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Motivation

• In the mid-1990’s, it appeared that no one was looking for 
genetic variance in fertility and related variables

• In part, because of Fisher’s Fundamental Theorem of 
Natural Selection (the FTNS)
• Summary – Fitness traits must have no genetic variance, and 

therefore zero heritability, in the absence of perturbing forces

• But the world has always been filled with “perturbing 
forces,” especially the modern world
• Mutation

• Frequency Dependent Selection

• Contraception

• Etc, etc

• So lots of us started looking



• Rodgers, Rowe, & Buster, Social Biology, 1999, found 

significant heritability in age at first intercourse measures 

in the NLSY, for both males and females

• Simple heritability study, with ACE modeling

• Dunne et al, Demography, and Miller et al, Social Biology, 

found the same kinds of patterns in AFI in papers in the 

same year



• Rodgers, Kohler, Kyvik, & Christensen, 2001, 

Demography, found a small but statistically significant link 

in Danish twin data between fertility motivation and fertility 

outcomes

• This is not all that surprising, we expect motivation and outcomes 

to be related

• Except for one feature:  the link was through the genetic variance 

underlying fertility motivation and outcomes





• Rodgers, Bard, & Miller, 2007, Behavior Genetics, using  

NLSY fertility data up to 2002, defined female fertility 

outcomes at different age intervals, and decomposed 

genetic and environmental variance in correlations across 

those ages.  

• Two different genetic factors were identified, one for fertility up to 

age 20, another for fertility after age 20

• One shared environmental factor was identified, for early fertility





• Fertility among the  NLSY79 cohort is now complete (in 
2012, NLSY79 respondents were 47-55 years old)

• The NLSY79 contained longitudinal measures of “Fertility 
Expectations” as well as completed fertility

• We have recently completed updating the NLSY79 kinship 
links, providing reliable linking information for 95% of all 
kinship pairs in the NLSY79

• These set the stage for a comprehensive biometrical 
analysis of fertility in the NLSY

• Advantages over previous studies:
• Completed fertility

• Male-male and female-female pairs

• Family biometrical design, based on a probability sample

(with half siblings, full siblings, and twin pairs, at approximately 

representable levels from US 1979 households)

• Many external variables available



NLSY79 Kinship Links
• In 1979, NLSY79 had thousands of siblings in the survey

• But they weren’t separately identified as adoptive sibs, 

half-sibs, full-sibs, or twins

• In the mid-1990’s, we developed an algorithm to 

distinguish these categories, using indirect information in 

the NLSY data

• Birthdates (for twins)

• Shared household with biological father and mother (for siblings)

• Distance away from biological father (for siblings)

• Other indicators

• Two dozen behavior genetic studies have used these links

• Updated in 2013, using direct responses collected in 2006

• http://liveoak.github.io/NlsyLinks/

http://liveoak.github.io/NlsyLinks/A


Measurement

• Fertility expectations:  “How many (more) biological children 

do you expect to have?”  (added to previous children)

• We took measures at age 21 (or as close as possible)

• We took measures at age 26 (or as close as possible)

• Fertility Outcomes:  “How many total (biological) children 

have you had?”

• We took completed fertility through 2012, ages 47-55

• In this study, we used half-siblings, full-siblings, and twins

• There are thousands of full sib pairs, hundreds of half sib pairs, and 

dozens of MZ and DZ twin pairs

• http://liveoak.github.io/NlsyLinks/

• Files, source code, and vignette examples, NLSY-79 & NLSY-Children

http://liveoak.github.io/NlsyLinks/


Summary Statistics
(Note:  Approximately Representative of 1979 US cohort, up to attrition and non-response)

N Mean StdDev

MM

Exp21 819/1045 2.46/2.44 1.21/1.32

Outcomes 1140/1140     1.84/1.76  1.54/1.50

FF

Exp21  1446/1820 2.37/2.41 1.21/1.23

Outcomes  1939/1939 1.99/1.92 1.55/1.54

Note:  First score is Sibling 1, second is Sibling 2



Empirical Starting Point, Biometrical 

Modeling – Some ACE Models
• ACE models decompose kinship correlations into 

variance components associated with

• Genetic variance (segregating genetic variance, additive)

