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Using GIS to integrate biological control 
into the integrated weed management 

program for Spartina alterniflora 
in Willapa Bay, Washington

Miranda S. Wecker, M.S., Teresa Alcock and Keven Bennett1

Summary

Willapa Bay is one of the most productive and highest quality estuaries remaining in the United States.
A key fueling stop for migrating birds in the Pacific Flyway, it supports an abundance of marine
species. Willapa Bay is also the site of the most extensive infestation of smooth cordgrass  (Spartina
alterniflora) in the region. Roughly 32% of the total 47,000 acres (ca. 19,000 ha) of intertidal habitat
are infested. More than half of the Bay’s mudflats are broken into approximately 500 private owner-
ships, while the rest is under federal or state jurisdiction. In 1994, government agencies launched an
integrated weed management program. The toolkit of approved methods is limited to one herbicide,
glyphosate, and various mechanical methods. University of Washington Olympic Natural Resources
Center (UW-ONRC) and its partners added biological control in 2000 when Prokelisia marginata was
released. Prior greenhouse trials had shown that certain plants would be resistant to P. marginata and
therefore would have to be targeted for eradication with other tools. To target resistant plants, sophis-
ticated and precise integration of control applications is necessary. 

The challenges of integration in this case are legion. Four state and federal agencies have overlap-
ping jurisdictions. Hundreds of private citizens own infested lands. The options for control vary in cost,
sensitivity, and efficacy. The weed is spreading at different rates in different areas of the Bay. One of
the greatest barriers to integrated planning has been the lack of analytical decision-support tools. In the
past two years, UW-ONRC has developed a geographic information system (GIS) application specifi-
cally designed to aid in spartina management. An ARCVIEW™-based computer program, it integrates
all available data sets with a dynamic model projecting the future spread of the weed. It included func-
tionality that allows users to assess costs, equipment and staffing requirements of various scenarios. In
this paper we describe this software and its utility in integrated planning.
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Introduction

Willapa Bay is one of the most productive and highest
quality estuaries remaining in the United States (US Fish
and Wildlife Service 1997). A key fueling stop for
migrating birds along the Pacific Flyway, the Bay is also
the source of most of the private sector employment in
this rural area of Washington State. Businesses
harvesting, processing, and selling oysters, clams, crabs

and finfish are the mainstay of the area’s economy. The
oyster industry in Willapa Bay leads the nation in terms
of productivity, generating 60% of the oysters produced
on the west coast of the US. The remarkable ecological
and economic values of Willapa Bay are at great risk due
to the continuing biological invasion of a cordgrass that
is native to the eastern and southern US coastline, Spar-
tina alterniflora. Spartina was unintentionally intro-
duced in the early 1900s and spread slowly until the
1980s (Sayce 1988). Before the invasion, the estuary was
characterized by 47,000 acres (1 acre = 0.405 ha) of open
mudflats, with scattered eelgrass beds and oyster reefs. A
ground survey conducted in 2002 using global posi-
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tioning system (GPS) techniques showed that approxi-
mately 6000 acres of formerly open mudflats are now
solid monotypic meadows and roughly 5300 acres are
now infested with clone fields. Extreme outliers affect
another 5000 acres. Studies have demonstrated that the
changes taking place are far-reaching and deleterious to
native biological diversity. 

In 1993, several state agencies collaborated in the
issuance of an environmental impact assessment which
announced the state’s official policy of “integrated
weed management” (Washington State Co-Leads
1993). At the federal level, the US Fish and Wildlife
Service conducted a separate but parallel environ-
mental review and came to identical conclusions. The
control program began in 1995 with a complex array of
independent participants: five state agencies, two
federal agencies, a local Native American tribe, two
units of local government and a multitude of private
interests, commercial and non-profit. The first two
years produced little on the ground, as lawsuits blocked
use of chemicals, numerous permit processes moved
ahead at a slow pace, and the efficacy of control
methods was tested on a relatively small scale. From
the perspective of local residents, the government was
reacting far too slowly, and the rate of spread was
increasing alarmingly. In 1995, prodded by local polit-
ical leaders, the Washington State Legislature unani-
mously declared the spartina invasion an environmental
disaster, removed some of the key regulatory hurdles
that delayed action, and called upon the agencies to
attack the problem in a more aggressive and coordi-
nated fashion. 

