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Abstract:  Catchment managers need to prioritize areas for conservation and restoration because they have
limited resources and compete with other land uses (Margules and Pressey, 2000). The Catchment Planning
Tool (CPT) arose from the growing need by natural resource managers to identify and prioritize areas for
conservation and restoration activities at the catchment scale (Marsh et al., 2007). The problem faced by
efforts to develop environmental software is how to create a program that addresses all the needs of different
audiences. Generally, attempts are made to develop a stand-alone tool that has every conceivable
functionality. However, a more pragmatic approach is to develop a generic program that can accommodate
the various issues faced by different catchment managers. Our solution was to develop the CPT (Figure 1), a
Geographic Information System (GIS) program that utilizes The Invisible Modelling Environment (TIME)
code base (Rahman et a., 2003) to display and interrogate spatial data. A plug-in system was built into the
design of the CPT to allow it to communicate with any models that provide some prerequisite identification
details. In the CPT, aplug-in is a program that provides extra functionality to the CPT, or that can access the
CPT’s functionality via the CPT’s plug-in application programming interface (API). The CPT was designed
to be able to use a combination of plug-ins to assess in-stream biological and environmental attributes and to
predict the effects of environmental and management changes on rivers at a catchment scale. This ability of
the CPT to easily plug-in programs makes it easy to extend the functionality of the CPT, giving it the
flexibility required to address the different challenges that face a wide range of catchment managers.

The basic CPT configuration includes the core CPT application, that displays GIS data and hosts plug-ins, a
plug-in manager to organize other plug-ins, and a GIS Toolbox plug-in. The GIS Toolbox plug-in provides a
collection of GIS functionality that can be used for both terrestrial and riverine applications. Catchment
delineation from digital elevation models (DEM) and the routing of river properties (e.g. taxa composition
and stream constituents) through a river system are examples of the functionality that is specific for river
studies. TIME code implemented based on Prosser et a. (2001) was used to provide the catchment
delineation functionality. The delineation of catchments enables the creation of ariver network composed of
nodes and links. By knowing the from-node and the to-node of alink, properties of streams can be routed up
and down the network.

For specific environmental problems, further plug-ins can be added to the basic CPT configuration to extend
its functionality. MARXAN is a software program that is used for optimizing reserve design (Ball and
Possingham, 2000; Possingham et a., 2000). A MARXAN plug-in was developed for the CPT. This paper
demonstrates some of the functionality available within
the basic CPT configuration and uses the MARXAN — [RSaiSEARt
plug-in as an example of how the basic CPT |udimsi:
functionality can be extended. The example shows how
resource managers could employ the CPT plug-in
architecture to seamlessly combine various models
(MARXAN in this instance) and GIS functionality
under one computer program.

Figure 1. The Catchment Planning Tool (CPT) is a
GlS interface for displaying and analyzing spatial data.
Its functionality can be extended by adding plug-ins )

that are organized under the Plugins menu. LEPIPEAVE DTS By
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1. INTRODUCTION

Catchment managers need to identify and prioritize areas for conservation and restoration because they have
limited resources and compete with other land uses (Margules and Pressey, 2000). The Catchment Planning
Tool (CPT) arose from the growing need by natural resource managers to prioritize areas for conservation
and restoration activities at the catchment and local scales, and from the recognition that different natural
resource managers have different issues to resolve (Marsh et a., 2007). Indeed, a problem that plagues efforts
to develop environmental software is how to create a program that addresses all the needs of different
audiences. A sample of the wide range of challenges that various river managers require solutions for
include:

1. identifying reaches and wetlands of high conservation value
2. determining priorities and ‘best value' for protection and restoration activities at catchment scale
and at more localized scales
3. making the best use of Environmental Water Allocations as part of overall strategies to restore flow
regimes, within a broad water management context
4. predicting responses in aguatic ecosystems and water quality resulting from landuse changes and
water management activities
5. assessing the cumulative impacts of changes to the catchment, including restoration activities such
as reafforestation, and potential changesin climatic factors
6. assessing the relative roles of mgjor ecosystem disturbances such as drought, floods, fire
7. devising water quality strategies and plans that consider the source and behaviour (spatial and
temporal) of contaminants.
Given the plethora of solutions required by managers, it is difficult to offer an initial software program that
addresses all issues for everyone.

