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Chapter 13
Systematic Conservation Planning 
with Marxan

Matthew E. Watts, Romola R. Stewart, Tara G. Martin, Carissa J. Klein, 
Josie Carwardine, and Hugh P. Possingham

OBJECTIVES

Conservation planning is the science of choosing which actions to take where for 
the purpose of conserving biodiversity. Creating a system of protected areas is the 
most common form of systematic conservation planning. Hence, we will focus on 
the process of protected area selection in this chapter. Marxan is the most widely 
used software in the world for creating marine and terrestrial protected area sys-
tems. Because conservation planning is an important job skill for conservation and 
resource managers, you should understand the principles involved even if you don’t 
use this software in your job and even if you use software other than Marxan for 
systematic conservation planning. From this chapter, we would like you to:

	1.	 Gain an understanding of the principles of conservation planning: representa-
tion, complementarity, adequacy, efficiency, and spatial compactness;

	2.	 See and understand how these principles can be applied to a practical example; 
and

	3.	 Gain familiarity with Marxan software (via the Zonae Cogito interface).

In Exercise 1, you will explore a simple reserve design problem using a spread-
sheet exercise (Exercise1.xls) to implement the basic principles of reserve design in 
a simple hypothetical landscape. In Exercise 2, you will use Marxan to design sys-
tems of protected areas in Tasmania. You will run Marxan through Zonae Cogito, a 
decision support system through which Marxan can be run in an interactive and 
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user-friendly way. Software installation for Exercise 2 requires following detailed 
instructions provided here: http://www.uq.edu.au/marxan/docs/Installing%20
Zonae%20Cogito%20on%20your%20computer.pdf and will likely require admin-
istrator privileges on your machine to install and operate properly. All the data files 
needed to complete the exercises can be found on the book website, along with 
some options for additional advanced exercises.

�INTRODUCTION

�Part 1. Systematic Conservation Planning

World-class conservation planning processes for land and sea use an approach 
known as systematic conservation planning (Moilanen et  al. 2009; Possingham 
et al. 2006). Systematic conservation planning focuses on locating, designing, and 
managing conservation areas that collectively represent the biodiversity of a region 
for the least cost. In many cases, new protected areas are selected to add to an exist-
ing set of protected areas. The systematic conservation planning approach is trans-
parent, and the system of protected areas function together to meet clearly defined 
conservation goals.

Systematic conservation planning is a departure from ad hoc and opportunistic 
approaches used in the past. An ad hoc approach is one in which site selection is 
driven by conservation urgency, affinity, scenery, and ease of designation, often 
avoiding areas that are politically or economically costly. Most national parks or 
other places considered to be areas for “conservation” were not chosen to meet 
specific biodiversity objectives (Possingham et al. 2000). Many existing protected 
areas were selected because of their amenity value, for example, as a vacation spot. 
Most are located in places unsuitable for other purposes such as agriculture or urban 
development (Pressey et al. 1993). Other areas have been selected to protect a few 
charismatic flagship or umbrella species (Simberloff 1998) without any guarantee 
that they will adequately conserve the biodiversity of a region. This ad hoc approach 
has resulted in a legacy of fragmented collections of sites in which some habitats or 
ecosystems, like the “rock and ice” of high mountain areas, are overrepresented, 
while low-lying fertile plains are underrepresented (Pressey et al. 1993; Soulè and 
Terborgh 1999).

Systematic conservation planning is a more rigorous and accountable approach 
for selecting priority areas for protection compared to the opportunistic approach 
(Groves et al. 2002; Margules and Pressey 2000). Over the past 25 years, a system-
atic approach to conserving biodiversity has evolved (Moilanen et al. 2009; Pressey 
and Bottrill 2009) and now includes 11 well-defined stages (Table 13.1). Marxan 
was designed primarily to help inform stage 9, the selection of new conservation 
areas to complement existing ones in order to achieve the conservation objectives. 
Specifically, Marxan identifies potential priority areas for inclusion in a protected 
area network and provides other information to assist decision-makers in choosing 
the final selection of areas.
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�Fundamental Principles for Designing Conservation Areas

Here, we discuss five fundamental principles used when designing conservation 
areas: representation, complementarity, adequacy, efficiency, and spatial compact-
ness (Margules and Pressey 2000; Possingham et al. 2006). Marxan can accommo-
date all of these principles.

