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I. INTRODUCTION 

AgeStructure is a Fortran program that implements the likelihood method (EPA) developed by 

Wang et al. (2009) to estimate the effective size (Ne) and generation interval (L) of a population 

with overlapping generations.  

 

The method assumes that a sample of individuals is taken at random with respect to kinship from a 

population of overlapping generations. Each sampled individual is sexed, aged and genotyped at a 

number of marker loci. The sex, age and multi-locus genotypes of the sampled individuals is then 

used as information in a parentage assignment analysis, and the parentage assignments are used by 

EPA to obtain estimates of Ne, L as well other parameters such as variance and covariance of 

lifetime family size, effective number of breeders of each age class. The confidence intervals of 

each parameter estimate are obtained by parametric bootstrapping. 

 

In the current version, I assume a dioecious diploid population and use codominant (e.g. 

microsatellites or SNPs) or dominant (e.g. AFLPs), or a combination of both in parentage 

assignment analysis and in parameter (Ne, L) estimation.  

 

For more information about the method EPA, please read the paper below. 

 

Wang, J., Brekke, P.
 
, Huchard, E., Knapp, L. A. , Cowlishaw, G. 2010. Estimation of parameters of 

inbreeding and genetic drift in populations with overlapping generations. Evolution 64: 1704-1718. 

 

 

II. INSTALLATION 

 

The downloaded package for Windows includes 2 executable files (AgeStructure.exe, 

POAssignment.exe), 2 Fortran 90 source code files (AgeStructure.f90, POAssignment.f90), a brief 

user’s guide (readme.pdf), an example dataset file (AgeStrcture.dat), and an output file for the 

analysis of the example dataset (SimuData.Ne). The package for Linux is the same, except the 2 

executable files are replaced by AgeStructure and POAssignment. 

 

To run the program on a PC, simply unzip the downloaded zipped file in a folder on your 

computer’s hard disc. To analyze the example dataset, just double click the executable file 

“AgeStructure.exe”. Preferably, click “Start → Programs → Accessories → Command Prompt” to 

enter into a DOS window, and then use DOS command “cd ” to navigate into the folder where all 

files of the AgeStructure program are found. Then type AgeStructure followed by the key “Enter” 

or “Return” will start the program. 

 

To run the program on other platforms (Linux, Mac, …), one needs first compile the 2 source code 

files using a Fortran 90/95 compiler. Alternatively for Linux, download the package for Linux and 

run the executable AgeStructure. 

 

To analyse one’s own data, please follow the following steps for preparing the input file. 

 



 

III. DATA INPUT FILE 

 

A pure text file with name “AgeStructure.dat” needs to be created in the working directory where 

the Fortran program is found. Input the pre-processed data into the file in the following sequence 

and format. Items within a line (row) are separated by a comma or blank space. Therefore, blanks 

and commas are not allowed between digits within a number. 

 

(1) Dataset name (String). A string of alphanumeric characters to specify the name of the 

dataset. The total length is limited to 100 characters/digits. When non-alphanumeric 

characters (e.g. “,”, “/”) are used in the dataset name, the name must be put in double 

quotation marks.  

(2) Output file name (String). A string of alphanumeric characters to specify the name of the 

output file into which all analysis results will be directed. The total length is limited to 

100 characters/digits. When non-alphanumeric characters (e.g. “,”, “/”) are used in the 

dataset name, the name must be put in double quotation marks.  

(3) Number of individuals (Integer). An integer specifying the number of individuals 

included in the sample being analysed. 

(4) Maximal age for males & females (Integer, Integer). Two integers specifying the 

maximum age in the time unit chosen (see below) for males and females.  

(5) Minimal age of reproduction for males & females (Integer, Integer). Two integers 

specifying the minimum age in the time unit chosen for males and females at which they 

are reproductive. 

(6) Family size distribution indicator (Binary, 0 or 1). An indicator binary variable that 

specifies whether (=1) or not (=0) individuals within the same age class have the same 

expected fertility (thus leading to Poisson distribution of family sizes).  

(7) Sampling proportion indicator (Binary, 0 or 1). An indicator binary variable that 

specifies whether (=1) or not (=0) the sampling proportion of each age class is known. 

(8) Male sampling proportions (Decimal numbers, optional). This line of input is required 

only when the sampling proportion indicator is set to 1 above. List on a single row (line) 

the known sampling proportions for male age classes 1, 2, 3, … The sampling 

proportion of newborns (age class 0) should be omitted. 

(9) Female sampling proportions (Decimal number, optional). This line of input is required 

only when the sampling proportion indicator is set to 1 above. List on a single row (line) 

the known sampling proportions for female age classes 1, 2, 3, … The sampling 

proportion of newborns (age class 0) should be omitted. 

(10) Number of bootstrapping samples (Integer). An integer (≥0) specifying the number 

of bootstrapping samples that are used to estimate the confidence intervals of the 

parameter estimates. A value of 0 means no bootstrapping will be conducted and the 

estimator will just return a point estimate. 

(11) Number of loci (Integer).  

(12) Confidence level for parentage assignment (Integer). An integer specifying the 

confidence level that is to be applied in parentage assignment analysis. The accepted 



values are one of {80, 85, 90, 95}, meaning to assignment parentage at the 80%, 85%, 

90% and 95% confidence level respectively.  

(13) Names of loci (String). List the names (IDs) of locus 1, 2, 3, … on a single line 

(row). The name (ID) of each marker locus is a string less than 21 letters. 

(14) Types of loci (Binary, 0 or 1). List the marker types of locus 1, 2, 3, … on a single 

line (row). Use 0 and 1 to indicate a codomiant and dominant marker locus, respectively. 

