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Executive Summary 

Background 

Around the globe, islands are the last refuge for many threatened and endemic species. Islands 
are also important sites for recreation, cultural activities, and industrial development, all of which 
facilitate the establishment of non-indigenous and/or invasive species (NIS). Surveillance is 
employed to detect invasive species after their arrival, and to generate data for decisions about 
follow-up actions. Unless surveillance is prioritised according to risk of establishment of NIS, it may 
be infeasible to implement efficiently over large tracts of publicly accessible land.  

 
The key biosecurity problem for many regions is one of prioritising sites for surveillance activities 

and identifying NIS most likely to disperse to, establish, and proliferate on those sites. Common 
challenges to prioritising sites include a lack of data on the dispersal behaviour of NIS and limited 
funding or expertise for site-specific modelling in management agencies. 

 

Methods 

We created software that automates the creation and computation of species- and site-specific 
biosecurity Bayesian Belief Networks (BBNs). The Biosecurity BBN Software consists of a series of 
default Bayesian Belief Networks that describe 8 potential dispersal pathways, linked by Java 
computing code to several comma delimited spreadsheets (.csv) and the freely available GeNIe 
application. It allows software users to convert relatively straightforward data on NIS and sites into 
predictions of the risk of NIS arrival and establishment. The Biosecurity BBN Software has been 
designed to be generically applicable to any archipelago, and to any non-parasitic flora or fauna NIS. 
The Biosecurity BBN Software has also been designed to be readily updated and re-run in light of 
new data. 

 

User Manual 

This report acts as a software user manual and provides instructions for downloading and using 
the Biosecurity BBN Software. The authors used the Biosecurity BBN Software to predict biosecurity 
risk for fauna NIS on the Pilbara Islands of Western Australia (Lohr, et al., 2017). We have used this 
example to illustrate instructions for using the Biosecurity BBN Software. In summary the Biosecurity 
BBN Software requires data on site/island attributes, recreational or industrial visitor load, 
infrastructure, habitat availability, and NIS dispersal behaviours via swimming or flying, industrial or 
recreational human movement, temporary tidal land bridges, flood plumes and rafts, ocean 
currents, and wind currents. The Biosecurity BBN Software generates spreadsheets with raw and 
average estimates of the number of NIS arriving on site via each of the dispersal pathways, plus 
average estimates of the risk of NIS establishing a population on each of the sites. 

 

Recommendations 

The outputs of the Biosecurity BBN Software were validated extensively against historical data 
and anecdotes for the Pilbara islands. Parameter uncertainty, particularly in regards to propagule 
pressure will influence estimates of NIS arrival and establishment (Lohr, et al., 2017). It is 
recommended that software users refer to the relative risk of NIS arrival and establishment across 
their sites of interest prior to making any recommendations for NIS management. 
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Introduction 

Invasive species are one of the leading causes of animal extinctions globally (Clavero & Garcia-
Berthou, 2005). The introduction of invasive non-indigenous species (NIS) to natural environments 
can affect the structure and function of established ecosystems. Ecological interactions between 
native and invasive species may be direct (e.g., predation, herbivory, parasitism, competition, 
mutualism) or indirect (e.g., habitat alteration and nutrient cycles, cascading trophic interactions) 
and result in severely disrupted ecosystem dynamics (Ives & Carpenter, 2007; Sakai, et al., 2001).  

 
As native species have declined, islands have become refuges for native species against threats 

present on the mainland. Both natural islands and fenced reserves have become the last refuge for 
several endangered mammals in Western Australia (Morris, et al., 2015).  While the small size and 
relative isolation of islands buffer them from global NIS transport (Cope, et al., 2016), islands remain 
particularly vulnerable to NIS because their low diversity of native species compared with continents 
means that they are poorly protected by biotic barriers to naturalization and invasion (Mack & 
Lonsdale, 2002).  

 
Quarantine and surveillance are two tools employed to restrict the spread of invasive species to 

new areas. Quarantine programs aim to reduce the risk of NIS arriving and typically focus on the 
most likely source populations of NIS or dispersal pathway to focus the search efforts of quarantine 
personnel (Cope, et al., 2016; Garcia-Diaz, et al., 2016; Faulkner, et al., 2017). Quarantine programs 
are difficult to implement on publicly accessible natural lands because, as the number of source 
populations and dispersal pathways available to NIS increases, so too does the number of locations 
and material to be searched and treated, which quickly makes quarantine cost-prohibitive. Domestic 
quarantine programs tend to rely heavily on education and outreach to raise awareness among the 
users of natural lands of the potential to spread NIS (Boser, et al., 2014). Surveillance programs, on 
the other hand, aim to find NIS after their arrival but before their populations become large and 
potentially uncontrollable, and hence are designed to search high-risk areas more often (Moore, et 
al., 2010; Whittle, et al., 2013). 

 
The key biosecurity problem for most islands is one of prioritising islands for surveillance 

activities and identifying NIS most likely to disperse to, establish, and proliferate on islands. 
Biosecurity risk assessments frequently appear in the form of ranked lists of species that identify the 
greatest threats for an area (Gordon, et al., 2011; Lohr, et al., 2015; Pheloung, et al., 1999). Many 
risk assessments, however, are built on limited data, and a limited number of poorly defined species 
characteristics, or measures related to NIS dispersal (Dahlstrom, et al., 2011). Pest risk maps are a 
recommended tool for identifying high risk NIS and surveillance sites (Venette, et al., 2010) because 
modern computational power allows analysts to combine complex models with spatial data sets to 
produce refined risk-assessment results (Koch, et al., 2013; Kearney, et al., 2008). Unfortunately, 
these pest risk maps are frequently not designed to be used in data-deficient areas, on poorly 
studied NIS, or by land managers. Many of these maps are also generated for entire continents, and 
hence produce results at a resolution that is uninformative for site-specific surveillance programs 
(Kearney, et al., 2008). Additionally, classical two-dimensional spatial spread models usually depict 
the spread of invasive species as a diffusion across the landscape, which has limited applicability to 
long-distance dispersal events which are better depicted by networking models (Koch, et al., 2013; 
Tingley, et al., 2013), especially across a hostile matrix. These deficiencies may explain some of the 
failures to implement risk assessments (Dahlstrom, et al., 2011). 

 
Bayesian Belief Networks (BBNs) are graphical models that allow users to represent and reason 

about an uncertain domain. The nodes in a BBN represent a set of random variables. Directed arcs 
link pairs of nodes representing the direct relationships between variables (Figure 1). The strength of 
the relationships is quantified by conditional probability distributions associated with each node 
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(Korb & Nicholson, 2010). The key advantages of BBNs are that they can be used: to synthesise 
almost any type of data including, binary, categorical, or continuous data derived from anecdotes of 
uncertain quality and/or high-resolution experimental data; for scenario analysis and rerun with 
different alternatives and assumptions (Smith, et al., 2007); and to highlight the sources and 
implications of uncertainties and help users identify where further research would lead to the 
greatest improvements in model confidence (Marcot, et al., 2001; Marcot, 2006). BBNs have been 
used to identify potential translocation sites for endangered species (Laws & Kesler, 2012); predict 
an endangered species distribution (Smith, et al., 2007), and assess species interactions (Martin, et 
al., 2005). The disadvantage of most modelling systems, including BBNs is that they can take 
considerable resources to construct. 