A portion of the state environment impact assess-
ment was devoted to the topic of integrated weed
management (IWM) (Brueggeman 1993). In it, inte-
grated management was defined as the “deliberate
selection, integration, and directed utilization of plant
population suppression measures on the basis of
predicted economic, environmental and sociological
consequences.” [Klassen 1979]. “The approach is
unique because it is predicated on ecological principles
and incorporates multidisciplinary methodologies in
developing ecosystem management strategies that are
practical, effective, economical, and protective of
public health and environmental health.” The environ-
mental impact study authors very helpfully provided
cautionary words about the challenges or “shortcom-
ings” of integrated weed management. They antici-
pated that IWM would be difficult due to the following
features:
• failure among managers to recognize time-

consumptive processes
• insufficient understanding of the concepts, philoso-

phies, and goals of IWM 
• shortage of knowledgeable individuals for develop-

ment, implementation, and evaluation 
• reluctance among agencies to administer integrated

program complexity

• lack of information on plant biology and ecology,
damage and action thresholds, and management
method efficacies needed for program implementa-
tion 

• inconsistent, inadequate financial support by
responsible management agencies.
The prescience of this list of challenges is now

obvious to those who have observed the history of the
spartina control program to date. All of the difficulties
listed above have in fact hindered the realization of a
truly integrated program of spartina control. While not
easy, integration is necessary for success of most
projects. For our weed management project, there is no
alternative. Many of the challenging complexities we
face may be better met if we use the capabilities of
geographic information system (GIS) tools.

Each weed problem presents its own context of
particular and complex “economic, environmental and
sociological” conditions. Introducing biological control
approaches into the possible mix of conventional
responses adds further complexity. It is difficult for
managers to sort out the differing research require-
ments, the timing of costs and benefits, and the expec-
tations associated with management. It is no wonder
that after the panel on the subject of integration during
the IX International Symposium on Biological Control
of Weeds in South Africa, moderator J.M. Cullen
described the concept of integrated management of
weeds “still fairly loosely defined” (Cullen 1996). He
suggested that there are various ways in which biolog-
ical control can be integrated with other methods of
management and proposed three categories: purpose-
specific approaches, ecological integration and physio-
logical integration. Purpose-specific approaches were
those in which each tool has a specific job to do and
operates separately in space or time. The second and
most common form of integration, ecological integra-
tion, is one in which various tools are used, often at the
same time on the same infestation, e.g. when herbicides
are used to initially knockdown a widespread infesta-
tion and then biological control agents are used to main-
tain the weed at a lower and acceptable level. The third
category, physiological integration, referred to cases in
which synergistic interactions occurred, allowing one
type of control tool to enhance the impact of another
control tool. These categories are helpful in organizing
our thoughts about the benefits of integration, as well as
envisioning the many ways in which we may attempt to
integrate biological control into an overall integrated
weed management program. Any or all of these forms
of integration would promote the overall success of the
IWM program. Therefore it makes sense to intention-
ally broaden our strategy to attempt all of the aforemen-
tioned types of integration. It is useful to understand the
different ways the biological control agents may be
integrated so that we can be thorough in testing the
practicality of each form of integration.
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Our unique case: the unusual 
vulnerability of exotic spartina

In the late 1980s, Daehler & Strong (1997) discovered
that moderate levels of the planthopper Prokelisia
marginata, an insect common to native spartina
marshes throughout the US coastline, had a devastating
effect on exotic Spartina alterniflora plants from
Willapa Bay. In greenhouse trials, 37% of the Willapa
plants had been killed by the end of the second year of
exposure. Most of the remaining plants were severely
stunted. The same level of insect exposure had no effect
on S. alterniflora from San Francisco Bay, or from its
native range on the Atlantic coast. Additional trials
found that exotic Spartina anglica from Puget Sound
suffered the same fate when exposed to P. marginata.
(Wu & Hacker 1999). One theory is that the vulnera-
bility of Willapa spartina plants is an outgrowth of
adaptation to a herbivore-free environment (D. Strong,
pers. comm.). Greenhouse trials have demonstrated that
not all Willapa spartina is vulnerable. Some plants
managed to survive exposure to P. marginata. This
variability of response in the greenhouse indicates that,
even under the best of circumstances, we should not
expect P. marginata to have a lethal effect on all the
plants in the field. 