(15) Allelic dropout rate (Decimal). List the allelic dropout rates of locus 1, 2, 3, … on a 

single line (row). The parentage assignment method can taken genotyping errors into 

account. Two kinds of genotyping errors are distinguished and separately accounted for, 

as described in Wang (2004) and Wang & Santure (2009). 

(16) Other error rate (Decimal). List the other error rates of locus 1, 2, 3, … on a single 

line (row). 

(17) Individual ID, sex, age and genotypes (String, Integers). 

On each line, list the individual ID (name), sex, age class (=0~), the genotype at locus 1, 

genotype at locus 2, … Individual ID is a string, less than 21 alphanumeric characters in 

length. Individual sex is indicated by an integer with values of either 1 or 2 for males or 

females, respectively. Individual’s age class is indicated by an integer with a value between 

0 and m, where m is the maximal age in the time unit chosen. For a codominant locus, the 

genotype is represented by 2 integers, representing the 2 alleles. For a dominant locus, the 

genotype is either 1 or 2, representing the dominant (band present) or recessive (band absent) 

phenotype respectively. A missing genotype is represented by “0 0” and “0” for a 

codominant and dominant locus, respectively. The sex or age of any individual is not 

allowed to be missing. 

(18) Candidate parent sampling proportion (Decimal, Decimal). Two decimal numbers 

listed on a single line specifying the proportions of candidate male and female parents 

that are sampled and included in the sample for a newborn individual. 

(19) Number of known paternity (Integer). An integer specifying the number of 

individuals in the sample that have known fathers who are also included in the sample. 

(20) List of known offspring-father dyads (String, optional). If the number of known 

paternity is greater than 0, then list on each line (row) the offspring ID and father ID of a 

known offspring-father dyad. 

For example, there are 2 known offspring-father dyads in the sample. Then (19) and (20) 

are listed as something like 
2 

O1 M1 

O2 M2 

(21) Number of known maternity (Integer). An integer specifying the number of 

individuals in the sample that have known mothers who are also included in the sample. 

(22) List of offspring-mother dyads (String, optional). If the number of known maternity 

is greater than 0, then list on each line (row) the offspring ID and mother ID of a known 

offspring-mother dyad. 

(23) Number of excluded paternity (Integer). An integer specifying the number of 

individuals who have 1 or more excluded candidate fathers. Note that males in age class 

i is automatically excluded as candidate fathers for individuals in age class j if j-i is 

smaller than the minimal reproductive age (in the same time unit as age class) for males. 



So for an individual in age class i, only excluded candidate fathers in age class ≥i + 

minimal reproductive age need to be counted herein. 

List of excluded paternity (String). For each individual that is known to have 1 or more 

excluded candidate fathers, list on a single line the individual name (ID), followed by the 

number of excluded candidate fathers, and then the names (IDs) of each excluded 

candidate father. An example line is: O1 2 M1 M2 

(24) Number of excluded maternity (Integer). An integer specifying the number of 

individuals who have 1 or more excluded candidate mothers. Note that females in age 

class i is automatically excluded as candidate mothers for individuals in age class j if j-i 

is smaller than the minimal reproductive age (in the same time unit as age class) for 

females. So for an individual in age class i, only excluded candidate mothers in age class 

≥ i + minimal reproductive age need to be counted. 

(25) List of excluded maternity (String). For each individual that is known to have 1 or 

more excluded candidate mothers, list on a single line the individual name (ID), 

followed by the number of excluded candidate mothers, and then the names (IDs) of 

each excluded candidate mother. 

 

 

IV OUTPUT 

 

When AgeStructure has finished running on the analysis of your dataset, the results will be found in 

a file with name specified in the 2
nd

 line of your input file, and an extension name “.Ne”. The results 

include the following sections. 

 

1. Parameters 

This section gives the parameter values specified by you in your input file. The parameters include 

maximal age for males and females, minimal reproductive age for males and females, assumed 

family size distribution (whether individuals within an age class have the same expected fertility or 

not) for males and females, number of bootstrapping samples, number of loci, confidence level used 

to make parentage assignments. 

 

2. Summary statistics 

This section provides some summary statistics of the sample, such as number of individuals 

sampled in each sex-age class. 

 

3. Estimates 

This section lists the estimates for Ne, generation intervals (L), variance and covariance of lifetime 

family size, effective numbers of breeders of each age class, ect. 

 

Note that 2 other output files (with names *.paternity and *.maternity, where * represents the output 

file name specified in the 2
nd

 line of your data input file) are also available in the same folder as the 

input file. The 2 files list the paternity and maternity assignments made by the program using multi-

locus genotypes. In both files, the 3
rd

 column gives the confidence level at which the assignments 

were awarded to an offspring (1
st
 column) and parent (2

nd
 column) dyad. 



 

 

V. AN EXAMPLE DATASET 

 

A simulated dataset is shown below. The dataset is also enclosed in the software package, in the 

input file “AgeStructure.dat”. 

 

The data were simulated with parameters n1=3,  n2 = 4, {pr1,1,  pr1,2,  pr1,3} = {0.1, 0.2, 0.2}, {pr2,1,  

pr2,2,  pr2,3,  pr2,4} = {0.1, 0.2, 0.1, 0.1}, {N0,1,  N1,1,  N2,1,  N3,1} = {200, 100, 80, 60}, {N0,2,  N1,2,  

N2,2,  N3,2, N4,2} = {200, 100, 80, 60, 40}, where r = 1, 2. Individuals within an age class are 

assumed to have the same expected fertility. The sampling proportion of each of the 0~3 age classes 

of males and of 0~4 age classes of females is 16%, and is assumed unknown in the analysis. Within 

each age class, individuals are sampled at random, and the sex and age of each sampled individual 

are assumed known. Each sampled individual is genotyped at 10 loci, each locus having 10 equi-

frequency alleles initially in the simulation. Parentage assignments are made using the multi-locus 

genotypes, assuming a sampling proportion of 0.5 for both candidate fathers and candidate mothers 

of newborns. 

