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Statement of Use

On behalf of the team of collaborating scientists developing this software, we wish to
convey an important cautionary note: This manual, does not explain to users how to set up
scenarios in the individual modules (herein referredto as linked-programs) brought
together by the MetaM odel M anager-interface except where the implementation of the
MetaModel Manager requires certain additional, formatting of the linked-program input.
We presume you will have previous knewledge of these programs (such as Outbreak or
Vortex) or will consulttheappropriate manuals and available resources. Our principal
goal by writing thi§ manual Is to explain the metamodeling approach and how the
MetaModel Managerprogram works. |

Thisis afirst draftyof thermanual, published so that users can get started using
MetaModel ManagersA moredetailed manual, with further explanations and sample
analyses, will be produced in'the near future.

For now, please send bug reports, suggestions and any requests for additional information
to help@vortex20.org. We cannot guarantee that all comments and requests will be
answered, but responses will be provided when possible. We do, however, vaue al
feedback!

- Biocomplexity Network, January 2013
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Chapter 1. Introduction

1.1 What is the MetaModel Manager?

The MetaModel Manager is anew conservation biology software program designed to
link population demographics of multiple interacting species with other processes such as
emerging diseases, habitat and climate change, |andscape dynamics, and/or animal
movement patterns. MetaM odel Manager integrates computer simulation models such as
Vortex, Outbreak and Spatial, in addition to other user-created models—to understand
the influence of environmental, demographic, and genetic factors on the probability of
extinction of threatened species. Like the programs its works with, MetaM odel
Manager’s function is to serve as a predictive modeling tool used to determine likely
outcomes for a given scenario or to compare outcomes across multiple scenarios. The
program runs iteratively and its results are generated in the form of means or
probabilities, within the linked-program platforms. Analysis and interpretation of fesults
can be used in the establishment of conservation goalSand to direct or prioritizé
conservation action. MetaM odel Manager can be ¥sed in‘an,i nterdisciplinary workshop
setting, or by individual users. The software wasrecently released as version 1.0, and
further enhancements are planned for the near future.

1.2 Philosophy

Wildlife conservation problems are complex and must be looked at through the
perspectives of many different disciplines. MetaModel Manager offers a way to
achieve transdisciplinary modeling with general facility and creates a central
convening point for people to come together to make critical conservation
decisions using awider variety of information.

The principle behindthe development of MetaModel Manager was to create a robust
interface that calls in‘existing programs to work synergistically. In so doing, the user can
tap into the'unique capabilities of each program without the need to create new
potentidlly cumbersome “ mega-* models (Figure 1). The program provides an interface
for thetransfer of information across individually based models that carry biological
information attributable to specific indexed individuals in a population. The information
that is sent'back and farth between programs is considered “open-data,” and can be
modified by anysof the linked-programs operating within the MetaModel Manager
framework.
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Figure 1. Conceptual comparison of a megamodel ver sus a metamodel of
interacting factor sinfluencing species biology.

The roots of the MetaM odel Mana .
informal grouping of people knownas the “Biodiversity Research Network” created to
build “interdisciplinar ' :

conserving speciesi pital d the ecosystem management required to achieve
0 enhancing interdisciplinary information exchange gave rise

2) creating new software (Spatial, Vaccinator), 3) identifying other complementary
software (HexSim, RAMAS, the ARC-GIS platform), 4) identifying potential new
programs for development (Sim-Social), 5) and by creating the MetaM odel Manager to
serve as an interface between these and other user-created programs.

Metamodel Manager is a significant step towards developing truly integrated solutions
for species conservation by working across disciplines and by considering the larger
picture of interacting and often spatially and temporally explicit phenomenathat affect a
species outcome. The issue of how accurate such complex modeling can be remains a
concern. Program users and those interpreting results may expect that as model
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complexity increases, the overall predictive accuracy should increase. However the
opposite could aso occur when complexity is added but not conveyed or modeled
properly. Sensitivity testing can indicate which variables are most critical to be modeled
accurately and can be carried out within linked-programs or at higher levels (by adding
and subtracting linked-programs). Arguably, the success of the MetaModel Manager
program for conservation biology is not in the accuracy results that are generated per se,
but in how well the results are interpreted when keeping in mind its af orementioned
[imitations.

