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Introduction

ABSTRACT. The Eastern spot-billed ducks (Anas zonorhyncha) are raised as
backyard duck in Vietnam. Improvement of the growth performance of this breed
is important for duck production in rural areas in Vietnam. Little is known about
the performance and growth curves of this breed. In this study, six growth models
(Gompertz, Brody, Logistic, Richards, Bridges and Janoschek) were used for
a modelling growth curve. The body weight of 92 ducks was recorded weekly
from the 1% to the 14™ week of age. The minpack.Im package in R software
was used for fitting the models, and Akaike’s information criterion (AIC) and
Bayesian information criterion (BIC) were used for model comparison. Based on
their criteria, the Gompertz and Brody models were the best and the worst ones,
respectively, regardless of sexes. Estimated asymmetric weights (a) ranged
from 1179 + 9.24 g (Logistic model) to 1397 + 26.3 g (Brody model) for males
and from 1048 + 6.92 g (Logistic model) and 1222 + 19.28 g (Brody model)
for females, respectively. Age at inflection point was estimated from 3.58 to
4.58 weeks for males and from 3.48 to 4.46 weeks for females, respectively. The
growth patterns were different between males and females. So, the possibility of
using the Gompertz growth model for modelling the growth of Eastern spot-billed
ducks was shown. Obtained information on the growth characteristics of Eastern
spot-billed ducks might be used for management strategies and further genetic
or genomic research.

especially in the Red River and Mekong Deltas.
Duck meat in comparison to pork, beef and chicken

According to Food and Agriculture Organization
of the United Nations (FAO) statistics, the popula-
tion of ducks in the world was esteemed as 1.17 mln
and it was produced approximately 3 235 471 t of
duck meat in 2019 (FAOSTAT, 2021). Vietnam
produced approximately 82 277 t of duck meat in
2019 and was the third-largest duck producer in the
world (FAOSTAT, 2021). In Vietnam, ducks play
an important role as a food source (meat and eggs),

meat is usually cheaper and therefore it is afford-
able for farmers in the rural area. The duck and its
meat are also important for Vietnamese culture. Im-
portantly, duck raising is often connected with fish
farming, which could provide sustainable develop-
ment for small farmers (Minh et al., 2006). Recent-
ly, we have also indicated a high level of genetic
diversity in domestic duck populations in Vietnam
(Pham et al., 2021).
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In livestock production, characterization of
growth contributes to better management and
feeding practices to maximize productivity. Different
mathematical models have been applied to describe
animal growth and non-linear approachtable
growth in many species. In poultry, the Gompertz,
Brody, Logistic, Bridges, Janoschek and Richards
are the most common non-linear models (Kaplan
and Giircan, 2018). However, the growth curve of
different duck breeds was characterised only in few
studies (Knizetova et al., 1995; Maruyama et al.,
2001; Vitezica et al., 2010; Kaewtapee et al., 2018).
None of such a research was conducted in Vietnam;
therefore, the aim of this study was to compare six
commonly used mathematical models (Gompertz,
Brody, Logistic, Richards, Bridges and Janoschek)
for describing the growth curve of Eastern spot-
billed duck (Anas zonorhyncha) in Vietnam.

Material and methods

Resource population

In total, 92 ducks (43 males and 49 females)
were used in the current study. Animals were raised
in floor pens at the Breeding Center of the Vietnam
National University of Agriculture (Hanoi, Vietnam).
Ducks were fed commercial diets ad [libitum
according to the guidelines of the National Institute
of Animal Science (TCN654, 2005) (Table 1).