 

From the parameter values used in simulations, we obtain the parameter values L=2.3 years,  Ne 

=370, 2 2 2 2

11 12 11,12 21 22 21,221.23, =0.23, 1.26, =0.26         . 

 

The input file reads as follows. Anything after the exclamation mark “!” on a line acts as a note and 

will not be read by the program. 

 
SimuData                     ! C, Dataset name, Length<=100 

SimuData                     ! C, Main output file name, Length<=100 

       169                   ! I, Number of offspring in the sample 

    3    4                   ! Max age for males & females 

    1    1                   ! Minimum age for reproduction 

         1                   !=1/0 for Poisson/Other dist 

         0                    !=1/0 =sampling proportion known for each age class 

       500                  !=Number of CI95 samples 

        10                   ! I, Number of loci 

95                             ! Confidence level for parentage assignment 

L1 L2 L3 L4 L5 L6 L7 L8 L9 L10  ! Marker IDs 

0 0 0 0 0 0 0 0 0 0     ! marker type : 0/1=codominant/dominant  

0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 !Allelic dropout rate 

0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 !Other error rate 

M0O1P2P3G4G5G6G7,1,0,2,10,10,6,9,1,2,10,1,9,1,7,1,10,2,8,6,8,10,2 

M0O8P9P10G11G12G13G14,1,0,10,1,2,10,9,1,2,9,4,7,2,8,6,5,5,1,6,1,7,7 

M0O15P16P17G18G19G20G21,1,0,4,6,6,9,6,5,6,5,2,2,7,3,3,5,7,9,9,9,2,5 

M0O22P23P24G25G26G27G28,1,0,10,2,6,7,8,2,9,3,3,3,4,1,10,2,9,4,9,9,7,9 

M0O29P4P30G31G32G33G34,1,0,2,8,10,1,6,5,9,2,8,5,1,3,2,4,2,3,9,2,10,9 

M0O35P36P37G38G39G40G41,1,0,9,1,4,5,4,7,2,6,4,9,6,4,1,7,7,5,3,4,7,10 

M0O42P43P44G45G46G47G48,1,0,3,2,2,10,6,5,4,7,5,5,7,7,6,9,1,1,6,8,9,5 

M0O49P50P51G52G53G54G55,1,0,4,4,2,8,4,4,4,4,9,10,5,8,10,3,1,6,8,6,1,2 

M0O56P57P58G59G60G61G62,1,0,1,2,1,9,5,6,8,7,8,2,5,5,8,7,10,9,2,5,7,4 

M0O63P64P65G66G67G68G69,1,0,2,8,6,2,3,3,10,10,4,3,1,1,2,10,7,7,10,5,10,8 

M0O70P6P71G72G53G73G74,1,0,4,8,6,1,6,6,4,5,10,5,7,4,7,7,8,1,8,9,10,2 

M0O75P76P77G78G79G80G81,1,0,6,1,4,3,4,5,3,6,6,5,1,8,3,3,5,5,8,4,4,6 

M0O82P83P84G59G85G86G87,1,0,2,6,5,5,9,2,8,8,8,9,5,2,2,2,9,6,5,7,10,8 

M0O88P89P90G91G92G93G94,1,0,10,9,8,7,1,4,9,4,10,5,4,6,5,3,5,7,6,8,9,4 

M0O95P96P97G98G99G100G101,1,0,6,9,5,4,7,3,7,1,7,3,4,7,6,6,4,1,2,9,10,4 

M0O102P103P104G105G106G107G108,1,0,8,6,8,10,7,3,8,5,7,8,6,5,9,1,7,5,8,10,1,6 



M0O109P110P111G57G108G112G113,1,0,6,8,10,5,2,10,6,9,1,1,8,8,8,9,7,8,2,4,2,3 

M0O114P115P116G117G118G119G120,1,0,8,8,9,1,9,10,1,1,3,5,1,5,5,4,6,7,4,1,7,7 

M0O121P122P123G124G125G126G46,1,0,10,2,6,8,5,6,8,2,4,1,9,7,6,4,2,7,1,5,3,7 

M0O127P128P129G130G131G132G133,1,0,1,6,3,9,2,2,6,10,5,9,3,7,10,6,4,10,10,4,9,1 

M0O134P135P136G137G39G59G138,1,0,9,4,1,2,2,5,2,10,2,1,9,7,6,8,1,5,6,7,4,3 

M0O139P140P141G142G143G144G145,1,0,3,6,4,6,4,7,7,6,3,4,1,9,5,6,3,6,4,6,2,3 

M0O146P2P147G4G5G148G149,1,0,2,5,8,3,9,6,9,7,1,2,7,9,2,6,2,4,9,7,10,7 

M0O150P151P84G144G152G86G87,1,0,3,9,8,5,8,2,6,8,6,9,3,5,1,2,7,4,3,1,2,6 

M0O153P23P154G25G26G40G155,1,0,9,10,10,3,6,10,9,10,3,3,4,4,10,1,4,3,9,9,7,8 

M0O156P157P158G142G141G159G160,1,0,2,8,5,3,8,10,6,9,3,4,6,5,6,7,6,6,4,9,3,9 

M0O161P162P163G164G165G166G152,1,0,9,2,4,8,4,8,4,8,6,1,8,9,6,7,9,10,5,3,10,9 

M0O167P168P169G170G171G172G87,1,0,2,4,3,1,2,2,8,9,3,9,8,4,7,10,8,4,6,2,2,5 