The unusual nature of the opportunity for biological
control of Willapa spartina was crucial to convey to the
public and to our professional colleagues, so that their
expectations for the biological control project were not
excessive. Even if P. marginata repeated its dramatic
performance on greenhouse plants in the field as we
hoped, other tools would still be needed to remove
resistant clones. We were also cognizant of a more
subtle point to communicate. Once the insects were
released, the “natural selection” clock would start
ticking. As vulnerable plants were eliminated by P.
marginata, only insect-tolerant survivors would be left
to repopulate the Bay. Because this biological control
project is likely to be self-defeating over time, we
recognize the transient nature of the opportunity to use
biological control. By releasing the insects, we
assumed a share of responsibility to see that the overall
control program was ready and capable of finishing the
job.

Our initial expectation, in its most optimistic form,
was that P. marginata might very rapidly knock back
the infestation by killing the vulnerable 40% of the
plants. More often, herbicides are used to “knock back”
the infestation so that biological control agents have a
better chance of offering long-term control. In our case,
we hoped P. marginata would reduce the overall infes-
tation in the short term, but envisioned less of a long-
term contribution. If P. marginata were able to remove
the bulk of the weed in the near term, then the limited
funds currently available for other elements of the
control program would become sufficient to eliminate
the portion of spartina that remained. So far, these

hopes have not been realized. Although we have estab-
lished populations at several areas in the Bay, P. margi-
nata has not reached the levels of abundance needed to
achieve substantial impacts. The political context is
such that there is little time to wait for P. marginata to
deliver results: major progress must be made in the next
two years or else the control effort will be abandoned.
As a consequence, state and federal agencies have
launched a very aggressive chemical control program.
The biological control effort will be accommodated by
avoiding chemical applications in areas reserved for P.
marginata. While we are not waiting to see if P. margi-
nata can knock back the infestation, we still hold out
hope that its presence as a natural enemy will have a
long-term beneficial effect in controlling spartina. 

As discussed above, integration of our biological
control effort into the overall spartina control program
is particularly important in light of the unusual vulner-
ability of Willapa plants. The need to have an effective
overall program led us to take on the much larger chal-
lenge of fashioning a decision-support tool to help
develop and execute the overall integrated weed
management strategy. GIS software provided the
format for pulling together the full range of information
necessary for efficient and comprehensive integrated
planning.

Spartina GIS application: a desktop 
decision-support tool for managers

GIS applications have become standard tools for all
manner of decision-making. Their capacity to visually
present data make them ideal for communication of
information and for group analysis and consensus-
building. We therefore developed a GIS software appli-
cation tailored for use in the spartina control program
(SpartGIS). This software application is an extension of
ARCVIEW™, and was specifically designed to be used
by weed managers with little or no background or
training in GIS. SpartGIS is suitable for routine
performance of the key tasks associated with spartina
management (Fig. 1).

SpartGIS contains a comprehensive range of digital
data on natural features and biological resources in
Willapa Bay. Some of the key datasets already installed
as themes include the following: base layer bathymetry
of the Willapa Bay; substrate types (mud, sand and
mixed); spartina distribution over time; commercial
and recreational shellfish resources, shellfish produc-
tivity classifications; migratory duck habitat; Brant
habitat; shorebird habitat; eelgrass beds; tideland
ownerships; bayfront ownerships; water quality moni-
toring sites; biological control release sites; and long-
term monitoring sites. Additional themes can be
brought into the system as they become available.
Along with the datasets themselves, SpartGIS also
makes available the “metadata” that explain how data-
sets were collected, when they were collected, by
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whom they were collected etc. In sum, SpartGIS repre-
sents an archive of the widest range of relevant infor-
mation configured to allow the viewing of physical,
economic, and sociological features.

