool Lakes. Notable wildlife uses ofthe lakes 
include 120,000 to 170,000 diving duck use days per 
annum, and the lakes provide habitat for 260 pairs of 
Forster terns, a state listed endangered species, and 100 
pairs ofcommon terns (WDNR, 1989). Some piscivorous 
fish species such as walleye and sauger have maintained 
relatively stable numbers, but populations of northern 

pike, largemouth bass, and muskellunge have significantly 
declined, primarily due to changes in water quality and 
habitat losses. Other species such as freshwater drum, 
white bass and gizzard shad have thrived as a result of the 
changed conditions, causing increased interspecific 
competition for food and cover, increased predation on 
desirable sport fish, and shifts in trophic webs (WDNR, 
1989). In addition, the water quality condi-tions have 
allowed exotic species like the common carp to thrive as 
well, further contributing to the ongoing problem ofwater 
turbidity (Sloey and Spangler, 1977), interspecific 
competition, and destruction of aquatic vegetation 
(WDNR, 1989). 

The Terrell's Island project is a key component of 
ongoing, collaborative efforts between conservation clubs 
and the Wisconsin DNR to protect and restore quality fish 
and wildlife habitats on the Upper Pool Lakes. As such, it 
fulfills several management options outlined in the 
Winnebago Comprehensive Manage-ment Plan (WDNR, 
1989), including the acquisition of critical fisheries and 
wildlife habitat as well as the construction of protective 
breakwalls. Phase one of the project, including the 
purchase of the property and construction of a protective 
breakwall, has been completed. In the next five years, the 
Butte des Morts Conservation Club plans to achieve many 
additional restoration, preservation, and developmental 
goals, including the establishment of nesting habitats and 
of desirable aquatic vegetation, the elimination of 
undesirable vegetation, and the development ofhlking 
trails, wetland boardwalks, and an environmental 
education resource center. These ambitious plans, 
which address many of the management options 
outlined in the Winnebago Comprehensive 
Management Plan for the Upper Pool Lakes, has been 
approved by local DNR managers (Techlow, 1998). 
However, in order to properly proceed with many of 
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Figure 1. The Winnebago Pool Lakes and the Location of Terrell's Island 

THE WISCONSIN WINNEBAGO POOL LAKES REGION 

Lake Butte de Morts 

, 

t 

these plans, it is imperative to assess and catalogue the 
existing vegetation and habitat so that restoration 
efforts may be prioritized, and ecologically sensitive 
areas may be protected during the further development 
of this important natural resource. 

Remote sensing technologies have many 
applications in wetland vegetation analysis (Mead and 
Gammon, 1981; Ossinger, et aI., 1993, Welch, et aI., 
1995). With remotely sensed data such as aerial 
photographs as inputs of a geographic information 
system (GIS), the vegetation and habitat can be located 
and characterized as to type. A GIS vegetation database 
derived through the interpretation of large scale aerial 
photographs to date can provide current inventory of 
vegetation on the ground. Along with other data sets 
such as roads, hydrography and water quality, 
assessment of habitat requirements can be conducted 
through GIS spatial analysis. The results can be used 
to help design management plans to protect and restore 
wildlife habitats. 

Over the past 15 years, there has been increasing 
interest in utilizing multimedia tools in the form of text, 
photographs, digital video, and sound in a geographic 
information system (Openshaw and Mounsey, 1987; 

Lake Winnebago 

Rhind et aI., 1988; Lewis and Rhind, 1991; Shiffer and 
Wiggins, 1993; Hughes, 1996; Hu, 1999). Multiple 
data sources such as maps, aerial photographs, ground 
photographs, text, digital video and sound can be 
incorporated in a GIS to help planners and managers 
better understand the physical environment ofthe study 
area and the spatial problems of interest (Hu, 1999). 