1.3 Implementation

System Requirements

MetaM odel Manager was developed in the C#£NET programming languageyfor use on
computers running MS Windows. We believe that it will ran properly under Windows7
and all prior versions of Windows, but we cannot guaraftee that it will work under all
implementations of Windows. It can be run on AppleéMac computers if they are running
implementations or emulations of Windows.

MMM does not itself require much computer memory or processer speed to run.
However, often the models linked with MIMIM will'work best (or pnly) if the computer
has ample RAM and afast processor.

Installing MMM

MetaModel Manager is available forfree download anline at www.vortex10.org. The
installation for MMM (MMM Installation.msiautomatically configures necessary folders
and includes the latest Outbreak, Spatial{ PathHistory, and the test version (without yet a
full GUI) of Vortex10.

Some points/advice on fol dex | ocations:

e Itiseasiest, and probablybest, to install MMM in the default Program Files folder
op'the computer.

o (ltiseasiest, and probably best, to create a separate folder for holding your MMM
projects. Theinstallation automatically creates a C:\MetaM odel Manager folder
andia C:\M etaModel M anager\Projects subfolder for you.

e Werecommend keeping Outbreak, Spatial, Vortex and other projectsin a
folder(s) other than the program file folder where the program isinstalled. The
installation creates C:\Spatial Projects and C:\OutbreakProjects folders for you.

The installation automatically creates program short-cuts and puts them on your desktop.

Overview of program’s mechanics

The combination of making and choosing appropriate specification files that are all
linked by unique identifiers with correct process order and time steps and structured with
biologically meaningful inter-program linkages enables MMM to run as intended to link
multiple programs pseudo-synchronously (see discussion below on process order),
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passing back and forth and modifying shared information. The following sectionsin this
chapter further explain some program technicalities.

Program Types
There are three types of linked-programs that MMM can incorporate:

o System level programs-these initiaize or define the individuals in the starting
population/s. The system level program will often handle popul ation
demographics, athough thisis not arequisite. For multiple species models, a
system level program can be run for each species within a mgtamodel.

e Modifier programs — these may modify characteristics of the individualsin the
population/s.

e Utility programs to provide data transformation$ — these programs provide added
functionality to the metamodel, but are not nécessarily an attribute of the
population being modeled or derived fromiindividually based models.

Specification files

As afirst step, the user must create specification files in each linked-program (see table
below for existing programs adapted for M etaModel Manager). The MetaM odel Manager
will not create these files for you, it is something that must be done independent of the
MetaM odel Manager, within the'interfaces provided by the linked programs (see the
introductory user statement at the start ofsthe manual).

Process order

The programs executed viathe MMM 'interface do not technically run synchronously —
rather they are exécuted sequentially accoreling to user-defined order. Switching the order
in which the programsyrun/may. affect the final metamodel outcome and thereforeit is
important to determinethe best ordering for your specific model.

Timesteps

Time steps can vary among programs. A cycle in one linked program may run once a
year, whereas it runs daily for another (thus occurring 365 times for each time the other
runs). Any ameunt of/time steps can be input by the user.

I nter-program prep work

One of the advantages of using MMM is that the user may model particular components
of one program that are known or thought to influence the outcome of another system
component. For example, the disease state of an individua obtained from an
epidemiological modeling program may influence the likelihood of reproducingin a
Population Viability Analysis (PVA) model. Preparatory work to facilitate inter-program
information exchange is critical for the linkage between any two programsto carry
biological meaning. The coding for the linkage can be done directly within the
independent specification files, through a data translator (Evaluator) that is provided
within MMM, and/or by using the utility program MMMacro (installed with MMM) that

5
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allows more complex, multi-step macros or scripts for manipulating data. In many cases
(especidly so for Vortex), state variables will need to be set up. Evaluator and
MMMacro provide the user platforms to manipulate variables passing through MMM
to/from other programs. Evaluator provides the user with away to write one-line
transformations of variables describing individuals or the population. MMMacro provides
asimple way for a user to write, “on the fly”, short BASIC-like programs (often
sequences of transformations, each handled by Evaluator) to process the shared variables
in MMM. Using MMMacro is not required to establish linkage in cases where specific
linkage functions are instead created within the original specification files.

Existing Program Suite Pre-Adapted for compatibility with MMM

Program  Type Developer Web Address for download

Vortex System  R.Lacyand http://www.vortex10.org/Vortex1Qshtml
level J.P. Pollak

Outbreak System ].P.Pollak, http://www.vertex10.org/Outbreak.html
level or R.Lacy, and
modifier others

Spatial Modifier ].P. Pollak http://www.vortex10.08g7/Spatial.html

MMMacro Utility R. Lacy Included imthe MMM ipstallation
Path Utility J.P. Pollak Included in the MMM installation
History

See Chapter 4 to learn how to adapt'user-createdimodel s to run within MMM.

