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ABSTRACT By some accounts, ducks were domesti-
cated between 400 and 10,000 yr ago and have been a
growing portion of the poultry industry for decades.
Ducks specifically, and waterfowl in general, have
unique health, housing, nutrition and welfare concerns
compared to their galliform counterparts. Although
there have been many research publications in regards
to health, nutrition, behavior, and welfare of ducks
there have been very few reviews to provide an
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overview of these numerous studies, and only one text
has attempted to review all aspects of the duck indus-
try, from breeders to meat ducks. This review covers
incubation, hatching, housing, welfare, nutrition, and
euthanasia and highlights the needs for additional
research at all levels of duck production. The purpose
of this review is to provide guidelines to raise and
house ducks for research as specifically related to
industry practices.
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INTRODUCTION

Waterfowl, primarily ducks, are important commer-
cial poultry worldwide. The global production of
waterfowl is a rapidly growing industry, with total
meat duck production increasing from 2.9 million
tons in 2000 to nearly 4.4 million tons in 2013, a
growth rate of 3.2% per year (Evans, 2015), and
increased to a total of 7.2 million tons in 2018 with
the USA producing nearly 31 million ducks per year
(IndexBox & GlobalTrade information). Asia contin-
ues to be a leading producers of meat ducks
(Evans, 2015), followed by France, Myanmar, and
the USA and UK. The Pekin duck is the predominant
breed followed by Muscovy and Mule ducks. A typi-
cal Pekin duck can reach market weight (3−4 kg) in
4 to 5 wk. The Muscovy duck is slower growing, with
less fat and increased sexual dimorphism in body
weight. Muscovy female ducks are generally marketed
2 to 3 wk earlier than males to limit carcass fat depo-
sition. Mule ducks are a sterile hybrid cross between
Pekin and Muscovy ducks and have the advantage of
comparable weights between the 2 sexes, thus remov-
ing the obstacle associated with marketing females at
a different age (Tai and Rouvier, 1998). Mule ducks
are favored by certain markets for their good carcass
composition with more meat and less fat than Pekin
ducks. Both Muscovy and Mule ducks are usually
grown to around 10 wk of age to a market weight of
2.75 to 3 kg.
The purpose of this review is to provide guidelines for

the use of ducks in research related to industry. As the
Pekin duck is the predominate duck world-wide, we will
focus on that breed for the purpose of this review.
Excerpts from the current edition of the Ag Guide have
been reproduced with permission from the Poultry Sci-
ence Ag Guide Committee (Fraley et al., 2020); how-
ever, the purpose of this review is to focus on duck,
research on ducks, and supporting information that may
be required from other species due to the lack of research
on commercial ducks. Figure 1 illustrates the proper
way to handle Pekin ducks.
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Figure 1. Proper handling of ducks. Catching ducks by the wings
and legs should be avoided. Adapted from Maple Leaf Farms (2011)
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HISTORICAL AND CONTEMPORARY
CONSIDERATIONS FOR INCUBATION

The biology of incubation is a fascinating process
when one considers the unique differences among spe-
cies; in particular, egg/embryonic temperature regula-
tion, and correlated physiological adaptations
(Webb, 1987). Although modern incubation tempera-
ture milieu may vary among industry members depen-
dent upon needs and substrains, the basic elements of
incubation have not changed substantially. It has been
recognized for many yr that incubation temperature is
only one of many factors that can influence day old
hatchling quality (Tona et al., 2005; Yahav and
Brake, 2014) and posthatch performance (Ducuy-
pere, 1984; Yahav and Brake, 2014). Romanoff (1935) is
the most frequently cited literature source for the widely
accepted “optimal” incubation temperature of 37.5°C
(99.50°F) for continuously incubated eggs for numerous
species. Romanoff (1936) recommended that mean incu-
bation temperature be decreased to approximately 36°C
after 16 d of incubation in consideration of the metabolic
heat produced by older embryos. Romanoff (1936)
observed a linear decline in hatchability with each 1°C
increase from 37.50 to 40.5°C which was the basis for his
suggested 36.5°C as the optimal temperature from 16 d
to hatch in chickens. Lourens et al. (2005) suggested
that egg shell temperature (EST) was the most accurate
assessment of actual embryo temperature. The practice
of monitoring EST has been implemented in many com-
mercial hatcheries with a target temperature of 37.8°.
Incubation temperatures have been shown to affect
physiological parameters in post hatch ducklings
(Da Costa et al., 2015, 2016). However, novel research
has focused on the use of lights in the incubator to
improve posthatch performance (De Biasi et al., 2001;
Rozenboim et al., 2004b, 2013; Archer et al., 2009;
Huth and Archer, 2015). There are as many conflicting
findings as there are corroborative and many of these
differences could be explained by differences in incuba-
tors. However, there are many interesting findings but a
much better understanding of lighting and photorecep-
tor biology of the developing embryo is needed for this
exciting field.
Brooding Temperatures and Ventilation