M0O173P174P175G176G177G178G179,1,0,7,10,3,6,4,2,10,6,9,2,9,3,1,5,7,1,5,3,8,9 

M0O180P6P181G72G53G182G30,1,0,10,8,6,1,6,5,4,7,9,1,5,3,7,2,5,3,8,2,10,9 

M0O183P184P185G186G187G188G189,1,0,4,8,3,4,7,9,2,1,3,7,8,4,1,2,2,1,9,6,6,8 

M0O190P191P192G193G194G195G143,1,0,6,3,4,10,2,4,7,7,5,10,2,7,6,2,4,5,7,2,6,2 

M0O196P197P198G172G199G200G201,1,0,9,2,6,1,2,9,10,8,3,8,7,7,10,8,2,2,8,9,9,10 

M0O202P203P204G205G206G207G92,1,0,4,2,2,7,2,4,10,5,3,3,8,7,2,3,9,7,9,3,9,2 

M0O208P209P210G40G53G107G211,1,0,5,1,3,4,4,2,10,9,1,6,4,4,7,2,8,6,4,9,8,7 

M0O212P213P214G207G215G119G216,1,0,2,4,7,3,6,6,3,10,8,5,7,1,3,8,6,1,9,10,10,7 

M0O217P218P219G220G221G222G223,1,0,8,6,9,6,9,8,6,8,3,8,3,2,7,3,1,5,7,4,5,5 

M1O224P225P226G227G228G229G230,1,1,7,3,4,1,10,7,2,6,6,3,4,7,5,1,8,8,5,8,1,5 

M1O231P232P233G234G235G236G237,1,1,10,8,3,8,10,6,3,8,1,5,6,4,7,6,9,2,5,4,10,10 

M1O238P239P240G241G242G243G244,1,1,10,5,6,3,4,10,2,1,8,7,4,8,4,1,1,3,7,8,1,9 

M1O245P246P247G248G249G250G251,1,1,1,4,8,1,4,2,1,9,7,2,8,7,3,4,7,4,4,5,7,5 

M1O252P253P254G68G255G256G143,1,1,4,8,4,1,3,2,9,5,2,8,4,7,8,8,6,6,5,6,9,3 

M1O257P151P258G144G152G259G260,1,1,3,1,8,5,8,5,6,2,6,4,9,5,1,3,6,10,3,10,2,2 

M1O261P23P262G25G26G263G264,1,1,9,1,6,1,8,3,9,8,5,6,7,2,10,2,9,7,3,9,7,4 

M1O265P266P267G268G269G270G271,1,1,2,1,1,6,1,7,9,7,4,4,2,10,10,10,2,3,7,8,6,5 

M1O272P135P273G137G39G274G275,1,1,1,1,1,9,5,1,1,1,6,3,2,6,6,6,4,6,4,4,4,10 

M1O276P277P278G279G280G281G282,1,1,5,8,4,7,3,4,1,2,5,10,5,5,7,4,2,1,5,8,8,5 

M1O283P23P284G25G26G285G92,1,1,9,8,6,8,6,3,10,5,5,7,7,4,7,1,4,7,3,10,2,5 

M1O209P40P53G286G237G287G288,1,1,5,4,3,6,4,3,10,8,1,1,4,5,6,7,5,8,4,8,8,1 

M1O9P11P12G289G290G291G292,1,1,3,10,2,10,4,9,2,9,4,8,2,9,5,6,6,5,6,9,7,4 

M1O293P294P295G296G297G298G299,1,1,10,5,9,9,6,7,3,4,4,3,10,3,10,4,6,3,8,2,7,9 

M2O300P301P302G303G304G305G306,1,2,9,2,10,6,6,6,10,3,7,6,7,2,6,10,7,10,5,2,1,6 

M2O307P308P233G309G310G236G237,1,2,10,5,3,8,3,6,8,8,5,8,6,4,1,6,10,5,4,4,8,10 

M2O311P72P136G207G312G59G138,1,2,10,2,9,3,6,8,8,10,10,9,10,8,1,8,8,5,4,7,9,6 

M2O313P314P315G316G317G318G288,1,2,9,2,10,6,2,1,6,8,7,6,8,10,6,5,2,1,4,8,10,1 

M2O319P320P321G256G322G323G324,1,2,2,4,7,9,4,6,8,8,2,7,10,8,3,6,6,3,8,8,2,10 

M2O325P326P19G327G328G309G329,1,2,5,4,3,7,5,6,5,7,9,9,5,7,6,3,5,10,9,5,8,2 

M2O330P289P331G332G333G334G255,1,2,6,4,2,9,6,3,9,4,4,2,9,9,2,2,5,7,6,1,4,9 

M2O89P91P92G335G315G336G337,1,2,1,10,9,8,1,3,8,9,10,3,10,4,5,1,5,7,6,10,9,1 

M2O338P339P233G263G340G236G237,1,2,4,8,8,8,4,6,2,8,7,8,9,10,4,6,5,2,7,3,4,10 

M2O341P342P304G343G94G344G345,1,2,4,1,4,3,1,6,7,8,1,9,5,7,8,3,4,10,9,3,10,7 

M2O346P347P348G98G165G349G194,1,2,6,8,4,9,7,4,7,8,4,3,4,1,8,7,10,10,8,7,1,9 

M2O184P186P187G350G351G352G353,1,2,2,4,3,9,7,10,7,2,5,3,8,8,1,4,6,2,9,10,9,6 

M2O354P355P356G357G358G234G359,1,2,1,1,10,8,7,3,9,2,5,5,3,4,5,7,6,6,1,4,1,3 

M2O360P361P362G363G364G365G366,1,2,4,3,4,4,2,4,5,2,2,4,8,7,9,4,10,2,10,6,3,9 

M2O367P368P369G370G371G372G373,1,2,4,9,10,4,6,7,2,7,4,5,8,5,8,7,8,10,2,1,8,8 

M2O374P375P376G377G378G379G380,1,2,2,2,5,2,2,5,3,7,8,9,1,8,7,1,4,10,7,10,8,4 

M2O381P382P331G383G92G334G255,1,2,1,2,1,6,6,5,3,4,3,1,3,9,9,2,10,6,3,9,9,9 

M2O110P57P108G59G60G384G385,1,2,9,6,1,10,5,2,8,6,1,3,8,9,8,1,5,7,5,2,2,7 

M2O386P387P87G316G388G389G390,1,2,1,6,8,5,5,9,6,1,4,9,8,2,2,2,6,4,4,7,7,6 