 
In this document we describe new software that automates the creation and computation of 

species- and site-specific biosecurity Bayesian Belief Networks (BBNs). The Biosecurity BBN Software 
consists of a series of default Bayesian Belief Networks that describe 8 potential dispersal pathways 
(Figure 1), linked by purpose-built Java computing code to several comma delimited spreadsheets 
(.csv) and the GeNIe Modeler application. The Biosecurity BBN Software allows users to convert 
relatively straightforward data on NIS and sites into high-resolution predictions of the risk of NIS 
arrival and establishment. More specifically, the models estimate for each island or discrete site, the 
number of individuals of each NIS arriving, the number of individuals using each dispersal pathway, 
and the annual risk of establishment for each NIS, despite uncertainty in data inputs.  

 
Data input spreadsheets define threat and island attributes, along with other characteristics of 

dispersal pathways depicted in Figure 1. For each NIS, the eight dispersal pathway sub-models 
(Figure 1-9) are created and run (n = 1000) via stochastic sampling, to generate a distribution of 
values for the number of arrivals per species per island. For the sake of reporting, these distributions 
are summarized by a mean and standard deviation in an output spreadsheet that can be used 
immediately or linked to a geographic information system (GIS) to create a pest risk map. The arrival 
distributions for each of the dispersal pathways are aggregated for each threat and run through the 
establishment sub-model (via stochastic sampling, as above) to generate a probability of 
establishment for each species on each island. 

 
The eight dispersal pathway sub-models are presented individually under the heading Dispersal 

sub-models. 
 
The Biosecurity BBN Software has been designed to be generically applicable to any archipelago, 

and to any non-parasitic flora or fauna NIS. The Biosecurity BBN Software has also been designed to 
be readily updated and re-run in light of new data. 
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Figure 1: Schematic of the Biosecurity BBN Software for the dispersal of NIS to discrete sites. Input nodes are represented by rectangles; calculated nodes are represented 
by ovals. The eight dispersal pathways (sub-models) are colour-coded. Nodes shared by multiple pathways are white. The sub-model concerning establishment is on the 
lower right.  
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Computer requirements 

The island biosecurity risk software has the following requirements: 

• Microsoft Windows 

• Java 7 or later (JRE should be sufficient) 

• GeNIe Modeler (https://www.bayesfusion.com/genie-modeler) 
 
The installation package includes libraries for: 

• GeNIe & Smile (https://www.bayesfusion.com/genie-modeler) 

• Sqlite  

• Opencsv 

• javajson 
 
Any users of the Biosecurity BBN Software may alter value, site names, and NIS names in the 

input spreadsheets. Only experienced BBN programmers should consider altering the default 
dispersal sub-models. 

 

List of input spreadsheets 

distance.csv 
establishmentRate.csv 
floodCurrentCarry.csv 
habitat.csv 
industryCarry.csv 
island.csv (columns A:W) 
islandBridge.csv 
islandCurrentCarryRate1.csv 
islandCurrentCarryRate3.csv 
islandCurrentCarryRate7.csv 
islandFavourableWind.csv 
islandThreatDensity.csv 
predcomp.csv 
present.csv 
raftCarry.csv 
region.csv 
regionBridge.csv 
regionCurrentCarryRate1.csv 
regionCurrentCarryRate3.csv 
regionCurrentCarryRate7.csv 
ragionFavourableWind.csv 
threat.csv 
visitation.csv 
windCarry.csv 

List of output spreadsheets 

island.csv (columns X, Y, Z, and AA) 
arrivals.csv 
establishment.csv 

https://www.bayesfusion.com/genie-modeler
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Dispersal sub-models and input spreadsheets 

Default dispersal sub-models are coded with GeNIe Modeler software, a graphical user interface 
(GUI) which allows for interactive model building and learning, which is owned by BayesFusion, LLC 
(https://www.bayesfusion.com/genie-modeler). The dispersal sub-models may be viewed by 
opening the WAB sub-folder nets and double-clicking on one of the sub-models which will open the 
sub-model in the GeNIe Modeler. Similarly, sub-models may be modified in the GeNIe Modeler, but 
caution and experience in BBN programming is required as appropriate nodes, headings, and data 
categories are required to be present within the sub-models for the Java code to automatically 
create species- and site-specific BBNs. Most users should limit edits to the data input spreadsheets.  

 
By entering probability values of zero into data input spreadsheets users of the Biosecurity BBN 

Software can effectively turn off selected sub-models. Dispersing NIS (see Input spreadsheets) will be 
forced to travel through any remaining pathways. Regardless of which sub-models users wish to 
activate, all sites and all NIS must be listed in the NAME columns of all data input spreadsheets. We 
recommend using copy, pastes, and if necessary transpose functions in spreadsheet software to 
ensure site names and NIS names are identical and recognisable by the Java code. Any threats and 
sites listed in island.csv or threat.csv may be turned off without losing data by changing information 
in the ACTIVE column to ‘FALSE’. 

 

Human-mediated dispersal by recreational visitors 

Three BBN sub-models are actually required to calculate the probability that recreational site 
users may introduce NIS: separate models for flora and fauna NIS introductions, per a recreational 
visitor, and a common model calculating the desirability of the island to determine the number of 
recreational visitors travelling to/from each site.  

 

Site or Island desirability 

All of the nodes in the site or island Desirability sub-model are categorical. Users may edit the 
conditional probabilities by opening the sub-model in GeNIe (Figure 2), followed by opening specific 
nodes. For example, users may open the node Desirability by double-clicking the top-left corner of 
the node. Under the tab Definition users may redefine the characteristics of highly desirable, 
moderately desirable, and undesirable sites for recreational visitors within the constraints of the 
pre-defined categories (Figure 3). Similarly, the type of vehicle/boat used to access the site is 
described using categorical data. In our case study (Lohr, et al., 2017) we separated recreational 
boats into three different sizes: small (<5m length), medium (5-10m in length), and big (>10m in 
length) (Figure 4). Some boats cannot access particular types of islands (binary data=0) due to the 
benthic topography. Values within these nodes may be edited without expertise in BBN 
programming. User should not edit node names or category names unless they have experience in 
BBN programming. 

 
 

https://www.bayesfusion.com/genie-modeler
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Figure 2: Screen-capture of the island desirability sub-model when opened in GeNIe. Rectangular 
nodes contain categorical conditional probabilities. 
 

 

 
Figure 3: Screen-capture of the node Desirability from within the sub-model Desirability. 
 

 

 
Figure 4: Binary data defining what type of vehicle or boat may be used to access each type of site. 
In this example, only small boats (<5m in length) may access inshore islands along the Pilbara 
coastline.  
 
Two data input spreadsheets are used to estimate the number of visitors to each site: island and 
visitation. 

island.csv 
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Column A - ISLANDID: Enter an integer that acts as an identification number for each site. This 

number must be unique and consistently identify one specific site across any input spreadsheets 
with the column header ISLANDID. 

Column B - NAME: Enter an alpha-numeric name for each site. Use an underscore rather than 
blank spaces. This name must be unique and consistently identify one specific site as the names are 
used as column headers in the 6 spreadsheets that refer to dispersal via ocean currents. 

Column C - ACTIVE: Enter either TRUE or FALSE. This column acts as an on/off switch and allows 
the user to limit the number of sites that will be run through the Biosecurity BBN Software code. The 
code will calculate the biosecurity risk estimates for fewer sites faster. TRUE=ON; FALSE=OFF. 