Representation. Protected area systems should contain the full range of biodiver-
sity, taking into consideration biodiversity composition, structure and function, and 
evolutionary processes. Incorporating as many kinds of biodiversity (or conserva-
tion) features as possible (such as species, ecosystems, vegetation types) will result 
in a more comprehensive protected area system. Protected area systems that repre-
sent all facets of biodiversity have high representativeness. For example, if you wish 
to protect populations of a particular species or samples of a habitat, it is best if the 
areas chosen cover the range of variation in that species and/or habitat. Wherever 
possible, the selection of areas should take into consideration any species/habitats 
that are rare, endangered, or considered unique.

Complementarity. Protected areas for conservation should be selected as a com-
plementary set, where each one complements features of others. Sites with the high-
est species richness are not necessarily the most important for inclusion in a 
protected area system, because the most species rich sites may contain similar 
assemblages. Sites complement each other well if they contain different features of 
biodiversity. Consequently, their selection provides a combination of sites that 
achieve the goal of comprehensiveness in the most efficient way. The principle of 
complementarity means that planning is best informed by knowing what is already 
contained within existing conservation areas—an exercise referred to as gap analy-
sis. The selection proceeds by iteratively reviewing how well the targets (e.g., 20% 
of total habitat for each species) are achieved when individual sites are added to (or 
removed from) the protected area system.

Table 13.1  Phases of a 
framework for systematic 
conservation planning 
(Margules and Pressey 2000; 
Pressey and Bottrill 2009). 
Phase 9 is the main focus  
of this chapter.

1 Scoping and costing the planning process

2 Identifying and involving stakeholders

3 Describing the context for conservation areas

4 Identifying conservation goals

5 Collecting data on socioeconomic variables 
and threats

6 Collecting data on biodiversity and other 
natural features

7 Setting conservation objectives

8 Reviewing current achievements of objectives

9 Selecting additional conservation areas
10 Applying conservation actions to selected areas

11 Maintaining and monitoring conservation areas
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Adequacy. The goal of protected area system design is not to merely capture biodi-
versity, but to promote its persistence and long-term viability. Larger and more con-
nected systems of conservation areas are considered to be superior to smaller and 
more isolated conservation areas. Larger connected systems can provide for the 
maintenance of ecosystems through connectivity and offset the effects of local 
catastrophes. A system-based approach to protected area system design—where the 
whole is more than the sum of its parts—recognizes the relationship between indi-
vidual conservation areas, and therefore the role of each area as part of a system.

Ideally, a protected area system is designed to conserve enough of each feature 
of biodiversity to enable persistence. However, the minimum habitat area or popula-
tion size required for the persistence of a species or ecosystem is rarely known, and 
often limited budgets mean that we cannot simply conserve more to be on the safe 
side. One general strategy proposed to address the issue of persistence in the absence 
of this knowledge is redundancy, making sure that you don’t have all of one fea-
ture in one place. Replication improves the likelihood of regional persistence, 
spreading the risk of failure by providing greater opportunity for recolonization of 
empty protected areas from other viable and connected areas.

Efficiency. Efficiency describes the ability of a protected area system design pro-
cess to deliver biodiversity objectives for least cost or fewest resources. Because 
resources available to achieve conservation goals are finite, inefficient systems are 
less likely to achieve their goals. By planning protected area systems efficiently, we 
minimize the risk of exhausting available resources before biodiversity objectives 
are met (Ban and Klein 2009; Carwardine et al. 2008; Klein et al. 2008; Stewart and 
Possingham 2005). We describe the limiting resources or limiting factors as “costs.” 
The typical costs of a conservation area include:

•	 Area available to reserve
•	 Costs of ongoing management
•	 Costs to industry, tourism, and recreation from displaced activities
•	 Acquisition or land purchase costs

Marxan provides efficient solutions by incorporating these costs into the design 
process. A protected area system design process that ignores costs is not as practi-
cally useful as one that considers cost. Lastly, decisions about individual protected 
areas affect the performance of the protected area system as a whole. Efficiency is 
therefore also concerned with the way sites are prioritized for conservation. The 
most efficient solutions are obtained by selecting sites as a complementary set, 
rather than selecting sites one by one.