• Shared environmental variance (creating sibling similarities)

• Nonshared environmental variance (creating sibling differences;

usually confounded with measurement error)

• These kinship correlations are the starting point for both 

conceptualizing a biometrical study, and for getting started 

with the modeling



NLSY79 Kinship Correlations

MMEx21   MMOut FFEx21  FFOut

HalfSibling .05 .03      -.08 -.16

FullSiblings .11 .08       .12 .19

MZ-twins .48 .28       .95 .89

Note:  MM = male-male pairs;  FF = female-female pairs;

Ex = Fertility Expectations; Out = Fertility Outcomes;



ACE, Univariate Results

AGE 21      

FertExp FertOut

Male-Male

A .18 .15

C .03 .00

E .80 .85

Female-Female

A .05 .38

C .09 .00

E .86 .62



Multivariate Cholesky Models

• In multivariate Cholesky models, there’s an ordering

• User specifies the first variable, the second, etc

• Time can be used to order

• In our case, it’s conceptual:  Fertility Expectations are presumed to 

precede Fertility Outcomes

• Same biometrical decomposition as in univariate ACE 

models, but we decompose cross-variable correlations 

instead of within-variable correlations



Male-Male

A C E A C E

FertExp1 FertOut1 FertExp2 FertOut2

A C E
A C E

1.00 1.00 1.00 1.00 1.00 1.00

1.00 1.00 1.00
1.00 1.00 1.00
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0.32

0.00

0.31 0.56
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1.40 0.00 0.00
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0.00
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1
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Male-Male

A C E A C E

FertExp1 FertOut1 FertExp2 FertOut2

A C E
A C E

1.00 1.00 1.00 1.00 1.00 1.00

1.00 1.00 1.00
1.00 1.00 1.00

0.56

0.32
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0.31 0.56

0.00
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25%



Female-Female

A C E A C E

FertExp1 FertOut1 FertExp2 FertOut2

A C E
A C E

1.00 1.00 1.00 1.00 1.00 1.00

1.00 1.00 1.00
1.00 1.00 1.00

0.25

0.87

0.58

0.49 0.25

0.58

0.49
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1
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Female-Female

A C E A C E

FertExp1 FertOut1 FertExp2 FertOut2

A C E
A C E

1.00 1.00 1.00 1.00 1.00 1.00

1.00 1.00 1.00
1.00 1.00 1.00

0.25

0.87

0.58

0.49 0.25

0.58

0.49

0.00 0.00
1.00 0.00 0.00

1.00

0.31
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0.31

r
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1
1.00

92%

83%



Summary

• For both males and females, within these (simplified) 

models, Fertility Expectations overlap substantially in their 

genetic variance with Fertility Outcomes.

• Fertility Expectations have some of their own variance

• 25% of fertility expectations genetic variance overlaps with fertiliy

outcomes for Males

• 92% of Fertility Expectation genetic variance overlaps with Fertility 

outcomes for females;83% of shared environmental variance in 

fertility expectation overlaps with fertility outcomes for females

• In these NLSY Data, variance in the fertility precursors are 

much more highly shared with fertility outcomes than in 

the Danish twin data



• Udry’s theory:  Genetic variance can only manifest in 

settings with strong fertility options

• In natural fertility settings, with high family size and low 

contraceptive use, there is little chance for genetic variance in 

fertility expectations to show through

• In the modern US – with efficacious contraception, low infant 

mortality, etc. – women and men have lots of fertility choices;  

genetic variance in fertility preferences can be achieved



Future Work

• Look at expectations as they develop across other ages

• Previous work (using the NLSY) justifies that there are different 

biometrical patterns in fertility for late adolescence compared to 

young adults

• We did run cholesky models for Age 26 expectations – there were 

different patterns, though not substantially different

• Look at reverse causation – exchange expectations and 

outcomes in the Cholesky ordering

• Refine the above models to more precisely estimate 

effects

• http://liveoak.github.io/NlsyLinks/

http://liveoak.github.io/NlsyLinks/