Column D – ISLAND_GROUP: Data in this column must match column headers in the spreadsheet 
visitation.csv. Sites should be grouped according to the number and distribution of visitors (see 
example (Lohr, et al., 2017)).  

Column E - REGION: Data in this column indicate the nearest source of NIS that may disperse via 
non-human mediated pathways. Data in this column must match row headings in region.csv, 
regionCurrentCarryRate1.csv, regionCurrentCarryRate3.csv, regionCurrentCarryRate7.csv, 
regionFavourableWind.csv, regionBridge.csv, and regionThreatDensity.csv. 

Column F - ACCOM: This column contains binary data (YES/NO) indicating whether a site has 
permanent accommodation for visitors. 

Column G - CORAL: This column contains binary data (YES/NO) indicating whether a site has 
nearby coral reefs that may be attractive for tourists. 

Column H - BEACH: This column contains binary data (YES/NO) indicating whether a site has a 
beach that may be attractive for tourists. 

Column I - CULTURAL: This column contains binary data (YES/NO) indicating whether a site has 
cultural sites that may be attractive for tourists. We included nearshore shipwrecks, European 
historical sites, and indigenous rock art as cultural sites that may be attractive for tourists. 

Column J - FISHING: This column contains binary data (YES/NO) indicating whether a site has 
nearby fishing grounds that may be attractive for tourists. 

Column K - SHELTERED: This column contains binary data (YES/NO) indicating whether a site has 
sheltered boat landing or camping sites that may be attractive to tourists. 

Column L - INDUSTRYPHASE: This column contains data categorising the type of industrial 
activity that is occurring on a site. Data must match categories listed in the spreadsheet 
industryCarry.csv under the column INDUSTRYPHASE. In our example we have five types of industrial 
activity with markedly different levels of human activity, movement of pre-fabricated machinery, 
and quarantine: active; construction; decommissioned; lighthouse; and none. Entering ‘none’ for all 
sites will effectively turn off the industrial dispersal pathway. 

Column M - MACHUSE: This column contains data indicating whether vehicles or large 
machinery may move onto a site. In our example, some industrial sites are connected to mainland 
regions via a causeway and hence large vehicles may move onto a site daily. Whereas other offshore 
industrial sites have limited amounts of machinery move onto a site once construction is complete. 

Column N - INDUSTRYVISITATION: Enter an integer enumerating the number of visits made to a 
site by industry employees per annum. We multiplied the number of employees by an estimated 
number of shift changes that cause employees to move on and off a site per annum. 

Column O - DISTURBANCE: This column contains binary data (1/0) indicating whether a site has 
disturbed ground that may be more vulnerable to invasion by weeds. We included the presence of 
digging fauna as a source of disturbed ground. 

Column P - INFRASTRUCTURE: This column contains binary data (1/0) indicating whether a site 
has human infrastructure (including but not necessarily accommodation) that may facilitate the 
establishment of some NIS. 

Column Q - PERIMETER: Enter a real number describing the perimeter of the site. 
Column R - SIZE: Enter a real number describing the area of a site in hectares. 
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Column S – ML_DISTANCE: Enter a real number describing the distance (metres) between a site 
and the nearest source region of NIS. 

Column T – ML_DIST: Enter a category describing the distance between a site and the mainland. 
Data in this column must match column headings in the GeNIe node VISITOR TYPE (Figure 4). 

Column U - WINDSPEED: Enter a real number describing the average wind speed passing over a 
site. An if-else statement within the Wind sub-model, node Speed Category, will automatically assign 
a wind speed category to each site. 

Column V - FLOODEVENTS: Enter an integer or a probability distribution describing the 
frequency of flood causing rainfall events in the source regions. We entered ‘normal(4,3)’, indicating 
that there is a normal distribution with an average of 4 flood causing rainfall events per year and a 
standard deviation of 3. The Biosecurity BBN Software runs 1000 iterations of the model and will 
randomly select numbers for the Flood Plume Events node within the FloodCurrent sub-model from 
within this normal distribution. 

Column W - FLOODCATEGORY: This column contains categorical data describing the likelihood 
that flood waters will reach the perimeter of each site. Categories must match data in column 2 of 
floodCurrentCarry.csv. 

Column X - DESIRABILITYMOSTLIKELY: The Biosecurity BBN Software will automatically enter 
data into the column at the end of each run. Pre-existing data will be over-written. 

Column Y - VISITORTYPEMOSTLIKELY: The Biosecurity BBN Software will automatically enter data 
into the column at the end of each run. Pre-existing data will be over-written. 

Column Z - DESIRABILITY: The Biosecurity BBN Software will automatically enter data into the 
column at the end of each run. Pre-existing data will be over-written. 

Column AA - VISITORTYPE: The Biosecurity BBN Software will automatically enter data into the 
column at the end of each run. Pre-existing data will be over-written. 

visitation.csv 

 
 
Column A - VISITATIONID: Enter a unique integer for a particular combination of visitation 

criteria. 
Column B - DESIRABILITY: Enter categorical data describing level of site desirability for visitors. 

Data must match row headings available in Desirability sub-model, node Desirability (Figure 3). We 
have used HIGH, MODERATE, and NOT. 

Column C - VISITORTYPE: Enter categorical data describing the type of visitors or vehicle that 
may access each site. Data must match row headings available in Desirability sub-model, node 
Visitor Type (Figure 4). We have used ALL, ONLY_SMALL, ONLY_MED_BIG, and ONLY_BIG. 

Column D-onwards: Enter one column heading per ISLAND_GROUP listed in the island.csv. In the 
cells below enter the estimated number of visitors per annum to sites within corresponding groups 
identified by column heading and categories in columns B and C. For example, highly desirable 
islands that may be accessed by any recreational craft in the Karratha group (e.g., West Lewis Island) 
are thought to have approximately 3000 visitors per annum. A probability distribution may be 
entered here and into similar cells in other spreadsheets. 
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Recreation Fauna 

The results of the island Desirability sub-model feed into the Island Visitation node of the 
Recreation Fauna sub-model (Figure 5). The estimated number of visitors per annum is combined 
with a calculated probability that any one of those visitors may be dispersing fauna NIS. The 
probability that visitors may be dispersing fauna NIS depends on the presence of NIS at the visitor’s 
home-town or travelling start point; the propensity visitors have to carry NIS; and the propensity 
visitors have to drop a threat at the site they are visiting. Two data input spreadsheets contain data 
necessary for this sub-model:  present.csv and threat.csv. The hypothesis underlying the Recreation 
Fauna sub-model is that fauna NIS will hitch a ride on visitor’s vehicles or boats (White & Shine, 
2009) or in visitor’s luggage (Koch, et al., 2013). Once NIS has hitched a ride it may or may not exit 
the visitor’s vehicle or luggage at the site or island. If a threat is already established on a site it will 
continue to be present on the site regardless of the number of newly arriving NIS. 