A pragmatic approach to this problem of competing demands is the plug-in concept that is used in computing
to:

e enablethird-party developersto create and add capabilities that extend an application
e add featuresin the future that were not included intentionally or unintentionally in the main program
e reducethe size of an application

A plug-in is a computer program that interacts with a host application (CPT, in this case) to provide
additional, generally more specific, functions. In the CPT context, a plug-in is any program that provides
extra functionality to the CPT or that can access the CPT’ s functionality via the CPT’s plug-in application
programming interface (API). A plug-in system allows the flexibility to use any program that provides some
prerequisite identification details. The CPT was designed to be able to use a combination of plug-ins to assess
in-stream biological and environmental attributes and to predict the effects of environmental and
management changes on rivers at a catchment or local scale.

The CPT is part of the suite of software products for river management initiated by the eWater Cooperative
Research Centre (CRC) (http://www.ewatercrc.com.au/technologies/, accessed May 2009). With the aim of
making the CPT relevant to current catchment management efforts, partner organizations of the eWater
Cooperative Research Centre (CRC) were asked to provide their catchment frameworks for improvement and
incorporation into the CPT as plug-ins. Three examples of customized plug-ins from collaborations with the
Department of Sustainability and Environment (DSE), CSIRO Land and Water, and the University of
Queensland, respectively are:

1. a plug-in for the Aquatic Value ldentification And Risk Assessment (AVIRA) database for
evaluating the status of river planning units based on environmental, economic, social and risk
metrics (Heron, 2009; Peters, 2009)

2. a GIS Toolbox plug-in that pools and builds on the GIS functionality in the TIME code base to
provide a collection of commonly used spatial functions that can be employed in both terrestrial and
riverine applications (Prosser et al., 2001; Rahman et al., 2003)

3. aplug-in to provide the CPT with functionality for prioritizing locations for conservation using a
pre-existing tool caled MARXAN (Ball and Possingham, 2000; Possingham et a., 2000).
MARXAN has been used internationally in a number of terrestrial (Rondinini et al., 2006), marine
(Fraschetti et al., 2009), and fresh water (Hermoso et al ., in press) projects.
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The ability of the CPT to easily plug-in any model based on a few identification details alows it to provide
an interface between other eWater CRC products such as the Ecological Response Modelling (ERM)
framework (Marsh et d., 2007) and the Water and Contaminant Analysis and Simulation Tool (WaterCAST)
(Jordan et a., 2007). Such a software solution would enable managers to address challenges 3 to 7 in the
above list of challenges. In addition, more speciaized third party programs, addressing some of the seven
challenges listed above could be developed independently and then brought together in the CPT as plug-ins
to provide a holistic and well integrated catchment planning solution.

The aim of this project was to develop a versatile software product that can meet the various needs of
catchment managers without the use of commercial GIS software. The MARXAN plug-in and the AVIRA
plug-in both enable the CPT to address points 1 and 2 in the above list of challenges. However, currently,
MARXAN is more widely used and AVIRA relies more on expert opinion in setting conservation and
restoration priorities. Therefore, this paper focused on the MARXAN plug-in and the GIS Toolbox plug-in as
examples of how the functionality of the core CPT of opening, displaying and saving GIS data can be
extended through its plug-in architecture.

2. METHODS
2.1. TheCPT plug-in architecture

The plug-in architecture plays the central role in the CPT. Figure 2 illustrates the CPT’ s plug-in structure and
how the CPT and the plug-ins interact to get the services they require. The CPT is essentially a GIS enabled
Graphical User Interface (GUI). It takes GIS input and displays it in the map area of the GUI. We cater for
.arc raster files and ESRI shape files, a vector format with data stored in fields (ESRI, 2006), because these
are common GI S data formats. The plug-in system was implemented so that the CPT could be extensible by
dint of pooling its basic functionality with the specialized services of different plug-ins as show in Figure 2.
The basic CPT configuration, represented by the thick solid boxes in Figure 2, includes the core CPT
application and two plug-ins. The former displays GIS data and hosts plug-ins. The two plug-ins in the basic
CPT configuration are a plug-in manager to organize other plug-ins, and a GIS Toolbox plug-in. The GIS
Toolbox builds on and bundles together some of the GIS utilities within the TIME code base. It provides a
collection of GIS functionality that can be used for both terrestrial and riverine applications. Catchment
delineation from digital elevation models (DEM) and routing of river properties (e.g. taxa composition and
stream constituents) through a river system are examples of the functionality that is included specifically for
river based projects. TIME code implemented based on Prosser et a. (2001) was used to provide the
catchment delineation functionality. The delineation of catchments enables the creation of a river network
composed of nodes and links. By knowing the from-node and the to-node of alink, properties of streams can
be routed up and down the network. Most importantly, Figure 2 serves as an example of how the
functionality of the basic CPT configuration can be extended by a new plug-in, the MARXAN plug-in in this
case (dotted box). This enables different managers to have a different set of more specialized plug-ins
according to the challenges they need to tackle in their catchments.