Very little research has been done on brooding tem-
peratures thus the following recommendations come
from discussions with stakeholders and the limited pub-
lished studies (Cherry and Morris, 2008; Jones and
Dawkins, 2010a; Xie et al., 2019). Thermoregulatory
mechanisms are poorly developed in birds, including
ducklings thus higher environmental temperatures are
required. Thermoregulation can be achieved by a variety
of brooding environments such as floor pen housing with
radiant heaters distributed in localized areas, battery
brooders, or cage or pen units in heated rooms.
Within limits, ducklings can maintain appropriate

body temperatures by moving away from or toward
sources of heat when that is possible and by seeking or
avoiding contact with other individuals. Huddling of
young birds directly under the heat source usually indi-
cates a need for more supplemental heat; dispersal asso-
ciated with panting indicates that the environment is
too warm. Brooding systems that allow birds to move
toward or away from heat sources maintain a tempera-
ture of at least 20 to 25°C during the first few weeks but
can cause the young birds to pant or show other signs of
hyperthermia (Jones and Dawkins, 2010b). After ducks
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have fully feathered (about 23 d of age) they are com-
fortable at environmental temperatures of 10 to 15°C
(Kaseloo and Lovvorn, 2003; Marais et al., 2011).

Ventilation is typically increased over the first few
weeks of the brooding period. Whether ventilation is by
a mechanical system or involves natural airflow, drafts
should be avoided. In relatively open brooding facilities,
as in barns with windows or curtains for ventilation,
draft shields may prove beneficial up to 10 d after hatch-
ing. Ventilation rates for ducks (0.8−2.4 cfm per lb,
max) are based upon earlier studies on chickens and tur-
keys (Davis and Dean, 1968). In order to control mois-
ture content of bedding, water sources can be placed
over a pit with slatted flooring (see below) to allow water
to fall into pit or lagoon. Overall, a lower relative humid-
ity is preferred in duck houses to help offset the
increased drinking and urine production in duck
(Jones and Dawkins, 2010b).
HISTORICAL AND CONTEMPORARY
CONSIDERATIONS FOR HOUSING

Ducks should have sufficient freedom of movement to
be able to turn around, get up, lie down, and preen (e.g.,
groom themselves [Brambell, 1965; Abo Ghanima et al.,
2020]). Use of floor area by birds within groups follows a
diurnal pattern and is influenced by the dimensions and
design of the facilities. Ducks generally use less area
during resting and grooming than during more active
periods and will often seek the protection offered by
the walls of the enclosure (Newberry and Hall, 1990;
Cornetto and Estevez, 2001). Recommendations for
minimum floor area for multiple-bird pens and cages as
well as individually housed birds are presented in
Table 1.
Flooring

Ducks may be kept on either solid floors with litter or
in cages or pens with raised wire floors of appropriate
gauge and mesh dimension. When poultry reside on solid
floors litter provides a cushion during locomotion, rest-
ing and it absorbs water from droppings (Bell and
Weaver Jr., 2002). Floor litter in duck barns is made up
of either pine shavings, straw, or rice hulls although
other substrates may be used (Bell and Weaver Jr.,
2002). The ideal litter can absorb large quantities of
water and release it quickly to promote rapid drying.
Either a dusty litter or an overly wet litter will have a
negative impact on the health, welfare, and performance
of ducks (Jones and Dawkins, 2010a; Raud and
Faure, 1994). The duck house should be ventilated to
prevent litter from becoming moist. Excess moisture in
the litter negatively impacts bird health by increasing
dirty foot pads, foot pad dermatitis, hock lesions, leg
defects, and corticosterone levels, an indirect measure of
stress (Dawkins et al., 2004; Fraley et al., 2013a;
Karcher et al., 2013a; Çavuşo�glu and Petek, 2019).
Footpad skin is considerably softer and thinner in
ducks than other Galliformes species and, therefore, is
more susceptible to injury (Koch, 1973). Dry litter floors
are least irritating to the feet and hock joints of ducks,
particularly if ducks are going to be kept for extended
periods (Faridullah et al., 2009; Fraley et al., 2013a).
However, litter floors that are not kept dry present a
serious threat to the health of the flock. Nonirritating
floor surfaces minimize or prevent injury to the foot pad
and will minimize joint infection and lameness
(Ying et al., 2016).
Lighting

Ducks, like all poultry, are seasonal breeders thus
require a minimum of 14 h of light per day in order to
maintain gonadal activity (Benoit et al., 1950). Ducks
are typically housed under LED, incandescent, fluores-
cent and even kerosene lanterns in commercial settings
around the world (Cherry and Morris, 2008;
Porter et al., 2018). The decision for the light source is
primarily economic and not a matter of welfare
(Olanrewaju et al., 2016, 2018a, b). Fluorescent lights
that allow light “flicker”may produce a stressful environ-
ment. Research in other avian species has indicated that
the flicker fusion frequency is 120 Hz in brown-headed
cowbirds (Ronald et al., 2017) and 80 to 105 Hz in chick-
ens (Lisney et al., 2012). Thus, the use of modern fluo-
rescent lights should eliminate concerns about “flicker”
as they cycle at 20,000 Hz (National Lighting Product
Information Program). The use of fluorescent, incandes-
cent, or LED bulbs may not as important as the color of
the light.
Specific wavelengths of light have been investigated to