 

 
Figure 5: Screen-capture of the Recreation Fauna sub-model as viewed in GeNIe. 
 

present.csv 

 
 
Column A –ISLANDREGIONID: This column contains the unique alpha-numeric labels used to name 
sites. Data must match island.csv, column B – NAME or region.csv, column B – NAME. 
Columns B onwards: Column headings must match threat.csv, column B – NAME. There must be one 
column per threat listed in threat.csv. 
Cells contain binary data (1/0) indicating whether each NIS is already present on each source region 
or each site. 
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threat.csv 

 
 
Column A - THREATID: Enter an integer that acts as an identification number for each NIS. This 

number must be unique and consistently identify one specific NIS across any input spreadsheets 
with the column header THREATID. 

Column B - NAME: Enter an alpha-numeric name for each NIS. Use an underscore rather than 
blank spaces. This name must be unique and consistently identify one specific NIS as the names are 
used as column headers in the spreadsheets present.csv, predcomp.csv, islandThreatDensity.csv, 
regionThreatDensity.csv, industryCarry.csv, raftCarry.csv, habitat.csv, floodCurrentCarry.csv, and 
establishmentRate.csv. 

Column C - ACTIVE: Enter either TRUE or FALSE. This column acts as an on/off switch and allows 
the user to limit the number of NIS that will be run through the Biosecurity BBN Software code. The 
code will calculate the biosecurity risk estimates for fewer NIS faster. TRUE=ON; FALSE=OFF. 

Column D - TYPE: Enter either FLORA or FAUNA. This data identifies which recreation dispersal 
sub-model should be used to estimate biosecurity risk to sites for each NIS. 

Column E - DISPERSALMODE: For flora NIS, identify the types of natural dispersal each NIS may 
use: NONE; WIND; or CURRENT. Enter NONE for fauna NIS. 

Column F - WINDDISPERSABILITY: Enter categorical data describing the flora NIS ability to 
disperse via wind. Data must match categories listed in windCarry.csv, column B – SeedType. Flora 
NIS diaspore morphology may be used to estimate the wind dispersal potential of seeds under 
average wind conditions (Hintze, et al., 2013; Tackenberg, et al., 2003). 

Column G - FLORAATTACHMENTRATE: Enter a real number describing the percentage of visitors 
that a flora NIS diaspore may attached to. 

Column H - FLORAAVOIDANCE: Enter a real number describing the probability (values 0 to 1) 
that visitors will avoid walking through a patch of flora NIS. For example, for prickly pear (Opuntia 
sp.) we entered 1 as people will avoid walking through a patch of cacti. 

Column I - FAUNACARRYRATE: Enter a percent value (0 to 100) describing the percentage of 
visitors that may be carrying fauna NIS. A probability distribution may be entered instead of a single 
value (e.g., ‘normal(12.5,9)’ will cause the software to randomly select a number from a normal 
distribution with an average of 12.5% and a standard deviation of 9%) 

Column J - DROPRATE: Enter a percent value (0 to 100) describing the percentage of visitors that 
may drop fauna or flora NIS they are carrying on a site. A probability distribution may be entered 
instead of a single value. 

Column K – CURRENTCARRYDAYS: Enter an integer describing the maximum number of days a 
flora NIS diaspore may survive in seawater.  The tool uses this number to determine which of the 
islandCurrentCarryRate.csv files to use, in a similar fashion to the TYPE variable.  Possible values are 
1, 3, or 7 (days), corresponding to the input spreadsheets: islandCurrentCarryRate1.csv, 
islandCurrentCarryRate3.csv, and islandCurrentCarryRate7.csv. 

Column L - FLOODCURRENTPROPAGULEPRESSURE: Enter a real number describing the number 
of flora NIS propagules, per a geographic unit, that may disperse out of a population via flood 
waters. 

Column M - CURRENTPROPAGULEPRESSURE: Enter a real number describing the number of flora 
NIS propagules, per a geographic unit, that may disperse out of a population via ocean currents. 

Column N - WINDPROPAGULEPRESSURE: Enter a real number describing the number of flora NIS 
propagules, per a geographic unit, that may disperse out of a population via wind currents. 

Column O - TEMP: Enter zero in all cells. This column is required for the software to calculate 
dispersal via the wind sub-model. 
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Column P - ESTABLISHMENTSIZE: Enter an integer describing the minimum number of individuals 
for each NIS required for a new population to establish. Self-fertilizing or parthenogenic species may 
only require 1 individual to establish a new population. 

Column Q - BRIDGEUSE: Enter a real number describing the probability (values 0 to 1) that fauna 
NIS may cross a land bridge when it is exposed. Land bridges may be permanent (e.g., causeway or 
man-made bridge) or temporary tidal land bridge. The probability that a land bridge exists is listed in 
regionBridge.csv or islandBridge.csv. 

Column R - SWIMAVERAGEDIST: Enter an integer describing the distance (metres) that a high 
proportion of individuals within a fauna NIS could reliably swim or fly. The number acts as a lower 
bound for distance that some individuals within a fauna NIS may be able to swim or fly. See example 
Table 1. 

Column S - SWIMLONGDIST: Enter an integer describing the distance (metres) that matches the 
maximum distance most individuals within a fauna NIS will be able to swim or fly. Few individuals 
should be willing or able to exceed this distance. See example Table 1. 

Column T - SWIMAVERAGERATE: Enter a real number describing the probability (values 0 to 1) 
that fauna NIS may survive swimming or flying a distance less than or equal to the distance listed in 
SWIMAVERAGEDIST. See example Table 1. 

Column U - SWIMLONGRATE: Enter a real number describing the probability (values 0 to 1) that 
fauna NIS may survive swimming or flying a distance between the values listed in 
SWIMAVERAGEDIST and SWIMLONGDIST. See example Table 1. 

Column V - SWIMMAXRATE: Enter a real number describing the probability (values 0 to 1) that 
fauna NIS may survive swimming or flying further than the distance listed in SWIMLONGDIST. See 
example Table 1. 

Column W - RAFTCREATIONRATE: Enter a real number describing the probability (values 0 to 1) 
that a suitably buoyant raft would be created for each fauna NIS listed. Some species may raft on a 
fresh water lens, others require buoyant debris, whereas some may create their own raft out of 
conspecifics (Adams, et al., 2011). 

Column X - RAFTBOARDRATE: Enter a real number describing the probability (values 0 to 1) that 
fauna NIS will board a raft when present. Consider whether or not a fauna NIS lives near a floodway 
and is likely to be caught in flood waters. 

 
Table 1: Rattus rattus as an example for calculating fauna NIS dispersal via swimming or flying 

across a hostile matrix: 72% (0.72 probability) of rats will survive swimming ≤ 250m; 40% (0.4 
probability) of rats will survive swimming ≥250m but ≤ 500m; and 3% (0.03 probability) of rats will 
survive swimming > 500m. Probabilities were derived from (Tabak, et al., 2015) and distance 
categories for R. rattus were derived from (Russell, et al., 2008). 
NAME SWIMAVERAGEDIST SWIMLONGDIST SWIMAVERAGERATE SWIMLONGRATE SWIMMAXRATE 

RATTUS_RATTUS 250 500 0.72 0.4 0.03 

 

Recreation Flora 

The results of the island Desirability sub-model also feed into the Island Visitation node of the 
Recreation Flora sub-model (Figure 6). Unlike fauna which may actively seek to hitch a ride with 
visitors, flora NIS may passively attach to visitors vehicles, luggage or clothing when visitors pass 
through an NIS population (Pickering & Mount, 2010). The passive attachment of flora diaspores to 
visitors first requires that visitors interact with flora NIS prior to or at their travelling start point. 
Users of the Biosecurity BBN Software may enter values for the propensity for visitors to avoid flora 
NIS (e.g. tourists might avoid picking up cacti pads) and the propensity for flora NIS to attach 
diaspores to visitors alongside values describing the propensity for visitors to drop diaspores on the 
visited site in the threat.csv spreadsheet. Two additional data input spreadsheets are required to 
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describe the quantity of flora NIS that may be producing propagules that could attach to recreational 
visitors; region.csv, and regionThreatDensity.csv. 

