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ABSTRACT Body weight–related traits and feeding
behavior traits are important in poultry breeding and
production. To investigate the heritability of feeding
behavior and their genetic correlation with body
weight–related traits in Pekin ducks, 5,594 Pekin ducks
were selected. The information about body weight–
related traits and feeding behavior from 3 to 6 wk of
age were recorded by automatic electronic feeders. The
heritability estimates for body weight, residual feed
intake, and feeding behavior traits are relatively high
(ranging from 0.29 to 0.65). We observed that total feed
intake, meal feed intake, body weight at the age of 3 wk,
and daily body weight gain had strong positive genetic
correlations with body weight at the age of 6 wk.
Moreover, body weight at the age of 3 wk also showed a
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positive genetic correlation with the feed conversion
ratio (0.33). Total feeding time, daily feed intake, and
feeding rate had significant positive phenotypic corre-
lations with feed efficiency. However, the average in-
terval betweenmeals, the number of daily visits, and the
number of meals all had a low genetic or phenotypic
relationship with body weight and feed efficiency. In
conclusion, our study revealed that body weight, re-
sidual feed intake, and feeding behavior traits were all
highly heritable traits, and the selection for certain
feeding behaviors could improve feed efficiency in Pekin
ducks. This study is the first report about genetic
parameter estimates about feeding behaviors in ducks
based on large datasets and provides solid data for ge-
netic study in ducks.
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INTRODUCTION

Pekin ducks are widely raised in the world, especially
in Asia. And they are famous for the delicious taste of
Beijing roast duck around the world, which requires a
high skin/fat ratio or body fat ratio (Zhu et al., 2019a).
It is also reported that Pekin duck has become the predom-
inant breed used for meat in the global duck industry and
can offer an efficient way for dissecting artificial selection
mechanisms in farm animals (Zhou et al., 2018). In recent
years, the breeding aim of Pekin ducks usually focuses on
feed efficiency and fat deposition. Feed intake, feed conver-
sion ratio (FCR), and residual feed intake (RFI) are the
main factors that have to be taken into consideration
when evaluating feed efficiency in Pekin ducks. Some
studies have concluded that the direct selection for FCR
and RFI can improve feed efficiency greatly in meat ducks
(Kennedy et al., 1993; Pingel 1999; Larzul et al., 2004;
Basso et al., 2012). As for fat deposition, Chen et al.
(2010) found that body fat in Pekin ducks can degrade
into a variety of volatile components, such as hexanal
and dimethyl trisulphide, while heating at a high temper-
ature and the interaction among them lead to the special
taste of Beijing roast duck. Body weight has a strong pos-
itive genetic correlation with fat traits (Li et al., 2006).
Great breeding progress has been made since artificial se-
lection on various traits in ducks.

Feeding behavior is also an important trait in Pekin
ducks. On the one hand, feeding behavior can reflect
the feeding habits and physiological status of ducks.
On the other hand, feeding behavior also shows a strong
correlation with FCR in modern broiler lines (Howie
et al., 2011). Feeding behavior also differs significantly
between the groups of low and high RFI level in Pekin
ducks (Drouilhet et al., 2016). Although feeding
behavior has great potential to realize indirect selection
for feed efficiency in Pekin ducks, collecting information
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about feeding behavior is a time consuming and complex
process in previous breeding programs. Therefore, the
genetics of feeding behavior remains unknown in Pekin
ducks. With the widespread use of electronic feeders, in-
dividual feeding behavior can be recorded precisely and
automatically nowadays, which enables us to gain
insight into the genetic correlations among feeding
behavior, body weight, and feed efficiency. We devel-
oped an automatic feeding behavior recording machine
and has applied in the large-scale measuring in Pekin
duck breeding (Zhu et al., 2017). Investigation of feeding
behavior and their genetic association with the breeding
traits (such as growth rate, feed efficiency) would be crit-
ically useful for developing novel selection methods.