Research Objectives 

The impetus for this project is to continue to 
restore, improve, and maintain ecological diversity and 
quality, and to ensure beneficial use of the fish, wildlife 
and water resources of Lake Butte des Morts. A 
combination of attributes, such as providing food, 
shelter, imd reproductive sites for other organisms, and 
a concern for water quality, indicates that the 
vegetation of the Terrell's Island property is a vital 
functional component in the context of Lake Butte des 
Morts as well as the entire Winnebago Pool Lake 
ecosystem. Therefore, our goals are to ecologically 
characterize the structural and functional aspects of the 
terrestrial and aquatic vegetation in the Terrell's Island 
project, and to develop baseline information necessary 
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for the management, protection, and rehabilitation of 
associated habitats. The objectives of this research are 
as follows: 

• to identify plant communities and habitats; 
• to develop digital vegetation databases showing the 
spatial distribution of plant communities as 
well as their characteristics; 
• to conduct GIS spatial analysis for assessing habitat 
requirements; 
• to develop an integrated multimedia approach for 
inventorying and assessing vegetation habitats; 
and 
• to generate a CD-ROM for the distribution of the 
final product, including the application software and 
databases to interested groups as well as to the indivi
dual users. 

Upon achieving the above objectives, the project 
will help fulfill a number of goals and management 
options outlined in both the Terrell's Island 
Development Plan (Butte des Morts Conservation Club, 
1997) and the Winnebago Comprehensive Management 
Plan (WDNR, 1989). First, the project will help 
address the management plan's principal goal to 
restore, improve, and maintain ecological diversity and 
quality, and maximize the beneficial use of the fish, 
wildlife and water resources of the Winnebago System. 
Secondly, the outcomes of this project will either 
directly address or provide the groundwork for the 
following objectives outlined in the management plan: 
I) inventory critical fisheries and wildlife habitat 
within the system; 2) increase quality fish and wildlife 
habitat on the Upper Pool Lakes (identified as critical); 
and 3) increase the relative abundance of desirable 
emergent aquatic macrophyte beds (identified as 
critical). Lastly, the project will help address the 
following management options outlined in the 
management plan: 1) survey and monitor aquatic 
macrophyte abundance and distribution on the Upper 
Pool Lakes; and 2) to prioritize habitat restoration areas 
for planting desirable macrophyte species. 

Methodology 

Study Area and Data Sets 
This study focused on an area corresponding to 
Terrell's Island located at the west nearshore of Lake 
Butte des Morts, covering a total area of 2 km2

• This 
area includes approximately 0.5 km2 of upland and 1.5 
km2 of emergent wetland. 

The only available data source for the development 
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of a GIS vegetation database was low altitude color 
aerial photographs. The use of the low-altitude aerial 
photographs of 1 m or better resolution was considered 
essential for the project. Only one 9" x 9" standard 
format (23 cm x 23 cm) natural color aerial photograph 
recorded on April 7, 1997 was needed to cover 
Terrell's Island (Figure 2-A). The aerial photograph 
has the original scale of 1 : 1 0,080 and can provide clear 
distinctions between vegetation patches. In addition, 
color aerial slides recorded in August 1998 for the 
Terrell's Island area by Art Techlow, WDNR, were 
used to assist the delineation and identification of 
vegetation classes. 

The Development ofa Digital Vegetation Database in 
GIS Format 

Polygons representing vegetation classes on 
Terrell's Island were delineated on Mylar, which was 
overlaid on a paper print enlargement (4x) of the color 
aerial photograph taken from the film transparency. 
Boundaries between vegetation patches were 
determined based on differences in color. In addition, 
point features such as road turnarounds, sharp corners 
ofvegetation patches, and individual trees identified on 
air photo enlargements were annotated and numbered, 
and their map coordinates (obtained from field survey 
with a global positioning systems (GPS)) were 
employed to established a ground control file for the 
aerial photograph (Figure 2-B). 

