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1. Getting Started

Note : When we refer to path C:\Western_Australia in this document, substitute another
path on your computer if you have the course data and applications installedon a
drive other than C:Western_Austalia. For example, if you have the course installed on
C:\temp\Western_Australia2 then C:\\Western_Australia should be replaced with
C:\temp\Western_Australia2.

Disclaimer: There are many ways to run Marxan and look atits files. For the purpose of this
class, we present just one method using our custom build MarZone interface software linked
to Arc\View3.

e Login to the computer.

e Navigate to folder CAtemp\Western_Australia2\ and where the course data and
applications have been installed.

e This is where you will launch the applications for this Interactive Session.

2. Marxan Exercises

2.1 Scenario 1-ldentify a system of marine sanctuary zones

Create a system of marine sanctuaries based on mapped marine habitat features and marine
biodiversity surrogates, ignoring other users/uses

The goal is to identify a system of sanctuary zones that achieve a 15% target lewel of
representation of each biodiversityfeature while limiting the size (i.e. area) of sanctuary
zones. Otheruses/users are ignored (costis based on area only).

*  Aconsenation target of 15% requires biodiversity features to be represented in sanctuary
zones at 15% oftheir occurrence/distribution.

* Examine the effect of different spatial constraints by modifying the BLMparameter which
varies the importance placed on compact versus fragmented systems.

* |dentify the best solution configured with:

BLMsetat 0 (no requirement for compact systems)
BLMsetat 0.1 (requirmentfor moderately compact systems)
BLMset at 1 (requirementfor highly compact systems)
BLMsetat 10 (requirrmentfor highly compact systems)

* Instructions are outlined below.



Scenario 1

1. Open the ArcView project.

Navigate to C:\temp\Western_Australia2\MarZonelnterface.apr by double clicking
on My Computer, double click C:\drive,double click temp, double click
Western_Australia2, double click Marzone Interface (Apr File). ‘

2. Open the MarZone Interface program.

Navigate to C:\temp\Western_Australia2 \MarZonelnterface.exe as abowe but
double click Marzone Interface (exe File). :

3. Locate the command file for Scenario 1

In the MarZone Interface program, set the MarZone Database Path for Scenario 1.
To do this, browse to the location of Scenario 1’'s command file ‘input.dat’ . The file
should be located in the directory:

C:\temp\Western_Australia2\marxan\scenario1\input.dat
4. Setthe ArcView3 properties

Click on the drop down listbox under View andselect View1. Clickon the drop down
list boxunder Theme and select zone2. Click on the drop down listbox under Key
Field and select Pud.

5. EditBLMParameter

In the MarZone Interface click on the drop down box under MarZone Parameter to
Edit and select the parameter ‘blm’ as shown below
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6. Next, goto the Edit Value field and enterthe required value. Enter 0 to start
7. Now go to the Output to Map field and select Best Solution as shown below

8. Select Update and when prompted to save parameter select yes, and then Marxan
will run automatically. This should take 20-30 seconds, after which ArcView will display

the best solution for the defined problem as yellow planning units.

9. As Marxan generates manygood solutions, you also have the option of viewing the
alternative solutions. To view these select the Solution number (from 1-10) in the
MarZone Interface Output to Map field. ArcView will then automatically display the
selectedsolution. Hint, after entering the Output to Map box, press the up and down
arrow keys to quickly switch between different display modes.

10.Repeatsteps 6 to 9 using altemative BLM values (e.g.(0.01,0.1,1,10))

2.2 Scenario 2-ldentify Systems Of Marine Sanctuaries At A Range Of Conservation
Targets.

Create a system of marine sanctuaries based on mapped marine habitat features and marine
biodiversity surrogates thatmeet a defined set of constraints. Familarise with formulating
different conservation targets. The relevant outputs will be ireplaceability maps

The goal is to create systems of sanctuary zones thatachieve different target levels of
representation while limiting the size (i.e. areal extent) of sanctuary zones. The cost objective
is to minimise the aral extent of the sanctuary zones, (i.e. other uses/users are ignored)

* Examine the effect of differenttargets on the configuration of sanctuaryzones by
prescribing different target levels of representation of biodiversity features

* |dentify the best solution configured with:
targetsetat 15%
target setat 30%
target setat 50%
* Examine how a planning unit’s irreplaceability value varies with the representation target

* Instructions are outlined below.