Table 1. The diets according to two different growth periods

Indices Week 0-4 Week 5-14
Gross energy, kcallkg 2900 2800
Protein, % 20.0 18.0
Ash, % 3.50 450
Calcium, % 1.05 0.95
Phosphorus, % 0.52 0.41
Methionine, % 0.81 0.65
Lysine, % 1.15 0.84

In weeks 1-4, ducks were raised at the density
of 15 birds/m* with the light illumination of
24 h/day and temperature of 28-35 °C. In weeks
5-14, ducks were raised at the density of 6 birds/m?,
the light illumination of 16 h/day and temperature of
20-35 °C. Body weights (BW) were measured
individually from the 13week to the 14" week of age.
The influences of week, sex and their interactions on
BW were tested using a linear model in R software
(R Development Core Team, 2011):
BW =ptw tstw xs fe,

where: BW,, — vector of body Welght at Week iof
animal & w1th sex j, p — overall mean, w, — vector
of fixed effect of week i (level 1:14), s, — vector

of fixed effect of sex j (level 1:2), w, x, s, — inter-
action between week i and sex j (level 1 28) and
€y~ random error. Significant effects were tested us-
ing the anova function in R software (R Development
Core Team, 2011) and were declared at P < 0.05.

Growth modelling and evaluations

Six different growth models (Gompertz, Brody,
Logistic, Richards, Bridges and Janoschek) were
used for modelling growth curves of males and
females separately (Table 2). Body weight was
fitted as a function of the evaluated week using
the nlsLM function in the minpack.Im package in
R software (R Development Core Team, 2011),
respectively. The Akaike’s information criterion
(AIC) and Bayesian information, which are suitable
for comparing the non-linear models, were used to
assess the model performance. Pearson’s correlation
between predicted BW and measured BW was
calculated using the cor function in the R software
(R Development Core Team, 2011). The prediction
bias was computed as the coefficient in a linear
regression of the predicted BW in measured BW.

Table 2. Growth models used in the study

i Age Weight
Mode Equation atinflection of inflection
1
a In (B)
isti a
Logistic BW. 2 —— a )
B (14€%) 2 K
Gompertz  BW, = ax eB* e* a In lEB)
e
Brody BW, = ax (1 -Bx e-kt) _ )
Bridges BW, = BW, +a x (1 - e-ktm) _ )

Janoschek BW, =a- (a-BWy) xe*" - .

a a

BW; = ——— —_— —
(1-Bxe*)m (m + 1) K
BW, - body weight in kg at the time t; BW, — initial body weight in kg;
a - mature body weight in g; t — age in weeks; 8, k and m — parameters
specific for the function: B characterizes the first part of growth before
the point of inflection, k describes the second part in which growth rate
decreases until the animal reaches the asymptotic or mature weight
(a) and m is the shape parameter determining the position of the curve
point inflection; e — the Euler’s number (~ 2.71828)

Richards

Results

Body weight measurement and model
comparison
Arithmetic means with standard errors of

BW, and the coefficient of covariation are shown
in Table 3. Body weight increased from
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71.5 £ 2.25 to 1221 £+ 22.4 g in males and from
72.7£1.9t0 1073 £15.57 gin females, respectively.
Males had higher BW than females, except for the
first week from birth. It was significantly affected
by week (P < 0.001), sex (P < 0.001) and their

Table 3. Summary of body weights by time and sex

Week Male Female

N  BW,g CV,% N BW, g CV, %
1 43 715+225 206 49 727+190 183
2 43 195+584 196 49 190+£540 199
3 43 337+9.82 191 49 312+8.64* 194
4 43 532+134 166 49 474 +11.9* 176
5 43 695+152 143 49 623 £14.1* 159
6 43 830+185 146 49 757 £ 155"  14.31
7 43 934+186 130 49 862+ 16.9* 13.8
8 43 988+17.1 114 49 894 +152* 119
9 43 1062+19.5 121 49 960 £ 15.2* 111
10 43 1103+£19.7 11.7 49 992 +14.6* 103
" 43 1150+204 116 49 1030+£13.9* 947
12 43 167+206 11.6 49 1046+15.1* 10.1
13 43 M1M99+215 117 49 1057 +144* 956
14 43 1221+224 120 49 1073+155° 101

interaction (P < 0.001). Coefficients of variation
varied among weeks, and the highest values were
found in weeks 1-3 for both males and females
(Table 3). The goodness of fit of the six models
is shown in Table 4. Based on the AIC and BIC
criteria, the Gompertz was the best model for both
males and females. The Brody model was the worst
as it had the highest AIC and BIC in both males
and females. The Gompertz and Brody models also
had the lowest and highest mean square errors,
respectively. The three-parameter (Gompertz,
Brody and Logistic) and four-parameter (Richards,
Bridges and Janoschek) models had a similar
performance. A similar performance was reported
also for Bridges and Janoschek models in both
sexes. Pearson’s correlations between predicted
BW and measured BW were high for all models
as the values of correlations were always higher
than 0.99 in all models. Similarly, the bias of
prediction of BW was very close to one, indicating
their models could be used to predict BW in ducks.
The Brody model had the lowest correlation values
of prediction in both males and females, while the
Richards and Gompertz models had the highest

