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About this Manual: 
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revisions to the user manual as PMx continues to be expanded and updated. This manual is distributed 
free of charge with the PMx software and is available on the PMx and CBSG websites. 
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Many thanks to the following manual contributors: 
 

Kathy Traylor-Holzer, IUCN/SSC Conservation Breeding Specialist Group 
Robert Lacy, Chicago Zoological Society 
Jonathan Ballou, Smithsonian Conservation Biology Institute 
Laurie Bingaman Lackey, International Species Information System 
Cara Groome, Population Management Center, Lincoln Park Zoo 
Katelyn Marti, Population Management Center, Lincoln Park Zoo 
Kristin Leus, European Association of Zoos and Aquaria / CBSG Europe 
Caroline Lees, CBSG Australasia 
Kristine Schad, Population Management Center, Lincoln Park Zoo 
Gina FerrieΣ 5ƛǎƴŜȅΩǎ !ƴƛƳŀƭ YƛƴƎŘƻƳ 
Jamie Ivy, San Diego Zoo Global 
Colleen Lynch, Lincoln Park Zoo 
Karin Schwartz 
Lisa Faust, Lincoln Park Zoo 

 
 

 
Manual citation: 
Traylor-Holzer, K. (ed.). 2011. PMx Users Manual, Version 1.0. IUCN SSC Conservation Breeding Specialist 
Group, Apple Valley, MN, USA. 
 
PMx software citation: 
Ballou, J.D., R.C. Lacy, and J.P. Pollak. 2011. PMx: software for demographic and genetic analysis and 
management of pedigreed populations (version 1.0). Chicago Zoological Society, Brookfield, IL, USA. 



PMx User Manual, version 1.0  

Table of Contents 
 

Section 1: Using PMx  

Introduction to PMx (overview, history, new features) ........................................................................... 1 

Getting Started (installation, creating PMx projects) ............................................................................... 3 

Using PMx (program components) ......................................................................................................... 19 

 

Section 2. Selection Screen 

Using the Selection Screen ...................................................................................................................... 25 

How to Create Selection   ........................................................................................................................ 28 

 

Section 3. Demography Module 

Demography Summary Statistics Screen ................................................................................................ 33 

Demography Overview Tab..................................................................................................................... 35 

Life Tables Tab  ........................................................................................................................................ 39 

Age Distribution Tab ............................................................................................................................... 43 

Census Tab .............................................................................................................................................. 46 

Seasonality Tab  ...................................................................................................................................... 48 

Projections Tab ....................................................................................................................................... 50 

Reproductive Planning Tab ..................................................................................................................... 55 

Add / Remove Tab  .................................................................................................................................. 58 

Availability Tab ........................................................................................................................................ 61 

Demographic Graphs Tab........................................................................................................................ 64 

Demographic Settings Tab  ..................................................................................................................... 67 

 

Section 4. Genetics Module 

Genetics Summary Statisics Screen ........................................................................................................ 70 

Genetics Overview Tab  .......................................................................................................................... 74 

Founders Tab........................................................................................................................................... 77 

Individuals Tab  ....................................................................................................................................... 79 

Kinship Matrix Tab .................................................................................................................................. 81 

Pairwise Info Tab  .................................................................................................................................... 84 

Pairings Tab ............................................................................................................................................. 87 

Culling Tab  .............................................................................................................................................. 93 

Management Sets Tab ............................................................................................................................ 95 

Genetics Graphs Tab  ............................................................................................................................ 101 

Genetics Settings Tab ............................................................................................................................ 104 

Genetics Selection Tab  ......................................................................................................................... 114 

 

 



PMx User Manual, version 1.0  

 

 

 

Section 5. Goals Screen 

Using the Goals Screen ......................................................................................................................... 115 

 

Section 6. Recommendations Screen 

Using the Recommendations Screen .................................................................................................... 118 

 

Appendices 

Appendix A. Description of Individual Variables  .................................................................................. 122 

Appendix B. Glossary  ............................................................................................................................ 128 

Appendix C. Frequently Asked Questions  ............................................................................................ 132 

Appendix D. Input File Formats  ............................................................................................................ 136 

Appendix E. PMx Output Files  .............................................................................................................. 151 

Appendix F. References on Management of Pedigreed Populations  .................................................. 152 

 

 