Scenario 2

1. In the MarZone Interface program, set the MarZone Database Path for Scenario 2.
To do this, browse to the location of Scenario 2’s command file ‘input.dat’ . The file
should be located in the directory:
C:\temp\Western_Australia2\marxan\scenario2\input.dat

2. In the MarZone Parameter to Edit drop box select the parameter ‘spec’. This brings
up a table showing information about the biodiversity features. Features identifiedin
the spec file are described in more detai in Table 2.1 below.

Table 2.1 Description of biodiversity features for the RottnestIsland dataset

Name
SEAGRASS
SEAGRASS1
SEAGRASS2
FISHA1

FISH2

FISH3
INVERT
SHALLOW
MEDIUM
DEEP

ABAS

APUF
BEACH

PUD
PARDUNES
RSF

CORAL1
CORAL2
CORALS3
INTERLEDGE
ISLNDISLET
SEAGR _REEF
MOLLUSCSH1
MOLLUSCS2
REEF
REEFAWASH
SAND
ECHINODERM

Biodiversity feature

seagrass

seagrass type 1

seagrasstype 2

tropical fish area 1

tropical fish area 2

tropical fish area 3

matine inverebrates
0-5mdepth

5-10m depth

10-15m depth

active blowouts and sanddunes
active partially unstade fordune
beac

parabolic and undulating dunes
parabolic dunes

relatively stable fordunes

Coral area 1

Coral area 2

Coral area 3

interidal ledge

islandand iskets

mixed seagrass and reef
molluscs area 1

molluscs area 2

reef

reef awash

sand

tropical echinodems

Description

areas of high conservation
areas of high conservation
areas of high conservation
areas of high conservation
areas of high conservation
areas of high conservation
areas of importance for
bathymetry

bathymetry

bathymetry

coastal landforms

coastal landforms

coastal landforms

coastal landfoms

coastal landfoms

coastal landfoms

coral distribution

coral distribution

coral distribution

intertidal ledge

idand andislets

mixed seagrass and reef
molluscs (zooanthids)
molluscs (zooanthids)

reef

reef awash

sand

tropical echinodems

3. The fields ‘id’, ‘prop’, ‘target’, ‘spf and ‘name’ are shown. Select the ‘prop’field. This
field is the progportion at which features must be represented if targets are to be met. A
value of 0 means that no part of the biodversityfeature is required in sanctuary zones.
A value of 1 means all of that biodversityfeature mustbe reserved to meet targes (i.e.

100%).
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4. Selectthe Edit All Rows box, then in the Edit Value box input a value between 0 and
1 (for example, 0.15).

5. SelectUpdate (Answer Yes to save prompt) and Manan will run automatically. This
should take 20-30 seconds, after which ArcView will display the best solution for the
defined problem.

6. In addition, Marxan generates an irreplaceabilitymap that identifies the solution space
for each defined problem. To view irreplaceability select the Summed Solution in the
MarZone Interface Outputto Map field as shown below.



/' MarZone Interface

MarZone Database Path
|E:\‘-N'esteln_.ﬁ.ustlaIiakmaman\scenariaﬂinput.I:Iat Browsze
Arciew 35
Wiew Theme Keyp Field
[ j |zu:une2 j |F'uid j

id |prop target|$pf|name | -~

0154 1 SEAGRASS =
0150 1 |SEAGRASST
0150 1 SEaGRASSZ

o’
MarZone Parameter To B Edit All Rows Edit Yalue Slide Valus
FpEC - Save Parameter 015 4 ﬂ

COutput to M ap

IL Cloze

Update [w Stare All Updates

Summed Salution
Best Solution
Solution 1
Salution 2
Salution 3
Solution 4
Solution 5
Solution B M

7. Repeat steps 3 to 8 using altemative (0.15, 0.3,0.5) prop values

8. A summary table (Table 2.1) has been prepared for a similar dataset to illustrate reportingon

the performance of reserve systems at different conservation targets. These tables can be
generated usingthe Marxan output files and compiled in Excel.



Table 2.2 Summary table describing the performance of alternative reserve design scenarios (5-
50% conservation targets) foran example dataset in South Australia (Stewart 2007)

Table 2. Summary data for seven alternative reserve-planning scenarios (5-50% conservation targets). ”

Conservation Boundary Reserve system Reserve Expected mean

farger (%) length (km) area (fm) system size® selection frequenc)y® ()
5 2154 3763 169.9 0.054

1O 3147 7170 316.5 0.101

15 4361 14010 4060.4 0. 148

20 3820 10539 610.2 0. 190

30 5241 20752 595.1 0.288

40 5899 27575 1195.2 0.383

50 6457 34308 1487.3 0.477

Db total number of planning units in the planning region is 3119,

BThe reserve system size is veported as the mean number of planning units contained within the best reserve systems generated from 10
replicate runs performed ar the different conservation targes.