improve performance in turkeys (Leighton Jr. and Pot-
ter, 1969; Gill and Leighton Jr., 1988; Levenick and
Leighton Jr., 1988; Felts et al., 1990; Hulet et al., 1992),
laying chickens (Huber-Eicher et al., 2013), and broilers
(Max et al., 1995; Rozenboim et al., 2004a; Bailey and
Cassone, 2005; Halevy et al., 2006). The effect of red or
blue lighting has been minimally studied in ducks, but
recent studies have suggested that in grow-out ducks,
there may be some small advantages to red light in terms
of reduced activity and feather picking, but the reduced
activity does not translate to improved growth rates or
carcass quality (Campbell et al., 2015). Interestingly,
unlike chickens, housing ducks under blue light may
have negative impacts on health, fertility and welfare
(Marchand and Sharp, 1977; Campbell, et al., 2015;
Haas et al., 2017; House et al., 2018; Hua et al., 2020).
The negative effects of blue light were also observed by
an increase in corticosterone and decrease in growth hor-
mone (Campbell et al., 2015). A single study has also
shown that blue LED light is not appropriate for white
Roman breeder geese as well (Chang et al., 2016). Thus,
it appears that red or white light provide the best envi-
ronmental conditions for ducks at any age and blue light
should be avoided. However, the brightness of light may
also be of concern.



Table 1. Minimum floor area for ducks raised in confinement.1

Litter floor2 Wire floor

Bird type and age (wk) cm2 in2 cm2 in2

Growing ducks in multiple bird pens
1 232 36 232 36
2 464 72 439 68
3 839 130 651 101
4 1,116 173 974 151
5 1,393 216 1,187 184
6 1,671 259 1,413 219
7 1,858 288 1,625 252
Developing breeders in multiple bird pens3

7 to 28 2,322 360
Breeders in multiple bird pens
>28 3,251 504
Individually caged breeder female or male4

>28 3,715 576
1A duck should have sufficient freedom of movement to be able to turn

around, get up, lie down, and groom itself. Space allocations may be
slightly excessive for smaller breeds of ducks. The inside and outside areas
for ducks in semiconfinement are totaled and equal the space allocations
for confined ducks (Hawkins et al., 2014; RSPCA, 2015).

2Space for drinkers is included. Drinkers are located on a wire-covered
section with a cement drain underneath.

3Developing breeders may be raised outdoors on well-drained soil (pref-
erably sand) with open shelter. A minimum of 1,290 cm2 (200 in2) of shel-
ter area /bird is recommended (Maple Leaf Farms, 2011).

4An individual bird within a cage should be able to stand comfortably
without hitting its head on the top of the cage. The cage door should be
wide enough to allow for the easy removal of the bird. Does not include
space for feeder, drinkers, or a hen’s nest.
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When measuring the brightness of light, care must be
given to the instrumentation. Devices that measure in
lux or foot candles actually measure the “perceived
brightness” of light at a given wavelength optimized for
human vision, thus necessitating the use of a spectropho-
tometer to correctly assess lighting systems. Table 2
illustrates different color temperatures (Kelvin) for com-
mon lighting sources. A recent study suggested that
light intensity below 15 lux may be insufficient to main-
tain fertility in adult ducks, and that this effect may be
exaggerated in drakes compared to hens. To date no
research has fully explored ducks’ needs for a scoto-
phase, nor has a definition of “dark” been developed.
Table 2. Color temperatures of different sources of white light.

Temperature Lighting source

1,850 K Candle flame, sunset/sunrise
2,700 K “Soft white” compact fluorescent and LED lamps
3,000 K Warm white compact fluorescent and LED lamps
3,200 K Studio lamps, photofloods, etc.
5,000 K Tubular fluorescent lamps or cool white/daylight

compact fluorescent lamps, Horizon Daylight
6,500 K Daylight, overcast
15,000− 27,000 K Clear blue Northern sky
These temperatures are merely characteristic. Considerable variation may
be present.
Social Environment

Ducks are highly social animals and should be kept in
groups when possible. Social behaviors have been
described for wild ducks (de Lannoy, 1967;
Hoffman et al., 1974; Desforges and Wood-Gush, 1975;
Balthazart and Hendrick, 1976; Balthazart and Schoffe-
niels, 1979; Lickliter and Gottlieb, 1986). However,
research on the behavior of ducks in commercial flocks is
sparse. Ducks exhibit coordinated movements
(Ramseyer et al., 2009; Liste et al., 2014), and can be
observed sharing resources (Waitt et al., 2009;
Makagon and Mench, 2011; Rice et al., 2014). Like other
poultry species, ducks communicate using visual and
vocal signals (McKinney, 1969; Miller, 1977). Tactile
contact plays a key role in promoting social flexibility
among ducklings (Gottlieb, 1993). Social experiences
with age-matched ducklings within the first days of life
have significant impacts on subsequent social preferen-
ces and behaviors (reviewed by (Lickliter et al., 1993),
and sexual preferences (Kruijt et al., 1982). Therefore,
captive ducks should have some means of social interac-
tion starting at an early age.
When birds are kept within group housing, the fear