M2O391P54P392G393G394G395G396,1,2,4,6,1,1,4,1,5,9,5,9,8,9,3,10,6,6,8,4,6,6 

M3O397P301P398G303G304G399G400,1,3,9,8,8,9,6,10,6,8,7,1,8,2,6,1,7,6,9,3,1,6 

M3O27P401P402G403G404G405G406,1,3,6,2,5,7,2,8,4,2,3,4,1,8,1,2,10,1,4,10,9,7 

M3O294P296P297G407G408G409G322,1,3,10,5,8,9,6,5,3,1,5,4,10,10,2,10,8,6,6,8,7,10 

M3O410P166P411G412G413G414G415,1,3,9,7,8,9,8,9,2,2,5,9,3,9,7,8,5,3,1,3,9,8 

M3O416P417P418G419G420G421G275,1,3,5,1,4,5,8,9,7,7,5,6,1,6,7,1,2,4,3,4,2,6 

M3O422P423P424G425G426G427G428,1,3,4,9,4,3,5,6,4,2,1,3,8,1,9,8,2,9,1,10,10,10 

M3O429P430P431G432G433G434G435,1,3,7,5,1,2,2,5,8,9,6,6,3,10,4,1,2,4,2,5,9,6 

M3O436P437P302G438G439G305G306,1,3,5,2,6,6,6,1,9,8,3,2,10,2,6,10,7,6,1,2,7,6 

F0O440P441P442G289G443G444G445,2,0,6,8,10,6,6,1,8,2,1,9,7,8,8,2,3,1,6,2,9,7 

F0O446P447P448G239G331G289G449,2,0,10,6,9,3,5,6,4,9,4,5,10,6,4,5,7,4,6,5,4,10 

F0O450P6P129G72G53G132G133,2,0,4,8,6,8,6,2,8,10,10,5,7,7,7,4,8,10,8,4,10,1 

F0O451P452P51G453G454G54G55,2,0,4,1,4,8,7,4,1,4,1,3,6,6,1,3,2,6,4,6,7,7 



F0O455P151P97G144G152G100G101,2,0,9,9,8,4,8,4,6,1,4,3,9,1,1,6,7,1,3,6,2,6 

F0O456P457P219G379G458G222G223,2,0,2,6,10,6,8,8,8,8,5,8,10,3,8,4,10,7,4,3,4,4 

F0O459P140P460G142G143G407G461,2,0,2,3,4,8,4,7,7,3,8,7,1,6,5,6,6,5,4,9,2,1 

F0O462P463P267G464G351G270G271,2,0,2,1,6,6,2,7,1,7,8,4,9,10,1,2,1,3,8,8,6,5 

F0O465P83P466G59G85G467G468,2,0,2,5,3,9,9,3,8,2,8,3,1,4,10,8,4,6,2,3,2,10 

F0O469P470P471G363G472G473G474,2,0,7,1,9,7,4,3,7,3,3,5,2,6,9,9,1,7,1,10,7,1 

F0O475P463P476G464G351G477G431,2,0,2,7,3,7,7,1,1,7,9,4,10,10,6,3,5,3,8,5,6,6 

F0O478P479P480G481G237G253G321,2,0,5,4,1,4,6,3,8,9,5,2,2,4,6,10,7,8,6,5,10,9 

F0O482P483P484G485G486G487G17,2,0,10,4,9,5,7,5,9,8,6,2,5,9,6,7,9,9,7,9,7,9 

F0O488P27P489G401G402G490G491,2,0,6,1,5,9,8,7,4,2,3,4,8,9,2,3,1,8,4,10,9,3 

F0O492P493P494G132G495G496G497,2,0,6,6,9,7,6,8,1,2,2,1,7,7,6,4,2,10,3,1,5,7 

F0O498P499P219G436G500G222G223,2,0,8,10,9,3,8,1,7,7,5,8,10,3,10,3,7,7,3,4,6,4 

F0O501P374P502G375G376G137G215,2,0,2,2,2,9,2,5,7,5,8,1,1,2,1,2,4,7,10,9,4,4 

F0O503P504P505G506G507G289G508,2,0,5,3,8,2,1,6,8,2,7,4,8,9,1,5,2,7,8,9,9,4 

F0O509P510P269G511G512G389G362,2,0,5,2,1,8,6,4,1,8,5,4,5,2,5,10,3,7,9,7,10,9 

F0O513P510P30G511G512G33G34,2,0,6,8,3,1,6,6,1,6,2,1,2,3,1,4,9,3,9,2,10,9 

F0O514P64P515G66G67G195G516,2,0,2,7,6,6,3,6,5,6,3,10,4,8,4,4,7,2,9,2,2,2 

F0O517P151P518G144G152G45G519,2,0,3,3,6,2,8,7,6,2,6,3,9,4,6,7,6,9,3,3,2,8 

F0O520P319P454G320G321G521G486,2,0,4,6,9,9,4,7,8,3,7,1,10,2,6,6,6,8,8,4,10,8 

F0O522P510P523G511G512G144G524,2,0,6,9,3,1,6,6,1,10,5,5,2,1,5,8,3,6,10,6,8,3 

F0O525P168P484G170G171G487G17,2,0,1,4,6,8,1,8,6,8,5,2,1,3,7,3,8,1,6,4,6,9 

F0O526P527P528G529G512G530G531,2,0,10,2,5,2,7,3,6,2,6,1,7,5,5,7,1,2,3,1,10,3 

F0O532P416P533G417G418G279G534,2,0,5,2,5,4,8,10,7,3,6,5,6,6,7,2,2,6,4,1,6,8 

F0O535P483P536G485G486G537G494,2,0,10,7,9,4,2,1,9,8,2,9,6,8,6,7,8,6,9,1,8,2 

F0O538P539P500G540G541G542G543,2,0,9,10,3,9,7,8,9,10,8,2,5,10,7,6,9,2,9,3,7,3 

F0O544P38P545G546G547G268G548,2,0,10,8,4,5,4,9,7,5,3,9,7,5,4,1,1,6,9,6,8,6 

F0O549P347P169G98G165G172G87,2,0,2,4,5,5,3,9,7,1,4,4,8,4,8,2,2,4,8,7,1,5 

F0O550P551P552G553G554G243G555,2,0,5,2,8,1,1,10,1,6,7,5,1,5,7,4,9,6,7,8,7,2 

F0O556P57P557G59G60G66G486,2,0,1,6,3,3,5,7,10,3,1,4,8,2,8,4,10,4,5,4,2,8 