N — number of animals, BW - body weight (expressed as mean
+ SE), CV - coefficient of variation, * indicates the significant
difference between the body weight of males and females (P < 0.05)
at each week

correlation values for female data. The actual BW
and the growth curves from the best and the worst
models are shown in Figure 1.
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Figure 1. The growth curve of male and female chickens for the best and the worst model in male (A) and female (B) ducks
The black dots indicate the body weights of each animal. The black, blue and red lines show the mean of actual body weights and the growth

curve of the best (Gompertz) and the worst (Brody) model, respectively.
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Table 4. The goodness of fit of growth curve models for body weights in males and females

Degree of Male Female
Model  freedom Al BIC MSE  Bias  Cor AIC BIC MSE Bias Cor
Logistc 4 7433 7450 13205 09740 09968 8209 8227 9110 09816  0.9980
Gompertz 4 7304 7412 12471 09948 09994 8180 8199 8737 09991 09996
Brody 4 7436 7454 13378 09923 09961 8260 8278 9813 09895  0.9948
Bridges 5 7307 7419 12488 09986 09993 8186 8208 8777 09988 09994
Janoschek 5 7307 7419 12488 09986 09993 8186 8208 8777 09988  0.9994
Richards 5 7396 7418 12471 09948 09994 8182 8205 8737 09991  0.9996

AIC — Akaike’s information criterion, BIC — Bayesian information criterion, MSE — mean square errors, Bias — coefficient of a linear regression of

predicted body weights on actual body weights, Cor — Pearson’s correlation between predicted and actual body weights

Table 5. Estimated parameters for growth curve models in Eastern spot-billed ducks

Model Sex a,g B k, g/week m BW, AlP, week WIP, g
Logistic male 1179 £9.24 14.0+1.15 0.58+0.02 4.58 590
female 1048 £6.92 143+1.04 0.60+0.02 4.46 524
Gompertz male 1221+ 116 393+0.19 0.38+0.01 3.58 434
female 1082 £ 8.69 395+017 0.39+0.01 348 398
Brody male 1397 £ 26.3 1.18+£0.02 0.17+0.01
female 1222 +£19.3 1.18+0.02 0.18+0.01
Bridges male 1235+ 37.6 0.06 +£0.01 160+0.09 -16.3+27.2
female 1052 £25.0 0.05+0.01 1.73+0.08 15.6 £19.3
Janoschek  male 1219 £ 16.1 0.06 +0.01 160+£0.09 -16.3+27.2
female 1067 £ 10.0 0.05+0.01 1.73+0.08 15.6 £ 19.3
Richards male 1221+ 11.9 1.5e-04 £0.004 0.38+£0.01 3.7e-05+0.001 3.58 449
female 1082+ 11.4 3.9e-03+£0.57 039+£0.03 99e-04+0.14 3.48 398

BW, —initial body weight in g; a — mature body weight; B, k and m — parameters specific for the function: 8 characterizes the first part of growth
before the point of inflection, k describes the second part in which growth rate decreases until the animal reaches the asymptotic or mature weight
(a), and m is the shape parameter determining the position of the curve point inflection; AIP — age at the inflection, WIP — weight at inflection

Estimated growth parameters

Estimated growth parameters are shown in
Table 5. Estimated asymmetric weights (o) ranged
from 1179 + 9.24 g (Logistic model) to 1397 +
26.3 g (Brody model) for males and from 1048 +
6.92 g (Logistic model) and 1222 + 19.3 g (Brody
model) for females, respectively. Estimated mature
growth rates (k) were similar between males and
females in all models. The highest k values were
obtained from the Logistic model, while the lowest
values were observed in the Janoschek and Bridg-
es models, regardless of sex. The values B and the
shape parameters value (m) were also varied among
models and sexes. The females had lower estimated
age and weight at inflection point than the males in
all models (Table 5). Age at inflection point was es-
timated in weeks 3.58-4.58 for males and in weeks
3.48-4.46 for females, respectively.