A dynamic model of spartina spread has been incor-
porated into SpartGIS to provide managers with the
ability to test and compare control approaches over
time. Functionalities have been installed that permit
users to assess costs, equipment needs and staff require-
ments of various scenarios. Simple buttons and
dialogue boxes allow users to adjust the values given to
key factors such as the cost per acre, efficacy rate, and
the treatment capacity per day. This allows managers to
make take into account many of the complexities they
encounter in implementing control in different settings
in the field. For example, with one type of mechanical
treatment device, no more than 5 acres could be treated
in a single day. That treatment can be expected to
produce about 90% efficacy at a cost of $US1000 per
acre. Another treatment option, herbicide application,
costs $US200 per acre and can be done on 30 acres in a
day. However, a minimum of 12 hours of drying time is
needed to reach 90% efficacy. With less drying time,
efficacy is reduced to 40%. Default values have been
assigned to characterize each tool option, but a dialogue
box allows users to adjust them to reflect situations
encountered in the field operations. The dynamics of
the model also can be adjusted to reflect such influences
as reduced seed production, slowed vegetative spread,
and variability of seedling establishment. Drawing
from studies done on Willapa spartina, the model is
designed to replicate the plants’ dynamics of vegetative
spread, seed production and seedling establishment.

SpartGIS allows users to draw treatment blocks in
any area of Willapa Bay, associate those blocks with
treatment tools to be used, and then run the spread

model to evaluate the results (Fig. 2). At the end of the
model run, the GIS tool presents the user with informa-
tion about the extent of the infestation during each
quarter of the year. Treatments are scheduled for the
appropriate season: mechanical control is done
summer, autumn and winter. Chemical control is
executed in the summer and autumn. After the control
approach has been set and the spread model has run, the
program is designed to ask a sequence of management
questions. Users are asked whether they would like to
purchase more tools to complete the control program
and are offered an assessment of the costs of acquiring
the tools. If the user is unable to afford the purchase of
additional equipment, SpartGIS provides information
on the infestation remaining to be addressed later. The
output of the model is stored as tabular information in
EXCEL spreadsheets. The system also outputs still
images as the model runs that can be strung together to
make an animated movie showing the control program
in action. 

Applying SpartGIS

In the remaining space, this paper will review the utility
of this tool in addressing the array of complexities that
can be described as physical, economic, or sociological.

Physical complexities

The sheer size and physical complexity of Willapa
Bay present enormous logistical challenges for inte-
grating the control program. SpartGIS offers an efficient
tool for easily plotting the location and size of spartina
meadows and clone fields. The extreme tidal ranges
characteristic of Willapa Bay make it particularly diffi-
cult place to undertake large-scale herbicide applica-

Figure 1. SpartGIS’s simple user interface.
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tions. The one herbicide approved for use – glyphosate –
is most effective when applied in conjunction with a very
long period of drying. With at least 12 hours of drying
time, efficacy rates exceeding 90% have been attained
(Patten & Stenvall 2001). Such long periods between
tidal inundations occur during a sequence of two low
high tides. SpartGIS has been used to map the drying
time periods for large blocks of spartina targeted for
spraying in the upcoming season. We have used GPS
devices to plot the relevant high tide lines. These data
have been quickly and easily integrated into SpartGIS so
that managers can now plan the spray program to take
advantage of the best tides to treat the most difficult-to-
reach areas. Another illustration of the value of SpartGIS
is its capacity to account for key factors affecting the
expansion rate of the weed. The substrate type is an
important influence. In recent years, the impact of the
increased fertility of certain clone fields has become
more pronounced. Studies have shown that coalescing
spartina clones in the two particular sub-areas of the Bay
are producing much larger proportions of viable seed
than other parts of the infestation (Davis 2002).

SpartGIS has helped us keep in sharp focus the
ecological values we hope to protect. We have data on
areas of importance to migratory birds, shellfish and
finfish. Logistical problems of a physical nature can
also be addressed with the GIS system. The eastern side
of the Bay is almost entirely undeveloped forest lands
with few points of access from which control opera-
tions can be launched. Through working with local
landowners, we have plotted the private access roads
and boat launches that have been offered for use. 