Spatial compactness. A compact protected area system, with a low edge:area ratio 
has three advantages over a fragmented system. First, biodiversity within a com-
pact system is more connected, giving a greater chance of persistence compared 
with a fragmented system. Second, many of the most sensitive species are absent 
or have low population growth rates within edges. Finally, edges between a park 
and other areas cost money: a longer edge means more neighbors and more man-
agement costs.

M.E. Watts et al.
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Before we explore a real-world example and learn about the kind of software 
used by professionals, we will explore a small spreadsheet example that explores 
these themes.

�EXERCISES

EXERCISE 1: Small-Scale Protected Area System Design

In this exercise, you will use the spreadsheet and provided handout to design pro-
tected area systems that reach conservation objectives in a cost-effective manner. 
Here, our objective will be to represent 20% of the total habitat area for each of 
three species in the study region. An additional objective will be to design protected 
areas with different degrees of spatial compactness. In this exercise, we consider a 
hypothetical landscape made up of a grid of 100 sites—referred to as planning 
units—arranged in a 10 × 10 grid:

	 1.	 Download and unzip the folder called Exercise1.
	 2.	 Within this folder, open the file Exercise1.xls. You will use the first sheet within 

the spreadsheet whose tab is labeled 3 features.
	 3.	 Notice that this spreadsheet contains information on each planning unit. There 

are 100 total planning units, each in a separate row with a unique Planning Unit 
Identification Number [PUID].

	 4.	 Notice the additional columns in the spreadsheet that include the cost of each plan-
ning unit, as well as the area of each species contained in a given planning unit.

	 5.	 Notice the second column highlighted yellow, labeled [SELECTIONS]. In the 
spreadsheet, you can easily select a planning unit for inclusion in the protected 
area network by changing the value in the [SELECTIONS] field from 0 
(unselected) to 1 (selected).

	 6.	 Also of use is the file Exercise1_handout.pdf within the same folder. You can 
use this handout to visualize the spatial configuration of your protected area 
system. It contains information about the cost of each planning unit and the area 
of each species in each planning unit.

	 7.	 Notice when you select a planning unit, summary information [green cells] is 
automatically updated for your protected area system, including the cost of the 
protected area system selected [SUM COST] as well as the amount needed to 
meet the targets for the protected area system [TARGET GAP].

	 8.	 You can also track the individual species targets [red cells] as you select vari-
ous planning units and then determine if your target is met. Remember, our 
target is 20% of the total habitat area for each of these three species.

	 9.	 To answer the questions below, you will use this spreadsheet to find a protected 
area system that meets all of your conservation targets in a cost-effective way. 
When you have found a protected area system that meets your conservation 
goals, record the value of [SUM COST], the cost of your protected area 
system.

13  Systematic Conservation Planning with Marxan
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	10.	 If you wish, you could also devise a simple heuristic to prioritize sites. For 
example, at each site, you might compute the sum of feature areas and divide 
by the site cost as a measure of the cost-effectiveness of a single site.

Q1 � Without considering spatial compactness, what is the lowest cost of a protected 
area system you can design that meets the desired habitat protection objectives? 
Record the cost. Save the “map” of your protected area system (either using 
Excel or by coloring your handout).

Q2 � What is the additional cost of a protected area system that meets the habitat 
protection objectives but with a low, medium, or high degree of spatial com-
pactness? As you answer this question, consider the following:
•	 Remember that how you determine the level of compactness can be a sub-

jective choice.
•	 Create a graph where the cost of the protected area system is the X-axis, and 

the boundary length (edge or compactness) is the Y-axis. Good protected 
area systems will be in the left-hand bottom corner of your plot.

•	 If you are working as a group, each person can create a single system but 
then include all of your systems together on one plot.

�Part 2. Using Marxan for Conservation Planning

�What Is Marxan?

