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Objectives

Develop prediction models for daily, weekly, and monthly 
total sperm (TS) production from collection history, health 
status, and management factors and compare their 
performance

Assess the ability of these prediction models to forecast 
future TS production, as well as differences in prediction 
accuracy by seasonality or age of bull
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Materials and Methods
 Data from a commercial AI company from 2015 to 2019
 Data aggregated into daily, weekly, and monthly TS 

production for HO, JE bulls 10 to 28 months of age
 Prediction Methods:
 Linear Regression (LM)
 Bayesian Regularized Neural Networks (BRNN)
 Random Forest (RF)
 Model Tree (M5P)
 Extreme Learning Machine (ELM)
 Multi-Layer Perceptron (MLP)

 5-fold cross validation of training sets
 R 3.5.1 and caret package
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Materials and Methods
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Datasets
Daily Weekly Monthly

Records (n) 43,918 23,404 5,127
Holstein 39,172 20,661 4,441
Jersey 4,746 2,743 686

Bulls (n) 1,037 1,003 664
Holstein 900 872 570
Jersey 137 131 94



Materials and Methods
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 Potential Explanatory Variables:
 Age at collection, first successful collection, and arrival 

at AI stud
 Collection frequency 
 Collection interval (days since previous collection)
 Breed of bull
 Barn where housed and collected 
 Year-season of collection
 Scrotal circumference (SC) at 10 to 11 months of age
 Health events 
 TS on the three most recent collection dates (lags)



Results: Summary Statistics

Min Mean Max
Total sperm per Week (billion cells) 0.1 15.1 82.2
Ejaculates per Week 1 3.5 10
Total Sperm per Month (billion cells) 0.1 49.9 252.5
Collections per Month 1 5.9 15
Arrival Age (mo) 1 6.2 15
Collection Age (mo) 10 17.7 28
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Results: Model Selection
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Accuracy of Total Sperm Predictions
Daily Weekly Monthly

Method RMSE r RMSE r RMSE r
LM 3.3 0.73 5.1 0.82 16.9 0.87
RF 3.0 0.77 4.7 0.84 14.5 0.90
BRNN 3.0 0.77 4.8 0.84 15.6 0.91
M5P 3.1 0.76 4.9 0.84 15.7 0.91
MLP 3.6 0.65 7.7 0.73 28.7 0.69
ELM 3.4 0.71 5.7 0.78 18.2 0.84



Methods: Age-Based Prediction

Training sets split by age
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Methods: Date-Based Prediction

Monthly

 2017-2019, rolling months
 Training sets:
Additive
Fixed: 

•1 year, 4 month
 Testing sets: 
Subsequent 4 months
 LM, RF

Weekly

 2017-2019, rolling weeks
 Training sets:
Additive (LM only)
Fixed: 

•1 year, 1 month
 Testing sets:
Subsequent 4 weeks
 LM, RF
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Results: Age-Based Prediction

11



Results: Age-Based Prediction
Age + 

1 month
Age + 

2 months
Age + 

3 months
Age + 

4 months

Model Training 
Set

RMSE 
(SD)

r  
(SD)

RMSE 
(SD)

r  
(SD)

RMSE 
(SD)

r  
(SD)

RMSE 
(SD)

r  
(SD)

LM Additive 15.7 
(2.4)

0.90 
(0.02)

16.4 
(2.0)

0.89 
(0.02)

17.0 
(1.8)

0.89 
(0.02)

17.7 
(1.6)

0.89 
(0.02)

RF Additive 12.7 
(1.8)

0.93 
(0.01)

13.4 
(1.4)

0.93 
(0.01)

14.0 
(1.3)

0.92 
(0.01)

14.5 
(1.2)

0.92 
(0.02)

BRNN Additive 13.0 
(1.4)

0.93 
(0.02)

13.7 
(1.0)

0.92 
(0.02)

14.6 
(1.6)

0.92 
(0.03)

15.3 
(1.7)

0.91 
(0.03)

LM Fixed
3 mo

15.1 
(2.0)

0.90 
(0.01)

15.7 
(1.6)

0.90 
(0.02)

16.3 
(1.5)

0.90 
(0.02)

17.0 
(1.3)

0.89 
(0.02)

RF Fixed
3 mo

12.9 
(1.8)

0.93 
(0.01)

13.5 
(1.5)

0.93 
(0.01)

14.2 
(1.4)

0.92 
(0.01)

14.7 
(1.2)

0.92 
(0.01)