The objectives of this study were to provide estimated
genetic parameters of feeding behavior traits and their
genetic correlation with performance traits and to eval-
uate the genetic progress of measured traits over the
selection.
MATERIALS AND METHODS

Ducks and Housing

All experimental ducks had been selected for high feed
efficiency and moderate body weight while recording all
duck feeding behavior for 3 generations in Beijing
Golden Star Duck Inc. And pedigrees for these ducks
could trace back 5 generations, which consisted of
25,120 individuals. To improve the growth rate and fat
deposition in the early growth stage while avoiding the
excessive weight, the ducks were selected at the age of
6 wk. All ducklings were recorded with banded wings af-
ter birth, and they can access freely to water and feed,
whereas the standard pellets were used as the same as
our previous study (Lin et al., 2018).
Collection of Feeding Behavior Information

With the development of radio frequency identifica-
tion) technology, we used electronic tags as individual
identifiers to record the feeding behavior of each duck
in this study. The details of feeding behavior recording
were the same as our previous research (Zhu et al.,
2017). During the recording process, the feeding visits
with no feed intake or invalid individual identification
would be moved when conducting the analysis. In this
study, we calculated the intervals between feeding visits
to estimate the meal criterion. The meal criterion was
estimated using the method reported by Howie et al.
(2009). For each duck, any 2 feeding visits with an inter-
val less than the meal criterion would be combined into
one meal visit. As the variation coefficients of feeding
behavior traits, such as total feed intake, feeding time,
and meal times, for each duck during the test period
were all less than 5%, we summarized the average values
of these traits based on the meal criterion for the purpose
of simplifying the further analysis in bivariate models.
The recording behavior information included total feed
time (TFT), daily feed intake (DFI), meal feed intake
(MFI), visit duration, number of visits per day (NV),
whereas the derived traits included meal duration
(MD), average interval between meals (AIBM), daily
feeding rate (DFR), number of meals per day (NM).
Measurements of Body Weight and Feed
Efficiency

The body weight of Pekin ducks at the age of 3 wk
(BW21) and 6 wk (BW42) were both measured manu-
ally in this study. Based on the total feed consumption
and body weight gain (BWG) during the test period,
the FCR and DFI could be determined, respectively. In
addition, we computed the RFI over the whole study us-
ing a linear regression model (Koch et al., 1963). The
regression equation was constructed as follows:

Feed Intake 5 1:56811 1:8959!BWG2 0:0986

!
�
BW0:75

21

�
1RFI

By the values of RFI, we divided all ducks into 3
groups with different levels of RFI. The high-RFI group
and low-RFI group consisted of ducks with the highest
10% level or lowest 10% level of RFI. The middle-RFI
group consisted of ducks with RFI level ranging from
45 to 55% according to the corresponding distribution.
There were 559 ducks in each group, and they could be
used for further analysis of RFI levels.
Statistical Analysis

The normal distribution test of the traits was conduct-
ed using the Shapiro–Wilk method implemented in R
statistical software (version 3.5.3; https://mirrors.
tuna.tsinghua.edu.cn/CRAN/, TUNA Team, Tsinghua
University, Beijing, China), and all traits in this study
met the hypothesis of normal distribution. The descrip-
tive statistics were calculated by the SUMMARY pro-
cedure, and the impact of different sexes or RFI levels
were analyzed using one-way ANOVA. Then, the ge-
netic parameters for the body weight–related traits
and feeding behavior traits were estimated using the
AI-REML module algorithm (Center for Quantitative
Genetics and Genomics, University of Aarhus, Tjele,
Denmark) (Jensen, 1997) of derivative free multivariate
(Madsen et al., 2013). The animal model was performed
as follows:

Yij 5 m 1 Li 1 aij 1 eij

where Yij was the recorded phenotypic value; m was the
population mean; Li was the fixed effect of the Pekin ducks
(sex and generation); aij was the random direct genetic ef-
fect of ducks, and eij was the random residual effect. The
same animal model was used to estimate heritability of
all traits, and 2-trait analyses were conducted to estimate
the genetic correlations among these traits, whereas the
phenotypic correlations were calculated using simple Pear-
son correlations.
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The estimated breeding values of different traits were
also obtained using animal model combined with the
best linear unbiased prediction, which were calculated
based on the mixed model equations. The general form
of the model was shown as follows:

Y 5Xb1Za1e

VarðeÞ5R5 Is2
e; VarðaÞ5G5As2

a; k5
s2
e

s2
a

�
X’X X’Z
Z’X Z’Z1kA21

�� bbba
�
5

�
X’y
Z’y

�

where y, b, a, and e were the vectors of observations, fixed
effects of all fixed factors, random effects of all random fac-
tors, and random residual effects, respectively; X and Z
were the design matrix for b and a, respectively; A was
the additive genetic relationship matrix based on the pedi-
gree of the population; I was an identity matrix; sa

2 and se
2

were the additive genetic variances and residual variances
for different traits, respectively.
RESULTS

