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Objective

❖ Large project which aimed at measuring morphology and gaits of jumping sport horses and 
at genotyping them.

❖ This presentation : 
▪ Objective measurement of morphology
▪ Heritability and genetic relationship of morphology with jumping in competition
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Method and Material
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Method : device

Four digital cameras were placed on the sides and at each end of a 30 meters long track
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Method : device
• The calibration structure 

provides the parameters 
needed for the 3D 
calculation of the 
coordinates of the 
horse’s anatomical 
landmarks.

• After recording of the 
calibration structure, 
each horse , led by hand 
at the walk, is filmed 
(away and back)
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Method : data processing

• Data processing was performed off-line : the 4 digitized films were synchronized and two sets 
of reference images on which the metacarpus and metatarsus of the right fore and hind limbs 
are in vertical positions were selected.
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A total of 28 landmarks were tracked manually (yellow skeleton, pink marks)
Landmarks are visible simultaneously on the 4 images (moving on one image induce move on all of them)

Method : vue of images of the software

Front legsHind legs
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Method : synthetic 3D image We built a synthetic image of 
the horse in 3D

• Adding Fore and Hind 
limbs

• Adding left size mirror of 
right side
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Method : analysis of morphology

❖ 1 synthetic image  by horse

❖ Fixed position of head and neck

❖ 43 points with 3 coordinates = 129 variables

❖ Correction (GLM) for age / sex / location/ technician / cannon angle 

❖ Procrustes  analysis using Geomorph package (Adams, D., Otarola Castillo E. 2013)
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Method : analysis of morphology

procrustes shape coordinates and centroid size 
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Method : genetic analysis

❖ G matrix between  procrustes coordinates and with centroid size were estimated  
using WOMBAT* (REML) and an animal model

❖ Eigenvalues and vectors of GP-1 were computed with  Geomorph package and 
results are presented on deformation grid.

❖ Genetic correlation between these principal components and competition data 
were computed using WOMBAT* (REML) and an animal model

*
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Data : morphology sample

• 4-5 years old jumping horses

• 2092 horses (63% in 2015-2016, 37% in 2002)

• 49% females

• Selle Français (5% Foreign sport horses, 2% Anglo Arabe)

• 24 locations/days

• From 583 sires, 18029 horses in the 4 generations pedigree

• 53 sires with 10 offspring, 426 couples sire/offspring measured
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Competition data

• 2 annual criteria : sum of points (depending on ranks and technical difficulty) and ranking 
(depending on competition in the event)

• All horses with performances in official Jumping Horse Show born from 1997

• 160 056 horses

• 649 491 annual performances 

• 352 696 horses in the pedigree (4 generations)
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Results
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Standard extremeextreme

Longer than taller
Sloping shoulder
Bent hocks
Withers higher than croup

Taller than longer
Vertical shoulder
Strait hocks
Croup higher than withers

First component : sagittal view
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Standard
extreme

Spread hind legs 
Valgus

Tied hind legs
Varus

Second component : back view

extreme
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Large at shoulders
Neck in high position

front hind sagittal

Heritability and Genetic correlation with jumping performances

heritability of centroid size : 0.18
heritability of the different components : 0.06 to  0.25

genetic correlation with jumping performances :
• rg = 0.28 with centroid size 
• rg not significantly different from 0, the larger was : rg=0.08 (± 0,07) with 

this component:
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Conclusion

❖ Method can be improved with an easier identification of anatomical points 
monitoring by image recognition and  automatic calculation (for example edge of 
joint preferred to center of the joint)
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Conclusion

❖ Method can be improved with an easier identification of anatomical points 
monitoring by image recognition and  automatic calculation (for example edge of 
joint preferred to center of the joint)

❖ Usefulness of morphometry method even with skeletal data rather than shape 
data and 3D rather than 2D

❖ A good method to describe variability of morphological traits compared to 
traditional  equine conformation because it takes into account relationship 
between each part of the body

❖ More to be done to find adequate description of the morphotypes with 
traditional language
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Conclusion

❖ Selection point of view :

▪ Heritable traits that can be selected : coming EBVs with the help of genomic 
to reach sufficient reliability for all stallions

▪ No relationship with jumping : in accordance with most of studies for 
already  selected population  for jumping. 

▪ Free to produce horse with different morphology for different riders and 
different style of equitation  and able to jump!