response may result in birds trampling each other and
piling up against barriers or in corners with resulting
injury and mortality. Among waterfowl, Mule and Pekin
ducks show a heightened fear response as compared to
Muscovy ducks (Arnaud et al., 2010). Husbandry meth-
ods should be used to prevent death caused by smother-
ing. Additionally, young birds should be habituated to
conditions that are likely to be encountered later in life.
Feather pecking and cannibalism can occur in duck
flocks, more commonly among Muscovy ducks
(Rodenburg et al., 2005). Although the specific causes
leading to feather pecking are not known, high stocking
density can be a contributing factor (as reviewed by
Rodenburg et al., 2005). Other identified risk factors
include genetic strain, light schedule and nutrition
(Gustafson et al., 2007a,b). Injury to females resulting
from excessive mounting by drakes is an additional con-
cern for sexually mature breeder ducks.
Nest Areas

Nest boxes should be provided for all sexually mature
breeder flocks as they provide for easier egg collection,
cleaner eggs, and a decreased risk of cloacal cannibalism.
Nesting motivation has not been assessed for ducks as it
has for laying hens (Cooper, 1995, Cooper, 1997), how-
ever, most ducks will use nest boxes if allowed. Factors
such as nest box design can affect nest use. When offered
a choice among 4 nest boxes of varying levels of enclo-
sure, ducks laid twice as many eggs as predicted by
chance in nest boxes that are built with 3 opaque sides,
an opaque top and entry curtains (Makagon et al.,
2011). Nest boxes without tops were used half as often
as predicted by chance suggesting that the presence of
the top enhances nest attractiveness. Typically, approxi-
mately 1 nest box per 5 laying females is provided.
Although ducks will lay eggs communally within indi-
vidual nest boxes (Harun et al., 1998; Makagon and
Mench, 2011) a further reduction of nest to bird ratios is
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not advised as it is likely to result in increased propor-
tion of eggs laid on the floor (Makagon and
Mench, 2011).
Water Systems

When housed in a research or commercial setting,
Pekin ducks should be given access to water via pin-
metered (nipple) water lines as open water sources may
be a source of contamination of concern to ducks and
humans (Kuhnt et al., 2004; Schenk et al., 2016). Pin-
metered water lines should be arranged so that a maxi-
mum density of 3 adult ducks per pin is available for
adequate hydration and to allow for social behaviors
and preening to occur (Rice et al., 2014; Schenk et al.,
2016). Water pressure in the lines should be adequate to
allow for constant flow upon activation. Water lines
should be flushed out daily and height of the lines
adjusted daily during growth (Maple Leaf Farms, 2011).
Figure 2 illustrates the appropriate water line height for
young and adult waterfowl.

The use of pin-metered water lines has been criticized
for not allowing ducks to perform behaviors such as dab-
bling, head-dipping, bathing, or swimming (for review
see, Rodenburg et al., 2005). Others have suggested also
that pin-metered water lines were not sufficient for the
welfare of ducks (Jones et al., 2009; Jones and
Dawkins, 2010b). However, conclusions drawn in those
papers contradicted findings of yet other studies
(Cooper et al., 2002; Knierim et al., 2004; Rice et al.,
2014) that demonstrated wet preening did in fact occur
with pin-metered water line systems. The purpose of
preening is to maintain feather quality and cleanliness in
healthy birds. A recent study showed that commercially
housed ducks preen effectively and equally as often
regardless of where they are in relation to the water
source within a barn (Rice et al., 2014). Several studies
have demonstrated that ducks with pin-metered water
line systems showed excellent body condition, particu-
larly with eye and feather quality, and feather cleanli-
ness regardless of other differences in management or
environmental conditions (Fraley et al., 2013b;
Karcher et al., 2013b; Campbell et al., 2014; Colton and
Fraley, 2014; Rice et al., 2014; Campbell et al., 2015).
Studies have shown that open water systems increase
bacterial contamination within open water containment
systems as well as the local environment (Kuhnt et al.,
2004; Schenk et al., 2016). The fact that waterfowl
spread disease in open water has been well established in
both commercial and natural water systems (Wolf and
Burke, 1982; Kaleta et al., 1983; Spieker et al., 1996;
Pearson and Cassidy, 1997; Hansen et al., 2000;
Loudon et al., 2011; Green et al., 2012;
Lebarbenchon et al., 2012; Dong et al., 2013;
Kobayashi et al., 2013; Wozniakowski and Samorek-Sal-
amonowicz, 2014). A recent study demonstrated that
within 15 min of disinfection and cleaning, open water
sources developed an excess of 1,000,000 colony forming
units of bacteria per 50 mL of water, although the source
for that water did not show viable bacteria
(Schenk et al., 2016).
Ducks should have access to clean water for drinking

at all times unless the experimental design specifically
necessitates limited access. Table 3 lists the minimum
requirement for water access in ducks. Ducks accessing
pin-metered water lines should raise their heads up while
standing to activate the trigger pins (Bell and Weaver
Jr., 2002). Most conventional poultry drinkers may be
used for ducks, except for cup drinkers that are smaller
in diameter than the width of the duck’s bill. If ducks
are provided water for swimming or some other wet
environment (such as showers), they should also have
access to a clean and dry place; otherwise, the protection
normally provided by their waterproof, insulated feath-
ers may be lost. Therefore, given the fact that pin-
metered water lines allow for adequate grooming behav-
ior, protect against bacterial contamination and reduce
the potential danger to human worker and student expo-
sure from environmental pathogens introduced by open
water sources, the use of pin-metered water lines may be
sufficient to maintain the health and welfare of Pekin
ducks. However, further studies on the welfare of ducks
as related to water systems are required.
NUTRITION AND FEEDING