Economic complexities

The economic complexities of the control program
can be categorized as those associated with the costs of
the control program and those arising from the varying
economic damages caused by spartina. SpartGIS helps
managers to understand and analyze both kinds of
costs. As mentioned above, specific cost calculations
for each control method are included in SpartGIS. After
a treatment block has been drawn, the user may asso-
ciate it with a control technique by simply pushing a
button on the screen. The system will report the cost
based on its calculation of the size of the infestation.
SpartGIS has been used to compare the long-term costs
and time requirements for strategies with emphases on
different tools: herbicide-dominant versus mechanical
tool-dominant approaches versus ones with a more
even blend. SpartGIS also presents data visually on the
economic values present in the Bay. One GIS layer
shows the ranking of shellfish beds according to their
commercial productivity. Another contains tax data
indicating the assessed value of all privately owned
lands. This kind of information is useful in considering
the economic burdens landowners might be likely to
bear in efforts to control spartina. 

Sociological complexities

Willapa Bay’s mudflats are divided into federal,
state, tribal, local, commercial and residential owner-
ships. One federal agency, the US Fish and Wildlife
Service, and three state agencies, the Washington
Department of Natural Resources, the Washington

Figure 2. SpartGIS: drawing treatment blocks.
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Department of Fish and Wildlife, and the Washington
State Parks Department, own property in Willapa Bay.
A fourth state agency, the Washington Department of
Agriculture, has been assigned the responsibility for
coordinating the spartina control program. Each agency
operates under different mandates and must comply
with an array of laws. The privately owned intertidal
lands are broken into approximately 500 parcels of
irregular shape and size. SpartGIS includes the best
available information on this complex ownership
pattern, allowing managers to accommodate the polit-
ical sensitivities of individual landowners in the selec-
tion of the control tool used on their property. SpartGIS
has also been helpful in developing and archiving infor-
mation on landowners’ willingness to cooperate. Land-
owners have provided legal permission allowing crews
to enter their property to carry out control, to use private
roads for access the Bay and to draw from water
sources on their property. These donations have been
recorded in SpartGIS and are represented on maps to
help guide planning. 

User-experience

We designed SpartGIS to be an easy-to-use desktop
application. We envisioned that it would allow
managers and citizens to call up a wealth of information
“on the fly” during meetings. We hoped that it might
become a standard desktop tool for agency staff. In
2000, we sponsored a two-day training course for
agency staff involved in the spartina control program.
The curriculum included coursework in the basic oper-
ation of ARCVIEW™ GIS software as well as the
specialized capabilities of SpartGIS. We developed a
step-by-step take-home manual and gave each partici-
pant a free copy of the SpartGIS application. We also
offered to provide free technical support as needed. At
the end of the course, we held a friendly competition to
see who could design the most efficient long-term
control program. As they worked with the tool, agency
staff provided suggestions on how to adjust the model
to better fit reality. We compiled these criticisms and
later revised the application to address them. 

In the years since our training workshop, some of the
managers have continued to use of our system on their
own. However, our GIS team has frequently had to
provide technical support. In general, we have found
that our GIS program is not as easy to use as most
desktop software in wide use. Although it is very
simple when compared to the most advanced GIS soft-
ware, SpartGIS requires regular practice to maintain
competence. We have concluded that until further
advances are made in the underlying software, GIS
applications will probably not become a standard
desktop tool. For the foreseeable future, SpartGIS will
be a very useful decision-support tool that requires the
assistance of technicians to apply. Still, the benefits of
our spartina system are evident in the expanded role our

GIS technicians now play in providing mapping and
analytical support. Dozens of specialized maps,
images, and posters have been generated for official
documents, public meetings, intergovernmental plan-
ning sessions, and briefing papers for decision-makers.
The animated sequences we have generated with
SpartGIS have had a particularly potent impact on audi-
ences who say that these depictions make a far deeper
and more immediate impression than hours of words. In
the hands of competent technicians, SpartGIS has
proven to be an enormously powerful tool to support
the efficient integration of vast amounts of information.
It has helped our managers overcome some of the chal-
lenges to integration outlined above.
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