The CPT was written in C#, one of the languages supported by the Microsoft .NET Framework (Schildt,
2006). The plug-in host is a key part of the CPT’s plug-in system. The CPT uses the plug-in host to find and
load plug-ins from a specified folder. The CPT can then call upon a combination of services from any of the
loaded plug-ins. Individua plug-ins can use the plug-in host to access the services of other plug-ins in the
same manner as the core CPT program. Behind the GUI of the CPT the Virtual Map List Manager (VMLM)
forms the backbone of the GI'S data management (Figure 2). It is used to store loaded maps in a tree structure,
it has methods to rearrange the stacking order of the stored maps, to remove maps, and to add or remove data
fields from shape file maps. As part of the mandatory host services, the plug-in host uses a reference to a
VMLM to provide plug-ins with access to the map data used by the CPT. This arrangement facilitates two-
way communication between the CPT and the plug-ins. The plug-in architecture was designed to allow two-
way communication in order to maximize the flexibility of the CPT and plug-ins assemblage.

Before an external program can work as a CPT plug-in, it has to provide information which is part of the
plug-in interface mandatory services (Figure 2). This simple plug-in interface was put in place so that
meeting its information requirements would not be onerous. The mandatory services of a plug-in are used to
cite the authors of the plug-in and to enable the plug-in host to search for the plug-in by name. Ancther
mandatory service isto determine whether a plug-in should be accessible or not at agiven time (i.e. locked or
unlocked). The plug-in interface has initialize and dispose routines that perform some user defined tasks
when the plug-in is loaded and when the plug-in is unloaded, respectively. Lastly, the plug-in interface
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provides access to the plug-in’s tool bar and menu as part of its mandatory services. The additional services
in the plug-in represent the extra functionality it introduces to the CPT. This new functionality may be called
directly by the CPT, or it may be accessed by the user viathe tool bar and menu items of the plug-in.

CPT Plug-in: GIS Toolbox
Services. Mandatory Plug-in Services
1. Load raster and shape maps Additional Services:
into a Virtua Map List
Manager (VMLM) 1. Convert shape maps to raster
maps
2. Display contents of VMLM
in the GUI map area 2. Con\r/near‘:) Sraster maps to shape

3. Organize displayed maps in
atree-view list

4. Select and highlight features P

3. Calculate summary statistics
4. Join polygon maps

in displayed maps = 5. Tabulate area
5. Edit map symbols "| 6. Delineate catchments and
6. Save map streams from a DEM
plug-in host interface Plug-in Host 7. Route properties up and
\ down ariver network
Mandatory Host Services 8. Clip
Additional Services:
9. Intersect
1. Load plug-ins and keep a 10. Union

list of loaded plug-ins

2. Unload plug-ins

| {

plug-in interface ’

\Plug-in: M anager y /  Mandatory Plug-in Services
Mandatory Plug-in Services / i Additional Services:
Additional Services: » 1. Open MARXAN parameter
L---p file

1. Display list of available '
plug-ins € -7 2. Enter MARXAN parameters

and other  plug-in
specific parameters

3. Run MARXAN

4. Display MARXAN output in
tables and maps

5. Save MARXAN

2. Disable or enable plug-ins

3. Add or remove plug-ins

Figure 2. The interaction of the CPT and some plug-ins through the plug-in host interface and the plug-in
interface. There is two-way communication between the core CPT and the plug-ins (thin solid arrows) and
aso two-way communication between the plug-ins (thin dotted arrows) making it easy for the different
components to request services from other components.