Feed troughs can be located either inside or outside
the area where the birds are housed. If feed troughs are
located outside the space in which the birds are housed
(as is the case for most adult cages), then only one side
of the trough is available to the birds. Minimum feeder
space recommendations for ducks are shown in Table 4.
Feeder space allocation is presented in the tables as
linear trough space per bird when both sides of the
trough are available. If only one side of the trough is
available, then the amount of feeder space per bird must
be doubled.
Meat-type ducks have been bred for rapid growth to

market age (Cherry and Morris, 2008). Therefore, their
respective breeders have excessive body weight (BW)
gain that might lead to problems unless energy intake is
controlled beginning early in life. Breeders should be
allocated limited feed to allow for a gradual increase in
BW each week. Therefore, it is possible that breeders
may show stereotypic pecking on non-nutritive objects,
and excessive drinking of water. It should be noted that
overfeeding or excessive food restriction may reduce fer-
tility (Savory, 1998).
Feed should be allocated and BW routinely monitored

to maintain the recommended BW for the particular
stock and age. Rations may be either a fixed amount of
feed allotted daily or under various alternate-day feed-
ing schemes. Alternate-day feed restriction as opposed
to limited feed each day allows more timid birds access
to feed, resulting in better flock uniformity (Bell and
Weaver Jr., 2002), although this method contradicts
European welfare codes (RSPCA, 2015). Inhibition of
feeding by subordinate birds is likely if feeder space is



Table 3. Minimum drinker space for ducks.

Linear trough space1,3
Pin metered water lines

Bird type and age cm2 In (maximum no. birds/pin)4

Growing
0−10 d 8
11−21 d >0.5 0.2 6
>21 d 4
Breeders
0−17 d >0.5 0.2 5−6
18 d through
Developer

>0.5 0.2 5

>28 wk >0.5 0.2 3
1Linear trough space is when both sides of the trough are available. If

only one side of the trough is available, double the amount of drinker
space/bird (RSPCA, 2015).

2At 14 d of age, water troughs must be >18 cm in width and at least
8 cm in depth. By 21 d of age water should be of sufficient depth to allow
full body emersion (RSPCA, 2015).

3Water trough dimensions are according to RSPCA Guidelines, how-
ever open water sources should be avoided as described in the WATER
SYSTEMS section of this chapter.

4Recommendations from (Cherry and Morris, 2008; Rice et al., 2014).
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limited (Cunningham and van Tiehoven, 1984). There-
fore, procedures that require restricted feeding should
have enough feeder space so that all birds can eat con-
currently. It may also be helpful to use low-density diets
and to provide birds with environmental enrichment
devices that they can manipulate to satisfy their feed-
seeking behaviors (Colton and Fraley, 2014).

We recommended that all feeds for ducks be provided
in pelleted form. Pellets no larger than 0.40 cm (5/32 in)
in diameter and approximately 0.80 cm (5/16 in) in
length should be fed to ducklings less than 2 wk of age.
Pellets 0.48 cm (3/16 in) in diameter are suitable for
ducks over 2 wk of age (Maple Leaf Farms, 2011). Pel-
leted feed is preferred to mash as our poultry ducks are
dabbling ducks. Dabbling ducks filter feed from nonfeed
through the lamellae in their mouths and tongue
(Guillemain et al., 2000), and this behavior is not possi-
ble with mash feed. Further, the increased water con-
sumption in ducks can cause mash feed to form a paste
and not be able to be swallowed.

With the tremendous improvements in genetic selec-
tion of ducks driven by the demand for faster growth
rate, higher breast meat yield, and better conversion
ratio, nutrition is undoubtedly a key piece in commercial
duck production to reach optimal genetic potential. The
nutrient requirements of ducks can vary depending upon
the species, age, production purpose (meat, egg, vs. repro-
duction), and environment. In addition to nutrient speci-
fications, many other factors should be taken into
consideration, including form of the feed and feed safety.
Nutrient Specification and Feeding Program:
Meat Ducks

Commercial meat ducks are typically fed 2 or 3-phase
diet: a starter diet from hatch to 14 or 21 d of age fol-
lowed by a grower diet; a finisher diet can be fed if the
ducks are to be held for additional days after wk 5. For
any diets during the rearing period, energy and protein
are the most expensive components.