Marxan is software that delivers decision support for systematic conservation protected 
area design (Ball et al. 2009). It was initially designed to solve a conservation problem 
known as the minimum-set problem, where the goal is to achieve a certain amount of 
every biodiversity feature for the smallest possible cost (McDonnell et al. 2002). Or put 
another way, the objective is to minimize costs subject to the constraint of meeting 
biodiversity targets (Possingham et al. 2000; Ball and Possingham 2000). An example 
biodiversity target might be to ensure at least 30% of every habitat is represented in a 
protected area network. A planner is likely to want to minimize the total monetary cost 
required to purchase and manage a conservation area that meets this constraint.

The number of possible solutions to this problem is vast and beyond the ability of 
the human mind or a computer to consider. For example, the number of possible solu-
tions to Exercise 1 is 2100 or 1.3 × 1030! For this reason, algorithms have been developed 
to support decisions around the design of conservation areas. Furthermore, not only 
would it would take an extremely long time to find the single optimal solution to any 
given real-world protected area design, but a single solution is unlikely to be the most 
useful. Thus, currently heuristics are preferred over exact algorithms because they 
provide timely solutions to complex problems and offer a range of near-optimal solu-
tions for planners and stakeholders (Possingham et al. 2000; McDonnell et al. 2002).

Marxan can be used for a variety of purposes at different stages in the systematic 
conservation planning process (Table 13.1). The tool was designed primarily to help 

M.E. Watts et al.



217

inform Stage 9: “Selecting additional conservation areas” to complement existing 
ones in order to achieve the conservation goals. The software identifies sets of areas 
that meet conservation targets for minimal “cost,” and it can be used to explore trade-
offs between conservation and socioeconomic objectives. In addition, it can highlight 
sites that occur in a large number of solutions, which can help identify priority areas 
for conservation action. It can also be used to measure the achievement of targets 
within existing conservation areas (Stage 8) (Stewart et al. 2003) and to help priori-
tize conservation actions and develop management plans for selected sites (Stage 11).

�Problem Formulation Using Marxan

Any conservation planning problem can be formulated as an optimization problem 
with the following essential elements (Moilanen et  al. 2009; Possingham et  al. 
2001; Wilson et al. 2009):
	1.	 A clearly defined objective stating the desired outcome (e.g., maximize the num-

ber of species conserved or represent 30% of each habitat type);
	2.	 A list of features to be targeted for conservation (e.g., species, habitats, soil types);
	3.	 A list of actions (e.g., protect an area) and how these actions contribute to achieving 

the objective (e.g., how many species are conserved if the action is applied); and
	4.	 Financial information specifying the cost of implementing each action in a site, 

as well as the budget available.
Clearly defining each element helps to identify conservation priorities using the 
software.

Marxan uses two well-accepted approaches to identify spatial conservation pri-
orities, minimum-set and maximal coverage, and each solves a different objective. 
The objective of the minimum-set strategy is to achieve the conservation objec-
tives while minimizing the resources expended. Less commonly, Marxan is used to 
solve the maximal coverage strategy, which is to maximize the biodiversity ben-
efit given a fixed budget (Possingham et al. 2006). Regardless of approach, it is 
essential to clearly define an objective that states the desired outcome before using 
the software to identify priorities (Moilanen et al. 2009; Possingham et al. 2006).

The objective function is the mathematical formulation of the minimum-set 
problem. In protected area design, the problem we are trying to solve is to identify 
the protected area system that achieves our targets and spatial requirements for the 
least cost. Thus, a protected area configuration is given an objective function score 
to measure how well it performs. In comparing alternative solutions, those with 
lower scores are better. Thus, the objective function is a score that we want to mini-
mize and is calculated as follows:

Score = Cost + Boundary Length + Penalty
where costs, boundary length, and penalties are determined as below.

Cost of the protected area system. Each planning unit (parcel of land or sea) is 
assigned a cost that the user defines prior to planning. The cost is summed for all 
planning units included in a protected area system to calculate their combined cost.