PMx User Manual, version 1.0 Page 1 

SECTION 1:  USING PMx 

 
INTRODUCTION TO PMx 

Overview and Purpose 
PMx provides a suite of tools to support the genetic and demographic management of pedigreed animal 
populations, through analysis of Řŀǘŀ ǘȅǇƛŎŀƭƭȅ ǊŜŎƻǊŘŜŘ ƛƴ ŀ άǎǘǳŘōƻƻƪέ. Most such populations will be 
captive (ex situ), but PMx can also be used for managing wild populations for which intensive monitoring 
allows for at least a partial pedigree to be determined. PMx was designed to guide primarily the 
management of populations for which there is a desire to maintain the genetic diversity as close as 
possible to the source population, such as is often the case for conservation breeding programs for 
wildlife species. However, it can also be useful for management of domesticated livestock, such as rare 
breeds, or closed populations for which a primary concern is the protection of diversity. PMx provides 
no guidance on selective breeding for augmenting phenotypic characteristics, and the genetic methods 
provided in PMx are designed specifically to minimize genetic change due to either selection or drift.  
 
PMx was derived from pedigree analysis programs that assume sexual reproduction with two discrete 
sexes. Some of its calculations are based on bisexual reproduction, and some of the terminology and 
data presentation in PMx implies such a breeding system. However, algorithms have been added to PMx 
that allow comparable calculations to be conducted on species with other breeding systems, such as 
cloning, hermaphroditic selfing, and haplodiploidy. In addition, PMx provides some methods for 
estimating genetic parameters when pedigree data are partly missing, when there are multiple possible 
parents, or when the entities being managed are groups of organisms (rather than diploid individuals) 
derived from mixing and/or sampling of ancestral groups or individuals. With these new extensions of 
pedigree analysis methods, PMx may be useful for management of some plant, fungus, or prokaryote 
populations, although no attempt has been made to facilitate analyses of non-animal populations.  
 
PMx contains sections (modules) for Demography, Genetics, determining Goals for population 
management, and recording Recommendations:  
 

The Demography section provides life table projections of population growth (and associated 
parameters) from observed birth and death rates, the ability to model the effects of changes in rates, 
tools for exploring the impacts of  different management strategies (e.g., harvest or supplementation), 
and means to determine the numbers of births or deaths needed to achieve demographic goals.  
 
The Genetics section provides analysis of the genetic diversity retained over generations, kinships and 
related metrics (e.g., inbreeding coefficients), measures of genetic value of individuals, tools for 
selecting individuals for pairing or culling to maximize retention of genetic diversity, and means to 
examine the genetic effects of partitioning the population into smaller management units.  
 
The Goals section integrates demographic and genetic analyses into a modeling tool for determining 
the combination of demographic values (e.g., population size, growth rate, generation time) and 
genetic values (e.g., effective population size, starting gene diversity) that will achieve a goal for 
sustaining a desired level of gene diversity over time.  
 
Finally, a Recommendations section provides a means to record and report the breeding and transfer 
recommendations for each individual.  



PMx User Manual, version 1.0 Page 2 

These sections provide an array of options regarding assumptions to be made about the data, methods 
of analysis, and output variables to summarize results. These are described in detail in this manual.  
 
This manual does not provide full documentation of the concepts behind the management of pedigreed 
populations nor of the algorithms employed by PMx. Many of the algorithms may be described briefly in 
a future appendix, but a complete documentation is impractical. A summary of the methodologies is 
presented in Ballou et al. (2010), and overviews of PMx and genetic methods can be found in three 
papers currently in press (Ivy and Lacy; Lacy; Lacy et al.). Be aware, however, that PMx provides some 
new approaches and uses new algorithms that are not yet fully documented in any published reference.  
 

History of PMx 
PMx was derived from the PM2000 software package (Pollak et al. 2000), incorporating all analyses of 
PM2000 and adding a substantial number of new analyses and options. PMx also incoporates the 
analyses of MateRx (Ballou et al. 2001) and MetaMK (Ballou 1999). PM2000 was itself a combination of 
the capabilities of the programs GENES (written by Robert Lacy), DEMOG (written by Laurie Bingaman 
Lackey and Jonathan Ballou), and CAPACITY (written by Jonathan Ballou), as well as adding some new 
features. Many people, especially including members of the AZA Small Population Management 
Advisory Group (SPMAG), the EAZA European Population Management Advisory Group (EPMAG), and 
the IUCN SSC Conservation Breeding Specialist Group (CBSG),  were involved in developing the 
algorithms used in these various programs and provided assistance with software design and testing.  
 