The ME recommendation for Pekin ducks generally fall
within the range of 2825 to 3000 kcal/kg for starters and
3000 to 3100 kcal/kg for growers (NRC, 1994;
Figure 2. Proper height of pin-metered water lines at different
duck ages. Adapted from (Cherry and Morris, 2008; Maple Leaf Farms,
2011).
Adeola, 2006; Fan et al., 2008; Leeson and Summers,
2009). Notably, ducks are able to regulate energy intake
via feed intake and are considered nonresponsive to varia-
tions in dietary energy level (Fan et al., 2008; Wen et al.,
2017). Therefore, dietary energy level generally had no
effect on carcass composition except for the proportion of
abdominal fat (Fan et al., 2008; Xie et al., 2010).
Protein requirement can vary depending on the

demands for end product and composition as protein level
can significantly influence duck carcass quality
(Chen et al., 2016a). The NRC (1994) recommended 22
and 16% for starter and grower ducks, respectively., while
19% was recommended by Zeng et al. (2015) in grower
ducks to obtain the best growth performance and carcass
traits. In the latter study, increasing dietary CP concen-
tration from 15 to 19% showed a significant main effect of
increasing breast meat yield from 18 to 20%, with a
decrease of breast skin and fat yield.
The purpose of adding protein to the diet is to provide

amino acids. In corn-soybean meal diet, methionine is
likely to be the first limiting amino acid for ducks, fol-
lowed by lysine, threonine, and tryptophan. In grower
ducks, optimal Met was estimated to be 0.468, 0.408,
and 0.484% for BW, breast meat yield, and feather;
increases in Met improved carcass and breast meat yield,
and also led to reduced breast skin and subcutaneous fat
(Zeng et al., 2015). Because of the high amino acid con-
centration in keratin, which is the primary feather pro-
tein, the sulfur amino acid (Met + Cys) requirements for
optimal feathering may be higher than that for optimal
body weight or breast muscle yield (Zeng et al., 2015).
Lysine requirement in starter ducks from recent studies
ranged from 0.98 to 1.10% (Bons et al., 2002;
Wang et al., 2006). Threonine, often the third limiting
amino acid in ducks, has been shown to be critical for
maintain intestinal structure and function (Horn et al.,
2010). The recommended nutrient specifications for
Pekin ducks at different growth phases are provided in
Table 5.



Table 4. Minimum feeder space for ducks.1,2

Linear trough space3

Bird type and age (wk) cm in

Growing ducks
14 0.9 0.35
2 1.0 0.40
3 1.3 0.50
4 1.5 0.60
5 1.7 0.65
6 1.8 0.70
7 1.9 0.75
Developing breeders (feed restricted)5

7−28 10.2 4.0
Breeders
>28 2.0 0.8

1Feed should be allocated and body weight routinely monitored to
maintain the recommended body weight for a particular strain and age
(Hawkins et al., 2014; RSPCA, 2015).

2Feeder space allocations may be slightly excessive for smaller breeds of
ducks.

3Linear trough space is when both sides of the trough are available. If
only one side of the trough is available, double the amount of feeder
space/bird. Perimeter space for round feeders is obtained by multiplying
linear trough space by 0.8.

4During the first week, supplementary feed should be placed on some
type of temporary feeders (such as egg flats) on the floor.

5Feeder space during earlier ages is the same as for growing ducks.
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Nutrient Specification and Feeding Program:
Breeder Ducks

Ducks raised for breeding purposes are typically fed a 4-
phase diet: a starter diet from hatch to 7 wk, a developer
diet from 8 to 16 wk, a prelay diet from 17 to 20 wk, and
a breeder diet from 20 wk to the end of production.

During the developing stages (0−20 wk), it is rec-
ommended that restricted feed access be used to
ensure that ducks follow a targeted body weight
growth curve relative to the specific species and strain.
Like other poultry, excess body weight gain in ducks
during the developer period may lead to a decrease in
fertility, egg production and hatchability (King‘-
Ori, 2011). The breeder diet is generally lower in pro-
tein and ME compared with growing meat duck diets.
However, breeder diet must contain an increased level
of calcium (3.0−3.75 %) to support egg production,
eggshell formation, and skeletal system integrity
(NRC, 1994). A prelay diet with an intermediate Ca
concentration (approximately 1.8−2.0%) is usually fed
to help the duck’s transition to the high-Ca breeder
diet and for the high egg production. Dietary Ca and
P should be maintained at or close to a 2:1 ratio
before the prelay phase as an imbalance of Ca and P
can result in lameness and other bone health issues in
ducks (Maple Leaf Farms, 2011).
Feed Safety

Ensuring feed safety is crucial when raising ducks. No
anticoccidial medications should be present in duck
feed, as they can be toxic to ducks and that ducks
housed in clean conditions are less susceptible to cocci-
dial infections compared with chickens (Gajadhar et al.,
1983). In addition, Pekin ducks are extremely sensitive
to mycotoxins such as aflatoxin. Levels as low as 0.1 mg
aflatoxin B1/kg diet can lead to significantly impaired
growth, liver function, and immune dynamics in Pekin
ducklings (Chen et al., 2014). Notably, 0.1 mg/kg afla-
toxin B1 is considered realistic concentration in commer-
cial feed. A recent world mycotoxin survey has shown
that aflatoxin concentration in main commodities and
finished feed can be as high as 1.33 mg/kg. Also, the
occurrence of co-contamination (more than one myco-
toxin) from 21,287 samples and 86 countries was as high
as 71% (Biomin, unpublished data, 2019). Given that it
is a common practice to include multiple feedstuffs in
typical diets, the risk of simultaneous exposure to multi-
ple mycotoxins is possible, which may lead to synergistic
effects and thus a greater potential threat to the animal
(Grenier and Applegate, 2013). Feeding low protein
diets can exacerbate the negative effects of mycotoxins;
therefore, extra caution is needed when low protein diets
are being fed (Chen et al., 2014, 2016b).
EUTHANASIA