13  Systematic Conservation Planning with Marxan
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Boundary length of the protected area system. One of the practical consider-
ations for protected area design is the spatial configuration of the protected area 
system (i.e., a single large system or several small systems). The protected area 
system boundary length is measured as the sum of the planning units that share a 
boundary with planning units outside the protected area system. Hence, fragmented 
protected area systems will have a large boundary length. The objective function 
addresses the issue of connectivity by using the boundary length modifier (BLM) 
which places a value on the importance of having a more compact protected area 
system. The BLM is important because a system that is fragmented will likely be 
difficult (and costly) to manage. In addition, there are increased edge effects and 
reduced connectivity in a fragmented solution, potentially leading to reduced biodi-
versity persistence. Thus, some level of “clumping” or spatial compactness is desir-
able for management. The BLM is a user-defined parameter and allows you to 
control the amount of clumping that occurs in the solutions. With a large value for 
BLM, the system will be more clumped.

Penalty incurred for every feature that fails to meet its target. For each alterna-
tive solution, Marxan calculates whether the target for each conservation feature is 
met or not. If a target is unmet, then a user-defined penalty cost called the species 
penalty factor (SPF) is applied. Making the SPF user-defined allows different 
weightings be given to different feature targets. For example, it may be more impor-
tant to achieve targets for feature A than for feature B. Alternatively, the same SPF 
can be applied to all conservation features (in which case, the SPF for feature 
A = SPF for feature B). The higher the SPF, the higher the penalty when a conserva-
tion feature target is unmet. An appropriately high SPF will result in more costly 
protected areas with more targets met.

More formally, the objective function is:

	
Score Cost BLM BoundaryLength SPF formissing fe

PUs Features

= + ´ +å å aatures
	

where PUs are the planning units, BLM is the boundary length modifier, and SPF is 
the species penalty factor.

�Finding Optimal Solutions Using Simulated Annealing

Marxan finds near-optimal solutions to a minimum-set problem by minimizing the 
objective function—a lower score means a better solution to the problem. The num-
ber of possible solutions to this problem is vast, so it is usually impossible to find 
the optimal solution. Instead, a metaheuristic algorithm, simulated annealing, is 
employed to find many near-optimal solutions (Kirkpatrick et al. 1983).

The simulated annealing algorithm uses a technique borrowed from statistical 
mechanics to find good solutions from among this vast number of possible solu-
tions. A large number of random changes to the protected area system are attempted, 
typically one million or more. At the start of the process of annealing, any change 
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in score is accepted. As the process proceeds, the acceptance probability of bad 
changes is progressively reduced, until finally only good changes are accepted. A 
bad change is one that increases the objective function score, while a good change 
is one that reduces the score (Moilanen and Ball 2009). This process allows the 
algorithm to find solutions that are close to an exact solution.

In reality, protected area design problems have many near-optimal solutions, 
none of which are significantly better or worse than the optimal solution. As such, 
it is more useful for decision-making to identify a range of near-optimal solutions 
that provide diverse options for a decision-maker, rather than a single optimal solu-
tion (Kirkpatrick et al. 1983). Happily, this is the way Marxan works, generating a 
range of options, making it useful in the real world. Some heuristic algorithms do 
not explore the solution space well because they get “stuck” at a local minimum 
nowhere near optimal. The simulated annealing algorithm avoids this problem by 
taking random backward steps (or bad moves), making it a useful algorithm for the 
purposes of conservation planning. Simulated annealing is fast, simple, and robust 
to changes in the size and type of problem. These advantages allow it to explore a 
variety of scenarios with differing constraints and parameters while producing 
many good solutions. Users can also access a variety of simpler, but often faster, 
heuristic algorithms within Marxan. More information on simple heuristic algo-
rithms and simulated annealing can be found in the Marxan User Manual Appendix 
B (Game and Grantham 2008) and in the Marxan Good Practices Handbook (Ardron 
et al. 2010).

Lastly, while Marxan can help find efficient solutions to spatial prioritization 
problems, it cannot make decisions. The software is designed to be a decision sup-
port tool. As such, Marxan solutions should be used within a larger decision-making 
process involving stakeholders, managers, local people, etc.