 

 
Figure 6: Screen-capture of the Recreation Flora sub-model as viewed in GeNIe. 
 

region.csv 

 
 
Column A – REGIONID: Enter an integer that acts as an identification number for each NIS source 
region. This number must be unique and consistently identify one specific region across any input 
spreadsheets with the column header REGIONID (e.g., regionThreatDensity.csv). 
Column B – NAME: Enter an alpha-numeric name for each NIS source region. Use an underscore 
rather than blank spaces. This name must be unique and consistently identify one specific region as 
the names are used as column headers in other spreadsheets. The row identified as ML refers to the 
mainland as a whole and is used in the floodCurrent sub-model as flood waters originate on the 
entireity of the mainland rather than discrete regions. 
Column C – PERIMETER: Enter a real number describing the length (metres) of perimeter of the 
region. In our case study, all of our NIS source regions were a 1 km wide band of mainland coastline 
(Lohr, et al., 2017). Propagules will only disperse out to islands from the coastal side of the region; 
therefore we entered 0.5*perimeter of each region. 
Column D – SIZE: Enter a real number describing the area (hectares) of the NIS source region. 
Column E – WINDDIR: The proportion of time the wind direction was towards the islands. 50 was set 
as the default in the absence of more specific information. 
Column F – WINDSPEED: average annual wind speed (kmph) at the region. 
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regionThreatDensity.csv 

 
 
Column A – REGIONID: Enter an integer that acts as an identification number for each NIS source 
region. This number must be unique and consistently identify one specific region across any input 
spreadsheets with the column header REGIONID (e.g., region.csv). 
Column B onwards: Column headings contain the name of each NIS and must match the data in 
threat.csv, column B – NAME. 
Cells: Enter a real number describing the percentage of each region covered with each flora NIS. This 
number will be multiplied by data in region.csv, column D – SIZE to estimate the total size of the 
flora NIS population in each region. For fauna NIS enter the number of individuals (may be a real 
number or probability distribution) expected to disperse out of each region per annum. We 
estimated that approximately 1% of the fauna NIS population would disperse out of each region per 
annum. 
 

Human-mediated dispersal by industrial activities 

Industry is subject to far stricter quarantine protocols than recreational island users. Therefore, 
a separate sub-model is used to describe the probability that NIS may disperse via industrial 
activities (Figure 7). Unlike the recreational visitors sub-model, users of the Biosecurity BBN Software 
are required to define the number of visitors to industrial sites in the island.csv spreadsheet. In our 
case study of the Pilbara Islands we multiplied the number of employees working at a given site by 
an expected number of shift changes per year (Lohr, et al., 2017). Industrial sites are divided into 
categories defining the Industrial Phase or level of activity at a site, and whether or not large pieces 
of pre-fabricated machinery that may hide NIS from quarantine inspectors are moving onto the site 
(see island.csv). A propensity for visitors to industrial sites to carry NIS (Scott, et al., 2017) may then 
be defined by users of the Biosecurity BBN Software in the industryCarry.csv.  
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Figure 7: Screen-capture of the Industry sub-model as viewed in GeNIe. 

islandCarry.csv 

 
 
Column A – INDUSTRYCARRYID: Enter an integer that acts as an identification number for each 

industry dispersal combination. This number must be unique and consistently identify one specific 
industry dispersal combination across any input spreadsheets with the column header 
INDUSTRYCARRYID. 

Column B – INDUSTRYPHASE: This column contains data categorising the type of industrial 
activity that is occurring on a site. Data must match categories listed in the spreadsheet island.csv 
under the column INDUSTRYPHASE. In our example we have five types of industrial activity with 
markedly different levels of human activity, movement of pre-fabricated machinery, and quarantine: 
active; construction; decommissioned; lighthouse; and none. 

Column C – MACHINEUSE: This column contains binary data indicating whether vehicles or large 
machinery may move onto a site. Data in this column is combined with island.csv, column M - 
MACHUSE. 

Column D onwards: Column headings must contain the same data as threat.csv, column B – 
NAME. All NIS must be listed with one NIS per column. 

Cells: Enter a real number, or probability distribution describing the percentage (values 0 to 100) 
of industry site visitors that may be carrying each NIS. 

 

Dispersal by self-powered swimming or flying 

Many NIS may disperse by swimming, flying or walking across an inhospitable matrix. The 
success of these individuals at crossing the matrix depends on propagule pressure, the capabilities of 
the species, and the distance individuals must cross (Figure 8). Users of the Biosecurity BBN Software 
define propagule pressure by entering values into three spreadsheets:  regionThreatDensity.csv, and 
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present.csv, and islandThreatDensity.csv. The capabilities of a NIS at crossing an inhospitable matrix 
are entered into threat.csv. The distance between NIS source regions and sites is entered into 
distance.csv. 
 

 
Figure 8: Screen-capture of the Swim sub-model as viewed in GeNIe. 

islandThreatDensity.csv 

 

 
 
Column A – ISLANDID: Enter an alpha-numeric name that acts as an identifier for each site. This 
name must be unique and consistently identify one specific site across any input spreadsheets with 
the column header ISLANDID (e.g., island.csv). 
Column B onwards: Column headings contain the name of each NIS and must match the data in 
threat.csv, column B – NAME. 
Cells: Enter a real number describing the percentage of each region covered with each flora NIS. This 
number will be multiplied by data in island.csv, column R – SIZE to estimate the total size of the flora 
NIS population in each region. For fauna NIS enter the number of individuals (may be a real number 
or probability distribution) expected to disperse out of each site per annum. We estimated that 
approximately 1% of the fauna NIS population would disperse out of each site per annum. 
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distance.csv 

 
 
Column A – SOURCEID: The column heading SOURCEID must be maintained. Rows below contain 

the same data as island.csv, column B – NAME. 
Column B onwards: Column headings contain the same data as island.csv, column B – NAME. 
Cells: Enter real numbers describing the distance between any two sites in metres. 
 

Dispersal across temporary tidal-land bridges 

In the Pilbara, some islands are connected to each other or to the mainland via temporary tidal 
land bridges. It is thought that animals rarely cross intertidal land bridges deliberately. Instead 
animals forage in the inter-tidal zone (Carlton & Hodder, 2003), or are trapped by large tidal 
movements and encouraged to disperse towards nearby islands by moving water. Regardless, if tidal 
land bridges or permanent causeways link sites to NIS source regions then users may need to 
estimate the probability that a land bridge exists and the probability that NIS may disperse across 
the bridges. The bridge sub-model (Figure 9) is designed to estimate dispersal through temporarily 
opened dispersal pathways. In addition to previously described data input spreadsheets, users will 
need to add data to regionBridge.csv and islandBridge.csv. 

