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SECTION 1: USIRGIX

INTRODUCTION TO PMx

Oveview andPurpose

PMx provides a suite of toole support thegenetic and demographic management of pedigreed animal
populations through analysisd® I G I G & LJIA OF f £ & NXBVog dehPdpulatiofis Will bér & G dzR 6 2
captive €x sity, but PMx can also be used for managing wild populations for which intensivitomiag
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 ioftlee 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 concesithe protection of diversity?Mx provides

no guidance on selective breeding for augmenting phenotypic characteristics, and the genetic methods
provided in PMx are designed specifically to minimize genetic change @uiéo selection or drift

PMx was derived from pedigree analysis progranas 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 alow 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 misaihgn 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
pedigee analysis nthods, PMx mape useful for management of some plant, fungus, or prokaryote
populations, although no attempt has been made to facilitate analyses cnonal populations.

PMx containsections nhoduleg for Demography Genetics determiningGoalsfor population
management, and recordirlgecommendations

TheDemographysectionprovides 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,
toolsfor exploring thempactsof different management strategies (e.garvest or supplementation

and means to determine the numbers of births or deaths needed to achieve demographic goals.

TheGeneticssectionprovides analysis of the genetic diversiggainedover generations, kinsips and
related metrics (e.ginbreeding 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 thegeneticeffects of partitioning the population into smaller management units.

TheGoalssectionintegrates demographic and genetic analyses into a modeling tool for determining
the combination of demographic values (e.g., population size, growth gategration 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, &Recommendationsectionprovides a means to record and repolet breeding and transfer
recommendations for each individual.
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Thesesectionsprovide 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 detaiarnba.

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 algoritimang bedescribed briefly in

a future gpendix but a complete documentatiois impracticalA summary of the methodologies is
presented in Balloet al. (2010) and overviews of PMx and genetic methods can be found in three

papers currently in press (Ilvy and Lacy; Lacy; ¢taah). Be aware, howevethat PMx provides some

new approaches and uses new algorithms that are not yet fully documented in any published reference.

History of PMXx

PMx was derived from the PM2000 software package (Petlak 2000), incorporating all analyses of
PM2000 andcdding a sbstantial number of new analysend options. PMx also incoporates the

analyses of MateRBé@llouet al. 2001) and MetaMK (Ballod999. 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 peopleespecidly including members dhe AZA Small Population Management

Advisory GrouggSPMAG)the EAZA European Population Management Advisory GERIFIAG)and

the IUCN SSC Conservation Breeding Specialist G28H5) 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 distribubgtthe International Speciesfbrmation

System (ISIS 20l 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 (Faetsal. 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.daalso accept data maintained

in other studbook database systems, and specifications for PMx fitgsitare provided id\ppendix D

New Features: From PM2000 to PMx

PMx includes all of the data analyses available in PM2000 as well as many addidtnakteThe major
new options in PMx include:

Ability to set age class length to intervather than one yea¢shorter or longer)

Stochastic population projections

Projections for nofreproducing populations

Projections based on scheduled supplementatiand/or removals

Ability to project availability of individuals for reintroduction over time

Ability to handle breeding systems other tharseixual reproduction (e.g., cloning, selfing)
Inclusion of probabilities for multiplpossibleparents

Ability to assign probability of success to recommended breeding pairs

Mate Suitability Index matricg@reviously availablan MateRxY

Ability to assess genetimpactof transfers between managesnt groups

Increased ability to incorporatgroup management strategse

Increased ability to import datiiom a variety of datasets

= =4 -8 -4 _8_a_48_4a_-4_-4_-49._-2

Additional new features wilbe 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 Mickdsoétl Studio