Approximately twenty-five ground control points 
(GCP) were obtained from the field using a differential 
global positioning system (GPS), namely the Garmin 
GPS-III. The map coordinates of the GCPs are in 
Universal Transverse Mercator (UTM) coordinate 
system tied to National American Datum of 1983 
(NAD83). 

The annotated features on Mylar were then 
scanned to create a digital image file. This digital 
image was rectified using the GCPs. Finally, the 
rectified image was converted from raster to vector 
format using the Able R2V software package and the 
output (i.e., polygon features) was saved as 
Environmental System Research Institute (ESRI) 
ArclInfo GIS coverage format. The AIclInfo coverage 
was then edited and polygon topology was created in 
ArclInfo GIS software. This polygon vegetation 
coverage was brought into ESRI AIcView GIS 
software and attributes for each individual polygons 
were assigned after the field survey was completed. 

A systematic field vegetation survey method was 
established to identify and quantify the spatial extent of 
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Figure 2. Color aerial photograph of Terrell's Island (A) and delineated polygon featwres (8) 



the types and kinds of vegetation on Terrell's Island. 
This was done by surveying each individual polygon, 
and identifying the dominant plant community in each 
polygon and its associated plant species. A procedure 
involving the use of geocoded digital images contain
ing delineated vegetation polygons displayed on a 
laptop computer and a real-time differential GPS were 
established to expedite data collection and verification 
in the field. As a result, the field researchers knew 
exactly which vegetation polygon they were field 
checking. 

A total of 160 plant species, and 18 dominant 
vegetation communities, each having up to 50 plant 
species, were identified on using information on 
Terrell's Island contained in official files. These plant 
communities can be characterized into two groups: 
upland plant communities and wetland plant 
communities. 

Assigning attribute information (i.e., dominant 
plant communities and associate plant species) for each 
vegetation polygon was done in ArcView GIS. 
Polygon features were displayed in ArcView View 
Window and their attributes were entered into the 
attribute table polygon-by-polygon with the 
information obtained from the field survey. Finally, a 
digital vegetation database and a hard-copy map 
(Figure 3) were developed. Related statistical 
information is displayed in Table 1. 

TI,e Development of a Multimedia Vegetation 
Database 

Upon completion of the vegetation survey, 
descriptions of dominant plant communities and 
individual species were written to highlight the major 
characteristics. The descriptions of the plant 
communities help defme which species coexist and in 
what surroundings, while the descriptions of the 
individual species provide detailed information 
regarding the structure and habitat of each plant 
species. 

Color photographs were recorded on the ground 
using a HP PhotoSmart C20 digital camera. The color 
photographs included panoramic views of the plant 
communities and close shots of the plant species. Each 
picture was stored as a digital file in the camera, 
transferred to a personal computer and saved as a 
Windows bitmap file (.bmp). The color photographs 
provided pictorial background for the text information. 

In addition to the text and still photographs, digital 
video clips were recorded in the study area with a 
Panasonic PV-DV91O digital video camcorder. Digital 

video segments then were downloaded onto a computer 
hard disk, edited using Adobe Premiere software and 
saved in a Video for Windows (VFW) format (.avi). 
Since the digital video clips required considerable disk 
space, a small play window, 320 lines by 240 pixels, 
was employed. Audio sound such as oral narration 
explaining the overview of the project was recorded on 
personal computer and saved as Wave format (.wav). 

The Development of an Integrated Multimedia 
Approach for easy access to the digital vegetation 
databases 

The integrated multimedia approach was based 
upon interactions between the following components: 