PMx, like its predecessor programs, was designed to work with pedigree data maintained by the SPARKS 
studbook software that was developed and is distributed by the International Species Information 
System (ISIS 2011). More so than PM2000, however, PMx is designed also to accept pedigree data from 
a variety of database programs, as long as the data can be transferred in specified formats. In particular, 
the developers of PopLink studbook software (Faust et al. 2009), as well as Laurie Bingaman Lackey of 
ISIS, who provides support and ongoing improvements to SPARKS, have worked closely with the 
developers of PMx to ensure that data can smoothly move to PMx. PMx can also accept data maintained 
in other studbook database systems, and specifications for PMx input files are provided in Appendix D. 
 

New Features: From PM2000 to PMx 
PMx includes all of the data analyses available in PM2000 as well as many additional features. The major 
new options in PMx include: 

¶ Ability to set age class length to intervals other than one year (shorter or longer) 

¶ Stochastic population projections 

¶ Projections for non-reproducing populations 

¶ Projections based on scheduled supplementations and/or removals 

¶ Ability to project availability of individuals for reintroduction over time 

¶ Ability to handle breeding systems other than bi-sexual reproduction (e.g., cloning, selfing) 

¶ Inclusion of probabilities for multiple possible parents 

¶ Ability to assign probability of success to recommended breeding pairs 

¶ Mate Suitability Index matrices (previously available in MateRx) 

¶ Ability to assess genetic impact of transfers between management groups  

¶ Increased ability to incorporate group management strategies 

¶ Increased ability to import data from a variety of datasets 
 

Additional new features will be added over time in subsequent versions.
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GETTING STARTED 

 
System Requirements 
PMx version 1.0 is written in the C# programming language, developed with Microsoft Visual Studio 
2010, for the Microsoft .NET Framework (version 4) running on Windows operating systems. It has been 
tested on Windows XP and Windows 7, but it is likely that it will work also on older versions of Windows. 
It can probably be run on Apple Mac OS running Windows emulators, but no versions have been 
compiled specifically for Mac, Unix, Linux, or other operating systems. PMx can run on 32-bit or 64-bit 
processors. Users should have the latest service packs for their OS, and must also have installed the 
Microsoft .NET Framework, version 4. The web installer for the .NET is available at the Microsoft 
download center (www.microsoft.com/downloads ). The memory requirements of PMx depend on the 
size of the studbook being analyzed. The minimum RAM increases proportional to the square of the 
population size, and the required RAM can be quite large. A population with 1000 animals selected for 
analysis (usually, the living animals) will typically require about 10 MB of RAM to hold the calculations; a 
population of 10,000 will require about 1 GB of available RAM. Moreover, if the population is large 
(more than about 1000), the program can be very slow and require large graphics memory to hold the 
extensive tables of data that are available for viewing in PMx. Some of the tables that require the most 
memory can be optionally disabled in PMx, and the default is that PMx will not display the largest tables 
(e.g., the kinship matrix) for large studbooks.  
 

Installation 
The PMx installation package can be downloaded from: www.vortex9.org/PMx/PMx.html.  This 
installation package should be saved to the local computer, and then run. It is likely that Administrator 
rights will be required to install PMx, and during installation it may be necessary to authorize the 
installation program to make changes to the computer. PMx is believed to be free of any malicious code, 
and we do not collect any information about you or your system during the download, installation, or 
use of program. However, we can make no warranty that the copy of PMx you download and install is 
valid and cannot change your system in unwanted ways. Always protect yourself through the use of anti-
virus software.  
 