 

 
Figure 9: Screen-capture of the Bridge sub-model as viewed in GeNIe. 
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regionBridge.csv 

 
 
Column A – SOURCEID: The column heading SOURCEID must be maintained. Rows below contain 

the same data as region.csv, column B – NAME, rows 1 onwards. 
Column B onwards: Column headings contain the same data as island.csv, column B – NAME. 
Cells: Enter real numbers describing the probability (values 0 to 1) that a land bridge exists. 

Value of 1 indicates a permanent land bridge or causeway. 

 

 

islandBridge.csv 

 
 
Column A – SOURCEID: The column heading SOURCEID must be maintained. Rows below contain 

the same data as island.csv, column B – NAME. 
Column B onwards: Column headings contain the same data as island.csv, column B – NAME. 
Cells: Enter real numbers describing the probability (values 0 to 1) that a land bridge exists 

between any two sites. Value of 1 indicates a permanent land bridge or causeway. 
 

Dispersal via catastrophic flood waters 

NIS may be dispersed during catastrophic flood waters as individuals or diaspores are caught up 
in moving water, or debris. The FloodCurrent sub-model (Figure 10) was designed for predicting the 
dispersal of flora NIS and hence uses estimates of region-SIZE (region.csv) multiplied by percent of 
landscape covered in flora NIS (regionThreatDensity.csv) to estimate the number of flora NIS 
propagules that may be dispersed by flood waters (Figure 10, node Dispersal amount). The 
frequency of flood events over NIS source regions is captured in island.csv, Column V – 
FLOODEVENTS. The categorical likelihood that flood waters will reach each site is captured in 
island.csv, Column W – FLOODCATEGORY. One additional data input spreadsheet is required for the 
FloodCurrent sub-model, floodCurrentCarry.csv. 
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Figure 10: Screen-capture of the FloodCurrent sub-model as viewed in GeNIe. 
 

 

floodCurrentCarry.csv 

 
 
Column A – FLOODCURRENTCARRYID: The column heading FLOODCURRENTCARRYID must be 

maintained. Rows below contain a unique numeric identifier. 
Column B – FLOODCATEGORY: List the categories describing the likelihood that flood water will 

reach each site. Categories must be the same as island.csv, column W – FLOODCATEGORY. 
Column C onwards: Column headings must contain the same data as threat.csv, column B – 

NAME. 
Cells: Enter a real number describing the probability (values 0 to 1) that diaspores or individuals 

will survive being dispersed via flood waters without a raft (see Dispersal via catastrophic flood 
waters with raft) given the likelihood that flood waters will reach a site. Also consider the likelihood 
that NIS reside near flood ways. 

 

Dispersal via catastrophic flood waters with raft 

Most fauna NIS are going to require a raft to survive dispersal via flood waters and the number 
of individuals caught in floods may not relate to their density across the NIS source region as with 
flora NIS. Therefore, a separate Raft sub-model is used (Figure 11). The number of fauna NIS that 
may be available to disperse via rafting is entered into regionThreatDensity.csv. The frequency of 
flood events over NIS source regions is captured in island.csv, Column V – FLOODEVENTS. The 
categorical likelihood that flood waters will reach each site is captured in island.csv, Column W – 
FLOODCATEGORY. The probability that a suitably sized raft may be created during a flood event, and 
the probability that fauna NIS may board available rafts is captured in threat.csv, column W – 
RAFTCREATIONRATE, and column X – RAFTBOARDRATE. One additional data input spreadsheet is 
required for the Raft sub-model, raftCarry.csv. Ultimately, the probability that NIS disperse via a raft 
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on flood waters is a combination of the probability that a flood will occur, by the probability a flood 
will reach a site, by the probability that a raft is created, by the probability that NIS board a raft, by 
the probability that NIS will survive riding a raft all the way to a site. 

 

 
Figure 11: Screen-capture of the Raft sub-model as viewed in GeNIe. 
 
 
 

raftCarry.csv 

 
 
Column A – RAFTCARRYID: The column heading RAFTCARRYID must be maintained. Rows below 

contain a unique numeric identifier. 
Column B – FLOODCATEGORY: List the categories describing the likelihood that flood water will 

reach each site. Categories must be the same as island.csv, column W – FLOODCATEGORY. 
Column C onwards: Column headings must contain the same data as threat.csv, column B – 

NAME. 
Cells: Enter a real number describing the probability (values 0 to 1) that diaspores or individuals 

will survive being dispersed via flood waters with a raft given the likelihood that flood waters will 
reach a site.  

 

Dispersal via normal ocean currents 

Some NIS, particularly flora NIS, may be dispersed by normal ocean currents if their diaspores 
fall into the ocean. In the Pilbara islands for example, prickly pear (Opuntia stricta) paddles are 
typically found establishing in the high-water mark, which suggests paddles are being dispersed by 
ocean currents. Data entered into threat.csv, column M – CURRENTPROPAGULEPRESSURE, 
present.csv, regionThreatDensity.csv, and region.csv, column C - PERIMETER are used to determine 
the number of diaspores that may enter and disperse via ocean currents. Data entered into 
threat.csv, column K – CURRENTCARRYDAYS refers to the ability for diaspores to survive in seawater 
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which depends on several physiological traits including buoyancy, seed coatings, and dormancy 
(Guja, et al., 2010). The program uses the CURRENTCARRYDAYS to determine which 
currentcarry(rate) spreadsheet to use: regionCurrentCarry[CURRENTCARRYDAYS].csv, and 
islandCurrentCarry[CURRENTCARRYDAYS].csv. These inputs specify the probability that ocean 
currents will disperse diaspores from one NIS source region or source site to another site within a set 
time frame.  

 
Default files contain 6 ocean current data input spreadsheets: regionCurrentCarry1.csv, 

regionCurrentCarry3.csv, regionCurrentCarry7.csv, islandCurrentCarry1.csv, islandCurrentCarry3.csv, 
islandCurrentCarry7.csv. The Pilbara island project had access to high-resolution ocean current 
modelling for the Northwest/Pilbara coastline (http://www.csiro.au/connie/) that would allow us to 
estimate the dispersal of particles over variable time periods. Ocean current models are also 
available for other regions of the globe at (http://www.csiro.au/connie/). 

 

 
Figure 12: Screen-capture of the Current sub-model as viewed in GeNIe. 
 

regionCurrentCarry.csv 

 
 
Column A – SOURCEID: The column heading SOURCEID must be maintained. Rows below contain 

the same data as region.csv, column B - NAME. 
Column B onwards –Column headings must contain the same data as island.csv, column B – 

NAME. 
Cells: Enter a real number describing the probability (values 0 to 1) that ocean currents will 

travel from a source regions coastline to each site within the time period specified in the file name.  
 

 

http://www.csiro.au/connie/
http://www.csiro.au/connie/
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islandCurrentCarry.csv 

 
 
 
Column A – SOURCEID: The column heading SOURCEID must be maintained. Rows below contain 

the same data as island.csv, column B - NAME. 
Column B onwards –Column headings must contain the same data as island.csv, column B – 

NAME. 
Cells: Enter a real number describing the probability (values 0 to 1) that ocean currents will 

travel from one site to each other site within the time period specified in the file name.  
 