Description of Phenotypic Data

The information about bodyweight, feed efficiency, and
feeding behavior was collected from 5,594 ducks (2,744
males and 2,850 females) in this study. The statistical
summary of phenotypic data was provided in Table 1.
Throughout the study, the average FCR was 2.61,
whereas the mean for RFI was 0, with a standard deriva-
tion of 0.46 kg. In addition, the average total feeding
time was 220.41 min during the study, the mean of daily
meal times was 8.10 min, the mean of MD was 84.86 s,
and the mean of DFI was 0.28 kg. The meal criteria of
different generations were also estimated, which referred
to be 1,023 s, 1,043 s, and 944 s, respectively. The intervals
Table 1. Summary of phenotypic value

Categories

General traits
Average body weight at day 21, kg
Average body weight at day 42, kg
Body weight gain, kg
Daily body weight gain, kg/D
Feed intake, kg
Residual feed intake, kg
Feed conversion ratio

Feeding behavior traits
Total feeding time, min
Daily feed intake, kg/D
Meal feed intake, g
Visit duration, s
Meal duration, s
Average interval between meals, min
Daily feeding rate, g/min
Number of meals per day
Number of visits per day

1SD, standard deviation.
between feeding visits were all adjusted by loge transfor-
mation, and their distributions are shown in supplemen-
tary data (Supplementary Figure 1).
Estimation of Genetic Parameters and
Phenotypic Correlation

Estimated genetic parameters for traits measured are
summarized in Figure 1. The diagonal of Figure 1 was
the heritability of different traits, whereas the lower tri-
angle showed the genetic correlations between these
traits. Meal duration had the highest estimated herita-
bility (0.65) among the traits measured, followed by
the heritability of visit duration, MFI, NM, AIBM, and
DFR (ranging from 0.54 to 0.62), whereas FCR had
the lowest heritability (0.29).

A moderately positive genetic correlation (0.33) was
discovered between BW21 and FCR, whereas BW42
showed strongly positive genetic correlations with FI,
MFI, and BWG (ranging from 0.40 to 0.91). In the mean-
time, AIBM, NV, NM, and MD had low genetic correla-
tions with growth rate or feed efficiency–related traits.

To eliminate the impact of sexes, phenotypic correla-
tions were estimated in male or female ducks separately
(Table 2). The phenotypic correlations between any 2
traits were similar in male and female ducks. Signifi-
cantly positive phenotypic correlations were found be-
tween BW42, BW21, daily BWG, DFI, and MFI. In
addition, the positive phenotypic correlations between
TFT, DFI, DFR, and feed efficiency traits were signifi-
cant. The body weight showed no significant phenotypic
correlation with AIBM, NV, and NM.
Comparison Between Male and Female
Ducks

The results of one-way ANOVA for different sexes are
provided in Table 3. The BW42, BWG, FI, MFI, and
AIBM in male ducks were all significantly higher than
those in female ducks. At the same time, the RFI levels,
s for the traits measured.

All (n 5 5,594)

Mean SD1 Min Max

1.26 0.19 0.90 1.69
3.32 0.22 2.90 4.25
2.06 0.24 1.24 2.94
0.10 0.01 0.07 0.15
5.36 0.65 3.14 7.26
0.00 0.46 21.68 1.41
2.61 0.24 1.80 3.29

220.41 48.40 103.58 481.63
0.28 0.03 0.17 0.37
35.10 6.96 18.79 68.77
71.70 17.56 33.58 175.48
84.86 22.32 37.74 226.85
179.27 36.20 91.90 360.93
25.67 5.18 11.65 48.19
9.59 2.03 4.24 21.24
8.10 1.55 3.81 15.17



Figure 1. Genetic parameters estimated. Numbers in the diagonal means the heritability for each trait. Numbers under the diagonal means the
genetic correlation between traits. Colors ranged from purple to red represents the values of heritability and genetic correlation from negative
(21) to positive (1). Abbreviations: AIBM, average interval between meals; BW21, average body weight at day 21; BW42, average body weight
at day 42; BWG, body weight gain; DBWG, daily body weight gain; DFI, daily feed intake; DFR, daily feeding rate; FI, feed intake; FCR, feed con-
version ratio; MD, meal duration; MFI, meal feed intake; NM, number of meals per day; NV, number of visits per day; RFI, residual feed intake; TFT,
total feed time; VD, visit duration.
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FCR, and daily feeding times of male ducks were signif-
icantly lower than those of female ducks. However, the
TFT and MD were almost the same between male and
female ducks.