PMx can be installed in the default location (usually C:\Program Files\PMx) or in any location on your 
hard disk. Depending on the version of Windows under which it is installed and the system settings on 
your computer, it may be beneficial (or even required) to install it in a specific location to which you 
have installation rights. Also, depending on the security settings on the computer, it may be necessary 
to run it under Administration rights, or to specify when PMx is opened that the program is authorized 
to make changes to files and folders. If the program does not run when you try to start it, right-click on 
the program file and Ǌǳƴ ƛǘ ŀǎ ŀƴ ά!ŘƳƛƴƛǎǘǊŀǘƻǊέΦ {ƘƻǊǘ-cuts to PMx should also specify that the 
program should run in Administrator mode. On some Windows systems, the hassle of needing 
additional rights to run the program can be avoided by installing the program within folders for user 
documents, rather than within Program Files; but on other systems programs are required to be placed 
within Program Files. If you have trouble getting PMx to install and run, try installing it in a different 
folder. We know of no reason why PMx could not be installed on and run from a server, but such 
configurations have not been tested and no support can be provided to troubleshoot site-specific 
installation problems. If you wish to reinstall PMx, you may be required to first uninstall the prior 
version. If you wish to keep a backup of prior versions, save the installation package files, rather than 
having multiple versions of PMx installed simultaneously. Uninstalling PMx will not remove any project 
files that you created.  

http://www.microsoft.com/downloads
http://www.vortex9.org/PMx/PMx.html
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Creating a New Project 
To create a new PMx project, open PMx and click New Project. Specify a Project Name and Project 
Description to identify the project, and the name of the PMx project file (default name is the project 
name with the extension *.pmxproj). Type in, or browse using the           button, and choose the primary 
input file, which will differ depending upon the program (and version) that was used to create the 
export files (see below). Click Next. On the following screen, you have the ability to include optional data 
input files. Click Create, and PMx will create your project and open the main PMx window at the Project 
Notes screen. The name of the project will appear in the top window bar. Note: The PMx window may 
disappear temporarily while the project is being created; this can take several seconds for large 
studbooks ς please wait for the PMx window to reappear.  
 
Below is a summary table of those files needed to create a PMx project from various versions of the 
SPARKS and PopLink database programs ς see the detailed instructions on how to create these data 
exports from each program. 
 

 SPARKS 1.6x SPARKS 1.5x PopLink 2.1 PopLink 1.3 

Primary Input File exchange.csv exchange.dbf *.ped *.ped 

Demography Input 
File(s) 

(Not needed; included 
in exchange.csv) 

*.prn files *.prn files (basic) 
Analytical Survival Statistics Included 
Individuals Table.csv (advanced) 

Census File pmxcens.csv exchcens.txt Exchcens.txt Exchcens.txt 

UDFs File (Not needed; included 
in exchange.csv) 

 gc_UDF.csv Not possible 

 
  

Creating a Project from SPARKS 1.6x 
 
Export from SPARKS: 

1. From the SPARKS main menu, select Reports.  
2. Use the Left arrow key   to open the View Criteria as needed. The Date Span for the export will 

default to 1 Jan 1800 - ǘƻŘŀȅΩǎ ŘŀǘŜΤ ƻǘƘŜǊǿƛǎŜΣ ǎŜǘ ŀ ŘŀǘŜ ǎǇŀƴ ǎǳŦŦƛŎƛŜƴǘ ǘƻ ƛƴŎƭǳŘŜ ǎŜƴǎƛōƭŜ 
demographic data associated with modern management and the lifespan of the species. 
Geographic or Association views may be used, as well as User Defined Fields. The ESCape key will 
return you to the Reports menu. Note that this is quite different than the export to PM2000. The 
genetic, demographic and census data files are created in a single pass. 

3. From the Reports menu, select  Analysis > Export Data To > PMx. The default name for the 
genetic/demographic export will be exchange.csv (you are given the option to change it). The 
census export is automatically named pmxcens.csv.  If there are any available UDFs, you may add 
them. The export will run, and the resulting files will be saved in the studbook folder. 

4. Close SPARKS. 
 
Import into PMx: 

1. Open PMx. Pick New Project and enter a project name. Including the species name and a date can 
be helpful as projects accumulate over time. 

2. The Project File to Create name will automatically update to reflect this project name. 
3. Either manually type in the Primary Input File information or click on the            button at the end 

of this field and browse to the appropriate SPARKS studbook folder. Change the file type to display 
.csv files. Choose exchange.csv, and click on Next. 

 ... 

 ... 
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4. No Demography Input File needs to be specified because SPARKS 1.6 places into the Primary Input 
File (exchange.csv) the demographic information that is required by PMx. However, additional 
records of moves of individuals into or out of the population can optionally be specified either as 
CSV files or as Moves files (see Appendix D for details on the format of these additional 
demography files). If additional demographic data are provided in files other than the Primary 
Input File, then these data can be applied only to demographic analyses or can be used also to 
define which individuals were in or out of the population throughout the Genetic History (see 
Genetic Overview and Graphs tabs in Section 4 of the manual).  

