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ABSTRACT

 

Over the past fifteen years, the Aquatic Plant Control
Research Program (APCRP) has pursued development of
personal computer (PC) -based information systems for tech-
nology transfer in aquatic plant management. Initial devel-
opment was limited to DOS compatible simulation models
and other computational tools. Though effective in generat-
ing computational information for several control tech-
niques, the DOS operating system did not allow the models
to be interlinked with other information sources required
for development of effective aquatic plant management tech-
nology transfer tools. However, the advent of the WINDOWS
operating system and ensuing software advances for PC’s
have allowed the recent development of more comprehen-
sive information systems. Of these, the Aquatic Plant Infor-
mation System (APIS) is the first system scheduled for
release for the APCRP. In addition to the simulation models
developed in the past (i.e., HARVEST, AMUR/STOCK, and
HERBICIDE), the system will include both aquatic plant and
biological control identification strategies based on expert
system programming, instructional information on a diver-
sity of aquatic plant management topics, and other utilities
all accessible through an online HELP supported graphical
user interface. The system will be distributed on CD-ROM.
Additional DOS-based models not converted to a WIN-
DOWS-compatible format (INSECT, HYDRIL, and MILFO)
will be also be included for direct installation from the CD-
ROM.
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INTRODUCTION

 

Over the past fifteen years, the Waterways Experiment Sta-
tion (WES), in support of the Aquatic Plant Control
Research Program (APCRP), has developed a series of per-
sonal computer (PC) -based tools to facilitate aquatic plant
management technology transfer. The goal of these tools is
to provide government agencies and private firms and associ-
ations involved with aquatic plant management information
that will help them plan and implement environmentally
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sound management programs that are both effective and
economically efficient.

Development of these PC-based tools has proceeded
along the lines of technological advances in PC architecture
and operating systems. Initially, tools were limited to simula-
tion models and related procedures which were heavily com-
putational. Though numeric outputs were useful
information, their applicability was restricted both spatially
and temporally to a defined point and time. Extrapolation of
model outputs to other locations, or to the same location at a
different time, was tenuous. Further, processing of other
types of information was extremely limited. As instructional
tools, PC’s were actually less effective for packaging textual
and graphical/visual data than text books, reports, or other
forms of printed media. However, recent improvements in
information packaging and management made available by
current multimedia PC platforms have expanded the poten-
tial opportunities for developing PC-based information sys-
tems. This manuscript presents a chronological sequence in
PC-based technology transfer tool development by WES for
the APCRP.

 

SIMULATION MODEL DEVELOPMENT

 

The Waterways Experiment Station (WES) investigated
development of computer-based simulation models for eval-
uating growth of nuisance aquatic plants through a work-
shop held in 1980 (Wlosinski 1981). As a result, a generic
submersed plant growth model was developed (Collins et al.
1985). The first model developed by WES of an operational
technique for controlling nuisance growth of aquatic plants
was the HARVEST model (Hutto 1982, Sabol 1983). This
model includes algorithms that simulate aquatic plant con-
trol cutting operations, collecting operations, and transport
operations (i.e., both over-water and road-based). As an ana-
lytical tool, the HARVEST model allows users to test overall
operational productivity (i.e., acres or tons of plant material
harvested per hour) of existing mechanical harvesting sys-
tems under “user-defined” operational and environmental
conditions. Initially developed for a mainframe computer,
HARVEST was modified in 1982 for installation on DOS-
based personal computers, and was cleared for public distri-
bution in 1983. HARVEST has been converted to a WIN-
DOWS-based format.

In addition to the HARVEST model, WES also began dis-
tributing a grass carp stocking rate model (STOCK) in 1983.
Development of this model at WES coincided with the large-
scale operations management test (LSOMT) of grass carp
stockings for hydrilla control in Lake Conway, Florida. The
STOCK model (Miller and Decell 1984) was intended to be
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used as a tool whereby an aquatic plant resource manager
could “define” selected growth characteristics of a targeted
hydrilla infestation (e.g., area of infestation and seasonal
“biomass” growth pattern) and evaluate the effectiveness of
different grass carp stocking strategies in controlling that
infestation. The AMUR/STOCK model has been expanded
to allow stocking strategy evaluations for controlling other
target plant species (Stewart and Boyd 1994), and was
recently converted to operate under the WINDOWS operat-
ing system.