Processing speed

Depending on yeur input programs, Metavlodel Manager may run slowly. We suggest
that you run test models firstwith.lessiteration, over less time, and with fewer
metamodel .eemplexities, before attempting longer and more intricate runs. For example
you may‘limit the numberehiterations, time steps, cycles, or even the numbers of
programs interacting at first to'make sure you are satisfied with your model construction.
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Chapter 2. Getting Started with MMM

This chapter explains the choices avail able on each screen of the MetaM odel Manager.
An examples showing some of the functionality of the MMM program will be presented
in Chapter 3. The choices that a user has per screen are indicated herein in bold lettering,
with descriptions following.

MMM Opening screen:

AN
MMM

Begin a New Proj ect on if you are setting up a project for the first time
Open a ' hoose this option if you are returning to a project that you

i reviously

ing Applications- this page will allow you to add additional
are not part of the pre-adapted MMM program suite. Options

id from XML-

M odify-
Creating and managing loaded applications will usually be a process for prorgamn
developers, not users of existing programs. See chapter 4 for more details on using
additional applications
Quit- select to leave the program.

Setting System Level and Modifier Programs screen:

7
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ol Set System Level and Modifier Programs = |

Population/ System Models
Model Description Project File Add'l Info
= Vortex Stochastic Population Viability Assessment Model Choose a Vortex project file
POutbreak] = | Outbreak model of infectious disease Choose a Qutbreak project file
Spatial
FathHistory

Add System Model | | Add Modfier Model | | Remove Model
Quit Next »»

If you choose to begin a new project you will have to load theindividual system and
modifier files for your model. Y ou aré first prompted to.choose a model. Select
your system level linked-programdn,the drop down bar. Then choose your
specification file from the browser baxythat’opens. If aVortex vpj file has
multiple scenarios, you will need to ch@ese which scenario from a dropdown list.
Next you can add a modifier model to that'system level using the Add Modifier
Model button.

Add Modifier Model: Selecting this button'adds a modifier program. Choose the
modifier program from the dropdown menu for each system level model. In some
cases you mayiwish,to add more than one additional linked modifier program.

Y ou may do this by selecting the Add Modifier Model more than once, each time
choosing adifferent program. It IS not necessary to choose any modifier program
for a system |evelsmodel torur

Add System Model: Additional system level models may be selected by pressing this
button. Forexample, thetuser may run two Vortex models at the same time, one
characterizing a predator, and the other characterizing its prey.

Remove Model: Willialow you to delete amodel from the overall Metamodel being
developed

Note that Outbréak can be run as either a system model (doing its own demography) or as
amodifier model (with Vortex or SimSimba or something as the system model).

If the specification files are not set, you will see the message reminding you to do so
before you can advance to the next page.

When user has completed this page, select “ Next>>"
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NOTE: if you choose “Open an Existing Project” at the start up screen, MMM will
import the specification files which the user had previously uploaded and saved to
ammmm file. You will automatically be advanced the Dataset Definition screen.
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Dataset Definition screen:

ol DataSet Definition &J
Populations — Defined by Vortex VPJ file
Population Name N
159_exper2Vort - Pop1 3
Global variables will be shared across all applications; Population and Individual Variables will be shared within the System
‘Wariable Name Used By -
= Global Variables O
= Population Variables
Landscape \Width Spatial
= Landscape Height Spatial L
= Individual Variables
MName Wortex
Indesc Wortex
Lge ortex
Sex Vortex
Alive Wortex
surl Vortex
sur2 Wortex S
Quit ] [ Mext =

Populations — Defined by System proje€t - Thislists a summary of the population(s)
from the systemilevel program@&pecification files, and can be useful to help
confirm you'have selected the appropriate files. If the system level programis
Vortex, the wpj title appears firstpfollowed by the vpj scenario name in brackets.
Popul ation sizes are imperted. from the system level model specification files.

Variables— Y ouwill see alist of global, population, and individual variables that may or
may not be shared between linked-programs. The ‘Used By’ column indicates
which program(s) use this information. This table shows which of the linked
programs had told MMM within their specification files that they would be using
(creating, modifying, or just reading) each shared variable. However, any linked
progranm can access any of the variables made available by other programs and
therefore’'included on thislist.