1) a GIS application module developed using 
Microsoft Visual Basic and Environmental 
Systems Research Institute (ESRI) MapObjects 
software to manipulate ARCfINFO coverages of 
vegetation patterns; 2) an interactive multimedia 
system created in a Visual Basic programming 
environment designed to manipulate multimedia 
information such as hypertext, hyperlinks, scanned 
photographs, digital video, sound and animation; 
and 3) a graphical user interface through the 
Microsoft Windows 95 operating system. All three 
components were developed in a coherent 
programming environment - Microsoft Visual 
Basic. 
Visual Basic is a state-of-the-art rapid application 

development (RAD) programming environment that 
combines an interactive design tool and an object
oriented programming language (Microsoft, 1999). In 
this environment, extended capabilities can be added to 
the standard Visual Basic through the use of ActiveX 
custom controls (i.e., software components). This 
feature also pennits companies to offer components 
with specific functionality tailored to applications such 
as GIS. Map control, toolbar control, and status bar 
control were used to develop the GIS application and 
graphical user interface, whereas text control, picture 
control, time control, and scroll bar control were used 
to develop the interactive multimedia system. The 
underlying relation among various custom controls was 
manipulated using Basic language. 

The GIS Application Module 
A GIS application module was designed to 

manipUlate spatial data in image/vector format. The 
development of the GIS application module was 
implemented on a Compaq computer with 64 
megabytes (MB) random access memory (RAM) run
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Table 1. List of Plant Communities Identified on Terrell's Island 

Upland 


Plant Communities 


Wetland 

Plant Communities 


Name ofPlant Community 

Apple spp. 

Box Elder 

Eastern Cottonwood 

Red Osier Dogwood 

Spruce spp. 

Broad-leaved Cattails 

Giant Bur-reed 

Giant Reed Grass 
-

Grass spp. 

Hardstem Bulrush 

Narrow-leaved Cattails 

Red Canary Grass 

River Bulrush 

Sandbar Willow 

Sedges spp. 

White Water Lily 

Wild Millet 

Willow spp. 

ning a Windows 95 operating system. Visual Basic 6.0 
and ESRl MapObjects 2.0 were chosen as the primary 
progranuning environment. 

MapObjects is ESRl's professional library of 
mapping and GIS software components for embedding 
spatial visualization and analysis in custom-written GIS 
applications. MapObjects includes an ActiveX custom 
control and a collection ofover 35 prograrrunable OLE 
(i.e. object linking and embedding) automation objects 
that let developers add mapping and GIS capabilities to 
applications developed within an application 
development environment such as Visual Basic (ESRl, 
1996). 

After loading MapObjects into Visual Basic as an 

Number ofPolygons 

1 

3 

1 

15 

1 

84 

I 

5 

1 

1 

3 

8 

1 

10 

12 

1 

1 

2 

Area (m/12J 

1,312.28 

19,936.64 

130.45 

29,543.96 

1,655.95 

402,261.73 

2,799.40 

39541.30 

4040.37 

370.78 

15,826.48 

85,878.03 

348.66 

19573.74 

25546.96 

1953.70 

2554.04 

2135.69 

ActiveX custom control, the image/vector data were 
added to map control (i.e, map display window) by 
writing code in Basic language. Then, GIS functions 
such as Zoom, Pan, Label and Identify were developed 
to manipulate the image/vector data sets, as well as to 
query the GIS database. For instance, the user can 
select the "Zoom in" icon from a graphical user 
interface (Gill) (discussed later) and zoom into an area 
on ARCIINFO coverages, then select the "Label" icon, 
click on any polygon, and the alphabetic letters 
representing the dominant vegetation category in that 
polygon will be displayed on the screen (Plate 1). 
Furthermore, the user is able to retrieve the attribute 
information (i.e., area, perimeter, dominant vegetation, 
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secondary vegetation and exotics) directly from the 
attribute table stored in the GIS database by first 
zooming into an area on the ARC/INFO coverages, 
then selecting the "Identify" icon from the tool bar and 
clicking on any polygon. The selected polygon will 
then flash three times, and its attribute information will 
be displayed in the "Identify Results" window (Plate 
2). 