Dispersal via wind 

The wind dispersal sub-model was primarily designed for estimating the probability of dispersal 
of flora NIS diaspores. Hence, data entered into threat.csv, column F – WINDDISPERSABILITY, and 
column N - WINDPROPAGULEPRESSURE, present.csv, regionThreatDensity.csv, and region.csv, 
column D - SIZE are used to determine the number of diaspores (Dispersal amount) that may enter 
and disperse via wind currents (Figure 13). The spreadsheet region.csv also contains the columns 
WINDSPEED, which is used to determine if average wind speeds over the NIS source regions will be 
sufficient to raise diaspores into the air column and WINDDIR, which is used to determine the 
proportion of time (on an annual basis) that the wind direction is blowing toward each island from 
every island. Flora NIS diaspore morphology may be used to estimate the wind dispersal potential of 
seeds under average wind conditions (Hintze, et al., 2013; Tackenberg, et al., 2003). Three additional 
data input spreadsheets are used by the wind sub-model: windCarry.csv, regionFavourableWind.csv, 
and islandFavourableWind.csv. 

 

 
Figure 13: Screen-capture of the Wind sub-model as viewed in GeNIe. 
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windCarry.csv 

 
 
Column A – WINDCARRYID: The column heading WINDCARRYID must be maintained. Rows 

below contain a unique numeric identifier. All combinations of SeedType, Distance, and Speed must 
be entered and given a unique numeric identifier. 

Column B – SeedType: This data corresponds to entries in threat.csv, column F – 
WINDDISPERSABILITY. 

Column C – Distance: The distances between NIS source regions or source sites and other sites is 
placed into one of two categories, long or short distance. SHORT distance is ≤600m. LONG distance is 
>600m. The distance between NIS source regions and sites is listed in island.csv, column S – 
ML_DISTANCE. The distance between island source sites and other sites is listed in distance.csv. 

Column D – Speed: Wind speed has been divided into three categories: HIGH, MEDIUM, and 
LOW. HIGH speed is ≥27kmph. MEDIUM speed is ≥18kmph. LOW speed is <18kmph. These values 
are coded into the GeNIe sub-model, Speed Category node. 

Column E – CarryRate: Enter a real number describing the probability (values 0 to 1) that flora 
NIS diaspores will be carried by wind with the characteristics listed in columns B through D. 

regionFavourableWind.csv 

 
 
Column A – SOURCEID: The column heading SOURCEID must be maintained. Rows below contain 

the same data as region.csv, column B - NAME. 
Column B onwards –Column headings must contain the same data as island.csv, column B – 

NAME. 
Cells: Enter a real number describing the proportion of time on an annual basis (values 0 to 1) 

that the wind will be travelling in the direction of each of the sites.  
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islandFavourableWind.csv 

 
 
Column A – SOURCEID: The column heading SOURCEID must be maintained. Rows below contain 

the same data as island.csv, column B - NAME. 
Column B onwards –Column headings must contain the same data as island.csv, column B – 

NAME. 
Cells: Enter a real number describing the probability (values 0 to 1) that the wind will be 

travelling from the site listed in column A to each of the sites listed in the headings of column B 
onwards.  0.5 was set as the default in the absence of more specific information. 

Software outputs 

The dispersal sub-models described above are linked by a purpose built tool in Java. Ultimately, 
the Java code connects nodes across the various sub-models, uses stochastic sampling (n = 1000) to 
run the sub-models with variable input parameters, and generate a distribution of values for the 
number of arrivals per NIS per site. Only parameters with probability distributions rather than static 
inputs will vary in the 1000 iterations of the Biosecurity BBN software. An output spreadsheet, 
arrivals.csv is automatically generated and saved in the WAB/DB folder. This spreadsheet will be 
overwritten by subsequent runs of the Biosecurity BBN software unless copies are saved elsewhere. 

Estimated number of arrivals 

The estimated number of arrivals spreadsheet lists results for each NIS in the threat.csv 
spreadsheet by each site listed in the islands.csv spreadsheet on a separate row. The 600 islands by 
11 NIS in our case study (Lohr, et al., 2017) resulted in 6600 rows of data in the arrivals.csv. The 
number of arrivals travelling through each of the 8 dispersal sub-models is presented in 9 columns (2 
columns for dispersal by recreational visitors). Each column contained comma-delimited data 
housed within square brackets. The first number within those brackets is the average estimated 
number of arrivals travelling through each pathway. Subsequent values are the results generated by 
the 1000 iterations of the Biosecurity BBN Software. Four columns (CURRENTSUMMARY, 
WINDSUMMARY, SWIMSUMMARY, and BRIDGESUMMARY) break down the average number of 
arrivals according to source location. In these four dispersal sub-model NIS could travel or island-hop 
from one site/island to another site/island. These columns give users of the Biosecurity BBN 
software access to island-hopping results. The final four columns give users access to the total 
estimated average number of arrivals, summed across the dispersal sub-models, the complete 
histogram of results generated by 1000 iterations of the BBN calculations, and the total estimated 
standard deviation for those results. The tabulated mean and standard deviation results may be 
used immediately or linked to a geographic information system (GIS) to create a pest risk map 
(Smith, et al., 2007). 
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arrivals.csv 

 
 
Column A – ARRIVALSID: Unique numeric identifier for each NIS-Site combination. 
Column B – ISLANDID: Unique numeric identifier that corresponds with island.csv, column A – 

ISLANDID. 
Column C – THREATID: Unique numeric identifier that corresponds with threat.csv, column A – 

THREATID. 
Column D – ISLANDNAME: Unique alpha-numeric identifier that corresponds with island.csv, 

column B – NAME. 
Column E – THREATNAME: Unique alpha-numeric identifier that corresponds with threat.csv, 

column B – NAME. 
Column F – RECFLORA: Contains the results of the dispersal of flora NIS via recreational visitors. 

First value is the average of 1000 iterations of the BBN calculations. Subsequent values are the result 
of an individual run of the BBN. [0.0, 0.0] = no dispersal through the sub-model or the sub-model 
was effectively deactivated. 

Column G – RECFAUNA: Contains the results of the dispersal of fauna NIS via recreational 
visitors. First value is the average of 1000 iterations of the BBN calculations. Subsequent values are 
the result of an individual run of the BBN. [0.0, 0.0] = no dispersal through the sub-model or the sub-
model was effectively deactivated for a given NIS-Site combination. 

Column H – INDUSTRY: Contains the results of the dispersal of NIS via industrial visitors. First 
value is the average of 1000 iterations of the BBN calculations. Subsequent values are the result of 
an individual run of the BBN. [0.0, 0.0] = no dispersal through the sub-model or the sub-model was 
effectively deactivated for a given NIS-Site combination. 

Column I – RAFT: Contains the results of the dispersal of fauna NIS via rafts travelling on flood 
waters. First value is the average of 1000 iterations of the BBN calculations. Subsequent values are 
the result of an individual run of the BBN. [0.0, 0.0] = no dispersal through the sub-model or the sub-
model was effectively deactivated for a given NIS-Site combination. 

Column J – FLOODCURRENT: Contains the results of the dispersal of flora NIS via flood waters 
(no raft). First value is the average of 1000 iterations of the BBN calculations. Subsequent values are 
the result of an individual run of the BBN. [0.0, 0.0] = no dispersal through the sub-model or the sub-
model was effectively deactivated for a given NIS-Site combination. 

Column K – CURRENT: Contains the results of the dispersal of flora NIS via normal ocean 
currents. First value is the average of 1000 iterations of the BBN calculations. Subsequent values are 
the result of an individual run of the BBN. [0.0, 0.0] = no dispersal through the sub-model or the sub-
model was effectively deactivated for a given NIS-Site combination. 