2.2. Installingthebasic CPT and extending it with specialized plug-ins

The CPT program will be available for download from http://www.toolkit.net.au/tools/cpt from July 2009.
The CPT download will be in the form of a setup.exe file that allows easy installation of the three
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components of the basic CPT configuration (thick solid boxes in Figure 2). Before the actual installation of
the CPT, the setup.exe file checks that the computer has the appropriate versions of the Microsoft .Net
framework software. If not, the user is directed to the Microsoft website where the file is downloaded. After
the prerequisite Microsoft software is installed, the setup.exe will install the core CPT application in a user
defined folder and the Manager plug-in and the GIS Toolbox plug-in are installed in a subfolder called
plugins. Plug-ins such as the MARXAN plug-in that extend the basic configuration will be available as
individual downloads. They can be downloaded directly to the plugins subfolder, or the CPT plug-in installer
can be used to copy them there from an alternative download location. Once a plug-in isinstalled, the plug-in
is displayed under the Plugins menu of the CPT’s GUI where the user can directly access its functionality via
the submenu items of the plug-in. The installation of a plug-in also displaysits toolbar in the CPT GUI.

2.3. Usingthe CPT to prioritize conservation areas

We used invertebrate taxa distribution data in Victoria from Linke et a. (2008), a combination of the basic
CPT configuration and a plug-in for MARXAN to demonstrate how plug-ins can allow the CPT to perform
specialized tasks. The values of the MARXAN parameters used in the process were entered via the CPT
(Figure 3). The main parameters that must be set are those for the data input text files (afile for taxa names, a
file of planning unit unique identifiers and or names, and a file of the distribution of the taxa among the
planning units). In this case, the datafrom Linke et al. (2008) were already in text format. When data are not
available in text format the MARXAN plug-in has a wizard that can use the GIS Toolbox plug-in to perform
the necessary pre-processing operations (from the list shown in Figure 2) to create the MARXAN input data
files from GIS layers. The other option when data are not aready in atext format suitable for MARXAN is
for the MARXAN plug-in to extract the data from a database. Some of the other more advanced MARXAN
parameters that are preset, but can be modified by the user, include the algorithm for selecting catchment
planning units, the number of simulations and the number of iterations per simulation. We used simulated
annealing (Ball and Possingham, 2000), 1,000 simulations and 10,000 iterations per simulation. Further
detailson MARXAN parameters are given in Ball and Possingham (2000).

The MARXAN plug-in was used to select catchment planning units for a near optimum reserve network
based on their complementarity in terms of their overall invertebrate taxa representation. This meant that
catchment planning units were not simply selected because they were individually rich in taxa. Instead,
catchment planning units were included in the reserve design because they complemented other catchment
planning units that had already been selected so that when pooled together, the catchment planning units met
(or got close to) the pre-defined conservation targets of representing all the taxa, while reserving areas that
have low cost tradeoffs and appropriate spatial configurations (Possingham et al., 2000; Rondinini et al.,
2006). For example, in riverine reserves, configurations that have protected upstream subcatchments provide
a higher level of protection because they do not leave down stream conservation sites exposed to upstream
disturbances (Hermoso et al., in press; Linke et al., 2008). Only the simulation that resulted in the lowest cost
out of the 1000 simulations was taken as the best solution (Ball and Possingham, 2000). All the simulations
were useful, however, because they were used to calculate the irreplaceabilty of each planning unit which is
determined by the number of times out of the 1000 simulations it was selected as a member of a candidate
reserve design (Possingham et a., 2000).

The integration of the MARXAN functionality into the CPT required interactions between the core CPT, the
GIS Toolbox and the MARXAN plug-in. For instance, one of the new parameters introduced in our
MARXAN plug-in was the location of the file of the planning units map so that output for both the best
solution and the irreplaceabilty analysis could be appended to that base-line map and displayed. To achieve
this, the MARXAN plug-in used the MARXAN program to determine the best solution and to calculate the
irreplacesbilty of the planning units. These MARXAN outputs are in the form of text files. The MARXAN
plug-in then had to incorporate these text files into the planning units map using the joining operations from
the GIS Toolbox. The core CPT could then display the output of the analysis as the best solution map and the
irreplaceabilty map (Figure 4).

2.4. Results

We developed a catchment planning tool that can be used to facilitate decision-making in the management of
aquatic ecosystems (Figure 3). The core of the CPT is a GIS user interface that can communicate with user
selected plug-ins for specialized tasks. The basic CPT is a standalone application with alook and feel similar
to some popular, but expensive commercial GIS products. The basic CPT provides the GIS functionality
listed in Figure 2. The GIS Toolbox plug-in includes some river specific functionality such as delineation of
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catchments and streams based on a DEM and routing stream properties though the network. The routing is
based on knowing the from-node and the to-node of the links that make up the stream system.

