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Background – media take on male fertility



Background – the science behind the story



Background – previous work from GDUK
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Background - changes in GD populations



Background - objectives

Determine heritability estimates for a series of semen traits

Determine repeatability (genetics + permanent environment – later!)

Any indication that the traits are related to each other?

Any indication of trends with age / time / inbreeding?
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Methods –semen collection

Semen collected from every stud dog for ‘insurance’, fertility checks, 
export, etc 

Collected at various time points over dog’s life

Stud dogs are all ‘purebred’ (use crosses for working or as broods)



Methods – data

3 ejaculate fractions collected separately, 5 traits:

VOL - second fraction recorded in ml

MOT - % sperm with fast forward progressive motility

CONC - assessed using haemocytometer counting chamber, millions/ml

TSO = CONC x VOL

TNLS - % total normal live sperm



Methods - analysis

Individual breeds analysed separately

Pedigree information used to form ‘relationship matrix’ between all 
individuals per breed with data

Mixed linear models fitted using ASReml-R

Animal model, include age(m), date and inbreeding coefficient as covariates. 

Repeated measures 🡪 permanent environment



Methods – repeated measures

Genetics / heritability
 - lifelong, inherited, shared

Permanent environment
 - lifelong, individual, acquired

Specific environment
 - mutable, unique to time

Time, e.g. weekly or monthly  🡪
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Data description
n=4,016 repeat records, from n = 423 unique dogs

Rec/dog: mean=9.5, sd=6.7, mode=1, median=9, IQR=3.5-14.0, range=1-40

Age(m): mean=54.0, median=51, IQR=30-75, range=11-163

Year: 1990-2022, 75% since 2004, 50% since 2011, 25% since 2016

Inbreeding: mean=6.2%, median 6.3%, IQR=3.7-8.8%, range=0-23.3%

Labs: 2,058 records, 223 dogs

GRs: 1,479 records, 138 dogs

GSDs:    479 records,   62 dogs



Data description - breed differences



Traits - distributions

CONC MOT TNLS

TSO VOL

CONCentration – millions / ml

MOTility - percent

Tot. Num. Live Sperm - percent

Tot. Sperm Output – millions (CONC x VOL)

VOLume - ml



Traits – general correlations

CONC MOT TNLS TSO VOL

CONC 0.096 0.035 0.687 -0.288

MOT *** 0.561 0.148 0.036

TNLS * *** 0.051 -0.012

TSO *** *** ** 0.310

VOL *** * ns ***

TSO  function of CONC and VOL

TNLS and MOT 🡪 indicator of health?

CONC and VOL 🡪 seminal fluid production?

MOT and TSO 🡪 indicator of health?



Traits – general effects 1 - age

regr coef p-val adj Rsq yearly 3-years mean

CONC -1.494 *** 0.0089 -17.92 -53.77 683.5

MOT -0.059 *** 0.0098 -0.71 -2.13 69.34

TNLS -0.148 *** 0.0454 -1.78 -5.34 71.13

TSO -1.038 ** 0.0016 -12.46 -37.37 917.3

VOL 0.0037 *** 0.0102 0.04 0.13 1.613



Traits – general effects 2 - inbreeding

regr coef p-val adj Rsq +10% +25% mean

CONC 202.5 ns 0.00007 n/a n/a 683.5

MOT -10.33 ns 0.00033 n/a n/a 69.34

TNLS -38.85 *** 0.0057 -3.89 -9.71 71.13

TSO -636.2 * 0.0011 -63.62 -159.05 917.3

VOL -2.329 *** 0.0078 -0.23 -0.58 1.613



Traits – general effects 3 - temporal
TNLS regr coef p-val adj Rsq yearly 5-years

ALL -0.0019 *** 0.0754 -0.68 -3.41

LAB -0.0018 *** 0.0306 -0.65 -3.25

GR -0.0023 *** 0.1140 -0.84 -4.18

NB: 2010-19 inclusive, adjusted for age(m) and F (and breed in ALL). 