�MARXAN INPUTS

The information Marxan needs to run must be formally organized in input files that 
conform to its information management system. At a minimum, the following files 
are needed to run Marxan:

•	 Planning unit file
•	 Conservation feature file (species and habitat list)
•	 Planning unit versus conservation feature file
•	 Boundary length file
•	 Input parameter file

Examine Table 13.2 for more details on the output files from Marxan.
In Exercise 2, you will use species and habitats as conservation features for 

Marxan and use land acquisition cost for the planning unit costs. It is possible to 
use more abstract concepts for Marxan features and costs, and we illustrate some of 
these in the online appendix for this chapter.

13  Systematic Conservation Planning with Marxan



Table 13.2  Description of Marxan Input Files

File name Description How Marxan uses the file

Planning unit 
file (pu.dat)

This file lists all the planning units in 
the planning region. It usually includes 
additional data on each planning unit’s 
individual cost and reserve status. This 
list of planning units corresponds to the 
spatial layer of planning units defined 
in your GIS. The planning unit layer 
may be preexisting cadastral boundaries 
or watersheds, or you may determine 
that a grid, hexagon, or other shape of 
planning units is more appropriate for 
your planning exercise. There are tools 
that can help you create the planning 
unit layer.

•	 Identify each planning unit

•	 Identify if planning unit is 
already conserved

•	 Calculate how much the 
protected area system costs 
when planning units are 
included

Conservation 
feature file 
(spec.dat)

This file contains information about 
each of the conservation features being 
considered, such as their name, 
conservation targets, and representation 
requirements. The penalty that is 
applied, if the representation 
requirements for each feature are not 
met (or SPF), is also in this file.

•	 Identify each conservation 
feature

•	 Determine how much of each 
conservation feature must be 
included in a given solution to 
meet targets

•	 Calculate the penalty for 
conservation features not 
meeting targets

Planning unit 
versus 
conservation 
feature file 
(puvssp.dat)

This file contains information on the 
distribution of conservation features 
across the planning units.

•	 Find planning units that 
contain conservation features

•	 Calculate the amount of a 
given conservation feature in 
a planning unit

•	 Allow Marxan to calculate the 
contribution a planning unit 
makes toward reaching the 
conservation feature targets

Boundary 
length file 
(bound.dat)

This file contains information about the 
spatial relationship between planning 
units (e.g., the length of shared 
boundaries between planning units) and 
some other measures of the desirability 
or cost including adjacent planning 
units in a solution. This file is necessary 
if you wish to use the boundary length 
modifier to adjust the compactness of 
the solutions.

•	 Calculate the boundary length 
of each solution by adding up 
all of the boundary values on 
the edges of the solution

Input 
parameter file 
(input.dat)

This file defines many of the parameters 
that control the way that Marxan works, 
such as the number of solutions to 
generate and the BLM. It is also used to 
tell Marxan where to find the input files 
containing your data and where to place 
the output files.

•	 Set input parameters

•	 Locate the input and output 
files

Detailed information about inputs can be found in the Marxan User Manual (Game and Grantham 
2008) and Marxan Good Practices Handbook (Ardron et al. 2010). Tools to create the files are 
available on the Marxan website (www.uq.edu.au/marxan) along with detailed tutorials. It is also 
possible to create input files using a GIS and spreadsheet application.

http://www.uq.edu.au/marxan
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�MARXAN OUTPUTS

The most commonly used output includes:
•	 Solution for each run
•	 Summed solution
•	 Missing value information
•	 Summary information

Review Table 13.3 for more details on Marxan output files.

Table 13.3  Description of Marxan output files

File name Description How Marxan uses the file

Solution for 
each run 
(scenario_
r001.dat)

This is a text file that lists the planning units 
and identifies if they were selected for inclusion 
in the protected area system. A planning unit 
may be selected because it contains 
conservation features that are irreplaceable, and 
also because its cost or location efficiently 
improves spatial compactness.

•	 Display a protected area 
system in a GIS

•	 Compare protected area 
systems spatially

•	 Maps can be used as 
part of a stakeholder 
involvement plan

Summed 
solution 
(scenario_
ssoln.dat)

This file shows the number of times each 
planning unit is selected across all the protected 
area systems. Planning units which are never 
selected have a selection frequency of 0, while 
those always selected have a selection 
frequency equal to the total number of runs. 
This file gives an indication of the relative 
importance of a planning unit for efficient 
protected area system design. It is often used to 
indicate the relative priority of planning units.