The Interactive Multimedia System 
The development of an interactive multimedia 

system utilized the concepts of hypertext and 
hyperiinks, which are commonly used on the World 
Wide Web (WWW) and can provide interactivity and 
non-linear information retrieval (i .e., forward, 
backward, and cross-referencing) (Nielson, 1990). A 
hypertext, displayed in blue and underlined was 
constructed to allow interactive access to multimedia 
information in the form of descriptive text, ground 
photographs, digital video, and sound. 

'The interactive multimedia system contains two 
display windows, a "Text" window highlighting the 
major characteristics of each plant community and 
containing hypertext and hyperlinks, and a "Graphic" 
window displaying associated ground-based 
photographs (Plate 3) . The user can then explore more 
information by clicking any hypertext within the 
"Text" window. For instance, if the user clicks on 
hypertext "Broad-leaved Cattails", the photograph and 
descriptive text about the species will be displayed 
respectively in the "Graphic" window and "Text" 
window (Plate 4). In another case, the user is able to 
see the entire list of plant species found in a particular 
polygon as well as the pictures and descriptions of 
individual species (Plate 5). At any time, the user can 
switch focus back to the main page of the database or 
to explore the multimedia database further. 

The Graphical User Illterface 
A graphical user interface provides interaction 

between the user, application modules, and database . 
The graphical user interface, which included a menu 
bar, a tool bar, a map display window, and a status bar, 
was developed in V isual Basic through the use ofmenu 
editor, toolbar control, map control and status bar 
control respectively. Among these, menus are the most 
direct interaction between the user and the application 
modules. A tool bar contains a collection of button 
objects that one can associate with a specific 

application. For example, the icon with a plus sign (0:') 
is generally understood to represent a "Zoom In" 

function, and the icon with a hand sign (~) to 

represent a "Pan" function. A status bar is designed to 
display UTM coordinates values for the location when 
the mouse is placed over the image/vector display 
window, and to show the display scale of the 
image/vector data . 

Although the GUI provided menus and buttons to 
access both vector GIS database and the interactive 
multimedia system, attention was also given to the 
development of a mechanism that would allow users to 
retrieve the attribute information within the GIS 
database, and at the same time, be able to access the 
multimedia database for more detailed information. 
Since the dominant vegetation type is one of the 
attributes in the GIS database, a link beh'leen the GIS 
database and the multimedia database can be 
established. This is done by embedding a button in the 
"Identify Results" window with the caption of the name 
of a plant community (also see Plate 2). By clicking 
that button, the user will be directed to the interactive 
multimedia system. 

The Development of a Multimedia CD-ROM for 
Distribution 

With the current CD-ROM technology, a 
recordable CD or CD-R provides up to 675 megabytes 
(MB) of storage of digital data. Therefore, it was a 
logical step forward to develop a multimedia CD
ROM, namely the Terrell's Island Multimedia CD
ROM. With a CD writer such as SureStore CD-Writer 
produced by Hewlett Packard (HP), it is feasible to 
store both the application modules and associated data 
sets on a CD-ROM for distribution. Moreover, to 
facilitate the use of the multimedia CD-ROM in the 
public domain, an installation program (also called a 
setup program) was created in Visual Basic and 
included on the CD-ROM to allow users to install the 
application modules and system registration files onto 
their own desktop computers. Also, users are given the 
options to either load all data sets onto their PCs or 
leave the data sets on the CD-ROM. 

The multimedia CD-ROM runs on Window-based 
PCs under the following or better system requirement: 
Pentium 333 MHz; 64 MB of RAM; 24X CD-ROM 
drive; 256-color display card; Video and Audio; and 
stereo speakers. 