10
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Order Model Steps screen:

,,,,,,,,

[ 42 Order Model Steps [E=E—)
Model Time Steps
E Vortex System - 159_exper2Vort [Baseline] 1
Spatl [
Do Vortex Functions 1
U |[Down | [+Guoup | [<Beak | [cimps | [Oupwt | [+Evaluor]  Totalveas: 10 hierations: |10
= [Gop | [Besk | [wput | [-Oupwt| [-Evaluator |
Save... Quit Next

Model - on this page you can control for the ordenin which MMM runs the linked
programs, and also specifyithe number of time steps each program will run before
data are passed on to the next linked program; The user must decide the best order
to run the linked-programs, and whethener.not it makes sense to run programs on
the same time-scale. Often times one program is better suited to assessing daily
patterns (i.eqdiseasespread, which in Outbreak runs on a daily step without
option to,change), whereas anothersmight be designed to assess patters over a
season or a yeax. (i.e. demographics).

The systemilevel programs will be listed in bold, with their modifier programs
listed underneath them.

Buttons on the bottom of the page control for the overall design of linked-programs,
including ordering, grouping, data overrides, duration and number of iterations:

Up/Down- Buttons allow the user to move linked-programs up or down and help the user
control the overall order of the metamode!.

+Group/-Group- Group is used for managing the time steps. With this function, it is
possible to group two linked programs to run between themselves for a specified
amount of time steps, before they pass information back to athird program. This
is often necessary for inter-functionality of metamodels that run more than two
linked programs. For example, Spatial and Outbreak could be run 365 times each
for every time Vortex is run. Without such grouping, the model would look like
this:

11
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Vortex 1
Outbreak 365
Spatial 365

Meaning, that you would run 100 V years, for each of which you would run 365
daily time steps of Outbreak and Spatial. But, in this case, Outbreak and Spatial
wouldn't really be working together, but rather Outbreak would run for its 365
days of the year and then Spatial would simulate its 365 days. To get Outbreak
and Spatial to aternate (one day of Outbreak then one day of, Spatial, etc.) they
would need to be grouped together so that they as they each fum once, they pass
datato the other, then run again. Therefore the model should be'set up as:

Vortex 1
Group 365
Outbreak 1

Spatial 1

Here, within each of the Vortex time'steps there would'he 365 daily time steps of
the pair of programs — Outbreak and\Spatialy

+Break/-Break - The user may wish to impose breaks during the simulation processin
order to see, change and/@rsave the interim results. The breaks can occur by years
or multiple of years. The breakSean also occur according to rules regarding a
global variable. Y ou may use the up.and down arrows to specify at what stage in
the MMM process the break shadld occur. Once the program has paused, the user
must select the OKhbutton for the simulations to resume. The breaks always begin
at year 0. By selecting Show Population, atable will be generated that displays
the entire populationwith corresponding traits (i.e. Name, Index, Age, Sex, Alive
for Vortex andthe Disease state, StatePermanant, DayslnState, and sV accinated
forfOutbreak). The user can change any value in the table. Reset changes will turn
the values back intotheseé which had previously been generated in the model.
Writeto a Filemakes atext file containing the information from the table.

+Input/-1nput. - The input function allows the user to import values to override those
generated,i nithe modeling process. This might be relevant in a situation where the
user wants more control over the impact of temporally occurring events on
population characteristics.

Thetext file must be set up according to the following rules:

1. Any rowsin thefile that begin with "#" areignored, so if you want fileinfo, a
header, etc., start it with #.

2. Each row of the file represents a new year.

3. Within each row, separate the variables that you are changing (order matters,
specified in the MMM interface) by a semi-colon.

4. If the variable is an array, separate the elements of the array with acomma.

12
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The following are examples of simpleinput files. The first represents a file setting
two variablesfor 5 years:

#First Example, 2 variables for 5yrs
0.1; 0.9
0.2;0.8
0.3; 0.7
0.4; 0.6
0.5; 0.5

The second, an array with 4 elementsfor 5 years:

#Second example, 1 array 4 elements for 5yrs
0.1,0.2,0.3,04
0.2,0.3,0.4,05
0.3,0.4,0.5,0.6
0.4,0.5,0.6,0.7
0.5,0.6,0.7,0.8

And finally, aregular variable, then anarray of-4 elements:

#Third example, 1 normavariable, 1 array delements Syrs
0.9;0.1,0.2,03,04
0.8;0.2,0.3,04, 0.5
0.7;0.3,0.4, 0.5, 0.6
0.6; 0.4, 0.5,0.6,0.%7
0.5; 0.5, 06, 0.7, 0.8

The Input Step Setup willallow user to choose the text file. Below that, the user
muist specify. whichwariables will be input. If more than one variableis being
Input, ordermatters. The'order must follow the order that isindicated in the text
file that was created. Thus the up and down buttons can be used to regulate order.