BRNN Fixed
3 mo

13.5 
(1.9)

0.92 
(0.02)

14.5 
(1.9)

0.91 
(0.02)

15.5 
(2.4)

0.91 
(0.03)

16.3 
(3.4)

0.91 
(0.03)
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Results: Date-Based Monthly
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Results: Date-Based Monthly
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Date + 
1 month

Date + 
2 months

Date + 
3 months

Date + 
4 months

Model Training 
Set

RMSE 
(SD)

r  
(SD)

RMSE 
(SD)

r  
(SD)

RMSE 
(SD)

r  
(SD)

RMSE 
(SD)

r  
(SD)

LM Additive 15.3 
(2.2)

0.90 
(0.02)

15.4 
(2.0)

0.90 
(0.02)

15.5 
(2.1)

0.90 
(0.02)

15.6 
(2.1)

0.90 
(0.02)

RF Additive 11.9 
(2.4)

0.94 
(0.02)

12.0 
(2.5)

0.94 
(0.02)

11.8 
(2.3)

0.94 
(0.02)

11.8 
(2.4)

0.94 
(0.02)

LM Fixed 
1 yr

15.3 
(2.2)

0.90 
(0.02)

15.6 
(2.0)

0.90 
(0.02)

15.8 
(2.1)

0.90 
(0.02)

15.9 
(2.0)

0.89 
(0.02)

RF Fixed 
1 yr

12.1 
(2.5)

0.94 
(0.02)

12.2 
(2.5)

0.94 
(0.02)

11.9 
(2.2)

0.94 
(0.02)

11.9 
(2.3)

0.94 
(0.02)

LM Fixed
4 mo

15.6 
(2.5)

0.90 
(0.03)

15.8 
(2.6)

0.89 
(0.02)

15.9 
(2.6)

0.89 
(0.02)

16.3 
(2.9)

0.89 
(0.03)

RF Fixed
4 mo

13.1 
(2.2)

0.93 
(0.02)

13.1 
(2.0)

0.93 
(0.02)

13.0 
(1.9)

0.93 
(0.01)

13.1 
(1.7)

0.93 
(0.01)



Results: Date-Based Weekly
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Date 
+ 1 week

Date 
+ 2 weeks

Date 
+ 3 weeks

Date 
+ 4 weeks

Model Training 
Set

RMSE 
(SD)

r 
(SD)

RMSE 
(SD)

r  
(SD)

RMSE 
(SD)

r  
(SD)

RMSE 
(SD)

r 
(SD)

LM Additive 4.8 
(0.6)

0.84 
(0.04)

4.8 
(0.6)

0.84 
(0.04)

4.8 
(0.6)

0.84 
(0.04)

4.8 
(0.6)

0.84 
(0.04)

LM Fixed
1 yr

4.8 
(0.6)

0.84 
(0.04)

4.8 
(0.6)

0.84 
(0.04)

4.8 
(0.6)

0.84 
(0.04)

4.8 
(0.6)

0.84 
(0.04)

RF Fixed
1 yr

4.4 
(0.6)

0.86 
(0.04)

4.4 
(0.6)

0.86 
(0.04)

4.4 
(0.6)

0.86 
(0.04)

4.5 
(0.6)

0.86 
(0.04)

LM Fixed
1 mo

4.9 
(0.6)

0.84 
(0.04)

4.9 
(0.6)

0.84 
(0.04)

4.9 
(0.6)

0.84 
(0.04)

4.9 
(0.7)

0.83 
(0.04)

RF Fixed
1 mo

4.7 
(0.6)

0.85 
(0.04)

4.7 
(0.6)

0.85 
(0.04)

4.7 
(0.6)

0.85 
(0.04)

4.7 
(0.6)

0.85 
(0.04)



Results: Important Variables
Collection Frequency

 Correlation with monthly TS: 0.77
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Results: Important Variables
Standardized TS at previous collections

Collection age
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Correlations Lag 1 Lag 2 Lag 3
TS per month 0.386 0.413 0.428
TS per week 0.555 0.575 0.581



Conclusions
 TS production can be predicted with >90% accuracy when 

using RF or BRNN

 Fixed-length training sets can improve computational 
feasibility without great loss of predictive ability

Most important predictors:
 Collection frequency
 Standardized TS at previous collections
 Collection age

 In practice, RF model can be used to compute weekly and 
monthly TS predictions

 Future studies should improve prediction accuracy and 
develop decision support tools for bull management
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