
Feed efficiency has become 
more and more important for 
all kinds of animal production, 

in response to rising feed costs and 
awareness of limited resources and 
environmental issues. Therefore, 
individual feed intake of birds is 
measured and used in selection  
programmes.  
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In the past, individual feed intake 
of ducks has been recorded in single 
cage systems, but this system is 
unfavourable for the ducks and may 
not reflect feeding behaviour under 
commercial floor conditions.  

The limited space in cages reduces 
locomotion of the birds and 
induces leg problems and 
mortalities, especially in heavy male 
lines. Even specially equipped single 
floor pens with sufficient space 
miss the social elements of large 
flocks and do not represent the 
ideal environment for testing the 
feed efficiency of individual birds.   

Using novel RFID technology, 
breeding companies are today able 
to record even small meals of 
individuals under nearly practical 
housing conditions. In these testing 
units not only can the amount of 
feed consumed be recorded, it also 
opens up the possibility to detect 
feeding behaviour. The frequency 
and the size of the meal can be 
recorded as well. 

The availability and utilisation of 
these feeding stations accelerates 
genetic progress in feed efficiency. 
Records of daily feed intake can be 
used to improve feed efficiency in 
combination with the weight gain 
during the testing period as the 
commonly known FCR or, 
independent from metabolic body 
weight and weight gain, as residual 
feed intake (RFI).  

Beside commonly known growth 
parameters, differences in the 
behaviour of single birds can be 
measured and analysed. This opens 

the possibility to also select on 
feeding behaviour to accelerate 
progress in feed efficiency or to 
maintain the natural feeding 
behaviour of the species. 

Maintaining the natural behaviour 
of domesticated animals is 
becoming more and more 
important in Western societies 
where ethical production of meat 
and the well being of animals is 
important to consumers. Recent 
examples are discussions about 
‘exploding chicks’ in the Dutch 
broiler industry and the ‘flip over 
syndrome’ in the German duck 
industry.                       

The aim of this study was to 
evaluate the records of 
performance and behaviour traits of 
Pekin ducks measured in a feeding 
station, using a radio frequency 
identification system and to 
estimate genetic parameters of 
those traits.  

Feeding station and animals 

The feeding station is equipped 
with individual feeding places 
where only one duck can eat at the 
same time. Access to the entrance 
of the feeder is restricted on both 
sides by a transparent plastic wall, 
which can be adjusted to the needs 
of growing birds. A barrier has been 
added between the plastic walls to 
prevent other ducks from climbing 
over their companions while they 
are feeding.  
The single feeder places are 
designed to accommodate a 
weighing cell, located above the 
feed hopper. The accuracy of the 
weighing cell is about 0.2g, which 

allows the measurement of even 
small meals of young ducklings. An 
antenna is mounted in front of one 
of the sidewalls of each feeder 
place. Eight antennas represent one 
module, which is controlled by a 
multiplexed RFID reader system. 
Each duck is marked with a wing 
band containing a HDX transponder 
with a unique ID. Above the 
entrance of each single feeder place 
a photoelectric sensor is mounted 
to control the presence of a duck.  

When a duck enters the feeding 
station and the sensor detects a 
movement, the weighing cell is set 
to TARA. After a duck leaves the 
feeder place, the sensor gives a 
signal to the system to record the 
amount of feed consumed as 
measured by the weighing cell, the 
feeder place, the date and time of 
entrance and exit into the unit and 
the transponder ID of the bird. All 
this information is transferred to a 

data base located on the PC running 
the recording software.   

Our study is based on a sample of 
a much larger set of data, recorded 
in recent years. The sample 
represents 4,630 Pekin duck males 
of two ORVIA pure lines, from four 
hatches in two years, which were 
tested for feed intake parameters 
and feeding behaviour traits during 
28 days, from 14-42 days of age.  