Euthanasia is not equal to depopulation. Euthanasia,
“kind death,” is appropriate for small numbers of individ-
uals whereas depopulation is used to eliminate large pop-
ulations quickly in response to disease or other disasters.
The most commonly used reference is the Guidelines for
Euthanasia of Animals by the American Veterinary Med-
ical Association (Leary et al., 2013; Leary and John-
son, 2020). The only unconditionally approved method of
euthanasia is an overdose of barbiturates. Methods that
are conditionally accepted for non-neonatal birds include
overdose of inhaled gases (CO2, CO, N, Ar or gas anes-
thetics), and physical methods (cervical dislocation, blunt
force trauma, electrocution or decapitation with adjunc-
tive methods, captive bolt or gunshot). Embryonated
eggs and neonates under 72 h old may be euthanized via
CO2, chilling and freezing, and maceration.
Advantages of overdose of injectable barbiturates for

euthanasia include positive public perception and the
ability to easily euthanize larger birds. The disadvan-
tages include the need to use these agents in a secure
area (most of these injectable drugs must be stored in a
locked container with accurate record keeping, and evac-
uation of gases must be done in a way that does not
injure human operators) and large doses are required for
most bird species (Leary et al., 2013; Leary and John-
son, 2020). Accidental inoculation of the operator with
barbiturates can result in significant injury. In addition,
the purchase, storage, and record keeping of all sched-
uled pharmaceuticals require the supervision of an
accredited and DEA-licensed individual.
Using gaseous agents is advantageous when eutha-

nizing larger numbers of birds. Most adult birds will
be killed quickly at CO2 concentrations over 50%.
However, gas often requires longer exposure time for
waterfowl due to the diving reflex. In addition,
escaped gases can have implications for human and



Table 5. Recommended range of nutrient specification for Pekin ducks (As-is basis).1

Meat duck Breeding duck

Nutrient Unit Starter Grower Starter Developer Pre-Lay Breeder

0−14 d 15−35 d 0−7 wk 8−16 wk 17−20 wk >20 wk
Moisture2 % 12 12 12 12 12 12
Protein % 22−24 18−19 21−22 14−16 17−18 16−18.5
Fat, Crude % 5−6 6−7 5−7 2.5−3.5 2.5−3.5 2.5−3.5
Fiber, Crude % 2.0−2.5 2.0−2.5 2.0−2.5 2.5−3.0 2.5−3.0 2.5−3.0
Metabolizable energy (ME) Kcal/kg 2900−3000 3000−3150 2900−3000 2600−3000 2630−2900 2450−2900
Calcium % 0.85−1.2 0.75−1.2 0.85−1.2 0.75−1.15 1.8−2.0 3.0−3.75
Nonphytate phosphorus % 0.40−0.48 0.38−0.55 0.40−0.48 0.35−0.6 0.35−0.6 0.38−0.65
Sodium3 % 0.17−0.185 0.152−0.165 0.17−0.185 0.155− 0.155−0.23 0.165−0.23
Chloride3 % 0.20−0.25 0.20−0.28 0.20−0.28 0.18−0.28 0.18−0.25 0.18−0.25
Lysine % 1.0−1.25 0.90−1.15 1.0−1.25 0.70−0.85 0.77−0.85 0.8−1.0
Methionine % 0.42−0.65 0.40−0.60 0.42−0.65 0.58−0.65 0.4−0.42 0.40−0.50
Total sulfur amino acids % 0.76−0.95 0.66−0.84 0.76−0.95 0.70−0.95 0.64−0.70 0.68−0.80
Threonine % 0.76−0.98 0.62−0.80 0.76−0.98 0.48−0.50 0.48−0.54 0.58−0.6
Tryptophan % 0.21−0.23 0.16−0.20 0.21−0.23 0.16−0.17 0.14−0.16 0.14−0.16
Arginine % 0.94−1.0 0.76−0.89 0.94−1.0 0.90−1.10 0.90−1.10 0.90−1.10
Isoleucine % 0.5−0.63 0.44−0.46 0.5−0.63 0.44−0.46 0.38 0.38
Leucine % 1.26−1.5 0.91−1.33 1.26−1.5 0.91−1.33 0.76 0.76
Valine % 0.77−0.8 0.56−0.71 0.77−0.8 0.56−0.71 0.47 0.47
Vitamins (added)
Vitamin A IU/kg 12000−15000 12000−15000 12000−15000 10000−15000 10,000 12,000
Vitamin D3 IU/kg 3000−5000 3000−5000 3000−5000 3000−4500 3,000 3,000
Vitamin E IU/kg 40−80 40−80 40−80 50−100 50−100 50−100
Vitamin K3 IU/kg 3−5 3−5 3−5 2−5 2−5 2−5
Vitamin B1 mg/kg 2−3 2−3 2−3 2.5−3.5 2.5−3.5 2.5−3.5
Vitamin B2 mg/kg 5−7 5−7 5−7 10−12
Vitamin B6 mg/kg 5−7 5−7 5−7 5−6 5−6 5−6
Vitamin B12 mg/kg 0.02−0.04 0.02−0.04 0.02−0.04 0.02−0.04 0.02−0.04 0.02−0.04
Niacin mg/kg 60−80 60−80 60−80 45−60 45−60 45−60
Pantothenic acid mg/kg 10−15 10−15 10−15 15−20 15−20 15−20
Folic acid mg/kg 1−2 1−2 1−2 2−3 2−3 2−3
Biotin mg/kg 0.2−0.25 0.2−0.25 0.2−0.25 0.25−0.40 0.25−0.40 0.25−0.40
Vitamin C mg/kg 100−200 100−200 100−200 150−200 150−200 150−200
Choline mg/kg 810−2000 810−2000 810−2000 810−2400 810−2400 810−2400
Trace minerals4 (Added)