2010 for the Microsoft .NEFramework (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 M&S running Windows emulators, but no versions have been

compiled specifically for Mac, Unix, Linux, or other operating systems. PMx can rurbaroB84-bit
processors. Users should have the latest service packs for their OS, and must also haae tihstall
Microsoft .NETFramework, version 4 he web installer for the .NET is available at the Microsoft

download centeryyww.microsoft.com/download3. The memory requirements of PMx depend on the

size of he 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 animaig)l typically require aboul0MB of RAM to hold the calculations; a
population of 10000 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 tal#s 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 fromw.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 tbemputer. PMx is believed to be free of any malicious code,
andwe do not collect anynformation about you or your system duritige download, installationgr

use ofprogram However, we can make no warrgrhat the copy of PMx you download and instsll

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 (usuallyP@gram FiledMx) or in any location on your

hard disk. Depending on the rgton 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 demLmay be necessary

to run it under Admirstration rights, or to specify wiePMx is opened that the program is authorized

to makechanges to files and folder$.the program does not run when you try to start it, rigtiick on

the program file andNdtzy A G & |y & lcusYorPWIA shauldilish 8plcifydhat{thé 2 NJi
program should run in Administrator mod@&n some Windows systems, the hassle of needing

additional rights to run the program can be avoided by installing the program withinréofdeuser
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 PMauld not be installed on and run from a server, but such
configurationshave notbeentestedand no suport can be provided to troubkhoot sitespecific

installation problemslf you wish to reinstall PMx, you may be required to first uninstall therprio

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.
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Creating a New Pregct

Tocreate a new PMx project, open PMx and chiekw ProjectSpecify &roject Namend Project

Descriptiorto identify the project, and the name of the PMx project file (default namtnésproject
name with the extension pmxpro). Type in, or browse using t button, and choosehe primary
input file, which will differ depending upon the program (and version) that was used to create the
export files (see below)ClickNext On the following screen, you have the abityinclude optional data
input files. CliclCreate and PMx will create your project and open the main PMx window aPtiogect
Notesscreen The name of the project will appear in the top window bdote: The PMx window may
disappear temporarily while e project is being created; this can take several seconds for large
studbooksg 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 databasgiamsc see the detailed instructions on how to create these data
exports from each program.

SPARKS 1x6

SPARKS 1.5x PopLink 2.1

PopLink 1.3

Primary Input File

exchange.csv

exchange.dbf * ped

*.ped

Demography Input
File(s)

(Not needed;ricluded
in exchange.csv)

* prn files * prn files (basic)

Analytical Survival Statistics Included
Individuals Table.csv (advanced)

Census File

pmxcenscsv

exchcens.txt Exchcens.txt

Exchcens.txt

UDFs File

(Not needed; included
in exchange.csv)

gc_UDF.csv

Not possible

Creating a Project from SPARKSXL.6

Export fromSPARKS
1. From the SPARKS main menu, seRegiorts
2. Use theleftarrow key «=m to open theView Criteriaas needed. ThBate Sparior the export will

default to 1 Jan 18000 2 R & Q&
demographic data associated with modern managemaenrtt the lifespan of the species.

RFUST 20KSNBAa

Sz asi

Geographior Associatiorviews may be used, as wellldser Defined Field¥heESCapkey will
return you to theReportamenu.Note that this is quite different than the export to PM2000. The

genetic, demographic and cerssdata files are created in a single pass.
3. From theReportamenu, selectAnalysis > Export Data To > PNIke default name for the

genetic/demographic export will bexchangecsv(you are given the option to change it). The
census export is automaticathamedpmxcenscsv If there are any available UDFs, you may add
them. The export will run, and theesultingfileswill be saved in the studbook folder.
4. Close SPARKS.

Import into PMx

RI

1. Open PMxPickNew Projecaind enter a project name. Including the gjEs name and a date can
be helpful as projects accumulate over time.