F0O558P559P560G40G201G18G19,2,0,9,4,8,6,4,10,9,7,4,6,5,7,6,6,6,7,9,8,5,7 

F0O561P562P563G521G564G565G411,2,0,4,6,7,2,6,6,7,8,9,4,6,1,5,8,3,10,4,1,2,7 

F0O566P115P567G117G118G59G235,2,0,8,9,5,7,7,7,1,3,9,9,6,8,5,2,1,9,4,9,10,10 

F0O568P569P163G570G571G166G152,2,0,2,2,1,8,2,6,6,8,2,1,8,3,7,6,10,10,1,7,9,9 

F0O572P319P573G320G321G126G574,2,0,4,4,7,5,4,5,8,8,7,4,10,7,3,8,6,7,8,8,2,2 

F0O575P6P576G72G53G577G310,2,0,4,6,7,5,6,3,4,7,9,5,7,8,3,1,8,2,8,8,10,4 

F0O578P89P579G91G92G580G581,2,0,10,4,9,4,3,3,8,10,10,4,10,7,5,6,5,6,10,3,1,7 

F0O582P107P219G583G548G222G223,2,0,9,10,4,6,7,8,5,7,9,8,5,3,1,3,6,5,1,3,5,4 

F0O584P115P585G117G118G586G587,2,0,3,1,9,1,9,9,1,2,3,6,1,9,5,10,1,7,7,4,10,4 

F1O588P463P589G464G351G78G19,2,1,2,3,6,4,7,6,1,7,8,10,10,7,1,3,1,2,8,8,6,4 

F1O590P170P591G592G593G594G445,2,1,10,1,5,9,8,1,9,1,1,3,8,8,2,10,7,1,9,7,2,9 

F1O595P596P597G598G599G600G601,2,1,5,9,1,10,5,7,1,4,6,2,1,3,10,6,6,7,6,10,2,9 

F1O602P347P523G98G165G144G524,2,1,6,9,5,3,7,6,4,5,4,1,8,1,8,8,10,10,8,6,9,5 

F1O603P151P604G144G152G31G555,2,1,3,1,8,1,8,10,5,5,6,2,9,3,6,2,7,7,3,7,3,10 

F1O605P606P133G126G607G384G608,2,1,10,8,8,8,6,4,9,10,1,10,7,7,4,4,2,5,6,4,6,1 

F1O609P270P610G506G611G266G612,2,1,2,4,6,6,1,2,5,1,7,4,1,5,2,7,7,2,5,7,4,6 

F1O613P473P614G25G615G616G269,2,1,6,2,7,3,2,8,3,1,5,8,7,9,2,3,5,2,9,4,10,7 

F1O617P91P53G335G315G287G288,2,1,4,2,6,1,1,3,8,4,8,9,10,5,5,2,8,5,1,8,8,1 

F1O618P619P12G239G581G291G292,2,1,10,10,6,7,4,9,6,1,4,8,10,9,4,6,2,2,7,4,1,4 

F1O620P621P622G387G623G624G523,2,1,1,9,8,10,2,7,6,10,5,6,10,8,4,8,3,4,4,4,3,6 

F1O44P47P48G188G625G457G626,2,1,2,2,10,10,5,5,7,8,4,5,4,7,9,10,1,10,6,8,5,4 

F1O627P628P629G546G630G631G106,2,1,10,5,3,10,2,7,2,2,7,8,8,6,4,6,3,8,9,9,2,1 

F1O632P473P466G25G615G467G468,2,1,9,6,7,10,2,3,9,8,6,9,7,4,10,8,7,6,9,3,7,7 

F1O633P542P634G126G420G635G636,2,1,10,4,5,5,8,3,7,9,4,8,7,6,8,5,7,5,3,5,2,10 

F1O637P320P560G256G322G18G19,2,1,2,4,7,6,4,6,8,7,2,2,10,7,3,6,6,7,8,3,3,2 

F1O638P521P639G477G640G631G118,2,1,7,10,9,10,3,9,7,2,9,10,8,5,6,4,4,1,9,9,1,6 

F1O641P347P642G98G165G643G644,2,1,2,5,4,9,7,2,7,5,4,10,8,2,8,10,2,9,8,1,1,2 

F1O645P646P233G182G185G236G237,2,1,1,8,6,8,4,6,1,8,10,5,2,10,2,6,1,5,3,3,5,10 

F2O169P172P87G227G647G389G390,2,2,4,4,5,1,2,9,9,1,4,9,4,2,2,10,7,4,2,7,5,7 

F2O642P643P644G648G611G227G649,2,2,4,5,3,9,2,9,5,6,10,3,2,9,10,7,9,5,1,1,2,7 

F2O505P289P508G332G333G650G651,2,2,3,3,2,2,6,1,9,2,4,9,9,4,5,6,5,7,9,2,4,4 

F2O484P487P17G412G652G20G21,2,2,4,1,5,8,8,5,2,8,1,2,9,3,7,3,1,9,4,9,9,5 

F2O65P68P69G653G654G274G655,2,2,5,8,4,2,3,3,9,10,10,3,1,9,1,10,7,2,8,5,9,8 

F2O62P83P221G59G85G656G657,2,2,2,8,5,9,9,2,7,6,8,9,5,8,10,7,9,7,5,1,2,4 

F2O658P659P612G660G288G432G388,2,2,4,4,5,1,4,2,6,6,1,9,8,2,4,7,5,8,8,10,3,7 

F2O661P662P545G33G34G268G548,2,2,8,4,1,1,1,9,8,5,1,9,1,5,5,4,3,6,10,6,9,6 

F2O663P342P629G343G94G631G106,2,2,4,5,4,10,4,3,3,2,7,8,5,2,1,6,7,5,8,10,8,1 

F2O267P270P271G506G611G664G665,2,2,1,10,6,6,7,2,8,7,7,4,1,10,2,10,7,3,8,10,4,5 



F2O198P200P201G419G666G667G408,2,2,3,2,1,8,8,9,8,9,8,4,1,7,8,8,6,2,4,9,10,1 

F2O668P669P670G671G81G672G673,2,2,4,7,10,1,10,8,1,1,1,1,6,2,1,2,8,5,8,3,5,1 

F2O674P675P87G148G329G389G390,2,2,3,6,6,1,2,9,7,1,2,9,6,9,6,10,10,4,5,7,10,7 

F2O676P677P678G679G194G680G211,2,2,10,1,1,4,2,1,1,7,2,4,1,2,9,2,4,10,1,5,9,1 