We successfully used the MARXAN plug-in to demonstrate how the CPT’ s architecture allows managers to
seamlessly add their specialized models to the CPT as plug-ins. The MARXAN plug-in has a wizard tool for
creating the MARXAN input data text files from GIS layers or from a database, if datafor MARXAN are not
already available in text format. The MARXAN plug-in allows users to select the planning unit map so that
the catchments selected for the reserve (Figure 4a) and the irreplaceabilty of the catchments (Figure 4b) can
be displayed on the map. With the MARXAN plug-in, the user can view MARXAN data filesin a table and
make edits within the CPT.

CPT - v. 0.1.1 - O]
File  Plugins  Help # Marxan - Victoria_Invertebrates.dat B\D\@
=A™ AR=NC) 1 %% Plugin Manager J |_] New Marxan |5 Open Marxan — =
S ] Layes Pt | Output | Problem | Run Options | Anneaing | Cost Threshoid | Mise
[ Catchments shp
Rivers shp Input Directory

Input Directary 2:\iames'p6\mancn'inpit ] Browse

Necessary Input Fles

Species Fie Name |spec.dat | (oo ] [ Tabe ]

Planring Ui Fie Name |Pu.dat | B Table
Flaing Uk Versus Species [povrzdat | [ Bowse | [T |

Optional Input Files

[ Block Definitions [ ] Browse Table

[¥] Boundary Length \W| [ Bowse | [ Tabe |

Plrmig unk loyer [ENpmesoasam Shepee Cacrts e (8 (e

[(saveas | [ Aw ] [ Basc |

Figure 3. The CPT showing its MARXAN plug-in that is used to set MARXAN parameters. The MARXAN
plug-in has additional parameter that can be used to identify a map of the catchment planning units so that
MARXAN output can be mapped automatically. The CPT is running a reserve selection analysis for
determining the optimal selection of conservation sites for protecting the invertebrate taxa in Victoria based
on datafrom Linke et al. (2008).

a) b)

CPT -v. 0.1.1a _ O] cPT-v.0.1.1a

Efe  Plugns  Help Efe  Plugns  Help
i il | T |} 9 plugn Manager || L] tew Manan 5 Open Manan |} |l summncics iy Regicn Bl | | Ty s | Plugn Manager |f ] Hew Manan L Open Macan |F il Summarice By Regicn

=] ] Lavers
(] Comcrmares sre. (] Comcrmares sre.
[ Rvenso [ Rvenso

(o) e ) () (o) e ) ()

Figure 4. a) Catchmentsin the most cost effective reserve design, according to the objective function defined
for MARXAN, for protecting invertebrate taxa in Victoria. b) The irreplaceabilty map showing how hard it
would be to replace given catchments in alternative reserve designs, the darkest sites are the most difficult to
replace. The analyses are based on invertebrate data from Linke et al. (2008).
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3. DISCUSSION AND CONCLUSIONS

Using the architecture shown in Figure 2, the implementation of the CPT program was able to achieve the
flexibility required for facilitating decision-making in the management of aquatic ecosystems. Adding the
MARXAN plug-in to the basic CPT configuration demonstrated this flexibility and the convenience of
seamlessness that comes with the CPT' s plug-in approach. The MARXAN plug-in extended the capabilities
of the basic CPT configuration by integrating the non-GI S enabled, but widely used MARXAN program. The
integration provided the MARXAN program with GIS capabilities for pre-processing input GIS data and for
displaying, manipulating and analyzing MARXAN output. The CPT’s approach of gradually building up the
collection of specialized applications via plug-insis particularly suited to software that has to address diverse
needs such as the challenges faced by different catchment managers.

Ongoing work includes adding more functions to the GIS Toolbox. The open nature of the CPT system will
allow users to write and add their own GIS tools as new plug-ins. In addition to the MARXAN plug-in, a
river assets database plug-in has been written for the Department of Sustainability and Environment (DSE) in
Victoria. There are two immediate future projects. The first will be based in New South Wales and will
involve building a biodiversity forecasting tool based on environmental variables. The second project
involves interfacing the constituent modeling capacities of WaterCAST with the Ecological Resources Model
framework viathe CPT plug-in system as part of the South East Queensland rivers management system.
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