The stocking density was 7.0-7.3 
birds/m2 floor surface, 5.4-5.7 birds 
per nipple drinker, and 17.8-19.4 
birds per single feeder place, with 16 
hours light per day. The birds were 
fed ad libitum with pelleted 
commercial duck starter and grower 
feed, which was sieved to reduce 
the amount of mesh before 
supplied to the feeders. The 
drinkers were placed at a distance 
of 2-3m from the feeders and 
accessible ad libitum. 

Traits and analysis 

Before estimating genetic 
parameters, the source data were 
screened for outliers, and 
questionable records were 
excluded, for example from birds 
resting in the station, records with 
undetected identities, extremely 
low total feed intake over the 28 
day testing period and other 
identified outliers. Records for all 
traits were tested for normality 
before further analysis. Feed intake 

Feed efficiency and 
feeding behaviour in 
Pekin ducks

The feeding station to measure individual feed intake in free moving 
flocks. Left, the entrance of the feeder station is designed so that only 
one duck has access to the feeder. Ducks in the feeding station are 
identified using RFID technique. Right, the feed hoppers are fitted to 
electronic scales. Feed consumption is recorded and stored on a PC.

Table 1. Growth parameters at the end of the test (14-42 days of age).

Mean St. 
Deviation Min. Max.

Bodyweight (g) 3,598 301 2,380 4,560

Breast thickness (mm) 20.8 2.7 11 28

Conformation mote 3.2 1.2 1 6

FCR (g/kg) 1.91 0.13 1.4 3.0

Residual feed intake* 5,000 258 3,365 6,637

 *RFI was transformed by RFI+5000 before running parameter estimation 
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and body weights were measured at 
14 and 42 days, at the beginning and 
end of the test, in addition to the 
breast thickness at 42 days. From 
these source records, feed 
efficiency was calculated in terms 
of feed conversion ratio and 
residual feed intake (RFI). 

The residual feed intake was 
transformed to RFI+5000 before 
running the parameter estimation. 
The feeding behaviour parameters 
recorded are the number of meals 
per day (TSUM), the average meal 
duration (TIME), the feeding rate as 
consumed feed per minute (RATE), 
the average daily feed intake (ADF) 
and the duration of feed intake per 
day (FDUR). 

 Our analysis confirmed the 
findings of Howie et al. (2010) that 
the number of visits can be used to 
characterise a meal in Pekin ducks, 
provided accurate and continuous 
bird identification is guaranteed.  

Results and discussion 

As shown in Table 1, the level of 
growth performance and feed 
efficiency in both male lines and a 
sufficient phenotypic variation in 
those performance traits 
representing the genetic potential 
of the lines have not been 
depressed by the testing 
environment.      

Moderate to high heritabilities 
and genetic correlations among the 
performance traits indicate 
sufficient scope for further 
improvement of those traits (Table 
3). Selecting on RFI, i.e. eliminating 
the influence of body weight, is 
more promising than selection on 

FCR, especially when body weights 
should not be increased. A positive 
(unfavourable) genetic correlation 
between feed efficiency and breast 
thickness or conformation score 
was found. When ducks develop 
their flying abilities and gain breast 
meat yield, the development of 
abdominal fat reserves takes place 
in parallel. When selecting on feed 
efficiency it is necessary to keep an 
eye on breast meat development to 
maintain good meatiness.         

During the testing period, with 
increasing daily gain of the Pekin 
duck males, their feed intake 
increased. When growing and 
developing their feeding capacities, 
the number of meals and the 
duration per meal decreased.  

Due to their limited feeding 
capacities in early life, the feeding 
activities of the ducks are much 
higher in the first weeks compared 
to the end of the testing period.    

The feeding behaviour parameters 
of the complete testing period 
confirm the results of Bley (2003), 
Bley and Bessei (2008) and Le 
Mignon, Blanchet and Chapuis 
(2017). The difference in the 
recorded feed intake per minute 
(RATE) might be linked to the higher 
stocking density in the ORVIA 
testing station.  