Manganese mg/kg 20−50 20−50 20−50 20−50 20−50 20−50
Iron mg/kg 40 40 40 40 40 40
Copper mg/kg 8 8 8 8 8 8
Zinc mg/kg 60 60 60 60 60 60
Iodine mg/kg 0.4 0.4 0.4 0.4 0.4 0.4
Selenium mg/kg 0.3 0.3 0.3 0.3 0.3 0.3

1Values obtained from Leeson and Summers (2005); Maple Leaf Farms (2011); DSM (2016); Wen et al. (2014); Xie et al. (2010); Zeng et al. (2015);
Zhang et al. (2014); Zhang et al. (2016) and from practical field experiences (Bold and Italic).

2Moisture content is listed at 12 % to standardize all the nutrient values. This does not constitute an actual value or a requirement.
3There is not a salt requirement as such. However; there are sodium and chloride requirements.
4Common sources of trace minerals: iron from ferrous sulfate; copper from copper sulfate, organic forms, chelated forms or from tribasic copper chloride;

manganese from manganous sulfate, manganese oxide (maximum of 50% of the total mineral), organic forms, or tribasic manganese chloride; zinc from
zinc sulfate, zinc oxide (maximum of 50% of the total mineral), organic forms or tribasic zinc chloride; iodine from ethylene diamine hydroiodide; selenium
from sodium selenite.

8 CHEN ET AL.
environmental health. Birds often react to rapid
administration of gas by gasping, shaking heads and
flapping wings; these reactions are attributed to the
irritating effect of the gases on the mucosal epithelia
(Leary and Johnson, 2020). Argon and nitrogen are
usually used in combination with CO2 to reduce dis-
tress and reduce time to death.

Cervical dislocation, when performed by trained
individuals, results in rapid death. However, there
can be significant variations in time to death depen-
dent upon the operator, so it is imperative that any-
one performing cervical dislocation be well trained in
the procedure. The American Veterinary Medical
Association (AVMA) recommends that anyone per-
forming cervical dislocation be trained using already
deceased birds or birds destined for euthanasia
that have been anesthetized prior to dislocation
(Leary et al., 2013; Leary and Johnson, 2020).
According to the AVMA guidelines for euthanasia,
“the legs of the bird should be grasped (or wings if
grasped at the base) and the neck stretched by pull-
ing on the head while applying a ventrodorsal rota-
tional force to the skull” (Leary et al., 2013;
Leary and Johnson, 2020). However, grasping the
wings instead of legs of waterfowl will cause wing
breakage before euthanasia occurs, so gripping the
legs is generally recommended for these species. The
dislocation must be directly behind the skull at C1-
C2 in order to avulse the brain stem from the spinal
cord. Dislocation or crushing of lower cervical verte-
brae are unacceptable methods of euthanasia. Large
birds and birds with longer and thicker necks can
pose injury to the operator and are more difficult to
cervically dislocate, so other methods are preferred.
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The necks of all birds must be examined for separa-
tion of the vertebrae after euthanasia.

Nonpenetrating or penetrating captive bolt devices
have been used for larger poultry and can be an alterna-
tive provided that the velocity and angle of impact are
appropriate for the specific species. Proper restraint for
this method of euthanasia is paramount in order to mini-
mize stress to the bird, improper implementation and
injury to the human operator.

All personnel performing euthanasia must be
trained and proficient in whatever method is per-
formed. It is also imperative to confirm death prior to
disposal. Dilated pupils without a light reflex, and
lack of audible or palpable heartbeat, respirations, cor-
neal reflex and withdrawal during toe pinch should be
used in combination in order to assure death. Ulti-
mately, the method of euthanasia must be chosen
based on what would cause the least distress to the
bird, as well as the least potential harm to the human
operator and the environment.
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