Column L – WIND: Contains the results of the dispersal of flora NIS via average wind currents. 
First value is the average of 1000 iterations of the BBN calculations. Subsequent values are the result 
of an individual run of the BBN. [0.0, 0.0] = no dispersal through the sub-model or the sub-model 
was effectively deactivated for a given NIS-Site combination. 

Column M – SWIM: Contains the results of the dispersal of fauna NIS via self-powered swimming 
or flying across a hostile matrix. First value is the average of 1000 iterations of the BBN calculations. 
Subsequent values are the result of an individual run of the BBN. [0.0, 0.0] = no dispersal through the 
sub-model or the sub-model was effectively deactivated for a given NIS-Site combination. 

Column N – BRIDGE: Contains the results of the dispersal of fauna NIS over land bridges that may 
be temporary. First value is the average of 1000 iterations of the BBN calculations. Subsequent 
values are the result of an individual run of the BBN. [0.0, 0.0] = no dispersal through the sub-model 
or the sub-model was effectively deactivated for a given NIS-Site combination. 
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Column O – CURRENTSUMMARY: Provides a breakdown of the number of arrivals travelling from 
each source via the normal ocean current  sub-model. Data is present as ISLANDNAME=average 
arrival from this source. Data is comma-delimited. 

Column P – WINDSUMMARY: Provides a breakdown of the number of arrivals travelling from 
each source via the average wind sub-model. Data is present as ISLANDNAME=average arrival from 
this source. Data is comma-delimited. 

Column Q – SWIMSUMMARY: Provides a breakdown of the number of arrivals travelling from 
each source via the self-powered swimming/flying  sub-model. Data is present as 
ISLANDNAME=average arrival from this source. Data is comma-delimited. 

Column R – BRIDGESUMMARY: Provides a breakdown of the number of arrivals travelling from 
each source via the temporary land bridge sub-model. Data is present as ISLANDNAME=average 
arrival from this source. Data is comma-delimited. 

Column S – TOTAL: Contains the results of the dispersal of NIS summed across all of the dispersal 
sub-models. First value is the average of 1000 iterations of the BBN calculations. Subsequent values 
are the result of an individual run of the BBN. [0.0, 0.0] = no dispersal through the sub-model or the 
sub-model was effectively deactivated for a given NIS-Site combination. 

Column T – TOTALMEAN: Contains the average number of NIS arriving by all of the dispersal sub-
models. 

Column U – TOTALSD: Contains the standard deviation of the number of NIS arriving by all of the 
dispersal sub-models. 

Probability of establishment 

The estimated number of arrival for each of the dispersal pathways are aggregated for each 
threat and run through the establishment sub-model (via stochastic sampling, as above) to generate 
a probability of establishment for each NIS on each site (Figure 14). Data for the nodes Present, 
Establishment Size, and Threat Arrivals (Figure 14), are derived from the sub-models and data input 
spreadsheets described above. Three additional data input sheets are required to calculated the risk 
of new NIS populations becoming established on each site: establishmentRate.csv, habitat.csv, and 
predcomp.csv. 

 

 
Figure 14: Screen-capture of the Establishment sub-model as viewed in GeNIe. 
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establishmentRate.csv 

 
 
Column A – ESTABLISHMENTRATEID: The column heading ESTABLISHMENTRATEID must be 

maintained. Rows below contain a unique numeric identifier. All possible combinations of categories 
in columns B through D must be listed with a numeric identifier in column A. 

Column B – DISTURBANCE: Binary data (TRUE/FALSE) describing whether significant habitat 
disturbance that may facilitate the establishment of weeds is present. We included the presence of 
digging fauna as a significant source of disturbance on islands (Lohr, et al., 2017). 

Column C – PREDATORCOMPETITION: Binary data (TRUE/FALSE) describing whether there are 
any predators or competitors present on sites that may hinder the establishment of NIS (Palmer, et 
al., 2013; Kennedy, et al., 2002). 

Column D – PREFERRED_HABITAT: Binary data (TRUE/FALSE) describing whether the habitat 
preferred or essential for each NIS species is present. 

Column E onwards: Column headings must contain the same data as threat.csv, column B – 
NAME. 

Cells: Enter a real number describing the probability (values 0 to 1) that each NIS will establish a 
new population on a site with the criteria listed in columns B through D. 

habitat.csv 

 
 
Column A – ISLANDID: Unique alpha-numeric identifier that corresponds with island.csv, column 

B – NAME. 
Column B onwards: Column headings must contain the same data as threat.csv, column B – 

NAME. 
Cells: Enter a real number or probability distribution describing the probability (values 0 to 1) 

that the preferred habitat for each NIS is present on each site. Bernoulli(0.8) equates to 80% chance 
that the preferred habitat type is present (20% not). 

predcomp.csv 

 
 
Column A – ISLANDID: Unique alpha-numeric identifier that corresponds with island.csv, column 

B – NAME. 
Column B onwards: Column headings must contain the same data as threat.csv, column B – 

NAME. 
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Cells: Enter a real number or probability distribution describing the probability (values 0 to 1) 
that predators or competitors are present on each site. Bernoulli(0.8) equates to 80% chance that 
predators or competitors are present (20% not). 

 

establishment.csv 

The establishment.csv is a results file saved in the folder WAB/DB. It will be overwritten by 
subsequent runs of the Biosecurity BBN software unless a copy is saved elsewhere. 

 

 
 
Column A – ISLANDID: Unique alpha-numeric identifier that corresponds with island.csv, column 

B – NAME. 
Column B onwards: Column headings contain the same data as threat.csv, column B – NAME. 
Cells: Results: Estimated probability (values 0 to 1) that each NIS will establish a new population 

on each site. If a NIS is already established on a site (see present.csv) then the estimated probability 
of establishment will be equal to 1. 

Potential Applications and Extensions of the Biosecurity BBN Software 

Multi-year dispersal projections via Bernoulli distribution 

The Biosecurity BBN software estimates the annual number of NIS arrivals per site and the 
annual probability of establishment for each NIS on each site. Users can calculate multi-year ‘island-
hopping’ dispersal projections by feeding results from establishment.csv back into the data input 
spreadsheet present.csv as a Bernoulli probability distribution. The Bernoulli distribution is a discrete 
distribution with two possible outcomes. Bernoulli(0.5) allows for a 50% chance NIS is present and 
50% NIS is not present. 
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Trouble-shooting 

Some common problems may occur when trying to run the Biosecurity BBN software on another 
machine. Problems experienced by the developers are listed below. 

 
Problem: Java is not recognized as an internal or external command (Figure 15) 
Solution: Close dialog box. Update Java. Try again. 

 
Figure 15: The error message received when you need to update your version of Java. 
 
Problem: SQL exception 
Solution: Open all of the data input spreadsheets associated with the Industry sub-model. Look 

for a typing mistake in the category headings. All associated categories and column headings must 
match. 

 

 
Figure 16: Typical error message when there is a typo in one of your files. 
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Glossary 

Probability distributions that may be entered into data input spreadsheets may be found by 
opening a sub-model in GeNIe, double click on a node, tab Definition, under Functions and 
operators, open Probability distributions. 

• Normal(average, standard deviation) 

• Uniform(minimum, maximum) 

• Bernoulli(probability of success) 
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