Based on the ability of the HARVEST and STOCK models
to help aquatic resource managers evaluate application strat-
egies for the above two operational control techniques,
development of additional simulation capabilities were
planned for other “operationally proven” techniques. HER-
BICIDE, a simulation tool for evaluating herbicide applica-
tion techniques, generates estimates of the post-application
partitioning (water, sediments, and plants) and dissipation of
the active ingredient fraction of an herbicide formulation
following application. Examples of intended applications of
this model are provided in Stewart (1994). Developed ini-
tially as a DOS-based model, HERBICIDE has been con-
verted to a WINDOWS-based format (Stewart and McAllister
1995).

Development of a simulation model for two insect species
introduced in the United States for the biological control of
waterhyacinth was also undertaken at WES. The INSECT
model (Akbay et al. 1988) provides a multiple-year simula-
tion of the population dynamics of waterhyacinth and two
introduced weevil species. In comparison to the STOCK
model, the INSECT model represents a significantly more
complex biological system (e.g., reproductive viability and
multiple generations and life stages of the control agents).
Though the model has been released in DOS-based format
(Stewart and Boyd 1992), knowledge gaps in our under-
standing of many of the governing mechanisms of this system
have necessitated the inclusion of several “black box” rela-
tionships and a rigid set of assumptions under which the
model is valid. For these reasons, INSECT has had limited
success as a technology transfer tool. Its main utility to date
has been to identify knowledge gaps in our understanding of
the population dynamics of the two weevil species and their
mode of impacting waterhyacinth growth (Howell and Stew-
art 1989; Grodowitz and Stewart 1989).

Due to its modular construction, the INSECT model also
provides an independently functional, DOS-based plant
growth model for waterhyacinth. DOS-based plant growth
models have also been developed for hydrilla (HYDRIL; Best
and Boyd 1996) and for Eurasian watermilfoil (MILFO; Best
and Boyd 1997). As independently functioning models, these
simulation tools were designed to help users understand how
selected environmental site conditions affect the growth of
these nuisance plant species. Through a better understand-
ing of these relationships achieved through hands-on model
evaluations, it was hoped that users could design better con-
trol strategies for managing aquatic vegetation.

 

SIMULATION MODEL LIMITATIONS

 

Though successful in many respects, simulation model
development as the main means of PC-based technology

transfer had several limitations. First, development of the
models was painstakingly slow because this depended on the
availability of a relatively comprehensive knowledge of the
systems being modeled. Because knowledge was typically
lacking for some of the key processes, a given model’s appli-
cability was restricted by a set of assumptions which defined
the limited conditions under which the model was valid. Fur-
ther, many of the processes represented by the simulations
(e.g., plant photosynthesis, water exchange, etc.) are driven
by environmental and biotic conditions that are both spa-
tially and temporally heterogenous. For this second reason,
coupled with the fact that spatial databases (e.g., geographic
information systems and hydrodynamic databases) had
memory requirements in excess of what could be provided
on PC’s, the utility of the models was often limited to “gener-
alized” initialization conditions.

Due to these and other limitations, packaging of the mod-
els as PC-based technology transfer tools was initially ham-
pered by limitations in PC technology. What was needed was
a PC platform that not only would allow execution of the
models, but one that could also include support information
for operating the models and interpreting their outputs. In
general, prior to the introduction of the WINDOWS operat-
ing system and object oriented programming tools, IBM
compatible PC systems were not capable of performing these
other functions. These same limitations in pre-WINDOWS
PC systems also prevented them from being a practical plat-
form for packaging other types of information (e.g., control
technique “how to guides”, plant identification information,
aquatic plant and biocontrol agent life history and ecological
data) that should be included in comprehensive aquatic
plant management technology transfer tools.