•	 GIS display of how 
frequently planning 
units are selected

•	 It should not be used on 
its own to create 
protected area systems, 
but it can be informative 
to identify key areas

•	 These maps are also 
used as part of a 
stakeholder involvement 
process

Missing 
value 
information 
(scenario_
mv001.dat)

This file provides detailed information about 
how well each solution meets the conservation 
feature targets, providing information such as 
the target amount of the feature required in the 
protected area system, how much of the feature 
was conserved, and whether the target was met.

•	 Find out which feature 
targets are not met in 
each solution and by 
how much

•	 Helps set the species 
penalty factor (SPF) 
parameter

Summary 
information 
(scenario_
sum.dat)

This file shows information about each run 
including the objective function score, cost, 
number of planning units selected, boundary 
length, species penalty, shortfall (cumulative 
target gap for all features), and number of 
features not meeting their targets.

•	 Compare the 
performance of 
solutions in terms of 
targets met, score, cost, 
etc.

Detailed information about each of the output file types is available in Section 5.3 of the Marxan 
User Manual (Game and Grantham 2008), and the Marxan Good Practices Handbook (Ardron 
et al. 2010) contains information about how these output files are used.

13  Systematic Conservation Planning with Marxan



222

�Instructions for Zonae Cogito: Marxan Graphical User Interface

Zonae Cogito (ZC) is a decision support system through which Marxan can be run 
in an interactive and user-friendly way. It allows users to edit and calibrate the key 
input files including the planning unit file, species file (SPF), boundary length modi-
fier (BLM), as well as change parameters such as the number of runs (NUMREPS) 
and number of iterations (NUMITNS). It uses an open source GIS to display Marxan 
solutions interactively, allowing seamless interaction with Marxan inputs and out-
puts. ZC has two windows: a Marxan window where parameters and input files can 
be edited and a GIS window where spatial outputs can be viewed.

In the GIS window of ZC, you can spatially view Marxan outputs. The list of items 
in the Output to Map control shows all the spatial outputs you can view:

•	 Selection frequency reserved zone corresponds to the summed solution output 
file.

•	 Best solution, solution 1, etc. correspond to the solution for each run output 
files for each reserve system and the best reserve system (the one with the 
lowest objective function score).

In the Marxan drop-down menu of ZC, you can use the View Output control to 
view the nonspatial output tables:

•	 Summary corresponds to the summary information output file.
•	 Missing values bar graph corresponds to the missing value information out-

put file for each protected area system.
•	 Best solution corresponds to the missing value information output file for just 

the best protected area system (the one with the lowest objective function score).

ZC allows easy calibration of Marxan parameters. Calibration is the process of 
choosing parameters, so the software properly represents the real-world situation 
being analyzed. Calibration helps ensure that the protected area systems produced 
are close to optimal while still achieving the conservation feature targets and desired 
degree of clumping. If you do not calibrate the key Marxan parameters, you risk 
ending up with:

•	 Inefficient sets of solutions
•	 Inappropriate degree of clumping
•	 Inefficient running time for your analysis
•	 Unmet feature targets

Further reading on calibration is available in Fischer and Church (2005) and the 
Marxan Good Practices Handbook, Chapter 8 (Ardron et al. 2010).

A sensitivity analysis allows you to determine which input data and parameters 
most influence the solution. This can be important if, for example, there is a data 
layer with a great deal of uncertainty driving the results. In this case, you may want 
to remove the data layer from the analysis or use another data layer to represent the 
conservation feature. More information about sensitivity analysis can be found in 
Section 8.4 of the Marxan Good Practices Handbook (Ardron et al. 2010).
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�Additional Information

Additional documentation with detailed information is available on the Marxan 
website: (http://www.uq.edu.au/marxan/documentation). Also see the online 
Appendix for this chapter. Segan et al. 2011 provides more background on Zonae 
Cogito. Also see the user manual “Using the Zonae Cogito Decision Support 
System” for more technical information (Watts et al. 2010).