Correlation Between Growth-Related Traits
and RFI Levels

The correlations between growth-related traits andRFI
levels are presented in Table 4. The ducks within the high-
RFI group tended to have higher FI, TFT, FCR, MFI,
DFR, NM, and NV than ducks in the low-RFI group.
Whereas the MD and AIBM seemed to be lower in the
high-RFI group than those in the low-RFI group. Besides,
there was no significant difference in BWG between the
low-RFI group and the high-RFI group.

Selection Response

We compared phenotypic values and estimated
breeding values for each trait over generations. The
generational average phenotypic values of the main
traits measured are illustrated in Figure 2. After the
selection, the phenotypic value of BW21 was much
higher than that of the initial population, whereas
the improvements of BW42 were not noticeable. The
phenotypic values of FCR and FI continued to
decrease over a generation. As for feeding behavior
traits, the phenotypic values of TFT and DFR tend
to decrease slightly, and the phenotypic value of MD
kept on increasing among the generations. However,
the phenotypic values of AIBM and MFI were consis-
tent over generations.
Generational average estimated breeding values

(EBV) of the main traits measured are given in
Figure 3. The EBV of the most measured traits shared
a common process of constant increasing with little
fluctuation, whereas the EBV of NV and NM show a
decline across the generations. The EBV of BW21
increased by 8 g during the selection, and improve-
ments of BW42 and FI were 20 g and 40 g, respec-
tively. The EBV in AIBM, TFT, MD, and MFI were
also changed over generations, which increased by
one unit spanning the generations, as these traits are
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correlated with selected growth and feed efficiency
traits.
DISCUSSION

Heritability Estimates

As given in Figure 1, the estimated heritabilit of
BW21 (0.29) and BW42 (0.48) were relatively high;
thus, they could be improved by direct phenotypic selec-
tion. Previous studies showed that the heritability of
body weight at the age of 6 wk lay between 0.32 and
0.64 (Li et al., 2006; Deng et al., 2019). And Xu et al.
(2011) estimated the heritability of body weight at the
age of 7 wk is 0.53 in Pekin ducks. Our findings were
consistent with these studies. In the meantime, our study
revealed that the heritability of FCR and RFI were 0.29
and 0.32, respectively, which agreed well with the previ-
ous research studies (Zhang et al., 2017; Zhu et al.,
2019b).

Moreover, with the full application of electronic
feeders, it was the first time for us to achieve a com-
plete estimation of genetic parameters for feeding
behavior traits in Pekin ducks. Our study revealed
that the heritability of feeding behavior–related traits
were all high, which ranged from 0.33 to 0.65. In a pre-
vious study on modern broiler lines, Howie et al.
(2011) reported the heritability of feeding behavior
traits to lie in the range of 0.30–0.55 in broilers. So,
it can be inferred that feeding behavior traits are high-
ly heritable traits in Pekin ducks and broiler lines. We
could also conclude that feeding habits can pass on
from parents to offspring and significant progress can
be obtained through direct selection on the phenotypic
value of feeding behavior traits in Pekin ducks. Mean-
while, the estimations of heritability in our study
showed a bit higher than that in previous research
studies, which might be due to the fact that we used
average values of feeding behavior traits combined
with animal model and the animal genetic effect might
be mixed with permanent environmental effect to
make the genetic variance a little overestimated.
And further research will suggest the influence of de-
tails in repeated records on feeding behavior traits in
Pekin ducks.
Phenotypic and Genetic Correlations

Phenotypic and genetic correlations between body
weight and feed efficiency have been studied intensively
in ducks. It was reported that the phenotypic and ge-
netic correlations between FCR and BW42 are both
negative (Zhang et al., 2017). Similar results were also
obtained from the research studies on meat ducks and
laying ducks (Pingel, 2011; Basso et al., 2012). In our
study, the phenotypic and genetic associations between
FI, FCR, and BW42 were consistent with the previous
studies, and RFI showed robust positive phenotypic
and genetic correlations with FCR and FI. Whereas,
both BW42 and BWG had low phenotypic and genetic



Table 3. Comparison of performance traits in male and female ducks.