 

NEW APPROACHES FOR INFORMATION SYSTEMS

 

New capabilities provided by the WINDOWS operating
system and related object oriented software tools allowed for
the development of new information systems that had not
been possible on DOS-based systems. The first true informa-
tion package pursued by APCRP for aquatic plant manage-
ment was the Aquatic Plant Resource and Operations On-
line System (APROPOS, Madsen and McAllister 1995).
APROPOS was designed to provide a consistent procedure
for evaluating pertinent information for development of
aquatic plant management plans. The different types of
information to be included in the system were to be
arranged in separate, but interlinked modules accessible
through a graphical user interface (GUI) shell operating
under WINDOWS 3.1. Through point and click selection,
the system would provide access to a management strategy
planning module which helped identify the particular prob-
lem species and then access other “toolboxes” in the system
for further information. Other toolboxes for the planned sys-
tem were to provide access to a literature database on plant
life history and ecological data, a literature database specific
to control technique options, and a literature database which
presented “how to” guides on developing sampling plans
and carrying out field data collection efforts. A simulation
model toolbox, a spatial database toolbox, and a HELP facil-
ity toolbox for instructions on system operation had also
been planned. In planning APROPOS, it was envisioned that
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all models previously developed by WES for the APCRP
would be converted for WINDOWS operation and would be
accessible through the simulation model toolbox. However,
development of APROPOS would have taken considerable
time and resources. Due to the reduction in APCRP funding
beginning in 1995, this extensive and long-term investment
did not appear reasonable.

Concurrent to our planning and initial development of
APROPOS, other PC based information systems were being
developed at WES to facilitate technology transfer. Both the
Noxious and Nuisance Plant Management Information Sys-
tem (PMIS) (Grodowitz et al. 1996) and the Zebra Mussel
Information System (ZMIS) (Grodowitz et al. 1997) contain
a variety of information on the management of troublesome
pest species. For various reasons, development of these sys-
tems proceeded more rapidly than development of APRO-
POS. Operational CD-ROM versions of both PMIS and ZMIS
have been widely distributed, and initial reviews of both sys-
tems have been highly favorable.

Resources scheduled for further development of APRO-
POS were redirected toward development of an aquatic
plant management information system similar in design to
ZMIS and PMIS. The newly designed system, which incorpo-
rated existing information, programs, and expertise, as well
as the demonstration material for APROPOS, has been titled
the Aquatic Plant Information System (APIS).

 

DESCRIPTION OF APIS

 

APIS will operate under Windows 3.1 or Windows 95. The
system, which was developed using a combination of Bor-
land’s

 

®

 

 C++ and Microsoft’s

 

®

 

 Visual Basic, will operate using a
386 processor but a 486SX 25 MHz (or faster) utilizing 8 MB
of RAM is recommended. The system will be contained on a
single CD-ROM and can be loaded entirely on your hard
drive using a 2X (or faster) drive. APIS will also run directly
from the CD-ROM thereby limiting hard drive space require-
ments from about 100 MB (i.e., a full install) to a minimum

Figure 1. Information manager screen of the Aquatic Plant Information System (APIS). Access to information in APIS is achieved through mouse activation
of the appropriate icon on the left side of the screen.
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of only 1 MB. Since large numbers of color images are
included in APIS, your system must contain a video board,
video drivers, and monitor capable of displaying a minimum
of 256 colors simultaneously for Windows 3.1 and 65,000 col-
ors simultaneously for Windows 95. Information/image
access will be relatively rapid even when using APIS with min-
imum system requirements and operating it directly from the
CD-ROM. Since the system will be highly graphical in nature
a mouse or similar pointing device also will be required.
Installation instructions will be straight forward and con-
tained on the inner title page of the CD-ROM cover. While
APIS will be highly intuitive to operate, detailed instructions
for system operation will be contained in hyper-linked text
files which can be accessed directly from the program.