EXERCISE 2: Real-World Protected Area Design

Using the Zonae Cogito and Marxan software packages, you will generate and 
explore alternative protected area systems for Tasmania, an island state south of 
Australia. The provided Marxan data (Exercise2.zip) include existing protected 
areas, cost data (land acquisition costs), and biodiversity features (vegetation types 
and a single bird species) (Figure 13.1). For our purposes, the objective will be to 
represent 20% of the total area for each vegetation type and species in the region.

NOTE: Be sure your instructor has fully installed the required ZC software before 
proceeding, following the detailed instructions provided at http://www.uq.edu.au/
marxan/docs/Installing%20Zonae%20Cogito%20on%20your%20computer.pdf. 

You must have full write permissions (administrator privileges) in order to run the 
software:
	1.	 Unzip the file Exercise2.zip to your computer into a folder where you have full 

write permissions.
	2.	 Launch the Zonae Cogito software.
	3.	 From the folder where you have unzipped your files, load the project Exercise2.zcp 

with Zonae Cogito.

Figure 13.1  Example maps of Marxan input for Tasmania. Panel A represents the 63 vegetation 
types used. Panel B shows the cost surface used where darker areas are more expensive
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	4.	 In the Marxan window within the Zonae Cogito graphical user interface, navi-
gate to the Marxan Parameter To Edit list, and locate key parameters:
•	 The NUMREPS and BLM parameters are accessible directly from this drop-

down menu.
•	 The SPF value for each feature can be found with the SPEC parameters.

	5.	 Leave the NUMITNS parameter set to one million throughout the exercise. It is 
only necessary to increase this parameter for working with broader scale datasets 
than the one being used for this exercise.

	6.	 Set the NUMREPS parameter to 10 for sensitivity analysis, and set it to 100 for 
generating your final results. This means you will generate only 10 reserve sys-
tems for the parameter setting phase, and you will generate 100 reserve systems 
once your parameters for final results.

	7.	 Press the Run button on the Marxan window to compute a set of reserve sys-
tems based on your input files and parameters.

Q3 � The targets are set at 20% of the current habitat. Try increasing the targets to 
40% and then decreasing them to 10%. What effect does this have on the size 
and the cost of the protected area system?

Q4 � Revisit the earlier definition and utility of the SPF value (species penalty fac-
tor). What is an appropriate SPF value to use for each biodiversity feature that 
ensures a reserve system will capture the targets for each? For this question, 
generate reserve systems ignoring spatial compactness (i.e., use a BLM of 
zero). What is the cost of one of your representative efficient reserve systems?

Q5 � Consider designing different reserve systems that meet your objectives but have 
low, medium, and high degrees of spatial compactness. What are appropriate 
boundary length modifiers (BLM) values to use? Adjust the BLM, and monitor 
how the spatial compactness changes. As you did in Q2, plot boundary length 
as a function of reserve system cost for low, medium, and high degrees of spa-
tial compactness.

�SYNTHESIS

EXERCISE 3: Stakeholder Report Based on Marxan Output

Using your results from Exercise 2, prepare a report to stakeholders in a hypotheti-
cal decision-making process that illustrates several distinct options for reserve sys-
tem design in Tasmania. The target audience should include:

•	 Government agencies concerned with conservation and resource use
•	 Commercial organizations concerned with resource use
•	 Commercial ecotourism operators concerned with exploiting the natural fea-

tures of the study region for tourism
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•	 Nongovernment organizations concerned with protecting biodiversity in the 
study region

Include and discuss the following information in your report:
	(a)	 Map showing one of your final solutions (or a map showing selection frequency 

of your final solutions).
	(b)	 Trade-offs between planning unit cost and biodiversity protection. Find a range 

of SPF values or target values that illustrate this trade-off and include a trade-off 
curve.

	(c)	 Explain the rationale behind the degree of spatial compactness used to generate 
your results. Create a trade-off curve with various BLM values to help illustrate 
your point.

	(d)	 Read another scientific paper (or report) that uses these types of outputs, and 
then incorporate this study into your own report as context.

Your instructor will determine word/page limits depending on the amount of time 
you have to complete your assignment. Consider giving oral presentations of your 
results. See the online Appendix for this chapter for even more additional 
readings.
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