F3O177P195P681G682G683G684G497,2,3,7,3,7,10,7,4,2,10,8,8,7,3,1,10,7,1,9,5,2,8 

F3O685P395P686G687G688G689G690,2,3,8,1,1,10,1,10,5,8,4,2,9,8,6,7,7,9,9,10,2,2 

F3O141P144P145G691G692G693G694,2,3,2,6,6,7,8,7,9,6,4,5,3,9,1,6,6,6,5,6,3,3 

F3O695P314P696G316G317G653G547,2,3,9,8,10,1,2,2,6,6,8,8,8,1,6,6,6,10,4,9,8,7 

F3O74P697P698G699G700G701G378,2,3,10,8,1,1,4,6,7,5,2,5,2,5,4,7,1,2,8,10,10,2 

F3O545P268P548G702G703G403G704,2,3,4,8,1,5,9,1,5,5,9,3,5,5,4,1,8,6,4,6,6,1 

F3O28P31P705G706G215G707G359,2,3,2,8,10,8,9,4,3,9,8,6,1,1,2,7,7,4,9,1,4,8 

F3O226P229P230G708G709G710G711,2,3,3,3,1,8,5,7,7,6,7,3,7,3,7,1,5,8,1,8,5,2 

F3O712P713P297G714G715G409G322,2,3,4,6,1,7,5,6,1,8,3,4,5,10,2,3,1,1,7,3,9,8 

F3O133P384P608G706G716G717G718,2,3,2,8,10,8,4,2,6,10,9,10,8,7,1,4,5,6,9,4,7,1 

F3O466P467P468G660G719G720G424,2,3,6,5,9,10,3,3,8,2,9,3,4,1,8,8,9,6,3,3,10,7 

F3O557P66P486G721G722G723G396,2,3,4,6,3,10,1,7,3,3,4,6,5,2,4,3,5,4,8,4,10,8 

F4O445P724P543G725G726G727G673,2,4,1,8,6,9,1,8,7,8,3,7,8,10,2,10,1,10,2,2,6,3 

F4O77P80P81G421G728G729G730,2,4,6,1,5,3,5,4,6,6,5,5,8,2,3,1,7,5,9,4,6,9 

F4O269P389P362G729G731G365G366,2,4,2,4,1,8,4,4,1,8,9,4,2,7,10,7,7,2,7,4,7,9 

  0.5000  0.5000             !sampling proportion for males & females 

         0                   !number of known paternity 

         0                   !number of known maternity 

         0                   !number of excluded paternity 

         0                   !number of excluded maternity 

 

The output from the analysis of the above example dataset can be found in the file “SimuData.Ne”, 

and is listed below. 

 
********************************************************************** 

          AgeStructure Analysis Results for Dataset SimuData 

********************************************************************** 

  Time  Started: D=17/08/2009 T=27/25/14 

  Time Finished: D=17/08/2009 T=29/52/14 

 

-------------------- 

1. Parameters 

-------------------- 

 

                     Parameter          Males        Females 

------------------------------------------------------------ 

                   Maximal Age              3              4 

          Minimal Parental Age              1              1 

    Assumed Family Size Distr.        Poisson        Poisson 

  Number bootstrapping samples            500 

                Number of Loci             10 

    Parentage confidence level             95 

 

---------------------- 

2. Summary statistics 

---------------------- 

 

Number of individuals sampled in each sex-age class 

 

      AgeClass         Males       Females 

------------------------------------------ 

             0            37            42 

             1            14            19 

             2            20            14 

             3             8            12 

             4                           3 

 

 

Number of males & females of age class j (column 1) whose paternity is assigned to age class i (row 

1) 

 



  AgeClass     1     2     3 

---------------------------- 

         0     2     7     2 

         1     0     1     1 

         2     0     0     0 

         3     0     0     0 

 

 

Number of males & females of age class j (column 1) whose maternity is assigned to age class i (row 

1) 

 