CExpected wmean selection frequencies are calculated based on the reserve systemn size.

2.3 Scenario 3 -ldentify Systems Of Marine Sanctuaries Using Different Numbers of Repeat
Runs

Examine howthe performance ofmarine reserve systems are affected by parameter setting
in the number of ‘repeat runs’.

* Tounderstand the importance of the simulated annealingsearch routine in finding near
optimal sdutions for reserve design problems.

* How well we achieve our objectives is partlydependent on the ability of the algorithm to
search thesolution space. Asmall number of runs constrains the search of the solution
space and can result in poor configurations of marine reserve systems. While a large
number ofruns alows the simulated annealing to search thoroughly for the near-optimal
solution.

Scenario 3

1. In the MarZone Interface program, set the MarZone Database Path for Scenario 3.
To do this, browse to the location of Scenario 3's command file ‘input.dat’ . The file
should be located in the directory:
C:\temp\Western_Australia2\marxan\scenario3\input.dat

2. Inthe MarZone Parameter to Edit drop box select the parameter repeatruns. This
displays the number of runs currently selected.

3. In the Edit Value boxinputa value for the number of repeat runs. For example, 5.



. SelectUpdate (Answer Yes to save prompt) and Marxan will run automatically. This

should take 20-30 seconds, after which ArcView will display the best solution for the
defined problem.

. In addition, Marxan generates an irreplaceabilitymap that identifies the solution space

for each defined prablem. To view irreplaceability select the Summed Solution in the
MarZone Interface Outputto Map field as shown below.

. Once the scenario has run, press Save and enter a scenario name (for example

NUMREPS5 and press Ok.

. Repeat steps 3 to 6 and using alternative (1, 5 and 20,50) repeat run values.

. Review the summary reports for scenarios configured with differentrepeatrun values

to examine the effect of this parameter on reserve system solutions.

2.4 Scenario 4- Identify ASystem Of Marine Sanctuaries Recognising Both Pre-Existing
Sanctuaries And Absolutely Competing Use Requirement.

Create a system of marine sanctuaries that expand on the existing marine sanctuares
(located at Kingston Reef and Parker Paint) without impacting existing recreational fishing
grounds. Familiarise with planning unit status, the reporting of unmet targets and the different
solutions genrerated.

*

*

The goal s to create a system of sanctuary zones that achieve defined targets.

While the cost objective is again to minimise the areal extent of the sanctuaryzones, the
selection of planning units can consider pre-existing uses/values by locking-in or locking-
outplanning units. This determines whether planning units are available for selection.

* Planning units located in the areas identified as the ‘Kingston Reef Sanctuary

Zone’ or the ‘Parker Point Sanctuary Zone’ are locked-in. Hence, the design of
a system of sanctuary zones must expand on these areas as the ‘seed’.

*  Planning units located in areas identified as recreational fishing grounds
(defined here as recreational gamefishing, shorebased recreational fishing, or
trolling) are locked-out, meaning they are not available for selection. Examine
whether targets can be metwithout impacting on these areas.

Review the different configurations of marine sanctuaries underthese constraints.
Compare these solutions alongside the GIS layers for shorebased recreationa fishing,
trolling and gamefishing.

Examine summary reports to determine whether targets are being met. Does lowering the
conservation targets emable targets to be met?



Scenario 4

1.

In the MarZone Interface program, set the MarZone Database Pathto browse to the
input.dat file for Scenario 4, located in the the drectory:
C:\temp\Western_Australia2\marxan\scenario4\input.dat

. In the MarZone Parameter to Edit drop box select the parameter ‘pu’. This brings up

a table with the fields: ‘cost and ‘status’. Scrolling down the status field you will ind
individual planning units are assigned a value of 0, 2 or 3.

- A value of 0 means itis available for selection.
- A value of 2 means it is locked-in to every system solution.

- A value of 3means itis not available for selection (locked-out).

. SelectUpdate to run MarZone. In ArcView examine the best solution and compare

with alternative solutions identified in the Output to Map field.
View contextual layers.

For planning units locked in (status 2) view the layers "Fisheries notice 301" and

"Fisheries notice 332" which correspond to the Kingston reef and Parker pointsanctuary
zones.