2. TheProject File to Createamewill automatically update to reflect this
3. Either manuallyypein the Primary Input Filenformationor click on the
of this field and browse to the appropria@P ARKSudbook folder. Change tifée type to display

.csvfiles. Chooseexchangecsy and dick onNext
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w :: Create a new project @

Project Name |GHLT Febzo11 |

Project Description Intl studbook, data, current bo MNow 2010

Project File to Create |GHLT Febi201 1. prproj | E

Primary Input File | C)

Laakin: | £ ohlti v O mE-

O ERCHANGE, C5Y
B pMRCEMS. 5

ty Recent
Documents

=)

Desktop

ky Documents

by Computer

-

File: name: | ExCHAMGE.CSY

. o
MyMetwork | Filesoftype: | SPARKS CSV File [* osv) ( ~ ) | Cancel |

4. NoDemography Input Fileeeds to be specified because SPARKS 1.6 places irRarterylnput
File(exchange.c9whe 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
CSViles or adMovesfiles (see Appendix Dor details on the format of tese additional
demography filey If additional demographic data are provided in files other thanRhienary
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 Geridititory (see
Genetic Overviewand Graphstabs inSection4 of the manua).

5. UnderAdditional Optional Input Fileadd thepmxcens.csfile (found in the studbook folder) to
the CensusYou may also add any of thfedfiles (usually found in the SPARKS folder, but possibly
in the studbook folder) t#ssociationsnd/or rgnfiles toRegions

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 UDMFilE).

7. Click ornCreate Once PMx opens to the openilgoject Noesscreen, seleckile > Save Project.
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PMx :: Create a new project

Demography Input File (Optional)

@ PRN Female
Male

© csv |

) Moves |

@ Apply moves to both Demographic and Genetic views

Additional Optional Input Files

() Apply moves to Demographic view only

Census

UDFs

Associations

&
=
=
[.. ]
—

Regions
Open
| f| |« 0S(C) » ISISdosbox » SPARKS » NA_Mal ~ | 43 || Search NA_Mal P J
Organize ~ New folder = - [ ﬁ
-~ il 2 1]
,‘;' Favorites MName Date Type
Bl Deskiop 3/25/2011 9:04 PM Microsoft Off
# Downloads "a] EXCHANGE.CSV 3/25/2011 9:04 PM Microsoft Off |
<» Recent Places *a] PMXCENS3.CSV 3/13/2011 3:04 PM Microsoft Off
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Craating a Project from SPARKS 1.5x

Export fromSPARKS
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, seRsgtorts
2. Use theleftarrow key«mm to open theView Criterisas neededSet theDate Sparior the export
FNRY &S5aidSNRI @& QabDufhytieSlatdispanAlsd setiding/BeaddLiTd Bived
during date spanGeographi@r Associatiorviews may be used, as welldser Defined Fields
TheESCapkey will return you to thdReportanenu.

e SPARKS15.EXE

Geographic Area

JDuring Date Span Dates: During 25 Febh 2811 - 26 Feh 2811
AgesUnknown Age
Sex
Event Type
Coop. Mgmt. Plan
Birth Origin
Founder-Mult
Breeder
Rearing
Association

JLivingsDead~-LTF
Mecropsy info
Inbreeding
Parent Inhreeding
Permanent-Temp # cimen report and other reports...

User Defined Flds her key returns to previous menu...
User Selected Flag t1 Change i < Select |

— pecimens0Others
— StudBook Report
— Questionnaire

— Analysis...

Relationships...

Hazterplan
Social Groups
Labels - Cards

G0 =] M o ol D2

3. From theReportanenu, selectAnalysis > ExpoRata. Use theDownarrow keylto move to
Geneticand then use thé&pacebar on the keyboard to chooggenetic Use theDownarrow key
to move to the next fieldThe default name for the export will EBEXCHANGE.dfybu may change
this). SelectDo not run the program nowdJse theDownarrow key to move through the rest of the
screen. [To run Genes or Demog, consultSPRARK®anual.]

4. You will be asked if you wish to include animals releaseddavild in the calculationdt would

be unusual tanswer yes.

The export will be created and stored in the studbook folder.

6. Close SPARKSreset theView Criterigor a demographic import (see below)

o
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e SPARKS15.EXE

Export Data Analuysisz File

Report End Date:

Export type:
¢ > Demographic
(=) Genetic

Exported file names:
Genetic: EXCHANGE.dbf

Run the Genesz or Demog program?
¢ > RBun the program immediately
=) Do not run the program now

Program command: GENES GHLTI_I N

Export Data File Hames

Accept the default export
file names or supply your
own if wvou analyze vour
data with pm2BH88H.