+/- Output=_This option lets you output the population data as stored in MMM, rather
than any data eutput‘specific to a component model. Thiswill create adump of al data
on the populationand individuals each time step — which can be avery useful way to see
just what is happening in your simulation.

+/- Evaluator -- Evaluator was developed as a utility to provide to MMM (and other
software) the ability to evaluate user-defined functions, to which are passed the sets of
parameter values. Macro is an extension of Evaluator, allowing evaluation of short
programs (“methods’ or macros) that consist of assignments of variables using Evaluator
functions, within simple (Basic language-like) program flow. Both Evaluator and
MMMacro can be used to transform state variables that describe the system, populations,
or individuals. See www.vortex10.org/Evaluator.doc for more information.

13
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Total Years- isthelength of time (number of cycles) you want full sequence of models
to run for. The default is 10 years.

Iterations- is how many times you want MMM to generate a complete round of
simulation modeling. The default is one iteration.

When you select Next, you will be given an option to save the MMM project. It is not
necessary to save your project in order to continue with the simul ati
to you for future purposes.

14
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Simulate Options screen:

After selecting Next, a screen comes up that looks like this:

= — =1 Showe bdack =
Simulation Options @

Which variables would you like to plot {population and global only)?

| [Variable Flot
M.158_exper2\ort - Popl

Population Landscape Height =
Population. Landscape Width 0

@ Show plot lines in real time.
" Show plot lines at the end of each iteration.

" Show plot lines at the end of all terations.

%

===

) Do not show plot lines.

The default on this pageisito see N for each population, but you can turn off the display
of N (because sometimes the scale needed to show N makes it impossible to see variables
that are on, say/a0Qte 1 scale), and you €an add any global or population state variables
to the graph. !

On this&ame screen,you canmal so specify if you want to see the graph updated each year,
or afteneach iteration, or afteral iterations are completed, or no graph at all. The
graphing is slow, so ifiyou are running lots of iterations (in which case the graph will
slowly turniinto a solid blob of ink that usually cannot be read), it is faster to show the

graph at the endyof each iteration, and even faster to run it without showing the graph at
all.

15
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o5l Simulate @

Displaying population size over time for each iteration.

| T

Simulate - enables MMM to begin runningthe linked-programs Asbar across the bottom
indicates the percentage complet€ of the entire process.

When MMM isfinished a small box saying “Complete!” will appear.

The graphic shows the changes in populatien size (or'whatever variable you asked to be
shown, on the previous specificationiscreen) fromythe popul ations associated with the
linked models.

Tip -- Colors represent the different plots,ehosen in the Simulate Options screen. Refer to
the legend below the graph tessee which'line displays the data for which variable of each
population.

Afterdthe run is complete you can edit the graph (double-click on the graph to pop open a
graphieseditor), printiit, or save the graph (in any of various formats) and data (as an
excd file).

After a simulationds done, you can hit Simulate again to just run it all over again. Or you
can close the simulate box to go back to the previous screen, change options, and then re-
run. Sometimes, backing up in screens causes MMM to get confused. If that seemsto be
happening, close MMM, restart the program, load your project (if you saved it before!),
and resume your anal yses.

Quit MM M- This button provides away to exit the program after the simulation has
compl eted.

To see output, you need to quit MMM and open up the individual programs and refer to
their normal protocol for viewing output.

16
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Running the MMM program will generate a set of output files. The files that are created
will depend on the programs that are invoked in the metamodel. Unless the user specifies
an “Output” step in the “Order Model Steps” screen, MMM itself won't produce any
output files. That isleft entirely to the programs running within the MM.

17
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Chapter 3. Example.

This chapter reviews an example using the MetaM odel Manager to model black footed
ferrets and prairie dogs with sylvatic plague. The datafiles for this example are included
in theinstallation of MetaModel Manager, placed into a

C:\MetaM odel M anager\Projects\Samples folder. Additional sample MMM projects are
available on the MMM website, at www.vortex10.org/M etapopDzDemo.zip and
www.vortex10.org/PredatorPreyDemo.zip.