Discussion

The Eastern spot-billed duck is a species of
dabbling duck distributed in East and Southeast
Asia (Cherry and Morris, 2008). Body weight of

the Eastern spot-billed duck in the mentioned study
ranged from 790 to 1 500 g (Cherry and Morris,
2008), but it was slightly lower than of Shan Ma
ducks (1 260 = 110 g at 110 days (Lin et al., 2016))
and Brown Tsaiya ducks (1 270 + 136 g at 16 weeks
(Taietal., 1989)). The expected higher BW of males
than females were also observed in other breeds (Tai
and Rouvier, 1998; Téguia et al., 2008; Kaewtapee
et al., 2018).

In the current study, six models were selected
based on their popularity in poultry research and the
AIC and BIC were used because of their excellent
performance in non-linear models comparison. The
AIC and BIC values indicated that the four-param-
eter models did not outperform the three-parameter
models, and the Gompertz model (a three-parameter
model) was the best. This result was different from
the results obtained by Maruyama et al. (2001) who
reported better performances for four-parameter
models than the Gompertz model in several Pekin-
type ducks. In another study, which compared the
non-linear models and spline regression models for
describing the mule duck growth, Vitezica et al.
(2010) stated that the Weibull model was the best.
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This inconsistency is possibly due to the sample
size, genetics and management. The Bridges and
Janoschek models performed similarly in the cur-
rent studies, which was also reported previously
(Kaewtapee et al., 2011; Garcia-Muiiiz et al., 2019;
Do and Miar, 2020). Due to lacking the inflection
point, the Brody model had the worst performance,
and the Brody growth curve was also less overlapped
with the actual BW curve (Figure 1). Therefore, the
Brody model is not appropriate for evaluation of the
growth performance in ducks. Nevertheless, despite
the variety of existing growth models, the Gompertz
model is a preferred model for evaluation of the
growth curve in this duck breed.

The estimated asymmetric weights (a) for the
duck were varied among models but generally, they
were lower than values reported for other duck
breeds (Vitezica et al., 2010; Kaewtapee et al., 2011;
2018). For instance, the estimated a, 1221 = 11.6 g,
obtained from the Gompertz model for male ducks
was much lower than the estimated values, which
ranged from 3.906 g to 4.047 g, in other duck lines
(Vitezica et al., 2010). Similarly, female ducks could
reach the maximum weight of 1082 + 8.69 g accord-
ing to the results of the Richards model, which are
much lower than values obtained by Vitezica et al.
(2010). These results simply indicate higher values
of BW for the domesticated ducks than for Eastern
spot-billed ducks.

The k values also varied among the models;
very low values of k were obtained for Brody,
Bridges and Janoschek models. Obtained k values
from the Gompertz model were 0.38 in males and
0.39 in females and were higher than values for the
Anas platyrhynchos duck species (Knizetova et al.,
1995). The mature rate is important for the farm-
ers to decide the management strategies; therefore,
future studies require exploring biology underly-
ing the growth and mature rate of the Eastern spot-
billed ducks. The age and weight at the inflection
point for Eastern spot-billed duck were in the range
of the previous studies in other duck species. The
age at the inflection point in the current study as
3.48 weeks (24.6 days) to 3.58 weeks (25.06 days)
were similar to the values of 22.5 days to 29.6 days
for different types of ducks (Maruyama et al., 2001)
or 25.5 for the Anas platyrhynchos duck species
(Knizetova et al., 1995). The variation among the
results obtained in different studies might be caused
by applying different growth models, genetic vari-
ance among breeds, the use of feeds with different
formulas and various raising environment.

Conclusions

The possibility of using the Gompertz growth
model for modelling the growth of the Eastern spot-
billed ducks was shown. Obtained information on
the growth characteristics of the Eastern spot-billed
ducks in the current study might be used for man-
agement strategies and further genetic or genomic
research in this species.
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