If you are wusing DEMOG and
GEMES to analyze wyour data.
accept the default names.

Mamez should not include any
aces or 5x&* characters.

Demographi@xport:

1. From theReports use theleftarrow keyto open theView Criteria
2. Change thdate Spamlates to an interval that includes modern management and takes into
account the lifespan of thepeciesSelectDuring the date spanGeographior Associatiorviews

may be used, as well &ser Defined Fields

3. From theReportanenu,selectAnalysis > ExpoBRata
4. While at theDemographichoice, use th&pacebar on the keyboard to choodeemaraphic Use
the Downarrow key to continue down the screeifhe default names for the export will be

M<studbookname>.prn for males and F<studbk name>.prn for femalegthese can be changed).
Use theDownarrow key to move through the rest of the screen
5. The export will be created and stored in the studbook folder.

Export Data Analysisz File

Report End Date:

Export type:
¢=) Demographic
¢ » Genetic

Exported file names:
Demographic: MGHLT I |.prn
FGHLT_I .prn.

Run the Genes or Demog program?
¢ » RBun the program immediately
=} Do not run the program now

Program command: DEHOGE_ 2

Export Data File Hames

Accept the default export
file names or supply vour
ovn if you analyze your
data with pm2B868H.

If you are uszing DEMOG and
GENES to analyze your data.
accept the default names.

Mames should not include any
spaces or 5xk* characters.
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Censugxport:

1.
2.

From theReportanenu,selectAnalysis > Census > Census ReRart the report to the screen.
Use theESCapkey to close the reporiThere is no need to adjust théew Criteridor this report.
Various reports will be created and stored in the studbook folder.

Import into PMx

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

2. TheProject File to Createame will automatically update to reflect this project name.

3. Either manually type in thBrimary Input Filenformation or click on th button at the end
of this field and browse to the appropriate SPARKS studbook folder. Change tyecfiie display
.dbffiles. Choosexchangedbf, and click omNext

PMx :: Create a new project g|

Project Mame GHLT Intl data pmz000 export Files

Project Descripkion Example for using pm2000-style files For import

Project File to Create GHLT Intl data pmz000 export Files, prxproj [I]

Primary Input File C:\SparksDYiglt_\EXCHANGE. DEF (]

[ Cancel ] [ MNexk == ]

4. Add the requiredprnfiles for femalesand males to the projedty browsing to the appropriate
SPARKS studbook foldéiDemographynput Filesare not specifiedthen PMx will not provide
any demographic analyses or modeling o&lg, because thErimary Input Filgrovided by
SPARKS 1.6xchange.tf) does not contain the necessary data to allow the demographic
calculations to be done.

5. As with datamport from SPARK 1.&dditional records of moves of individuals into or ofitlee
population carbe specified either a€S\iles or adviovesfiles, 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. UnderAdditionalOptional Input Filesadd theexclttenstxt file (found in the studbook folder) to
the CensusYou may also add any of thfedfiles (usually found in the SPARKS folder, but possibly
in the studbook folder) td\ssociationgnd/or rgnfiles toRegions

7. Qick onCreate Once PMx opens to the openilgoject Notesscreen, seleckile > Save Project.
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i X
PMx :: Create a new project
Demography Input File (Required)
© PRN Female  C\ISISdosbox\SPARKS\NA_Mal\FNA_MAL PRN D
Male CAISISdosbox\SPARKS\NA_Mal\mNA_MAL PRN []
© csv | | [ ]
() Moves | | [ ]
Apply moves to both Demographic and Genetic views (©) Apply moves to Demographic view only

|

Additional Optional Input Files |

Census C:\ISISdosboX\SPARKS\NA_Mal\EXCHCENS TXT E i
UDFs =]
Associations C:\ISISdosbox\SPARKS\AZA fed D
Regions E

<< Back ]I Cancel ]I Create ]
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