Background: This example models the demographic responses to dynamic predator-prey
relationships in the presence of disease. Black footed ferrets are perhaps one of the most
endangered species in the United States. They are specialized on eating prairie dogs,
which make up over 90% of the food ingested by the ferrets. The prairie dags are subject
to the sylvatic plague, which can reduce popul ation size dramatically. Pleasenote that in
many cases, parameters are based on fictional information. The example presented bel ow
should be interpreted for educational experience only, and not cited as factual.

BFF-PD TUTORIAL:

Opening screen
1) Select ‘Begin a New Project’ from theiopening screen
“Setting System Level and Modifier Programs™sereen
1) From the Population/ System Models first drep down box, select *Vortex’
2) Set you Vortex (.vpj) projectbyiepening the “ehoose’ link, and selecting
"MMM _PDog.vpj’. You will needt@navigate to thisfilein the
C:\M etaM odel M anager\ProjectsiSamplesfolder (or wherever you may have
stored it aftepthe MMM installation).
3) Next chogse'PD MM ReproEffect’ scenario from the dropdown box.
4) Click on*Adda Madifier Model”, and then choose ‘Outbreak’ from the drop
down box.
5) UnderProject File, elick onthe“...” icon to open afile dialog and select the
PDPlague.xmh Outbreak Specification from the
C:\M etaM odelM anager\Projects\Samples folder.
6) Now. click on TAdd a System Mode”, and then select *Vortex’ from the Model
drop dewn box.
7) Set your Mortex (.vpj) project by opening the ‘choose’ link and selecting
‘MMM _BFFerrets.vpj’
8) Next choose ‘BFF MM Worse' scenario from the dropdown box.
9) Thereisno other linked model to set for Black Footed Ferrets, so now select
"Next' to move to the next screen.
“DataSet Definition” screen
1) Everything should come up by default, showing the GSvars and PSvars used by
theVortex and Outbreak projects. Select ‘ Next’
“Order Model Steps” screen
1) Change Outbreak to have 365 time steps, so that it will run adaily simulation.
Vortex should remain at the default timestep (1) for 1 year.
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2) Changetotal yearsto 100, and Iterations to 50. (Note that you will want to run
more iterations for actual scientific analyses — here we suggest a small amount
just for the sake of time, since running more iterations takes significantly longer
time to execute. Hit ‘Next’.

3) At the Savethis project before continuing prompt, select ‘Yes', and name it
‘MyFirstTutorial’.

“Simulate Options” screen
1) Note that the population sizes will be displayed (the default). Select ‘ Show plot lines
inreal time'. Hit ‘OK’.

“Simulate” screen

1) Select ‘Simulate’. The simulation will start. Do not bessurprised if the sCreen failsto
show the graph correctly. The graphics in some cases are hot able to keep upwith the
simulation processing. Also, if you click off the screen (to move control to a different
window), the simulation screen will probably stop befng.updated during the
iterations, and may display a message thatMertex is “not responding”. Do not worry,
as the simulations are continuing to wogk away in the background. The final graph
will be displayed correctly when the simul ationis finished.

2) When the processing is finished, you will see @’ Complete!” box pop up. You can
select okay to make it go away and see your. graph again.

Congratulations! Y ou have completed your first metamodel analysis of a dynamic, two-
species system in which the prey species isstbject to epidemics of disease. The final
figure generated should show prairiedog population size fluctuating quite a bit because
of disease, sometimes’leading to the decline or local extinction of the black footed ferrets.
The prairie dogs themselvesrarely go extinct, although drop significantly in numbers on
some iterations:

To learn moreabout the aptions available in MMM, select Quit MMM, and start over
again this time calling,the saved” MyFirstTutoria’ MMM project —

Opening Sereen
1) Selecty,Open an Exisiting Project’ from the opening screen
2) Select“MyFirstTutorial’
Order Model Steps
1) Create abreak at the end of the second system level run by selecting ‘ + Break’
and making sureit is the last item on the model list. Choose for the break to occur
every 10 years
2) Also, change Total Yearsto 50, and iterations to 1, so the metamodel will run
faster
Simulate Screen
1) Rather than launching into the summary graph, a screen will pop up showing
statistics of the populations at the desired intervals.
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With *Vortex(1) — Population 1’ highlighted, Select * Show Population’ and the
population at time step 0 will appear for PDs including their Outbreak disease
state characterisitics.