5. Under Additional Optional Input Files, add the pmxcens.csv file (found in the studbook folder) to 
the Census. You may also add any of the .fed files (usually found in the SPARKS folder, but possibly 
in the studbook folder) to Associations and/or .rgn files to Regions.  

6. No additional files are needed for UDFs, as they are already included in the SPARKS 1.6 export, 
although new UDFs that were not in the studbook can be added as an optional UDF (*.udf file). 

7. Click on Create. Once PMx opens to the opening Project Notes screen, select File > Save Project. 
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Creating a Project from SPARKS 1.5x 
 
Export from SPARKS: 
Data are exported in three parts from SPARKS 1.54 or 1.56, similar to how exports are done for PM2000: 
 
Genetic export: 

1. From the SPARKS main menu, select Reports.  
2. Use the Left arrow key   to open the View Criteria as needed. Set the Date Span for the export 
ŦǊƻƳ ȅŜǎǘŜǊŘŀȅΩǎ ŘŀǘŜ ǘƻ ǘƻŘŀȅΩǎ ŘŀǘŜΣ During the date span. Also set Living/Dead/LTF to Lived 
during date span. Geographic or Association views may be used, as well as User Defined Fields. 
The ESCape key will return you to the Reports menu. 

 

 
 
 

3. From the Reports menu, select  Analysis > Export Data. Use the Down arrow key      to move to 
Genetic and then use the Space bar on the keyboard to choose Genetic. Use the Down arrow key 
to move to the next field. The default name for the export will be EXCHANGE.dbf (you may change 
this). Select Do not run the program now. Use the Down arrow key to move through the rest of the 
screen.  [To run Genes or Demog, consult the SPARKS manual.] 

4. You will be asked if you wish to include animals released to the wild in the calculations. It would 
be unusual to answer yes. 

5. The export will be created and stored in the studbook folder. 
6. Close SPARKS or reset the View Criteria for a demographic import (see below). 
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Demographic export: 

1. From the Reports, use the Left arrow key to open the View Criteria.   
2. Change the Date Span dates to an interval that includes modern management and takes into 

account the lifespan of the species. Select During the date span. Geographic or Association views 
may be used, as well as User Defined Fields. 

3. From the Reports menu, select Analysis > Export Data. 
4. While at the Demographic choice, use the Space bar on the keyboard to choose Demographic. Use 

the Down arrow key to continue down the screen. The default names for the export will be 
M<studbook name>.prn for males and F<studbook name>.prn for females (these can be changed). 
Use the Down arrow key to move through the rest of the screen. 

5. The export will be created and stored in the studbook folder. 
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Census export: 
1. From the Reports menu, select Analysis > Census > Census Report. Run the report to the screen.   
2. Use the ESCape key to close the report. There is no need to adjust the View Criteria for this report. 

Various reports will be created and stored in the studbook folder. 
 
Import into PMx: 

1. Open PMx. Pick New Project and enter a project name. Including the species name and a date can 
be helpful as projects accumulate over time. 

2. The Project File to Create name will automatically update to reflect this project name. 
3. Either manually type in the Primary Input File information or click on the            button at the end 

of this field and browse to the appropriate SPARKS studbook folder. Change the file type to display 
.dbf files. Choose exchange.dbf, and click on Next. 

 

 
 
 

4. Add the required .prn files for females and males to the project by browsing to the appropriate 
SPARKS studbook folder. If Demography Input Files are not specified, then PMx will not provide 
any demographic analyses or modeling of goals, because the Primary Input File provided by 
SPARKS 1.5 (exchange.dbf) does not contain the necessary data to allow the demographic 
calculations to be done.  

5. As with data import from SPARK 1.6, additional records of moves of individuals into or out of the 
population can be specified either as CSV files or as Moves files, and these data can optionally be 
applied to define also the movements of individuals in and out of the genetically managed 
population. Any such additional demographic files would need to be created in a program other 
than SPARKS. 

6. Under Additional Optional Input Files, add the exchcens.txt file (found in the studbook folder) to 
the Census. You may also add any of the .fed files (usually found in the SPARKS folder, but possibly 
in the studbook folder) to Associations and/or .rgn files to Regions.  

7. Click on Create. Once PMx opens to the opening Project Notes screen, select File > Save Project. 
 
 
 
 
 

 ... 
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