Discussion 

The integrated multimedia approach demonstrated 
m this project provides a unique way to translate 
research data sets derived through the use of GIS, 
remote sensing, GPS and field survey into interactive 
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Figure 4. Plates in a Multimedia Presentation on Terrell Island 
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multimedia visualizations. From the user's perspective, 
the interactive multimedia visualizations provide a 
multi-sensory learning environment with multiple data 
formats (spatial data in image/vector format, attribute 
data in alphanumeric format, and multimedia data in 
the form of text, photographs, digital video, sound and 
animation). Therefore, resource managers and planners 
can employ the multimedia CD-ROM as a reference 

tool during the decision-making process. Secondly, 
with the interactive user interface, managers who are 
not familiar with GIS concepts or technology can easily 
access the databases within a spatial framework, and 
perform interactive database query and spatial data 
retrieval. In addition, it is anticipated that resource 
managers and planners can utilize the interactive 
multimedia visualizations to attract public involvement 
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when making management plans. 
In terms of the Terrell's Island Project, the inter

active multimedia visualization provides valuable 
assistance in making several recommendations related 
to the development and long-term management of the 
property. First, the Butte des Morts Conservation Club 
plans to develop nature boardwalks and an interpre
tative center to allow the public and schools to use the 
property for recreation and education. The GIS 
database provides assistance in selecting a likely route, 
as it could be used to display all the plant communities 
on the proposed route, allowing the planner to choose 
the route with the greatest plant diversity, while 
protecting more fragile communities or endangered and 
threatened plants from overuse or development. Also, 
as planners are able to see each of the plant 
communities through ground photographs and digital 
video clips before they go to the field, the interactive 
multimedia visualization component of the CD-ROM 
could help in the selection of the most scenic and 
visually interesting routes as well. The detailed 
information regarding plant communities and 
individual plant species contained on the CD-ROM 
could also be used as the basis for interpretative signs 
and displays . 

The GIS database also may be used to identify the 
location and general characteristics of rarer or more 
sensitive plant communities that warrant a more 
detailed assessment than could be achieved in one field 
season. Such assessments could perhaps be conducted 
in conjunction with university researchers, especially as 
undergraduate student projects or as part of master ' s 
theses through the UW-Oshkosh biology department. 
The results ofthese more exhaustive assessments could 
then be incorporated into the GIS database and 
interactive multimedia visualization. 

Interactive multimedia visualization and its 
associated GIS database also may be used to assist the 
Butte des Morts Conservation in prioritizing and 
assessing long-term restoration and management 
efforts. For example, this study found that the exotic 
plant species, purple loosestrife, while found 
throughout many of the plant communities, is mainly 
located on disturbed areas such as along stretches of 
old, failed shore protection, edges of the gravel 
roadways, and on newly constructed breakwalls . The 
GIS database provides assistance to the ongoing efforts 
to control the spread of purple loosestrife by targeting 
the exact locations of the most heavily infested areas or 
where endangered or threatened plants need special 
protection. In addition, the Butte des Morts 
Conservation Club should be aware that disturbed areas 

are prone to colonization by purple loosestrife when 
they design further projects on the property, especially 
on nature trails, as poorly designed structures (e.g. 
gravel walkways instead ofraised wooden boardwalks) 
could allow purple loosestrife to spread further into the 
wetland. 

Finally, interactive multimedia visualization and 
GIS database provides a much needed baseline to 
assess long-term changes in the plant communities due 
to ongoing restoration efforts as well as natural, 
successional change. Through periodic updates of the 
GIS database via aerial photo interpretation and 
fieldwork, the Butte des Morts Conservation Club can 
evaluate the success of their restoration efforts (i .e. 
planting or removal) by observing changes in the 
spatial extent of the various plant communities they 
have prioritized as management concerns. In addition, 
as plant communities on Terrell's Island continue to 
undergo successional change, the GIS database updates 
will allow the club to assess how such natural changes 
may contribute to the conversion of some plant 
communities (e .g. those dominated by sedge) to other 
plant community types (e .g. those dominated by red 
osier dogwood) . Changes thought to be undesirable by 
the Butte des Morts Conservation Club may then be 
countered by further restoration efforts implemented in 
conjunction with vegetation experts from the 
Wisconsin Department of Natural Resources or 
scholars and experts fiom the University ofWisconsin 
System. 
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