With Vortex(2) — Population 1’ highlighted, Select * Show Population’” and the
population at time step 0 will appear for BFFs. There is no disease state
information to show because Vortex was run aone for this population without
Outbreak asamodifier. Let save the statistics of BFFsto afile. Slect ‘Write to
File MyFirstTutorial BFFBreakO

|j MyFirstTutorial_BFFBreak0 - Motepad [L]@]ﬂ

File Edit Format Wiew Help

ropulation File. ~

Globalvariables, Mumasvars = 3
BFF, PD, ABFF

62, 000000, 250, 000000, 62. 000000
populationvariables, NumPSwvars = O
Name, Index, Age, Sex, Alive
2,0,730,0,1

3,1,730,0,1

6,2,730,0,1

16,9, 730,0,1
19,10,730,0,1
20,11,730,1,1
21,12,730,1,1
24,13,730,1,1
28,14,1085,0,
30,15,1085,0,
31,16,1095,0,
34,17,1085,0,
42,18,1005,1,
43,19,1095,1,
51,20,365,0,
54,21,365,1,
55,22,365,1,
50,23,365,0,
60,24,365,0,
62,25,365,1,
68,26,365,1,

PRRERERR

FeRbRRRRRRR

96,34,365,1,1
101,25, 285,1,

111,39,365,0,
119,40,385,1,
171,41,365,1,
125,42,385,0,
133,43,385,0,
146,44,3865,0,

Ry

Select OK andithe simulation will proceed, but pause again at year 10. Show
population of BFFs and saveto file again, thistime as
MyFirstTuterial BFEBreak10. Keep doing this through the first iteration.
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Chapter 4. Template for open data exchange via MetaM odel Manager

We hope that in addition to the demographic, anima movement, and disease spread
program suite built by various members of the Biocomplexity Network, you will find
opportunities to build your own programs in conjunction with MMM. If you choose to do
S0, your program must be developed in away that is compatible with the MMM. Y ou can
use the information and templ ate described below to help set up the coding for your own
programs so that they are compatible with the MetaM odel Manager and can share system,
population, and individual datawith other linked programs. We won't pretend that those
who are new to programming will be able to write computer code for amodel that is then
linked to others via MetaM odel Manager. Y ou need to be experiencedhin a computer
language such as C#, Visua Basic, Delphi, or Javato be able to write thefunctions
necessary to have programs devel oped in these languages access datain MMM .
(However, even if you have no expertise programming insuch languages, you'ean write
simple macros or scripts — as you might in Excel or for@ statistical package —to carry out
relatively simple data manipulations using the MM M@agre.or Evaluator utilitiesthat are
included with MMM. MMMacro handles all the data exchange with MMM for you.)

To add your own Modifier models to the toelbox avail able to MetaModel Manager, you
will need to create a.NET compatible dynamic linklibrary (dIl) with functions that
provide the interface through which to accessthe Global, Population, and Individual data
contained within class MData. The standard function calls that M etaM odel Manager uses
to communicate with any linked'medel are Initialize(), Simulate(), and Close(), athough
these three functions can be given'different names if the synonymous names are specified
to MetaM odel M anager in the model\ specifications.

The structure of the metamedel datainMData is defined in the small library MMM Core.
The C# code for the MMMCore.dll is provided in the MetaM odelManager installation
file.

Another small"code file =MM LinkTemplate.cs —is included to provide atemplate for the
three keéy functionsfor passing,data between MetaM odel M anager and a user-provided
model. In addition, the code for the MMMacro modifier program which provides a means
to modify variables infM M Data via macros or scriptsis provided to show amore
complete andieomplex example.

Y our program will appear on the program list on your computer if you set it up to do so.
It will only be resident on your computer. Thisis done viathe Manage Loaded Apps
option on the opening screen of MMM.

If you think your program may have broader utility to the conservation community, then
we encourage you to make your program available for others to use. The metamodeling
tools website (www.vortex10.org) will provide downloads for relevant software that
developers are willing to distribute freely, and will provide links to other sites for
programs that charge afee or are otherwise restricted in their use.
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Chapter 5. Understanding the use of State Variablesto model biological links

Vortex offers the infrastructure to set up state variables in order to provide extra
information regarding an individual, population, or metapopulations. Defining and using
these variablesis key to creating successful linkages between programsin order to
express how the parameters of one population may be influenced by outcomes from other
programs. Vortex has three levels of state variables: global, population and individual.
These state variables must be numerical, can change over time. (See the Vortex manual
for more information on how it creates and uses state variables.)