TRAIT BREED MIN Q1 MEDIAN MEAN Q3 MAX SD

  Lab 0 372 566.5 662.3 863.8 2950 415.9

CONC GR 0 450 700 789 1040 3750 478.5

  GSD 0 210 350 448.8 580 2260 345.1

  Lab 0 65 75 71.21 80 98 15.31

MOT GR 0 60 70 66.34 80 95 18.82

  GSD 0 65 70 70.57 80 95 15.75

  Lab 0 65 77 72.44 85 100 19.52

TNLS GR 0 61 74 68.33 82 100 20.50

  GSD 0 68 77 74.15 85 100 16.97

  Lab 0 510 840.2 966.7 1239.8 5040 653.8

TSO GR 0 455.5 803 981.8 1291 5453 734.3

  GSD 0 472.5 817.5 958.7 1216 4520 677.1

  Lab 0 1 1.5 1.632 2 8 0.933

VOL GR 0 0.9 1.1 1.277 1.6 5 0.605

  GSD 0 1.5 2 2.567 3.2 11 1.620

But – trait differences across breeds…



Results – heritabilities & repeatabilities

  Lab   GR   GSD

CONC MOT TNLS TSO VOL CONC MOT TNLS TSO VOL CONC MOT TNLS TSO VOL

Vp 156,479 236.07 362.5 435,685 0.8300  239,039 362.42 427.6 574,930 0.3838  110,792 238.21 336.7 456,008 2.8017

se 7,207 10.34 19.1 19,255 0.0388  12,814 30.54 34.8 31,556 0.0217  9,541 21.43 40.2 38,522 0.3277

h2 0.144 0.060 0.060 0.086 0.115  0.130 0.381 0.354 0.077 0.172  0.00 0.00 0.454 0.00 0.457

se 0.063 0.057 0.070 0.056 0.053 0.068 0.111 0.108 0.073 0.072 0.00 0.158 0.067 0.00 0.065

p-val ** ns ns . **  * ** ** ns ***  ns ns * ns **

pe 0.130 0.206 0.334 0.180 0.198  0.117 0.069 0.061 0.196 0.082  0.279 0.268 0.00 0.264 0.00

se 0.051 0.055 0.068 0.050 0.047 0.055 0.081 0.078 0.065 0.053 0.057 0.150 0.00 0.056 0.00

p-val ** *** *** *** ***  * ns ns *** .  ** . ns *** ns

rpt 0.273 0.266 0.394 0.266 0.313  0.247 0.450 0.415 0.273 0.254  0.279 0.268 0.454 0.264 0.457

se 0.031 0.030 0.032 0.030 0.031  0.037 0.047 0.048 0.037 0.039  0.057 0.062 0.067 0.056 0.065



General declining effect of age (m)

Age (months)

regr coef p-val 12m age

CONC -2.14 *** -25.70 million

MOT -0.069 *** -0.83 %

 Lab TNLS -0.182 *** -2.19 %

TSO 0.043 ns n/a

VOL 0.007 *** 0.084 ml

CONC 0.72 ns n/a

MOT -0.081 *** -0.98 %

 GR TNLS -0.174 *** -2.09 %

TSO 0.358 ns n/a

VOL 0.0002 ns n/a

CONC -1.33 ** -15.80 million

MOT -0.112 *** -1.349 %

 GSD TNLS -0.081 *** -0.975 %

TSO -1.731 ns n/a

VOL 0.003 ns n/a

12m effect

-17.92

-0.71

-1.78

-12.46

0.04



Breed differences in temporal effect 
Effect of time (days)

regr coef p-val 1 year

CONC 0.031 *** 11.35 million

MOT -0.00028 ns n/a  

 Lab TNLS -0.00064 * -0.23 %

TSO 0.032 ** 11.69 million

VOL 1.63E-05 ns n/a

CONC 0.027 ** 9.78 million

MOT -0.00106 * -0.39 %

 GR TNLS -0.0016 ** -0.59 %

TSO 0.018 ns n/a

VOL 1.80E-05 ns n/a

CONC 0.027 ** 9.95 million

MOT 0.00081 * 0.30 %

 GSD TNLS -0.00033 ns n/a  

TSO 0.143 ns n/a

VOL -7.40E-05 ns n/a



Results – genetic trends



Caveats & limitations

Breed differences in traits & covariates – should be analysed separately? 

Possible differences in n records / relationships affected model 

Paucity of data for GSD (only actually 62 dogs!)

Some repeat collections very close together – thin out?

Detected trends are linear – do not capture changes in rates over 30+ years



Conclusions & summary

Semen traits show some degree of repeatability / consistency

Heritability estimates range 0.11-0.46, but variability across breeds and traits

Some difficulty in identifying genetics from perm. env., particularly in MOT 
and TNLS in Lab & GR

Likely downward effect of age on traits, particularly MOT & TNLS – more 
work?

Some indication of temporal trends, particularly MOT & TNLS on GR

GR EBVs ‘improving’, so evidence of breed specific env. influence?
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