There is considerable variation in 
the behaviour of different birds. The 
findings of this study agree well 
with the results of the other 
authors, but the heritabilities of the 
behaviour traits are higher than 
expected. There is nearly no genetic 
correlation between the number of 
meals (TSUM), the feeding rate 
(RATE) and the residual feed intake 
(RFI). The average meal duration 

(TIME), the duration of the feed 
intake per day (FDUR) and the 
average daily feed intake (ADF) have 
moderate and relatively high 
positive genetic correlations with 
residual feed intake (RFI). Looking at 
the genetic correlations of these 
behaviour traits with FCR, a slightly 
negative effect of high feeding 
activities and feed efficiency is 
obvious. This has to be kept in mind 
to avoid a negative effect on the 
ducks’ behaviour, when selecting on 
feed efficiency.  

It has been shown that lines differ 
in their behaviour traits, and 
differences between lines in the 
correlations among feed efficiency 
and behaviour traits have been 
found in the ORVIA data pool. 

Summary 

The modern RFID technology 
enables the breeding companies 
nowadays to record even small 
meals of individuals under nearly 
practical housing conditions. In 

these testing units not only can the 
amount of feed consumed be 
recorded, but it also opens up the 
possibility to observe the feeding 
behaviour of the ducks, with the 
frequency of meals and the size of a 
single meal. 

The availability and utilisation of 
these feeding stations accelerates 
the genetic progress in feed 
efficiency. Records of daily feed 
intake can be used to improve feed 
efficiency in combination with 
weight gain during the testing 
period as the commonly known FCR 
or, independent from metabolic 
body weight and weight gain, as 
Residual Feed Intake (RFI).  

Feeding behaviour traits can give 
an input to fine-tune feed selection. 
They can be used either to support 
selection on feed efficiency or to 
maintain the natural feeding 
behaviour of Pekin ducks, when 
selecting on feed efficiency.          n 
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Fig. 1. Size of meals in g per week. Fig. 2. Totals meals and total time/meal per day.

Table 2. Feeding behaviour parameters (total testing period).

Table 3. Heritability (orange figures on the diagonal), genetic and pheno-
typic correlations of growth performance and feeding behaviour traits. 
BW = Body Weight; AUS = Breast Thickness; CONF = Conformation; FCR = 
Feed Conversion Ratio; RFI = Residual Feed Intake; TSUM = Number of 
Meals per Day; FDUR = Duration of Feed Intake per Day; ADF = Average 
Daily Feed Intake; TIME = Average Meal Duration; RATE = Feeding Rate.

Mean St. 
Deviation Minimum Maximum

TSUM (n) 31.4 10.7 9.4 106.4

FDUR (min/day) 9.3 3.2 3.4 41.1

ADF (g) 209 20.9 137 300

TIME (min/meal) 0.70 0.32 0.18 3.95

RATE (g/min) 11 3 2 24
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n   Total meals       ––  Total time

Genetic correlations

h2 BW AUS CONF FCR RFI TSUM FDUR ADF TIME RATE

BW 0.43 0.57 0.65 -0.06 0.04 -0.05 0.17 0.81 0.20 0.04

AUS 0.66 0.34 0.95 0.06 0.12 -0.15 0.01 0.51 0.15 0.12

CONF 0.62 0.84 0.32 0.11 0.16 -0.09 0.04 0.61 0.13 0.12

FCR -0.17 -0.04 -0.01 0.34 0.91 -0.11 0.21 0.45 0.22 -0.10

RFI 0.00 0.07 0.08 0.89 0.38 -0.03 0.22 0.58 0.18 -0.09

TSUM -0.12 -0.16 -0.15 0.02 0.08 0.48 0.26 -0.01 -0.65 -0.23

FDUR 0.08 0.03 0.03 0.16 0.20 0.23 0.46 0.28 0.55 -0.93

ADF 0.76 0.53 0.51 0.40 0.56 -0.02 0.18 0.40 0.23 -0.03

TIME 0.17 0.15 0.14 0.09 0.07 -0.56 0.55 0.13 0.40 -0.53

RATE 0.13 0.13 0.12 -0.07 -0.07 -0.22 -0.86 0.07 -0.49 0.49

Phenotypic correlations
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