Forplanning unis locked out (status 3) view the layers "Shoreline fishing", "Recfish
trolling" and "Recfish game" which correspond to areas where recreational fishing occurs
inside the marine park.

5. Selectthe summaryreport. Clickon the Report menu and select Summary

generated forthe best solution and examine whether all targets have beenmet. Scroll
right to the missing value field to examine whether all targets have been met (missing
values). Bylocking out areas under fishing, the conservation targetcannot be met.

. Repeat steps 2-5, this time using a lower representation target (for example 0.1). To

do this, in the MarZone Parameter To Edit drop box, select spec and highlight prop.
Remember to check the Edit all box and enter a lower target, for example 0.1. and
examine the summary report to see if targets are now being met.

Repeat steps 3-5, this time highlighting the status field to editindividual planning unit
status. See ifby making available some of the planning units that were previously
locked-out you can meet all the targets.

2.5 Scenario 5- Identify Systems Of Marine Sanctuaries that Minimise ‘Costs’ to
Existing Recreational Fishing Values/Uses.

Create a system of marine sanctuaries which minimises the cost to recreational fishing. Cost
is a single aggregated cost

* The goal s to create a system of sanctuary zones that achieve defined targets while
minimising the cost to recreational fishing activities.
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* |n this scenario, a planning unit'’s cost is a measure of the extent to which recreationa
fishing activities are present. The higher the cost, the more valuable the planning unitis to
fishing. As the objective is to minimise cost,cost measured in this wayserves to minimise
the impact that the system of sanctuary zones has upon recreational fishing.

* Forthe purposes of this workshop, recreational fishing activities are described as either
shorebased fishing, gamefishing or trolling.

*  The relevant output will be best solutons and irreplaceability maps. You maywish to
compare systems identified here with those configured in Scenarios 1&2.

* Examine summary reports to review the impact of the best solution on each ofthe
recreational fishing activities identified above.

Scenario 5

1.

In the MarZone Interface program, use the MarZone Database Pathto browse to the
input.dat file for Scenario 5, located in the directory:
D:\\Western_Australia2\marxan\scenario5\input.dat

. In the MarZone Parameter to Edit drop box select the parameter ‘spec’ and highlight

prop. Enter the desired target in the Edit Value box. Remember to check the Edit all
box.

. In the MarZone Parameter to Edit drop box select the parameter ‘pu’ and obsere

that the table uses differentcosts to those used in prevous scenarios. To calculate a
planning units costin Scenario 4, we measured the importance of the site for the three
recreational fishing activities of interest to generate an aggregated cost of the expected
impacton fishing. This approach to calculating costis outlined in figure 5.1 and table
5.1 below.

Figure 5.1 — Calculating the cost of individual planning units (Stewart et al. 2005)

Devising a currency for reserve design

Assite’s cost (¢;) is the weighted sum its area (a;)
and recreational fishinig value (r,). The variable, ¥
controls the importance of area vs. fishing value

¢, =(1-a)a, +a(a;r)

Scenario 4 : @X=0 (cost~AREA)
Scenzrio 5: O= 0.8 (cost *AREA+CATCH)

11




Planning

_ Area Average
unit (ha) value Cost
i a; Gameishing Shorebased Troling Sum ri Ci
1 1.0 0 0 0 0 0 02
2 1.0 05 0.5 05 1.5 0.5 06
3 1.0 10 0 0 1.0 0.3 0.45
4 1.0 1.0 1.0 10 3.0 1.0 10

Table 5.1 — Calculating planning unit cost for four sites of varying importance to fishing

4. SelectUpdate to run Marzone. In ArcView examine the bestsolution and compare
with alternative solutions and the Summed Solution identified in the Output to Map
field. Selectthe summaryreportgenerated for the best solution and examine
whether all targets have been met

5. Reviewreports on the impact of the bestsolution to fishing activities.

Some general resuls from research findings are highlighted below.
Figure 5.1 — A South Australian example (Stewart et al. 2005)

Are economic and conservation
objectives compatible?

Start with some exploratory planning scenarios:

— Lock out all sites with catch rate >0 kg/km?