Other modeling programs may also provide the means to set up state variables, or may
have pre-defined state variables that are shared through MMM, or mayread (from
MMM) the variables created by other linked programs. For example, Outbreak does not
provide away for the user to create his or her own state variables, but Outbreak,aways
creates a population variable called “Prevalence’, and individual variables called
“DiseaseState”, “DaysinState”, “ StatePermanent”, and “IsV accinated”. In addition,
Outbreak can use any other population individual €tate variabl es created by other
programs and handed to it by MMM.

Any program linked to MMM can accessithe state variables defined by other linked
programs, or can create new variables and addithem to-the data set (M Data) that is shared
with al linked programs. This allows each linkedhprogram to read and optionally change
the population and individual datacreated by other programs.

Just as writing your own model to be linked imto others viaMMM is not something that
can be explained quickly in this manualg'understanding how to make use of the data that
do flow among linked'programs is a s not something that will be immediately obvious to
anew user. Laterarersionsof this manual will provide more detailed explanations and
examples, but for now,.an example is vety briefly described below.

Exampl el inkingy\V ortex=\.ortex

In a twid-speci es two-V ortex metamodel, information from each species may be coded
into’global state variables such asin the case of BFF-PD demonstrated in the earlier
chapter.“The following is a more detailed description of how to set up that linkage.

1) Creating the Operational Link:

A key to creatinga link to share data between two Vortex modelsisto define the same
(or at least overlapping) set of global or population state variables (GSvars and PSvars)
that will be shared by both programs but, in most cases, modified only by one of the two
models. In this example, GS1 is set to be the number of ferrets and GS2 is set to be the
number of prairie dogs.

For BFFsin their own BFF model, the number of individuals (GS1) is set each year to

“N”, the number of individuals generated by the model. For BFFsin the PD model, the
BFF population size (GS1) isfirst set to 50 and then assigned to remain to be GS1, which
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means that the PD model will not change this GS1 variable but will read the number of
ferrets for use in specifying impacts (predation!) on the prairie dogs.

GS2, the number of PDs, isset inthe PD model each year to “N”, the number of
individuals generated by the model. In the BFF model, the number of PDs (GS2) isfirst
set to 250 and then assigned to stay as GS2, which servesto read the information from
the PD model but not try to change the number of prairie dogs from within the ferret
model.

Global Label Trophic Level
State Vars PD (Prey) BFF(Predator)
Init In Transition In | Init In Transition In
GSl1 BFF 50 =GS1 =N =N
GS2 PD =N =N 250 =GS2

2) Creating the Ecological Link:

The ultimate ecological link between the two Vortex models occur when the global state
variables are later used in equations to parameteri ze the demographics of each of the two
populations. In our example, the mortality of PDs.in the PD model for females from age 0
to 1 equals 45+((15* GS1)/N). The fewer PDs present in the population relative to BFFs,
the more young PD mortality goes upailn the BFF model, first year mortality is specified
as 46.6+((20* N)/(1+GS2)), so that'a higherratio of predators to prey reduces the survival
of young ferrets.

Links between models may also be made through using individual state parameters,
whereby specifi€ tfermation is tied to gpecific individuals in the population. In the BFF-
PD-Plague metamodél, | S1 tracksithe/Di seaseState of each prairie dog. DiseaseState is
determinedwithin,the Outbreak model of plague, and transferred to the Vortex model by
MMMV ortex then bises thisiSk variable to modify the reproductive rate of prairie dogs,
with@function that specifiesithat currently sick (DiseaseState ‘I’: 1S1=3) females cannot
reproducey,V ortex ignores the disease status of each individual when setting mortality
rates, because the death of prairie dogs from plague occurs within the Outbreak model
(with 50% mortality,of diseased PDs).

We do not want'to imply that these few simple relationships describe accurately the
functional response of predator to prey and the reverse; we just inserted some simple
functions to show how such relationships can be specified and modeled within a 2-
species metamodel, with disease impacting one of the species. A more complete and
realistic metamodel for ferrets and prairie dogs might include reciprocal effects on adult
survival of both species, effects on reproduction of ferrets, and possibly other functions
defining the interactions between the species.
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