Accessing information in APIS is accomplished through
mouse selection of icon choices included on the left hand
side of the “Information Manager” screen depicted in Figure
1. Through these icons, the user gains access to system tools
which perform the following respective functions. The top
icon allows the user to select a plant species of interest from
the list of over sixty species included in the system. Informa-
tion can then be obtained on the plant’s distribution, history
of introduction, and textual description, as well as full color
images. If the user is unsure of the plant species in question,
the third icon provides a link to an identification tool. If bio-
logical control agents are available for the plant species,
information regarding their identification is obtained
through the second and fourth icons. Once the plant species
is determined, the fifth icon provides access to helpful infor-
mation on biological, chemical and mechanical control
options. The sixth icon provides access to WINDOWS com-
patible versions of several of the simulation models
described earlier in this manuscript. As an aid to species
identifications, the seventh icon accesses high quality images
of each of the aquatic plant species and their included bio-
control agents. Incorporation of the models within APIS
facilitates many of the user-friendly execution features as
envisioned through APROPOS. Simulation models accessi-
ble through APIS are identified in Table 1.

 

AVAILABILITY OF APIS

 

A limited test release of APIS during December 1997 will
be followed by a full distribution of the system during the lat-
ter half of 1998. The system will be distributed on CD-ROM,
and should function on most personal computers utilizing
the WINDOWS 3.1 or WINDOWS 95 operating systems.

Those interested in receiving a copy of APIS can submit a
request (by standard mail, telephone, FAX, or E-mail) with
name and address to: Dr. Michael J. Grodowitz, U.S. Army
Engineer Waterways Experiment Station, ATTN: CEWES-ER-
A, 3909 Halls Ferry Road, Vicksburg, MS 39180-6199, phone
(601) 634-2972, FAX (601) 634-2398, or E-mail at gro-
dowm@mail.wes.army.mil.
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ABSTRACT

 

A seven-year study in upper Lake Marion, South Carolina
evaluated the response of fishes to hydrilla (

 

Hydrilla verticil-
lata 

 

(L. f.) Royle) removal by triploid grass carp (

 

Ctenopharyn-
godon idella

 

 Valenciennes). A boat-mounted electroshocker
was used to quantify relative abundance and species compo-
sition of fishes at 10 permanent locations distributed
throughout the upper lake. A total of 16,306 fish represent-
ing 64 species were collected. The taxonomically dominant
family was Centrarchidae and the numerically dominant
family was Clupeidae. There were significant differences in
catch between years with high and low hydrilla coverage. Lit-
toral fishes, especially Centrarchidae, increased as hydrilla
decreased from a maximum of 4,700 ha (approximately 50%
of the surface area) to less than 100 ha by 1994. Mean
lengths of most littoral species were similar during the study.
Despite substantial declines in hydrilla, other forms of cover
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persisted during the study providing an intermediate level of
structural complexity. Consequently, grass carp effectively
controlled hydrilla but did not create any detectable negative
effects on the littoral fish assemblage during the study.

 

Key words:

 

 plant coverage, electroshocking, largemouth
bass, multi-year.

 

INTRODUCTION

 

Hydrilla became established in upper Lake Marion during
the early 1980’s (de Koslowski 1994) and by 1988 had colo-
nized over 4,000 ha. In 1989, triploid grass carp were stocked
into upper Lake Marion to control hydrilla. By 1994, almost
600,000 fish had been released into the Santee Cooper sys-
tem (Lakes Marion, Moultrie, and the connecting canal).
With an annual mortality of approximately 20%, the 1994
density of triploid grass carp in the Santee Cooper system was
estimated at 17 fish per vegetated ha (Morrow et al. 1997).
Extensive surface coverage of hydrilla persisted through
1991, began to decline in 1992, and was reduced to less than
60 ha in upper Lake Marion by 1994 (S. de Kozlowski, South
Carolina Department of Natural Resources, personal com-
munication).

Triploid grass carp have also been found to be an effective
biocontrol technique in other water bodies (Allen and Wat-