  AgeClass     1     2     3     4 

---------------------------------- 

         0     1     8     4     2 

         1     0     2     3     0 

         2     0     0     1     0 

         3     0     0     0     0 

 

Number of male parents of age class j (column 1) who each have i offspring assignments (row 1) 

 

  AgeClass     0     1     2     3 

---------------------------------- 

         1    12     2     0     0 

         2    15     3     1     1 

         3     5     3     0     0 

 

Number of female parents of age class j (column 1) who each have i offspring assignments (row 1) 

 

  AgeClass     0     1     2 

---------------------------- 

         1    18     1     0 

         2     7     4     3 

         3     6     4     2 

         4     1     2     0 

 

-------------------- 

3. Estimates 

-------------------- 

 

Estimates of generation effective size (Ne) & generation intervals (GI) 

 

                      Ne          GI Paternal-GI Maternal-GI 

------------------------------------------------------------ 

    Estimate         359        2.30        1.86        2.74 

       CI95L          70        1.78        1.49        1.86 

       CI95U         544        2.60        2.45        3.12 

 

 

Estimates of variances and covariances of lifetime family size 

 

            Var(mm)    Var(mf) Cov(mm,mf)    Var(fm)    Var(ff) Cov(fm,ff) 

-------------------------------------------------------------------------- 

Estimate       1.52       0.31       0.14       5.52       1.13       0.49 

   CI95L       1.00       0.14       0.00       0.95       1.00       0.00 

   CI95U       2.45       1.75       0.45      49.62       7.29      14.98 

 

 

Estimates of parameter P 

 

-------------------------------------------------------------------- 

                      Males                        Females 

          ---------------------------  --------------------------- 

AgeClass       Est     CI95L     CI95U       Est     CI95L     CI95U 

-------------------------------------------------------------------- 

       1    0.1625    0.0266    0.3023    0.0496    0.0127    0.1855 

       2    0.2439    0.1081    0.4123    0.1915    0.0962    0.3607 

       3    0.0936    0.0000    0.2717    0.1000    0.0000    0.2317 



       4                                  0.1588    0.0000    0.2691 

 

 

Estimates of parameter N 

 

-------------------------------------------------------------------- 

                      Males                        Females 

          ---------------------------  --------------------------- 

AgeClass       Est     CI95L     CI95U       Est     CI95L     CI95U 

-------------------------------------------------------------------- 

       1     223.0      78.2     465.5      60.4      40.7     201.6 

       2     111.8      64.2     228.5      55.7      37.5     113.2 

       3      57.7      18.2     169.7      52.6      31.6     103.9 

       4                                    37.0       1.0      89.8 

 

 

Estimates of parameter S 

 

-------------------------------------------------------------------- 

                      Males                        Females 

          ---------------------------  --------------------------- 

AgeClass       Est     CI95L     CI95U       Est     CI95L     CI95U 

-------------------------------------------------------------------- 

       1    0.0763    0.0335    0.2214    0.3235    0.0929    0.4801 

       2    0.2023    0.0873    0.3432    0.2600    0.1013    0.4282 

       3    0.1732    0.0328    0.4363    0.2366    0.0982    0.4312 

       4                                  0.1636    0.0000    0.5771 

 

 

Estimates of parameter effective size of each age class 

 

-------------------------------------------------------------------- 

                      Males                        Females 

          ---------------------------  --------------------------- 

AgeClass       Est     CI95L     CI95U       Est     CI95L     CI95U 

-------------------------------------------------------------------- 

       1     223.0      78.2     465.5      60.4      40.7     201.6 

       2     111.8      64.2     228.5      55.7      37.5     113.2 

       3      57.7      18.2     169.7      52.6      31.6     103.9 

       4                                    37.0       1.0      89.8 

 

 

VI. SOME NOTES 

 

1. Parameter denotations 

Var(xy): The variance of the number of offspring of sex y per parent of sex x, with x, y = m for 

males and f for females. 

Cov(xm,xf): The covariance between the numbers of sons and daughters per parent of sex x, with x= 

m for male and f for female parents. 

P: Age specific reproductive contribution of males and females. 

N: Number of individuals in each age class of each sex. 

S: Sampling proportion of individuals in each age class of each sex. 

 

2. Age class 

In principle, age classes can be defined in any time unit, such as 2 months, half a year, 1 year, 2 

years. However, for accurate estimation results, time unit should be defined by considering the 

length of a breeding season, the maximal age of males and females, and the sample size of each age. 



For a given sample, a too small time unit will lead to numerous age classes and a substantial 

number of the age classes are empty with no individuals. This leads not only an increase in 

computational time, but also a decrease in accuracy of the parameter estimates. On the other hand, a 

too large time unit will lead to too few age classes, and in each age class there are a large number of 

individuals of various ages. This could also result in inaccurate estimates of L and Ne. In practice, 

the time unit should be the length of at least one breeding season, and usually needs to be the length 

of multiple breeding seasons to reduce the number of empty age classes when sample size is small 

relative to population size. 

 

3. Confidence level 

The method used in Cervus (Marshall et al. 1998) is adopted in AgeStructure to assign parentage at 

a certain confidence level. The full likelihood method that is used to assign parentage and sibship 

jointly can be more accurate, but is too time consuming and is not suitable for parametric 

bootstrapping.  

 

The suggested confidence level for parentage assignment is 95%. However, when the number of 

marker loci is small, sometimes this high level of confidence precludes any parentage assignments. 

Setting a lower confidence level (say, 80%) allows more assignments to be made. 

 

4. Known parentage or excluded parentage 

If some individuals have known parentage (e.g. from behavioural observation) and the known 

parents are also included in the sample, the known offspring-parent relationship could be included 

in the input file for better estimate of Ne and other parameters. Similarly, information on some 

individuals being known to be excludable as parents of an individual can be included in the input 

file for more accurate estimation of the parameters.    
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