— Lock out sites where catch rate >100 kg/km?
(high economic value sites)

* Some high value sites are needed to achieve
biodiversity targets

12



Fig 5.2 — An estimate of the available rock lobster catch outside the reservwe system as a

percentage of pre-reserve levels (i.e. total catch). Values in orange correspond to reserve
systems configured with costs that include rock lobster catch, while those in blue do not. With

a well defined problem and systematic planning, the size of the reserve system has no
bearing on how much catchis displaced. (Stewartetal. 2005)

Effect of ‘cost’” on design constraints
3900007
Legend
340000 VIR 4 Scenario 4
* . _Scenario 5
g l ¢
F00 %
i
240000
190000 r r _ r _ r \
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3. Marxan outputs and the GIS

3.1 Scenario (output_sen.dat)

The scenario file lists the input parameters thatwere used by Marxan to generate this set of
outputfiles. Browse to the folder C:\temp\Western_Australia2\marxan\scenario1\output

and double click on the file output_sen.dat to load it into the text editor. You can see the
parameters boundary length modifier, number of iterations and number of runs.

3.2 Log (output_log.dat)

The log file contains all the text that Marxan prints to the screen while itis executing.
Summary information about files loaded, temperature and cooling rate for each run of
simulated anrealing, and objective function values forthe start and end of the annealing run
and iterative mprovement run are included

Browse to the folder C:\temp\Western_Australia2\marxan\scenario1\output and double
click on the file output_log.dat to load itinto the text editor.

3.3 Summary (output_sum.csv)
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The summaryfile lists information abouteach run such as the value of each term of the
objective function and the number of missing features for the run.

Browse to the folder C:\temp\Western_Australia2\marxan\scenario1\outputand double click
on the file oufput_sum.csvto loaditinto excel. Selectthe entire table and auto fitit to view all
the text. Close the file down and close excel down before continuing.

3.4 Best Solution (output_best.csv)

The best solution file lists all the planning units that were chosen in the best solution. The
best sdution is the solution that has the lowestoverall value for the objective function.

Click on the Output to Map control then select Best Solution. The best solution will then be
displayed in the ArcView map display.

Browse to the folder C:\temp\W estern_Australia2\marxan\scenario1\output and double
click on the file output_best.csv to loaditinto excel. Selectthe entire table and auto fitit to

view all the text. Close the file down and close excel down before continuing.
3.5 Best Solution Missing Values (output_mvbest.csv)

The best solution missing values file lists all the species in the dataset and the lewel of
representation they have achieved in the bestsolution. It also lists other information such as
the area and occurrences of eachspecies and whether the species has reached target or not.

Browse to the folder C:\temp\Western_Australia2\marxan\scenario1\output and double
click on the file output_mvbest.csv to load itinto excel. Select the entire table and auto fit it
to view all the text. Close the file down and close excel down before continuing.

3.6 Solution N (output_r0000N.txt)

The sdution file lists all the planning units that were chosen inthe solution. N is the solution
number. There will be one of these files for eadch soluton generated.

Click on the Output to Map control then selectSolution 1. Solution 1 will then be displayed
in the ArcView map display. The other solutions generated will be displayed if their relevant
solution number is clicked on in the Output to Map control. Tip: clicking the up and down
buttons will cycle through all the solutions and displaythem inturn in the ArcView map
display.

Browse to the folder C:\temp\W estern_Australia2\marxan\scenario1\output and double
click on the file output_r00001.csv to load solution 1 into excel. Select the entire table and
auto fititto view all the text Close the file down and close excel down before continuing.
The other solutions can be loaded into excel byloading theirrelevant solution file.

3.7 Solution N Missing Values (output_mv0000ON.csv)

The sdution missing values file lists all the species in the dataset and the level of
representation they have achieved in a particular solution. ltalso lists other information such
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as the area and occurrences of each species and whether the species has reached target or
not. Nis the solution number. There wil be one of these files for each solution generated.

Browse to the folder C:\temp\W estern_ Australia2\marxan\scenario1\output and double
click on the file output_mw00001.csv to load the missing values file for solution 1 into excel.

Selectthe entire table and auto fitit to view all the text. Close the filke down and close excel
down before continuing. The missing values tables forthe other solutions can be loaded into

excel by loading their relevant missing values file.

3.8 Summed Solution (output_ssoln.csv)

The summedsolution file lists all the planning units in the dataset and theirselection
frequency. Thatis, the number oftimes they were chosen in one ofthe solutions.

Click on the Output to Map control then select Summed Solution. The summed solution will
then be displayed in the ArcView map display. The planning units with a dark colour hawe a
high selection frequency. The planning units with a lighter colour have a lower selection
frequency.

Browse to the folder C:\temp\Western_Australia2\marxan\scenario1\output and double
click on the file output_ssoln.csvto load the summed solution into excel. Selectthe entire
table and auto fit it to view all the text. Close the file down and close excel down before
continuing.

The End
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