Categories

Male pekin duck
Female pekin

duck

Mean SD1 Mean SD

General Traits
Average body weight at day 21, kg 1.25B 0.18 1.27A 0.20
Average body weight at day 42, kg 3.41A 0.22 3.24B 0.18
Body weight gain, kg 2.15A 0.23 1.97B 0.22
Daily body weight gain, kg/D 0.11A 0.01 0.10B 0.01
Feed intake, kg 5.43A 0.66 5.29B 0.64
Residual feed intake, kg -0.10B 0.45 0.10A 0.44
Feed conversion ratio 2.53B 0.22 2.69A 0.23

Feeding behavior traits
Total feeding time, min 221.35a 49.17 219.41a 47.57
Daily feed intake, kg/D 0.27a 0.03 0.28a 0.03
Meal feed intake, g 35.49A 7.10 34.68B 6.78
Visit duration, s 72.61a 18.04 70.72b 16.98
Meal duration, s 85.59a 22.53 84.08a 22.08
Average interval between meals, min 181.97A 37.27 176.37B 34.80
Daily feeding rate, g/min 25.74a 5.25 25.59a 5.11
Number of meals per day 7.99B 1.53 8.22A 1.56
Number of visits per day 9.42B 1.95 9.77A 2.10

A,B,a,bDifferent letters in the same rowmean significant differences between different
groups. Capital: P , 0.01; Lowercase: P , 0.05.

1SD, standard deviation.
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correlations with RFI. Therefore, it could be inferred
that the selection of high feed efficiency might be
achieved by selecting the ducks with low-RFI levels,
which would have little effect on the increase of body
weight.

The phenotypic and genetic associations between
body weight and daily feeding times were very low
(Table 2). According to our results, it seemed that the se-
lection for high body weight at the age of 6 wk would
have a massive influence on the feed consumption per
meal, but the daily feeding frequencies were stable over
the generations (Figures 2 and 3).
Table 4. Comparison of performance traits betw

Categories

Low
RFI(n 5

Mean

General traits
Average body weight at day 21, kg 1.25a

Average body weight at day 42, kg 3.35A

Body weight gain, kg 2.10A

Daily body weight gain, kg/D 0.11A

Feed intake, kg 4.58C

Residual feed intake, kg 20.86C

Feed conversion ratio 2.18C

Feeding behavior traits
Total feeding time, min 198.72B

Daily feed intake, kg/D 0.25C

Meal feed intake, g 33.93B

Visit duration, s 72.32a

Meal duration, s 87.68a

Average interval between meals, min 195.25A

Daily feeding rate, g/min 24.20B

Number of meals per day 7.51B

Number of visits per day 9.13B

A,B,a,b,CDifferent letters in the same row mean signifi
P , 0.01; Lowercase: P , 0.05.

1RFI, Residual Feed Intake.
2SD, standard deviation.
The Contrast Between Male and Female
Ducks

Generally speaking, livestock of different genders
often have significant differences in performance traits.
The BWG and FCR of male broiler are usually superior
to those of the female broiler (Salim et al., 2012). The
male ducks tend to have higher feed consumption than
the female ducks (Erdem et al., 2015). In our study,
the male ducks had higher BWG than the female ducks,
but the RFI in male ducks was much lower than in fe-
male ducks, which implied that the male ducks tended
een low, middle, and high RFI levels.1

559)
Middle

RFI(n 5 559)
High

RFI(n 5 559)

SD Mean SD2 Mean SD

0.21 1.26a 0.21 1.27a 0.13
0.25 3.30B 0.21 3.36A 0.21
0.24 2.04B 0.25 2.09A 0.19
0.01 0.10B 0.01 0.10B 0.01
0.51 5.34B 0.48 6.18A 0.41
0.26 0.02B 0.03 0.76A 0.17
0.13 2.63B 0.09 2.96A 0.12

52.19 225.28A 48.49 231.51A 39.66
0.03 0.28B 0.02 0.30A 0.02
7.24 34.00B 6.39 36.63A 6.35
21.74 70.59a 17.31 69.54a 14.87
27.13 83.32a 21.84 81.69b 18.29
43.84 170.16B 30.22 170.05B 28.54
5.08 25.38B 5.11 27.54A 4.61
1.60 8.49A 1.54 8.45A 1.39
2.09 10.04A 2.19 9.94A 1.83

cant differences between different groups. Capital:



Figure 2. Phenotypic improvements of the main traits over generations for (A) average body weight at day 21 (BW21); (B) average body weight at
day 42 (BW42); (C) feed intake (FI); (D) feed conversion ratio (FCR); (E) average interval between meals (AIBM); (F) visit duration (VD); (G) meal
duration (MD); (H) number of visits per day (NV); (I) number of meals per day (NM); (J) total feed time (TFT); (K) meal feed intake (MFI); and (L)
daily feeding rate (DFR). Violin plot shows the overall distribution of phenotypic value, and box plot shows the median of different traits over gen-
erations. Most recent 3 generations data were used to compare phenotypic improvements.
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Figure 3. Genetic improvements of the main traits over generations for (A) average body weight at day 21 (BW21); (B) average body weight at day
42 (BW42); (C) feed intake (FI); (D) feed conversion ratio (FCR); (E) average interval between meals (AIBM); (F) visit duration (VD); (G) meal
duration (MD); (H) number of visits per day (NV); (I) number of meals per day (NM); (J) total feed time (TFT); (K) meal feed intake (MFI);
and (L) daily feeding rate (DFR). X-axis denotes the generations, Y-axis denotes the estimated breeding values, and vertical error bar denotes the
standard error of corresponding traits.
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to have higher feed efficiency and grow faster than the
female ducks.
This study was also the first to compare the feeding

behavior between male Pekin ducks and female Pekin
ducks in detail. We found that the male ducks had lower
daily feeding frequencies than female ducks, but the
feeding time per meal in male ducks was much longer
than female ducks. So, it is evident that the male ducks
might tend to extend the feeding time per meal to reduce
daily feeding frequencies, which differed from the female
ducks significantly.
Impacts of RFI Levels

Body weight and feeding behavior are closely associ-
ated with certain species, and significant differences in
feeding behavior can be found among different genetic
backgrounds. Previous studies about beef cattle report
that the FI, DFR, and daily feeding frequencies in the
low-RFI group are significantly lower than the high-
RFI group, whereas the MD in the low-RFI group is
much higher than the high-RFI group. However, no
noticeable difference in body weight is detected among
the cattle with different RFI levels (Bingham et al.,
2009; Kelly et al., 2010). Swennen et al. (2007) stated
that there is no significant difference between the low-
and high-RFI groups in male chickens. Drouilhet et al.
(2016) discovered that the mule ducks from the high-
RFI group tend to have higher DFI, MFI, DFR, and
AIBM than the low-RFI group, whereas the body weight
in the high-RFI group is significantly lower than the low-
RFI group. In our study, we found the Pekin ducks in the
high-RFI group seemed to have higher FI and TFT,
which suggested that the RFI might be closely associ-
ated with feed efficiency. In the meantime, the FCR
and daily feeding times of the high-RFI group were
significantly higher than the low-RFI group, which indi-
cated that the ducks in the low-RFI group tend to have
high feed efficiency combined with low daily feeding
times. Besides, the results of DFR and AIBM among
the RFI levels in our study differed from those of the pre-
vious study (Drouilhet et al., 2016), and they might be
due to the differences of species and estimation for
meal criteria.
Improvements in the Selection Process

Generally, the EBV of selected traits illustrate genetic
improvements directly. As the estimated heritability of
BW42 was relatively high, genetic improvement of
BW42 could be achieved by direct phenotypic selection.
Owing to the strong positive phenotypic and genetic cor-
relations between BW21 and BW42, the breeding value
of BW21 was also improved over the selection. At the
same time, the EBV of FCR showed a slight increase
in this study, which might be explained by the positive
phenotypic and genetic associations between FCR and
BW21. On the other hand, as some body weight traits
had been selected across generations and the information
used as selection criteria in the animal model with best
linear unbiased prediction, the estimation of breeding
values for these traits might be a little biased. And our
future research will focus on multivariable model that
combines the target traits with extra traits to show
more accurate genetic trends of the corresponding traits.

As for feeding behavior, the phenotypic and EBV of
MFI tended to increase across the generations, which
were consistent with the positive phenotypic and genetic
correlations between MFI and BW42. The phenotypic
values of DFR and TFT both decreased during the
test periods, and they were corresponding to the decline
of total feed consumption. Besides, the EBV of AIBM
and MD increased slightly after the selection, and they
could be attributed to the strong phenotypic and genetic
correlations among feeding behavior traits.

In conclusion, we estimated the genetic parameters
and selection response of body weight–related traits
and feeding behavior traits in this study. The heritabili-
ty of RFI, BW42, and feeding behavior traits were all
high. We also found that TFT, DFI, and daily feeding
frequencies increased significantly with the increasing
RFI levels. According to the results, we may achieve
the indirect selection of RFI by feeding behavior traits
in the breeding program, and they also provide new
insight into the improvements of feed efficiency in Pekin
ducks.
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